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INTRODUCTION 

It is pointless to re iterate the oft presented case for industrialised nations to turn their attention 
towards the efficient utilisation of coaJ resources. Both government and industry are already demonstrating 
increased activity in the area of synth(1tic fuels production from coal. Existing commercial coal conversion 
proce ses , e.g. Fischer· Tropsch synthesis , carbonisation - tar hydrogenation, methanol and ammonia 
synthesp.s, are becoming economicaJly competitive with petroleum-based derivatives. The "second 
generation" processes, e.g. S.N.C. production, solvent extraction-hydrogenation and direct catalytic 
hydrogenation, are, to a certain extent , already entering the commercial pha e, notably the production of 
substitute natural gas via Lurgi coal gasification with methanation . 

Escalating prices for petroleum crude oil and its derivatives will have an important and positive effect 
on the commercial viability of synthetic fuels from coal, but this consideration should not represent the 
only variable in the energy equation. Of equal significnace is the value of energy independence to a nation 
in the strategic sen-e , to serve as some insulation against the dependence of supply from foreign sources 
and the vagaries of political and diplomatic afftliations. In short, a premiuJn may be weli worthwhile to 
secure a stable energy base and to restrain the worsening balance of payments resulting from a major 
depehdence on foreign sources. 

C021 Conversion Processes 

n,e many processes and techniques of coal conversion have , as a basic concept, the representation of coal 
in acceptable socio-economic forms . To accomplish this, high-sulphur coals must be desulphurised , 
high-ash coals must be demineralised , and solid coal must be depolymerised into conventionally-acceptable 
liquid and gaseous products. Processes, in various stages of development. are available to carry out these 
procedures and are discussed in the following sections. 

1. Desulphuriution. 

Many techniques are available for the desulphurisation of coal, coal tar and impure coal gast.: . . Iigh-sulphur 
coals have their pyritic sulphur removed by chemical leaching, such a with ferric chloride' solution, in a 
number of proprietary processes, c.g. C.~· l.R.O., and Kennecott's Legemont Laboratories processes. The 
removal of organic sulphur from coal, coal extract or tar is usually by hydrogenation, in the form of 
hydrogen sulphide. Sulphurous impurities in gases are removed by water scrubbing (initial treatment) and 
subsequent purification, as in Lurgi's Rectisol process, which employs a cold methanol solvent , or the 
Claus Process, which produces dry, elemental sulphur from hydrogen sulphide gas. A hot-desulphurisation 
process is currently under development by U.S. Steel Corp. which eHminate the need for cooling and wet 
scrubbing of coal gasifier gas for sulphur removal. 

It will probably be more efficient and, tn the long run, Ie s expensive, to desulphurise high-sulphur fuels 
before use rather than res':>rt to stack-gas cleaners to reduce sulphurous pollutants in order to conform witl. 
government pollution standards . 

2. Demineraliiation ud Depolymerisation. 

The removal of mineral matter (ash) from coal is best achieved by the proce s of solvent extraction. The 
o rganic material in the coal is taken into solution by either a hydrogen-Jonnr solvent (e.g_ tetralin), or a 
coal-derived (proce s-derived) solvent in the presence of hydrogen or synthesis gas. The macro-molecules 
of the coal substance are initially thernlllly disintegrated , under the temperatures and pressures of reaction, 
yielding reactive fragme nts or free radicals which are stabilised by the addition of hydrogen _ Thi hydrogen 
is derived from either a hydrogen-donor solvent (which itself becomes more aromatic in the process), 
directly from gaseous hydrogen, or nascent hydrogen produced by a water-gas shift reaction of carbon 
monoxide present in the eynthesis gas. With solvent extraction employing a pro e s-<lerived solvent (e.g. 
anthracene oil derivatives), hydrogen must be added' to the reactor, or the reactive coal fragments (or free 
radicals) will re-polymerise to tars and precipi tate from the solution . Thi latter method, employing a 
process-derived solvent with gaseous hydrogen or synthesis gas, is the basis of the Solvent Refined 
Coal Proce s. Thesr hydrogenation reactions may be cataly ed by commercially available catalyst such as 
tungsten ulphide, tungsten-nickel on alumina, and various molybdates . 

There is some experimental evidence to suggest that the mineral matt r in the coal may catalyse the 
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hydrogenation reaction and this is worthy of further study. Up to 95%, (or even greater), of the flXed 
carbon in some coals can be solubilised by the solvent extraction-hydrogenation process. The insoluble 
residue, ash plus unreacted coal, is separated from the coal solution by mters, cen trifuges, hydrocyclones 
or by vapour stripping. The filtrate may then be solidified or further catalytically hydrotreated 
(hydro-desulphurised and hydro-cracked) to yield low-sulphur liquid [>loducts equivalent to petroleum 
products. 

Early work on the solvent extraction 0 coal wa carried ou t by numerous European researchers, most 
notably A. Pott and F. Broche in Germany. F. Bergius developed the first commercial process (now 
obsolete) and much of Germany 's war-time production of aviation fuds was derived from Bergius plants. 
Renewed synthetic fuels interest in the 1960's initiated the more recent processe of the Pittsburgh & 
Midway Coal Mimng Co., Universal Oil Products Co., Consolidation Coal Co., Mitsui & Co ., Old Ben Coal 
Co., British National Coal Board (Coal Research Establishment) and Australia's C.S.l .R.O. 

While the process is still in the early stages of de"elopment, with numerous pilot plant evaluation studie.s 
underway, some companies have already announced plans for the construction of commercial-scale plants 
based on one or other of the var'ous processes under development. (e .g. Mitsui: Wheelabrator-Frye, Gulf 
Oil, Southern Services, Inc.) 

A great advantage of the solvent extraction-hydrogenation processes is the ability to produce a 
"tailor-made", clean material suitable for further processing into a wide range of products such as anode 
carbon, carbon fibre, formed -coke, solid combustion fuel , ynthetk crude oil and substitute natural gas. 
All these products would be extremely low in impurities, as up to 90 percent of the sulphur in the original 
coal feedstock is removed , either as an insoluble residue , or as hydrogen sulphide gas by hydrogenation. 

3. Carbonization (also called pyrolysis, de tructive distillation , or volatilization.) 

Thermal decomposition of coal in the absence of air (under vacuum or in an inert atmosphere) results in the 
evolution of gases and liquids. The gases are composed of mixtures of hydrogen, carbon monoxide, 
carbon dioxide, methane and higher hydrocarbons, and water. The liquid products are condensed to tars , 
which represent the products of repolymerisation of free radicals formed during the thermal decomposition 
of the coal. Should the tars be catalytically treated in the presence of hydrogen, the tar molecules are 
hydrogenated to simpler aromatic molecules, and this provides an important source of benzene, toluene 
and xylene. 

The relative yield of liquid and gaseous pyrolysis products depend on the proportions of volatile 
matter present in the coal, the reaction temperature and residence time of the coal particles within the 
reaction zone. A significant increase in the yield of v.olatiles can be obtained by the technique of "nash" 
pyrolysis, which entails rapid heating of the coal particles (of the order of thousands of degrees per second) 
with consequent very short residence times (of the order of seconds or fractions of a second) to inhibit the 
further decomposition or pol}' "lerisation of the products of pyroly is. To optimisl) tar yields, the time 
spent within the relction zone must be limited to prevent the thermal decomposition of the tars to gaseous 
products. Very high temperatures mus! be employed to produce an optimum gas yield under flash 
pyrolysis conditions. Various avenues have been investigated to produce gases by rapid , high tc>mperature 
pyrolysis, including the utilisation of laser irradiation, electric arc and plasma jets. The rapid heating 
te hnique minimises the repolymerisation of the pyrolysis products in the coal particles and usually 
results in the production of acetylene-rich gases. 

The devolatilised material which remains is a char of higher calorific value than the original coal, with 
properties suitable for utilisation in gasification or combustion. 

4. GasifICation. 

A wide range of commercially-available processe exist for the gasification of coal (or char). Generally, 
the gasification of coal entails the controlled, partial oxidation of the coal to convert it to a de ired 
product. The coat is heated either directly by combustion, or indirectly by an external heat source such 
as a D.C. current or recirculated hot char or ash agglomerates. The gasifying media are passed into intimate 
contact with the heated t:oal and react with the carbon or with the prirnary products of thermal 
decomposition to produce the desired gaseous product. 

These are , generally speaking, broad relation hips between the gasification reactants and products and 
these 'lre represented in the following table: 
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TyPll of Gasifier 

Single vessel 

Single Vessel 

Single vessel (two stagl', cyclic.) 

Single vessel 

Hydrogasifier (external H2 source) 

Hydroga ifier (Two stage) 

Two-vessel (Gasifier-Co mbustor) 

Sir.gle vessel (External hea t source) 

Reactant 

oa l, air 

oal, Air, Steam. 

Coal-Air (Blow phase) 
Coke-Steam (Make phase) 

Coal, Oxygen, Steam 

Coal-Hydrogen/Char Hydrogen 

Stage I. Char, Oxygen , Steam 
Stage 2 . Coal, Steam 

Gasifier : oal-Steam 
Combustor : Char-Air 

Coal. Steam (op tionally cata lytic) 

Procluct 

Low-BTU, nitrogen-rich producer ga . 
(100-150 &TU/SCF) 

Semi-water gas (200 BTU/SCF) 

Water gas ( yn the is gas),' mixture of 
o + Hz (250-350 BTU SCI') 

Synthesis gas ; mixture of CO,H
2

, minor 
methane (250-500 BTU/SCF) 

Methane-rich gas for S.N.G . production 
by methanation 

Synthe is gas (400 BTU/SCF) 

Synthe is gas (400 BTU/SCF) 
Flue gas 

Synthesi gas 

The low-BTU gas can be utilised as a fuel gas in a power station or industrial plant located adjacent to 
the gas plant. The low heating value (100-150 BTU/SCF) of this nitrogen-rich gas precludes the economic 
t ransportation of the gas via a pipeline over any distance . The gas, free of particulates and corrosive 
impurities, would also be suitable for powering a gas turbine. 

The medium-BTU gas (250-500 BTU/SCF) consists Imgely of carbon monoxide and hydrogen and as 
such, is suitable for ' the catalytic syn!hesis of a wide range of products e .g. Fischer-Tropsch synthesis for 
oil, gasoline, L.P.G. and wax ; methanol and ammonia syn hesis ; Oxo cOlT'pound ; and the producti n of 
substitute natural gas by catalytic metilanation. This latter process involves the upgrading of the 
medium·BTU synthesi5 gas to a methane-rich gas of pipeline quaJity,(about 950-1050 BTU/ CF, dehydrated 
and pressurised to ) ,000 p.s.i.) by the reaction of hydrogen and carbon monoxide over heated nickel 
catalysts to form methane and team. Before the catalytic methanation , the ratifJ of hydrogen to carbon 
monoxide in the gas is changed to 3: 1 by a CO-shift conversion reaction. 

The production of low- and med-BTU gases i.e. fuel ga and synthe is ga , respectively, is carried out 
commercially on a large scale. Many plants have been con trucled to produce ammonia and methanol from 
coal via coal gasification-gas synthesis. A large plant at Sasolburg in South Africa operate' economically to 
produce a wide range of liquid and gaseou product by Fischer-Tropsch ynthesis and a second, larger 
plant , is cu rrently on the drawing board . (see page 16) . 

The production of substitute natural gas ha been successfully demon trated 0.1 a small commercial 
scale at Westfield , in Scotland , utilising a Lurgi "Hot Gas Recycle" methanator to upgrade the heating 
vallie of ynthesis gas,from Lurgi steam-oxygen pre sure gasifiers, to pipeline quality for distribution through 
an existing commercial pipeU"1e ystem. 

In the United States, coal gasification projects, predominantly b:l ed on Lurgi commercial technology, are 
planned for the production of substitut~ natural gas from coal. The fir t plant, to produce 250 million 
S.C.F./day of 975 BTlJ/SCF gas,is expected to be operational in 1977. lthough it is anti ipated tltat the 
cost of the coal-derived pipeline gas wili be higher than that for currently- available natural gas, the 
shortfall in the supply of domestic natural gas,in the United States, will stimulate the consumers to pay 
the extra cost of service involved in the production of substitute natural ga from coal. 

In conclu~ion, it should be stated that it is expected synthetic fuels from coal will become Increasingly 
important as an indigenous sOurce of energy to many nation having significant reserves of coal. The 
rate at which these synthetic fuels will increase in importance will depend (0 a large extent on 
well-c.oordinated research and development efforts by industry, under the au pices of governmental 
authorities, and the efficient exchange of information between the variou organi ation engaged in coal 
conversion technology on somewhat more than an "ad hoc" basis . 
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GLOSSARY OF iERMS 

Acceptors: CaJcined carbonates which absorb carbon dioxide evolved during gasification, 
exothermically. 

Acid Gas Removal: A section of a gas plant where hydrogen sulphide and caroon dioxide are removed 
from the gas stream. 

Activated Carbon: Carbon obtained by carbonization in the absence of air, preferab!y in a vacuum ; 
has the property of absorbing large quantities of gases, solvent vapnurs; USf'd also 
for clarifying liquids. 

AaJomente: Assemblage of ash particles rigidly joined together , as by partial fusion (sintering). 

Anode C.rbon Carbon of high purity, usually crystallised to graphite form, widely used in 
I..eclanche cells, in rods for alumina refining, in electric arcs and nuclear reactors. 

Autoclave: A vessel, constructed of thick-walled steel (alloy steel or nickel alloys), for 
carrying out chemical reactions under pressure and at high temperatures. 

Bench ScaJe Unit: A small-scale laboratory unit for the testing of process concepts and operating 
criteria as a fust step in the evaluation of a process. 

Binder: Carbon products, tars etc. used to impart cohesion to the body to be formed ; a 
coal-extract binder may be used to prepare formed-coke pellets from non-coking 
coals. 

Btu: Abbreviation for British Thermal Unit (= 1.05506 kJ.) 
B.T.X. 

Benzene, toluene, xylene ; aromatic hydrocarbons; toluene is methyl-benzene , 
xylene is dimethyl benze:1e. 

Bunker Oil: 

C.king coal: 

C.lcine: 

C.rbon Fibre: 

C.rbonization: 

Catalyst: 

Centrifuge: 

Char: 

Claus ' Process: 

Combustion Gas: 

Combustor: 

Heavy fuel oil for ships. 

Coal which cakes, or agglomerates, or forms coke, when heated. 

Carbonate which has been heated to drive off carbon dioY.ide. 

Very fme fIlaments of the order of 8 microns diameter which are used in composite 
,naterials, being bound with resins. 

The destructive distillation of coal in the absence of air accompanied by th<'! 
formation of char (coke), liquid (tar) and gaseous products. 

A substance which accelerates the rate of a chemical reaction without itself 
undergoing a permanent chemical change. 

An awaratus rotating at high speed to separate solids from liquids, e.g. undissolved 
residue from coal solution in the S.R.C. process. 

The solid residue from the carbOnization of coal after the volatile matter of the 
coal has been driven off by heating. 

A process for recovering elemental sulphur flOrn hydrogen sulphide gas, utilising a 
brick-work kiln , at high temperatures with oxygen reacting with the H2 S to yield 
dry sulphur and steam. 

Gns formed by the rapid oxidization of coal. e.g.; burning . 

A vessel in which combustion of gaseous products from a fuel takes pla,~e by the 
chemical union of oxygen with the gas. 

CO Shift Conversion: See Shift Conversion 
Crude Ga : 

Cyclone: 

Gas produced in a gasifier containing a wide range of impurities, also known as 
off-gas. 

A conical vessel used to classify dry powders or extract du t, or separate dust from 
a gas stream, by centrifugal action. 
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OAF. : 

Degasification: 

Delayed Coking: 

Demineralization: 

Demon tration Plant : 

Depoly merization : 

Dry. ash-free (abbrev. for); a term which relate to the organic fraction in coal; the 
U.S. term "moisture. and ash-free (MAF)" and "moistu(e, and mineral matter free 
(m.mmf) are equivalents. 

A process for draining naturally-occurring methane from coal seams. 

A process whereby coal is subjected to a long period of carbonization at moderate 
temperatures to form metallurgical coke. 

Removal of mineral matter (ash) from coal by solvent extraction. usually under 
hydrogen atmosphere. 

A plant whose design is based on data derived from pilot-scale testing. of sufficient 
capacity to demonstrate the large-scale feasibility of a process. 

The change of a large molecule (e.g. coal polymers) into simpler molecules (e.g. 
aromatics. B.T.X.) . usuaUy accompanied by the substitution of hydrogen for 
oxygen. 

Destru;:tive Di tilbtion:The distillation of coal or other solids accompanied by their decomposition ; 
de tructive distillation of c al yields cokv. tar. amwonia. gas etc. 

Desulphurization: 

Devola tiliza tion: 

Di olution: 

Distillation: 

EbulJated Bed : 

Effluent Gas: 

Electrode Carbon: 

Entrained Bed: 

Er.trained Flow: 

Extraction: 

Extraction Ga.,: 

Extraction­
Hydrogenation : 

Extractive Coking: 

Filter Cake: 

Filtrate: 

Filtration: 

Fischer A 'lSIl y: 

Fischer-Tropsch 
Catalyst : 

x 

The emoval of uiphur from hydrocarbonaceous substances by chemical reactions. 
Yariou proces es are Claus . Appleby -Frodinsham, .S.I .R.O., ferric chi ride 
leuching, Kennecott . 

The removal of a proportion of the volatile matter from medium-and high-volatile 
coals to prevent subsequent caking . 

The taking up of a ubstance by a liquid with the formation of a homogeneous 
solution. 

A process of evap ration and re-condensation used for separatt:lg liquids into 
various fraction according to their boiling points or boiling ranges. 

A boiling bed ; gas. containing a relati~ely small proportion of suspended ~olids, 
bubbles through a higher density fluidised phase with the result that the system 
resembles a ooiling liquid . 

Gas issuing from a gll ifier or combustor. 

See Anode Carbon . 

A bed in which solid particles are suspended in a moving fluid, and are progressively 
-carried over in the effluent stream _ 

See Entrained Bed. 

A process for dissolving certain constituents of a mixture by means of a liquid with 
solvent properties for selected components only. 
See Gas Extraction in Section I of this report. 

Extraction carried out in the presence of hydrogen either as a gas or derived oy 
tran fer from H-donor solvents. 

Similar to Delayed oking process, with the emphasis on high tar yields to produce 
liquids. 

The moist residue remaining from the filtration of a slurry to produce a clean 
filtrate. 

A liqUid free of olid matter after having p.as cd through a filter. 

The separation of solids from liquids by paSSing the mixture through a suitable 
medium, e.g. cloth, paper, diatomite. 

An assay for the determination of oil (tar) yields from coal or oil shale ; conducted 
in a retort under an inert atmosphere with a gradual increase in temperature. 

Iron and cobalt catalysts developed by Fischer and Trop ch for the catalytic 
synthesis of liquid fuels from coal-derived synthesis gas . 



Fixed Bcd: A bt!d through which gaseu pass at a velocity low t:nough so as not to blow the 
solid particles from the bed. 

Flash ('.arhoniiation: A carbonization process characterised by very $hort residence times of coal in the 
reactor to optimise tar yields ; also called flash pyrolysis. 

Fluidized Bed: A bed through which a fluid is passed with a velocity high enough for the ~Jjd 
particle~ to separate and become freely sUpported in the flUid . 

Flue G. : Gas Issuing from a combustor ; either exhausted to atmosphere or expanded 
through a gas-turbine. 

Fly Ash: A fine a h from the pulverized coal burned in power station boilers, or entraine<! 
ash carried over from a gasifier. 

Frac1ionation: Distillation process for the separation of the various components of liquid 
mixtures; an effective &epar tion can only be achJeved by the use of fractionating 
columns attached to the 8tiJI; also called Fractionai DistWation . 

Freidel Craft Catalyst: The catalyst employed in the synthesis of benzene hydrocarbons by the ac:tion of 

alkyl halides on aromatics in the presence of anhydrous aluminium ch.loride. 

Fuel CeO: A galvanic cell in which the oxidation of a fuel (e.g. coal) i utilised to produce 
electricity. 

Fuel Gas: Low heating value product generally utilized on- Ite for power generation or 
industrial use. 

Ga..ifi ation: onversion of solid or liquid hydrocal bon substances to a ga eous phase in a 
g1 ilier . 

Gasifier: A vessel in which ga ification OCcurs usually utilizing fixed bed, fluidized bed 
or entrained bed units. 

Gas Oil : A petroleum di tWate obtained afler kero enc and before lubricating oil ; also 
calJed diesel oil. 

High ·BTUGas: 

H.H.Y.: 

Hydro coking: 

Hydrocracking: 

Hydrocyc1one : 

Hydrogasifica tion : 

HydfOgenation : 

Hydro~en-Donor 
Solvent : 

Indu trial Ga : 
Jnerts: 

In-Situ : 

Intermediatc BTU 
Ga : 

Methane-rich gas product with an I1 .H.Y. between 900·1,000 BTU/S F (See 
Substitute Natural Gas). 

Higher heating value ; calorific value of a unit volume of a ga . 

Coking of tars, S.R. ., etc. under hydrogenating cond ition to form liqUid proc!'.!cts. 

A thermal process in which pc truleum di tilJates or c:oa l·derived extra t are broken 
down into product of lower boiling range with the addition of hydrogen by a 
ca talytic reaction. 

small cyclone extractor for re moval of uspended solid from a fl owing liquid by 
means of the cen trifugal force .' l up when the liquid is made to flow through a 
tight conical vortex. 

Ga ifi ation that involves the additIon of hydrogen to the product of primary 
ga ification to optimise fOLnati n of methane. 

hemical (eactio involving the additi n of hydrogen, present a a ga , to a 
substance in the pre ence of a catalyst under high temperatures and pressures. 

Ivent such as anthracene ()il , tetralin (tetrahydronaphthalene) , decalin , etc. 
which tran fer hydrogen to coal constituents cau. ing depolymerisation and 
consequent evolution of liqUid products of lower boiling range which are then 
taken up by the 01 ent. 

e Fuel as. 

Ma erals in coal not readily chan6Jd by the action of olvent in the Ivent 
extraction of coal, e.g. fu inite. 

In its original place, e.g. underground gasification of a coal seam . 

Synthesis ga produ t with a 11.1I.Y. between 250-500 STU/ F con i ting mainly 
of ca rbon mono ide nd h drogen. 
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Liquefaction : 

Low BTU Gas: 

"K - "" "r 
~). .. ~ : . . ' . . , 

Cor.version of a soUd to a liquid; with coal this invariably involves hydrogenation 
to de polymerise the coal molecule to simpler molecule . 

Nitrogen-rich gas product with an H.H.V. bet\\o-t'ln 100-200 BTU/ CF produced in 
air-blown gasifier and air injected "in-situ" 8.s!ficallon. AJ 0 known a "Pr ducer 
Gas" . 

L.P.G.: Uquefied petroleum ga e such as propane and butane; u ed for fuel . 

Medium BTU Ga : See Intermediate BTU Gas. 

Methanation: Process for the production of methane by pas ing carb 11 monoxide hydrogen 
mixtures over nickel catalysts; according to the reaction, 0+ H2 1I.+H20 . 

M.H.D.: Magnetohydrodynamic generat0r, (abb;cv. for) ' device which produce el'!ctrical 
energy from an electri Ily-conducting gas (pia rna) /1 willE through a tran verse 
magnetic field; als called magnctoplasmadynamic generator (M .P.O. generator). 

NBtllral Ga : N~. lUrally occurring ga e tracted from edimentary structures consisting mainly of 
methane and having an If.H.V. to 1,050 BTU/' F. 

Oxo: The ~a~ ' cal 0 = in organic comp unds, e.g. ketones . 

Petrochemical : Th se derived from crude oil r natural ga , or their coal·derived sub titutes ; they 
include light hydrocarbon uch as butylene, ethylene and propylene, the raw 
materials for the producti n of plastics by polymerisation . 

Phenols: A group of aromatic compounds having the hydro yl group directly allacheo 0 the 
benzene ring. They give the reaction of alcohols, forming esters, ethers and 
thi compounds; phenols are more reactive than th~ benzene hydrocarbon , 
derived from coal tar. 

Phenosolvan Proce Pr ess for the dephonoli "tion of phenolic er/luents from coke-oven , carbonisJtion , 
gasification, hydro enation and synthetic phenol and rrsin producing plant. 
The phenolic C: 1'/1U.1l1ts are treated with an oxygen-containing organic olvent 
(Pheni 01 or Pheno Ivan) in multi-stage counter·current e tractor whereby the 
phenols a ! ah~ rbed by the Ivent. The extract is' eparated into crude phenol 
(phenol, c . sols, "<ylenols, higher phenol) and lvent by distillation. Developed 
by Lurgi C. nblf . 

Pilot Pl2nt : Plant of a • ~ale intermediate between laboratory-scale and large-scale units to 
eva luate integl 'ted , continuou -operation paramel.e r in the development of a new 
proce~, or to pro.:!- f' gineering de ign data for a commercial- cale plant. 

PipeUne a : A methane-rich ga that conform to certain tandards and having a II.II.V. 
between 950- 1,050 OT / F. tandard inciude minimum water content , minimum 
iner gases, minimum H2 and 0 content and compre sed to 1,000 p.s.Lg. 

Pre-coat : Lay". of suitable fil te ring medium , e.g. diatomaceous earth, laid down on a rotary 
filte ' loth pei r to operati n. 

Proc Development ' mall-scal: plant opera ted to provide information on the operation of proce 
Unit: unit , to provide de ign data for larger-scale plants; similar to pilot plant. 

Purification: 

Pyroly is: 

Quenchina: 

Raney Nickel 
Catalyst : 

Raw Gas: 

Reactivity : 

xii 

Removal of the wide range of impurities present in gases from coal ga lfication tu 
yield purity gas. See Recit 01 Pro ess. 

The decomposition of coal by heat. ee Carbonization. 

ooling by immersion in oil or water bath r pray . 

Nickel sponge u ed as a catalyst in the hydrogen tion of organic wAterials and the 
methanation of synthesis g to methane . 

See rude Ga . 

Susceptibility to chemical change ; in coal onversion, t h~ reactivity of 1 he coal for 
conversion to liquid products is a function of the D.A.F. volatile matter content and 
the petrographic comp ition of the coal. 
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Reactor: Ve sel in which coal-conversion reacti ns takll place. 

Rec;tisol froce A process, developed by Lurgi GmbH, f r the purification of c al-ga ification gas 
based on the capablllty M cold methanol 10 at-sorb .IIJ ga impurities in a single step; 
ga~ naphtha, unsaturated hydrocarbons, sulphur, hydrogen ulphide and carbon 
dioxide ar~ removed fr m lhe ga tream by the me:htlnol at temperatures bel w 
0 0 . 

Rettuci'1l Gas: Used as a reduclng age II I in redox reacron , e.g. hydr gen,super.heatt:d team. 

Reformina Proc es: A group or pr prietary proce ses in which I w-grade or low molecul r weight 
hydro arbons are ('atalytically r formed to higher·grade or higher molecular weight 
mat rials;also applies to the endothermi reforming of methane, C r the pr duction 
of hydrogen by "le reaction of methane and team ir. thE presence of nickel 
ataly ts. 

Rr ill en e Time: Time s\>ent by a typica l particle in a reacti n z:me. 

Semi·; . 3ter Ga : A mixture of carb n monoxide, carbon dioxid , hydrogen and lIi!{ogen oblained 
by pa IIIg an air-stream mixlu~e thro\Jgh .an inca nde cent bed of oke; 11./ I. V. 
aoo 't 120 BTU/S F. 

S.C.F.: tandard cubic C ot (abbrev. for); (=0.018316 m ). 
Scrubber: 

Apparatu in which gas tream i freed of tar, amrnonia al\d hydrogen sUlphide. 

Shift Conversion: Pr ces C r the pr duct ion of ga with a de ired carbon monoxide content f(('m 
crude ga e derived from coal ga ificali n; a O-rich gao i alurated with learn 
and pa ed through a atalytic reac tor where the 0 reacts with team to 
produce hydrogen and ca rb n oioxide, the lalter being sub quently removed ill 
a wash pl:lnl . The ratio f hydrogen to carbon monoxide in the product gas ca n be 
changed at will . 

lalliling: Operating above lhe a h-fu ion temperature so that the ash i removed from the 
ga ifier a a m Iren lag. 

lurry: A thin pa (e prvduced by mixing finely divided olid in a liquid medium; 
ufficiently fluirl to flow vi cou Iy . 

olvation : The a ciation or cOll1binali n of molecule of olvent I'lith o!ute ion or 
molecule . 

Solvent : ThaI comp r .It of a olution whi h is pre nt in e ce's, or whose physi al state i 
the same that of tht: olution. 

Sol ent Extra tion : Selective transfer f desired coal constit uen l ~ from finely divided coal particles 
into a suitable s Ivent after intimate mixing, u ually al high temperaturcs and 
pre ure in the pre en e of hydrogen, with or without a cata ly t, followed by 
phase eparation. 

Solvent Refined A co I Ilxtracl derived by Ivent eXtraction; a briltlc , vitre u olid M.P. 00
0

• 

oal : 400 F) containing about 0.1 % a h and about I of Ihe ulphur in the original 
coal feed t ck; calorific value is ab ut J 6,000 Blu /lb . May be used as a clean fuel 
fo r power gen ration by combu tion, utili ed for the pr duction of td .grade 
metallurgical coke , anode carbon and aClivJted carb 11 by coking, or hydrogenated 
to produce ynthetic crude il. aubrev. .R. .). 

Substitute Natural A synthetic ga conforming to natural ga tandard. abbrev. . .G.) 
Gn : 

yncrude: ynthetic crude oil; oil, pr duced by the hydr genati n f c a1 or coal extracts, 
which i imilar to pttroleum crude. 

Synthe i Ga : Ga ~onslsting of mixture of carbon monoxide and hydr gen in proportion that 
alJow for s}'nthe i to higher molecl.lar weight products, e.g. methane and Fischer 
TropsQl pr ducts. 

xiii 



Tall Ga : 

Tar: 

Therm: 

Town ga : 

Water Ga : 

Working f'luid: 

xiv 

gas i ulng from a ga~·treatment unit which may be r~cycled to the process or 
exhau ted. 

The products of distillation I)r high- or I w- temperature carbonization of coai; 
coal tar consists of hydrocarlJon oU$ (B.T.X. end higher hom logues), phenols, and 
bases such as pyridine, quinoline pyrrole and their derh'atives; gas tar is tar 
condensed from coal gas :lnd provides, by distillation, ammoniacal liquor, 
benzole, "aphtha and creo te with a residue of pitch which is dehydrated to 
produce bitumen. 

A unit of heat used as a ba I for the .ale f town and natural ga : equal to 
100,000 Btu . 

product with an II.II .V. of 600 BTU/ F and c nforming to certain standard 
inc:uding pre ribed w' ter content, inert ga es, H2 , 0 , methane content and 
Wobbe Ol:mber. 

Gas produced by the reaction of carh n and team t provide carbon m no ide 
hydr gen mixtures;simUar to synthesis ga . 

A gas stream which dire tly does w rk, e.g. powering a gas turbille . 
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SECTION I 

Coal Conversion Processes 
for the production of 

Solid, Liquid and Gaseous Products 



PrOCftl Developer: 

Description: 

Opentina Conditio .. : 

Status: 

Process Developer: 

Technical Services: 

BERGIUS 

F. Bergius. 

Coal is fust ground to a fine size and mixed with a process-derived 
hydrocarbon liquid and a catalyst. This mixture is reacted with hydrogen 
(produced by the gasification of coal) at pressures up to 10,000 p.s.i. The 
products from the first reactor are separated into light, middle and bottom 
fractions. 

The middle fraction is further treated over a catalyst in a vapour phase and 
under relatively mild conditions to produce petroleum- like products. The 
bottom fraction is filtered to remove solids (unreacted coal, catalyst and ash) 
and he remaining liquid utilised as a mix with fresh coal being processed in 
the first reaction. 

P T Temp Pr . roce.. YPC of.' e •. p .•. I. Vehicle Catalyat Product 

Solution-hydrOlenation 900 3,000-10,000 RecycleOIl Iron Oxide Licht OUs 

The liquefaction of coal via hydrogenation at high temperatures and pr'.ssures 
was intensively studied by F. Bergius over the period 1910 to 1927. After 
World War I, the I.G. Farben syndicate began work independantly and by 
1927 German development had passed entirely into their hands. In that year, 
the first commercial plant was started in Leuna and by 1939 that plant had 
reached a production in the vicinity of 400,000 tons of oil a year. By 
September, 1939, seven hydrogenation plants had been erected in Germany, 
with a total capacity of 1.4 million tons of oil and liquefied gas a year. 

During World War II, several additional plants were constructed until by 
1944 there were 18 hydrogenation plants in operation with a capacity for 
production of four million tons a year of oil. In fact , practically the entire 
production of aviation fuel in 1944 was from these hydrogenation plants. 

Research and developmental work on the process was also carried out by 
Japanese interests (i.e . Mitsui at Fusan, Manchuria 1928) an.!! the ~ritish Fuel 
R~search Station, London, in the 1930's. In Billingham, U.K., a plant for the 
hydrogenation of coal and tar had an annual production of 150,000 tons of 
liqUid fuel . Another plant in Korea was operational in 1942 to produce 
1 10,000 tons of gasoline and diesel fuel annually. 

Immediately after World War II, there was an oil shortage in the U.S.A. The 
Office of Synthetic Liquid Fuels was established in 1944 and expended 
u.S. S87.6 million in the following eleven years, investigating the production 
of liquid fuels from a number of resources from coal to corn waste. Coal 
research liquefaction plants were built in what are now the Pittsburgh and 
Bruceton Energy Stations. Additional research was done at the Morgantown 
and Grand Forks Stations. At Louisiana, Mo., a large government amnlonia 
plant was converted into two liquefaction demonstration plant~ one of which 
utilised the Bergius process to produce about 200 barrel- per day of gasoline . 

No commercial Bergius plants are currently ope . .tting. 

CATALYTIC COAL LIQUEFACTION (C.C.L.). 

Gulf Research and Development Co., a subsidiary of Gulf Oil Corp. 

Blaw-Knox Chemical Plants Division, Dravo Corp. 



Dacription: 

Operatina Conditions: 

Status: 

Process Developer: 

Sponsor: 

Description: 

2 

Coal , ·dried and pulverised, is mixed with a process- derived oil and the 
resultant slurry is forced up throUgh an arrangement of flXed catalysts by a 
stream of hydrogen at about 2,000 p.s.i. pressure. Liquid product may be 
utilised for the production of gasoline or diesel fuels, or petrochemical 
feedstock . 

Reactor Ttmp. Press. 
F p.s.i. Reactant. Product. 

Catal)'tic, fixed bed 900 2,000 Coal-oiJ-"2 Synthetic Crude Oil and Gas 

Gulf Research and Development Co. have been testing this process for eight 
years on an experimental bench-scale level. In January, 1975 a one ton per 
day pilot plant began operation. This U.S. S 1.5 million plant has been 
designed to produce a yield of 3 barrels of oil from each ton of D.A.F. coaJ. 
Operation of the pilot plant is to provide oesign data for ' a larger 
demonstration plant , a conceptual design of which is currently being 
prepared. The pilot plant is located at Harmarville . 

Under the sponsorship of the RANN Division of the National Science 
Foundation, Gulf R&D and the College of Earth and Mineral Sciences, The 
Pennsylvania State University, are jointly undertaking studies on the 
dependence of coal liquefaction behaviour on coal characteristics. Various 
bench-scale units are operated under this study to investigate catalytic coal 
liquefaction. Results to date have indicated that the highest conversion 
yields are with high-ash, high-volatile bituminous coa ls containing hig] 
proportions of the reactive macerals , vitrinite and exiniie. 

Note : Gulf Oil Corporation is also conducting R&D on the S.R.C. process 
through its subsidiary , the Pittsburgh and Midway Coal Mining 
Company, now combined. along with Gulf Mineral Resources .into a 
synthetic fuds research division - GEMCO (Gulf Energy and Minerals 
Co.) 

CLEAN-COKE PROCESS 

U.S. Steel Corp., Research Laboratory, Monroeville, Pa . 

Office of Coal Research . 

Coal , after beneficiation and sizing in a coal-preparation plant , is split into 
two fractions . Portion of the coal i processed through a carbonisation un it 
where it is devolatilised and partially desulphurised to produce the char that 
serves as the base material for the production of metallurgical coke . The 
remainder of the coal feed is slurried with a proces -derived carrier oil and is 
hydrogenated to convert a large proportion of the coal to liquid. 

Liquid products from both carbonisat ion and hydrogenation are composi ted 
and processed th roOgh a central liqUids- treatment unit. In this unit,the 
liquids are converted into low-sulphur liquid fuels, chemical feedst ocks, 
and three oil fractions that are recycled to other areas of the proc 5S. 

One of the recycle fra ctions is u. ed primarily as a carrier oil for the 
hydrogenation reaction . A second recycle oil is ent to the carboniser where 
it is onverted to pitch coke . The pitch coke and char mixture is blended with 
the third recycle oil that serves a a binder, and this mixture is formed into 
;--cllets in the coke-preparation unit. These pellets are utsequently baked to 
produce a formed metallurgical coke with strength properties equivalent to 
those of blast-furnace coke made by conventional coking. 

The coke-preparation cycle, from char produ tion to final coke , is carried 
out in a clo ed system with the off-vapours collected and returned to the 



'Operating Conditions: 

Status: 

process. Thus, there are no significant emmissions of volatile matter durmg 
these operations, and atmospheric pollution is practically non-existent. 
Gaseous products from all operations are processed through a common system 
to provide chemical feedstocks, low·sulphur gaseous fuels, and h;i:.i.ogen for 
recycle to hydrogenation and liquids treatment. 

Process Unit Temp. of Pre •. p .•. i. 

Carbonisation 1,200-1,400 100 

Product. 

Liquid Products,Gas, Char for 
Coker 

Extraction-hydrogenation 900 3,000-4,000 Liquid Products,Gas,Filter Cake 
for Gasifier 

The Office of Coal Research awarded a 3-year contract on 10th March 1972 
to U.S. Steel Engineers and Consultants, Inc., a subsidiary of U.S. Steel 
Corporation with a research laboratory at Monroeville, Pa . Under the 
contract, the U.S. Steel Corp. contributed U.S. $1,925 ,000 and O.C.R. U.S. 
$4,636,000 to the cos t of the project. 

Work to be completed under the con tract for the Clean-Coke process 
included : 

I . Design, construction and operation of process-development units (P.D.U. 's) 
capable of pro essing 500 lb. per day of coa l in integrated units. 

2. Continuation of bench-scale studies to augment design and operation of 
the P.D.U.'s. 

3. Preparation of the design for a 100 T.P.D. pilot. plant (original sp'!cifications 
called for a pilot plant of up to 240 T.P.D.). A principal objective for the 
second year of this project was completion of the designs and construction 
of the P.D.U.'s, which were to he operated during the third year of the 
contract. Information from the P.D.U.'s will provide the basis for the 
design of the 100 T.P.D. pilot plan t. 

Detailed de igns wue completed on five P. D . U.'~ : 

I . Coal and coke preparation. 
2. Carbonisation. 

3. Hydrogenation. 

4. Slurry-o il preparation . 

S. Binder preparatio'1. 

Of these, all but the high-pressure section of the hydrogenation P.D.U. had 
been purchased and installed in early 1974, with the high-pressure 
hydrogenation equipment ompleted later in 1974. Startup Jnd evaluation 
tests are continuing with sufficient experimental work completed for the 
preliminary design of the pilot plant. 

Estimates on the yield of products from a commercial plant processing 
17,000 T.P.D. of wa hed ;l~~ oized coal (2- 3% sulphur) are as follow : 

Coal Feed: 5. million tons per yel'(' 

Annual Production : 

Chemicals 

Coke 
Hydrogenation Re idue 

Ammonia 
Sulphur 
E hylene 
Propylene 
Phenol 
o resol 
m'- ,p- Cresol 

2.2 million ton 
669 ,000 tons 

4,000 tons 
49 ,000 tons 
723 million lb . 
11 9 million lb . 
152 million lb. 

.4 million lb . 
142 million lb. 

3 



Process Developer: 

Sponsors: 

Desaiption: 

Status: 
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Xylenols 
Pyridine 
ex ·Picoline 
Aniline 
Benzene 
Naphthalene 

Tar Products. 

150 million lb . 
14.6 million lb . 
6.1 million lb . 
29.2 million lb . 
80.4 million gallons (U.S.) 
229 mlllion lb. 

Creosote Blend Stock 4.13 million gallons (U .S.) 
Carbon Black Feedstock 3.7 million gallons (U.S.) 

Process loss and fuels consumed account for 29% of the weight of the coal 
feed. 

The basis of this material balance is the processing of the coal feed to produce 
a maximum of coke pellets and chemicals, with minimum fuels . 

The estimate of the time required for construction of a 17,000 T.P.D. 
commercial plant, following successful completion of integrated pilot plant 
operations, is three years. 

COALCON HYDRO CARBONISATION 

Coalcon Co. - a joint·venture company of Union Cllrbide Corp., and Chemical 
Construction Corp. (Chemico). Chemico is a subsidiary of the General Tire 
and Rubber Co.'s. Aerojet- General Corp. 

Office of Coal Research (50%) and a consortium being formed by Coalcon 
with several major U.S. companies and state government agencies. Coalcon 
has letters of intent from the following (0 join a consortium being formed by 
Coalcon to concentrate specifically on the needs of the program : 

Ashland Oil; Du Pont; Reynolds Metals; Sun Oil. Y & 0 Coal Co.; Ohio 
Air·Quality Development Authority ; Wood County, West Virginia Development 
Authority; Belmont County, Ohio; the governors of West Virginia and Ohio. 

Other firms are expected to submit letters of intent in the near future . 

(See also "Commercial and Demonstration oal Conversion Plants, Fig. 6.") 

Sized, dried and preheated coal is fed to a dry, fluidised·bed hydrogenistion 
reactor. Hot vapour products from the reactor go to a gas·liquid product 
separator where wlter, liquid fuel I?roduct and a complex mixture of gas 
(H , CH4 , CO, C2 - C5 , H S, CO,) are separated to separate streams. The 
waier is sent to a separate lAG umt hydrogen·source gasifier where it reacts 
with char derived from the hydrogenerator. The AAG hydrogen plant has a 
gasif;er·combu tor coupled with char and air in the combustor providing heat 
for the char·steam reaction in the gasifier. The AAG unit is based on the 
"Agglomerating·Ash" gasificatIOn process. The liquid fuel stream is sent for 
refining, if desired , with BTX, Phenol, Cresylic Acids and Naphthalene 
by·products being derived in the process. 

The gaseous stream passes to acid·gas removal (with sulphur recovery) then 
to hydrogen recovery for recycling to the hydrogenerator. Finally , the gas is 
sent to a hydrocarbon separation unit which delivers separate streams of 
methane and C~ . - Csgases. Lignite , sub·r' tuminous and bituminou~ coals 
can be handled. No details of operating C( •• d: ' ions are available. 

This process is t e result of 30 years of resear h by Union Carbide in coal 
liquefaction and hydrogenation. The process has been demonstrated in a 
300 T.P.D. semi·works plant and a 25 T.P.D. pilot plant. 



Process Developer: 

Spon or: 

Description: 

Statu : 

Proces Developer: 

Sponsor : 

In January , I 75 the largest COlltract ever awarded by the U.S. Interior 
Department was received by Coalcon Co. This U.S. $237 million Contract 
calls for oaleon to design, construct and opera te a 2,600 T.P.D. 
demonstration plant u ing the Hydrocarbonisation Proces . The project is to 
be conducted in four distinct pha es ovcr an eight-year period , including 
operation of the plant for three and a half years. 

The program phases are : 

Phase I - onceptual design of the demonstration plant co ting U .. $4 
million . Work is already underway . 

Phase II - Detailed de ign valued at U.S. $ 17 million. (Both pha es I and II 
will be funded solely by the om e of oal Resear h.) 

Phase IU - Plant construction scheduled for completion in 1979 . 

Phase IV - Operation of the plant for three and a half years. 

(Phases III and IV will co t over U.S. 200 million, to be funded equally by 
O.C.R . ar.d industry.) 

The 2,600 T.P.D. plant will produce 3,900 barrel per day of liquid product 
and 22 million S .. F. per day ot pipeline gas. The demon tration plant's 
operation will provide the technology for commercial plants proce ing 
15,000 T.P.D. of coal in the 1980's. Liquid product alone from such a plant 
would provide the fuel for a 1,000 MW power tation . The plant will be 
located in either Ohio or West Virginia . 

COALPLEX 

ity ollege of lew York , Dept. of hemical Eng: neering. 

ational Science Foundation. 

The proces i de igned to convert coal, in a single operation , to substitute 
natural gas, lead-free high octane gasoline and low- ulphur coke. Little 
informa tion is avai lable on the process detail . 

The concept was origina lly developed by Arthur M. quires , chairman of 
City College's Departmen t of hemical Engineering. The basic c ncept 
envisages a coal-conver i n com pIe producing multiple product at a large 
aving over the co t of eparate production of synthesis gas, .N.C., gasoline, 

oil, coke or elec tricity . 

The ational S ience Foundation ha awarded a .S. 644,400 grant to ity 
College to evaluate the practicability of the concept. 

(ee lean- oke Proces, .0 . . and ,OGA .) 

COED 

FM orporation, Re car h and Development entre , Prin eton , New Jersey. 

Office of oal Re earch , U .. Dept. of the Interior; Ie tric Power Re.ear h 
Insti tute , Palo Alto) Calif. 
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Contrac:ton: 

Dacription: 

Operating onditions: 

Status: 

6 

I . 8law·Knox Chemical Plants Division of Dravo Corp. _ for project 
evaluation, estimates, design, procurement and construction of the pilot 
plant units. 

2. Dow Chemical Co. - for evaluation of the COED process as a SOurce of 
feedstock for a ,ommercial chemlcals·complex plant. 

3. Chem Systems Illc. - for determination of the value of COEDsyncrude to 
new and eXisting petrolrum ref1nerie . 

Coal is Cru hed, dried and then he ted to successively highel' temperatures In 
a series of fluidised·bed reactors. In ea h fluidised bed, a fraction of the 
volatile matter of the coal is reltased. The temperature of each bed is selected 
to be just short of the maximu. temperature to which the coal can be 
heated without ~Jornerating and d~nuidlsing the bed. Typically, four stages 
operating at 600, 500

, 10000 and 15000 F are Involved. 

The number of stages and the operating temperatules vary with the 
agglomerating properties of the c al. Heat for the process is generated by 
burning char In the fourth stage and then using hot gas(;s and the hot char 
from the fourth stage to heat the other vessels. 

The volatile malter released from the coal in the pyrolysl reactors is 
condensed in a product recovery ystem. The condensation of the coal-tar 
vapours is accomplished by direct contact with a water-rich stream in 
venturi scrubbers. The condensed oil-water mixture is then ent to a gravity 
decanter ve sel for phase separation. team-heated dehydrators are used to 
effect water removal from the pyroly i oil streams from the decanter. The 
pyroly is oil product is filtered by a pre urised, rotary-drum, precoat filter 
to remove lids repre entlng char fines, which are carried through the 
cyclones of the fluidised-bed reactors. 

The filtered oil product is then mixeci with hydro~en ::nd preheaterl to 
700 - oooF in the hydrotreating plant. Hydrotreating occurs in a fixed-bed 
catalytic reactor containing commercial ni kel·molybdenum ca t Iy t 
Hydrotr ating reactions remove ulphur, nitrog nand 0 ygen from the oil 
and can produce a 25 - 00 API syn thetic crude oil product. 

PYROLY ISS CTION Temp.oF Pre . p.s.i. PROD UCT 

Fluidised Bed No. I 600 5 - 10 
Fluidised Bed No . 2 850 5 - 10 har (59.5%), Oil (19.3%), Fluldiscd Bed No.3 1,000 5 - 10 Gas (15 .1%), Liquor (6. 1%) • Fluidl ed Bed No. 4 1,500 5 - 10 

HYDROTREATMENT 
Temp.oF Pre .p.s.i. PROD UCT SECTION 

Cataly tic (NI-Mo) 
750 2,500-3,100 Syncrude. API Gr3vity 27.2" Fixed Bed 

• Yield ba ed n Ill inoi No. 6 - eam c al. Proximate analy is (dlY weight) 
of thjs coal i : Inherent Moi ture 9.1 %; Volatile Matter 7.6%; Fixed arbon 
4 .3%; Ash 13.1%. 

The 0 0 proce s has been under development by FM orpora tion ince 
May, 19 2, under the pon or hip f the Office of al Re arch. 
Succe ful Of"" dtion of a 100 pound per hour proce development unit led 
to the de ign , on truct ion and operation of a pil t plant at Princeton, New 
Jer ey. The pilot plant can process 6 tons of oal per day and hyd rotreat 0 
barrel of oal-derived oil per day. tar.tup of the pilot plant bcgJn in I 70 
and operability of the proce has been demon trated in long-dura tion run 
of over 0 days. De ign capa itie have been a hieved on all part f the pilot 
plant with ignificant accompli hment being demon trated in olids circulatIOn 
between multiple Iluidi ed-bed reactor , in the IiItration of the product oil , 
and in upgrading the coal oil to ynthetic crude oil through fixed-b d 
hydrotreating. 



TIle COED pilot plant had proce ed over I ,000 tons of coal to June, 
1974. Six different coal types have been te ted in the pilot plant , including 
lignite , sub·bitumin u, and high v'11atile B- and -bituminous coal. Oil 
yields ranged from 0.4 to 1.5 barrels per ton of coal, depending on the feed coal type. 

Pres~nt work will apply added technol gy to convert the char to a clean fuel 
gas. The offgas yield Is 8,000 to 10,000 . .F. per ton of coal. This ga ha a 
H.H.V. of about 500 BTU/S F. The ornmercial viability of the OED 
process relies heavily on saleability of the offgas. 

The filtration step has b en successfully demonstrated, redu ing olid 
content from about % in the raw oil to Ie than 0.1 % in the mtrate. 

In the hydr treatment step, synthetic crude oil has been produced from 
mtered oils derived from high volatile B-biluminou coals. This synthetic 
crude oil was evaluated under ub-contract with Chem Systems. Inc ., 
assisted by Atlantic Richfield and American Oil Company. OED syn rude 
also was ucce sfully used as a ource f bunkering fuel for a U .. Navy 
destroyer in 1974 in tests conducted as part of the U., . Dept. of the Navy's 
"Project Seacoal". A1ltesls conducted indicated that the OED syncrude call 
be blended with existing petroleum oils and u ed as a feed t a refinery. In 
addition, the 0 .0 syncrude can be distilled and sold in two fraction . a 
~phtha fraction and a low-sulphu No.4 fuel oil fraction. The dollar value of 
COED yncrude i comparable to that of petroleum crude of similar quality. 

The Ralph M. Parson ompany, under separa te c ntract to O. .R., has tarted 
a commercial de ign for a' OED pro e s comple to pr duce a low-sulphur 
fuel oil and a clean fuel gas for power generation . Thi 4-year contract was awarded in October, 1972. 

A preliminary economic analy is ha been made for a 0 0 plant with added 
char ga ifi ati n. The 1\ 0 major proce es of choi e from the existing 
gasificati n techn logy are the Kopper -Totzek and Winkler pro es~e '. ( ee 
eparate de cript ion in Gasificati n Se tion of thi report). E timal.,; for a 

commercial '0 D plant have been sugge ted a foil w : 

timated cost : 
oal U age : 

Oil Pr duction : 
har ProdUction : 

Gas Production: 

U . . " ° ° million 
24,000 hOr! tvn per day (clean coal) 
6,400 barrel per day 

12,000 hort ton per day 
390 million .F. per day (400-500 BTU/ f<) 

The OED proce , ince it is ba ed e en tially on "here and now" 
technology, ould move into the Commercial tage rather quickl_ given th 
right ec nomi climate and with the ompletion of the char ga ificati n program. 

The remaining devel pment work 011 the 0 D project con ist of performing 
large-scale char-gasifica ti n test in e i ting ommercial equipment. The fu t 
of the e char ga ifi ation tests will probably be conducted in a Kopper -T tzek 
gasifier. The program to perform these test i being pon ored by O .. R. and 
the Electric Power Re earch Institute (EPRI). The FM orp. wa rc cntly 
awarded a U.S. $650,000 contract by PRI to determin whether 
envir nmentally-clean gas can be produced e on mically from har su h a 
that produced in the 0 0 proce . 

In a report to O . . R. dated 23/ 1/75, FM ' rp, detailed the re ult of 
Succes ful c mbu tion-per£: rmance test on 0 D char in e periment 
conducted in cOlomercial-size downward-fired bOiler owned by the Luzern 

lectric Divi ion of U. .f. orp ration. The te t boiler w:! de igned and 
installed by the Fo ter-Wheeler Corp., who al participated in the 0 D 
char test program nd nalyzed the boiler performan e re ults. 

In ther 0 D-r"laled development , the 
joint-venture partn r hip of w!li h FM ' OGA Development ompany, a 

rp rali n i a memb ~, plans t 
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SfIOllIOr: 
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Sen1ca: 

Operatu. Conditions: 

Description: 

8 

construct a demonstration plant for the COCAS program to process 
800-1000 T.P.D. of coaJ feed. The COGAS process i based on the COED 
process but with a unique air-steam gasltlcation step to produce pipeline gas 
or synthesis gas from the char derived from the COED pyrolysis step. (Refer 
to "COGAS" in this section of the report for further detaHs.) 

In a recent report to the Office of Coal Research, the American Oil C" . 
described the combination of COED pyrolysis with the Molten Salt proces 
of M.W. Kellogg Co. to produce synthetic crude oil and substitute natural gas. 

Note: C.S.I.R.O. in ustraJia are conducting tests on fluid ised.bed 
pyrolysis similar to the COED process utUising a wide range of coals 
including the Millmerran bituminous coal which is also the object of 
S.R.C. process study by Mitsui & Co. (See S.R.C.- Mitsui for further 
details) 

C.O.G. (Coal- Oil-Gas Refinery) 

I. Coal Iiq'lefaction ( .R.C.) section - Pittsburgh and Midway Mining o. 
(a subsidiary of Gulf Oil Corp.) 

2. Synthesis gas/hydrogen production by coal gasifj,;ation - Bituminou 
oal Research, Inc. (the research affiliate of th(! U .. National oal 

Association.) 

Office of Cotl Re earch, American Gal Association . 

The Ralph M. Parsons ompany, Lo Angeles. Chern Sy terns, Inc., New 
York. 

Proce Section Tt~p Pre lI. p .. l. Reactor Type 

S.R.C. • 850 l.llOO E tractlon.hydror.enatlon 

BI - GAS • 3,000 200 Stagg ng, entrained 

Product 

Naphtha, Fuel 
OiJ,S.R .. 
Fuel Gas 

Synthe is G , 
H2- Rich Gn 

• S.R. . and B1- GA processe~ modified to produce jesired products. 

I . Liquefaction Section. 

This sectl n include coal slurrying, di olution 8Jld distillation operation . 

The coal feed, cru bed to - I/a inch, is combined with unnItered olvent to 
produce a 50 wt.% slurry which i ent to the pre-heat fllrnace. The lurry is 
combined with synthesi gas and water ar·d fed to the reactor . The resultant 
mixture from the reactor con ists of a liqUid phase, a olid pha e f ash and 
unrel'cted c aI, and a gas phase. The gas I separated, s rubbed to remove O

2 and H2S, nd the major portion is combined with make-up synthe is sa ana 
recycled to the lurry feed . The remaining portion of the gas i utili ed s fuel 
gas. The solid phase is separated by nItration from a p rtion of the liquid 
phase and is transferred to the gasification plant where it is ga ified to 
plOduce the synthe is gas. The rest of the unftltered solvent product . 
containing unreacted coal, is re ycled to the feed-coal :urry. 

The mtrate produced in the filtration step i fraction ted to produce 
naphtha stream, di~till te that is de ulphuri ed to light boUer fuel, and 
residual f leI il. SoiJd solvent-refmed c al (S.R. .) could be produced by 
distillation if required. 



lalu : 

2. Ga i!ication Se lion. 

WeI filter cake from Ihe Iiquefa !lon cllon i-introduced inlo Ihe 
-lagging, entrained-flow ga~fjer where it reacts with stearn and oxygen at 
elevated temperatures and pressure . The offga is a earb n m n xide-hydrogen 
synthe I sas which i sent to heal-recovery , coarse-char cyclones and a"'d-gas rem val. 

Mo t of the clean ynthesis ga i sent to the liquefaction eclion. That 
porti n f the gas not ent to the liquefaction ection i r:onverted to 
high-purity hydr gen tnat i utili ed for the hydro-t re tment of the naphtha 
and fuel oil. The high-purity hydrogen is produc d by subjecting the ynthe i 
gas to hift onversiQn, O2 removal and methanation . 

The liquefaction and gasificatlon pro('e es can be modified to produce a 
wide range of product e.g. solvent-refined coa l, coal-derived "light refinery 
liquid", pipelin gas, liquid petroleum ga, ynthe is ga for amm nia , 
hydrogen etc. 

The Ralph M.P:lr 0 S o. ha been award d a 1I.. 2.9 million c ntract by 
the ornc of oal Research to evaluate the refinery c ncept over three 
years. The company ha completed a preliminary de ign and capital t 
estimate of adem n trallon plant to proce 10,000 T.P.D. of oul to produce: 

Naphtha 
Fuel Oil Product 
Heavy Liquid Pr duct 
Ileavy Liquid Plant Fuel 
Fuel Ga 
Sulphur 

per day 

The de ign data were upplied by Pill burgh Midway al Mining o. ~ r 
the S.R. . ection and Bituminou oal Re~l'arch, Inc. for the ga ifi ation ecti n. 

Other con eptual de igns for the plant have becn a embled by O . . R. 
For " Project Independel,ce", an .R. blu print team prepared a ( . ptual 
liquefacti n-g" ificati n plant with input and output balance a lollow : 

oal : 
o ygcn : 
Water: 
P wer: 

INPUT 

0,000 T.P.D. 
I ,000 T.P.::>. 
110 a re fect per day 
OOMW. 

OUTPUT 

100,000 B.P.D. 
o million SF/day 

I , OT.P.D. 

Projected elling pric for the pr duct have becn e timated at 

The rationale for the eemingly prernatur de ign of the 
plant is expedience . Obj ctive include : demon tration 

$1._2 per milll n BTU. coal at " $7 .2 a ton.) 

I. RedUcing th lead-tlllle fOT operation f c mrnercia l- cale plant . 

1.. By-passing the pil t-plant prograll1 to gain till1 for dcvelopment of 
COll1m rcial pr ('C e . 

3. Providing a ba i for predding th ec nomic of comlller ial plant. 

4. efining perforlllance requireltlcnt and fi nul)cial incentive for rapid 
devel plllent of large- ca l 'oal -conver ion plant equl ment. 

S. Oem n trating operability of Coillmercial- ca l equIpment. 
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tit 

Detailed demonstration-plant de ign c uld be in m tion J UriJ,g pil t-plant perati n. 

hem 'y tem , In(., in 1971, working as a Ub -conlr t r to Pitt hurgh and 
Midway al Mining ., also sugge ted the combinati n of the .R. . and 
DJ- CAS pr esse to f, rill a OC refinery. uch a refinery w uld requir 
57,000 T.P .. of coa l feed and 7,740 T.P.D. of 0 yg nand fr m Ihe w uld 
pr ducl! 1,9 0 Ion of L.P.C., 7, 0 ton of pipelin ga. I, 00 ton of 
ulphur, 14, 0 of light refinery liquid fuel ii , , 0 ton of Ivent 

Refin d oal RC), whi h i u ed to run the refinery, nd ,500 t n of 
SR tole, per day. Overall em lency of the pi nt would be 75. 9L 
Investmrnt w uld total U. . 7 6 million. 

COGAS 

ga Devel pment mpany, Prin et n, .J ., a joint -venture partn r hip f: 
on olidaled atuml ,a ompany 

FM orp ration 
Panhandle t rn Pipe Une ompan 
Rp.publi leel orpora li n 
T nne , Inc ., through it sub idiary, enne e a Pip line Illpany 

ni n P'Iclfic orp, thr logh it ub . Rocky M untain nergy omp?11 

Be htel orporalion 

The char pr dUCI 01 pyroly i i ent to the ga dier while the pr du t oi l ilia 
be upgrad d by hydrogenatior. to high- rade yntheti crude oil, I)r I)y 
u ing Ie hvdr gell in thi lep, 10 a low- ulphur fuel oil. The hydr g n r I 

this upgrading i pr du d by reforming a porti n of the proC: .:1 , s. 

The product ga 

Temp.oF PI : .p .. L Produc l 

Huldl d Bed (4) 60().1500 5 - 10 har, II , Liquor, Ga 
HydrolrU lmenl 

Temp.O eC llon Pr .... i. Pro u I 

al~IYII Filled-bed 750 _:iu • 100 nlhell rud~ 011 
Ga lfic.tio n 

Temp.oF I',e .p .. 1. Produc t eclion 

a irier ombu I r 150 17 0 - 30 ) olhe I a 

The OC evel pment ompany w f rmed in 
Partner hip dedi I'd t the devel pment f the '-UUI1'~ lilt enture 

. In II, the 



company has budgeted U.S. $7 million for the developmental phases of its . 
program. 

The initial effort~ of the company \'·'!re devoted to laboratory experimentation 
of the COCAS process, cold model studies simulating pilot-plant operations, 
and engineering and design for two pilot-plant facilities . 

The process is largely based on the COED process of the FM Corporation 
which has been under evaluation in a 36 T .P.D. pilot plant at Princeton, N.J . 
since 1970. The COED development will provide the data for the pyrolysis 
section of the COCAS p/Ocess, thus the thrust of COCAS process development 
is concerned with the gasification of the char derived from the pyrolysis step 
in a novel route that employs low-pressure gasification using air instead cf 
oxygen to produce , pipeline-quality gas or synthesis gas . 

Two approaches to the char gasification- combustion step of the process 
were piloted be ause both appeared to offer advantages. For both, half- cale 
cold models were constructed and operated to study process flow variables 
before finalising the pilot plant dr~igns. 

Based on a de ign by OCAS Developl.lent Co . for one unit , and a design by 
British C al Utilisation Research Association (BCURA) for the other, 
Bechtel , Inc . engineered and constructed two pilot plants . 

I . The Inert Heat-Carrier Pilot Plant . 

This pilot plant, located in Princeton, New Jersey, was designed by the 
OGAS Developmen t o. and has a design capacity of 2.5 T.P.D. of 

char feed . Construction of the plant was completed in February, 1974 
wit h tart-up in May, 1974 . This ystem utilises an inert heat-carrier 
such as a ceramic or a pcll.!tised coal ash. Char fines for fuel are 
collected from the product gas stream . Char combustion reheats the 
fluidised heat-carrier in a combustion vessel which is then transported 
back to the ga ifier where it howers through the bed of fluidised char 
which reacts with steam to produce a synthesis gas. The combustor 
which heats the iner t heat·carrier is air-blown . 

Operation of this pilot plant is c ntinuing. 

2. The Char Heat-Olrrier Pilot Plant; 

This pilot plant was designed by BCURA and is located at the BCURA 
laboratories in Leatherhead, England . The plant achieved initial start-up 
operations in April , 1974 . Design capacity of this pilot plant is 50 tons 
per day of char feed . 

This system utilise~ circulating char as the heat-carrier combined with 
slagging combustion to facilitate ash separation with minimum carbon 
loss. Char from the pyrolysis section of the COCAS process is fed to the 
gasifier where it is gasified ,, ·th steam utilising heat supplied by 
recycled hot char from the air-bl(jwn ~ombu tor. Char fines separated 
from the flue-gas stream are fed to the combustor. Co. rse char is 
separated from the product-ga stream and is recycled to the lift tube 
where the hot combustion gases reheat it for recycling to the gasifier. 

Operation of this pilot pllnt is continuing. 

Since initial start-up, the pilot plants have successfully demonstrated most of 
the key features of the systems _ 

An integral part of the overall COCAS program and olle which is pro eeding 
concurrently with the pilot plant program, is an extensive proces engineering 
study being conducted witl: the assistance of Bechtel Associates Professional 
Corporation, New York. This study is intended to oversee all of the steps in 
the COCAS process and to achieve their optimi~tion. 
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Process Developer: 

Spomor: 

Description: 

O. : rating Conditions: 

St.atu~ : 

l 'l 

COCAS Development Company is currently planning for a demonstration 
plant with a fe.ed capacity of 800 - 1,000 T.P.D. of coal. 

CONSOL SYNTHETIC FUEL (C.S.F.) 
(Previou ly known as " PROJECT GASOLINE") 

Consolidation Coal Company, a subsidiary of Continental Oil Co. 

Office of Coal Research 
American Electric Power Company 
Allegheny Power System, Inc. 

Coal, crushed and dried , 'is preheated in a fluidised·bed to 4500 F then 
slurried in a process-derived solvent. The slurry is pumped to a stirred, 
solvent-extraction vessel where extraction occurs at 7650 F and 150-400 p.s.i. 
Vapours produced in the extraction vessel are sent to the fractionation and 
solvent-recovery section. Liquid rroduct and solid residue, consisting of 
unreacted coal and mineral, are separat~d in hydrocyclones. Liquid is sent to 
the solvent-recovery and fractionation ection where it is combined for 
treatment with the extraction vapours. Recycle solvent, distillate, and liquid 
product for hydro-treatment to naphtha are produced in this section. 

Solid residue in a concentrated lurry is sent to a low-temperature 
carbonisafion reactor where the slurry is pyrolysed at 800 - 9000 F and low 
pressure to recover the solvent and also to produce additional distillate by 
coking the residue and the t xtract. Overhead vapours are quenched and oil 
scrubbed to recover the condensables from the fixed gas. This prodl ces a 
light liquid product and a clean fuel gas. 

Char product from the carbonisation reactor is used in a stearn-oxygen 
reactor for hydrogen generation which is employed in the hydrotreatment 
and distillation step. 

In the hydrotreatment and distillation section liquid product from the 
fractionation step and tar from the carbonisation step arc hydrogenated in a 
catalytic reactor oper:lting at 8000 F and 3,000 p_s.i. to produce naphtha, 
light oil, gas and make-up solvent. Residue from this step can be used as 
plant fuel. 

Reactor Temp.oF Press.p.s.i. Products 

Extraction 765 150- 400 Vapours. Liquid, Residue 
Carbonisation 925 10 Char, Pyrolysis Liquid and Gas 
Hydrotrealment 800 3,000 Naphtha , Oil, Gas, Residt.e 

Thr Office of Coal Research and Consolidation Coal Company entered into a 
contract in September, 1963 for the development of the C.S.F. process. A 
20 T.P.D. pilot plant was designed utilising data obtained from extensive 
bench-scale testing by Con~o1idation oal and construction of the pilot plant 
was completed in May 1967, at Cresap, W. Va . This plant also included a 13 
T.P.D. hydrogenation plant for the conversion of coal extract into 
low-sulphur distillates. 

The results of the pilot-plant runs were Ie s favourab e than those predicted 
~y bench· calc testi ng, particularly in hydrogen consumption and catalyst 
life. The plant was put on a care-and-maintainance basis after April, 1970 to 
allow for a period of reassessment of the process and to resolve the 
mechanical problems encountered in the operation of the plant. A detailed 



Process Developer: 

Description: 

Operating Conditions: 

Status: 

engineering survey of the plant was conducted by Foster-Wheeler Corp. in 
1970 who reported to O.C.R. that the process was technically sound but that 
major mechanical modifications were necessary to increase operating 
relia bility . 

Standard Oil of Ohio (SOHIO) held some of the background patents for the 
process and has joined with Consolidation Coal for the design of a 900 T.P.D. 
C.F.C. process demonstration plant at Toledo, Ohio, which will draw upon 
the results obtained from the Cresap pilot plant for design data for elements 
of the C.F.C. "Iant. (see S.R.C. .F .C. in this section of the report) . 

Late 1974, O.C.R. announced that the Fluor Corporation would undertake a 
three-year project aimed at revamping the Crer-ap pilot plant. Under the new 
contract, Fluor will supplement the existing plant equipment with new 
equipment designed to produce fuel oil for power generation and industrial 
!!ses from coal. 

The Cresap plant may also be modified to evaluate several coal liquefaction 
processes for various types of coal. Elements of the H-COAl process may be 
incorporated in the revamped plant. 

The contract will be funded U.S . $11.3 million by O.C.R., with American 
Electric Power Company and Allegheny Power System , Inc. contributing 
U.S. $1 million. These two power utilities are believed to be interested in 
evaluating the utilisation of coal-derived, low-sulphur, liquid and solid fuels 
for power generation to overcome Sulphur-emission controls applied by 
Federal air-quality rules, seeing the solution to the problem being an efficient 
front-end process rather than flower-plant stack controls. 

Estimated yields from a conceptual C.S.F . commercial plant include 34,200 
barrels per day of heavy fuel oil , 13,200 barrels per day of naphtha, and 
170 million S.C.F. per day of 820 BTU/SCF gas from a coal feed rate of 
29,000 tons per day . 

COSTEAM 

U.S. Bureau of Mines, Pittsburgh Energy Research Centre , Pittsburgh, Pa. 

A slurry of pulverised coal in some of the product oil is pumped with carbon 
monoxide, or a CO-rich synthesis gas, into a stirred reactor at 8000 F and 
4,000 p.s.i. The steam for the reaction is derived from the moisture of the 
coal. Products from the reactor go to a receiver where the raw oil is separated 
from the product gas. Unreacted coal and mineral are removed from the 
product oil by a centrifuge or a pre-coat filter. 

'fhe process is specifically designed for coals with high reactivities and high 
moisture contents, such as lignite . With highly-reactive low-rank coals, no 
catalyst is required in the process. 

Reactor Temp.oF Press.p.s.i. Reactants Products 

Stirred extraction 800 4,000 Coal-<X)-Steam Fuel oil , Gas 

The Bureau of Mines has investigated the I\W~ in batch-autoclave studies 
in a 2.25 gallon vessel. 

Results to date have been encouraging. The Bureau plans to continue testing 
of the process to provide suffjci~nt data for the design and fabrication of a 
pilot plant. 
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EXTRACTIVE-COKIN G PROCESS 

Arthur D. lillie , Inc ., corn Park , Cambridge, Mas. 

Office of Coal Research 

This process is a modification of t he delayed-coking process. i3ituminous coal 
is subjected to extractive coking to produce low-sulphur liquid fuels such as 

o. 2 fU1l1 oi l, a high-quality residentia l heating fuel. 

No details are availab le on process routes or operating condi tions. 

The Office of oal Research recently awarded a U.S. $568,000 contract to 
Arthur D. Little, Inc. to make an experimental study of the process. 

The major objective is to demonstrate the technica l and preliminary economic 
feasibility of the extractive-coking process utilising a 2040 lb . batch 
extradive coker at the Fo ter-Wheeler laborat ries, Livingston , N.J . 

Arthur D. Little also won a con tract in June, 1974 to assist the Sta te of 
Illinois in the devel pment of its coal resources. 

EXXON LlOUEFACTION 

Exxon Resea rch and Engineering Co., Baytown , Texas, and Carter Oil Co. , 
both subsidiaries of the Exxon Corp. 

Crushed coal is slu rried with a recycle solvent, preheated to about 800oF, anG 
then pumped into the liquefaction reactor operating at about 2,000 p.s.i. 
Preheated hydrogen is also added t the Icactor. The product from the 
liquefaction reactor is sent to the separa tion step where gas, naphtha , 
recycle olven t, distillate, and heavy bottoms (containing unconverted coal 
and minerals) are separated by dis tillation. 

The recycle olvent is catalytically hydrogenated and is then slurried with 
fresh coa l feed to repeal the cycle. 

The raw liquid product IS upgraded by hydrogenation to adjust the qua lity of 
the product by dcsulphurisation and conversion. 

FinaUy, the heavy bottoms and solid residue go to a gasifier for hydrogen 
production. 

Rea ctor 

Cata tytic 
lIydrogenation 

TempoF Press. 
p.s .i. 

800 2,000 

Reactan ts 

Coal - H2 - H- Donor 
SO lvent 

Products 
Naphtha, Ga , 
Distillate, lIeavy 
Bo ttoms, Recycle 

Solvent 

The Synthetic Fuels Research Division of Exxon Research and Engineering 
Company have been developing this process in several small continuous pilot 
plants up to 0.5 ton per day in size. General process feasibility has been 
established with bituminous and sub-bituminous coals . 

The design of a 200 T.P.D. pilot plant , to be located adjacent to Exx.)n's 
Bi )'town, Texas, refinery is currently underway. A pilot plant of this siZe 
would demonstrate critica l process features for scale-up to a commercial-size plant. 

Exxon is seeking federal government financial support for the construction 
and operation of the 200 T.P.D. plant. 
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FISCHER-TROPSCH SYNTHESIS 

Fischer and Tropsch (Germany) M.W. Kellogg Co. (SYllthoIProcess, SASOL) 
Arge-Arbeit Germeinschaft Lurgi and Ruhrchemie (Arge Synthesis, SASOL) 

As only one commercial plant , SASOL in South Africa, is currently in 
operation to produce liquid hydrocarbons from coal-derived synthesis gas via 
Fischer-Tropsch Synthesis, the fOllowing deSCription is for that plant : 

Coal is gasified in a battery of 13 Lurgi high-pressure, steam-oxygen gasifiers 
to produce a gas consisting essentially of carbon monoxide and hydrogen, 
with a proportion of other gases, tar and oil. The gas stream from the gasifiers 
is quenched to remove tar and oil and purified by the Rectisol (Lurgi) process 
which uses a single solvent (methanol) to remove the last traces of tar and oil, 
carbon dioxide, hydrogen sulphide, organic sulphur, ammonia and phenol. 
The purified synthesis gas stream is partitioned and a part of the gas is passed 
through a fixed-bed catalytic reactor (Arge synthesis). Feed gas has a I-!J/CO 
ratio of about 2: 1 and synthesis OCcurs under conditions of 4300 .. and 360 p.s.i. 

The products of the Arge synthesis are straight- chain, high- boiling 
hydrocarbons, with some medium- boiling oils, diesel oil, L.P.G., and 
oxygenated compounds such as alcohols. 

The portion of the synthesis gas which was not sent to the Arge unit goes to 
the Synthol plant (Kellogg synthesis) which is a fluidised-bed catalytic (iron) 
reactor. III this reactor, catalyst is circulated along with the synthesis gas. 
Gas and catalyst leaving the reactor are separated in cyclones and the catalyst 
is recycled. Operating conditions are 6000 _ 62.sOF. and 330 p.s.i. 

A portion of the Synthol plant tail gas is reformed with steam to increase the 
H2 /CO ratio to about 3: I , and is mixed with the fresh synthesis gas. 

Reactor effluent gas is quenched in a scrubbing tower where the remaining 
catalyst dust is removed and returned to the reaction zone in the form of a heavy slurry oil. 

The raw products from the synthesis require certain treatment and then final 
purification to make the specification products. From the gas phase,valuable 
hydrocarbon and chemical products are scrubbed out and recovered. The 
oil phase is trt:ated catalytically to remove dissolved oxygenates and then 
distilled into gasoline and fuel oil fractions. The remaining liquor is distilled 
and fractionated to produce chemical products. Heavy alcohols to pentanol are also recovered. 

A portion of tail gas from the Arge and Synthol synthesis plants is removed and used for utility gas. 

SynthesisProeess Calilyst Temp.oF Press 
Products p.s.i. 

Arge Fixed Bed Iron/Cobalt 450 360 Petrol, L.P.G., Oil, Wax, Gas 
Kellogg Fluidised Iron 620 330 PetrOl, Alcohol , Oil, Gas Bed 

Fischer and Tropsch made extensive studies of the catalytic reduction of 
carbon monoxide to various hydrocarbon liquids during the period 1923-1933 . 
FollOwing pilot plant operations in 1932 a 1,000 tpy plant was constructed 
by Ruhrchemie in 1933 and a 30,000 tpy plant in 1936. By 1939, nine 
plants had been erected in Germany and one in France. The prodUction of 
gasoline, diesel and paraftlns by Fischer-Tropsch synthesis, along with the 
8ergius process products, provided a Significant contribution to the energy 
requirements of war-time Germany. 
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As SOon as the plocess was Commercially available in 1935, a South African 
concern, Sponsored by the Anglo-Transvaal Consolidated Investment Co. Ltd., 
acquired the rights on the process for the Union of South Africa. In 1947, 
the Liquid Fuel and Oil Advisory Board . was established. A committee 
established by the Advise nard recommended that the available 
Fischer-Tropsch type ')1 Ie -, . lid be commercially viable in the South 
African situation and that nght~ to .oal depoSits, land and process should 
be acquired from the Anglo- Transvaal Inve tment Co. Ltd. by a 
government- financed company. 

The South African Coal, Oil and Gas Corp ration Ltd. (SASOL) was 
incorporated under the Companies Act in September, 1950 with all its 
shares being held by the Industrial Development Corporation, a government company with its own charter. 

SASOL invited several internationally-known companies to submit proposals 
for a coal-based Fischer-Tropsch synthesis plant. The succe sful tenderers 
were M.W. Kellogg Co. (U.S.A.) with the Synthol process, and Arge-Arbeit 
Germeinschaft Lurgi and Ruhrchemie with the Arge synthesis. 

In 1954, 10 Lurgi gasifiers were installed at Sasolburg to produce the 
synthesis gas for the Arge and Kellogg F-T plants. In 1955, the first gasoline was produced from Transvaal coal. 

In 1966, three additional Lurgi ga~ifiers were added to the Sasolburg prant to 
increase production. SASOL currently provides feedstock for three refinery 
plants, in Capetown , Durban, and in Sasolburg. 

In December 1974, the South African government released data on a second 
Fischer-Tropsch plant to be constructed by SASOL on the Eas.tern 
Transvaal coalfields. This plant is expected to cost U.S. $1.5 billion with 
foundations expected to be laid in April 1977 and to come on-steam 
1979-1981. The SASOL 2 complex will employ only a retlned Kellogg 
Synthol process for F-T synthesis of Lurgi-produced gas, unl~ke the 
Sasolburg plant which also uses the Arge synthesis to produce . waxes and other heavy prodUcts. 

SASOL 2 will produce mainly gasoline and fuei oil , although there will be 
other products includiug an estimated 150,000-200,000 ton per year of 
ethylene, 250 ton per day of ammonia , 92,000 ton per year of sulphur and 
190,000 ton per year of tar products. 

Sasolburg's current output is 2.5 million ton pt. . year of petrochemicals 
which includes 1.68 million ton per year of gastline. SASOL 2 should 
produce something of the order of 10 million ton pe ' year of gasoline. TItus 
SASOL 2 should represent a six -time scale-up of ~ ASOL f at Sasolburg. 

The SASOL 2 plant will give the company 30 per cen t of the nation ' automotive fuels market in 1980. 

In the U.S .A., interest in Fischer-Tropsch synthesis is increaSing. In 1974, the 
Office of Coal Research awarded the Ralph M. Parson 's Company of 
Pasadena , Calif., a three-year, U.S. $2.99 million contrac t to evaluate the 
COG refinery concept. This contrac t entails preliminary design work on a 
Fischer-Tropsch synthesis plant to produce substitute natural gas and motor fuels as the main products. 

The U.S. Bureau of Mines and the Office of Coal Research have a 
Fischer-Tropsch research and development program underway. Preliminary 
design for a process development unit to evaluate modifications of the 
process is in progress with operation of the unit scheduled for 1977. 

The interest by the Bureau of Mines in Fischer- Tropsch studies dates from 
the time when the Office of Synthetic liquid Fuels was et up in 1944. Coal 
research and liquefac tion plants where established over the fO llOWing eleven 
years in what are now the Pittsburgh and Bruceton Energy Re earch Centres, 
where F- T synthe is was eva luated over a number of years. At LoUiSiana , 
Mo., a government ammonia plant was converted into two coal liquefaction 
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demonstration plants. One utilised the Bergius process and the other 
employed the F- T synthesis to produce about 100 barrels per day of 
gasoline and chemicals. 

Dlaw-Knox provided the detailed design, procurement, and erection of the 
Bureau's Fischer-Tropsch Synthesis Pilot Plant loca ted in Bruceton, Pa . during 
the time of the Office of Synthetic LIquid Fuels. 

Note : Despite the often~xpressed opinion that the F-T process at 
Sasolburg is heavily rl~pendent on government subsidy, the 1973- 74 report 
shows from sales of R 293 million a pre-tax profit of 17 milliC'n wa realised . 

GARRETT'S COAL PYROLYSIS 

Garrett Research & Development Co. , La Verne , Calif., a subsidiary of 
Occidental Petroleum Corp. 

Occidental Petroleum Corp. 

Crushed coal is ;ntro uced into a pyrolysis vessel in a stream of recycled gas 
where it is pyrolysed at II OOoF through contact with hot char from the char 
heater vessel. Effluent from the pyrolysis reactor is sent to a series of 
cyclones for separation of gas and entrained char. A portion of the char is 
cooled as product char. The remaining char is sent to the char heater where a 
portion is burned with air to heat the contents to 1400oF. Hot char is 
cycled to the pyrolysis reactor. 

The gas from the cyclones is cooled and scrubbed, tar is removed in a 
gas-liquid separator and after acid-gas removal, a portion of the gas is 
separated as product gas (700 BTU/SCF) to be utilised as fuel gas or 
upgraded to pipeline quality by methanation. The remaining portion of the 
gas is sent to a hydrogen plant for generation of hydrogen which is used in 
the tar hydro-treater for the production of liquid products. 

Reactor Pressure Reactants Products 
Pyrolyzer 1100 Atomospheric Coal-Hot Char Tar, PrOduct char . 

Gas (700 BTU/S F) 
Char-Heater 1200-1600 Atmospheric Char-Air Hot char for 

Pyrolyzer 
Garrett Research and Development Co. has been working on the pyrolysis 
route to coal liquefaction at the La Verne plant for some years. Early 
evaluation of possiblp. processes indicated to Garrett that pyrolysis provided 
the simplest and lowest-cost method or rapid commercialisa tion of coal 
liquefaction. Development Wor was initiated with a review of existing 
pyrolysis data which determined the most attractive route for an efficient 
conversion would incorporate high heat transfer and short residence time in 
the reactor. Mathematical model studies of the coal-heating process, wi th the 
emphasis on short-reSidence time parameters, demonstrated that pulverized 
coal can be heated to decomposition temperatures in fractions of a second . 
These thl!oretical :esults were confirmed in tests on high-vola tile bituminous 
coals in a small, semi-continuous reactor. Results indicated a maximum 
conversion of coal to liquids of 35% at I0750 F. which is roughly twice the 
yield predicted by Fischer assay and significantly higher thall f1uidised -bed 
pyrolysis. The average yields were 56.7% char, 35% tar, 6.5% gas and 1.8% water. 

The process is currently being tested in' a 3.6 T.P.D. pilot plant at the La Verne plant. 

(Refer to "Garrett's Coal Gasification" in Section II of thi. report for 
addit ional information). 
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GAS EXTRACTION 

Coal Research Establishment, Stoke Orchard , United Kingdom . 

National Coal Board of the United Kingdom . 

Pulverised coal is treated with compre ed ga es at temperature of 
350

0
-400

o
F, causing a portion of the coal to go into solution in the 

compres ed gas. The Mineral matter (ash) and undi olved coal remam when 
the coal solution is transferred to a vessel at lower pressure where the 
rermed coal extract is precipitated and the compr .. ssed ga relea ed for 
recompression and recycling to the extraction ve sel. The coal extract 
produced by this process is richer in hydrogen than that produced by 
liquid-solvent extraction and is thus more suitable for the production of 
hydrocarbon oils and chemicals. 

At Stoke Orchard, there are experimental gas-extraction units for the 
preparation and recovery of coal extract, for investigation of the processes 
controlling the rate of extraction to obtain design data for a pilot plant , and 
a unit to investigate extraction in the presence of reducing gases such as 
hydrogen, or carbon monoxide and steam. 

Results have indicated that this process affords significant advantages over 
liquid-solvent extraction : 

I . Filtering to remove insoluble residue is not necessary . 

2. Recovery of gaseous solvent is virtually complete. 

3. The extraction residue is a porous solid which is suitable for gasification. 

4. More mobile liquids of higher hydrogen content are obtained than 
with liquid solvents. (See also "SOLVENT EXTRACTION _ C.R.E. " 
in this section of the report.) 

H-COAL 

Hydrocarbon Re earch, Inc., Trenton , N.J ., a subsidiary of Dynalectron 
Corporation. 

Office of oal Research 
Atlantic Richfield Corp. 
Ashland Oil Co. 

ontental Oil Co. (through Consolidation oal 0.) 
Gulf Oil Corp. (through Gulf Mineral Resources) 
Esso (through ('.arter Oil ompany) 
Standard Oil of Indiana (AMOCO) 

un Oil ompany 
Electric Power Research Institute. 

Dried, pulverised coal is slurried with proce s-derived oil to which i added 
compressed , make-up hydrogen . The lurry and hydrogen are heated in a 
fired preheater before being fed to the base of the cataly tic (Co/Mo) 
ebullated-bed reactor, along with recycled high-pressure gas that is inularly 
preheated . The catalyst in the reactor is suspended in the ebullated-bed by the 
additional internal recycle-oil flow provided by the hot-oil recycle pump. 
The relative sizes of the catalyst and coal is uch that only the unconverted 
coal, ash, liquid and gaseous products leave the reactor , while retaining the 
catalyst therein . The reactor product slurry is let down at essentiaUy reactor 
temperature to the atmo pheric pressure fla h drum in which a portion of the 
Ii~hter hydrocarbon liquids is flash-vapourised and fed to the atmospheric 
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distillation tower. The slurry material remaining after the atmospheric 
flash can be further flashed in the vacuum drum to obtain vacuum distillate 
overhead and a vacuum bottoms slurry product. 

The reactor vapours not condensed at ambient temperatures are scrubbed in 
the recycle-gas scrubber. Ught hydrocarbons are removed and the hydrogen 
concentration is increased in this scrubbing systems before the gas is 
returned to the reactor. 

The oil used for slurry preparation could be a combination of several 
stream derived from the catalytic reactor, the vacuum distillate fraction, the 
atmospheric bottoms fraction or hydroclone c1aritied liquor, depending on 
slurry oil composition desired. 

Tempp . Reactor OF ress. p.S.I. Reactants Products 

Catalytic, ebullated 850 2,250-2,700 Coal-oiJ-H
2 

Synthetic Crude Oil, Ga 
bed 

The H'{;OAL proces wa developed by Hydrocarbon Research, Inc. as a 
further application of the catalytic, ebullated-bed reactor technology 
employed to convert heavy oil residues into lighter fractions by the H- O/L 
process originally developed by HRI and Citie~ Services Oil Company. 

For the past eleven year, HRI has been developing the H- COAL proce s, 
first ill a 25 Ib ./day bench-scale unit , then in a Process Development Unit 
(PDU) handling 3 T.P.D. of coal. 

In February, 1965, the Office of Coal Research awarded a contract to HRI 
for the bench-scale and PDU opelations and preparation of a conceptual 
process design . Owing to lack of funds , the cont ract was cancelled in 
September, 1967. Subsequent to this, HRI continued research and 
development alone until Atlantic Richfield began funding the project in 
1968. The upport continued until 1970. During the period 197 1-72, the 
program was supported by a consortium of six companies: Ashland Oil Co. 
Atlantic Richfie ld. Consolidation Coal Co. , Es 0 Research & Engineering Co. , 
Gulf Mineral Resources, and Sun Oil Co. In 1973, three companies left the 
consortium for budgetary reasons , and Standard Oil of Indiana entered the 
program. 

In September, 1974, O.C. R. awarded a U.S. $8.1 million, 14-month 
contract to H.R.1. for the engineering ponion of a mUltiphase proj-:!ct for 
construction and operation of a 600 T.P.D. pilot plant. Design specifications 
call for the pilot plant to produce low-sulphur fuel oil, and ynthetic crude 
suitable for refinery processing into gasoline, kerosene , diesel fuel , fuel oil 
and petrochemical feedstocks . 

The engineering design will be performed by the "ydrocarbon Group 
engineering subsidiary, HRI Technical Services, Inc., Miami, Fla. Experimenta l 
work will continue at IIRI ' Trenton , N.J . laboratory where the proces has 
completed over 4,000 hours of testing in the 3 T.P.D. P.D.U. and over 
46,000 hours of bench- cale testing at from 25 to 100 Ib ./day. A re en! 
bench-~cale run attained 2,700 lb . of coal per pound of Co/Mo cata lyst. 

March, 1975, O . . R. announced that ·the 600 T.P.D. pilot plant would be 
located 111 Catlettsburg, Kentucky . 

The total cost of the completed 600 T.P.D. pilot plant will exceed 
U .. $80 million, with O . . R. providing two-thirds of the funds and an 
industry team providing one-third . The industry team includes Ashland Oil 
Co., Atlantic Richfie ld, Standard Oil of Indiana. Sun Oil o. and lectric 
Power Research Inst itute (EPRI.) 

Elements of the" OAL process are to oe included in the revamped 
Cresap, W.Va ., .S.F. pilot plant under a recent O .. R. contract awarded 
to Fluor, Inc. 
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Dow hemical o. is currently evaluating the suitability of the II OAL 
proce , along with OED and RC proce e, for commercial- cale 
application under another OCR contract. 

HR l's concept of a commercial plant processing .5,000 T.P.D. of coal calls 
ror a plant investment ost of U . . $370 million with annual operating 
costs of U .. $1 6 million (1972 co t ). The plant would produce crude oil, 
fuel ga , sulphur and ammonia. 

The cost of hydrogen utilised in the proce will be a sign ificant fa tor in the 
overall economics of a commt!rcial plant. 

In another H- OAL- related devclopment , O. .R. awarded a 16-month, 
U.S. $201,0.3 contract to Stanford Research Institute, Menlo Park, Calif. on 
2nd January , 1974 to determine the economic feasibility of a coal-conver ion 
plant in outh-we tern Alaska utilising the large Beluga sub-bituminous coal 
reserves. Two pro es es, H- COA Land olvent-Refined oal (S.R .. ), will 
be evaluated for uitability . The products ,'rom an .R . . or II COAL plant 
would be suitable for export to the Pacific-rim countries , notably Japan and 
the nited tates . The study will als e timate tlie iandr.d price and examine 
in detail the markets for these produ ts in Japan and the U.S. west coast. 
This study is funded by O .. R. (U.S. $153,023) and jointly by Placer AMEX 
and Nis ho- Iwai American, a subsidiary of Ni ho - Iwai of Japan (U . . 
$48,000). 

The results of thi preliminary study hould be outlined in O.C.R.'s 
1974-75 Annual Report. 

HYDRO- CRACKING PROCESS 

Continental Oil ompany. 

Office of Coal Research. 

No details are available on this process. 

The Office of Coal Research has recently awarded the ontinental Oil 
Company a four-year, U.S. $6,450,335 contract to determine the technical 
and economic potential of the Hydro-Cracking process for the production of 
distillate fuels from oal. 

TIle research and development program will be conducted by Continental 
Oil Co.'s subsidiary, Conoco oal Development Division at their Library, Pa . 
research centre utilising a bench-scale con tinuous hydro-cracking unit and a 
fluidised-bed combustion unit for regene ration of zinc halide catalyst in the 
first stage of the program. 

The program's econd phase involves construction and operation of 
100 lb/hour P.D.U .'s. Conoco and Shell Development orp. are providing 
funds of . . $ 00,000 and O .. R. .S. $5,650,335. 

The goal of the program is to refine the process to produce about four 
barrels of oil per ton of D.A.F. coal. 

INTERM EDIATE HYDROGENATION 

University of Utah, Dept. of Fuels Engineering, Salt Lake City, Utah. 



Sponsor: 

Description: 

Operating Conditions: 

Statu : 

Process Developer: 

Description; 

The State of Utah. 
Offic of Coal Research. 

nus coal conversion process depends upon the application of stannou or 
zinc chloride as a catalyst in a quantity of about 5 per cent of the weight of 
the coal. Dry, pulverized coal is pa sed with the catalyst into a reactor 
containing a I.Hge excess f hydrogen at 2,000 to 2,500 p.s.i. Re idence time 
in the reactor is of the order of seconds during which time hydrogenation f 
the coal to produce liquid and ga eou product 0 cur . 

A preheater is employed to bring the coal-hydrogen mixture to a temperature 
just below the pia tic range of the coal at the entrance of the reactor. Thi 
ensures the coal particles will reach reaction temperatures (930- 1 0200 F) 
within the length of the re ction tube. 

The chloride cat.alyst i essentially completely recovered from the reaction 
products for recycling. 

Reactor Temp.OF Pres .p.s.L Reactant Product 

Catal tic entrained-now 930-1020 2,000-2,500 oal-H
2 liquid ~nd Ga 

Early work at the niversity of Utah included bench-scale testing of the 
process. On 2nd 0 tober, 1969, O .. R. awarded a 5-year, U.S. $1,608,434 
contract to the University of Utah to develop the process. Of this total , 
O . . R. supplied U.S. $1,335,000 and the State of Utah provided the 
remaining U.S. $273,4 4. Thls contract called for the operation of a 
50 lb . per hour continuous process unit to obtain data and operational 
experience to make well-founded predictions and evaluations concerning the 
process on a larger ca le. 

Test at design rate in a 6 fl. long by 0.5 inch diameter reactor were 
completed by the expiry date of the contract in October, 1974. All project 
goals were attained including the gathering of design data for fabrication and 
operation of a process development unit of 5- 10 T.P.D. coal feed rate . 

The University of Utah has also developed a process for converting 
coal-derived synthetic oil from the Intermediate Hydrogenation process in 0 

BTX, paraffiruc naphtha and a product gas. Thls second-stage proce 
employ a combination of hydro-refining, hydro-cracking and olvent 
extraction . Approximately 30% of the coal is converted to gas in the proce s. 

Other areas of investigation by the University lies in bench-scale experiments 
on catalytic hydro olvation of coal, primarily lignite, to low-sulphur 
syn thetic crude oil in a ingle step, coal pyrolysis, dispersing of coal in a 
solvent and solution of c al in the pre ence of ultra- onic radiation. 

LEAS LIQUEFACTION 

Leas Bros. Devel pment orp. 

The proce employs a ingle, three- tage reactor tower for the simultaneous 
production of liquid and ga eous fuel from coal. rushed , dried coal is 
mixed with a olvent or recycle oil and the re ultant slurry is fed to the top of 
the reactor tower where it is mixed with ilica sand or metallurgical lag and 
a hydro-cracking cataly I. The coal liquids are removed from the top zone 
and hydro-cracked with hydrogen or ynthesis gas introduced to the bottom 
of the zone before being ent to the fractionation unit. There the re idual 
heavy fraction is coked by utilising heat generated in the middle zone of the 
reactor tower where coke, and and other carbonaceous materials are 
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gasified to yield a producer gas, which is taken off the top of the tower nd 
sent to the fractionation unit. Fly ash is fluidised and rernov d in the middle 
zone. The solids flow downward to th bottom zone or' the tower where 
remaining carbon i gasified with carbon dioxide and oxygen to produce 
carb n monoxide. The carbon monoxide stream is desulphurised then sent to 
the top stage to produce hydrogen and to supply the carbon dloxide for the 
bottom tage. Sulphur gases are removed from gas stream and passed through 
a !aus unit for recovery of elemental sUlphur. The liquid and gase us 
products are thus relatively free of ulphur . 

U.S. Patent ,77, 93 of 18th December, 1973 has been assi!!n~t! to Leas 
Bros. Development Corp. Thi patent describes the ab ve proce~s. Leas 
Bros. have teted the process on Illinois and Western coals and results 
indicated that conversion to liquid and gaseou product of D.A.F. coal 
ranged from 88- 91 %. 0 details are av Uable on the current status of 
d velopment work on the process. 

LURGI-RUHRGAS 

Lurgi GmbH, a subsidiary of MetallgeselJschaft AG , Frankfurt, and Ruhrgas 
AG. 

Feed <;oal and a heat carrier consisting of hot char are continuously supplied 
to a mechanical mixer which ensures a uniform mixing of the two components 
as well as a very rapid equalisation of temperature be~ween the char and 
coal so that a major part of the carbonisation Occurs at the ~nd of the mixer . 
The resultant pyrolysis gases and va pours are withdrawn at the end of the 
mixer, passed through a cyclone for dust removal, and then ent 10 a 
condensing unit. 

The tar is subjected to dust removal and hydrogenated in the hydro-treatmer: 
section to produce a range of liquid products. The gas after cleaning, has a 
heating value of 700- 50 BlU/S F. This gas may be used as a source of 
hydrogen for the tar-hydrogenation steps or methanated to pipeline qUality. 

The char which has been used as a heat carrier and newly-formed char ,fall 
into the carbolliser shaft where additional temperature equalisation between 
the heat carrier and fresh distillation residue takes place so that a subsequent 
degasiflcation can occur. The char leaves the carboniser shaft at the lower 
end and flows to a lift pipe where it is raised l>y combustion ga s and heated 
Simultaneously. The combustion gases are produced in the lift pipe itself, 
into which preheated air is blown to cause partial combustion of the char. 
Char and combustion gases are separated and the gase , after cleaning, are 
exhausted. 

The hot char is colJected in a bill and then recirculated to the mixer to 
complete the cycle. The continuous rroducti n of fresh char results in a 
urplus of Circulating char. This surplus j continuou iy withdrawn. 

The close intermixing of coal and hot har in the mixer avoids the formation 
of agglomerate so that caking coals can be treated. 

Reactor Temp. OF Pre Ule Reactant Product 
Carboni r t 100 Almo pherl oal- Hol har har, T r, Gas 

The proce wa inltiaUy tested in a ntinuous laboratory unit with 
re ults indicating tar yields between 12 nd 212 per cent f the yield of tar 
by Fischer As y. These encuuraging re ults were onflImed in a 12 ton p r 
day pUot plant, with a variation f tar yield of !37- 189 ' ocr cent of that 
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predicted by Flsc!ler A 
(D.A5.) 

ys with coals containing 35 per cent volatile. 

The tar pro(JucerJ in the L- R process contains more high-boiling point 
fraction than tar produced by a slow carbonisation e.g. Fischer retort. 
The L- R proc~ss, by carrying out the carbonisation in a :nixer, ensure 
rapid heating of the coal and thus short residence times In the reaction (of 
the order f e onds or even fractions of a second) for both char and 
resultant pyr lysis vapours. lltis flash carbonisation suppresses the thermal 
de omposltion of the primary tar within the grains and re ults In much 
higher yield of vapours than a siow heating. 

Gas yield variu inversely to the tar yield. In the flash-carbonisation of 
high-volatile bituminous coals, test Indicated that the yield of gas was 
betwe-n 220 and 500 SCF per ton of D.A.F. coal i.e. 60 per cent of that 
indicated by Fischer A' y. Thu , flash-carbonisation by the L- R procell 
increases tar yield and decreases gas yield. 

The flrst commercial L- R flash-carbonisativn plant was erected In 1963 at 
Lukavac, Yugoslavia, processing 1,600 ton per day of lignite. Since then, 
numerous large-sr,ale p!a:lts have been erected around the world. It i. not 
known to what extent the tar products from these plants are utilised for 
the production of synthetic oils by hydrogenealion. 

METHANOL SYNTHESIS 

Methanol can be synthesised by the catalytic reaction of synthesis gas 
produced by anyone of a numb~r of commerciaUy-avaiJable coalgaslficatioo 
proce ses which produce O/H2 mixtures. Suitable gas for the catalytic 
production of methanol utilising conventional 7Jnc-chromium (hJgh pressure) 
or copper-zinc-chromjum (low to moderate pre ures) catalysts is produced 
by pas ing the raw gas flom th gasifier through a conventional water-gas 
shift conversion to adju t the ,.,~ :CO ratio In the gas to 2: I . After purification, 
this 2H : 1 ° gas Is sent to tile catalytic reactor operating at about 5000F 
and 7 (1- 4,500 p.s.i. (deper,ding on the catalyst) where methanol Is formed 
by the following reacticn ~' 

CH3 OH (methanol) 
H3 0 H + H

2
0 . 

Methanol lormed in the catalytic converter is condensed and recycle gas is 
seplHated ~ r return to the converter. The raw methanol is distilled for 
purification and higher alcohols (through pentano!) are recovered as residue 
together with other organic compounds. 

The commercial- cale p(Oduction of methanol via the catalytic synthesis of 
c al-derived synthe i! ga ha been pra 'tised In many countries for a great 
many yrars, primlrily based on Koppers- Totzek, Lurg! and Winkler gasifiers. 

Owing to the mcreaslng Interest In the use of methanol either as a 
clean-burning automotive fuel, or as a substitute [or tetra-eth),l lead in 
conventional ga oline to upgrade the o~tane rating of the gasoline, various 
projects are currently underway on coal-based methanol synthesis processes. 

The U.S. Bureau of Mines is currently vllluatina the synthane gasification 
proces for suitability a source of synthesis gas for methanol prodUction 
and Is c nducting e perlments with test automobiles fUll on n.ethanol. 
(Refer to "Synthane" process in Section" of this report.) 

The: onsol Division of C ntinentaJ Oil ompany has displayed Inter~st in the 
utilisation of methanol as a substitute fu I for gasolint and is currently 
doing research along this lint . 
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In the pa I, methanol ynlhe I wa operated at pre. ures of ,0 0 to 4,500 
p ig utili Ing zinc 0 ide/ fir mlurn 0 Ide "talyst bu t re ent devel nplIl"lIt 
by Lurgi and Imperial he' nical Industri ( I. .1.) (lave led to thc commercial 
deve lopment f hlghly-aclive copp r ca talysts which operate ffj 'l nlly 
at pres ure frorn '/50 to I, 00 pig. 

Voriou climates have b en pr parcd n the large- cal - conver i n of coal 
10 methanol via coal ga lfi atlon . Cenerally, it can be e peeted that thc 
cm len y of thc en rilY rcc very of coa!- to-methanol I a out 40 50%, 
dcp nding on the individ'Jal fficlenclc f the ga Iflcatlon and synthc I 
step. A c mlllercial- cale plant pr ces ing ab ut IS, T.P.D. of c al 
would produce :lbout 7, 00 T.P.D. of methan I producl. 

In the " " e'/ ral SO million " /day ... plant mainly ba 'cd on 
Lurgi !laslricatlon) arc planncd . n ·qulva lcnt- itc plant producing mcthanol 
in t ad of plpeli ne ga hould prod ucc about 100,000 barrcls p r day of 
mcthanol. n altcrnative commcrcia l conccpt is of a co-pr dtl .:1 11 clhan I 
.N. . plant in which a portion f the ynthe. i gas produccd in thc ga Iii rs 

i ubjectcd to hlft -conver [ n to produce a . , ' 2: I 0 gas for Illet hanoi 
ynthc I while the rcmaining nthc i ga i shlft ·converted to a '1

2
: I ' 

trearn for upgradi ng t '" by ca t lyt ic m thanat! n. With uch a 
chcme, a coal feed of I ,000 T.P.D. cotlld b .:>nver tcd int 1 '5 milli n 
. . F./day of pipeline ga and 5 t n r day ('~ metllallo l c -product. 

It I antlcipaled that th dcmand f r methanol Wi ll ilccc lera le in the future 
and that larll . ca lc coa l-Io-mcthan I plallt s \I -i ll be IIccde;.! to ati fy thi 
cl~·l1and . 

Not e: n O .. R. contract ha rccelltly bc n awarded to Mobi l Oil 
orpora tion which ca ll fur dcvelopmc nla l ludic on the cunvcr i n f 

melhanol (probahl derived from th ga ifical i n of coa l) to ga olinc. nder 
Ihi 6, 2 contra I, Mobil will conductlhe b nch- 'ale dcmon tr tion 
of ' the t IlOllcal fCJ ibility of J cata lylic Pi ":: for Ihe conv r Ion of 
III thanol 10 high· ' tane ga oline, and dv ign a pi lut plant to convclt 100 
i, ' rrcl per day of III thanol. Thc work und r this cont ract will be carr! d ut 
at Paulsboro, .J . and at the M b;( 'hnica l ent,'c, Prin etull. ,J 

MOLTEN - SA LT CATALYS IS 

M IItann 'tat niver it y. 

'gnite and ub·biluminou c:11 re convert d t Ii uid and ga COLI pr du 't 
by the 'atal tic rea tion of the coa l with carb n m noxide and leam at 
temp ratu re from 7500 to 9000 F. and a final pre ure of 5,500 p .. i. rge 
amount of molt n pota ium and zinc chlori de mi. ture cata ly e the 
liquefaction rea tion. high.temperature ga -rem \'01 y tem I employ d to 
provide for opt imurn pha e paralion and nitr gen removal. 

niver ily i till in 

ataly I mu t provrde a 
hi will entail rernovnl of 
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Operating '=onditions: 

Status: 

PROJECT LIGNITE 
(also known as "Solvent-Refined Lignite (S.R.L.) 

University of orth Dakota, Dept. of hemical Engineering, Grand Forks, 
.D. 

Great orthern Railway Company, 51. Paul, Minne ota . 
Office of CO'l l Research. 

The proce s can best be described a. a lignite refinery concept in which 
iiquefaction, gasification, hydrogenation, drying, and ca rbonisation processe 
are eva luated for possible integration or combination to produce pipeline gas, 
synthetic crude oil , low-sulphur , low-ash solid fuel, industrial coke and 
various by-products. The probable route involved will incorporate 
solution-hydrogenation of lignite using an organic solvent and a synthesis 
gas. Process solvent is generated from the lignite and recycled in continuous 
operation. t. further step, catalytic hydrogenation of the solvent-refined 
lignite to produce liquid hydrocar ons , will be incorporated in the process. 

Few Jetails are available on operating conditions, however they should be 
similar to those for PAMCO's S.R .. process. 

In the 1960's, Great Northern Railway Company sponsored preliminary 
investigation of the solvent -refined coa l proce s by the University of North 
Dakota with the coope ration of the Spencer Chemical Company (now 
Pittsburgh and Midway Coal Mining Co). The objectives of this early work 
were to determine favourable co;)ditions for the solvent refining of lignite by 
the Pott -·Broche process, a German process on which patents date back to 
1927 and upon which modern S.R.C. processes are based, and to investigate 
ome of the uses for the de-ashed product. 

Batch autoclave studies in a one gallon capacity sti rred reactor were carried 
out to determine: 

I . Whether lignite could be successfully dissolved in solvents tha t might be 
practical for commercial r1evelopment. 

2. Whether the solvents would function after successive cycles of recovery 
and reuse. 

3. The extent of ash removal from the fIltrate and the nature and quantity 
of mineral matter passing through the filter. 

During these autoclave studies optimum opera ting conditions and solvent 
type were established . 

The deveiopment of the lignite refinery concept has b~en sponsored by 
O.C.R. si nce 28th March, 1972 under a 5 year , U.S. $3,356000 contract. 
The basic concept of the research effort is to indentify specific steps in the 
overall processes that need development beyond the laboratory stage , to 
conduct bench-scale research for obtaining information necessary to establish 
continuous operation, and to design, construct and operate process 
development units where necessary to obtain data for a pilot plant for the 
integra ted proce s. 

Economic analyses of projected processes for the conceptual refinery are 
being done at various steps to ensure that the overall integration will be both 
economically and tethnically feasible . 

The first process chose;) for study in a P D.U.was that of olution-hydrogena tion 
with synthesis vas. To thi end, a : 0 pound per hour P.D.U. to te t this 
proce s step has recently been completed at Grand Forks . This P.D.V. 
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produces solvent-refined lignite from lignite slurried in a heavy aromatic 
solvent and synthesis gas tCO and H

2
) . 

A second stage, not to be operated for perhaps another year, will upgrade 
S.R.L. to hydrocarbon liquids by fIXed-bed catalytic hydrogenation. 

The RaJph M. Parsons Company assisted in specifying and selecting 
instrumentation and control equipment for the P.D.U's. 

PROJECT SEACOAL 

Tltis is a project undertaken by the U.S. Department of the Navy in which 
extensive evaluations are being made of the utilisation of synthetic fue ls 
derived from coal substitutes for petroleum products for propulsion of its 
ships and aircraft. 

In Project Seacoal I, evaluation of syncrude flOm the COED pilot plant at 
Princeton, N.J. has been undertaken . A U.S. Navy de~troyer, the U.S.S. 
Johnston , has been fueled by COED syncrude in successful test runs. 

The overal! project, of an estimated theile-years duration, will test synthetic 
fuels in pumps, naval boilers and gas turbines. The awareness of the 
strategic advantage of the utilisation of reserves of coal-derived fuels by the 
Navy has been responsible for the initiation of the project. 

PROJECT SEACOKE 

Arco Chemical Co. Philade lphia , Pa., a division of Atlantic Richfield Co. 

Office of Coal Resea rch. 

Coal, usually bll!nded with petroleum residuum <IS part of the feedstock, is 
subjected to pyrolysis in multi-stage fluidised beds to produce char , liquid 
products and gas. After separation of the phases, the liquid products of 
pyrolysis are further cata lytically hydro-treated to produce gasoline. The gas 
can be utilised in the process or processed for sale and the char would 
ideally be used for power eneration "on site". 

No details are available on operating conditions. 

This project was ope rational under O.C.R. ponsorship during the 1960' .In 
January , 1970, the final report on the project was issued by O.C.R. This 
followed a report from Blaw-Knox Chemical Plants Division (Dravo orp.) 
under a O.C.R. ub-contract, on a commercia l plant design and engineering 
estimate of a Project Seacoke facility for the utilisation of coa l and re idual 
fuel oil LO produce cha r, syncrude and fuel gas. A 10,000 barrel per day plant 
for loca tion in the St. Louis area, was designed . Tllis Blaw-Knox project 
successfully fulfil1~d the main reGuirement of Atlantic Richfield 's prime 
contract with 0 C.R. Support for the project was stopped at this stage and 
O.C.R. attention on pyrolysis transferred to the C.O.E.D. project which was 
considered to be less complex than Project eacoke . 

Note: Since 1968, Atlantic Richfield ha been a co-sponsor o f the H- OAL 
process. Refer to " H-COAL" in this section of the report for additiooJI 
information.) 
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Operation Conditions: 

SOLVENT EXTRACTION-C. R.E. 

Coal Research Establishment, Stoke Orchard, United Kingdom. 

National Coal Board of the United Kingdom . 

Coal is digested in a hydrogen-dollor solvent (e.g. anthracene oil) to yield a 
slurry from which mineral matter and unreacted coal is separated by filtration , 
leaving a coal solution suitable for the production of liqUid fuels by further 
catalytic hydrogenation, or for the production of electrode coke or carbon fibre. 

In an experimental ~l .'ant at Stoke Orchard coal Can be continuously digested 
at a rate of 15 kg/ho,l" and the slurry product filtered and either converted 
into solvent refined cl'al (S.R.C.) by evaporation of the solvent, or coked. 
This plant is used to confirm the results of laboratory-scale experiments, to 
:!eveJop continuous methl'ds for solvent extraction , to evaluate the production 
of electrode coke, and tll prepare extract for the preparation of carbon fibre . 

The research program to date h s shown that a calcined coke of premium 
electrode-making quality Can be produced from coal extract, that carbon 
fibre of commercial quality Can be produced from solid S.R.C., and that by 
catalytically hydrogenating the coal extract a range of liqUid hYdrocarbon fuels can be prepared. 

(See also "GAS EXTRACTION" in this section of the report.) 

SOLVENT EXTRACTlON-U.O_p. 

Universal Oil PrOducts Co. 

Coal and solvent are introduced into the reaction vessel at sufficient 
velOCity to cause degradation of the coal by impact against a fixed plate 
located in the reactor. The SlUrry residence time in this reactor is sufficient 
to cause solution of most of the coal in the solvent under operating 
conditions of 700- 1,OOOoF. and 500 p.s.i. Sufficient hydrogen is passed 
upwards through the slurry in the reactor to cause hydrogenation of the coal 
constituents and to maintain the hydrogen content of the solvent at about 
the same lever of the fresh solvent. A conventional hydrogenation catalyst 
may be added to the reactor to assist the hydrogenation reactions. 

The liqUid product slurry is sent to a separator where gas is separated for 
recycling to the dissolution reactor. The liqUid coal extract (containing 
inSOluble residues) is passed to an extraction Zone where the solid rflsidue is 
removed. The liqUid product stream then undergoes fractionation to produce 
gas, recycle solvent , light hYdrocarbons and a heavy hydrocarbons bottom 
product. The liquid hydrocarbons are subjected to catalytic hydrotrea ting to produce synthetic crude oil . 

Severai variations on this basic route are available including plaCing the 
faJtration step directly after the digester, and the utilisation of two-stage or three stage solvent extraction. 

Reactor Temp. OF Press.p.s.i. 

Solvent Extraction ; 00- 1,000 
500 

Reactants 

Coal-SOlvent 
-Hydrogen 

Products 

Syncrude and 
Gas 
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Universal Oil Products is the holder of many basic patents relating to the 
solvent extraction of coal under hydrogen pressure , either with or without an 
hydrogenation catalyst. 

The process has been tested for over two years in a small-scale piJot plant 
at U.O.P.'s research centre in Des Plaines, 111. 

Plans are under consideration for the construction of a demonstration plant 
utilising information gained from the operation of the pilot plant which has 
been processing illinois coal containing about 3.8% sulphur to producc about 
4 barrels of synthetic crude oil per ton of D.A.F. coal. The synthetic crude is 
suitable for further refining by conventional technology into gasoline, jet fuel 
and diesel oil. 

(Refer to the listing of patents in this report for details on the broad base 
U.O.P. has in the solvent extraction of coal.) 

SOLVOLYSIS 

The Japanese Agecny of Industry alid Technology, Tokyo, Japan . 

Pulverised coal is mixed with an asphalt solven t and introduced into a 
reactor where the mixture is heated to 400- 450oF. Crystalline micro-beads 
are formed which absorb the ash content of the coal. These micro-beads are 
separated from the product stream and the liqUid product can be hydrogenijted 
to produce a wide range of synthe tic fuels . 

The Agency of Industry and Technology has been testing the proces in a 
2 litre capacity reactor. 

S.R.C.-C.F.C. 

Old Ben Coal Company, a subsidiary of tandard Oil of Ohio . 

Few details are available on this process. Elements of the CO
2 

ACCEPTOR , 
C.S.F. and Pamco S.R.C. processes are involved. 

Old Ben Coal Co. and Consolidation Coal Co. have formulated and pro po ed 
to the Office of Coal Re earch a 5 year, U.S. $83 million program to construct 
and operate a 900 T.P.D. demonstration plant. Their suggested program 
covers a wide range of liquefaction onditions ranging from non-catalytic 
hydrogena tion to use of a donor solvent. It is believed the demonstration 
plant , to produce liquid and solid products from coal, will combine elements 
of the Ft. Lewis and Wil sonville S.R.C. pilot plants , the Rapid City CO

2 AC EPTOR pilot plant , and the H·donor method of the Cresap C.S.F. pilot 
plant. 

The demonstration plant will be located next to SOHIO' Toledo, Ohio 
refinery which offers a ready SOurce of hydrogen , the required utilitie , and 
existing buildings for laboratory work, maintenance, rail , coal-handling and 
other facilities to re ult in a saving of U.S. $10 million for the project. The 
product S.R.C. will be used as fuel for the adjoining Toledo Edison 
generating station. 

In early 1974, onsol and Old Ben announced they would jointly advanre 
U.S. $600,000 in needed engineering and equipment COS ts to keep the" lean 
Fuels from Coal (CFC)" project on schedule, rather than wait for needed 
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fmancial SUpport from the U.S. Federal Goverrunent and from other 
interested participants. 

It is belie~ed that Olrl Ben Coal Co. has carried out testing of the process in a 
pilot plant. Consolidation Coal Co. operated the Cresap C.S.F. pilot plant from 
1967 to 1970 and is currently operating the Rapid City COl ACCEPTOR 
pilot plant. 

S.R.C.-COMBUSTION-ENGINEERING 

CombUstion-Engineering, Inc., and its subsidiary, C-E Lummus Co., Engineering 
Development Centre, Bloomfield, N.J. 

No details have been released on this process however it is believed to be 
similar to the S.R.C. process of Pittsburgh and Midway Coal Mining 
Company with provision for ca talytic hydrotreatment of the solvent-refined 
coal to produce stable liquid fuels for use by industry and electric utilities. 

C-E Lummus has been developing the process for several years. Sparse 
reports indicate that a major development has been made in a critical process 
step that will hasten the commercial application of the process in a plant 
expected to cost U.S. $300 million. 

S.R.C.-MITSUI 

Mitsui & Co., Mitsui Mining Co., Mitsui Coke Co., and Mitsui Kozan Coking 
Industry Ltd ., members of the Mitsui Group of Companies, Tokyo, Japan. 

No details are at hand on this process , however it is believed that the Mitsui 
Group along with other SRC researchers exchange technical data and it is 
assumed ihat elements of the PAMCO S.R.C. process are incorpo rated in the 
Mitsui S.R.C. route . 

The Mitsui Group have conducted resear h and development work for many 
years on coal conversion processes. Early studies involved the operation of a 
2 T.P.D. pilot plant in Fusan, Manchuria in 1928, based on the Bergius 
process. During World War II , Fischer-Tropsch plants were operated to 
product synthetic fuels from coal. 

Since the War, Mitsui has conducted bench-scale testing of various liquefaction 
processes. In 1970, Mitsui began research on the S.R.C. process in bench-scale 
units, and since September, 1973, a continuolls 12 pound per hour 
bench-scale unit has been in operation. A 5 T.P.D. pilot piant to conduct 
further S.R.C. studies was commissioned in Omuta, Kyushu, in October, 
1974, with operation expected in 1975. Plans are in hand to construct a 
plant to produce S.R.C. on a semi-commercial scale in Miike, Kyushu, this 
plant to be operational in 1978 with a capacity of 1,500-2,000 T.P.D. of 
Miike coal. 

In November, 1974, Mitsui announced that samples of .:oal supplied by 
Millmerran Coal Pty. Ltd., of Brisbane, Queensland , Australia, from areas 
held by the company on the Darling Downs in south-east Queensland had 
displayed high reactivity in bench- cale tests in Japan and w:ts considered one 
of the premium coals for conversion by the Mitsui process. For some time, 
Mitsui has been evaluating a wide range of foreign coals for suitability as 
S.R.C. process feedstock and the Millmerran oal sample tested had shown 
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that this coal was among the most suitable for conversion. 

As a result of the promising results, Mitsui and Millmerran Coal announced 
that they would undertake a joint-venture project for the further evaluation 
of the Darling Downs coal (which is a very-high volatile bituminous coal) 
including the continuation of exploration and detailed testing and feasibility 
tudies on the constl uction and operation of a commercial S.R.C. plant of 

10,000 T.P.D. coal feed based on the Millmerran Coal ompany's reserves 
which stand at about 450 million tons, largely recoverable by open-cut 
mining. Mitsui expects this plant to be operational in late 1980. It is 
envisaged that this commercial plant would also incorporate a separate 
gasification plant to ga ify S.R.C. plant carbonaceous residue together with 
around 1,000,000 ton per year of cl)al feedstock to produce significant 
quantities of low- , med-, and high- BTU ga es. The Millmerran S.R.C. plant 
would either produce a olid S.R.C. product containing less than 0.1 % ash and 
with a calorific value of about 16,000 BTU per pound , or by, utilising a 
modified S.R.C. process being developed by Mitsui, heavy and light oils, 
S.R.C., gas and chemical by-products . Cost of the S.R.C. plant is estimated at 
A $300 million. 

(See also "S.R .. - PAMCO"). 

S_R.C.-PAMCO 

The Pittsburgh and Midway Coal Mining Company , Ft. Lewis , Washington , a 
subsidiary of Gulf Oil Corporation. 

Office of Coal Research. 

Raw coal is pulveri ed and mixed with a coal-derived solvent boiling in the 
general range 550-8000 F. Hydrogen, or a hydrogen-rich synthesis gas, is 
added to the coal-solvent slurry and passed through a preheater to a dissolver 
vessel. TIle diss Iver is operated at 815°F and 1,000 psi with an excess of 
hydrogen , and under these conditions approximately 90% of the D.A.F. coal 
is dissolvt:d. The actual degree of dissolution of the coal depends on the 
"react ivity " of the particular coal feed. In addition to solution of the coal, 
several other major types of reactions occur. These are: (I) depolymerisation 
of the coal, necessarily accompanied by hydrogenation of the coal; (2) 
hydro-cracking of the solvent to lower molecular weight hydrocarbons 
ranging from light oil to methane; {3) removal of organic sulphur by 
hydrogenation of the sulphur to hydrogen sulphide. 

The product stream from tre dissolution-hydrogenation step consists of coal 
solution, unreacted coal (inerts) , undissolved mineral matter (ash), light 
hydrocarbon gases (methane-rich) and excess hydrogen. The excess hydroge n 
and light hydrocarbon gases are separated from the product slurry . A portion 
of the hydrogen stream is recycled to the dissolution reactor and the 
remaining hydrogen , together with the light hydrocarbon gases are further 
processed for utilisation as plant fuel or for sale as "town" gas (600 
BTU/S F) or upgraded by methanation to pipeline-quality gas ( 1,000 
BTU/SCF). 

The product slurry is pumped to the filtration section where the undissolved 
coal solids are separated from the coal solution. The filtrate II, ~nt to a 
vacuum-Oa h distillati0n step for removal of the sclvent for rec"" e .0 the 
reactor. The bottoms fraction from the vacuum-Oa h tower is a II ' ( liquid 
with a solidification point of about 3500 F. This is the major product of the 
process and is referred to a .. olvent-Refined oa l(S.R.C.)" . This material 
can either be transported as a hot, molten liquid or solidified by cooling for 
shipment. 



Operating Conditions: 

Status: 

Alternatively , the process could be modified to produce products that are 
liquids at normal temperatures and pressures by subjecting the product 
slurry , after filtration and solvent recovery , to hydro-cracking and subsequent 
hydro-treatment. Hydro- racking is employed firstly to product a lighter , 
hydrogen-enriched material and also effect bulk removal of hetero-atoms 
such as sulphur, nitrogen and oxygen which would increase costs in 
refinery operations. A tar by-product is obtained from this step and this tar 
may be mixed with the filter cake from the filtration step (which contains 
about 50% carbonaceous matter and 50% ash) and gasified in a 
commercially-available gasifier to produce the hydrogen for the process. The 
product liquid from the hydro-cracking step i further hyd ro-treated to 
produce light refinery liqu ids. 

Off-gases from the hydro-cracking and hydro-treatment sections are combined 
with off-gases from the S.R.C. process and sent to acid-gas absorption for 
removal of CO and H2 S prior to being sent to a hydrogen-methane 
cryogenic separation unit. The resultant hydrogen stream is recycled to the 
hydroconversion section and the methane is available for sa le as pipeline gas. 

(Refer to C.O.G. Refinery Concept in this section of the report for a more 
detailed discu sion on the production of light refinery liquids from S.R.C.). 

Reactor Temp.oF Press.p.s.i. Reactants 

Disso lver 815 1,000 Coal-Solvent-H
2 

Product 

Solvent-Refined C031 
(S.R.C.) Gas 

The early work on the solvent refining of coal in solution under hydrogen 
pressure was carried out by A. Pott and H. Broche in Germany in the 1920's. 
Various patents describing tile Pott-Broche process are listed : 

"Destructive Hydrogenation of Coal in Solution", A. Pott and H. Broche ; 
British Patent 293,808 ; 12th July , 1927. "Hydrogenating oal", A. Pott and 
H. Broche ; French Patent 657, 409 ; 27 th June , 1928. 

"Extraction aJld Hydrogenation of Coal", A. Pot! and H. Broche; U.S. Patent 
2,308,247; 12th January , 1943. 

In this process, the coal is dissolved in a solvent, in a high-temperature, high 
pressure reactor . The product crude degrade is filtered to remove insolubles 
and the filtrate is subjected to distillation to recover solvent for recycle . The 
liquid bottom product of distillation is hydrogenated under pressure. 
Hydrogenated product is separated into a product stream and a sludge which 
is recycled to the crude degrade. Distillation of the product stream produces 
benzene, heating oil and liquid fuels. 

The Pott-Broche process was utilised in Germany during World War II for the 
production of a raw material for carbon electrodes for aluminium plants. 

During the 1950's, research and development work on a modification of the 
Pott-Broche proces. was carried out by Spencer Chemical Company. In 1962, 
the Office of Coal Research (O .C.R.) awarded a research contract to Spencer 
Chemical to evaluate the technical feasibility of the Solvent-Refined Coal 
(s.R.e.) process as it was then termed. This contract was concluded in 1965 
upon the successful completion of the demonstration of the process in a 50 
pound per hour continuous-flow process development unit. During the 
currency of this contract, Gulf Oil Corporation acquired Spencer Chemical 
Company and reassigned the S.R.C. project to the Research and Development 
Department of The Pittsburgh and Midway Coal Mining Company (PAMCO). 

On 10th October, 1966, O.C. R. awarded a 9.5 year cont rac t to PAMCO to 
conti.nue re earch and development of the S.R.C. process. This U.S. 
$28,416,437 contract provides for a study of the commercial fea ibilityof the 
process through design , construction and operation of a pilot plant to process 
50 ton per day of coal. The objectives of the pilot plant program are: 
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I. To further develop the S.RC. process. 

2. To provide design data for future commercial plants. 

3. To provide bulk sample of Solvent-Refined Coal and process by-products 
for market-development studies. 

The Stearns-Roger Corporation completed the design of the pilot plant in 
1969. A shortage of funds delayed the start of con truction until January, 
1972 when a contract for the detailed engineering and construction of the 
pilot plant was awarded to Rust Engineering Co. of Birmingham, Ala . Field 
construction was underway in July, 1972 with completion and preliminary 
start-up in mid-October, 1974. 

The only work remaining involves several major modifications to the pilot 
plant including the addition of an emergency power system, a biological 
wa te treatment system, a fire water booster pump and a slurry recycle 
system. nlis latter system is being installed as laboratory work has shown that 
recycle of unfiltered process slurry to replace all or part of the solvent ill the 
process can substantially increase the conversion of coal. This modification 
makes it pOSSIble to produce S.R.C. of lower sulphur content and lower 
viscosity than in the basic process without slurry recycle. All the equipment 
for the lurry recycle ystem has been ordered and should be installed in the 
pilot plant by June, 10 75. The plant has operated for brief periods at 50% of 
the design capacity. 

TIle 50 T.P.D. pilot plant is located at Ft. Lewis, Washington. The pilot plant 
includes all the major steps in the conceptual .Re. process except the step 
for the production of hydrogen (or synthesis gas) from the process residue 
which is under study in several O. .R.-sponsored projects. The make-up 
hydrogen for the di solving section is generated in the pilot plant by the 
stream-reforming of natural gas in a packaged type of plant having a capacity 
of 800,000 SCF per day. As well as hydrogen, the natural gas reforming unit 
can also produce a synthesis gas (50% H

2
, 50% CO) so that tests can be run 

in the pilot plant to evaluate yields witn both pure hydrogen and synthesis 
ga . 

Bench-scale test at PAMCO's Merriam , Kansas, research laboratory have 
suggested that with some coal types, the conver ion of the coal to S.R.C. is 
optimised by the utilisation of synthesis gas. The u e of synthesis gas instead 
of hydrogen would improve the economics of a commercial S.R.C . . )lanl. 
TIlese bench-scale ,,'sts at Merriam :Ire continuing to provide back-up J Jta for 
the operation of the pilot plant at Ft. Lewis . 

In WilsonVille , Ala ., a 6 T.P.D. pilot plant based on PAMCO's S.R.C. process 
has been operating for one year to provide de ign data for the FI. Lewis 
pilot plant. This plant was procured, constructed and is operated by Catalytic, 
Inc., of Phjladelphia, Pa., under the sponsorship of The Southern Company 
of Atlanta , Edison Electric Institute and the Electric Power Research 
Institute. On 23rd December, 1974, the Wilsonvil le pilot plant completed a 
75-day run on Illinois No. 6 coal feed containing 3% sulphur and 1O-12%ash 
on a dry basis. Sulphur content of the S.R. . product was 0.6-0 .9% and ash 
content less than 0.15%. Further long-duration runs are planned to optimise 
critical operations of the S.R.C. process including the utilisation of a plate 
mter and hydrocyclones for residue removal , and ~olidification of the S.RC. 
by water quenching on a shaker conveyor. 

The future operation of the Ft. Lewis pilot plant, as well as providing data 
for the design of a larger- cale demon tration plant , will provide bulk 
sample of .R.C. for detailed testing, including combu tion tests to be 
performed by the Babcock and Wilcox ompany. The calorific value of solid 
S.R.C. is about 16,000 BTU per pound and it composition is .uniform 
regardless of the type of coal processed. A h contents of abl.>ut 0.1 % and the 
removal of abollt 90% of the original sulphur from the coal .. re typical of the 
S.R.C. product. As well a providing a low- ulphu\', very-low-a h, 
high-calorific-value material for combustion. .R. . an be ul;lised for the 



production of high-grade metallurgical formed-coke from non-coking coals by 
the correct blending of S.R.C. with the coal, or can be used directly in a 
delayed or extractive coker to give volatile products and carbon. 

Solid S.R.C. may also be further hydrogenated to produce a range of Iiq' lid 
fuels or refinery feed tock . To oversee the commercial development of the 
ynthetic-fuel processes, Gulf Oil Corp. has formed a new company, Gulf 

Energy and Minerals Co. (GEMCO), which include the Pittsburgh and 
Midway Coal Mining o. and another Gulf subsidiary, Gulf Mineral 
Resources. 

Under variou O. .R. contracts, numerou studies are underway on various 
aspects of the S.R.C. process. 

The Ralph M. Par ons ompany have prepared a preliminMY conceptual 
design of a C.O.G. refinery plant in which a modified S.R.C. process and the 
BI- GAS gasification process are combined to produce liquid fuels, refinery 
feed tocks, chemicals and sub titute natural ga:;. 

Chem Systems inc., with the cooperation of PAMCO , have alsQ prepared an 
economic evaluation and conceptual design of a pro e ing complex for the 
conversion of coal to oil and gas in a C.O.G. refinery employing C! modified 

.R.C. proceSS coupled with a coal gasification plant. The economics of 
everal coal gasification proces es for producing methane from a mixture of 

fresh coal feed (50%) together with the filter cake from the S.R.C. process 
and tar from the hydroconversion step (50%) are also under evaluation. 

(Refer to the C.O.G. Refinery oncept in thi section of the report for 
additional information on the conceptual commercial-scale S.R.C. process 
applications.) 

Other S.R. .-related studies forming part of the program through O.C.R. 
sub-contracts are :-

I. Washington State University is studying the utilisation of the Illineral 
re idue (ash) from the S.R.C. process e.g. road fill, cement, fertiliser , and 
as the ore-coat for the S.R. . process rotary fi lter a a substitute for the 
more expensive diatomaceous earth. 

2. Colorado Scho I of Mines, Chemical and Petroleum-Refining Engineering 
Department, Golden , 010 . for a study on coal desulphurisation by 
the S.R.C. pro ess under a 3-year contract funded by O. .R. (U.S. 
::: 148,228), State of olorado (U .. $25 ,000), and Colorado School of 
Mit.!' (U.S. $11 ,792). The contract wa completed on 24th March, 1975. 

3. Foster Associa tes , lnc., Wa hlOgton, D .. , to measure the potential regional 
markets for coal-derived products, including .R. ., over the period 1975 
to 1985. The study is to provide guidelines to O.C.R. as to regional 
market opportunities for mu1ti-produ t coal conversion plants (e.g. 
C.O.G.) which may be located in the coal fields of Apalachia , Four 
Coner, Fort Union and the Illinois Basin . 

4. Bonner & Moore Associates, Inc., Houston, Tex. , to establish the value of 
crude oil synthe ised from coal. 

5. Oklahoma State University is studying the removal of sulphur and nitrogen 
from coal-derived liquid . 

6. arnegie-Mellon University is condu.:ting an environmental impact study 
to determine the effects of a commercial .R. . plant on an area 
encompassing the Ohio Rivrr Valley. 

7. tanford ~e earch lhstitute, Menlo Park, alif. , to determine the economic 
feasibility of a coal conversion plant , either H- OAL or S.R .. , in 
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Related Developments: 

Process Developer: 
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Sou th-we tern Alaska utili ing th Beluga oa l rese rves. Under a 16-lllonth 
U .. 201 ,02 contract funded by O .. R. t U . . $ 153,023 and jointly 
by Nissho- Iwai merica n (a subsidiary of Nissh -Iwai of Japan) andPlacer 
Amex to U.S. $48,000. This study will include an eva luation of the 
potential market for the product in Japan .. nd on the we t coast of the 
U.S.A. 

8. Ral ph M. Par on olllpany for techllica l evaluation of the pcrforllwnce 
of the pilot plant ar.d other experimental operation, preliminary 
uesign of a com mer ial-scale S.R. . plant and an economic evaluation of 
thi commercial plant. 

9. Dow hemical ompany, to eva luate which of three coal-conver ion 
processes, C.O.E.D., H- COAL or S.R.C., could mo t effectively be u ed 
ill a commercial plant. 

A. In a significant recent development, Wheelabrator-Frye, Inc. has 
announced that it will finance , own and operate a 1,000 ton per day 
demonstration plant based on PAMCO 's S.R .. proces ii! d site yet to 
be se lected . Southern Services, Inc., a subsid iary of the outhern 

ompany which is the sponsor of the Wilsonvill e, Ala . 6 T.P.D. S.R . . 
pilot plant, and Whrelab rator-Frye have contracted to utili c PAM 0 ' 
S.R. . process under an arrangement with ulf Oil Corp. The project 
will commence with a feasibility study and the construction of the 
1,000 T.P.D. dem nstration plant e timated to co t U.S. $70-100 
million . Should this demon tration plant operate successfully, it will 
be expanded at a cos t of U.S. $350 million over 3 yea rs to produce 
10,000 T.P.D. of S.R . . The S.R.C. would be con umed in electric 
g nerating stations in The Southern mpany's sy tem. 

B. I another significant development , the Mitsui Group recently announced 
a Joint-venture which it is hoped will expedite the establishment of 
commercial plants probably based on joint American-]apane e 
techniques, modifi ations and experience. Mit ui o. of Japan intends 
to joint-venture with a Brisbane , Queensland-based company, Millmerran 
Coal Ply. Ltd ., in a feasibility study for an S.R.C. plant on the Darling 
Downs in southern Queensland, Australia , which will utilise the 
extensive reserves of very-high-volatile bituminous coal held by 
Millmerran oa l. 'm e anticipated scale of the plant for Millmerran 
would process 10,000 T.P.D. of feedst k coal, or 3 million ton per 
year, with I million ton per year being fed to a eparate gasifier for the 
produ.:: tion of significant quantities of substitute natural gas, hydrogen 
or synthesis gas for ammonia or methanol production. Estimated cost 
of the plant is about A$300 million . The plant i cheduled for operation 
during 198 1. Successful operation of the first commercial .R.C. plant 
could pave the way for further and various coal-conversion plants on the 
Darling Downs to process ihe large rese rve of coal in the Millrnerran 
Coal Company's areas with the ultimate aim of self·sufficiency for the 
State of Queensland in oil, gas , Solvent Refined Coal and a wide range 
of chemical by-products that would provide the ba is for a 
petro-chemical industry . Reserves of the highly reactive bituminous 
coal held by Mil/merean Coal are believed to be in excess of 450 million 
tons, mostly recoverable by open-cut mining, wi th excellent pro peets 
for the delineation of larger reserve by exploration in the future . 

(Refer to "S.R.C.- Mitsui" in this section of the report for furthe r 
details.) 

SYNTHOIL 

U.S. Bureau of Mines, Pittsburgh Energy Research Centre, Pittsburgh, Pa. 



Sponsor: 

Description: 

Operating Conditions: 

Status: 

Process Developer: 

Sponsor: 

.. Bureau of Mine, Office of oal Re earch and Bethleh m tecl ('orp. 

Pulverised , dried coal i lurried in a recycled portIOn of its own product oil. 
TIle lurry i pumped Into a 'a talyti ,fixed-bed reactor with hydrogen at high 
velocity to crea te turbulent-now conditior: . The reactor i filled with 
immobili cd cataly t pellet ompo ed of coba lt molybdate on ilica-activated 
alumina. The comb ined effe t of the hydrogen, turbulent -now condi tion and 
ca talyth: a ·tion i to liqueff. and desulphurise the coal. Operating onditi ns 
within the re ct I are 50 F and 2,000-4,000 p I , and a residence time of 15 
minute allow for high yield and high throughput. 

The produ t pa se through a high-pressure receiver where ga i epar~ ted 
and recy led after ammonia and hydrogen sulphide removal. The raw oil is 
centrifuged t remove ash and unreacted coal, providing a low- ulphur, 
low ash fuel oil. 

Part of the product tream i recycled to slurry preparation . The remaining 
port ion of the product oil CAn bE' used as a fuel oil or refined further to 
gasoline or diesel fuel if desired . 

Rea ctor Tempo F Pre s. p.s.i. Reactants Product 

Catalytic, fi ed bed 850 2,000-4.000 Fuel oil, Gas 

The pro e ha ' been tested in a 5 Ib ./hour bench-s ale unit and a 0.5 T.P.D. 
pilot plant for a number of years at the Pittsburgh Energy Research Centre. 

Foster-Wheeler orp., Livingston , N.J ., has recently been awarded , by the 
Bureau of Mines , a .. $6,928,416 contra t for the design and engineering 

rvices for an 10T .P.D. pilot plant to be constructed in Bruceton, Pa. The 
con tract requires Foster-Wheeler to procure U.S. $4.5 million worth of 
equipment for the pilot plant which, by integrating de ign and construction 
pha e i de igned to cut five month from the overall time required 
to brin!; the pilot plant into operation . The U .. B.M. hopes in thi way to 
begin start-up run in 1976. 

This 10T.P.D. plant will be designed to produce 1,000 gallons per day of 
low-sulphur fuel oil and the operation of the plant will provide design data for 
a commercial-s ale plant which i expe ted to convert 20,000 to 30,000 
T.P.D. of coal into 3 to 4 mill ion gallons of synthetic crude oil. 

The overall cost of the new pilot plant is estimated at U.S. $14 million with 
the Bureau of Mines con tributing U.S. $13 million and O.C.R. contributing 
U.S. $1 million. 

Under a re ently-announced cost-sharing agreement between Bethlehem tee l 
orp. and the Bureau of Mines, Bethlehem Steel will operate the T.P.D. 

pilot plant at Bru eton on behalf of the Bureau for about two years after 
tartup in 197 • contributing U.S. !Ii \.l million towards tht! plant 's opera ting 

expenses and U.S. $500,000 for research. 

The E.R.D.A. (formerly O.C.R.) may oon staIt preliminary design work fllr 
a 70U ton per day SYNTHOIL pilot plant for construction in 1977 to follow 
the 10 ton per day pilot plant. 

TOSCOAL 
The Oil Shale Corporation To co), Rocky Flats Research Centre, Golden. 
Coloroldo. 

The Oil Shale Corporation . 
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Description: 

Operatina Conditions: 

Status: 

Proees Developer : 

Description : 

ta lll : 

6 

Preheated coal feed from a dilute-phase nuidised bed is fe~ to a pyrolysis 
ves el where it is conta ted with heated ceramic balls. The char produced in 
this reactor i creened, cooled and stockpiled. The c oled ceramic balls rrom 
the rea tor ..,ass over the screen and are recycled to the ceramic balls heater 
via an elevator. The vaporised products of the pyrolysis tep are condensed 
a d fra tiona ted. Offga (600 BTU/ F) from the condensor can be utili ed 
a:l a fuel ga for the ceramic pellet heater or proce sed for sale. 

Reactor Pre ure Reactants Products 

Pyroly cr SOO-t,OOO Almo pheri oat-heal har, Ga , on 

To co ha Inv tigated thi pr ce s for the low-temperature carboni atlon (If 
coal in e 1970. This TO OAL proce and the TO 0 11 proce Croll 
hale relorting arc quite lmilar and can b represented by the same n w 
heet. The TOil proce ha completed flnal fleld te ting in a 1,000 

T.P.D .. mi-work retort 10 'a ted at Parachute reck , near rand Valley, 010 . 
' on truction engineering i underw:IY for a 66,000 T.P.D. c mmerclal plant. 

Drawing upon the I iI hale retorting technol gy f the TO 0 11 proce , 
Tos 0 ha t ted the TO OAL proce s in a .. 5 T.P.D. pilot plant 10 ated at 
the Rocky Flat Re Irch ent Il:!r olden , 0 10. 

Yield fr m ub-bituminou coals te ted in thi pllot plant range from O. to 
0.5 barrel of oil per t n of raw coal, with the general range of heating value 
for product har repre enting about a 50 r cent increase over the heating 
value of th one ponding raw coa l. 

It i cxp cted that development of the TO . 0 L proce s will parallel 
developmcnt of the TOS 11 oil shale procc ill the future . 

UNDERGROUND LlOUEFACTION 

l. The Te a ompany. 

2. We t Virginia Univenity, chool of Mine . Morgan town, W. Va . 

oal di solution i begun "in itu" and completed at the surfa e. 
hydrogen-d nor Ivent (e.g. anthra 'ene oi l) i introdu.:ed int a thick coal 
cam, via a well, under pIC lIrc to reduce olvent vapori ation and limit the 

reaction lone to the ba al ection 0: the earn. oal olvent invade joint and 
bedding plant where imblbation and swelling by tran fer or hydrogen from 
the olvent to the cohe ive trllcture between Illi elles or Illi roplatelel of 
coal occurs, weakelling tltis tructurillg and producing coal fragment". fler 
coal ha reacted and fragment have fallen ~rorn t he face of the cam. 
recovery of the lurry i intiatcd by mean of introdUCi ng more Ivent 
under turbulent-now conditioO' to carry th fragment to the urface via 
another well drilled into the cam. 

The resultant slurry w uld be proce ~cd at the urface e.g. further cataly ti 'all 
hydrogenated, to pr duce the de ired liquid product . 

The We t Virginia niver ity has carried out aUloclave tudie onvarioll rank 
of coal to determine the be 'l olvent for Ihe proce , willch proved to be 
anthracene oil. ub-bi tuminou coal gave th.: be t re ult al it wa geller:rll 
found to react, era k, rumble and <! \ solve 10 a higher degree than 'oal f 
other rank. 

The Te a olllpany i the holder of " Patent ~,595,97( of 6th M:ly , 
1952, whic' l de crrbe an underground liquefac ti on proccs "nilar to that 
outlined abo e. 



UNION CARBID E 

At Charleston, W. Va., Union Carbide operated a pilot plant during the late 
1940's to investigate the production of chemi al feedstock rrom coal by 
direct atalytic hydrogenation. Results were not en"ouraging at that time, 
and pr blems were experienced In separating suitable chelllical feedstocks 
from the hydrogenated pr duct. 

PAT NTED LlQUEFA 'ION PRO SS S NOT AT PR S NT 
IN A IGNIFI ANT ST A I OF D V LOPM NT 

PATr IT HOLDER 

Bennett EllIlneering o. 

Campalnie Francalse de Essen c Synthctique 
.A. 

Fossil Fuels Inc. 

Great Lakes Carbon orp. 

Humington Chemicals orp . 

Pyrochem ('orp. 

Pyrochem orp. 

Texaoo Development orp. 

Texaco Development orp. 

Texa ompany. The 

Texa Company, The 

T XIS Company, The 

Unlverul Oil Product o . 

Universal Oil Produ t o . 

U.S. PATENT 
NUMB R 

,576,734 

2,707,163 

,030,297 
3,379,638 

3,107.985 

3,24"",615 

3,247,092 

2.572,061 
2,753,296 

2,658, 61 

2,6 4,390 

2,681,300 

3,503,8 4 

3,503,865 

OAT 

27 4 .\97\ 

26 . 4 .1955 

\7 . 4.1962 
23 . 4. \968 

22 .\0 .\963 

\ . 4. \966 

23 . \0. \ 95 \ 
3. 7.1956 

PAT NT 0 R1PT10N 

yncrude Production by Low 
Temperature Carbon iza tion of Tar. 

Solvent traction and Fractional 
Di tiLlation 

Rapid Coa l Hydrogenali n. 

A h-Free Anod arbon Produ~tion 
Gomlly with The Lummus Com.~ny) 

ontinuou 01 tillation of oa l 
fo ll wed by Autogenou Hydrug\!na tion 
of Volatiles. 

a talytic onta t of Destructively 
DistiUed oal Volatiles. 

Incomplete oal Liquefaction by 
Quadn-Phase, Low-Pr sure 
Hydrogena tion. 
Hydrogenation of oa l in a Liquid Pha 

Hydrog nati n of Pul ed d oal in a 
liquid Pha 

10 .\1.1953 Hydro enatlon of oal. 

29 .\2 .\953 oa l Carboni tlo n and Recovery of 
Volatiles. 

15 . 6. \954 

I . . \ 70 0 1- o lvent tra tlon Utili illl 
Hydrogen Sulphide. 

\. 3.\970 Microwave oal Liquefacti n. 

No:e: For a re omplete listir of major U.S. Patents relatmlto oal 'onversion ref r to APP 01 11 . 



SECTION II 

High BTU 
Coal Gasification Processes 



Process Patent Holder: 

Developer : 

Sponsor: 

Engineering Contractor: 

Description: 

Operating Con(lition~ : 

Status: 

Process Ueveloper: 

AGGLOMERATING ASH 

Union Carbide Corpora tion 

Battelle Memorial Insti tute, Columbus Laboratories , Columbus, Ohio . 
(Initial development by Union Carbide Corp .). 

Office of Coal Research and American Gas Association 

ChemicaJ Construction Corporation (Chemico). 

Note I : Chemico and Union Carbide hwe for!11ed a joint-venture company , 
Coaleon, to develop this technology comme(ciaJly . 

Note 2: Chemico is a subsidiary of Aerojet ,eneral Corp . itself a subsidiary 
of General Tire & Rubber Co. 

Co,,!, pulverised to -35 mesh , is injected near the base of the gasifier into a 
fluidised bed of hot ash agglomerates, then flows through the bed where the 
coal-steam gasifica tion occurs. The char end product concentrates at the to p 
of the bed where additionaJ !basification occurs. Hot ash agglomerates from 
the combustor at 2,00(}'2,1 00 F enter the gasifier at a point below the char 
level and descend th rough the reaction and preheat zones where they are 
cooled to J ,0000F before en tering the stripping ze l ... . Here any entrained 
coal is removed , and stripped agglomerates are collected in a surge pot and 
pumped in to the combustor. Char from the top of the gasifier is withdrawn 
continuously and fired in the agllomera ting bed combustor with air where 
the agglomerate~ are reheated to 2, J oooF for recycling to the f,dsiiler. 

Hot nue gases from the combustor are processed to recover heat , remove S02 ' 
and recovl!r compression energy in an expander. Raw gas from the gasifier at 
18000F is processed to recover heat and remove particulates, am monia , and 
sulphur compounds. The resultant clean gas with a heating value of about 
300 BTU/SCF, can be processed further by shif and methanation to pipelinl! 
quality (950 BTV/SCF) or used directly to fuel turbines and boilers for 
electric power generation. 

All types of coals can be processed without prelrea tme t , lOcluding highly­
caking .::oals . 

fluidIZed-Bed 

Combustor 

Gasifier 

Temp. OF 

2,000-2,100 

1,800 

F ess p.s.i.g. 

100 

: 00 

Reactanu 

Char-air 

fla l-s team 

Product 

Hot Char 

300 Btu Gas 

Components of the process were le~ ted in the 1960's by Union Carbide and 
Battelle . In February, 1973 , O.C.R. and A.G.A . awarded a $4 .1 million 
contract to Battelle to develop this process over 30 months. Chemico began 
as a sub-<:ontractor in February 1973 to engineer a process developmen t 
unit (P.D.U.), construction beginning in June , 1974 . This unit (to opera l (! as 
a prototype of a commercial plant) will produce 800,000 s.c.f./day of 
ynthesis gas. No shift-<:onversion, purification or me thanation steps are 

involved howtve~ these can be added in a commerciaJ plant. The P.Q.U., 
located at West Jefferson, Ohio, will process 25 T .P.O. of coal when fully 
operational in mid 1975 . 

N te: This process is similar to the I.C.1. moving burden p.ocess. 

AIR PRODUCTS RECYCLE PROCESS 

Air Products and ChemicaJs, Inc., Allentown, Pa . 
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Description: 

Status : 

Pr~cess Developer: 

Sponsor: 

Description: 

Operating Conditions: 

Status: 

40 

This process produces a high-BTU pipeline gas without the necessity for shift 
conversion and methanation steps by separating methane from the raw gas 
produced in the gasifier at low temperatures and recycling the mixture of 
hydrogen and carbon monoxide to the gasifier to produce additional 
methane and improve the heat input to the reactor. The off£as contaimng a 
mixture of carbon dioxide, carbon monoxide, methane, hydrogen sulphide 
and hydrogen , is passed through a char-removal step which recycles the char 
to the first stage of the gasifier. After acid-gas removal , which eliminates 
CO 2, H2S and water, the synthesis gas stream is cryogenically separated to 
yield a methane product stream and the CO and H2 stre_m is heated and 
recycled to the second stage of the gasifier where it reacts with coal , steam 
and synthesis gas from the first stage of the gasifier to produce additional 
methane and synthesis gas . This process reduces coal and oxygen requirements 
while requiring increased amounts of steam when compared to those 
processes utilising shift and methanation of synthesis gas . A water-gas shift 
converter can be added to the process to facilitate cryogenk separation . 

Air Products and Chemicals, Inc_ is the holder of U.S. Patent 3,779,725 
pertaining to tJlis process _ No details are available on development work for 
the process . 'Olis process can be applied to other gasification processes fOl 
the production of pipeline gas such as Lurgi , BI-GAS, C0'LACCEPTOR, 
MOLTEN SALT, and the HYGAS project's Steam-Iron and liIectrothennal 
processes . 

ATGAS-PATGAS 
Applied Technology Corporation, Pittsburgh, Pa.{a subsidiary of International 
Systems & Contro\:; Corp.) 

American Gas Association, Office of Coal Research and the Environmental 
Protection Agency . 

Coal, crushed 'an'j dried, is injected into a molten iron bath through steam 
lances. Oxygen is introJuced through lances located at the iron-bath surface. 
Coal dissolves in the molten iron where the volatiles crack and are converted 
into arbon monoxide and hydrogen . The fixed carbon reacts with oxygen 
and steam, pr .dueing aJditional ca rbon monoxide and hydrogen. Caking, 
high-ash and high-sulphur coals can be utilized . 

Sulphur of th~ coal migrates to a lime slag floating on the molten iron and 
fo rm calcium sulphide. The slag, containing ash and sulphur, is continuously 
withdrawn from the gasifi.:!r and desulphurized with steam to yieid elemental 
sulphur and desulphurized . lag. The raw gas from the gasifier can be used as 
an intermediate BTU fuel gas (315 BTU/SCF) or as a synthesis gas to 
produce other organic compounds (PATGAS PROCESS). In the ATGAS 
PROCESS, the medium BTU off-gas from the gasifier is subjected to shift 
conversion , purifica tion , methanation and compression to produce an S. .G . 
produ t (940 BTU/SCF). All types of COil I can be ga~ified in this process. 

Process Temp. OF. Press. p.s.i. Reactants Product 

PATGAS 2,500 50. Coal, Oxygen. Lime stone IS BTU/SCF 
Steam 66% 0 , 

34% H2 

ATGAS 2,500 50. oa l,Oxygen.lirr.estone 940 BTU/S F 
Steam plus Methanation 93%. H4 

\.1 % 112 

The process has been under inve tigation in the laboratories since 1967.To 
date, the process has been demonst rated in short duration runs (30 - 40 
minutes) in a 2 feet intern~1 diameter gaSifier. Plans for further development 
involve a larger gasifier to demonstrate long dura tion operation . Mo t of the 



Description: 

Status: 

PrOl.:ess Developer: 

Sponsor: 

Sub-Contractor: 

Additional Engineering: 

Description: 

Operating Conditions: 

Status: 

technology pertinent to the process already exists as discrete commerciCiI 
steps in the ICon and steel industry. However , the combination of these steps 
remains to be demonstrated on a large scale. The U.S. Environmental 
Protection Agency is evaluating the process for utilization of high sulphur 
coals within E.P.A. pollution standards. 

BIANCHI 

Pulverised coal entrained in a steam-oxygen stream is injected tangentially 
into the cl!ntre of a vortex chamber operating at 150-350 p.s.i. and at 
temperaturzs below 1,700 F. The ash is entrained in the product gas 
stream w~Jch after ash removal in dust cyclones has a calorific value of 440 
BTU/scf which is suitable for catalytic methanation to pipeline quality g.lS. 

A pilot plant was built in France to eVdluate the production of pipeline gas 
from lignite . No details are available on the current status of the process. 

BI-GAS 

Bituminous Coal Research , Inc ., Pittsburgh, Pa . 

Office of Coal Research and American Gas Association. 

Stearn -Roger Corp. 

Slaw-Knox Chemical Plants Division (Dravo Corp.) and The Babcock and 
Wilcox Company. 

The gasifier consists of two tages , an upper entrained - flow vessel operated 
a t 1400

0
- 1700

o
F and a vortex - flow lower stage operated at 28000F. 

Injected with steam into the bottom of the upper gasifier section, pulverized 
coal volatilizes as it mixes with syn thesis gas moving upward from the lower 
section and undergoes partial met haniza tion at 1400 to 17000F . The product 
gas, mixed with unreacted char, is then fed into the bottom gasifier section 
where it gasifies with oxygen and steam at 27000 to 30000F, leaving a slag. 
This lag, wa er-quenched to granular form, is dropped from the vessel by a 
pressure lock. The gas pas es upward through the top stage, to a cyclone and 
shift conversion, purification and catalytic methanation. All types of coal can 
be used . 

Gasifier Type Temp. of Press p.s.i. Reactants Product 
Stage 2 (upper) En trained-now 140!}.1700 1 OO!}.I 500 Coal-5team 378BTU!SCF 

S lage 1 (lower) Vortex-now :l800 1,000-1500 
(l-I.H.V. of 

Char.()2-
Raw Gas) Steam 

Development work has proceeded from batch au toclave tudies, through 
cont inuous-flow experimen ts in a 5 Ib ./hour externally-heated reactor, to 
operation of a J 00 Ib ./hour internally-fired process dnd equipment 
development unit (PEDU). With completion of the PEDU test program in late 
197 1 and following an O.C.R./AGA 6 year $24.8 mUlion contract, a 
fully-integrated I ~O T.P.D. pilot plant was designed by Stearns-Roger Corp., 
constru ction beginning on 27/7/1972 at Homer City, Pa. The pilot plant 
should be completed in mid-75 . The final objective is to provide sufficient 
design data for construction of a commercial plant. A fluidized-bed 
catalyt ic methanation system was installed in the pilot plant following testing 
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in June 1973. The P.E.D.U. test mcthanator is capable of handlin!b up to 
6,000 cubic feet per hour of 378 BTU/SCF ynthesi gas at 1650 F and 
1050 p.s.i.g. The scaled-up methatlator for the pilot plant will treat up to 
300,000 cubic feet per hour of synthesis ga from the BI -GAS gasifier. 

The commercial conce pt derived from the BI -G AS pilot-plant program 
envisages a $300 million plant processing 5 million tons per year of coal to 
produce 250 million standard cubic fee t per day of pipeline gas. Estimated 
cost of the gas is $1 . 10 per 1,000 cubic feet. Water requirement is estimated 
at 15,000 acre fee t per year. 

Note: I. Bituminous Coal Research, Inc. is the research affiliate of the 
ational Coal Assoc iation of the U . . A. 

2. Re fer to "Multiple Fluidized Bed" in the Low & Med BTU 
section of this report fo r operation with air. 

3. The BI-GAS process has been pa tented by the Dept. of the 
Interio r. 

CHEVRON GASIFICATION 

Chevron Research ompany , a subsidiary of Chevron Oil Corp. 

The process produces high - BTU gas fro m a wide range of organic feeds 
such as lignite, organic was Ie materials , wood and essent ially any organic 
material containing some hydrogen and at least 10 wI. % oxygen with 
25 wt . % oxygen preferred. The organ ic material is reacted with steam at 
50- 800 p.s.i. (I' .-eferably 300- 00 p.s.i.) and 1200- 14000 in the presence 
of an alkali-me tal catalyst (e.g. K 2 C03 ) . The high-BTU gas is produced under 
these conditicns by the ca talytic steam-reforming of the products of 
degradation of the feed . 

Pressure psi Reactants Product 

Cata lytic 1200- 1400 300- 800 Organic Feed- Steam High-BTU Gas 

U.S. Patents 3,775 ,072 and 3,759,677 described by RJ . White , have been 
aSSigned to Chevron Research Company. Details on development of the 
process are not available. 

CO 2 ACCEPTOR 

Consolidation Coal Company (Consol) , Pittsburgh, Pa., a subsidiary of 
Continental Oil Co. 

Office of Coal Re earch and American Ga. Association. 

Stearns-Roger Corp. Denver , Colo . 

Blaw-Knox Division, Dravo Corporation, Pittsburgh, Pa . 

Coal is ground, dried and fed into a Ouidised-bed gasifier where , under 
pres u e of 150 to 300 p.s.i ., it is heated in the presence of steam to a 
temperature of l'SOOoF. Dolomite , preheated to 19000 F in a regenera tor 
ves el and calcined, is fed into the top of the gasifie r. The high temperature 
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calcined particle filter down through the ga lfier, furnishing heat by a 
unique chemical reaction in which the calcined dolomite absorbs carbon 
dioxide e othermically. The spent dolomite and carbon residue are circulated 
to the regenerator where the dolomite is re-calcined lIsing heat from the 
burning of the char. The gase released by heat and chemical reaction between 
steam and coal in the gasifier contain all the ingredients needed for 
subsequent methanation to pipeline gas. 

Fluid2d-Bed Tetq>~ 

Gasifier 

Regenera lor 

1,500 

1,900 

Press ".s.i. Reactants Product 

150- 300 Coal-stearn-CaO Raw gas has H.H. V. of 

150- 300 Char-air-dolornile 400 BTU/d. 

The process was developed by Consol and carried through the laboratory 
stage until 1964 when O.C.R. awarded a contract now , $22.6 million , to 
complete the bench-scale development of the process. This phase was 
completed successfully in 1968. Construction of a 40 T.P.D. pilot plant in 
Rapid City, outh Dakota, was begun in January , 1970 and completed in 
November, I 71 by Stearns-Roger who also operate the plant. A ~eries of 
integrated run which fully demonstrated the feasibility of the process were 
made in 1974 culminating in a successful 10 day run converting 30T.P.D. 
of coal to 1.37 million SCF/day of 400 BTU gas. Most of the major 
mechanical problems have been solved. Lignite has been tested in long-dur:\tion 
runs and in future Con 01 will study the influence of different feedstocks , 
including a Montana sub-bituminous coal and at least one alternate acceptor. 
On 14/6/ 1973, an agreement was reached with Blaw-Knox for engineering 
and construction of a gas clean-up methanation sys tem based on a 
packed-tllbe reactor (which has been demonstrated commercially by Conoco 
at Westfield , Scotland) to be added to the Rapid City pilot plant for 
up-grading of the raw gas . 

The Rapid City pilot plant is al30 being considered by the Office of Coal 
Research as a possible site for the Liquid ·Pha e Methanation pilot plant , 
developed by Chern Systems, Inc., which is due for completion in May, 
1975. This pilot plant would be used to up-grade the synthesis gas to pipeline 
gas. 

The commercial clJncept for thl! CO2 ACCEI'TOR process envisages a $150 
million plant processing 30,000 tons per day of lignite to produce 250 million 
cubic feet per day of pipeline gas. The pilot plant, curren tly processing 40 
tons per day of lignite and 3 tons per day of dolomite, produces 2 million 
cubic feet per day of 400 BTU/SCF synthesis gas for up-grading to pipeline 
gas by one of the methanation steps under con ideration. 

Note: Consolidation Coal Company is a subsidiary of Continental Oil 
Company. The Rapid City l>ilot plant is managed and directed by 
Conoco Coal Development Company which is also a sub idiary of 
Continental Oil ompany. 

DEGASIFICATION 

U.S. Bureau of Mines. 

Methane evolved "in situ" in coa l eams is co llected, stored and used'as a 
suppl~ment to natural gas. Yield dr.p _nds on seam permeability and this may 
be increased by controlled fracturing and by drilling horizontal holes into the 
seam. 

The U.S. Bureau of Mines has conducted degasification tests in Washington 
County, Pa., Jefferson County, 111. , and 'Buchanan County, W. Va. , since 
September, 1972, one billion cubic feet of methane has been drained from 
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two experimental Bureau degasification sites. At present methane from the 
degasification site in West Virginia is distributed to consumers. both 
residential and commercial. through the existing natural-gas pipeline system. 

The Bureau is interested in developing the process on a large Jcale. thereby 
avoiding the discharge to the atmosphere of vast amounts of methane 
released during mining Operations and in theic newest project, conducted at 
the Mining & Safety Research Centre in Bruceton. four-seam degasification is being evaluated. 

Consolidated Gas Supply Corp. has undertaken the commercial application 
of research gained by the Bureau of Mines. This company's pipeline ~ystem 
was made available to the BUrl!au for its degasification testing of a coal seam 
owned by Eastern Associated Coal Corp. in West Virginia. On 28th January, 
1974. methane gas from the Bureau 's project began to flow into a 
Consolidated Gas pipeline at the rate of 600.000 SCF/day. The gas left the 
coal seam via a 6 f1. diameter well. The cost of this experimental project was 
offset by increased coal production. improved mine ventilation and the value 
of the methane at sale . Consolidated Gas Supply and Eastern Associated Coal 
have negotiated a gas-purchase contract and are planning a second degasification 
project using an 18ft. diameter exit duct about two miles from the first 
test site. The 18 ft. duct should deliver 965.000 SCF/day of methane . 
Similar projects are being mooted by other gas companies. The future 
commercialisation of the process lies with careful integration of mining 
and degasification operations. 

Nate: Pennsylvania State University announced in April. 1975, that the 
Bureau of Mines and the Pennsylvania Science and Engineering 
Foundation are sponsoring a 5-year degasification program. The 
first year 's operation will entail three boreholes at the U.S. Steel 
Corp's Cumberland mine in Green County , Pa .• and two further 
boreholes 011 state land. 

ELECTRIC-ARC GASIFICATION 

C' _umbia IJniversity. N.Y. 

Consolidated Natural Gas Corp. 

The carbon in coal reacts with steam in an electric arc at about 10.0000C. 
Depending on reaction and subsequent quench conditions. the process can be 
used to produce high- BTU substitute natural gas without an additional 
methanation step. 

Glsifier Temp. °c 
Product Reactlnts 

Electric arc 10,000 Coal-steam High B.T.V. S.N.G. 

As of May, 1973. the process had been tested on a batch basis at about 30 kW . 

ELECTROFLUIDIC GASIFICATION 

Dept. of Chemical Engineering and Engineering Research Institute. Iowa 
State University, Ames . Iowa. 
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Office of Coal Research . 

An electrotluidic reactor utilizes a tluidised-bed of conducting particles 
which is heated by passing an electrical current through the bed. The bed 
itself serves as a resistor between electrocjes placed in contact with the bed. 
Since heat is generated directly within the bed, the device is useful for 
carrying out reactions which require substantial energy inputs and are 
favoured by high temperatures. Reacting stearn and coal char in the reactor 
produces a wide range of hydrogen-carbon monoxide mixtures, as well as 
mixtures containing methane , suitable for up-grading by methanation to 
S.N.C. 

Gasifier Temp of Press p.s.i. Reactants Product 

Fluidized-Bed 1,500 1500 Char-steam Synthesis Cas 

During the course of the research sponsored by O.C.R. to lune 1974 un der a 
$426,960 contract, both a 4" diameter batch reactor and a 12" diameter 
continuous reactor have been successfully operated . The Institute of Gas 
Technology has undertaken to integrate this proces with the pilot plant 
testing of its HYCAS process' electrogasifier. 

A preliminary estimate of the cost of manufacturing S.N.C. by electrofluidic 
gasification of bituminous coal char with steam has indicated that this 
process may ' be competitive with other processes under development. 
Overall plant efficiency would be high , however a cheap source of electrical 
power would be necessary for the process to be economical. 

EXXON GASIFICATION 

Esso Research and Engineering Co., Baytown , Tex. (a sub idiary of the 
Exxon Corporation, New York.) 

Coal is reacted with steam in a fluidised-bed gasifier at 1500-17000 F. To 
provide the necessary heat, a stream of circulating char is wit;ldrawn from 
the gasifier and partially burned with air in a char heater to raise its 
temperature . The heated char is returned to the gasifier after separation 
from the flue gas. The product gas is a medium BTU gas sU.itable for 
methanation to S.N.C . As a high BTU gasification process Exxon's route is 
unique in that air is used rather than the oxygen most other processes use, 
thus eliminating the need of an oxygen plant. AU types of coal can be 
gasified. 

Fluidised-bed Temp. OF 

Casifier 1500- 1700 

Char heater 1700+ 

Reactants 

Coal-- steam 

Char- air 

Product 

Med . BTU Cas suitable 
for methanalion 

Exxon, and its affiliate, Carter Oil Company, have been engaged in coal 
gasification research since 1966 and has expended in excess of $20 million 
on this process. In 1969, Carter Oil became responsible for Exxon's coal arid 
oil shale research and development. A 0.5 ton per day integn.ted pilot plant 
has been in operation at Baytown for some years. Plans for a 500 T .P.D. 
pilot plant at Baytown were announced in early 1974 when Carte Oil Co. 
awarded a $40 million contract to Arthur C . McKee & Co. for construction 
of the pilot plant to begin in late 1974 and completion by late 1976. 
Subseq'lently , Exxon Corp. announced it had deferred construction of the 
plant nd would continue research on smaller-scale tests. Deferral was 
reputedly caused by riSing costs and competition for finance from other 
projects. 
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GARRETT'S COAL GASIFICATION 

Garrett I<esearch & Development Co. and Is lan d Creek Coa l Co., subsidiaries 
of Occidenta l Petroleum Corp. 

Occidental !lof -"Ieum Corp. and Colorado Interstate Gas Corp. 

The process is essentially similar to Garrett's oa l Pyroly is process for the 
production of solid, liquid and gaseous fuels. This pyrolysis process u ti lises 
a low-temperature pyrolysis step to optimi e production of liquid fuel 
whereas for high yirlds of methane-rich ga in the ga,ification process, the 
coal feed is subjecteo to a rapid, high-temperature pyrolys is in the reactor. 

Pulverised coal is fed to the pyrolysis reactor with a rccin;ulating stream of 
hot I:har. This hot chal is from a separa te , air-b low n char hea ter which 
exhausts the nitrogell-rich gas produced as a flue gas. The hot I:har from the 
heater circulates to the pyroiyzer and provides the heat for the pulverized-coal 
pyrolysis. The pyrolys: gas is separated from entrained char in a series of 
cyclones and is then sen t to pUrification, shift and rnethanation to upgrade 
the gas from its raw-state IUI.V. of 600 6S 0 BTUIS F to pipeline quality. 
The product char is a fine, highly rea ctive fuel suitable for combustion in a 
power-generation station . The ca lorific value of the product char can be 
significantly higher than thaI of the coal feed . 

Few detai ls are avai lab le o n the operating conditions for this proces~ . It is 
known to be a high-temperatllre, atmospheric reaction in the pyrolysis 
reacto! , with assumed high-temperature, a tmospheric, :J ir-blown conditions 
in the char-heater vessel. 

Garrett originally concentra ted R&D work on the low-temperature GRD 
oal Pyrol},si process for the produ c tion of liquid fuels . This process iS,being 

tested in a 3 .6 T.P.D pilot plant in U.I Verne, aHf. Using this test work as a 
base, Garrett , in conjunction with Colorado Int erstate Gas, initiated 
development of the coal-gasifica tion proces in 19 71. The process ha been 
successfully evaluated in a pilot plant. The results of the pilot plant testing 
provided data which were evaluat ed by Combustion Engineering subsidiary, 
Lummus 0 ., to provide a detailed deSign for a commercial plant. The 
commercia plant would process 40,000 T.P.D. of coal to yield 2S0 million 
S.C.F./day of pipeline-quality gas and sufficie nt char to feed a 1200 MW 
power plant. Estimated ost of the commercia l plant is U.S. $3 10 million 
(I 974) which appears to be considerably less expensive than eq uival ent S.N.G. 
plan ts based on exis ting technology . Estimated cost of pipeline gas is U.S. 
94 cents per million BTU. 

Garrett plans a 2S 0 T.P.D. demonstration plant to be located near a power 
utility to be elected. Design and constructio n of tht: commercial plant could 
be commenced during operation of the demonstration plant. 

Operation of the co mmercial-sca le pyrolysis reactor has been simulated with 
the operation of a contin uous 3 pound per hour laboratory-scale reactor 
which had the sa me co nfiguration llS the projectc.J commercial unit except 
that its heat Source was electricaL Results have indicated yields of pip<:line-gas 
equivalr.nts ranging from 4S00 SCF/ ton of D.A.F . coal at I SOOoF to 
7S()0 SCF/ton (D.A.F. basis) at 17000 F , depending on coal type. 
Commercial-scale operation hould yie ld an addit iona l 1,000 SCF Iton at 
1700

0
F 6f pipeline-gas equiva lent by recycling the tar produced in the 

pyrol}sis step to the reactor for further cracking. 

It is anticipated that a commercial plant cou ld be o n-stream in 1980. 

(Refer to "Garrett 's Coal Pyrolysis" in the ~iquefactic.n Section of this 
report for additional information .) 
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GEGAS 

General Electric Research and Development Centre, Schenectady, N.Y. 

General Electric Company, New York, N.Y. 

The process employ a moving fIXed -bed gasifier however trouble is 
experienced with caking coals. To overcome this problem, inert· bulk 
diluting agen ts such as silicon carbide or coal ash are utilised thus increasing 
mass-now through the gasifier. An extrusion process is used for coal-feeding 
and off-gases are cleaned of hydrogen ulphide using liquid selecti~ 
membranes. A methanation step i. required to up-grade the raw gas to 
pipeline quality. 

Preliminary tests have been completed in a 50 lb . per hour unit. General 
Electric is seeking partners for erection of a demonstration plant. 

HYDRANE 

U.S. Bureau of Mines , Pittsburgh Energy Research Centre, Pittsbu rgh , Pa. 

Crushed raw coal is fed to a two-zone hydrogenation reactor operated at 
1,000 p.s.i. and 1,6500 F. In the top zone the coal falls freely as a dilute 
cloud of particles through a hydrogen-nch gas containing some methane from 
the lower zone. About 20% of the raw-coa l carbon i converted to methane , 
causing the coal particles to lose their volatile matter and agglomerating 
characteristics. The coal is now essentially a char. This char falls into the 
lower zone where hydrogen feed -ga maintains the particles in a tluid ised 
state and also rea t with about 34% more of the carbon to make methane. 
The product gas exits from the centre of the reactor and is cleaned of 
entrained solids and some unwanted gases. After clean-up, methanation of the 
small amount (2 to 5%) of residual ca rbon monoxide gives a pipeline-quality , 
high BTU gas. Char from the lower zone of the hydrogasifier is reacted with 
steam and oxygen to generate the needed hydrogen. 

Reactor Temp.oF Press 
Reactants Products p.s.i. 

Upper Oilute-Pha e 1,650 1,000 Coa l-lower-bed gas fed.BTUOrr-Gas 

Lower Flu idiscd-bed 1,650 1,000 Char-hydrogen 826 BTU!CFOrr.Gas 

Hydrogen Genera tor 1,800- 1,900 1,000 Cliar-steam-oxygen Hydrogen-rich Gas 

In bench-scale testing, a 10 Ib ./hour integra tell unit has demonstrated the 
opera ting feasibility of the process. Resu lts indicate that high-volatile 
bituminous coa ls can be fed directly to the gasifier without aking and 
agglomerating, thereby eliminat ing expensive pretreatment. Also, 95% of the 
methane in the final S.N.G. product is made in the hydrogasification 
reactor from the raw coal directly by treatment with hydrogen . This scheme 
results in high thermal efficiency (78%). 

Scale-up to a 24 ton per day pilot plant is planned . The Bureau of Mine ha 
budgeted U.S. $25.5 million dollars for research and development work on 
this process for the p.:riod fiscal years 1975 to 1979. This will probably be 
increased. 
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HYGAS 

Institute of Gas Technology, Chicago, lIIillOis, an affiliate of the Illinois 
Institute of Technology. 

American Gas Association and Office of Co?l Research . 

Blaw-Knox (Dravo Corp.), Belnus Corp., and Procon, Inc. , a subsidiary of 
Universal Oil Products. 
Coal, pretreated if caking In an air-Ouidised-bed, is slurried with light oil and 
fed into a Ouidised drying bed at the top of the gasifier where oil evaporate 
at 600

o
F. The Ouidised bed moves down to the first tage of the reactor to a 

temperature zone of 1300 to 15000 F, while char further moves to the second 
stage to temperatures of 1700 to J 800°F. Hydrogen-rich gas and steam 
react with char to produce a methane-rich raw ga and residual char, which 
then passes to a separate gasifier where it reacts with additional steam to 
produce the hydrogen-rich gas for injection into the two- tage hydroga ifier. 
Raw product gas, cooled by upward passage through the first tage of the 
gasifier and drying bed, is collected for removal of carbonisation products and 
sulphur impurities. Light oil recovered at thi point is used for slurry 
preparation of coal feed . The gas is then fed to a (nickel) catalytic 
methanation "rocess for additional hydrogenation and up-gradinB to 
high-BTU pipeline gas 

Fluidised Bed Temp OF Pre .p.s.i. Reactants Products 

Coal Pretreater* 

Slurry Drier 

Hydrogasilier­
Stage I 

Hydrogasifier­
Stage 2 

Electrothermal 
Gasifiert 

Steam-Oxygen 
Gasifiert 

Steam-Iron 
Gasiliert 

750 Atmospheric Coa l·air 

600 1000-1 500 Coal-light oil 

Fuel Gas,Treated 
Coal 

Slurry oil vaporised 

130()'1500 I OO()'I S{)O Coal-Stage 2 gas 20% of coal to "4 
170()'1800 1000-1500 Char-1l 2 rich gas 25% of coal to "4 
180()'1900 1 OO()'I 5000 har-stean, Hydrogen 

180()'1900 100()'1500 Char-steam.()2 Ilydrogen 

2000 1200 Char-stearn-air Hydrogen 

• Lignite and ub-bituminous coals do nol require pretreatment. 
t Alternative processes for production of hydrogen-rich gas for 

gasifier. 

A $10.5 million 75 ton per day pilot plant was constructed in hicago during 
1969-197 1 to deliver 1.5 million cubic feet per day of synthetic natural gas. 
In early 1973, large-scale conversion of coal to .N .G. was demonstrated for 
the lirst time. The necessary design data for a commercial plant using 
steam-oxygen gasification for hydrogen generation will be available in 
June, 1975. 

Capital and operating e timatcs for a commercial plant have been made based 
on pilot-plant studies. It is predicted that commercial plants could be in 
operation by 1980, producing 250 million S.C.F./day of pipeline ga from 5 
millions tons per year of coal from gasifiers approximately 170 ft . tall and 
23.5 ft. inside diameter each producing 125 million .:i . . F. per day. The 
estimated cost of produced gas is U. . $1 -15 per 1,000 cubic feet. 

Pennsylvania Gas and Water Co. has proposed to the O.C.R. a plan for 
linancing and operating a 5,000 ton per day demonstration plant for 
Pennsylvania based on the HYGAS process (or a similar process) to produce 
about 80 million SCF pet day of pipeline gas. 
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Hydrogen-production units being considered for the HYGAS process, under 
the sponsor-hip of O. .R., I.G .T./ A.G.A. to S 18.16 million, are : 

I. team-oxygen pr cess - hot char from the gasifier reacts with steam 
and oxygen in a high-pres ure nuidised bed at 1800-1900oF .. This 
proce s is currently under evaluation at the hicago pilot plant. 

2. 'Iectrothermal gasification - heat for a char-steam reaction is provided 
by direct-current heating of a nuidised bed of char. Exces char from 
thi electrothermal rea tor is used to produce the electric !'ower 
required . After batch-Ie ting_ a 2-MW electiothermal ga ifier was built 
in 1972 and operated succes fully . However, due to incrr:asing 
power-generation co ts, testinp. of the technique ha been d ferred. 
( ee "ELE TROFLUIDI GASIFICATION"). 

3. team-Iron process- residual ~har from the HYGAS ga ifie r rea~ts in a 
nuidised bed with steam and air to generate a producer (reducing) ga 
for the team-iron reactor which delivers a hydrogen-steam mixture 
back to the HYGA reactor from the oxidizer. An $18 million 
team-iron pilot plant i under onstruction at the HYGAS pilot plant 

in hicago and should be operating by late 1975. Blaw-Knox designed 
the plant and in October 1973 a contract was awarded to Belmas 

orporation for fabrication of the reactors. 

Note: I. The "Steam-Iron Process" was initiated at the Institute of Gas 
Technology in 1961 by Fuel Gas As 0 iates ( ollsolidated Natural Gas 
Service Company, Inc ., Texa Eastern Tran mis ion Corp. and Consolidation 
Coal Company) originally interested in hydrogen for hydrogasification of 
~oal, ammonia and petrochemical manufacture . In 1973, Fuel Gas released 
all rights to the steam-iroll process for producing S.N.G. from coal to I.G.T. 

2. Prior to 1964, I.G .T. operated a pilot-scale steam-oxygen slagging 
synthesis gas unit for operation at atmospheric pres ure utilising a wide 
range of coals. 

KOPPERS-TOTZEK 

Heinrich Kuppers GmbH, Essen, W. Germany. 

Federal Government of the Republic of West Germany. 

The gasifier is a refractory-lined, horizontal, cylindrical ve sel with conical 
ends. Oxygen, steam and coal react at about atmospheric pressure and 
3,300

oF. Fixed carbon and volatile matter are gasified to produce offgas 
containing carbon mono ide and hydrogen. Coal ash is converted into 
molten slag a proportion of which drops into a water-quench tank, the 
reaminder carried by the gas. Low-pressure steam is circulated around 
burners and refractory to cool them as well as producing process steam. Gas 
leaving the gasifier is quenched with water to solidify entrained molten ash. 
After passing through a waste-heat boiler, the gas is scrubbed to remove 
entrained solids. Scrubbed gas is compressed to 450 p.s.i.g., hydrogen 
sulphide and a controlled quantity of carbon dioxide is removed by 
purification. The purified gas is then shifted and methanat.ed, the me thana ted 
gas dehydrated and pudfied to remove carbon dioxide. Dry, pulverised coal 
of any type may be used. 

React')r type Temp_ OF Pressure Relctlntl Product (raw 1111) 

Entrained fuel 3,300 Atmospheric 300 BTU/SCF 
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This process was developed ommerlially by Friedrich Tollek of . en and 
the Koppers Co., Inc. (Pitt burgh) in 1949 fo llowing U .. BUleau f Mine 
demonstration in 194 . There are 16 Kopper Totzek plant operating 
around the world none of which ure in the U . . A .. T/lese plants produ ce a 
CO/H2 yn thesis ga which i used in the synthe i of ammonia . At the 
present time, five new K-T plant wIth a total of 16 gasifier are under 
con truction. Of all coal-ba ed yntheti ammonia plant erected ince 1945, 
more than 80% :Ire based 011 K-T gasifier . A ,1re urised K-T gasifier i 
currently being te ted in a development proje ' t conducted by a j in t 
venture of Heinrich Koppers GmbH and Shell International Petroleum 
Maat chappij, The Hague, etherland . asificatiOTl under increa ed pre Sure 
(450 p i) would not alter the compo ition of the raw gas from the K-T 
ga ilier but would improve the economy through reduction of power for 
compre sion f the raw gas. 

An intere ting new development of Heinrich Koppers and Imperial hemical 
Industries (I. .1.), RiJJingham, .K. i a combined carbon mono ide- hift 
onversion and methanation unit. This unit ' rea ' tor use a ni kel catalyst 

which simultaneously promot both the hift nd m thanatJoTl reaction . 

Testing of thi hift conversion methanation reactOr by I. .1. on a pilot 
scale ha indIcated that commercially acceptable life -times for the catal ts can be expected . 

Estimate for a K-T plant producing 250 million . . F. per Jay of S. . . 
(1,000 BTU/ F) indicate a coal-feed rate of 25,000 short ton per day to a 
battery of 24 K-T gasi lers (four-head type) ir. a plant costing U.. 400 mill ion. 

It is intended to construct a K-T demon tration plant in ermany to pr du ce 
2.6 million F/day of .N.G. from a coal feed of 145 ton /~ay . The 
Kopper - I. .1. combined hiff conversion methanation rca tor will be 
installed in the demonstration plant to upgrade the K-T gasifier raw ga to pipeline gas 

The Federal Government of Germany is prepared to give con id rable 
financial aid for the construction and operation of this demon tration plant. 

In the U .. , -orthern Illinoi Ga o. and the tate of IIlinoi are reportedly 
studying the K-T proces , among oth ... r , for appli rati n at their prop ed 
80-90 million F per day .N.G. demon trati n plant to be completed in lJIi!1ois in the early 19 0 s. 

lI0UID-PHASE METHANATION (l.P.M.) 
Chem Sy tems, Inc., Hackensack, N.J. 

American Gas A sociation and om e of oal Re earch . 

Engineering Sub·Contractor : 01 en Engineering, Houston, Tex. (a ubsidiary of Davy Powerga Inc.) 
Description: 

The pro ess is suited to the conver.ion of gas ontaining high concentration 
of carbon monoxide and hydrogen (J 5 - 0% CO , 45 60% H

2

) Into 
methane (CH ) by affecting the heterogeneou Iy.cataly d rea tion of the 
feed gases in 1he pre ence of an inert liquid pha e whi~h absorbs the large 
exothermic heat of reaction as both ensible heat and a latent heat b 
vapori at ion. The reaction pro eeds to near mpletion in a ingle pa and 
economi will dictate whether a single-s tage reactor only will be u ed or If 
an additional poli hing reactor will be required in the final de ign. 
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In the proce , the inert liqUid (e.g. mineral oil , I S to ~J) i; pumped 
upward through the rea tor at a velocity uf Icient to botll nuidi e th 
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ataly t and remove reaction heat. The ynlhesis ga is passed c ncurrently 
upward through the rea tor where it i conv rted to a high-concentration 
methane stream. 

Reactor Temp ~ Pr I Cataly.t eatural
e
y t Rellctant. p.I .. Product 

Calalyti 640 500 Ni-230S 2 years 

The project's program is divided i'lto three phases: 

Phase I - Bench- cale unit - all testing in a 0.81" x 4' reactor has been 
succe sfully completed. Thi included a 300 hour run. 

Phase II - Pro e s Development Vnit (p.D.V.) - the P.D.V. was constructed 
by Artisan Industrie , Waltham, Massachusett . The unit was 
in tailed at the research laboratories of Chem Systems. The 
P.D.V. reactor i 4 inches in diameter by 7 feet high and is 
de igned for 1,500 s.c.f. per hour feed flow. Testing is continUing 
and poJi hing reaClor is being added to the L.P.M. proce . 

Pha III - Pilot Plant - In January, 1974 hem System awarded a 
ub-contract to a Davy Powerg s ub idiary, Olsen Engineering 

of Houston, Tex. for con truction of a skid-mounted pilot plant 
with a reaclor 15' long and 2' diameter t be shipped to a 
de ignated si le thaI can upply syntlte is gas. The HYGA pilot 
pldnt at hicago and Con ol's 02 - AC EPTOR pilot plant at 
Rapid ity, .0 . are leading candidates. The L.P.M. pilot plant 
hould be ready for star I-Up lone of these synthesis-gas pilot 

plant in May, 1975. TI,e L.P.M. unit will e capable of processing 
2 million .C.F.D. of syn thesis ga to pipeline-quality gas. 

Future plar.s for the L.P.M. process in lude tudying the use of 
the system to effect both shift and methanation reactions 
simultaneous/y. 

Note: Conoco Methanation Co. u testing a fixl"d-bed catalytic 
methanator at Westfield, Scotland and Ca:alysts and Chemicals, 
Inc .• is also developing fIXed-bed methanation in a pilot plant at 
LouisviUe, Kentucky. 

LURGI PRESSURE GASIFICATION 

Lurgi Gesellschaft fur Warrne - und Chemotechnik mbH, Frankfurt, West Germany. 

Lurgi Mineralotechnik GmbH. 
Note: The Lurgi group of companies are subsidiaries of Metallgesellschaft 

A. G. of Frankfurt (Main), West Germany. 

Crushed and dried coal i fed t(1 a moving-bed gasifier where galification of 
o'oal takes place at 350 to 450 p.s.i. Initial devolatisation occurs accompanied 
by gasification in the temperature range of 1,140 to 1,400oF. Residence time 
is about one hour. SteaJn is the Source of hydrogen . Combustion of a portion 
of the char with oxygen upplies the necessary heat. A revolving grate at the 
base of the react r Support the fuel bed, reml>ves the ash, and introduces 
the steam and oxygen mixture. Crude gas leaving the gasifier at temperatures 
between 700 and 1,IOOoF (depending on type of coal) contains tar, oil , 
naphtha, phen Is, ammonia, plus co .. l and ash parti ulates. Quenching with 
oil removes tar an<! oil. Part of the gas passe thrOUgh a shift converter. Gas 
from the shift converter IS washed to remove naphtha and unsaturated 
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catalyst and remove reaction heat. The synthesis ga Is passed concurrently 
upward through the rea tor where it is convll rted to 3 high-concentration 
methane stream. 

R Temp 0... Pre C I elctor -r p . . 1. ata y t 
Product 

Catalytic 640 500 Ni-230S 2 years CO-H2 Hit!h-BTU Gis 

The project's program is divldetl Into three phase : 

Phase I · Bench·scale unit - all testing in a O. I " x 4' reactor h s bet " 
successfully completed . Thi included a 00 h ur run. 

Phase II - Proce s Development Unit (P.D.U.) the P.D.U. was constructed 
by Artisan Indust rie , W hham, Ma sadlu elts. The unit wa. 
installed at the research lab : .. ries of hem ystl/ !n . The 
P.D.U. reactor is 4 inche in diameter by -: feet high 311d is 
dt:),gned fOI 1,500 s.c.r. per hour feed now. Te ting is continuing 
and a poli h:' g rea tor I being added to the L.P.M. pro~ess . 

Phase III - Pilo, Plant - In January, I 74 hem Sy tems awa.-ded a 
sub-contract to a Davy POWClt.U ub ldidry, Olsen ngine ring 
of Houston, Tex. for construction of a skid-mounted pilot plant 
with a reac tor 15' long and 2' diameter to be shJ!,ped io a 
deSignated site that can upply synthe I ga. The HYGAS pilot 
plant at hi ago and Consol's 0 2 - A EPTOR pilot plant at 
Rapid ity, S.D. are leading candidate . The L.P.M. pilot olant 
should be ready for start-up at one of th'! synthesis-gas pllot 
plant in May, 1975. TIle L.P.M. unit will be capable of proce ing 
2 million . .F.D. of syn thesis gCi to pipeline quality gas. 

Future vlan for the l..P.M. proce In lude studying the use of 
the ys tem to effect both shift and methanation rea lion 
imultaneously. 

Note: onoco Methanation Co. i~ testing a fIXed-bed catalytic 
methanator at Westfield, Scot!and and Catalysts and Chemicals, 
Inc .. is also devel~plng fIXed-bed methanation in a lJiJot plant at 
LouisviUe, Kentucky. 

LURGI PRESSURE GASIFICATION 

Lurgi Gesell chaft fur Warme - und Chemotechnik mbH, hankfurt , West Germany. 

Lurgi Mineralotechnik Gmb;i . 
Note: The Lurgi group of companies are subsidiaries of MelallgeseUschaft 

A. G. of Frankfurt (Main), Wl'$t Germany. 

Crushed and dried C0 2! is fed 10' a moving-bed gasifier where gasification of 
coal takes place at 350 to 450 p.s.1. Init ial devolatisalion occurs accompanied 
by gasification in the temperature range of 1,140 to 1 ,400oF. Residence time 
is about one hour. Steam i the sou;ce of hydl'ogen . Combustion of a portion 
of the char wit.'! oxygen supplies the neces:>acy heat . A revolving grate lit the 
base of the reacto Supports the fuel bed, removes the ash, and introduces 
the steam and oxygen mixture. Crude gas leaving the gasifier ~t temperatures 
be tween 700 and 1,IOOoF (deper,ding on type of coal) cont in~ tu. oll , 
naphtha, phenols, ammonia, plus COal and ash particulates. Qucnchir.~ with 
oil removes tar and oil. Part of the gas passes thrOUgh a shift converter. Gas 
from the hift converter is washed to remove naphtha and unsaturated 
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hydrocarbons. Then CO2 , H2 S and COS are removed . The gas is methanated 
and pipeline gas i produced by final CO

2 
remo . al and dehydration . 

For the processing of caking coal, the gasifier is quipped with an additional 
device which breaks up the coal dUI ing heating. 

The LUrgi Process can also produce low BTU gas (refer to appropriate 
se tion in this report.) 

Reactor Temp of Press 
p.s.i. Reactants 

Fixed bed 1,140-1. ,400 350-450 Coal-:·, o:am..()2 

Product (off gall) 

4509TU/SCF 

Tht: first commercial plant was constructed in 1936 and to date , fourteen 
p:ants (comprising 58 units) have been built with further plants , either with 
or without a methanation ste p, under con truction l1r in the planning stages. 
For instance EI Paso Natural Gas Co. is con tructing a single , full.sca le 
experimental unl! to be operational in early 1975. Methanation of Lurgi 
synthesis ga , using Lurgi's "Hot Gas Recycle (H .G.R.) Proc,~ss" atalytic 
mcthanator !1a been performed on a commercia l scale at plants at Westfield. 
Sc t1and , Sasolburg, South Africa and at a Lurgl test plant in Austria~ 
Synthe is gas from the gasifier is sui table for use as town gas, synthesis ga 
for ammonia , methanol, Oxo, and Fi cher·Trop~ch synthesis for high'purity 
hydrogen. The SASOL plant in South Africa !Jtilising 13 gasifier units , ha 
be,;n ope~ating commerciaI:y s:nce 1954 and plans are in hand for expan ion . 
The U.S. Bureau of Mines ha. a Lvrgi·gasification pilot plan t at Grand Forks, 
N.D. and the Office of oal Research - American Ga Association pon or 
"Lurgi Studies" as part of it R&D program. (For a description of ,he 
commercialisation of the Lurgi pressure gasification process. see "Commercial 
and Demonstration Coal Conversion Plants, Figure 6"). 

• City of Schwechat , near Vienna . 

Note: Lurgi GmbH has tested the utilisa tion of nuclear·re::ctor waste heat fo r 
coal gasification in its pilot plant at Julich, We t Germany. 

MOLTEN-SALT 

M.W. Kellogg Co .. Pi cataway, N.J ., a divisicn of Pullman Inc. 

Crushed (12. mesh), and dried coal is picked up from lock hoppers by a 
preheated stearn·oxygen stream and fed into the molten-salt gasifier. 
Re\.:ycled sodium carbonate is fed to the gasifier along with the coal. 
Coal-steam reaction is catalysed by the molten salt contained in the reactor. 
A gas free of tars is produced at a sufficiently low temperature so that 
appreciable methane production can also take place. 

Use of the molten·sail reaction medium also makes pretreatment of caking 
coals unnecessary. A fused , cast, high-purity alumina material has been 
developed as the reactor lining to resist corro ive attack of lhe molten salt . 

A bleed stream of molten carbonate containing the coal ash in solution is 
withdrawn from the bott m of the gaSifier. It is contacted wilh water to 
dissolve sodium carbonate. Ash is separated by filtration . 

Sodium carbonate solution is carbonated te precIpitate bicarbonate. The 
bicarbonate is filtered out and r.alcined to restore carbonate which i then 
recycled to the gasififer. 

Raw gas leaving the gasifier at l,700oF is passed through the heal recovery 
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section. Any entrained salt is recovered . The raw gas is then shifted, purified, 
methan.lted and dehydrated to produce pipeline-quality gas. 

Reactor TempoF Pre~ 
p .S. I. 

Catalytic-molten "'a 2CO) 1,830 420 

Rellctants Product (raw) 

Coal-steam<l2 330 BTU/SCF 

In early tes ting of the process, wh ich was under Office of Coal Research 
sponsorship from 1964 to 1967, two vessels ',vere used. In the first , steam 
and coal were reacted in a molten-salt bath to yield synthesis gas whilst in the 
second vessel, the residual carbon in the circulating moiten carbonate was 
burned with air to reheat the sodium carbonate for re-circulation. Due to 
problems arising from the corrosivc naturc of the salt, the small scale testing 
of this process, under O.C.R. funding, was discontinued. 

W.M. Kellogg Co. continued their research and have developed a non-corrosive 
alumina reactor lining to overcome the corrosion problem afjd have 
incorporated the use of a single rcactor vessel which not only eliminates 
circulation of the molten salt , but also simplifies gas handling and reduces 
furthcr prr>cessiag requirements. Because of thc!:C new developments, the 
Office of Coal Research again decided to sponsor the work , with special 
emphasis on the sui tability of the process as a method for generating a fuel 
gas suitable for rnagnetohydro-dynamic ge:1erating systems (M.H.D. systems). 
This O.C.R. grant was for $145 ,175 and expired in july 1974. 

The process is now beinl! tested in a process development unit ten times 
the size of earlier vessels in conjunction with an undisclosed cumpany. 

MULTIPLE CATALYST 
(also known as the "Wyoming Concept" or "The Direct Conversion 
of Coal to a High-BTU Gas Process".) 

College of Engineeri f" Natur31 Resources Research Institute, University of 
Wyoming, Laramie , Wyo. 

Office of CoaJ Research. 

This is a method for the dircct production of methane from COla I and steam 
with the methanating-catalyst bed placed in the middle of the reactor and 
heated to the desired tempera~ure by a Undberg furnace . The temperature: is 
monitored by thermocouples located in the thermo-well inside the reactor. 
The methane-rich product gas passes through a motor valye which allows the 
!lressure to be controlled. 

Reactor Type 

Heated Ni catalyst 

Temp OF Press p .•. i. Reactants 

1,200.1,300 1,000 Coal-slearn 

Product 

High BTU Gas 
8.50 BTU/scf 

after purification 

The concept was initially developed at the University of Wyoming and has 
been supported by the Office of Coal Research under a 5 year $613,000 
contract ompleted on 26/2/1974. Development effort on the direct 
methanation process consisted primarily of batch-type tests at the bench 
scale level. The Alliance Research Centre of Babcock & Wilcox in Alhance, 
Ohio has undertaken the demonstration of long methanation-catalyst life 
in the direct production of methane from coal with steam in a continuous 
reactor of one inch inside diameter and a height of four feet . Fifty-five 
different catalysts were tested in runs from one to 30 hours in duration. 
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• 

Bt:fore larger-scale continuous operation i successful, a better catalyst 
system must be developed. A combina tion of an alkali carbona te, sllch a 
potassiUm carbonate, and a nickel catalyst promises to be the most effective. 

Note: The U.S. Bureau of Mines has conducted bench-scale experiments on 
the catalytic reaction of coal and stel.'m at 19000 F in a fixed-bed reactor to 
produce methane-rich offgas of ab 'ut 550 BTU/SCF utilising tungsten 
sulphide as a catalyst. 

"SO LUTI 0 N-GASI FICATION" 

Stone and Webster Engineering Corporation. (now joint venturing with Gulf 
Oil Corp.) 

Coal is slurried in a solvent: then a two-step treatment with hydrogen 
solubilises the coal and produce pipeline-quality ga without an explicit 
methanati n step. u oxygen is required in the process. The process treats 
..:oal (I a basic hydrocarbon in which the hydrogen co ntent is increased from 
5% in the raw material to 25% in th ~ methane product. Hydrogen for the 
process i made by reforming part of the produ t methane with steam. A 
range of coal types can be used . 

The process has been tested in br.nch-scale runs. In early 1974, the Office of 
oal Research awarded a $3(,0,000 contract to the Oklahoma State 

Department of Industrial Development to evalua te the usc of nuclear 
reactor waste-heat in coal gasification. Assisting the contractor will be Gulf 
General Atomic Co . (a Gulf Oil subsidiary) and Stone and Webster 
Er:gineering Corp. who together plan a demonstration plant , under a new 
joint venture. wherein a nuclear reactor will provide heat for hydrogen 
generation for the "Solution- Ga ifica tion" process. The O.C.R. contract 
requires a conceptual deSign, including estimate of yield , capital requirements 
and operating co IS, for a complete commerCial plant for processing about 
36,000 tons per day of coal to produce ome 600 million cu. feet per day of 
high-BTU pipeline gas. A 2·year joint R&D program funded by Stone and 
Webster and Gulf General Atomic costing U.S. $740.000 has been undertaken 

Note: I. Gulf Gene;al Atomic carried out a feasibility study in 1969 on use 
of waste he;:t from nuclear power sta tions for coal gasification. 

2. Bergbau-Forschung is currently operating an experimental gasifier 
to process 220 Ib./hour of coal to test tt~irga iner concept which , if 
successful , will be integrated with a gas-cooled nuclear reactor to 
supply the heat required for the endothermic steam gasification of 
coal. 

SUN GASIFICATION 

Sun Research and Developm~nt Co., a subsididrY of Sun Oil Co. 

Coal particles are oxidized by molten sodium sulphate in an exothermic 
reaction. The coal is converted to carbon monOXide, hydrogen and other 
gaseous products by oxidation of coal with or without steam, by molten 
sodium sulphate at I 740- 20000 F. The sodium sulphide, produced by the 
reduction of sodium sulphate, is oxidised with an oxygen Source to sulphate 
for recycling to the gasifier. The moistUre in the coal in reases the hydrogen 
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to carbon monoxide ratio in the product gases. The exothermic react ion 
resu!ts in almost complete gasification of the coal , minimises gas flow, 
reduces capital investment , and results in less corrosion of the oxide 
refractories used as reactor linings. The raw gas is suitable for upgrading to 
pipeline quality. 

Sun Research and Development Co. is the holder of U.S. Patent 3,770,399 of 
6th November, 1973 pertaining to this process. Details of development work 
on the process are not a\aiJable. 

SYNTHANE 

U.S. Bureau of Mines, Pitt sb urgh Energy Research Centre, Pittsburgh , Pel . 

Design - Lummus Company, a Combustion-Engineering, Inc. subsidiary. 
Construction - Rust Engineering Company. 

Coal is first contacted with a steam-oxygen mixture at 8000 F in a 
fluidised-bed pretreater to destroy the caking properties of the coal feed (if 
any). Decaked ' coal from thr pre!reatel en ters the gasifier at the top and a 
mixture of steam and oxygen is introduced at the bottom to fluidise the bed . 
The gasifier operates at pressures up to 1,000 p.s.i. and at a fluidised -bed 
temperature of 1800

o
F. Prod uct gas (synthesis gas) leaves overhead and 

unconverteu coal, or char, is withdrawn at the bottom. The char can be 
burned to generate all the steam required in the process. After removal of 
tars and solids, the gas passes through ,\ shift converter and acid-gas 
removal. Filially, the product gas goes to the methanator, increasing the 
heating value to that of natural gas. 

Gasifier type TempoF Press p.s.i. Reactants Product (raw) 

Fluidised B~.d 18(\0 1,000 Coal-Sleam-0
2 405 BTU/SCF 

The Synthane process has been under development by the U.S. Bureau of 
Mines since 1961, beginning with laboratory and small-scale (4" dia .) 
pilot-plant research. Results of this early testing encouraged the Bureau to 
commission the Lummus Co . to design a 75 ton per day (coal feed) 
pilot plant. Construction, by Rust Engineering Co. is underway at Bruce ton , 
Pa. with completion expected in mid fiscal -year 1976. The pilot plant is 
designed to produce 2.4 miliion S.C.F./day of synthesis gas from the gasifier, 
which will be converted in catalytic methanator~ to 1 million S.C .F./day of 
synthetic natural gas. Two types of methanator will be installed in the pilot 
plant at Hruceton , a "Tube· Wall Reactor" which employs a technique for 
spraying Raney nickel onto verllcal plates installed inside d cooling tube , and 
the "Hot-Cas.Recycle" technique which also uses Raney nickel catalysts. 

Following successful pilot-plant operatjon, the Bureau intends to scale-up 
the pilot piant by a factor of 200 to a comme rcial Synthane plant costing 
U.S. $200 million which will process 5,000 tons per day of Pittsburgh coal 
to produce 250 million S.C.F./day of pipeline gas. The plant , reqUiring 28 
million gallons per day of water, would produce as by-products, 200 tons per 
day of elemental sulphur and 30,000 gallons per day of bellzene, toluene 
and xylene. Synthane pipeline gas should sell for 80c to $ 1.00 (U.S.) per 
thousand cubic feet , depending on the price of feed coal. The fiscal year 
1975 budget for the Bureau's coal-conversion research and development is 
U.S. $57 million with the emphasis on the Synthane process. 

Note: The Synthane plant , with minor changes, could be used as a 
Fischer-Tropsch plant to make motor spirit, as a methanol plant , 
and as a plant to make low-BTU gas (using air. in place of oxygen). 
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For example, in the Synthane process, as ouWned above, the shift 
COllvert.:r shifts the I-L :CO ratio to 3: I for methanatiCII to pipeline 
gas. For a modified co~product Synthane plant to produce methanol 
as well as methane, the shift would be 2 : I . Comparing the outputs of 
a pipeline-gas Synthane plant and a methanol co-product operation, 
we have : 

Pipeline gas, million cubic ft/day. 

Methanol, tons per day 

TEXACO GASIFICATION 

Texaco, Inc . 

Synthane 

250 

o 

Co-Product 

185 

3,625 

Coal, or any carbonaceou. fuel , and oxygen arc reacted in the presence of 
carbon monoxide and hydrogen at temperatures of 12oo.2200oF and 
pressures of 3:)0.4500 p.s.i., depend ing on type of feed . Steam may be used 
optionally. Hydrogen and carbon monoxide produced in the reactor arc 
recycled to the reactor to optimise methane yield . The high-BTU offgas is 
suitable for upgrading to pipeline quality . 

This process has been described in U.S. Patent 3,740,204 of 19th June , 1973, 
assigned to Texaco,lnc. No details are at hand on development of the process. 

Texaco has also investigated the production or synthesis gas from coal in an 
unpacked reactor by direct partial oxidation with oxygen and steam at 
temperatures of 18oo-3000

o
F and pressures 0;- 100-3000 psig. The coal is 

introduced into the reactor in a preheated sl urry . This pro ess has been 
described in U.S. Paten t 3,544,291 of I st December, 1970, assigned to Texaco , Inc. 

TOTAL GASIFICATION 

Total Energy Corp. 

The process employs two i,Hegrated ga ifiel's. Coal is fed to hoth gasifiers. 
In the first gaSifier, carbon monoxide is formed which is sent to a hydrogen 
generator.where carbon monoxide and steam react to form hydrogen . The 
hydrogen stream is sent to the second gasifier where hydrogasification of the 
coal feed occurs under conditions minimising carbon monoxide formation 
and optimising methane production. The temperature in the hydrogasifier is 
controlled by an indirect heat exchanger rather than by the introduction of 
steam. Thus the process requires only one Source of raw materials _ coal. 
Steam for reforming is raised by process heat. 

The methane-rich offgas is suitable for upgrading to pipeline quality. 

Few details are avaIlable on research and development on this process. 
Ilfficient work has been completed to describe the process in U.S. Patent 

:;,692.506 of 19th Sept. 1972, aSSigned to Total Energy Corp. 
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TWO-STAGE FLUIDISED GASIFICATION 

Midlallds Research Station, United Kingdom 

British Gas Council. 

Coal is subjected to hydrogenatioll in two stages: a rapid reaction at 
800-850

0
C and a slower reaction at 900-9500 C, at a pressure of about 

750 psi. The char :>roduced then passes to a fluidized-bed gasifier operating 
at 1900

o
F, producing a lean gas which is subsequently upgraded by catalytic 

methanation to pipeline quality. 

Several fluidised-bed models were produced in order to overcome problems il' 
fluidised char gasification. Recycle rates were deter:nined for different 
operating conditions utilising a fluidised-bed pressure model. From the 
results, a design for a pilot plant to produce 4 million SCF /day of synthesis 
gas utilising 3 ' flLlidised -bed gasifier operating at !0500 C and 450 p.s.i. has 
been prepared. 

The British Gas Council (formerly The Gas Council) is the assignee of U.S. 
Patent 3607,158 of 21st September 1971 which describes the above process. 

WELLMAN-GALUSHA 

McDowell-Wellman and Wellman-Galusha. 

Crushed coal (lI,~' x&" ... ) dried and fed by an oxygen-steam mixture , is 
introduced through a revolving grate at the bottom. Gasifiers are available 
with or without an agitator. The agitator producer has a slowly revolving 
horizont,,1 arm which spira ls vertically below the surfacr of the fuel bed . 
The agitator reduces channeling and maintains a uniform bed. The 
temrerature of the gas leaving the gaSifier is in the range of 1,000 to 
1,200

0
F., depending on coal type . Pressure is about atmospheric. Ash is 

removed continuously through a slowly revolving eccentric grate at the 
b Hom of the reactor. 

Raw gas is passed through a waste-heat recovery section . Ash, carried over 
by gas, and tar are removed by scrubbing. The gas is then compressed .. nd 
shifted. Pipeline-quality gas is produced by purification, methanat-ion and 
dehydration. 

Reactor 
Reactllnts Product(raw aas) 

Revolving Grate 1200 Atmo pheric oal-stca m.()2 270 BTU/SCF 

This process has been commercial for over 30 years. Two units are operating 
in the U.S.A. The units can prod lIce low BTU gas for individual plants, using 
air instead of oxygen for a fuel gas of 120 BTU/SCF, or synthesis gas 
using oxygen. The plants in use are small gasification units serving single 
large industrial p ants. The gasifier could serve a complex of smaller plants 
requiring a high-BTU gas as a subs titute natural gas in special cases. 

In 1974, the Office of Coal Research awarded a U.S . .$95,000 contract to 
McDowell-Wellman Engineering Co., Cleveland , Ohio, to determine the 
feasibility of constructing a fixed -bed gasifier for operation on caking coals. 
Under the contract , the firm will Support its findings with a preliminary 
engineering design of the gasifier. It would opera te at 300 p.s.i. on 
highly-caking coals with air (low-BTU product) or oxygen {med. BTU 
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vroduct suitable for methane synthesis) moderated with either .;arbon 
dioxide or stearn. 

Note: In February 1975 Applied Technology Corp. am ounced it had 
reached agreement in London with Wellman Incandescent Ltd. for 
exclusive rights to North and South America to Wellman 's coal 
gasification technology. 

WINKLER 

Davy Powergas, Inc., Lakeland, Florida, a subsidiary of Davy Interna tional 
Ltd., London, and its affiliate, Bamag Verfahren-Stecknik GmbH. (W. 
Germany.) 

Crushed coal is dried and fed to a fluidised bed gasifier through a 
variable-speed screw feeder. Coal reacts with ()xygen and steam to produce 
offgas rich in ca rbon monoxide and hydrogen . Because of the high 
tempelatures, all tars and heavy hydrocarbons are reacted . About 70% of 
of the a h is carried over by the gas and JO% is removed from the bottom 
of the gasifier by the ash crew. Unreacted ca rbon carried over by gas is 
converted by secondary steam and oxygen in the space above the fluidi ed 
bed. As a result , maximum temperature OCcur above the fluidised bed . 
To prevent ash particles from melting and forming deposits in the exit duct , 
gas is cooled by a radiant boiler section before it leaves the gasifier. Raw gas 
leaving the gasifier is passed through a further waste-heat recovery section . 
Fly-ash is removed by cyclones, wet scrubbers and an electrostatic precipitator. 
Gas is then compressed and shifted . Gas from the shift converter is purified , 
Inethanated , dehydrated and comp:essed t pipel!ne quality . Thermal 
effiCiency is 75%. 

Gasifier Type Temp.oF Pressure Reactants Product 

Fluidi ed Beu 1,500-1,800 Almospheric oa l-slcam-0
2 275 BT / .F.· 

• Raw gas from gasifier up-graded by methanation to 960 BTU/C F. 

This process was developed in Europe over fifty years ago . The proce s 
was constructed commercially at 16 plants in a number of countries, using 
a total of 36 generators. These plants are still operating with the largest 
having an output of 1.1 million cubic feet per day . The plants produce low 
BTU fuel gas (with air instead of oxygen) and synthl! is gas for the prodUction 
of methanol, ammonia , and oil by Fischer-Tropseh synthesis. 

The last installation was in 1960, however , the process is once again un der 
ccnsideration for current installation , along with Lurgi , Koppers-Totze k and 
Wellman-Galusha processc·s. Davy Powergas Inc. i currently developing a 
high-pressure modifica tion of the Winkler process which should increa e rhe 
thermal effiCiency. 

PATENTED L1QUEFACfION PROCESSES NOT AT PRESENT 
IN A SIGNIFICANT STAGE OF DEVELOPMENT 

Patent Holder U.s_ Patent Number Date Patent Description 

Texaco Development Co. 3,075,912 29.1.1963 Hydroconversion 
Texaco Development Co. 3,740,20 19.6.1973 Produc tio n of Methane 

from Carbonaceous Fuel 
Transcontinental Gas 3,728,093 17.4.1973 S.N.G. Prod uction Pipeline orp. 

Note: For a more complete listing of major U.S. Patents relating to cval 
conversion refer to APPENDIX II . 
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AGGLOMERATING ASH 

Union Cal bide Corporation , New York, N.Y. 

Un;on Carbide Corp., Ballelle Memorial Institute , Columbus Laborator!c 
Columbus, Ohio. 

Office of Coal Res(!arch and American Gas Association. 

Two fluidized -bed ystems, a ombust~r and a gasifier are linked by an 
agglomera ting ash circuit. Coal, and stearn react to produce a med. BTU gas. 
The system is similar to the high BTU process without methanation. Another 
major- feature of the proce is the application of the self-agglomerating 
method of coal combustion to produce a flue gas sufficiently free of 
entrained particulates for use directly through a ga turbine for power 
generation. Also, by recirculating hot ash pellets from the combustion vessel 
to a separate gasification vessel, as is done in this process, there is no need 
for an oxygen plant to produce a gas free of nitrogen. 

The process' near-term potenl'al lies in producine med-BTU gas for 
high-efficiency (4244%) comhined-cycle power plants. Large combined-cycle 
plants arc operational in France and Germany WIth ooerationaJ plants 
expected in the U.~ . in the 1980's. 

Union Carbide Corp. and the Montana Power Company applied in December 
1973, for O.C.R. funding for amed-BTUgasification plant that would supply 
fuel for Montana Power Co's Frank Bird Station at BiI1ings. The proposed 
plant would have a coal-feed rate of 2,000 T_P_D. 

At present a 2S T.P.D. pilot plant is under construction at West Jefferson, 
Ohio, and is expected to be in operation mid 1975. 

AVCO ARC-COAL PROCESS 

Applied Technology Division, Avco Corporation, Everlltt , Mass. 

Avco Corp. have been developing this process for a number of years u1'd~! 
contract to O.C.R. A sub-contract was awarded to Blaw-Knox Chtmical 
Plants Division of the Oravo Corporation for an evaluation of the commerci;J 
feasibility of the Avco Arc-C('al process for the production of acetyleue. 
The evaluation was based on the production of 300 milIion pounds per year 
of acetylene. Facilities were includc:d for recovery of by-rroducts 'uch as 
carbon black, HCN, char, low-BTU fuel gas, and several forms of sulphur. 
Blaw-Knox reported to O.C.R. on this study in May, 1972. 

Also under an O.C.R. sub-contract, P~nnsylvania State University undertook 
studies on the selection of coals for the Avco Hydrogen-Plasma Arc Process 
for the production of acetylene. Various interim reports have been issued 
by Penn. State University to O.C.R. on this work_ 

It is believed that investigation of this process is continuing. 

BABCOCK & WILCOX-DU PONT 
U.S. Bureau of Mines. 
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Coal and steam are fed to a cy lindrical gasifier incorporat'ng primary and 
secondllry reaction chambers operating al atmospheric pressure under slagging 
condJtions. Coal, steam and oxygen react 10 form a 270 BTU/SCF synthe. is 
gas. 

FoUo''Iing pilot-scale testing by th U.S. Bureau of Mines in the lale 1940's, 
Babcock & Wilcox constructed a small commercial-scaie, 5ft. diailleler 
gasifier of similar design for E. 1. DuPont at BeUe, West Virginia . A IS ft. 
diameter unit was later built at BeUe and has been operated by DuPont 
since 1951. This latter plant, at a fr.pdstock rate of 17 ton per hour, produ e 
25 million S F/day of 275 BTUIScf gas. 

C.E. ENTRAINED FUEL PROCESS 

Combustion Engineering Inc., Windsol , onnecticut. 

Offil'e of Coal Re earch, onsoliddted Edison 0 . , Electric Power Resear h 
Institute (Interested) 

This is an atmospheric , entrained-fuel proce ' . Pulverised coal is entrained in 
air and team and fed to a gaSifier to produce a 125 BTU/Scf offgas. The 
gasifier operat~$ at temperatures between 33000 and 3400oF. ~tnde . 'Iaggilig 
conditions. 

Combustion Engineering has been awarded a 4 yea r, $20.6 million con tra..: t 
by O .. R. for constructioll ,beginning early 1975, of a 120 T.P.D. pilot plant 
at Wind or, Connec~icut to be operational by 1977. 

The ove 'all test programme is funded jointly by ombustion Engineering 
Inc. and O. .R. with E.P.R.1. interested in participating. On succesoful 
complet.ion of the pilot plant test programmes the next step would b 
construction of a 200 MW (electric) combined-cycle demonstration plant , 
presently expected to be operational by 19 O. 

"COMBINED CYCLE" B & W 

Babcock & Wilcox Co. Ltd., Research Centre, Alliance, Ohio. 

General Electric Co., Babcock & Wilcox Co. Ltd. ,Electric Power Research 
Institute. 

oal/air is fed Ito a pressurised, water-cooled gasifier and reaots to form a 
combustible gas which, after c1eaniq, is fired in a combustor that di charges 
to a high-temperature gas turbine , which , in turn , exhausts to the steeam 
generating portion of the cycle to power a steam-turbine generator . 

The ~aslfier operates at 9000 F under high pres ure and the combustor at 
1600 F and 95 p.sj . 

Babcock & Wilcox Co. Ltd. and General Ele tric Co. are jointly sponsoru1g 
the de~eloprnent program. The Electric Power Research Institute (E.P.R.I.) 
is fu nding the design by Babcock' & Wilcox of a ga ifier for a planned 4 0 
T.P.D. pilot plant to be installed at a power generation utility site yet to be 
selected. Previous testing in a 60 T.P.D. plant has been under evaluation since 
June, 196 t at the Alliance Research Centre. 
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Note: I. nle am basic proce is employed In the .. ombineu yel" 
J.'roce e of the Fo~tel-Whcel/)r Corp. and We thghouse 'Iectri 

2. Dabl: ck & Wilco Co's Alliafl c l ntre i al 0 studying the 
ga ifi ati n of char with 02 in place of 0 ygen to produ e 
concentrated carbon monoxide. 

COMBINED- CYCLE F.-W. 

Fo ter-Wheeler orp., Livingston, N.J . 

O .. R.; Fo tt:r·Wheeler Corp.; Northern tate Power ompany; Pi ttsburgh 
anJ Midway oal Mining ompany ( ulf Oil orp.), and :1 indu try team. 

The plocrs utilise an entrained-type, two· tage , slagging pres ure ga ioer. 
This gasifier i fa hioned after the two· tage BI- G proces gasifj r 
developecl by Bitumillpus oal Resear h, Inc. The low-BTU fuel ga produ ed 
by the reaction of oal , team and air i cleaned and (ired ill a combustor that 
di harge to a gas turbine . The hot ga e panded through the turbine i nt 
t<:> the steam-generating portion of the cycle to power a steam.turbine 
generator. The ga i(ier operate. at temperature above 21000 F and at a 
pres ure of 520 p.s.i . 

A research and development program was mitiated in August, 1972, 
I:o·sp nsored by Foster-Wheeler, Northern States Power Company of 
Minneapolis, Pitt burgh and Midway oal tining Co., and the Oflice of oal 
Research. ost of the overall project is estimated at U . . $ 0-$90 million, 
culminating in the operaticn of a 1200 T.P.f) . demonstration plant to be 
located at Northern States Power Co.'s Lawrenct plant near Sioux F::lIs, S.D. 
The power generated will be u cd in the Northern State Power sy tem. 
Fo ter-Wheeler is currently developing a detailed conceptual design of the 
demon trati'm plant under a U.S. $ ,6 5,500 contract. Members of the 
indu try team supporting the project are : 

entral H'Jdsoll Ga and lectric orp. 
Cor 'I)lidated Edi on Company of New York. 
Long Island Lighting Co. 
New York State Ie tr;c and Gas Corp. 
Niagara Mohawk Power orp. 
Orange and Rockland Utilities, Inc. 
Power Authority of the State of New York. 
Ro he ter Ga and Ele tric Corp. 

These are members of an orgafl :salion known a Empire State Electric 
Energy Re earch orporation which is co·spon oring th.e program's industry 
contrihutions with Northern State Po er Co. 

Note: This !lroce is essentially similar to the "Combined- Cycle" processes 
of Bab ock & Wilcox and Westinghouse Electric. 

CONSOL FIXED BED 

Consolidation oal ompany (Consol), a subSidiary of Continental Oil 
"ompany. 

A rlXed·bed gasifier is led an Improved feedstock consisting of a suitable 
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mi:<ture of coarse caking coal and non-caking pellets of ubstantially the 
same ize made by pelletising fines, previously separated fr.:>rn the caking coa~ 
in a hot pellet iSing rotary kiln . This cOlli feed is gasified conventionally in the 
fixed bed gasifier without agglomeration problem to produce a low-BTU ga 
with air or a synthesis gas with oxygen. 

Consol has developed this process to permit the gasificati n of diffi ult 
caking oals. The pro e s is described in U,S. Patent 3, 92,505 of J 9th September J 972. 

ELECTRIC ARC 

olumbia Univer it y, New York. 

Con olida ted Natural Ga o. 

arbon in the coal feed reacts with team in a fluid-convecti n cath de 
(FFC), hJgh mtensi ty electric-9 rc at 00-10,0000 . The II.H. V. f the ga 
product depends on reaction and sub equent quench conditions. 

The resear h and development of thi proce i pon.ored by onsuiida ted 
Natural Ga o. T date bat h (ests have been 'alrled out at ab ut 0 KW. 

FIXED BED (Kellogg) 

M. W. Kell gg Co., Pisca taway, N.J . a subsidiary of Pullman, Inc. 

This pro es employs a low-pressure (30- 50 p .. 1.) Ixed-bed, revolving.grate 
ga iOer to produce a low BTU fue l gas ( I SO 8.T. ./ f) with air, and a 
medium I:JTU fuel gas ( 00 B.T.U'; cf) with oxygen. By-product !ar and oil 
are used a plant fuel or chemical feedstock. 

The Company is presently studying the formlltion of a Consortium to erect a 
demonstration plant at an, as yet , unselected utility site. 

G.A.D. GASIFICATION 

Garrett Research and Development Co. La Verne, Calif. a subsidiary of Occidental Petroleum Co. 

This process is similar to the G.R.D. pyrolosis-liquefaction process. A 
low-pressure Slep (3()'50 p.s.i.) rapidly pyrolyzes ,'oa l in the presence of 
steam and recycled gas. The pyrolyzer also receiVes partially burned char 
which supplies heal . The offgas has a H.H.V. of about 600 B.T.U./scf. 

Ttsts have been carried out in a 50 Ib/hr. reactor. The Company is presently 
seeking support for the construction of a 250 T.P.D. pilot plant. 

For further details of t1ti.s process refer to "Garr"u's Coal Gasification" in Section II of this report . 



DevelolJft': 

SpollJOr: 

Description: 

Stlitua: 

.. Oe\'elOIJft' : 

Description: 

Scat .. : 

Developer: 

Sp:.lIOr: 

Description: 

Stlitua: 

GEGAS 

General Electric Research and Development, chenectady N.Y. 

eneral Electric oOlpany, New York, N.Y. 

This process utili es a moving rlXed·bea air·bl wn ga ifier operating t 1 0 
p.s.i. and I ,OOOoF, and is similar in operat ion to the high·BTU GA 
process. 

Tested at a 50 Ib/hr. rate . General Ele "ie i curren tly eekmg partner for 
the construction of a pilol plant at a utility ite to b:: selected. 

The om e of al Re earch ha awarded a 94, 5 contra t t Gef'eral 
Electric to which $13 ,000 of addi tional fund s will be added by General 
Electric for on tru tion and operation of a pilot ·plant head exchanger to 
determine the effects fhigh·temperature coal gasification product dis harging 
thrOUgh an MHO generator. 

H.R.I. FLUIOISED-BEO 

Hydrocarbon Rese rch Inc. a subsidlary of Dynalectron orp., Princeton, N.J. 

Steam and oxygen fluidize a bed with a fue l depth of 25 feet operating at 
pressures up to 400 p.s.l.g. and temperature from 1450.16500F to produce 
a synthe is ga of 320 DTU/Sef. 

Hydrocarbon Research Inc. operated a 2 inch 1.0. fluidlsed ·bed gasifier 
produ ing miUi n Scf/day of synthesi gas in the early I 60 's. It i 
believed that H.R,I . have cea d developmental work on this proce sand 
are presently eV31uating their H.R.1. Gasification Proce conceived by A.M. 
Squires. 

H.R.I. GASIF:CATION (SQUIRES) 

onrept developed by A.M. Squires, City ollege, New York. 

Hydrocarbon Re ear h Inc. a u id. ry of Dynalec '·on OlP. 

The gasifier In ; orporate a \; nleal , .fluidised ·bed herl' high superficial 
velo ity of the feed stream permits the b d to oper<:te .. bo", the a II softening 
point of the coal (eg. 2,200- 2, OOoF). 

The concept of this process wa developed by A.M. Squires and examined by 
Hydr lcarbon Research In . H.R.I . ha proposed the construction of 1\ 

10 T.P.l). pilot plant and it I believed poten tial sponsurs are soupht. 

Note: Prior to 19 5, H.R.1. experimentecl on a pilot scale with 
fluidised ·bed gaSification. 

I.e.l. MOVING BURDEN 

!mperiaJ 'hemicaJ Indust ries Ltd., England. 
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Tw separate 'Ie el~, a gasifier and a combustcr are ll~d with a steam 
fluldJ ed-bed in the ~ sifier producing a water gas. Char is withdrawn from the 
gasifier and circulated to the c'Jmbustor whl)re it is p::rtially burnt with air 
and re ycled to the gAs1tier tl;} provide the heat for the water [las reaction. 
This pr cess produces a synthesis gas of apprc 'xim rely 300 BTU,Sef without the neces,~ity of an oxygen plant. 

A large pi! t plant was constructed in ngland by I. .1. to evaluate lhe 
process. However , disappointing re ults we Ie obtained, primarilyassociated 
with the degradation of the char which caused ignificant clw losses from 
the fluiilised-beds as entrained particles in Ihe flue and p oduct ga s . 

.Note: TIle proce is e~ entiilly slmUar 10 Ihe AggI "merati!lg-Ash process 
of Union Car ide/BatteUe/ hemi 0 Ii~hou ( 1 10 emphasis on the 
agglomerating characterlstk~ of til" avh. ( ee ' 59}. 

/J.E. TWO-STAGE 

Intern: ':' al FurnJ . equipment ompany Limited. 

oal is ga ified as it travels u wn through a fIXed-bed reactor which i. 
inje 'ted with an air- team mixture. The ash i removed (rolr. the bottom of 
the reactor '!fa a rotating l;rate. The offgas has a H.H.V. of 175 BTU/ser. 

This proJucer is imUai to the Mariscr.k:\ gasifier llnd to a m dlfied 
(continu us air blOWing) I.G.I . Two- I ge :ydlc producer. It h been in 
commercial u for many year . 

/.G./. TWO-STAGE 

II Gaz Integrale , MUlU1 , Italy, a subsidiaf) of aab 0 k and WUco Ud. 

Offered by WoodaU- Du kham Ltll ., a ub id i ry of ttbco it & Wil.:oJ" Ltd., C"awley, np,1 lid . 

The tWo-slage gaufler con' ists of a lower, y Ii ally-operated water-gas 
generator up II which i superimpo ed a conti!l llC.!! vertical (elort in whl h 
the oal i rboniseu. ok ... or char from the car onlser gravit:lte t the 
water-gas generat rand j gasified . The usual mode of Oper ti n is . 1 a 'ycle 
f)f about fO;Jr ntinutes a follows: 

The blow ga (air blown) pas through Ihe Nater-ga generator and up 
thrOUgh flues built into and also surrounding the :Jperimposed carboni ing 
zone, and away to be burnt in th", steam superheater and c mbusllon hamber 
before p;I:-;Sing thrOUgh the waste-heat boiler to almo pher . During thl 
pha.~ the rich gas alone from the carbonising Zone continues to t10w to Ihe 
ga treatment plant ; tile waste gas is prevented from fOllOwing hi p th by 
the Operation of a re tricting valve on the ga main. 

During Ihe run whi h folJow the blow, 'J." eated team ( 00- 00 
introduced iOlo the bottom of the generator . Th resultant w ter 
, team then pa up thr ugh th c rboni ing harge ancl through a ga nuin 
carrying with th m the iich ga produced in the carboni in .. one. M-:> t f 
the he I re(juired for carbonisation is upplied by th water t; ~ nd the 
remainder by the waste ga e as de cribed abov . The offga h H.B.V. f 
35 BTU/ f nd UIOUgh the proce s is air-bl wn, little nitr en appears in the produ t ga~. 
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The proce~ was originally developed bv Italy's II Gaz Integrale in the 
1940's. Other plants of this type which are similar in design are the "Tulley" 
and "Power·Gas" complelt! gasification plants. Two stage processes in which 
the rich gas from the rUst stage was taken off separately and recycled in 
order to decompose the hydrocarbons were developed for synthesis gas 
manufacture. Examples of these are: 

Pintsl.:h Hillebrand Process 
Koppers Recycling Process 
Viag Synthesis·Gas Process 
Bubiag Didier Process. 

"IN SITU" GASIFICATION 
(also known as "UNDERGROUND GASIFICATION"_) 

U.S. Bureau of Mines, Energy Research Centres, Morgantown, W. Va . and 
Laramie, Wyo. 

The method is to drill a series of holes penetrating the coal bed. Hydraulic or 
explosive shock waves then are induced in the holes to fracture the coal 
horizontally, thus cr~ating passages for the gasification process and for the 
resulting gases to escape. To ignite the coal, propane burners are inserted in 
the holes. lit, and air pumped down to react with steam (from underground 
moisture) to form low BTU gas. The gas is created all along the fracture 
planes and vented to the surface by a pipe sy3tem. Thermal efficiency is 
about 75%. 

The U.S. Bureau of Mines first experimented with the process in the 40's and 
5(/s without much success at Gorgas, Ala . Since then . improvements have 
been made in su ::h areas as explosive fracturing. fracture orientation and 
directional drilling. Each has potential merit for improving the technology 
lind ecollomics of the process 1I ':..i the Bureau 11as resumed laboratory and 
field tests . The new field tests are underway near Hanna. Wyo .• in a coal bed 
25 to 30 feet thick under 400 feet of overburden. The Rocky Mountain 
Energy Co., a subsidiary of Union Pacific Corp .• has a pact with the Bureau 
for testing of this seam. 

The Hanna project got underway in March 1973 and results were first 
published in December 1973. Steady-s tate operating conditions lasted from 
September 1973 to February 1974 with a gas production rate of 1.6 million 
cubic feet of 130 BTU per cubic ft. gas per day. Researchers sal they had 
complete control of flame-front movement so long as they used counter-cllrrent 
air injection. The Bureau hopes to design a small demonstration plant. 

The Bureau has signed an 19reement with ConsoJ:dation Coal Co. and 
Continental Oil Co . to conduct "In Situ" gasification in the Grants District of 
Wetzel County. West Virginia . This covers a 5-year program at an expected 
cost of U.S. $10 million . The University of Texas. Austin is studying the 
process for gasification of Texas lignite under a $100.000 contract with 
Mobil, Conoco. Texas Utilities Services Cc. and NSF- RANN. Llboratory 
and process development units will be built followed by field testing. 

"In Situ" gasification has also been tried in the U.S.S.R. . beginning in 1934 
and reaching commercial operation in several plants near Moscow. It is 
believed that currently interest in underground ga ification in the Soviet 
Union is waning. In the U.K .• underground gasification was iirst suggested by 
Sir William Siemen in 1868. The C.E.G.B. is now conducting pilot -scale 
trials in a 5Mw pl'!nt at the Newman Spinney Station of the N.C.B. 
large-scale trials have also been conducted in Belgium. Czechoslovakia. 
Italy. Poland and Morocco. 
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Note: 1. U.S. Bureau of Mines' "Project Thunderbird" : Feasibility study 
undertaken 1967- 1969. "In situ" gasification of 50 ft . seams 
1,000 to 2,200 ft. deep (uneconomic to mine) investigated including 
the usc of nuclear explosions for seam fracturing . Lean gas produced 
underground could be processed to liquids and gases on surface. 
Promising economics. 

2. Arthur D. Little, Inc. also evaluated the underground gasification 
process in 1972 and reported that it could be technically feasible . 

3. The U.S. Atomic Energy Commission has patented (U.S. Patent 
3,794,116 - 26th February, 1974) a process for the "'n Situ .. 
gasification of deep (600- 3000 feet) coal seams. The process 
involves fracturing the coal seam, by nuclear explosions if suitable , 
introducing a mixture of oxygen and fuel gas, heating the upper 
layer of the fragmented coal to reaction temperature and recovering 
the product gas for processing to a high - BTU gas on the surface. 
Operating pressures are carefully monitored to optimize methane 
formation and to prevent groundwater seepage. Withdrawal of the 
product gas is balanced with the reactant input to maintain the 
operating pressure. 

4. Cities Service Oil Co. holds U.S. Patent 3,775,073, 27th November, 
1973, which describes an "In Situ" gasification process which 
utilises a radially-extended horizontal fracture pattern, created by 
hydraulic fracturing, connecting two or more wells in a coal seam. 
TIle seam is subjected to an excess of a first-combust ion-supporting 
gas at a pressure greater than the overl)urden rressure, so as to 
dimibute the combustion-supporting gas throughout the seam. 
Subsequently, the coal seam and first -combustion supporting gas are 
ignited wi'jle simultaneously preventing any fluid or gas production 
from the seam so as to form a network of crumbled coal within the 
seam. Injection of a second combustion-supporting gas into one or 
more wells and production of gas and tar liquids from one or more 
of the wells completes the process. 

Cities Service Oil Co. also holds U.S. Patent 3,770,398 f 3rd 
November, 1973 which describes an improved "'n Situ" process for 
producing high-BTU gas by optimising the water-gas shift reaction 
by injecting into the reaction zone a mixture of carbon dioxide and 
steam. The temperature of the reaction zone in the coal seam 
should be 'above 18000 F. The production of high-BTU gas would 
require methanation of the synthesis gas on the surface. 

S. West Virginia University has been let two contracts totalling U.S. 
$29,983 by the Bureau to c::rry out computer studies on "In Situ" 
gasification. 

6. E.R.D.A. (formerly O.C.R.) has iet a U.S. 1676,000 contract to 
Sandia Laboratories, Alll illuerque, N.M ., to monitor the :ianna 
experiments. It is expected that this research will support the high 
BTU "In Situ" gasification project being conducted by the Lawrence 
Livermore laboratory, Livermore , California . 

7. The Alberta and British Columbia governments of Canada are 
studying the feasibility of developing "In Situ" coal gasification 
projects within t!leir provinces . 

8. Texas' Utilities Services Co. and the Soviet Union's Scientific 
Research Agency have recently contracted to make Soviet technology 
available for gasification of deep lignite searns in Eastern Texas. The 
low-BTU gas would be used by Texas Utilities members Dallas Power 
and Light Co., Texas Electric Service Co., and Texas Power and 
Light Co. as an alternate energy source. A contract has been signed 
with VIO Licensintorg of Moscow for the sale of the Soviet 
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technology for less than U.S. $2 million. The Soviet Union is to get 
"modest royalties" on any gas developed by the process. Texas 
Utilities wiU build a pilot plant as the first step in the new project. 

9. An E.R.D.A, 5-year contract has been let to the University of 
California to conduct testing in the Powder River Basin coalfield in 
Wyoming. A further program is planned for southern Wyoming. 

KERPELY PRODUCER 

U.S. Bureau of Mines (operator). 

Coal passes through a lock hopper down into a fIXed-bed cylindrical unit 
where it is gasified by a steam-oxyge.n or air) blast through a revolving &- ate 
which removes the ash continuously. Thr.l unit operates at atmospheric pressure 
to produce a 260 BTU/SCF gas with 0 ygen or a 130 BTU/SCF gas with air. 

A 7 feet internal diameter unit was operated by the U.S. Bureau of Mines 
research station at Louisiana, Missot:d , producing about 2 million SCF/day 
of 260 BTU/SCF synthesis gas with oxygen blasts . 

KOPPERS - TOTZEK 

Heimich Koppers GmbH ; Essen, W. Germany. 

Pulverised coal along with oxygen and steam react in a high-temperature; 
(3,3oo0 F) atmospheric-pressure ga~ifier to yield a 300 BTU/scf product gas. 
Any tyiXl o f coal, irrespective of properties can be gasified almost completely 
and instananeously. 

This process is essentially similar to the Koppers- Totzek high BTU gas 
process differing in that the product gas is not shifted and methanated. 
Currently there are 16 plants in operation producing a synthesis gas for the 
production of ammonia and methanol. The Koppers- Totzek plant is 
cUfrently being considered for installation as the char-gasification unit for 
the existing COED pilot plant at Princeton N.J . 

For additional details on this technique refer to Section II of this report. 

LASER IRRADIATION PYROLYSIS 

The Laser irradiation of coal pyrolyses the coal rapidly at high temperatures 
to produce a gas containing acetylene , hydrogen, carbon monoxide and 
carbon dioxide . No liqUid product or significant methane are produced due 
to the high temperatures generated by Laser energy. The gas yield varies 
inversely with coal rank. 

Experiments have been conducted by the U.S. Bureau of Mines to 
investigate user pyrolysis of coals of various ranks. The gaseous products of 
pyrolysis were analysed by mas.~ spectrometry. 
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Tests were also conducted to examine the effect on the Laser pyrolysis of 
coal of argon, nitrogen and helium atmospheres. Results hldicated optimum 
generation of acetylene under argon pressure. 

The U.S. Bureau of Mines and Georgia Institute of Technology have also 
studied the reaction of coal in argon and argon-hydrogen plasma jets at 
temperatures of 3,4()()..12,OOOoC to produce acetylene. (See also "Avco 
Arc.coal Process" in this section.) 

LURGI 

Lurgi Gesellschaft fur Warme-und Chemotechnik mbH. licensed by: Lurgi 
Mineralotecknik GmbH. 

Lurgi (which is a subsidiary of Metallgesellschllft A.G. of Frankfurt (Main) 
West Germany). 

Coal is fed via a lock-hopper to a ga~ifier operating at about 350 p.s.i. A 
revolving grate at the base of the gasifier removes ash and allows air and 
steam to enter. Thc product gas has a H.H.V. of about 185 BTU/scf. For 
additional details on this process refer to high-BTU sectIOn. 

This proc~ss has been utilised commercial1y in many plants over a number of 
years to produce synthesis gas, fuel gas and town gas. 

Chemotechnik & Steag carried out studies into combined gas/steam cycle 
power generation at a 170 MW unit buil t in a linear power station, comprising 
a 74 MW gas turbine combined with a 96 MW stcam turbine. utilising a 
modified Lurgi gasifier for power in Lunen, Germany. Recently, expansion of 
the plant to 800 MW was announced. 

In the U.S. Commonwealth Edison and E.P.R.1. announced in early 1974 
construction of a $19 million low BTU gasification unit at the Powerton 
Generating Station near Pekin, Illinois. The plant is scheduled for operation 
in 1977 converting 60 T.P.H. of coal into clean fuel (I9OmiJljon S.C.F Jday) 
for a 70 MW generator. The installation will utilise three Lurgi gasifiers. 

The U.S. Bureau of Mines is also conducting studies on the first Lurgi 
pressure-coal gasifier installed in the U.S. by Blaw-Knox at the Pittsburgh, Pa. 
centre and has a pilot-scale Lurgi slagging gasifier at Grand Forks, N.D. for 
operation on lignite . 

In the United Kingdom , both the British Gas CouncH and the B.C.U.R.A. 
have conducted pilot-s ale tes ts on Lurgi slagging gasifiers, blown with a 
steam-oxygen mixture, to produce a med-BTU synthesis gas. 

MARISCHKA 

The Marischka coal ga ifier has been in commercial operation for many years, 
mainly tor the gasification of anthracite or coke . In a 6' 6" diameter gasifier 
production is of the order of 2.5 to 3.5 million CF per day . 

Special features of the gasifier are the annular boiler with upI'er and lower 
sections connected by two closely-spaccd concentric rows of w<tter tubes 
within the reactor, The hot gases leaving th gasifier pass into a chamber 
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external to the lower steam jacket and leave near the base of the vessel. The 
steam raised at 100 p.s.i., amounts to 1.0 to 1.4 pound per pound of fuel 
gasified. 

No information is available Oh the current status of the system. 

MOLTEN-SALT 

M.W. Kellogg Co. Houston, Texas, a division of Pullman Inc. 

Office of Coal Research. 

This process is essentially similar to the high-BTU "Molten-Salt" process 
differi.lg in the use of air instead of oxygen thus producing a lower BTU gas 
of 150 BTU/sef. 

The Com pan)' is presently studying the formation of a Consortium to erect a 
demonstration plant at an. as yet, unselected utility site. 

M.W. Kellogg Co. has also investigated comLined desalination and power 
generation using coal energy under an O.C.R. contract, and flXed-bed coal 
gasification. (Refer to "Fixed-Bed" process in this section of the report for 
additional information.) 

MULTIPLE FLUIDISED BED 

Bituminous Coal Research Inc. (an affiliate of The National Coal Association) 

Office of Coal Research . 

MUltiple fluidised beds are employed in a gaSifier to produce a gas free of 
liquids. Air is used to produce a low BTU offgas of 160 BTU/scf. This process 
is similar to the high-BTU BI- GAS process. 

Blaw-Kn.:>x Division (Dravo Corp.) was awarded a contract for the 
engineering, procurement and construction of a 100 Jb /hr. process engineering 
development unit (PEDU) to be constructed at Monroeville, Pa . Construction 
commenced in 1974, the work being sponsored under an O.C.R. contract of 
$2.75 million for research and development of the suitability of the process 
for the production of low-BTU fuel gas. 

( Refer to " BI--GAS" process in the High- BTU section of this report 

OTTO RUMMEL SLAG BATH (Double Shaft) 

Dr. C. Otto and Co. 

This process is similar to the Rummel Slag Bath (single shaft) process. In this 
case, however, the exothermic air-blast phase and the endothermic water gas 
phase are applied to separate sections of r. common slag bath produced by 
means of a vertical partition reaching a short distance into the bath. Thus, 
synthesis gas relatively nitrogen-free can be generaled using air to produce a 
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gas of 270 BTU/SCF. Excess slag is continuously withdrawn via an overflow 
weir located in a central annulus. 

In London, the Gas Council Research Station conducted tests in a 3 ft . I.D. 
pilot plant unit from June J 962, however experimenr.al results cau ed 
rejection of the pilot plant design ; primarily problems with iron separation 
from the 'Slag were experienced . 

Note; The Kellogg molten-salt process is analageous to this process however 
molten sodium carbonate is utilised to remove the ash from the slag bath. 

PANINDCO 

Pulverised coal (·200 mesh) is fed to the centre of a refractory-lined cylinder 
with a domed top. Oxygen-steam or air-steam mixtures are fed into an 
annular space surrounding the coal feed . Steam is fed through ~v~ral 
nozzles where it is used as a gasifying medium and to moderate reaction 
temperatures and protect the refractory lining. Ash and product gas are 
removed . from the bottom of the vessel. With oxygen a synthesis gils of 
210 BTU/SCF and with air a gas of 125 BTU/SCF are produced . 

The process has been tested on a pilot ' scale in an experimental plant 
processing 1,600 Ib/hr. of coal feed In Rouen , France which was installed in 
1950. 

PHILAUELPHIA AND READING 

The Philadelphia and Reading Corporation, New York. 

No details are available on the process. 

The Philadelphia and Reading Corp. b.ecame interested in the possibility of 
utilising pressure gasification of anthracite culm and silt to produce a wide 
range of products, including hydrogen, fuel gas and ammonia. They retained 
Blaw·Knox Chemical Plants Division of the Dravo Corporation to provide 
designs and definitive estimates of costs for producing J 00 million SCF per 
day of 98% pure hydrogen from the anthracite material. The hydrogen could 
then be used for the synthesis of ammonia, nitric acid, ammoniull) nitrate, 
urea, methallol, formaldehyde and pipeline gas. 

Dorr-Oliver, Inc. have also investigated fluidised-bed combustion and 
gasification of anthracite culm-bank material under an O.C.R. - sponsored 
plOject called "Operation Red Dog" which was finalised in November, J 969. 

PINTSCH HILLEBRAND 

Coal is subjected to primary distillation in an upper chamber and to 
gasification in a lower chamber. Distillation gas is recycled to regenerative 
heaters coupled with a producer gas generator for gas and team heating and 
these supply the steam and heat to the gasification zone where water gas is 
produced. The gas has a heating value of 280 BTU/SCF. 
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This procea has betn in commercial use in Germany for many years and a 
15 ft . I.D. reactor produces approximately 4 .9 million SCF of synthesis gas 
per day. 

POWER-GAS 

Power-Gas Co. 

Coal is fed to the top of the gasifier where it is gasified at atmospheric 
pressure with air to produce a 160 BTU/SCF offgas. The ash is continuously 
removed from the base of the vessel. 

This process has been in commercial operation for many years. 

RAPID, HIGH TEMPERATURE 

Eyring Research Institute, Provo, Utah. 

Office of Coal Research. 

The Office of Coal Research (O.C.R.) has awarded a $208,000 contract to 
E.RJ. for research on a rapid, high temperature process to convert coal to a 
clean fuel gas. The research will continue work previously supported at 
Brigham Young University under a SUb-contract from Bituminous Coal 
Research Inc. 

RILEY-MORGAN 

Riley Co. 

Coal is fed to a low-pressure gasifier utilising a fIXed-bed system . The H.H.V. 
of the product gas varies with the use of air (low) or oxygen (med.). 

This process can be utilised to produce in~us trial fuel gas and updated 
versions are offered with Morgan Construction Co. gasifiers. 

ROCKGAS 

AtOmics International, a division of Rockwell International Corp. 

Office of Coal Research. 

Coal is contacted with air in molten sodium carbonate at 1,800oF and 75 to 
ISO p.s.i. Sulphur and ash are removed externally from a recirculating bleed stream of the salt. 

This process has been tested in an atmospheric 200 Ib/hr. uni t. The Office of 
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Coal Research have awarded RockweU a 4(} month, $6.9 million contract to 
demonstrate the feasibility of the process to produce a low BTU gas for 
electrical-power generation and to design build and operate a 120 TPD pilot 
plant demonstration plant at the Norwalk Harbour plant of Connecticut 
Ught and Power Company. 

RUHRGAS VORTEX 

Ruhrgas A.G., West Germany. 

High-ash coal or li~nite crushed to a I I , 0" top size is introduced with air, 
preheated to 1300 F, into a vortex chamber where it is gasified without 
steam and under slagging conditions. The slag pa ses out the bottom and the 
reactants pass upward inlo a tali sha ft of larger diameter where the greater 
part of the gasification Occurs at 3, I OOoF. The 100- 120 BTU/SCF offgas is 
passed through cyclones and bag-mters for dust removal and recycling of 
entrained char. 

This process has been in commercial use for many years to produce low-BTU fuel gas. 

RUMMEL SLAG BATH (Single Shaft) 

Union Rheinische Braunkohlen Kraftstaff A.G. Wesseling, West Germany. 

Fu~ 1 particles in suspen. ion and gasifying mediUm are injected through 
twelve tangential nozzles into a slag bath maintained in the base of the 
producer shaft. Reac ants and slag are bought into intimate contact where the 
coal parti·-Ies are entrained in the slag aUowing (or a high conversion of coal 
to gas and of ash to slag. 

The slag continuou~ly overflows and is quenched in water, offgases are cooled 
in the top of the reaction . The gasifier can be operated with 'air or oxygen to 
produce a 110 BTU/SCF fuel gas or a 270 BTU/S F synthesis gas. 

The process has been commercialiy available for many years. A 6 ft. diameter 
reactor with a capacity to produce 13 million cu .ft. per day of synthesis gas 
has been commercially operated in Germany. 

STIRR ED FIXED-BED 
(also known as the "MORGAS" proce s) 

U.S. Bureau of Mine. , Pittsburgh Energy Research entre, Pittsburgh, Pa. 

Office 0 Coal Rer.earch and U.S. Bureau of Mille. 

The process employs a fixed- bed gasifier eql. 'pped with a stirre r to break up 
any coke that is formed in the upper ection. The stirrer both rotates on its 
shaft and moves verticaUy ill the reactor. Two coa l hoppers feed coal to the 
top of the gasifier. Steam and air are introd uced at the base of the bed 
through a revolving grate. Ash is removed from the gasifier by the revolving 
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grate to an ash pit. The unit is ar-pucable to the production of S.N.G. by 
adding shift and methanation st~ps as in the SYNTHANE process. 

Unlike most other fIXed-bed gasifien, it is possible to gasify highly-caking 
coals using the stirrer to agitate the bed. McDowell-Wellman Engineering has 
been awarded an $94,919 contract by O.C.R. to design a stirred, fixed-bed 
gasifier similar to this for operation on caking coals. An 18 T.P.D. pilot 
plant is in operation at the Bureau of Mmes, Morgantown, W.Va., Research 
Centre. Additional research on high-pressure opelation is continuing. 

Note: O.C.R. and U.S. Bureau of Mines a.re also co-sponsoring a current, 
3-year R&D program on a combustion system that will provide a hot, 
clean wor:..tng fluid from coal gasification in a 3-stage, high temperature 
combus'.or which is suitable for m3gnetohydrodynamic power generation 
Design of a 1,000 pound per hour pilot plant was completed in 1973. 
It is planned to build and operate this pilot plant and investigate the 
performance of this combustion-MHD system. 

TEXACO GASIFICATION 

Texaco Development Company 

Pulverised coal in suspension in steam. at approximately 9500 F, is fed into 
the top of a down flow cylindrical reactor where it i gasified with oxygen to 
produce a synthesis gas of about 280 BTU/SCF. 

The unit operates under a pressure of 260 p.s.i. and temperatures above the 
ash fusion point with the product gas and slag being removed from the base of the vessel. 

This is a sub-commercial process tested in a down-flow plant and has als ::> 
been utilised in the I.G.T. Hygas pilot plant in the early days of operatic," 
for the production of hydrogen from residllal char. It was replaced by '.he 
steam-iron process coupled with a Winkler gasifier. 

THYSSEN GALOCSY 

Coal is fed to a fIXed -bed cylindrical gasifier where reactants are injected at 
three levels. Recycle gas, oxygen and steam in the basal section and oxygen 
at the two higher levels. 

The unit operated at atmospheric pressure and temperatures above the 
ash fusion point to produce a sYllthesis gas of about 320 BTU.'SCF. 

Commercial scale generators were bullt, typically of tOft . internal diameter 
and 36 ft. in height, prodUcing approximately 3 million SCF/day . 

TWO-STAGE PROCESS 
(also known a "SUBMERGED COAL OMBUSTION") 

Applied Technology orporation , Pitt sburgh , a sub idiary of International 
Systems & ontrols Corp. 
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American Gas Association and the Office of Coal Research (1973); 
Environmental Protection Agency {I 974). 

The process is based on the molten-iron gasification process with air/coal 
feed to yield a 185 BTU/SCF offga., and Is essentially similar to 
ATGAs/r ATGAS. 

This carbonisation process is common to all three of the molten-iron coal 
gasification processes i.e. ATGAS, PATGAS and TWO·STAGE, however,the 
former two processes are oxygen blown. Testing has been carried out in 
short duration runs using a 2 ft. internal diameter vessel. 

The U.S. Environmental Protection \gency is sponsoring a design study for a 
50 to 100 MW power generating plant utilising the process' 10w.BTU offgas. 

TWO-STEP COAL PYROLYSIS-GASIFICATION 
PROCESS 

West Virginia University, Chemical Engineering Department, Morgantown, 
W.Va. 

Office of Coal Research. 

Coal, including caldng coal, is fed t.o a sand fluidised·bed for pyrolYSIS at 
I 4OO

0
F. Char produced is separated from the effluent gas and reacted with air 

and steam in a gasifier to produce fluidising gases for the pyrolyser, adding a 
smaU quantity of raw coal to the char feed to the gasifier to maintain the 
temperature of the gasifier at 19000 F and to produce enough gases to 
fluidise the incoming coal in the pyrolyser. 

The offgases from the two stages are comhined and purified to produce 
a low· BTU gas for power generation. 

Reactor Temp.oF Press.p.I.i.a. Reactants Product 
Pyrolyser 1400 10 oal-heat Pyrolysis Gas 

Gasifier 1900 to har-air-steam Low·BTU Gas 

West Virginia University's Chemical Engineering Department, under O.C.R. 
sponsorship, has demonstrated in bench·scale experiments the feasibility of 
the process. Experiments were conducted in a 15 inch-diameter fluidised-bed 
reactor fiUed with 0.025 inch-diameter sand to a collapsed height of 30 
inches to test the pyrolysis stage of the process. The second·stage gasification 
step would employ conventional steam·air gasifi£ation. 

A conceptual study has been made of the process for application in power 
generation by coupling the Two·Step process with an advanced-design 
combined g ... ~ and steam turbine power cycle. The conceptual scheme is 
estimated to generate electricity with a higher effiCiency than with a 
single-step coal gasifier y tern . 

U-GAS 

The Institute of Gas Technology (I.G.T.) hicago, Illinois. 
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American Gas Association,Office of Coal Research. 

Crushed coal (pretreated if caking) is pressurised in a lock·hopper operating 
at 350 p.s.l. and 8oo

o
F., reactt"d with air then fed to a fluidlsed. bed 

gasifier operating at 350 p.s.i. and l,900oF. Air and steam are introduced to 
the base of the gasifier and ash removed through lock.hoppers. G<!SeJ from 
the preheater and gasmer pass thrpugh heat·recovery and sulphur removal 
sYltertll and power recovery turbines reducing the pressure to desired limits. 
Gas produced is 155 BTU/SCF. Substituting oxygen for air produces a 
rrJed. BTU fuel gas. 

The research and development of this process is co·sponsored by AGA/OCR. 
The current programme has tested the process in an air·blown 485 Ib/hr. unit 
shOwing the SUitability of the proce~ for both combined-cycle power 
generation and as a "grass·roots" SOurce of Industrial and power.generation 
ene.rgy. A design study is presently underway for a 10 to 35 TPH pilot plant 
sufficient to fuel a 100 MW power utility. 

Conceptual studies for a 1000 MW commercial combined-cycle power 
generation plant indicate a coal feed of 7,350 T.P.D. to three gasifiers each 
22 feet in diameter llnd 30 feet high. Thermal efficiency should be greater 
than 43%. 

U.G.I. BLUE WATER GAS 

U.G.I. Corporation . 

In this process, a producer containing a bed of oke i steam.blasted in the 
make phase, during which the gases produced are passed off and held in .a 
relief holder. In the blown·phase, air is blown through the bed to restore the 
temperature to that before the water·gas reaction. The nitrogen'rich gas 
from this phase i not stored with the synthesis ga produced by the steam 
blast. In thiS way, a 295 BTU/SCF synthesi gas is cyclicaUy produ ed. 

This process ha been in commercia l use for many years. The process has 
been modified for continuous operation with steam and oxygen for 
prodUction of 270 BTU/scr synthe is gas by E.1. Du Pont de Nemour 
Company in a commercial plant. 

Other processes similar to this modilied Blue Water Gas producer are the 
Thysscn Galoczy Synthesis Gas proce s, the Leuna Synthesis Gas process and 
Ihe Kerpely Synthesis Gas process, all of which produce a 250 BTUI F 
synthesis gas by using steam and oxygen blast over coke beds. 

WELLMAN- GALUSHA 

McDowell - Wellman 0 . , Cleveland , Ohi . Wellman Glilu ha 0., England. 

oa l, steam and air are fed to a revolving grate ga ifier operating at 
atmospheric pres. ure and 1,200oF, to produce a 120 160 BTU/S f fuel 
a . For additi nal detail on thi process refer to High.BTU sec tion. 

This pro e has been in commercial u e for over 30 year . The plant 
produce either a fuel gas (air) or a synthe is gas (oxygen). 

The yield of ga per ton of coal or coke gasified varie with the moi ture and 
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a h contents of the fuels fired . Under go d operating conditions with 
bituminou coa ls of wea kly·caking type alld containing about 10% moisture 
and 6% a h a yield of 140,000 to 150,000 cubic feet of 160 8TU/S F gas 
can be considered typical Wellman gasifier in usc vary from 8 fect to II fe'!t 
in internal diameter, the largest uc having a capacity of 55 T.P.D. of coal 
with () gas output of about million S . . F. per day . Be 'a use of th small ize 
of the reactor , the vendor can only offer unit suitable for ingle , large 
indu trial plant or a complex of mailer plarlt • requiring fuel or ynthesi­
ga . 

Wellman Inca ndc cent Ltd . i offering a modi fied two-stage pr()ducer-gas 
pro es , similar t the Wcllman mechanical gas producer which produce a 
hot, detarred fuel ga . 20 two·stage produce r arc ill operation or 011 order. 

\ 

Notc : In North and outh America, Wellman ga ifier arc offered by Applied 
Technology orp ., Pittsburgh , Pa ., under an agreement with Wellman 
Incandescent Ltd . of London . 

WESTINGHOUSE FUEL CELL 

We tinghouse Electric orp ., Re earch and Development entre, Pitt burgh , 
P-J . 

Coa l i fed to a ga !ner operating at about 1,800or to produce gas which 
energises o lid-electrolyte fuel ce lls immersed in the gasifler bed. Water 
vapour and carbon dioxide fro m the fuel cell react with the coal during 
gasifira tion. 

fh is concept was st udied by We tinglllJU e from 1(1:>2 to 1970 under an 
O .. R. p n ored R D program k'lOwn as " Project Fuel ell ". Jackso n 
and Morela nd Divi ion of United :ngi lleers and onstructor Inc. provided 
review and eva luatIOn reports 0 11 the proj /~c t under an O .. R. cont ract. 

111e concept wa fou nd to be attract ive however no project is now current . 

VVESTINGHOUSE LOW-BTU PROCESS 

We tinghouse lectric orporation, Research and Development 
Pittsburgh, Pa . ntre, 

Bech tel, Inc., MAX oa l 0 . , Peabody oa l 0 . , Public ervice of Indiana, 
Wes tinghou e orr., Office of al Re earch (0. .R.) 

Crushed (~" x 0), dried coal is fed into a central draft tube of the 
devolatiliser desulphuri er unit (ga ifier). oa l and interna lly- recycled 
olids are carried upward in the draft tube by hot gasts from a combustor 

nowing at a velocity greater than 15 f.p .s. Recycle solids now downward in a 
nuidised bed urrounding the draft tube at rates up to 100 times the coa l feed 
rate. They dilute the c al feed to prevent agglomeration as it de)'olatise . lIeat 
requirements of the coal-steam ga ification reaction are provided by hot 
gases produced in th ~ combustor. A lime rbellt i added to the 
devolatili er deslaiphl :riser reactor to remove sulphur which i pre ent a 
hydrogen sulphide in the ga . Spent sorbent i wi thdrawn fro m the reactor 
after tripping out the char. Spent s rbent is regenerated and recycled tothe 
reactor. Char i withdrawn from the top ection of the devolatiJiser­
desulp'huris<:. and fe d to the combustor. har is gasifled with air and team at 
2, I OOoF. A h agglomerate at the temperature f the combustor and is 
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removed. Raw produet gas (1 J5 BTU/SCF) from the devolati/iser-desulphuriser 
un ~ ( passes through a cyclone to ,'emove fines and then through a 
he' It-recovery unit. Fine are recycled to the combustor. 

This process is being tllsted in a J 200 Ib .fhour pil t planl at Waltz Mill, Pa . 
Westinghouse in late 1972 began a 9-year research and development progrl''11, 
expeeted to cost U.S. $80 million, co-spon ored by Bechtel Corp., AMAX 
~oal, Peabody Coal o. and the Public Service of Indiana. Eleven electri 
power utilities· are also sponsoring the program as associate members. A 60 
ton per hour commercial, lOw- BTU gasification and electric powllr plant is 
under construction at the Dresser Station of the Public Sen.ice of Indiana at 
Terre Haute, Indiana . This project, also sponsored by O. .R., will utilise a 
comb!ned-cycle c al ... sification- power generation system fueled by the 
Westinghouse ga lfier. rhe pl~nt is expected to be operational during 1978. 

In the 1980's it is hoped to operate power stations of 500MW capacit} and 
50% thermal efficl"ncy without pollution from sulphur or nitrogen oxides, 
or particulates, at co~ts well below tho e of conventional plants. 

• Northern Indiana Public Service Company 
Tennessee Vulley Authority 
COllsumers Power ompany 
Union Electric Company 
Duke Power Company 
New England Electric System 
Columbus and Southern Ohio Electric ompany 
Pennsylvania Power and Ught ompany 
The Montaila Power Company 
Tampa Ele tric ompanl 
Iowa Power and Ught Company 

WILPUTTE PRODUCER 

Wilputte orporation, Murray Hill , N.J. 

TIle gasifier I available in several form~ depending on the type of coal used as 
feedstock . Coal i fed downward to a fixed-bed where it is gasified by paftial 
combustion with moist air pa ing upwards through the bed. 

Ash is withdrawn by a r tating grate at the bottom of the unit. 

The ga ifier is available with a capacity of 30 ton per day of coal feed to 
produce 3.5 to 4.0 million SCF/day of 150-170 BTU/SCF producer gas. 

WINKLER 

Davy POYJergh Inc. , a subsidiary of Davy International Ltd., London, and its 
afftliate Bamag Verfahren-Stecknik GmbH. 

rushed coal is fed to a fluidised-bed gasifier where it reacts with air and 
steam to produce a 120 BTU/SCF offgas. For additional details on thi 
fJl'ocess refer to HJgh BTU section. 

This proce was developed in Europe over fifty years ago and is used 
cornmercialiy in 16 plants (36 units) in a number of c llntries. These produce 
low BTU-fuel gas with air and synthe is gas with oxygen for the production 

77 



of methanol, ammonia, and oiJ by Fischer- Tropsch ,yntltesis. Presently, 
this proce along \!lith Koppers-T~tzek Is being considered for In. taUation In 
the char-gasification unit at the COED piJot plant at Princeton, N.J. 

To overcome Iud limitations associated with the basic Winkler unit, a 
technique employing a combined fixed bed and fluldlsed bed operation haD 
been developed. Originally consisting of a single generator (Flesch-Winkler 
process), this was later modifled to operating two generator in parall" 
(Flesch-De mag proce ). These combined-reactor sy tem ga Ify a wide 
range of fine coal In a cyclic manner. 
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APPENDIX I 

Major Governmental, Semi-Governmental and Private Agencies 
sponsorinQ Coal Conversion Research Programs 

ALBERTA PROVINCIAL GOVERNMENT OF CANADA 

The ProvinciaJ Government is considering development of "in situ" coal gasification projects. A feasibility 
study is currently underway, and the neighbouring Province of British Columbia has expressed interest in this study. 

The Research Council of Alberta promotes research into coaJ conversion and is the holder of a patent 
which describes a process for the separation of extracts from coal-oil slurry. 

AMERICAN GAS ASSOCIATION (A.G.A.) 

Ine A.G.A. is an association of companies involved in the U.S. gas industry which is undertaking a research 
and development program aimed at producing substitute natural gas from coa l. As part of the A.G.A. 's 
long-term "Gas Industry Research Plan, 1974-2000", the S.N.G. reseilrch program includes work on : 

I . The production of S.N.G. from coal, naphtha, and organic wastes. 
2. CoaJ and oil shale mining. 

3. Construction materials in S.N.G. plants. 

4. The production of hydrogen from water . 
S. Experimental effects in S.N.G. plants. 

AnnuaJ expenditures are recommended for the 1974-78 period within each of these categories. The 
estimated cost of the S.N.G. research and development program for that period is about U.S.SI ,750 
million, which am')unts to approximately 75% of the entire gas industry 's research and development 
program for the same period. Total cost of aJl S.N.G. programs is estimated at U.S. $7,200 million. 

A.G.A. and O.C.R. have entered into an Agreement to co-sponsor the development of high-BTU coal 
gasification processes. Details of the Agreement are given in the section on the Office of Coal Research . 

BATTELLE MEMORIAL INSTITUTE 

The Battelle Memorial Institute conducts research and development at laboratories in Columbus, Ohio, and 
at the Pacific Northwest Laboratories in Richland , W ... shington. 

Battelle has established the "Battelle Energy Program" to carry out "major R&D efforts aimed at 
developing practical solutions to some of the extremely serious energy-shortage and utilisation problems 
expected to exist in the United States during the 1975-1995 time period ". 

Battelle Memorial Institute has allocated U.S.$25 million of its own funds to SUppurt the 5-year Energy 
Program in which the primary emphasis will be placed on coal mining and conversion to clean fuels and chemicaJs. 

With Union Carbide Corp., Battelle is developing the AGGLOMERATING ASH gasific tion process for the production of med-and high-BTU gas. 

Note: Battelle also has laboratOries and other facilities as follows : 

Battelle Institute , V., frankfurt, W. Germany . 
Geneva Research Centre, Geneva, Switzerland . 
Corporate Offices are located at 50S King Avenue, Columbus , Ohio. 
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BRITISH GAS COUNCIL 

The British Gas Coullcil, previously The Gas COl:ncil,sponsors the work at the Midlands Research Station 
on high-pressure fluidised -bed models , 'Ouidised-bed gasification, hydrogenation , and methods of upgrading 
coal-derived gas to pipeline quality _ 

In its own right the British Gas Council holds various patents relating to coal conversion. 

COMMONWEALTH SCIENTIFIC AND INDUSTRIAL RESEARCH 
ORGANISATION (C.S.I.R.O .) 

The utilisation of Australian coals has been studied by C.S.I.R.O. since 1949, first by a Coal Research 
Section and now by the divisions in the Minerals Research Laboratories group . 

The major effort of C.S.I.R.O.'s program has been directed towards as es ing coals in terms of their 
physical and chemical properties and relating these properties to existing and po sible utilisation processes. 
Studies have been made on various coal-conversion techniques including solvent ex tra tion, combustion , 
~asification, carbonisation and the properties and upgrading of coal tars. 

C.S.I.R.O. has placed considerable emphasis on the study of carbonisation of Australian coals, utilising 
fIXed-bed and fluidised-bed techniques to determine the effect of coal type , temperature and additives on 
the yields and properties of tar , oil, gas and coke. Investigations into the cracking of tars and other 
related materials in fIXed - and fluidised -bed units to produce simpler aromatic hydrocarbons, pitch, gas and 
electrode carbon form part of the program. 

An extensive study on the hydro-gasification of brown and bituminous coals to produce methane-rich gas 
for fuel use has also been undertaken . A technical -scale study on fluidised -bed gaSification of coal with air 
and steam to produce a gas rich in hydrogen and carbon monoxide has been developed . A combined 
moving-burden and entrained-flow process was devised during the fluidised-bed gasification project. 

Current studies on the gasification of chars with steam to produce syn thesis gas show promise. 

ELECTRIC POWER RESEARCH INSTITUTE (E.P.R.I .) 

The Electric Power is a non-profit research institute , formed in 1972, to ex pand electrical energy research 
and development under the sponsorship of the U.S. utility industry. 

The E.P.R.I . sponsors research and development of processes that promise to provide suitable fuels from 
coal for power generation. 

A demonstration plant based on Lurgi coal gasification is under construction at Commonwealth Edison 
Co's Powerton station near Pekin , III . under the joint financing of Commonwealth Edison and E.P.R.I. 
(See "Lurgi" in Section 1II for further d tails). 

Another project in which E.P.R.I. is interested ,is the construction of a 120 T .P .D. pilot plant at Windsor, 
Connecti ut, based on a coal gasification process being developed by Combustion-Engineering Inc. 
for combined-cycle power generatiori. 
(See "C-E Entrained Fuel Process" in Section 111). 

The 1975 appropriation by E.P.R.l . for research and development is U.S. $108 million of which $27 
million is for fossil fuels research . 

E.P.R.1. and O.C.R. are working together to develop advanced power generation techniques including 
combined cycle and M.H.D. generation units. 

Within E.P.R.I. , the Coal Utilisation Task Force has the responsibility for coal research programs. The Task 
Force has recommended that E.P.R.1. co-sponsor with O.C.R. and an industry team, the construction and 
operation of a demonstration plant producing 2,600 barrels per day of low-sulphur distillate fuel or an 
eqUivalent of desulphurised solid fuel (S.R.C.) for electric utilities. The &Ilvernor of Ohio has requested 
Federal funds of U.S. $43 million through O.C .R . to support thi project. 

Recently , E.P.R.l . awarded a U.S. $375,000 contract to Pennsylvania State University for a 3-year study 
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on coal liquefaction reaction mechanisms and on solvent-refined coal composition . A further recent 
contract awarded by E.P.R .1. was to Mobil Research and Development Corp. for research aimed at 
indentifying problems in utilising raw and processed coal liquids as turbine fuels . Under the terms of this 
latter contract, E.P.R.1. will contribute 75% of the research funds to be expended. 

ENVIRONMENTAl PROTECTION AGENCY (E.P.A.) 

The E.P.A. funds research and development on the utili ation of U.S. coal resources in 
an environmentaUy-acceptable manner. To this end, E.P.A . has undertaken a joint study with the U.S. 
Dept. of Health, Education and Welfare on the effects of sulphur emissions on public health. The results of 
this study promptcc ~. P.A . to initiate sponsorship of R&D on coal conversion processes for producing 
clean fuels from coal. 

Contracts totalling $1,859,350 have been awarded by E .P.A. to two subsidiaries of International Systems 
and Controls' Corp. which caJl for development of a power-generating unit utilising the Applied Technology 
Corp's. Two-Stage (Submerged Coal) process to process high-sulphur coals within E.P.A. pollution 
standards. Applied Technology will develop design criteria for a 50- to 100· MW power generating unit 
utilisinlj the Two-Stage gasification process (see Section III) under a $1 ,719,350 contract. J .F . Pritchard & 
Co., the olher subsidiary of ISC, received a $140,000 contract for an engineeripg evaluation of the 
Two-Stage Process. This contract also calls for a preliminary design of a power generating plant with a 
molten-iro., gasifier coupled with a combined-cycle power generating unit. 

INDUSTRIAL DEVELOPMENT CORPORATION OF RHODESIA (I.D.C.) 

In March 1974, it was announced that the Ministry of Mines , under the direction of I.D.C., would 
undertake, in conjunction with the Institute of Mining Research at the Univer~ity of Rhodesia , a full-scale 
investigation of the production of oil from coal. 

INSTITUTE OF GAS TECHNOLOGY (I.G .T.) 

The Institute of Gas Technology is an affiliate of the Chicago Institute of Technology, and is primarily 
engaged in research and development (If coal gasification processes for the production of low-, med.-, and 
high- BTU gas within the United States. 

The HYGAS process is under development by I.G .T . with the Support of the American Gas Association and 
the Office of Coal Research . I.G.T. also offers a wide range of support services to the gas industry. 

INTERNATIONAL COMMITTEE FOR COAL RESEARCH (I.C.C.R.) 

The committee was formed in 1972 to encourage the continuous exchange of information and experience 
in coal research between coal producers and research institutes in the member countries. 

Members of the I.C.C.R. represent the coal industries of Western Europe , the United States, Canada, 
South Africa and Australia. 

MINISTRY OF INTERNATIONAL TRADE AND INDUSTRY OF JAPAN (MITI) 

In November, 1973, an agreement, in principle , was entered into between the then Minister of MIT! , Mr. 
Nakasone, and the Australian Minister for Minerals and Energy, Mr. R.F .X. Conner, relating to the joint 
examination on the feasibility of establishing coal-conversion plants in Australia . Up to the present time 
(May 1975) no firm agreement has been ratified . 

The Agency of Industry and Technology, which is a department of MITI , has been involved for some years 
in the conversion of coal to liquid and gaseous products. 
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During mid-1974 results were released on their hydrogenation pro ess, " OLVOLYSIS", and detailed 
experimentation and research on this process and others, is continuing. 

NATIONAL COAL ASSOCIATION (N.C.A.) 

The U.S. coal industry, through membership in the Natjonal Coal Association, finances coa l research by the 
N.C.A. research afliliate, Bituminous Coal Re earch, Inc. (B . . R.) of Pittsburgh, Pa. 

Bituminous Coal Research was chartered as a corporation in 1933 and its purpose is "cxclu ively to 
encour:lgc, foste r and promotc in any lawful manner the utilisation of coal and its products by means of 
study, research and education". 

In 1956, B.C.R. established a chemically-orien ted laboratory in Pittsburgh. In October 1961 , research 
operations were consolidated in a major rescarch centre in Monro ville whcre, in addition to its "in-house" 
projects, B.C.R. has conducted research for such groups as the Oflice of Coal Research, U.S. Bureau of 
Mines, the U.S. Environmental Pro tection Agency, ' he Commonwealth of Pennsylvania and the electric 
utility industry. 

B. .R. is the developer of the B1. GAS gasification proce s and conducts research in all facets of coal 
conversion technology. 

NATIONAL COAL BOARD OF THE UNITED KINGDOM 

In the United Kingdom, the National oal Board conducts reo arch and development on mining and coal 
conversion through ponsor hip of the oa l Resea rch Establishme'lt ( .R.E.) at Stoke Orchard . 

A proce .. under investigation at C.R.E. promises to open the way to augmenting coking technique 
by-products by commodities mad dilectly from coal. The process i of the S.R.C. type , employing the 
digestion of the coal in a hydrogen-donor solvent (e .g. anthracene oil) with subsequent IiItration to remove 
in oluble residue from the coal so lution. The preparation of elect rode coke and ca rbon fibre b, this route 
is under study and proces es for ex ploiting the work comme rcially arc being developed . 

In an experimental plant at .R.E., coal can be continuously digested at a rate of 15 kg/hour and the 
digest filtered and either converted into .R .. by evapora tion of the solvent,or coked . 

It is believed by C.R.E. that hydrogenation of v.lal in solu tion would probably be the first step in the 
development of coal liquefaction proces es and it has been shown that by ca talytic hydrogenation of the 
coal extract , coa l can be converted to a wide range of liquid products. 

Another process being developed at Stoke Orchard is gas xtra tion of coal. In gas ext raction , coal is 
treated with compressed gases at temperatures of 350-4000 

, causing a portion of the coal to go into 
solution in the ompressed gas and the ash is left with unreacted coal. The re ultant olution is tran ferred 
to a vessel at lower pre sure where the gas is separa ted ior recycling leaving a relined coal extract having 
constituer.ts with lower molecular weights than those ob tained by solvent extraction. However , yields of 
ex tract with compre sed ga es are lower than with liqllid solvents but can be increased significantly by 
utilising gas extraction in the presence of reducing agent · such as hydrogen, or carbon monoxide and steam. 
The gas ex traction residue is a porous solid suitable for gasifica tion . As no filtration tep is required, and 
recovery of gaseou solvent gases i virtually complcte , the process offe rs some attra tive features. 

There are experimental gas extradion units at Stoke Orchard evaluating the preparation and recovery of 
coal extract to provide design data for a pilot plant. 

NATIONAL COAL RESEARCH ADVISORY COMMITTEE OF AUSTRALlA.(N.C.R.A.C.) 

The committee is compri ed of representatives of the mi"ing indu try, gas and electricity producer , 
.. I.R.O. and the Dept. of Mine rals and Energy . 

In May , 1973, N .. R.A .. pre ented a report to the Minister for Mineral and Energy sta ting that, in its 
opinion no sub tantial Federal government funds tv:>uld be exp nded on research and development of 
coa l-conver ion proce se , however, a watching brief should be kept on all over as technological advancc . 
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tn Apri 1975, the committee recommended three major avenue worthy of detailed evaluation. There were : 

I. The defmition, by 1980, of the nation' coal resources with particular attention to opencut coal 
suitable for the manufacture of coke and the production of syntheti hydrocarbon fuels. 

2. A research program aimed at providing , by 1985 , the necessary background data for the 
development of a rational program for min'ng , tran rorting and the utilisation of Australian coal. 

3. The d"tailed and compreheJl ive a ses mellt of over cas and indigenous coal·conversion technology 
and the development of coal conversion processes tC' provide. by 1990, acceptable substitute:. for 
all imported hydrocarbon fuels . 

The Australian Coal Industry Research Laboratories (A.C.I.R.L.) i spon ored by N.C.R.A.C. in II plu:ses 
of the utilisation of Australian coals. 

Note: Individual Australian States are also examining 'he utilisation of State coal reserves as follows : 

QUEENSLAND. 

The Queensland Government in 1946 commissioned a study by the Powell-Duffryn Technical Services 
Group into Quee sland 's coal industry, with the main report being published in 1949. A supplementary 
study on the conver ion of coal ir.to oil was presented to the government in 1952. In ill., light of current 
events, it is interesting to note thaI this latter report emphasised the potential import nce of the 
WallClon Coal Measures In south-east Queensland for conver ion . However, the recommendations of this 
report were not immediately implemented and it was not until 1969 that private enterprise commenced 
detailed exploration in the area . The potential of tne region i ' emphasised by announcements i'1 late 1974 
by the Mitsui GrOl':' of Japan concerning the Millmerran Coal company 's areas inland from Brisbane (see 
S.R .. - MITSUI and ·.R.C.-PAMCO for further details). Various statements by the Federal Minister for 
Minerals and Energy al~' highlight this area . 

Another area of potential importance to the tate Government i the Galilee Basin of central-western 
Queensland outlined by scout drilling of the Mines Dept. drilling branch during 1973-74 and subsequently 
offered for tender (in part) to companies interested in coal conver ion. De pite various optimistic press 
reports this area is believed to afford little promise for the delin ation of significant open-cut reserves 
suitable for economic conversion to liquid products. The reserves within thi basin could eventually prove 
suitable for degasification or "in situ" gasification. 

Since 1967, the Department of Commercial and Industrial Development has sponsored various tudies by 
the Dept. of Chemical Engineering of the University of Queen land , St. Lucia , into the utilisation of 
Queensland c als with the m st recent report being released in February, 1975, covering the period 
1972-1974. StuJies are aI 0 in progress at the Queensland Institute of Technology on batch·autoclave 
experiments in the solvent refining of coal, and the examination of hydrogenation cata lysts. 

Th~ Queensland National Party (State Coalition majority party) formed , in December 1973, a party 
Committee on Energy Resources to evaluate and review matters relating to ene rgy on the party's behalf. 
The State Energy Resources Advisory ouncil, made up of Government officers, on ducts a similar exercise, 
reporting to the Minister for Mines and Energy , who , in turn , report to the State abinet. 

NEW SOlITH WALES 

Whilst , to date, no body has been established for the specifi purpCl e of utilising the tate' coal reserves 
for conversion, the State Government ha ex pre sed in tere t in this field and officers of the N.S.W. Mines 
Department are monitoring overseas research in conjunction with the evaluation of the State's coal 
reserves for suitability for conversion to liquid and gaseous products. 

SOlITH AUSTRALlA 

In late 1974 the State Government establi hed the outh Australian Energy mmittee to examine the 
possibility of utilising the State' oal deposit for the production of liquid fuels. 

The two areas of greatest interest are at Lake Phillipson in the north of the State,held by Utah Development 
Company and in the Inkerrnan-8alaklava area in the mid-north , pre ently under investigation by the 
Electricity Trust of South Australia . 

A recent A.C.l R.L. study was commis ioned on the utilisation of these depo its and both the Energy 
Committee and the tate Dept. of Mines maintain a close liaison with the C.S.l .R.O., A.C.I.R.L. , and 
N.C.R.A.C. 
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VICTORIA 
During 1973, the Victorian Government opened dis u slons with the German Democratic Re public 
relative to the State's vast (estimated at 5,000 million tonnes) reserves of brown coal In the La Tr be 
Valley approximately 80 miles south-east of Melbourne. In December 1973, the State Premier officially 
announced that his government had accepted a proposal from the G.D.R. t 0 perate on brown 
coal-to-oil technology . At the same time it was announced that the G.D.R. would c ntribute $100,000 
towards the estllbll.htnent of a spe lal department wi thin a Victorian university t provIde racllitie for the 

study of brown-coal technology 

An agreement bet~een the Victorian Government and the G.O.R. was announ ed In mid-April 1975 , 
which allowed for the joint development of coal-conversion technology pcciti t the onVl'r ion of brown 

coal to pc trol. 
Private research carried ou t since the early 1970' by Morw 11 Industrial Development Pty. Ltd. and 
International Oil Ltd. has concentrated on the conver ion of brown coal r rve held by those companies. 
In late 1973, Morwelllndustrial [)evelopment Pty . Ltd. announced plans to nstruct a small oil relinery 
and methanol plant utilising a mix of 73% Bas Strait crude and 27% oil from coal. Early I ; 4 , International 
Oil Ltd. announced the results of talks with a numb r of oversea companie inv Ived in coal onver ion 
rdative to the es~ablishment of a AS250-300 million facility to convert c al to oil~ba d on either the 
S.R.C. ,process or the H-COAL pro ess). By mid-1974 an apparent change in the company ' poli y wa 
indicated following an announce ent that the company could , under certain ondition , take up the right 
to the C.S.I.R.O. brown coal deminerali ation proce which i uitable for th produ lion of electrode and 
active carbon. Concurrently , the company is examining the production of IquiJ fuel fr m lignite . 

WESTERN AUSTRALIA 

The State Government commissioned a report on lhe "in itu" gasification of deep co I seams kn wn to 
exist about 150 miles norlh of Perth , The coal e ms occur over an area of ab ut 1,750 square mile and 
inferred reserves are of the order of 35,000 million tons, however the e SC ' mare inace ible and could 
not be economically extracted by ;lrescnt me th d of mining. 

The report predicts that these deep seams will be exploited in the future by "in itu" g ilication . (or 
degasification techniques) The Fuel and Power ommi ion is examining all a pect of the t tes future 

energy needs. 

In August 1974 a further tudy was commi sloned to examine the available te hnlque and costs as ociated 
with Ihe cOllversion of "Collie" Coal to liquid and gascou product . 

NATIONAL RESEARCH DEVELOPMENT CORPORATION (N .R.D . . ) 

In the United Kingdom, N.R,D .. sponsors work being carried oul by the Brlli h Coal Utili alion Re earch 
Association Ltd. (B.C.U.R.A.) at Leatherhead on coal utili ation, primarily Ouidi d-bed combusH nand 
the production of formed-coke , which have some application to the problem of coal conversion. 

NATIONAL SCIENCE FOUNDATION (N.S.F .) 

A wide range of U.S. research work i p n or\!d by the National S ience Foundation through it RANN 

Division. 

N.S .F.-RANN sponsors experimental studies on coal conver Ion at the Penn ylvania State Univ rslly . 

OFFICE OF COAL RESEAR H 

(From Jan. 1975 Within the Energy Research & Development Admin' tralion) 

The Office of Coal Re earch (O.C.R.) was established within the U.S. Departm nt of the Interior on 7th 
July, 1960 under an Ac of Congres . 

The duties of O,C.R. as outlined in the Act are to: 
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I . Develop. through r~ carch, m re effi ient rnethoJs of mining, preplHing and utiJizing coal. 

2. on,ract for spo .. or. 0 - pon or , and prom te !'he c ordination f, resear h with recogn 's d 
lOt re ted group including, but n t limit (\ to, coal trade as ociati n , oal research a ociation , 
educational institu tion. and Agencie of tate and politi al ub-divi i /I of tate . 

3. E tablish techni al advi ory ;ommittee composed of recugni cd expert in variou a pect of oal 
research t as i t in the amination and evaluation of re earch progre and of all research 
prop al and ontra ·t, and to en ure the avoidance of duplication of research. 

4. O'Operate to the ma imum extent With other departments, ag 'n ie and independent 
e tabJishment of the Federal and State G VCfllITlCnt , and with all ther intere ted organi ation , governmental and non-governmental. 

ince it e tabli hment, O.C.R. ha i ted the devel pment of many ignifi ant coal conver ion project. 
A full listing of O. .R. pon ored proje t an b r:.btaincd from the m:lill body of tld report. 

On rd Augu t, I 71, an Agreement wa entered into between O. .R. and the American as A ociation 
(A. .A.) to pr vide for the joi:1I fundlOg :l'ld a celeration of the coal ga ifi ation program. 

Und!'r thIS Agreem nt, A.G.A. would contribute up to U. . 10 million per annum for four year 
commencing in fi cal-year I 72, to nl1 tch , on a two-thirds to one-third ratio, Federal funding appropriated 
by Conl(res through O .. R. On this ba i , total jOlOt funding of " $30 million annually would be 
provided dUring the four-year peri d. The project co· pon ored by A.G.A. and O .. R. un.:! . r this 
Agreement are revealed in Section II of thi report. 

In January, I 75, .. R. wa rem ved from the " Dept. of the Interior flnd in orporated within a new 
agen y, the Energy Re ear h and Development Admini tration, whi h wa e tabli hed to unit all Federal 
energy re eareh nd development programs including olar, geothermal, nuclear fj ion and fusion, and coal. 

E.R.D.A.'s fi al I 7 request for R D in coal liquefaction and gaSification is U .. $206 million, out of a 
to tal request for U. . 323 mjJJion. Appropriations te .. the Office of oal Reseal' h in its inception were : 

Flscal Year 
19 1 
I 62 
196 
19 4 
i 65 
I 6 
1967 
1968 
19 9 
1970 
I 71 
1972 
1973 
1974 
197 

Appropria tions 
U . . $1 ,000,000 

1,000,000 
,450,000 

5,075,000 
6, 36,000 
7.220,000 
,220,000 

10,9 0,000 
I .700.000 
IS, 00,000 
17,160,000 
30, 50,000 
4 ,490,000 

12 ,400,000 
327, 0,000 

V .S. BUREAU OF MINES (U.S.B.M.) 

The Bureau f Mine ,of the U.S. Depallment of the Interior,condu ts coal r:onversion re 'farch at various resear h tations located thrOughout the United tates. 

The Bureau is currently developing the "Hydrane" and" ynthane" pro e se for t:le prOduction of S .. G. 
fr m c aI, the" tirred Fixed-Bed" proce S ("MORGAS") for I<'w-BTU ga production, and the "Synthoil" 
and" 'osteam" pr cessca for the conver ion of coal t liqUid producf3. 

The tis al I 75 blodget of th~ Uureau i 212, 47.000 of which .. $57,022,000 i for oal 
co=tver Jon r arch nd development . The fl cal I 74 budget wa lOS , 06 ,000 and the large 
in rease in fund for I 75 indicates the Bure u' increa i:lg empha i on resea.ch and development in al conversicn. 
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Not In all announcemcnt in April. I ens, it wa report d tha t thc ur au or Min . had 10 t all it 
re c, rch pr grams on '0:11 I:o nver ion, coal combu ti nand P'!trolculll e traction to til 
newly-created nergy Re arch and Dcvclopmcnt AdministratIOn •. R.D.A.}. 

R S AR 1-.: AND D V LOPM NT IN OTHER OUNTRI 
(not cover d in Ie I) 

I . F"d~nl rman Republic 

(8) teinkohlenbergbauverin tr"hni ai- cientifi organ.iz.all n, engaged in 0 I utili ation al ng 
with other private and mi-govcrnmental committee . 

(b) Dcut 'her-Braunk hlcr.-!lIdu trie Vcrrn (DEBRIV) I ' J joint or 'ani ati n in which allnl mbcr 
nd organi alion f the lignite indu try participate . The gr up carrics ou t it own r ardlinto 

the utili ati n of lignite and al ontracts out ide research bodie . 

2. GernllMl Democratic Republic (G.D.R.) 

The .D.R. i th wvrld '~ large t miner or lignite with an anllual produ tlon of:lbout ~6 million tonn . 
A signifi ant pr portion of thi lignite i proce d into briqucttc for utili atlon in team-oxYllcu 
gasifi aU n for town ga prod u lion and Fi cher Trop ch ynthe i to J Wide range of liquid fU'1 aud 
'hemi al by·product . noth r ignificant proportion of lignite produ ti n i carboni ed at II w 
tempe rature to yield tar which are ub qu ntly atalytically hydr gena~'ld t paraffin and lubricatin 
oil , or converted to ele trod carb nbc king. 

3. India 

The Geological urvey i India plan to ivc top pri dty to the 10 ation of new c al re erve to help reduc the ountry' dependence \,/ .. oi l. 

The govemmen t ha pon ored resea rch and dcvc l pm nt Oil hydr gcnation of half ' al half crude oil 
miXJurc leading to a prop al fo r considerati n by the g vernmelH fJr a commercial plant ba ed on the haJ f and half pr ceSl.. 

Thrl:e oal-based fertilizer plant have been appr ved by the Indian G vernm nl. The fir t of the i being 
on truct d at·K rba under the managemen t of the Fertililer orp rati n of Ind;a . Thi plant WIll h v an 

annual ap ity to produce 4 5,000 t n of urca . 

Other proje ts .tlnder evaluati n by the vernrnent include pr p al 
est blislunent f mall (J million tpy feed liquefa tion pi nts , and al 
ing.:rani 0. , of rnUli n tpy feed. 

from Lurgi mbH ~ r ".e 
an SR plant , con ider d by 
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APPENDIX II 

ALPHABETJCAL LISTING OF COMPANIES 

HOLDING MAJOR COAL CONVERSION PATENTS. 

Allied Chemical Corporation. 
2,977,299; "Carbonisotion Chemiwl Products " 

A .. Products and Chemicak Inc. 
3,779,725; "Coal Gasification ': 

Ashland Oil and Refming Company. 
3,533,938; "Blended Coal Products ': 

Atlantic Richfield Company. 
3,503,867; "Synthetic Crude" 
3,619,404; "Asphaltene Formation during Hydrogenation ". 
3,730,694; "Fuel Gas Upgrading': 

Atomic Energy COnloission (U.S.) 
3,794,116; "In-Situ Coal Bed Gasijiwtion " . 

Bennett Engineering Company. 
3,576,734; "Low-Temperature Carbonisotion ': 

Bluemner E. 

2,714,086; "Chemical Modification ' : 

British Gas Council, The 

3,390,971; "Gasification of &llid Carbonaceous Fuel". 
3.607,158; "Fluidised-Bed Coal Hydrogenation Producing Methane Rich Gas ' : 

Chevron Research Company. 
3,5 18,182; "Motor Fuels via Hydro-visbreaking ' : 
3,759,677; "Catalytic Synthesis Gas Manufacture". 
3,775,072 : "Cata{vticaJly Steam-R eforming Organic Gasification ': 

Cities Service Oil Company. 

3,734,180; "In-Situ Gasification·with Non Hypersensitive Explosives ': 
3,734,184; "In-Situ Coal Gasification ': 
3,770,398; "In-Situ Coal Gasification Process ". 
3,77 5 ,073; "In-Situ Gasification of Coal by Seam Fracturing ' : 

Compagnie F.ancaise des Essences Synthetiques Socie e Anon. France. 
2,707,163; "&llvent Extraction and Fractional Distilkition ' : 

Consolidation C041 Company. 
3,018,241 ; "Hydrogen-Rich Liquids ': 
3,018,242; "Gasoline via Extraction ' : 
3,117,921; "Hydrogen-Rich Liquid Conversion ': 
3,120,474; "Conversion ". 
3,143,489; "&llvent Extraction ': 
3,158,561; "Freidel-Crafts Catalysts Liquefaction ': 
3,162,594; "Hydrogenation of Solvent Extracts ". 
3,184,401; "De-Ashing ' : 
3,232,861; "De-asNng Acids ': 

3,355,376; "Zinc Halide Poly nuclear Aromatics" (Joint!y with U.S. Secretary of the Interior). 
3,516,808; "(Arbon Dioxide A cceptors - Melt Process " (J lIltly with U.S. Secretary of the Interior} 
3,523 ,886; "&llvent Extraction " (Joi.uly with U.S. Secretary of the Interior). 
3,692,505; "Fixed Bed Coal Gasification " 
3,700,422; "Steam-Iron Process". 
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EI80 Research and Engineering Company. 
2,741,549; "Conversinn to Volatile Products ': 
3,488,279; "Two-Stage Conversion" 
3,488,280; "Catalytic Hydrogefliltion -- Water Recycle". 
3,514,394; "Cyclic Procesli " 
3.575,847; "Sperical Catalysts': 
3,733,186 ; 'Two·Step Control/ed Flow Gasification Process ': 

F.M.C. Corporation. 
3,453,202; "Hydrogefliltion - Iodine ". 
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3,607,719; "Low-Pressure Hydrogenotion-Ebullated B d ". 
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3,244,615 ; "Contact Catalysis ': 
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94 



Secretary of the Interior, U.S. 
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Transcontinental Gas Pipe Line Corp, 
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2,406, ~JO; "Solids Treatment ", 
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~,535,224 ; "IJuIJI Soillent Extraction ", 
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3,598,718 ; "Two-Stage Soillent Extraction ", 
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University of Wyoming, 
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Winkler, J, 
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AEC 
AGA 
AMAX 
AMOCO 
ATC 
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BCl'RA 
BGt ; 
BM) 
B & W 
C - E 
CEGB 
CHEMICO 
CONOCO 
CONSOL 
CRE 
CSIRO 
EPA 
EPRI 
ERDA 
ERI 
F - T 
F - w 
GDR 
GEMCO 
GRD 
HRI 
ICI 
IFE 
IGI 
IGT 
IOL 
ISC 
K - T 
MITI 
NCA 
NCB 
NCRAC 
NRDC 
NSF 
OCR 
PAMCO 
QIT 
SASOL 
SOHIO 
SRI 
TOSCO 
TVA 
UOP 
USBM 

APPENDIX III 

LIST OF ACRONYMS 

Australian Coal Industries Research Laboratories 
Atomic Energy Commission 
American Gas Association 
American Metals Climax 
American Oil Company 
Applied Technology Corporation 
Bituminous Coal Research, Inc. 
British Coal Utilisation Research Associa tion 
British Gas Council, The 
Battelle Memorial Institute 
Babcock and Wilcox Ltd. 
Combustion - Engineering, Inc. 
Central Electricity Generating Board 
Chemical Construction Corporation 
Continental Oil Company 
Consolidation Coal Company 
Coal Research Establishment 
Commonwealth Scientific and Industrial Re earch Organisation 
Environmental Protection Agency 
Electric Power Research I nstitu te 
Energy Research and Development Administration 
Eyring Research Institute 
Fischer - Tropsch 
Foster - Wheeler Corp. 
German Democratic Republic 
Gulf Energy and Minerals Company 
Garrett Research and Development Company 
Hydrocarbon Research , Inc. 
Imperial Chemical Industries Ltd. 
International Furnace Equipment Company Ltd. 
II Gaz Integrale 
Institute of Gas Technology 
International Oil Limited 
International Systems and Controls Corp. 
Koppers - Totzek 
Ministry of International Trade and Industry (Japan) 
National Coal Association 
National Coal Board 
National Coal Resp.arch Advisory Committee 
National Research and Development Committee 
National Science Foundation 
Office of Coal Research 
Pittsburgh and Midway Coal Mining Company 
Queensland Institute of Technology 
South African Coal , Oil and Gas Corporation 
Standard Oil of Ohio 
Stanford Research Institute 
The Oil Shale Corporation 
Tennessee VaUey Authority 
Universal Oil Products Company 
U.S. Bureau of Mines 



• 

• 

SUBJECT INDEX 
A.A.G. unit 4. 
Acetlyne 4, 67. 
Acid gas; absorption, 31. 

remoral. 4, 9, 17 , 55. 
A.C.I .R.L. 88, 89. 
Aerojet General Corp. 4, 39. 
A.G.A. (American Gas Association) 8, 39, 40, 41, 42, 

48, 50,5 ~, 59, 74, 75 , 85 . 
Agency of Industry & Technology (Japan) 28, 87. 
Agglomerates 22, 39, 76. 
Agglomerati~ properties 5, 6, 39, 47. 
Agglomerating ash process 4, 39, 59, 64, 85. 
Agglomerating 62, 64. 
Agitator 57. 
Aircraft 26. 
Air nuidized bed 48. 
Air Products & Chemicals Inc. 39, 93. 
Air products recycle process 39. 
Alcohols 15, 23. 
Alkali catalyst 54. 
Alkaline melJll calJllyst 42. 
Allegheny Power Systems Inc. 12. 
AUiance Research Centre 53, 60. 
Allied Chemical Corporation 93. 
Aluminium plants 31 . 
Amax Coal Co. 76. 
Ambient temperature 19. 
American Electric Power Co. 12. 
Ammonia 3,9,10,16, 20,34,36, 39,49,50,52,58, 

67,70,73. 
nitra te, 70. 
plant, 16. 
synthesis, 50. 

Amoco (American Oil Co.) 7, 8. 
Anode cartx.n 37 . 
Anglo-Transvaal Consolidated Investment Co. Ltd. 16. 
Aniline 4. 
Anthrac~ne oil 27 , 36. 
Anthracite, culm , silt 70 . 
Applied Technology Corp. 40, 58, 73, 76 , 87 . 
Arco Chemical Co . 26. 
Arge-Arbeit Germenschaft -

Lurgi und Ruhrschemie 15 , 16 
Arge synthesis 15, 16. 
Argon 68. 
Aromatics, 52. 

folvo:nts, 26. 
Artes".n Industries Co. 51 . 
AshJr.nd Oil Corp. 4, 18, n 
Aspilllt 28. 
".sh removal; 25, 

screw, 58. 
Atlantic Richfield Co . 7, 18, 26, 93. 
Atmospheric distillation tower ; l/j . 

pressure nash drum 18. 
A tgas process 40, 74. 
Atomics International Inc. 71. 
Autoclave 41 . 
Autogenous hydrogenation distillation 37 . 
Automotive fuels 16, 23. 
Avco arc coal process 59, 68. 
Avco Corporation 59. 

Babcock & Wilcox Co. Ltd. 32, 41 , 53 , 60,61,64. 
Babcock & Wilcox DuPont Process 59. 
Bag filter 72. 
Basal section 36. 
Bass Str . crude 90. 
Batch autoclave studies 13, 25. 
Batch extractive cok~ 14. 
BatteUe Memor~llnstitute 39, 59, 64, 85 . 
B.C.R. (Bituminous Coal Research) 8, 41, 61, 69, 88. 
B.C.U.R.A. (British Coal Utilisation Research Assoc.) 

11,68, 90. 
Bechtel Associates Professional Corp. N. Y. II. 
Bechtel Corp. 10, II, 76. 
Belmas Corp. 48. 
Beluga coal reserves 20, 34. 
Bamag Verfahren-Stecknilc GmbH. 58, 77, 86 . 

Bennett Engineeri~ Co. 37, 93 . 
Benzene 4, 31, 55. 
Ocrgbau Forschu~ 54. 
Bergius, F. I . 
Bergius process 1, 15, 17,29. 
Bethlehem Steel Corp. 3S . 
Bianchi process 41. 
Bi-carbonatCl 32. 
Bi-gas process 8, 10, 40, 41, 52, 61 , 69, 88. 
Binder ; preparation 2, 3. 
Biological waste treatment 32. 
Bituminous ooal; 4 , 14, 34,47,71. 

(very high vol.) 29, 30, 34. 
Blast furnace coke 2. 
Blaw Knox Corp; I, ~ , 17,41, 42, 48, 59, 68, 69, 70. 

Chemicals plant Div. 4 , 26. 
Bleumner, E. 93. 
Blue Water gas producer (mod.) 75. 
Bonner Moore Assoc. Inc. 33. 
Booster pumps 32, 
Botto ms fraction 31. 
Brigham Young University 71. 
British Fuel Research Station I . 
British Gas Council 57, 68, 93. 
Broche H. 31. 
Brown coal 90. 
Bruceton Energy Station I, 16. 
B.T.X. 4, 21, 59. 
Bubiag didier process 65. 
&ulk density agents 47. 

Caking coa l; 22, 39,47,52, 53,57,62,73. 
properties 55. 

Calcined 52. 
Calcined ooke 27. 
Calcium sulphide 41. 
Carbonaceous material , 21 . 

residue 30. 
Carbonated 52. 
Carbon; II , 24, 33 , 47. 

black,4. 
dioxide 15, 22. 
electrodes 24. 
fibre 27. 
monoxide 13, 15, 18, 22, 24, 47 . 

Carbonisation 3, 12, 22, 23, 37, 74. 
Carboniser 2, 64. 
Carboniser shaft 22. 
Carnegie MeUon UniVersity 33. 
Carrier oil 2. 
Carter Oil Co. 14, 18, 45. 
CalJllysed reaction 18, 21, 50. 
CalJllyst I, 13, 23, 24, 27. 
Catalyst & Chemicals Inc. 51 . 
Catalyst dust , 15. 

peUets, 15; 35. 
Catalytically hydrotreated 26, 27, 29. 
Catalytic Coal Liquefaction (ceL) 1. 
Catalytic Cl.nversion; 23. 

ebbulated bed, 18. 
entrained now, 21. 
fIXed bed, 2, 10. 
fixed bed reactor , 35 , 
nuid!zed bed , 10. 
hydrogenation, 14, 26, 27 , 36, 37. 
hydro-solvation 21. 
Inc., 32. 
methanation, 23, 52, 57. 
reactor , 12. 23, 14, 86. 
synthesis, 23. 

C- E Entrained fuel process, 60, 86. 
C- E Lummus engineering & Development Centre 29. 
Cement 33. 
Central Hudson Gas & Electric Corp. 61. 
Centrifuge 13, 35. 
Ceramic 11. 

baUs, 36. 
C.F .C. (<;Iean Fuels from Coal project) 13, 28 . 
ChannellIng 57. . 



Char; 2, 10,47,122. 
combustion, 11 . 
fines, 6, 11. 
gasification, 7,10, 11 ,7 8. 
gasifiers, 17. 
heater , 17 , 45 . 
heater carrier pilot plant , II . 
heater vesse l, 17. 

Chemical; 17. 
letroleum refinery 32. 
by-products, 30. 
Eng. Dept . W. Va. Uni ., 74. 
feedstocks , 3, 37, 62. 
products, 15. 

Chemicals; 4, 18. 
complex plant, 6. 

Chemico 3, 39, 64. 
Chem Systems Inc., 5 , 6, 8, 40,42,50,5 1. 
Chemotecknik und Steag GmbH . 68. 
Chloride Catalyst 21 . 
Chevron ; 

gasification process, 4 2. 
Oil Corp., 42. 
Research Corp., 42, 93 . 

Circulating char 22. 
Circulating molten sodium carbonate 52. 
Cities Service Oil Co. 19, 66 , 93. 
City C lIelle of N.Y. 5, 63 . 
Clarified liquor 44 . 
Claus unit 22. 
Clean coke process 2, 5. 
Coalcon Co . 4. 
Coalcon I ydroC'.ubonisation 4. 
Coal ; 

conversion complex , 5 . 
conversion plant , 9. 
derived liquid, 9, 21. 
derived produ cts, 30. 
derived solvent, 30. 
derived synthetic fuels, 13 , 21. 
derived synthesis gas, 20. 
ex tract , 12, 18. 
handling, 28. 
hydrogen mixture, 21 . 
liquefaction demo . plant , 16, 17. 
o il-gas refinery 8, 9. 
particles, 21. 
plex,5 . 
preheater, 48. 
pyrolysis, 21. 
research estab lishment U.K., 18 , 27 . 
seam, 36 . 
slurrying, 3, 8. 
solution, 27, 30. 
so lvent , 30. 
tal vapours, 6. 
to methanol pla nts, 24. 
to salt mixtures, 24 . 

Cobalt molybdate catalyst 35 . 
C0 2 acceptor; 28, 40. 

pilot plant , 28. 
proce s, 42. 

C0 2 removal 8, 9, 52. 
COED; 5, 11 ,77. 

char, 7. 
pilot plant , 26, 77 . 
proce s, 5, 8, 20, 34 . 
project, 26 . 
yncrude 5, 7, 26 . 

C.O.G. 5, 8. 
Cogas Development Co ., 7, 10,62. 
Cogas project 5, 7,8, 10. 
C.O.G. refi nery co ncept 9, 10, 16. 
Cohesive structure 36 . 
CO/ll 2 mixture 23 . 
Coke; 2, 5, 21, 25 . 

coked,27. 
pe ll ets, 4. 
preparation unit , 3. 

Coker 14. 
College of Eart h & Mineral Sciences 2, 35, 51 , 53 . 
College of Engineeri ng 53 . 
Colorado Interstate Gas Corp. 46 . 
Colorado Schoo l of Mines 33 . 

100 

Colorado tate 33 . 
Columbus'" Southern Ohio Electric Co. 77. 
Columbia University 44, 62. . 
Combined cycle; 59, 60, 63 ,74,75 , 77 . 

B & W process, 60. 
F - W process, 61. 

Co mbined reactor systems 77. 
Combustion 77 . 
Combustion Engineering Inc. 46, 55 , 60. 
Combustion gas 22. 
Combustor 11 , 64, 73, 76. 
Combustor MHD System 73 . 
Commonwealth Edison Co. 68, 85 . 
Co mpanies Act (S.A.) 16. 
Compagnie Francaise des Essences Synthetique S.A. 37, 93 . 
Complete gasification plant 65 . 
Conceptual design 2, 5. 
Conceptual liquefaction plant 4. 
Conica l fluidised bed 63. 
Connecticut Ligh t & Power Co. 72. 
Conoco Coal Dl!velopm&nt Division 20, 23 . 
Conoco Mcthanation Co . 51. 
Consol fixed-bed process 61 . 
Co nsolidated Edison Co. 60, 61. 
Consolidated Gas Supply Corp . 44. 
Conso lidated Natural Gas Corp. 10,44. 
Consolidated Natural Gas Services Co. 49. 
Consolidated Natural Gas Supply Corp. 49 . 
Consol syntheti fue l process (CSF) 12, 28. 
Co nsolidation Coa l Co . 12, 18,24, 42, 49, 61,65,93 . 
Consumers Power Co. 77. 
Continental Oil Corp. 12, 18,20, 42, 60, 65 . 
Continuous hydro-cracking 20. 
Continuous vertica l retor t 44 , 64 . 
Controlled fracturing 44 . 
Conventional coking 2, 24 . 
Copper ca talyst 24 . 
Copper zinc chlor ide cata lyst 23 . 
Co-prod uct I 7. 
Corn-waste I . 

o rrosive attack 53. 
Co team process 13. 
Counter current ai. injection 65 . 
C.R.E. (see Coal Research Establishment) 27, 88. 
Cresap pilot plant 13 ,28 , 29 . 
Cresols ; blend stock 3, 4. 
Cresy lic acid 4 . 
Crude degrade 31. 

rade o il 2, 20. 
Crystalline micro-beads 28. 
C.S.F. (See Con:x>1 Synt heti c Fuel) 13 ,28,29. 
C.S.F. pilot plant 19,24 . 

.S.I.R .O. 8, 86 , 88, 89, 90. 
Cumberland Mine 44 . 
Cyclones 6 , 9, 15, 17,4 1, 46 , 57 , 72 . 
Cyrogenic separat ion 31 , 40. 

Dallas Po wer & Liglit Co. 66 . 
Davy International Ltd . 58, 77 . 
Davy Powergas Inc. 58, 77. 
De-a hed product 25 . 
De-coked coal 55 . 
Decomposition temperatures 17. 
Degasifica tion 88 , 90. 
Degasification process 43 . 
Dehydrated 6, 55 . 
Delayed co ker 33 . 
Delayed coking process 14. 
Depart ment of Chemica l Eng. it y Co llege . Y. 5. 
Dep t. of hem. Eng. Uni. North Dakota 25. 
Dept. of Chem. Eng. Iowa State Uni. 44. 
Dept. of Commercia l & Ind ustrial Dev. (Q ld.) 89. 
Dept. of Fuels Eng. Uni. of tah 20. 
Dept. of Mineral s & Energy (Au t.) 87 , 88. 
Dcpoly mer iza tio n 30. 
Desulphurization 2, 14, 22, 33, 35. 
Dcsulphurized 2, 8, 31, 40. 
Destructive distillation 37. 
Destructive hyd rogenation 31. 
Dellt cher Braunko hlen Industric Vern . 92 . 
Dcyolatilisa tio n 2, 51. 
Devolatiliser-desulphur iser 76. 
Diamataceo us earth 33. 



• 

Diesel fuel I, 2, 19, 35. 
Diesel oil 15, 28. 
Digestion 27. 
Dilute cloud 47. 
Dilute phase nuidised bed 36,47. 
Direct conversion process 53. 
Directional drillin& 65. 
Direct partial ox ida tion 56. 
Direct production of methane 53. 
Dissolution; 8, 27, 30 .. 

hydrogenation, 30. 
reactors, 27, 30. 
vessel,30. 

Distillate; 8, 12, 14. 
fuel,20. 
overhead, 19. 

Distilled 15. 
Distillation; 8, 14,30,37. 

residue, 22. 
Dolomite 42. 
Donor solvent 28. 
Don Olivier Inc. 70. 
Dow Chemicals Co. 5,6,20,34, 42 , 49,70. 
Dravo Corp. 1,5,6, 17, 26, 41 ,59. 
Dresser Station 77 . 
Duke Power Co. 77. 
Du Pont Co. 4. 
Du Pont de Nemours, EI. 60, 75. 
Dynalectron Corp. 18, 63. 

Eastern Associated Coal Corp. 44. 
Ebullated bed 18. 
Eccentric grate 57. 
Edison Electric Institute 32. 
Efnuent gas 15. 
Electric arc 44, 62. 
Electric arc galification process 44, 62. 
Electric power utilities 77. 
Electricity Trust of S.A. 89. 
Electrode coke 27 . 
Eler.trodes 45. 
Electrofluidic gasification process; 44, 49. 

reactor, 45. 
Electrogasifier 45. 
Electrothermal gasifier: 49. 

procell, 40. 
reactor, 49. 

Electrostatic precipitators 58. 
E1emen!a.l SUlphur 22. 
Elevator 36. 
EI Paso N&tural Gas Co. 52. 
Empire State Electric Energy Research Corp. 61 . 
Endothermic steam gasification 54. 
E",. Dept. Colorado School of Mines 33. 
Entrained 8. 

bed, 46. 
char, 17. 
now, 41. 
fuel,49. 
molten salt, 50. 
salt,53. 
solids, 47.J... 49. 

E.P.A.; 39, 74, IH . 
pollution standards 41. 

E.P.R.I. 5, 7, 18, 32. 60, 68. 
E.R.D.A. (see also O.C.R.) 67, 90, 91. 
Ethylene 3, 16. 
Excess hydrogen 3 O. 
Exinile 2. 
Exit duct 44. 
ExothermicaUy 43. 
Exothermic heat 50. 
Exothermic rea tion 54. 
Expander 39. 
Explosive fracturin,\l 65. 
Explosive shockwave 65. 
Extraction hydrogenation 3, 8. 
Extraction vapours 12. 
Extraction vessel 18. 
Extraction zone 27. 
Extractive CQker 14, 33. 
Extractive cokinll process 14. 
Extrusion process 47. 

Exxon Corp. 14, 18, 45. 
Exxon; 

gasification process, 45. 
liquefaction process, 14. 
Research &; Engineeri", Co., 14, 18,45, 94. 
Synthetic Fuels Research Div. 14. 

Eyri", Research Institute 71. 

Federal air quality rules (U.S.) 13. 
Fertilizer 33. 
Fertilizer Corp. of India 92. 
Filter 25, 32. 
Filter cake 3, 9, 33. 
Filtrate 8, 25, 30. 
Filtration 7,8,18, 27,30,31,53. 
Fischer assay 17, 23. 
Fischer retOrl 23. 
Fischer-Tropsch plant 16, 17, 55. 
F!scher-Tr~psch synthesis 15, 29, 52, 58, 77, 92. 
FIXed-bed, 26, 35, 52. 

COItalytic methanation, 52. 
catalytic reaction, 6. 
catalytic reactor, 6, IS, 35, 54. 
gasnler, 57. 
(Kellogg) process, 62, 69. 
methanation, 50. 

Fixed ca talyst 2. 
Flame front movement 65 . 
Flash; 

carboni~tion, 23. 
vapoullud, 18. 

Flesch Demag process 77 . 
Flesch Wi;:!rI~ procesl 77. 
Fluid Convection cathode 62. 
Fluidised bed; 5, 6,12,41,4\ 47, 55, 77. 

ca talytic reactor, 41. 
combustion, 20. 
gasification, 58. 
gasifiers, 57 . 
(high pressure model) 57. 
hydrogenation, 4. 
models, 57. 
preheater, 54. 
pyrolysis, 6, 8, 10. 
pyrolyzer, 6, 17. 

Fluidised char gasification 57. 
Fluidised dryin,\l bed 48. 
Fluidised state 47. 
Fluor Corp. 19. 
Fly ash 22, 58. 
F.M.e. Corp. 5, 10, 11, 94. 
F.M.C. Corp . Research Dev. Centre. 5. 
Formalde: vde 70. 
Formed coke 33. 
Fossil Fuels Inc. 3, 7, 94. 
Foster Assoc. Inc. 33. 
Foster Wheeler Corp. 7, 13, 14, 35, 61 . 
Fractionati!'n 12, IS, 27, 36. 
Fractionation unit 21. 
Ft. Lewis Washin,\lton pilot plant 28. 
Fuel &; Power Commission (W.A.) 90. 
Fuel ; 

Cell,76. 
cell project , 76 . 
gas, 7, 8, 12, 17, 26, 36. 

Fuel Gas ASSOCiates 49. 
Fuel oil 7, 9,10,14,15,16,26. 

Garretts coal gasification process 17,46, 62. 
Garretts coal pyrolysis process 17,46. 
Garrell Research &; Developrnent Co. 17, 46, 62. 
Gas 2, 14, 21, 26, 27, 28 , 30. 
Gas cooled nuclear reactor 54. 
Gas Council Research Establishment (UK) 70. 
Gaseous solvent 18. 
Gas ext raction (experimental) IS . 
Gas extraction process 18, 27 , 88. 
Gasification II, 18, 23 , 24, 25 . 
Gasifica tion plant. 30, 34. 
Gasifier 4,1 0,14,2.2,34 ,47,52. 
Gasifier<ombustor 4, 10, 21. 
Gas liquid product separation 4 , 17. 
Gasoline 2, 5,15,16,17,19,23,26, 28,35 . 

101 



• I '.. _.. .. '. . 

' . 

Ga. phase 15. 
Gas removal system 24. 
Ga. turbines 26, 60, 61, 68,74. 
Gop. process 47, 63. 

I.C.C.R. 87 . 
I.C.I . moving burden proces 39,63 . 
I.F.E. two stage process 64. 
I.G . Farben syndicate 1. G.E.M.e.o. (see also Gulf Energy Minerals Co.) 2, 33. 

General Electric Co. of N. Y. 47,60,63. 
General Electric Re earch " Devefopment Co . N. Y. 47 , 63 . 
General Tire" Rubber Co. 4 , 39. 
Georgia In.titute of Technology 68 . 

I.G .1. two sLlge process 64. 
I.G.I . two stage (modified) 64. 
II Gaz Intrrgrale 64 . 
Illinois No.6 Coal 6, 22, 28, 32. 
Illinois Institute of Technology 48. 
Imbibation 36. 

Governor of Ohio 4. 
Governor of West Virginia 4. 
Gravity decanter vessel 6. 
Groundwater seepage 66. 
Great Lakes Carbon Corp. 37,94. 
Great Northern Railroad Co. 25 . 
Gulf Energy" Minerals Co. 2, 33. 
Gub' General Atomics 0 . 54. 
Gulf Minerai Resources Co. 2, 18,33. 
Gulf Oil Corp. I , 8, 18, 33,54,61 . 
Gulf Research A Development C;o . 2, 94. 

Hanna project 65. 
H-Coll process 13,18,26,33,90. 
Head eXChanger 63. 
Heat carrier 22. 
H-donor method S. 
Heated nickel catalyst 53 . 
Heating oil/fuel 14, 31. 
Heavy; 

alcohol, 15. 
bottoms, 14. 
hydrogen, 27 . 
oil,29. 
slurry oil, 49. 

Heinrich Koppers GmbH 49, 67,94 . 
Helium 68. 
Hetero .. toms 31. 
H.G.R. 52, 55 . 
Hich boiling point fractions 22. 
Hiah heat transfer 17. 
Hich voktile bituminous coal 2, 7, 17, 23, 47 . 
H~il process 18. 
Hot char 6, 17, 22, 46. 
Hot gas recycle process (H .G.R .) 52, 55 . 
H.R.I . fluidized bed process 63. 
H.R.1. gasification process (Squires) 63. 
H.R.I . Technical Services Inc. 18. 
Huntington Chemical Corp. 37, 94 . 
Hydrane process 47. 
Hydraulic fracturing 65 . 

shockwave, 65 . 
Hydrocarbon oils 10, 18. 
Hydrocarbon Research Inc. (RR.I.) 18, 94 . 
Hydroc10nes 12, 19,32. 
Hydroconversion 3!, 58. 
Hydrocracking; 21, 2\, 30, 31. 

catalyst, 22. 
process, 20, 65 . 

Hydrogen 1,3,6, 9,14, 15,17, 18,21,22,27, 2l', 30, 36, 
37,57. 

Hydrogenated ; 28 . 
products, 37. 
Thianaphtnes.~es 37. 

Hydrogenation; I, 3. 10, 14,30, 37 , 48. 
catalyst, 27 . 
(hich pressure) 3. 
liquefaction reactor, 14. 
liquid phase, 37. 
plant , 12,14. 
quadri phase, 37. 
residue, 3. 

Hydrogaaification 56 . 
Hydrogaaification reactor 47. 
Hydrogaaifier 4,7, 56. 
Hydrogen donor solvent 14, 21,23,26,27, 36. 
Hydrogen; 9. 

generator 4 , 12,14, 17,47,54,56. 
plasma arc proces , 59. 
rich gas, 30, 47 . 
sulphide, 15,30,35,37. 

Hydrotreatment 9, 12, 17,31. 
Hydrotreating section 6, 24. 
Hygll 40,45,48,51,73,87. 
Hyga s pilot plant, 48, 51. 

102 

Immobilized catalyst 35 . 
Imperial Chemieallndustrie Ltd . 24 , 50. 63 . 
Indirect heat exchanger 56. 
Industrial coke 25 . 
Industrial Development Company of Rhodesia 87. 
Industrial Development orp. (Sth. Africa) 16. 
Inert bulle diluting agents 47 . 
Inert heat carrier 11 . 
Inert liquid phase 50. 
Inerts 30, 43 . 
In-situ gosification 36,43,65,85 , 88,90. 
InSOluble residue 27. 
Insoluble solids 18. 
Institute of Gas Technology 45, 4B, 73 , 74 , 87 , 94. 
Intergrated gasifier 56. 
In termediate hydrogenation process 20. 
Internationa l Furnace Equi?ment Co. 64. 
International Oil Ltd . 90. 
International System & Centrols Corp, 40, 73 . 
Iowa Power & Lljzht Co. 77 . 
Iowa Stale University 44 . 
Iron: 

Steel Industry, 41 . 
oxide, I . 
separation, 70. 

Irradiation 67 . 
Island Creek Coal Co . 46 . 

Jackson & Moreland Division 76 
Jet fuel 28 . 

KeUogg, M.W. " Co. 8,15, 16,53, 62,69. 
KeUogg molten salt 67 , 70,75 . 
Kerosene 1 9. 
Kerpeley producer process 67. 
Kerr-McGee Corp. 94 . 
Xoppers Company ( ee Heinrich Kopper GmbH) 
Koppers recycling process 65 . 
Koppers Totzek gasifier 50. 
Koppers Totuk process 7, 8,49, 58,67, 77. 

Laser 67. 
Laser irridation pyrolysis process 67. 
Latent heat 50. 
Lawrence Livermore Laboratory 66. 
La wrence plant 61. 
Lead time 9. 
Leas Bros. Development Corp. 21, 94. 
Leas liquefaction process 21 . 
Leuna synthesis gas process 75 . 
Linberg furnace 53. 
Lift tube II , 22. 
Light hydrocarbons 27 . 
Light oil 31. 
Lignite 4, 13, 21, 23, 24, 25, 41, 42, 43, 4d. 
Lignite refinery concept 25. 
Little, A.D. Inc. 14, 66. 
Lime sorbent 76. 
Liquefaction ; I, 25. 

reaction, 24. 
reactor , 14. 
section, 9. 

Liquefied Gas 1. 
Liquor 15. 
Liquid ; 

oal extract , 27 . 
fuel,31 . 
Fuels Advisory Boara (S.A.) 16. 
hydrocarbons , 15. 
phase hydrogenation, 37 . 
phase methanation (L.P.M.), 43, 50. 
products, 2, 12, 14, 17 , 26. 
selective membranes, 47 . 
solvent section, lB. 

~. 



• 

• 

• 

Uqcidl treatment section 2. 
lolli Island Li8hti", Co. 61 . 
Low temperature earbonlsation 12, 36. 
Low sulphur; 

distillate. 9. 
fuel aU, 10 
li.1uid fuels. 2,14. 
,yncrude, 21. 

L.P.G. 10,15. 

sodium rbonate, 70. 
odium ulphate.55. 

Mo ntana Power o. The. 77 . 
Mo ntana State University 24. 
Montana Sub·bituminous coa l 43. 
Morga n Con tru tion o . 7 I . 
Morganto wn Resea rch entre I . 73 . 
Morgas process 72. 91. 

L.P.M. pilot plant 51. 
Lummuns Co. The (See AI - E Lummus) 29, 41). 55, 94 . 
Lurgi GmbH 22, 86. 92. 

MorweU Industrial Development Pl y. Ltd., 90. 
Motor fuel 16. 
Motor spirit 53 . 

Lurgi GeschellSChaft fur Warme 
und Chemoteck'lik MbH 51 . 68. 

Lurgi Mineralot ecknik Gmb H 51 , 68. 
Lurgi ; 51, 68. 

experimental unit , 52. 
gasification pilo t plant, 5'2. 
gasifier, 16, 23. I 
high pr P5 ure IllIsifier, IS , 51. 
pres ure ga ifi :ation process 52:56. 68. 
Ruhrgas proce, 5 22, 23. 
Jaggi", gasifier, 68. 

studies 5? 
Luzerne Electric Divi ~lon (U.G.1. Corp.) 7. 

Macerals 2. 
Make up hydrogen 18 . • 
Marischka pro e 64, 68. 
Mass spectrometry 67. 
Mathematical studies 17. 
McDoweU-Wellman Co. 57, 75. 
McDowell-Wellman Engineering Co. 57. 73. 
McKee A.G. & Co . 45. 
Mechanical mixer 76. 
Medium boiling oils 15 . 
MetaUurgical coke 2, 33. 
Metallurgical slag 20. 
Methanated 20, 53. 58. 
Methane 4,3 1. 14, 47,5 1,5 3,55,56.58 
Methanation 9, 10, 17 , 30, 39,40, 41 , 43 , 45,46, .. 1.52, 

54,57,58,72. 
Methane rich gas 30. 
Methanator 55 . 
Methanation catalyst tife 53. 
Methanatil1¥ catalyst bed 53. 
MettallgescheUschaft AG 20, 5 I , 68. 
Methanol 15, 21 , 52, 56, 70, 77 . 
Methanol pilot plant 24. 
Methanol synthesis 10, 23. 
M.H.D. 53, 63, 73. 
Micro-beads 28, 
Micro-platelets 36. 
Microwave liquefaction 37. 
Midlands Research Station (U.K.) 57, 86. 
Millmerran Coal Pt y. Ltd . 29 . 34 , 88 . 
Millmerran bitumino u coa l 8. 
Mineral ; 

matter, 25, 30. 
o il ,5 1. 
residue , 33. 

Mining & Safety Resear h Centre (U.S.) . 44. 
Ministry of Internatio nal Trade and Indus try (MITI) 87 . 
Mit ui ; I 

& o . .I,td., 29. 
Co ke Co. Ltd., 29. 
Group 1, 29. 34, 86. 
Kozan o king Industry Co. Ltd ., 39. 
Min ing Co. Ltd., 29. 
pro es (mod ified) 29. 
S.R.C. pro ess 8, 29, 86. 

Mobil Oil Corp. 24, 65 . 
Mobil Research & Developn1<!nt Cent re 86. 
Mobil Technical e ntre 86. 
Modified I.G.I . two stage proc~ss 64. 
Molecular weight 30. 
Molten ; 

carbonate,52. 
iron bath , 40. 
Iro n gasifica tio n. 74. 
sa lt bath , 51, 
sa It ca talysis pro e ,24. 
salt proce , 8, 40, 52, 69. 
slag, 49. 

Motor valve 53. 
Moving fi xed bed 4 7, 5 I , 63. 
Multiple; 

ca tal yst pro css, 53. 
tluidised beds. 6. 26, 41 , 69. 
tluidi cd bed proce s,69. 
products,S. 19. 

aphtha 9, 12, 14, 21.52. 
apthhalc ne 4. 

Nationa l oa l Associat io n 8, 69 . B. 
National Coa l Board ( .K.) 18.88. 
National Coa l Research Advisory ommiltcc (N RA ) 8. 

9 . 
National Science Fo unda tion ( SF) 25, 65, 90. 

avy boilprs/ turbines 76. 
New England EleLtric System 77. 
New York State Electric &as orp. 61. 
Nagara Mo hawk Power Corp. 61. 
Nickel; 

ca talyst , 50, 54. 
molybdate cata lyst, 6. 
230S. 51. 

Ni sho-Iwai American, Nissho Iwai Co. ~O. 34 . 
Nitric acid 70. 
Nitrogen 6 . 24 , 31 , 68. 
Non-ca king peUets 62. 
Non ca talytic hydrogenati n 28. 
Non corrosive aUumina reactor 53 . 
Northern Ellinois Gas Co . 50. 
Northern Indiana Public ervice 0.77. 
Northern States Power Co. 61. 
N.R.D.C. 90. 
NSF-RANN 65, 
Nuclear ; 

explosion, 66. 
reactor, 52. 54 . 
reactor waste heat . 52, 54 . 

OCCidental Petro leum Corp. 17.46,62,94 . 
O.C.R. (Office of Coal Research, see a l E.R.D.A.) 2, 4 ,5,7, 

8, 12, 14, 16 , IB, 20, 21, 24 , 25, 26, 30, 33, 39. 40, 41 , 
4 2 , 4~ , 48, 50,52,53,54 ,59 , 60 , 61 , 63,66 , 69 , 70, 
71.72,73,74,75 , 76, 85,87 , 88,90. 

O. .R. Annual Repor t 20. 
Octane 5. 24. 
Offga 7,9 , 31. 
Office of Synthetic Fuels I , 16 , 17. 
Ohio Air Quality Development Authority 4 . 
Oil ; 1, 5,15.33. 

phase 15 , 36. 
hale: 36 . 

Oklahoma State Dept. of Indu trial Develo pment 54. 
Oklaho ma State Univer ity 33. 
Old Ben Coa l Co. 28. 
Olsen Engineering Inc. 5 1. 
Open-<:ut mining 34. 
Operation " Red Dog " 70 
Orange & Rockland Utilities Inc . 61 . 
Organic; 

compounds. 24. 
ulphur , 15 , 30. 

waste, 41 . 
Otto, Dr. C. & Co . 69 . 
0110 rummel slag bath (0 uble shaft) pro es , 69 . 
OverbUrden preSSure 66 . 
Overtlow weir 70. 
o idation 54. 
Oxygen 6 , 9, I 1,22,31,47 . 
Oxygenated compound 47. 
Oxygenates 15. 
OXO:i2. 



• 

• 

Pac Ific rim countries 20. 
Pa cl.cd tubc rCJ ctor 43. 
PAM : 2,25.29 , 30,61 . 

R proces ', 2, 28. :9, 30, 31. 32. 
Pandindco pr cess 70 . 
P.Jnhand lo I:.a~tern Pipc line Co . 10. 
Paraffin, 15. 21. 

parJffirll(,. ~6 . 
P.ll so n • R.M. & Co . 7, , 16,26 . 66 . 
Parti \ eombu tio n 23 . 
Particulates 10.39 . 4 7. 2.77 . 
Pali!a ~ pro es 40. 74 . 
Peabod y oa l o . 76 . 
Pe Uct •. 2. 
Pclletized co I ash I I . 
Penns Iva niJ Gas Watc r o. 4 . 
Pennsy lvania Power 8. li~ht Co . 77 . 
Penn yl\'3nl:l cic nee &. Fngineenng Rc carch Cent re 44 . 
Pennsy lvania State nlversit 2. 86 .90. 
Pentanol 15 . 
Pe trochcmlca l fccd)\ocks 2, 19. 
Petrochemka ls 16 . 49 . 
Pe tro leu .n: 

product s I . 26 . 
rcfincry \, 7. 
re iduc. 26 . 

PII:I cparu tio n 6, 24. 
Pheno l 3. 4 . 15,51. 

" ,·,I,oJ I". 7.26 . 
.. ' c,l,oJI 1".26 . 
" \'.IL· () ~ C ". 26. . 
"Thundcrblrd". 66 . 

Prop,1I1C burners 65 . 
Propulsion 26. 
Publ;c crvi'c o f Ind wn.1 '1 6 . 
Pullman Inc. 52. 6 . 69 . 
Pulvcril'd Coa l 2. 13. 17. I ll. 20. 28,30.35.37 . 
PyridlnC 4 
Pyrochcm Cnrp . 7.94 . 
Pyro lyzcr 17,36. 6 2. 74 . 
P rolysis.2M. 6 . 46.67 , 74. 

j!as 10. 23 . 
IIqucfac tlo n.6 _. 
liqu id. S. 
o il. 6 . 10. 
rCJcto rs. 6. 17. 46 . 
ves c l. 17.36. 

Quadri p l~l se hydroge natio n 37 . 
Quecnsla nd : 29. 34, 88. 89. 

Institut c of Techno logy, 89. 
niversit y. 8 . 

Quenches, quenching.co nditio n, 15. 44 .5 1. 

Philadclphia & Read ing Corp. 70. Radia ll y c:\tend cJ pa tt em 66. 
Philadelp hia & Reading Process 70. Radiant bOiler sec tio n 5 . 
Ph illip Petroleum Co . 94 Raney nickel ca ta lys t 5 '. 
Pico linc 4. Rapid high telllp . gas ifica tion proccss 71. 
Pi.nt ~h II ll1cbrund process 65 . 7\!. Rapid. high t~mp. pYH?lysi process 46. 
Plpcllnc quaUty ga (se,'c a lso S (1 ) 5. 8. 9,10. 17.22.23. 32, Raw. l~quor product /a ll 13, 15,35. 

39,4 1. 43 , 46 . 47. 48 . SO. 51 , 52 53 54 55 5f. 57 Rea"t ~vc char 7 
58 . ' , , • , • RC.1CIlVH y 13, 30. 

Pit h coke 2. R.;:aclo r ; 21, 21l, 35, 47 . 
Pitt sburgh 1iJway Coa l Mining o. (PAM 0) 2 Il 10 lining, 52. 

25.29,30. '" to wcr,2 1. 
Pllt burgh En'rgy Re 'urchCent rcl3,16,47 68 78. . tubc,21. 
PL1ccr AM EX 20, 34. ' • Reac.tJ o n Zo nc 15 , 36. 
Plant fuel JO. Rccttso l 15. 
Plasma a rc procc 59 . Recycle; 
Plasma jet 68. gas, 8, 17, 18. 23. 
Plasti range 2 1. o il , I , 18. 21. 
POll utio n 77. pump, I ll . 
Poro us lid 18 . so lvent,8, 12, 14. 27 . 
Po ta ium chloride 54 . RecycUng 18. 24 . 
Pott. A. 24 . 31 . Reduc ing gas. 10. 18. 
Pott ·Sroche process. 25. 31, 94 . Regenera tio n 20, 24. 
Powe ll Duffr),n Te hnica l Scrvites Ltd ., 88. Re~ubLtc Stcel orp. 10 . 
Po wer Authority of .Y. 6 1. ResIdue time 17, 23, 27 , 35,51. 
Po wer Ga . 7 1. Resid ~ntial hea ting oi l 14. 
P wer gas proce 71. Residue 18, 23, 33 , 5 1. 57 , 73,76. 
Power gc ncra tion 10, 13,68,74. Rescarch Council of Alberta 94. 
Powerto n gcnc((Ition statio n 68. Revo lv:'· , grat e 33. 
Power plant sta,'I( controls 13. Reynofa s Metals 0 . 4 . 
Prc-coa l fi lt er 6 . 13, 26.33 . Riley Co. 71. 
Prccip itation IS. Riley-Morgan proce s 7 1. 
Prehea tcd a ir 22. Road !ill 33. 
PrI':lea tcd hydrogen 14 . Rochcs tcr as & ' Icet ri orp. 61; 
-'{cheat furnace 8. Rockg:ls Pr ccs 7 1. 
Prcheat ~ r 21. Rock well Internationa l orp. 71. 
Pre ure reactors 3 1. Rocky Flats Resea rch e lltre 35. 
Pretreatmen t 2, 4 7,53 . R'lcky 10 untain Energy Corp. 10.,65. 
Primary distillation 70. Ro tating grat e 64.77. 
Primary tar 22. Rultrgas A. . 22. 72. 
Pr ~ess: Ruhrga vortcx process 72. 

dcrived o il . I , 2, 19. RUlll me l slag ba th (sinj! le h:lft) pro css 09 .72. 
dcrived w lvent, 12. Rust Enginecring 0 . 32,55 . ' 
so lvcnt . 25 . 

Procon Inc. 48. 
Producer haft 72. 
Prod uct ; 

char, 17. 
gas, 10 . 13 . 17,2 1,22 . 
o il . 13.35. 
luny, 30, 31 
tream, 28. 

Produ er gc 22. 
Proj~ c t ; 

104 

" 3 linc" 12. 
" Inde pendencc" 9. 
"Lignite" (S R L) 25 . 

and tluic1i zcd bed 74 . 
Sand ', l aboratories 66. 

SO Ltd. 15 , 5 2. 
A L I 16. 

SA OL 2 16. 
cientifil' Rc~.:arch j!cnq o f thc 

Screw feeder 58. 
":rubbcr I . 
'nubbin!! to wer I 
"' Ill tracturing 65. 

cam pcr mabi lit y 43. 
Scrni-co ntlOlJ us reac tion 17. 

'lIo n 66. 



• 

.. 

Sensible heat 50. 
Separation rJ. 
SheU De¥e)opment Corp.'20, 95. 
S~lllnt.natJonal htrolC'.;m Muuchappij 50. 
Shift; 

conv •• lon 9, 10, 40, 41, 46, SO. 
convert .. 56,58. 
methanatlon reactJon, SO. 

Siemen., SW Willlam 65. 
sWca activated alumina 35. 
Sllla. .nd 2l. 
Sillcon carbide 41. 
Sq.ani Ce'. 92. 
Sirwle IOlvent 32. 
Su.le stale reactor SO. 
Sial bath 69, n . 
S .... ir~ 8, 9, II, 48, 60, 61 . 
Slow carbonilliion 23. 
Slurry 2,12,15,19,21,27,30,35,56. 
Slurry oil preparation 3, 18, 35 . 
".od!um; 36. 

carbonate, 54. 
su lphate, 54. 
sulphide, 54. 

Soltio'l refinery 28. 
Solid elecllolyte fUl!l cel l 76. 
SoUd fuel 25. 
Solution-gaslflcation process 54. 
Solution ~ydrol!enation I, 25. 
Solvell~ , 8, 21, 21. 

extraction, 18, 37, 88. 
extraction proce CR ,27, 88. 
extraction pr cel UOP, 21. 
refined ~rtite (SRL) , 25. 
vaporisation, 36 . 

Solvoly is proce s 28, 87 . 
South Australian [nerllY cPmntittee 89. 
:)Qutt. Afri an ai, Oil ar,d Gas Corp. (SA OL LTD.) 

16,52. 
Souther r. Company of Atlan:a, The. 32. 
Southern Compsny' s Sj'stem, ~:: 14. 
Southern Service Inc. 34. 
Soviet TechnolOlY 66. 
Spencer OIentical Co. 25, 31. 
Squirc , A.M. 5.63. 
S.R .. ; 8. 10,21,29,90,92,95. 

CF project, 28. 
Combustion rwineering process, 29. 
M.itsui, 8, 29, 34, 89. 
modified, 29. 
PAMCO, 2, 30, 89. 
PIOce , 10,20, 25 . 
product fredsto k, 30. 
product, 30. 

tandard Oil Development o. 95. 
Standard 011 of Indiana 18. 
Standard Oil of Ohio 13, 28. 
Stanford Research In lilute 20, 33. 
Stannous chi ride 21. 
Steam 24, 47 . 
Steam; 

iron ga ification, 49. 
iron ga Ifier, 49. 
iron pro e ,49, 73. 
oxygen slficr 12, 49. 
turbine, 68, 74. 

Steinkohlenbcrgbauverin StBv. 92. 
Stearr.s Roger or p. 41, 42. 
Stirred ; 

e"tractio n, 12, 13. 
fixed bed, 91. 
flx~d b~d proces , 72. 

Stirn ! 72. 
Stocwen r, Keunccke & Be Jce 95. 
Stone & Web ter Engineering orp. 54. 
Strai ht hain high·boiling hyd lc-;;.uoons 18. 
Strater i a, lvantage 26. 
Sub·bltuminou coal 4, 14, 20, 24, 36, 49. 
Submerged coal combustion proce s 73,87 . 

ub ' titute tural a " SNG " ( ee al o pipeline quality gas) 
5,16,33.34, 4U,44, 45 , 47 , 58. 

Sulphur ; 3, 6, 10, 16, 24, 30. 
emil !'In control~, 24. 
gas, 22. • 

Sun; 
pliflcatlon procell, 54. 
Oil Corp., 4, 18, 54, 95. 
RCle&Jch .t Development Co. 54. 

Swem,. 36. 
Syncrude 7, 19, 26, 28, 29, 35,37. 
Synthane proce 55, 13. 
Syntheaispi 5,8,9, 10,15,16,21,23,25,30,32,51. 58. 
Synthesil gil pllot plants 51. · 
Syntholl process 15, 16, 34. 
Syn,holl pilot plants 35. 
Synthetic crude oil 6 , 10, 23, 26, 28. 

Tail ga., IS . 
Tal1llental nozzles 72. 
Tl'rnpa EI.:ldc Co. 17. 
Tar 1, 15, 1 7, 31, 5 1.1. 57, 58. 
Tar hydrogenation 2). 
Tar p~oducts 16. 
Tenneco Inc. 10. 
Tennessee Cas Pipeline Co. 10. 
Tenneuee Valley Authority 17. 
TetIHthyllead 23 . 
Texaco Development Corp. 31, 58, 73, 95. 
Te ,.co gasification procen 56,73 . 
Te. lCO In . 56. 
Tell IS Company, Tne 36, 31) 95 . 
Tel(; s lectrlc ~r ice 0 60. 
Tex!.. , Electric . mission o. 49. 
Te II PoMr an ,ht Co. 66. 
Te IS Utili ti s Ser.;t s 0 . 6 . 
The Oil Shale orp. 35. 
Thermal decomposition 22. 
TIlermal efficiency 41,58,65,75,77. 
T hermocouples S:l. 
Thermowell 53. 
Thomas, .L. 95 . 
Thre stage 14;actor zone 21, 27 . 
Thiallllphtnes (hydrogenation) 37. 
ThY3scn-Galoczy process 13, 75. 
Toledo Edison Ileneratinll l:ation 28. 
Toluene 55. 
Tosco 35. 
To co II pro e s 35 . 
To~oal process 35 . 
Total nergy Corp. 56,95 . 
Total gasification proce s 56. 
Totzek, Frc:idrich, SO. 
T\lwn gas 30, 52. 
Transcontinental Cas Pipeltne orp. 58, 96. 
Transvaal Coalfields 16. 
Tube Wail Reactor (TWR) 55 . 
Tuiley process 65 . 
Tungsten sulphide catalyst 53 . 
Two stwr,r. ; 

Ouidi d I!a ification proces ,57. 
hydlogasifier, 49. 
proce s, 73, 81 . 
solvent extraction, 27 . 

Two step coal pyroly is Ilasification proceu14 . 
Two zone hydrOllena tion reactor 47 . 

U. Cas process 74 . 
U.C.1. blue water gas proces 75 . 
U.C .1. orp. 7, 15. 
Underground lI.a Ification 65 . 
Underground liquefaction proce ,36. 
Unconverted coal 1, 8, 12,13,1 4 , 27 35 . 
Union Carbicle orp. 4 , 37.39, 59, 8S 96. 
Union Carbide process 37 . ' 
Union Electric Co . 77 . 
Union Pacific Corp. 10, 65. 
Union Rhein ch braunkohlen Kr ftstaff A.C . 72 . 
United Engineers & Co nsultant Inc. 76 

niversa:OilProdu IS 0 . 27 , 37 , 4896. 
Univer ity; , 

Br ' ham Young, 71. 
of Calif;>rnia, 67 . 

arnegie Mellon , 33. 
of Columbia , 44, 62. 
of Iowa State, 44. 
of Montana State, 24 . 
of orth Dakota. 25 . 

105 



• 

• 

IJnivcr It : conlinued 
fOklah ma,33. 

of Penn ylv nia late, 59, 44 . 
of Queensland. 34, 88 . 
ofTe~a s. 65 . 
of Wn hllllfton lal , 33 . 
01 W st virginia. 67, 74. 
of W omlng, 53,96. 
of I loria , 9 . 

n turated h , carbons 51. 

y v oal 0. 4. 

lin ; 
chloride. 24 . 
chrol1lium cala ly 1,23 . 
halide r-3 taly 1,10. 
oxide chromium ca taly 1, 23. 

t ll1ic e ll rllY r mrni ion , 66 , 93. 
Bureau of Mine ( BM) 13 , 16,34,43.44, SO. 52, 
54. 55,5 , ~ ,67,72,88,91 . AC'Orn Park , Ma 14 . 
OurcJu of Min Research Statl n,67. 
Dept. of the Int erior,S, 6, 95 . 
Dept. of t!1 I avy, 7, 26. 
Fcd~ral overnm nt. 29. 

U. . John n (destruyer) 26. 
U. tcel: 

orp, 3, 44 . 
orp Rc carch Lal;oratory, 2. 

Engmeer & on ultant Inc .. 3. 
U.S .. R. 66 . 
Utah Devlllopment 0. 89. 

Va Uum : 
bo tt om, 19. 
di tallute ov~rhead , 19. 
Ilrum, 19. 
na h di tillatlo n, 30. 
nash tower , 30. 

Vapour 12. 23. 
Vap uri d produ cts 36. 
Variable feed crew 58 . 
Vcloci t 35 . 
Venturi scrubber 6. 

er)' high vo latij~ bitumin()l. ~ oa l 29, 30. 34. 
Vidg ynthe is ga p~oce s 65 . 

i 0 hy 32. 
Vit rinite 2. 
Vola tile product 33, 4 7. 
VIO Licen in!u'g 66 . 
Vort e ; 

chamber, 41 ,72. 
n w,41. 

Walloon oa l m a ures 89. 
W Ie heal re overy 57 ,5 8. 
Water ga ; 64. 

generator. 64. 
qu nch tank , 49. 
shifl conver ion, 23. 
shift nvertcr, 40. 
hi I reaClion, 66. 

WeU 36 , 66. 
Wellman; 

alu ha 0. 57,75 . 

V
alu h proce , 57,58,75. 
nc:!nde enl lt d. 58 , 76. 

mechanica l gas produ cr,76 . 
We tern Co? 1 ( .. A.) 22. 
We lin h\lu ; 

orp . 76. 
Ie lri orp, 61 , 76 . 

EI ctd Re arch &. D ev lopmenl ~enlre. 76. 
Fuel cell pro e ,76. 
low BTU pro e ,76. 

We I Virginia evelopmenl Authority 4. 
Wheelabr tor-Frye Inc. 34. 
Wilputt e: 

orp, 77 . 
produ r PIO e ,77 . 

Winkler; 6. 
ga . let, 23. 
pr ,7,5,73,77. 

Woodha U-Duckham lId . 64 
World War II 1,29, 31. 

ylene, yl no l 4, 5 . 

106 

Iaball13 65. 
Abi ka 20, 34. 
Albuquerque 66. 

lberta 66. 8~ . 
AUentown, Pa. 39. 
AUian e. Ohio, 3, 60. 
Ame , Iowa 44. 
Apala hia 33. 
Allanta , e rgin 32. 
Austin, Te a 65. 
Au tralia 8,29, 88. 90. 
Au tria 52. 

Oa SIr3il , AuS! . 90. 
Oa I WI1 , Te a~ 14, 45. 
Belgium 65. 
BeUe, Wesl Va. 60. 
Belmonl ounly, Ohio 4. 
Beluga, Ala ka , 20,34. 
Billingham, .K. I , SO. 
Billing , Mont. 59. 
Ourmi'Jham, AI.:i . 32 . 
Bloo rnflekJ N.J . 29. 
Brisbane, Qld. 29,34. 88. 
Brili h olumbia 66, 85 . 
Bru elown, Pa . I , 16, 17,35,44,55. 
Buchanan ounly We tVa, 43. 

Dar li ng Down , Qld. 29, 0, 34. 
Denver, 1 . 42. 
do: Plaine, lJI. 2 . 
Durban, .. 16. 

En lern Tran vaal 16. 
Es n, W.G. 49, 67. 

v re tt , Ma .59. 

FOUI orner Area 33. 
Fra flkfur l, W. . 2, 5 I, 8. 
Fran e 15,39, 41 ,70. 
lou " , Manchuria, 1, 29. 
Ft. Lewis, Wa h. 28,30,32. 
i t. Un; n,33. 

aJilee Ba in, Qld. 89. 
crm.ln democra li . republic 0, 92 
erman I , 15,22, 49, SO, 52, 5 , 8, n. 
olden, Colo. 33, 35, 36. 
orga , Ala . 65 . 

Gland Fork, .D. I, 25, 52, 6 
rand Uey, 10. 36. 
ran I Di Iri I W. a. 5. 
reen ounty, Pa . 44. 



• 

Hacken.ck, N.J . SO. 
Hque, Netherlandl SO. 
Hanna, Wyo. 6S . 
HarmavWe 2. 
Homer City, .... 41. 
HOlilton, Texal 33, SO, SI, 69. 

IWooIs Ba.1n 33. 
Indll 9:!. 
Inkerman-Balaklava are. S.A. 89. 
Italy 64, 6S . 

Ja~.I\ 28. 29. 87. 
Jeffeflon County, IWnols. 43. 
Jullch, W. Germany 

Korba, Indll 92. 
Kor., I. 
Kyu.hu, Ja~n 29. 
Lakeland, Fla. S8. 
Lake Philipson UN, SA. 89. 
Laramie Wyo. S3 6S . 
Ia Verne, Calif. 17,46,62. 
.... therhead. U.K. 11. 
Leuna, GerHlany 1. 
Llbruy, .... 20. 
Uvermcre, Calif. 66. 
Uvirw.ton, N.J . 14, 35, 61 . 
London, U.K. I,S8, 70, 76, 77. 
Lo. Analel, Calif. 8. 
Louilianna. MI ... I, 16,67. 
LoullVille, Ky. 51. 
Lunen. W.O. 68. 
lukavac, Yup,.lavil 23. 

Menlo Park, Calif. 20, 33. 
Melbowne, Vic:. 90. 
Merriman, Kin . 32. 
Miami, Flo. 19. 
Milke, Ja~n 29. 
Milan, Italy, 64. 
MUlmerran, Qld. 29, 30, 34, 89. 
MinneapoU.,61. 
Monroeville, PI . 2, 69. 
Morpntown, Welt VII . I , 36,65, 73. 74. 
Moro 06S. 
MOicow, U.S.S.R. 6S, 66. 
Mwroy Hill, N.J. 77. 

Netherland , the 50 
New York, N.Y. S, 8, t 1,44,47,59,62,6 ,70. 
Norwalk Harbour . onn. 72. 
Ohio RJver Balin 33. 
Oklahoma 33. 
Omuta , J'p"n 29. 

I'lIIo Alto , Calif. 5 . 
PaJlchute CIt., Colo. 36. 
PluedelW, Calif. 16. 
"'ullboro, N.J . 24. 
Pekin, IU. 68. 

ertll, W.A. 90. 
Phl.l.Iadelphia, ... . 26, 32. 
Pilc:ataWliY, N.J . S2, 62. 
Pitt bur,h, Pa. 13,16,34, 3S, 40, 41 , 42, 47. SO, SS, 68, 

72,73,76. 
Poland 6S. 
P wder River Balin Wyo. 67. 
Provo. Utah 71 . 
Princeton, N.J . 5,6, 10, II, 24, 26, 63, 67, 78. 

Queenlland 31, 32,125. 

Rapid ClIy, S.D. 28, 29. 43, SI. 
Rhode.1I 87. 
Rocky Flats, Colo. 3S . 
Routn , Fr nee , 70. 

Salt Lake Cit:'. Utah 20 . 
Suolbuf" S./. . 16.52. 
Schenectady. N.Y. 47. 63, 
Schwechlt, Austlla 52. 
Soulx FaU.. S.D. 61. 
South Africa I.~ . l6. 
Soulh Aliltralia 9. 
Soulh Ealt Queensland 29. 34. 
SI. louis, Mo. 16. 
Sloke Orchard, U.K. 18. 27 , 88 . . 

I. "'ul. Minn. 2S . 

'lerre Haule.l..d. 77. 
Toledo,Ohjo 13, 28. 
Tokyo. Japlon 28, 29. 
Trenton, N.J . 18, 19. 

Vlclorla 90. 

Waltham. M .... SI. 
W:llIZ. Mill, h . 77 . 
WashJnalon CounlY ..... 43 . 
Wash Ina Ion D.C. 33. 
We Una W.O. 1'2. 
Westfield. SCOI. 43, SI, n . 
West Jeffeuon. OhIO 39. 59. 
Wellern AUltralia 90. 
Welzel Counly, We.t Va . 6S. 
Wilson ' ille , Ala . 28, 32. 34. 

Windsor COM . 60 
Wood ( ;;:mly, Well Va. 4. 

107 



• 

15th July, 1975 

ADDENDUM TO 

"COAL CONVERSION TECHNOLOGY A REVIEW" 

BURLINGTON AND NORTHERN RAILROAD CO. 

The LU:i::gi and Koppars-Totzek processes are under evaluation by 
B. & N. Railroaq Co. for the production of synthesis gas for 
amm~nia in their proposed coal-based fertilizer plant at Circle, 
Montana. The Company has filed a lO-year plan with the Montana 
Natural Resources Dept . detailing esti~ates ~= requirem~nts o f 
9,000 ton per day of lignite and up 0 9,000 acre feat per year 
of \'1ater for the coal-ammonia plc:.nt. Target date for the 
commencement of construction of t he ammonia plant i s the thi.:c 
quarte~ of 1976. 

Burlington and Norther~'s other plans i nc l ude construct i on o f a 
methanol-from-coal plant to be underway in 1979-80 and a syn",:hetic 
diesel oil-from-coa l plant to be constructed in the period 1983-85. 
All these coal c onvers ion ~l~nts wi~l be l ocated near Circ e, 
Montana. (Refer to Fig. 6A) 

CARBON BLACK (Irs titut e of Gas Technology) 

The C'r .... c ci(::io-~ased Ini.>t,i t'..l~e of Gas 'i'echnology h;;.s deve loped <:.. 

proces s for the c.;.ta:'y::ic p roduc'.:ion of carbon blac:< \ <1% <ish 
and < 0.25%S) from coal. The I.G .T. proces s operate·s on a ;. r 
alone as the oxidant , and utilises a CO-rich gas and the watex 
gas-shift reaction. 

Initi :ly, the coal is dev latilised to generate a strew~ of 
pyrolysis tar/ s a s pro uc ts . Th~ devolatiliz~d char i s t~e~ 
gasified t o ?roduc e a gas stream of CO and H2 which is cool ed 
by passa'j"c through a fluidized bed o f catalysts which c ause 
precipitation o f finely- div ided car bon t o which may be adoee a~ 
admixture of the pyrolysis-product stream. 

The process is caxried out at pressuxes o f CSO - 1100 p. ~ . i. 

COALCON EY~rtOCArtBON:ZAT:ON 

The f ollowing compan ies have joined the i ndustry group be ing 
foxmed by the Coalcon Co. to deve lop the Coa l con Hydrocarboni~~ ~ ~v .. 
2,600 T.P.~. demons~rat ion plant:-

Atlan~ic Richfield Co. 
Mobil Re search and Development Corp. 
M~rtin-Marietta Corp. 

This brings t he indust ry team to nine. 

In addition to these companies, there are f ive state and county 
agenoies in Ohio and West Virginia involved. 



COALCON HYDROCARBO~IZATION (c~~tc) 

There are six States v:l'ing for tne d monstration plant to ~e 
located within their regions: 

Illinois; Indiana; Kentucky; . Ohio; pennsylvania and 
West Virginia. 

Wood County, West Virginia and . Bel a~:·.t County, 0:'::'0 appear to be 
the front-runners, however, the o·::;};er contenders are submitting 
competitive proposals. Site selection for tha Coalcon plant is 
to be made by 1st January, 1976. 

COAL LIQUEFACTION PROCESSES - COST MODELLING 
(West Virginia Universit~) 

The West Virginia University, Morgantown, W.Va., has completed 
an econo~ic comparison of three major coal liquefa=tion processes 
using a computerised ~odel of each of the processes evaluat~d 
i.e. S.R.C., H-COAL and ~l~~HOIL. 

Independent of the parameter investigated (oiJ cost, capital 
investmQnt f operating cost, power cost etc .) the S.R.e. process 
costs were con.:;istently lower than those for Synthoil or H-Coal. 

The work was sponsor!;: .... by the National Science Foundation (now 
under E.R.D.A.). 

COAL~LEX (N.C.B.> 

The British National Coal Board has proposed a· development 
program for the period 1975-79 which would rese..lrch the coalplex 
concept of integrating coal l~quefaction, gasification and 
pyrolysis plants with power generation plants. The ove~all cost 
of the program was esti~ated at £19,000,000 which is to be funded 
by the European Coal and Steel Community. 

C,OsE.D. CF.M.C. Corporation) 

The F.M.C. Cor~oration has mace plans for shipment of 1,000 tons 
of C,O.E.D. char to Spain w~ere its performa~ce will be tested i~ 
a Koppers-~o~zek gas~fier at a co~~ercial fertilizer plant. The 
tests will be spon5cred by E.P.R.I . ane E.R.D .A. and the results 
will be evaluated ~y the Koppers Company. (see P.7 of the Review). 

~ PASO NATURAL GAS CO. 

As a result of the increasing work-load on El Paso 's Burnham Coal 
Gasification Co~plex in the Four Corners area of New Mexico, 
(expected to come on-stream in mid-1978), the Company has been 
forced to indefinite:y postpone its proposed coal gasification 
complex in Dunn, Bowman and Stark Counties, Nort Dakota. El Paso 
has withdrawn its application for State water rights in relation 
to the four proposed No=th Dakota S.N.G. plants but is continuing 
to assemble coal rp.serves in the three counties for future 
utilisation in S.N.G. plants. 
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E.R.D.A. 

The recently-created Energy Research and Develop I..:nt 
Administration (E.R.D.A.) ir.co~porates tIle fo~m~r energy 
4~' & D. functions of: 

Atomic Energy conunission (excluding the nuclear reliability 
and saf~ty monitoring functions which are assumed by the new 
Nuclear Regulatory Co~~ission). 

Office of Coal Research, U.S. Dept •. of the Interior; 

Bureau of Mines, U.S. Dept. of the Interior; 

National Science Foundation; and 

Environmental Protection Agency. 

EXXON GASIFICATION 

EXXON Research and Engineering Co. is developing a new approach 
to S.N.G. production with a catalytic coal hydrogaliification 
process. 

In th i s process, pulverized coal is reacted in a fluidized bed 
witr steam and hydrog~~ in the presence ' of an alkali-metal 
catalyst. Methane produced in the hydrogasification reaction 
is cryogenically separa~ed from the offgases anC can be used 
directly as a pipeline gas . Carbo~ monoxide , cryogenically 
separated, is "'team-reformed to hydrogen w:,ich is recycled, 
with the hydrogen stream fror.\ the cryogenic separation unit, to 
the hydrogasification reaction zone. The hydrogen and steam 
concentrations are controlled to balance the exothermic and 
endothermic reactions, thus p=oviding a thermoneutral process 
for hydrogasification which optimises methane production. 

GEGAS 

General Electric and the Electric Power Research Institute have 
announced plans to construct a 1 T.P.H. pilot plant to evaluate 
the G~GAS gasification process for the production of lOW-Btu 
gas from a wide range of i.mpu're caking coals. This pilot plant , 
to produce 100,000 SCF per hour of 150 Btu gas, will be located 
at General Electric's Research 3nd DeVelopment Centre in 
Schenectady, N.Y. 

H-CQAL (Hydrocarbon Research Inc.) 

The Hydrocarbon Research Inc. Development Laboratory at ·Trenton, 
N.J., has reported significant success in the removi.\'. of ash 
and inorganic sulphur from the H-COAL liquid by the use of 
magnetic separation. To date, filtration, solvent precipitation 
and magnetic separation have be~n tested in the sOlid-liquid 
separation step of the H-COAL process at Trenton. The economics 
of magnetic separation will be evaluated in 1975. 



I~~IA 

The Indian central Fuel Research Institute conducts studies 
related to:-

1. transportation of coal in a concent=ated form to reduce 
delivery costs 

2. coal conversion to liquid fuels, S.N.G., low-Btu gas, 
chemical feedstocks and domestic fuel. 

3. processing of coal for utilisation in the iron and steel 
industry. 

Specific research related to coal conversion includes:-

a) Low-temperature carbonisati0n 

Two continuous vertical retorts are operated of 20-30 
tonnes per day total capacity. O?eration of these retorts 
is provid i ng information fo~ the construction of a 1500 
T.P.D. carbbnisation plant in West Bengal by C.F.R.I., in 
conjunction with Engineering Projects India Ltd. This 
plant will produce 13-15 million S.C.F./day of gas and 
1,000 T.P.D. of coke . 

b) Formed-coke 

Operation of a 1 tonne/nour pilot plant for the production 
of formed-coke f~om non-c~king coa ls by fluidised-bed 
carbonis~tion has culminated in the construction of a 
300 T.P.D. formed-coke plant in Talchar (Orissa state). 

c) GasifiCation 

R&D on steam-oxygen gasificat ion entails the operation 
of:-

1. a Lurgi plant of 0.8 tonne/hour capacity 
2. a Koppers-Totz~k gasifier of 110 kg/hour capacity 
3. a slagging gasifier 

Th e~phasis at present is on the application of solid heat 
carriers due to the high ash content of Indian coals. 

d) Util isation of Coal-Distillation Products 

A variety of processes have been developed at C.F.R.I. 
for the extraction of valuable cheillical products from 
coal tars. 

e) Direct Conversion 

An 18kg/hour pilot plant for the hydrogen a ion o f coal wlll 
be ooerational in the near future with plans in hand for a 
24 T~P.D. demonstrati~n plant to follow. This work is 
co-sponsored by the National Research Development Corp. 
of India and the Indian Oil Corp. 

f) Industrial Carbon 

A 1 T.P.D. plant to produce activated carbon from lignite 
has been constructed in Madras State . 
The manufacture of electrode carbon from coal tar is being 

actively researched. 
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INpIA (conte:) 

g) Catal ysts 

Research into hydrogenation, hydro- rerining and Fischer­
Tropsch synthesis catalysts is continuing. 

h) Acetylene production 

Studies are in progress ~n the production of acetylene 
from coal by plasma and laser-irradiation pyrolysis. 

i) Energy generation 

Emphasis is being placed on various aspects of energy 
generation and storage including:-

1. fuels cells based on ~e~hanol and oxygen 
2. MED gener~t~on based on ~urgi, ~oppers-Totzek, 

producer-gas and water-gas generators. 

"IN SITU" GASIFICATION A~iD ~IQUEFACTION (Belgium) 

Due to the existence of very large reserves (of the order of 
10,000 million tons) of coal in the Campine area of the 
Belgian Southern Coal Basin which are not ~nenable to economic 
extraction, the Belgian National Institute of Extractive 
Industries has now turned its attention towards. the application 
of the "in situ" gasification, liquefaction and degasification 
techniques to utilise these resources . The "in situ" gasification 
process is currently being tested in the deeper seams of the 
region combined with the extraction of the methane which ascends 
into thd upper portions of the d~posits. This technique emp:oys 
the int~oduction of gasifying rr,edia at pressures '.lp to 1500 p. s. i. 
via drill holes spaced 600 feet apart which penetrate seams at a 
depth of 2000 fee";: . The strata between tho coal seams is heated 
to a hig:, temperature a •• d acts as a hec.t sink where the 11eat is 
utilised for producing synthesis gas during the gasification 
process and for the generation of steam following the gasification 
process. Four other drill holes are to be put down for the 
recovery of the methane from the upper part of the deposit. 

Due to the interest in "in situ" technology, the Belgian Institute 
will be presenting data on its field tests to the European 
Economic Community Corr~ission. 

In the Federal German Republic, a l arge-scale project to further 
develop Lurgi pressure gasification and the production of synthetic 
liquid and gaseous fuels from coal has been undertaken by a 
consortium of oil, gas and electricity companies. 

METHANAT I ON (Conoco Coai Development Corp.) 

Following the successful steady-state operation of the jointly­
designed Conoco and British Gas Corp. fixed-bed, gas-recycle, 
methanation reactor at Westfield in Scotland, bench-scale 
reactors continue to be operated toth in Scotland ana at Conoco 
Coal Development Co's Ponca City, Okla., laboratory to augment 
the data on long-term catalyst durability. 
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METHANA~ION (Ventron Corn . ) 

The Ventron Corp . has developed a process f or the production 
o f high-purity methane from synti1esis gas over a transition­
.aetal cat alyst (nicke ... , pallac:'um or platinum) intercalated in 
a graphite structure in t~ rr.etallic state. The significant 
featt;re o f this methanat ion proces.5 i s that the reaction can 
be carrie d ou t at pressu~s as low as 1 atmosphere and within 
a temperature range of 400 - 850o F. The catalyst is sulphur­
tolerant up to 0.3%S. 

METHANOL-COAL REACTION PROCESS (Te xas Tech. University) 

Researchers at Texas Tech . Un i versity , Lubbock, Tex., have 
conducted experi~ents :'n a 1 lit=e ~~irred batc~ autoclave t o 
demonstrate the feasib i lity o f ewploying methanol as a coal­
conversion medi~~. T~e p=oces involves t~e slun~mg of coal 
in methanol with s\.:bsequent nydrogenatiot" of the coal tnrough 
the thermal decomposition of the methanol • 

The exper~menta l results indicated that methanol is uniquely 
absorbed by coal which p rovides an 'intimate dissemination of 
the hydrogen source within the coal particles. The thermal 
decomposition of the methanol with i n th~ coal particles yields 
highly-reactive free radicals for the hydrogenation reactions. 
The final reaction product of the decomposition of methanol is 
carbon monoxide and this could, in turn, react with the moisture 
in the coal to generate additional nascent hydrogen by the 
wat er-g as shift reaction . 

Coal conversions of up to 41% (d.a.f.) at GOOoC and 1,400 p.s.i. 
were obtained, with a significant increase in the rate of coal 
conversion compared with qaseous-phase hydrogenation due to the 
elimination of boundary-layer r e sistance . 

METHANOL - M. T . B. E . SYK"r:.ESIS 

The Sun Oil Co. has evaluated many oxygenat ed hydrocarbon~ 
(alcohols and ethers) for utilisation as high-octane motor fuels 
and has selected methyl tertiary butyl ether (M.T.B.E.) for 
further evaluation as an additive to unleaded gasolines in 
concentrations up to 15 volume %. Sun Oil has presented, a concept 
for a fully-integrated plant to pI:oduce a mixture of M.T.B.E. 
and alcohols from coal via catalytic synthesis of coal-derived 
synthesis gas. The route incorporates the catalytic synthesis 
of a controlled mixture of alcohols (methanol, isobutanol and 
higher alcohols) wi th subsequent dehydrogenation of the 
isobutanol to isobutene which is reacted with the methanol to 
produce M.T.B.E. Approximately 2.0 barrels per ton of coal of 
M.T.B.E. can be produced by the process with 0.2 barrels per ton 
of hydrocarbons and 0.7 barrels per ton of higher alcohols as 
by-products. 
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HETHANOL S'tl'!'.i'nESIS - LURG ::: 

The first application of Lurgi's io~preusure methanol technology 
in the United States will ~e a 1,000 ton/day plant scheduled for 
completion in 1976 at Celanese C:'1e:nical's Bishop, Texas, complex. 
The synt~esis-gas feee may be p~epared by reforming of natural 
gas or naphtha, or coal gasification. 

NEW SaUTE v-JALES 

The New So~th Wales St te Gov~rn~ent has appointed Gas Developments 
Corporation, an affiliate of the Chicago Institute of Gas Technology, 
as consultants in the ~ieid of coal conversion. 

In West Germany, 0nion K~aftstaif and Rheinische Braunkohlenwerke 
A.G. (the developers of the RUW:Jel Slag Bath Single Shaft process), 
are constructing a pilot plant at '-Jesseling to evaluate the use of 
nuclear reactor process heat in t1e gas ification of coal in 
fluidized beds to produce syntl:esis gas and methane. 

Others involved in rese a rching the appl~cation of nuclear process 
heat to endothermic coal gasification are:-

Stone & Webster Engineering Corp. and Gulf General 
Atomics Co. (see II Solution-Gasification ") 

Bergbau-Forschung GmbE o f Essen 
Kernforschungsanlage Julich GmbH of J~lich 
Coal Mining Research Centre, Essen. 

The R& D in this field is sponsored in the German Federal Republic 
by Bundesministeri m fur Forschung ~nd Technologie. 

The Coal Mining Research Centre of Essen considers that a 3,000 
MW nuclear-waste-heat coal gasification p lant could be operational 
by 1990. Such a plant would process 12,000 to:mes per day of coal 
to produce 300 million cubic feet per year of S.N.G. and 500 MW 
of power. 

These figures are interesting in that the U.S. Lurgi based S.N.G. 
plant estimates indicate a yield of 250 million S.C.F./day of 
S.N.G. from a coal feed rate of 25,000 T.P.D. or, equivalently, 
300 ~;llion S.C.F./day for 30,000 T.P.D. of coal. The difference 
of 18,000 T.P.D. presumably represents the amount of coal required 
to supply the heat for the endothermic coal-steam gasification 
reaction in the Lurgi process which would be supplied by the 
nuclear process heat in tne C.M.R.C. process. Since the utilisation 
of the nuclear-waste-heat does not detract from the operational 
efficiency 'of the H.T.R., the considerable benefits of integrating 
coal gasification plants with H.T.R. power plants is obvious, 
expecially hydrogasification units. 

The Centre has been working on this technique for a number of years 
and has developed plans for an experimental high-temperature, gas 
(He) - cooled nuclear reactor of 750 MW coupled with a 1,200 T.P.D. 
g&lification plant which will produce an overall power .q~ivalent 
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NUCLEAR-WASTE-HEAT G.ll.S!FICATION .' CO':'ltc., 

of 900 ~~. ~uch ~ pla~t would b~ ~xpected to be operational 
by 1983 at a cost of A$.l ,lOO mi :i.. lion however this would be 
dependent upon the success fu l opera t ion of a 300 MW prototype 
high-temperature, g~s-cooled nuclear reactor now under 
construction at Ventrop-Schrnel~a~sen. 

OAK RIDGE HYDROCARBONIZATION PROCESS 

The Oak Ridge Nationa:i.. Laboratory has been awarded a U.S. 
$600.000 contract by E .R. D. A. to provide experimental 
engineering. support data for t he Syd~ocarbonization process. 
Phase I of the progra~ i s to consizt o~ :-

1. evaluation of avai lable data on the p~ocess 
2. the operation o f expa~imental batch ·-.l;, it s ·;:0 t est 

critical process steps and ~o provide design cata 
for a continuous bench-scale p~ocess unit. 

3. design and construction of the contin~ous bench-scale 
facility of about 10 lb/hour capacity. 

Phase I is to be completed by November, 1975. 

In Phase II, the continuous bench-scale unit will be operated 
to study the effects of process variables under a wide range 
of operating conditions. .The goal is to fully define the 
potential of:-

a) non-catalytic hydrocarbonizat ion 
b) process steps employing supported catalysts with 

molten-salt components to produce a range of desirable 
products. 

PANHANDLE EASTERN ?IPE LI~~ CO. 

Panhandle Eastern Pipe L~ne Co. will c~ence construction of 
their first 250 ~~ S.C.F./day S.N.G. plant, based on Lurgi 
coal gasification plus methanation, in late 1976 or early 1977. 
The plant will be located about 15 miles north-east of Douglas, 
Wyoming. 

In another related development, Panhandle Eastern has been 
allocated 26,500 acre feet per annum of water from the North 
Platte River for its proposed 250 million S.C.F./day S.N.G. 
plane. 

POLAND 

The Main ~nstitute of Mining in Poland co-ordinates the research 
and development of coal conversion processes in concert with 
about 20 research establishments in Czechoslovakia, The German 
Democratic Republic, Rumania, Hungary and the Soviet Union. 
Recently, this technical co-operation has been extended to 
include agreements for exchanges on the gasification and 
liquefaction of coal with the United State. and the Federal 
Republic of Germany. 
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SASOL I 

To hodle any short-term energy sho tages in South Africa 
until SA SOL II comes on-stream, SASOL is immediately initiating 
a U.S. $65,000,000 expansion program at SA SOL I to increase the 
capacity of the Lurgi gasification battery by 40 per cent to 
double the supply of fuel gas to indu~try . The new gasifiers 
will be of a ~ize unequalled in the world. 

S.R.C. - SASOL 

The resp-arch laboratories of Th~ South African Coal, Oil and 
Gas ~orp. Ltd. (SASOL), have been conducting extensive research 
into the Solvent Refined Coal (S.R.C . ) Process. A pilot plant. 
in ope ation since 1971, has prov~ded sufficient data to 
establish optimum ope rating conditions in crit ical process S t 0~S 
such as the degree of solvent extraction , filterability , a d the 
characteristics and properties of the S. R.C. product. 

S.R.C . - MITSUI/GULF 

The Gulf Oil Corp. and the Mitsui Group cnnounced on 19th June 
1975 that an agreement was entered into (December 1974) which 
aims for co-operation in commercializing Gulf's Solvent-Refj.ned 
Coal (S.R.C.) process. The Gulf Oil subsidiary, Gulf Minerals 
and Energy Co. (GEMCO) will supply patent licences and technical 
support and Mitsui will undertake the bulk of the financing. 
Under tha agreement, the pan:ners will exchange technical data, 
jointly improve the economics and efficiency of the S.R.C. 
process and construct and operate commercial S.R.C. plants . 
(Refer S.R.C. - MITSUI P.29 and S.R.e. - PAMCO P.30 in the Review) 

SUPER-CRITICAL AgUEOUS EXTRACTION (Bechtel) 

Bechtel International Corpo~ation is developing a process for 
the liquefaction of coal in an aqueous medium. Pulverised ~oal 
is slurried in an aqueous medium and contacted with super-critical 
water in the presence of hydrogen to depolymerise the coal rapidly 
to aralkanas and gaseous hydrocarbons . 

VICTORIA 

The Victorian State Cabinet approved on 19th May, 1975, the 
establishment of a new Committee within the Ministry of Fuel and 
Power to advise the Government on coal conversion activities. 
The Committee will be comprised of representatives of the Gas and 
Fuel Corporation and the State Electricity Commission, as well as 
experts from industry and the academ~c world • 

WELLMAN GALUSHA 

A propoial hal recently DQan announced for M.W. Kellogg Co. and 
the College of Earth and Mineral Scienc~s of the Pennsylvania 
State University to jointly develop a demonstration plant to 
produce medium-Btu gas suitable for methanation to pipeline 
quality based on a modified Wellman-Galusha unit. 
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SUPPLEM&~ARY COAL CONVERSION PReCESSES 

LIQUEFACTION 

Atlantic Ri chfield Hydrog nation Process 
Solvent Extraction - Polish Insti~ute of Chemic4l Technology 
Solvent Refined Coal - SASOL LTD . 
Sun Liquefaction Proc~ss * 
Supercritical Aqueous Coal Ext raction - B chtel 
Texas Tech. Methanol - Coal Reaction Process 
University of Utah Hydrochemical Process 
University of Texas Pyrolysis Process 

HIGH BTU GASIFICATION 

American Energy Corporation Gasification rocess 
British Gas Council Gasification Process 
Catalytic Hydrogasification Process - Exxon 
Cogas Gasification Process 
Flexicoking Process - Exxon 
Hydrocarbonization Process - Oak Ridge Nat . Lab. 
Koppers - Shell Gasification Process 
BCURA - Lurgi Slagging Synthesis Gas Process 
Gas Council - Lurgi Slaggi~~ Synth~ s is Gas ' Proces~ 
USBM - Lurgi Slagging Synt hesis Gas Process 
Nuclear Wnste Heat Gasification (various groups) 

LOW BTU GASIFI CAT I ON 

Babcock & Wilcox Cyclone Fuel Gas Process 
BASF-FLESCH- DEMAG Fuel Gas Proce s 
BASF- FLESCH-DEMAG Synthe i s Gas Process 
BCR-Kaiser Fuel Gas Process 
Bubiag Didier Process 
CEGB Marchwood Fu 1 Gas Process 
Chapman Producer Process 
Combined Cycle Process - IGT 
Combined Cycle Process - Steag 
Cyclone Coal Combustion - USBM 
Eyring Pyrolytic Gasification Process 
Flesch Domag Process 
Flesch Winkler Process 
FRS Cyclone Fuel Gas Process 
Great Northern Railway Fuel Gas Process 
Heller Gasification Process 
IGT Cyclonizer Synthesis Gas Process 
Inland Steel Synthesis Gas Process 
Leuna Synthesis Ga~ Process 
Ludwig Mend Producer Process 
Szikla-Rosinek Gasification Process 
Tulley Gasification Process 
USBM Annular Retort Gasification Process 
USBM Electrically Heated Gasification Process 
USBM Morgantown Synthesis Gas Process 
USBM Stirred-Bed Producer Process 
USBM Vortex Synthesis Gas Process 
Viag Synthesis Gas Process 
Wellman 2-Stage Producer Process 

* 
* 
* 
* 

* 
* 
* 
* 
* • 

* 

* 
* 
* 
* 
* 
* 
* 

* 
* 
* 
* • 
• 

* reference to this process can be found in "Coal Conversion 
Technology - A Review" May 1975. 
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IN SECTIONS 



Commercial And Demonstration Coal ConvEI,.ion 

B. SUBSTITUTE NATURAL GAS COAL GASIFICATION PROJECTS 

Contro!ling Company( s)* Site 
MolER I AN NATURAL GAS CO. 
.nd its ubsldluie , Michigan 
Wisconsin P!peUne o . and A.N.G. 
Co.1 G. ifiCltJon Co. 
(North American oal Corp.) 

Beu lah·Hazen Area , 
North D~kola . 

COLORA IXJ IN11l{S I A n Suuth· l·u t Montana 
GAS 'ORP. (W,·'tlllllfcla nd ('03: ('0 .) 

COLUMBIA CO LGASIH ATION I nOI~ . ncar SI. Lou is. 
CORP. AND (,OLUM!l IA GAS MissourI 

Y TFM . IN . 

(,(}NQ('O MITIIANATION CO. 
AND CO NOeO COAL DEVFLOp· 
MFNT O. ubsldi;lr ie. of 
Cuntlne ntal 011 Co. (Westf,cld MlIlc) 

We tfield . Scot lan<.l 

ONSOLlDAl t[) G S SU PPLY U .. t.rce n l ount y. Pcnl1\ylvJ I1I;1 
~ ub . idlllry of Consolidated atu ral 

a Corp. 

NSOUDATI D GAS ' PPL Y O. We t t:g.inlJ 
a ubsuliar of ('o",oliJJted Natural 
Gas rp .• (Fa ·tern A eaated 00 1 

orp.) 

Dunn. IIlll/dnJn Jnd tJr ~ 

Process/Seal e 

LURG I wl1h " .G.R. 
Mctha nat ion . Commercial 

nder tud} Conllncrcw l 

nder Study Com mercia l 

L I{GI with It .G.I{ . mc tllunation 
Demun,tr.ltlon 

nder ~tuuy ( onlmcrclJI 

Dcga lficallon Commercial 

Lt R<.. I 1<' h It t . R 

Coal Feed 
Ton/Day 

11 0.000 

25.000 

0.000 

I n.r 

Plant Output 
million SCF /day 

1,000 (4 Plant) 

250 

300 

2 

1.6 



( NSOL"", I H) GAS "UPPL U.. (,rCCl1l l"'"ty . Pcnn,ylvJIH:1 
u ubsidiary of Con ohdatcd Nutural 
w Corp 

t::l PASO NATURAL ,AS CO. 

L PASO NATURAL CO. 

GARRETT RI:. EARCII AND 
D VElOPMENT 0 .. 
a ub idiuy of 0 Idental 
Petroleum Co 

ISLAND R EK AL CO., 
• ubsidiary of 0 cidental 
Petroleum Co .• and an unnamed 
p pipeline utility 

KOPPERS GmbH 

MARATHON OIL 0 ., A D 
CAMERO ENGI ER . IN 

West VtrWnw 

Dunn . Uowlllan and Stark 
Countie . North Dakotl 

Four orncr Arcu, 
New Me 1'0 

At d power ulliity itc to 
be sc i ted 

Federal RepublJ of German 

Colorado 

l111'than.tllon 

Oller S:uuy ( UIlI IIICrClal 

De/(uslfica lIun 

LURGI with II.G .R. 
Illcthanalion Commercial 

lURGI wllh II.G.P . 
III thana lion (".1I11"r<:lul 

arrctt" COJ I a lfi a lion 
with III cthanation 
Demon~tratlon 

GJrrett" ('".of C;a\ltlcallon with 
111, than.ltl"" "r .Inut hel ,uitJbl,' 
pro,',," CUIII IIICIl·I. I 

Io: upp"r ·T llllCk Prc>',,"' 
Gaslf"' ,11I n wllh Io: ,'ppc" 
I. .1. ~hlfl c"nVC"I""-
ml·thJnJllon Demun<trallon 

Under study - Commercial 

Not Applicable 

120.000 

56.000 

250 

145 

25,0 plus 
sewerage ludge 

1.6 

1.150 (4 Plant.) 

576 (2 Plant s) 

1.0 (e timat ed) 

2.6 

250 



GARRETT Rt. !-ARCH ANI> 
DEVELOPMI'NT .• 
I Subsidiary of 0 clJental 
Pltroleum Co. 

ISLAND ('REEK COA L CO .• 
I subaldlary of Occidenta I 
"troleum 0 •• Ind an unn .. med 
III pipeline utility 

KOPP R GmbH 

MARATHON OIL O .• AND 
AMl:RON NGI RS . IN 

:-lORTI!' RN NATURAl GA O. 
AND ITI E ERV I EGA CO 
(Peabody ('oJI 0 .) 

PANHANDLE EA T R i ~ PIP 
LIN CO. (Peabody C al Co.) 

PANHANDL ASTERN PIPE 
UNE CO. (Peabody Coal 0 .) 

PENNSYL A IA GAS AND 
WATER O. 

PEOPL 'S AS CO .• I subsidiary 
of Natwal Gu Pipeline Co. of 
Ameri a 

SOUTH AfRICAN COAL. OIL 
AND GAS CORP. 

trTHERN NATURAL GAS CO .• 
of Sou /hern Natural 

. ... cl<l'url;e •• Inc. 

At a p<'wcr utility It c to 
be 'Iect d 

Kcnt uck 

Federa l RepubU of Germany 

olorado 

Powder River Ba In . Montana 

Eastern Wyomin 

uthern Il1Inol 

Penntylvania 

Dunn Cou nty. North Dakola 

Slioibull 

IUinois 

EASTERN TRANSMISSION North·West New Mexico 
. AND EASTERN GAS AND 

L ASSOCIATES 

GAS TRANSMISSION 
. (ConsolJdltlon eoll Co.) 

Well Kentucky 

AN5-CANADA PIPE LINE CO. W,lltrn Canadl 

Powder River uln. Wyom 

arrctt\ J I Ga ICication 
with methanatlon 
Demon trJII n 

GJrrcll\ ( lI.tI GJ 'ltK'3tIUI1 "lIh 
II1c lhJ:""11I1I ur J II " thcr ~ull .lbk 
rmcc' ('''Ill Ille " ' ''1 I 

KUPJX'I ·l llltck Prc""" 
t;J Itlc.lllon \\lIh Kl' ppcr' 
1.(" t. ,11111 c,'nVl·!~llln · 
IIIcll'JnJ 11 011 DCI11 0 mlrJlIUn 

Under ludy - ommercial 

LURG I with H.G.R. Methanation 
- ommercia l 

LURGI with H.G.R. 
Methanatlon - ommercial 

LURGI wllh H.G.R. 
Methanallon - om mercia I 

HYGAS wllh Metha na tlon -
(or slmUar proce 
Demon trat lon 

) 

LURGI with H.G.R. Methana tlon 
- ommerclII l 

LURGI with H.O.R. 
Methalllt ion - Demonstration 

Under Stu,, )' - Commercial 

Under Study - Commercial 

Uniler Study - Demonstration 

LUIlGI vdth H.C, .R. 
Me:hanation - Commercial 

- ommtrdal 

2 () 

145 

25.0 plus 
sewerage ludge 

110.0 0 

25 .000 

5.000 

108500 

25.000 

8.000 

25.000 

1.0 (e wnated) 

: .6 

250 

1.000 (4 pianu ; 

2!;0 

80 

: .000 (4 plant ) 

250 

81) 

.. .. 

Helrui h 
PClflllcum 
pie url<led 
almo rher 
Concurrentl 
BWln,ham . 
combul\'d C.I 
II1clhunJt lnn 
1111\ combi 
c tahh~hcd 
Ihl' unlt\ cat, 

Northern Nal 
four 250 m 

oal ha s agr 
project and 
amount. In I 
develo/men t 
1976· with 



44l» HONARQ.8MITH t 
COAl. OONVERaION TEC~Y: A R&VIEW 



MARATHON OIL CO., A 0 
CAMERON ENGINEEF S, INC. 

NORTlIERN NATUP,AI GAS Cu. 
AND CITIES SEll VICE GAS CO. 
(Peabody Coal Co .) 

PANHANDLE EI.STERi~ PIPF 
LINE CO. (Peabody Coal Co.) 

PANHANDLE EASTt:RN PIPE 
LINE CO. (Peabody Coal Co.) 

PENNSVLVANiA GAS AND 
WATER CO. 

PEOPLE'S GAS CO., a subsidiary 
of Natural Gas Pipeline Co . of 
America 

SOUTH '-'F~ICAN COAL, OIL 
AND GAS CORP. 

HERN NATURAL GAS CO., 
lutllicliarv of SOl thern Natural 

... "KtUrlO" •. Inc. 

Colorado 

Powder River Basin , Montana 

Eastern Wyoming 

Southern !Uinois 

Pennsylvania 

Dunn County, North Dakota 

Sasolburg 

lUinois 

EASTERN TRANSMISSION Nortt.-West New Mexico 
. AND EASTERN GAS AND 

FUEL ASSOCIATES 

~"""" .... ,,, I'IPE LINE CO . 

TRANS('ONnNENTAL GAS 
PIPELINE CORP., 
I sublichary of Trlnac:o Cos. 

West Kentucky 

'.'Iestern C.na,1a 

Powder River Balin, Wyoming 

WESTERN GASlriCATION CO. Fo'lC Corners Area, 
(WI;SCO), I joint-vent ure company of , ' W ~1",k .. 
Tel:AI Ealter n Tranlmiuion Corp. Ind 
Paclne Uablille Corp. (Utah 
Inlernatiunal Corp .) 

Under study - Commercial 25,000 plus 
sewerage sludge 

LURGI with H.G.R. Methanation 110,000 
- Commercial 

LURG' with H.G.R . 
Methanation - Commercial 

LURGI with H.G.R . 
Methanation - Commercial 

HYGAS with Metha'l3tion -
(or similar process) 
Demonstration 

l !.JRGI with H.G.R. Methanation 
- Commercial 

LURGI with H.G.R. 
Methanatlon - Demonstration 

Under Study - Commercial 

Under Study - Commercial 

Under Study - Demonstration 

LURGI with H.G.R. 
Methanation - Commercial 

Under Study - Commercial 

LURGI with Methanallon -
Commercial 

25,000 

5.000 

108,500 

25,000 

8,000 

25,000 

25,000 

105,000 

• C'OMPANY(S) SUPPLYING COAL FOR PROJECTS IN PARENTlIESES 

250 

1,000 (4 plants) 

250 

80 

1,000 (4 plants) 

250 

80 

250 

250 

1,000 (4 Plants) 

Wiler 
COlt of 
ojllrltlon 
the S.N.G 
A cosl1'l f 
2S-year 
eIIy of S. 
187.5 mill 
roll Co , 
,emainin,: 
Gas Co. 



And Demonstr.tion Coal Conversion Plants 

L GAS COAL GASIFICATION PROJECTS 

Montana 

r I. loui . 

tv. Pcn n,ylval1l3 

Process/Seal e 

LURGI .. llh H.G.R. 
Methanation. Commercial 

Under SlUdy Commercia l 

Undcr ~tlldy om illercial 

L RGI with II .G.R. mel : allation 
DcnlOnslr,llIo" 

I nd"r Stuuy ( UIllIl1CrCl,iI 

Dcga slric~t lon CommercIal 

Coal Feed 
Ton/Day 
110,000 

25,000 

30,000 

01 Applicable 

Plant Output 
million SC F /day 

1,000 (4 Plants) 

250 

300 

2 

1.6 

Figure 6 

Status 

Four plant are planned . An application has been lodged with the 
Federal Power Commission to construct the first plant and the 
Company ha~ been allocated 17,000 acre feet per annum of watet 
lJy the State for this plant. Kaiser Engineers Inc. (a sub idiary of 
Kaiser Industries) has begun work as the principal 5ub-conlractor 
to the project contractor, Combustion I::ngineering, Inc. on the 
U.S. $780 million coal gasification plant which is to convert 
28,000 ton per day of lignite to 250 million SCF per day of 
S.N.G. The plant is to be in operation by 1980 with the tluee 
other plants to follow at three te' fo ur year intervals. The 
associated coal·mine development will co t U.S. $150 million. 
3.5 billion ton of Norlh Dakota lignite have been dedicated to 
future gas projects and these reserves are sufficient for planlS 
production 3 billion SCF per day of S.N.G. Michigan Wisconsin 
has sent 11,000 ton of North Dakota lignite to Sasolburg in 
South Africa for gasi fication tests in SASOL'S lURGI units . 
The American Natural Ga Co . and Basin ElectJic Co. are 
conducting feasibility 'udies on the integrati ., of electric· 
ge nerallng plant and coal-gasifica tion plants at this si te . Both 
facilities would be fuelled by the same coal mine with the electric 
power plant burning the fines re ulting from the coal·gasification 
handling operations. Preliminary cost of this joint reojeci i 
estimated to be in excess of U.S. $1.000 million. 
A.N.G. oal Gasification Co . will co nstru ct and operat e the 
S.N.G. plant and Michiga n Wiscollsin will market the ga 
throubh its pipeline sy tern. 

Colorado Illl ersta t~ has an op tion on )00 million' tons of coal 
and 10.000 acre fect per annum of water to be upplicd by 
Westmoreland for development of the coal-gasification project. 
Colorado Interstate is co·fundi ng Garrett Research and 
Development's coa l'gasification test program with Occidental 
PetroleuO! which includes plans for a 250 million SCI' pcr day 
S.N.G . plant expected to b'! in operation in 1980. It i believed 
that Garrett's gasification process may be select cd for the 
south-east Montana plant. 

ColumbIa Gas System has agreed to exchange a 50 per cent 
intercst in 43.400 acres of its JOO,OOO acres of West Virginia 
coal lands for a 50 percent interest in 35,000 acres of Illinois 
coal iands held by Carter Oil Co . (an Exxon Corp. subsidiary) . 
fhe Illinoi. coa l will be hcld by Columbia for coal gasificat ion 
pending development of an economically·viable and tc~hnicaliy · 
sound ~oa l -gasification process . .'rcliminary capita l cos t estima les 
arc U.S. $635 million for tile S.N.C . plant and U.S. $75 
millloll for three associa teJ mines. 

The Westfield te I plant utilises a commerciall RGI pressure 
gasifier with an added experimental " Hot Gas Recycle lll .li .R.)" 
",,·Ihan,.t H . This combinJtion ha uccessru lly produ ed a 
ubSlilulC nalural gas for distributio.l to severa l Ihousand 

households in a pipelinc system designcd to distribu te Nor th 
Sca natural gas, thu~ demonstrati~g the feasibility of coa l.g~s 
mcthanalion on a small commcr ':I ~1 sca le. Conoco, Ilrlll h Ga~ 
Corp. and the Scottish Gas Board c -<lperatcd on Ihis project. 
The now·proven lIlethanator will be used in Ihe new .N.C. 
plant s being planned in the U.S.A . 
FOllrtec II U.S. cOlnpanie h.avc agreed to sponsor anolher 
projec t at Westfield aimcd at the con"!mercial.s ale testing uf a 
high.pressure slagging proccss for ga<ifY lng coa l dcvdoped loy thc 
Briti sh Ga Council. If successful . the process IS expected to 
sub;.tantially reduce costs compared with eSlablished method<. 
The projcct is c" pect ,'d to cos t . . S. S I ~ miUion . 
NOTE : The Wc~tfield mcthanatlon prrtJCCI I ~ munaged by 
and funded by a consorti um which includcs: AMAX Coal Co., 
Crtie Service Gas Co" Colorado In ler tate Gas. 0 .. Columhla 
Gas Tran<OIi. sion Corp ., Continental Oil Co., "1 PJ >O NJIUral 
Gas Co .. Fxxon Corp" Gulf Oil Corp .. !'Iatural <?JS .Plpe!lOc Co .. 

orlhcrn atural Gas Co .. Panhandk Eastern Plpehnc (0 .. 

Peabody Coal 0 . , Rocky Mountain I-. nergy Co., ... . 
Tlanscontirlcntal Ca' Pipe Line Corp .. PaciJlc oa l Ga<tftcallOn 
Co., and Transwc~tcrn Coa! Gasifi,,,tion Co . 

COlisolidat~d Gas u:>Ply C ···.s acquired, ill Gr~cn County, 
acreagc conluining 450 mil' Jon tons of hlgh ·yulailic bltullllnous·A 
coa l. The ~Olllpany e'pcl·ts to make a commitment on liS f",t 
coal'ga,iricalion plant within about a .ye~r .. ~oll · I.'date~, atural 
Gas Corp. spo nsors Columbia OIverSlty S ElectriC Arc 
coal·gasiflcation It & D program . 

Consolidated Ga has undel taken the commerCial application of 
the Bureau of MlIles' Dcgasification procCS . On 28t~ January. 
1974 mcthJne drained from a coal seam owned by loast"n 
Associated Coa l began to now into the Con~hdated Gas 
natural gas pipcline y tcm for distribution to consumcrs at the 
rate of 600,000 SCI' pcr day. via a 6 fl. diamew well drlllcd 
through thc seam. Consolidatcd Ga and Ea"crn Ass n1110n 

oal have ncgo tiated a gas·purdla£c wn tral:! an~ arc planning 
a second degasirrcaliool " rojcet using an 18 ft. dwmt'tcr eXit well 
to deliver about I million CF pcr day of met/nne to thc 
pipelinc 'y tem. 



}' it e to 

of Germany 

L RL I ""Ih II.L . I< ""!lI""I~IIUI1 
i)CII10ll,lr.l th lll 

Degasification Cc mmercial 

LURGI with H .G.~ . 
mct hanation - Commercia l 

LURGI with II.G. R. 
methana tion Commcrdal 

Garrett's Coal Gasific.1 tion 
witi' :nethanation -
Demonstration 

GJrrett" Co,ll Ga<ifka tion with 
metll.ln,ltllln ur another <u itJbk 
proccs< Com Illl' fl' ia I 

Koppers-Tot/ek Prcs<urc 
Gasification with Koppcr~ 
I.C". I. shift conversIon -
methanation Demon~tr<l\ion 

Under study - Commercial 

Not Applicable 

120,000 

56,000 

250 

145 

25,000 plus 
sewerage sludge 

2 

1.6 

1.1 SO (4 Plant s) 

576 (2 Plant s) 

1.0 (estimated) 

2.6 

250 

rh,: :-Vc' lfiel\l le . t punt uti lises a commercial LURGI pressure 
ga~lfler WIth an a~dp\l experimental " Hot Gas Recycle (il .G.R.)" 
mc tll ~II"lur . This l'O mblfl~liulI has su~~cssfuny produced a 
substitute n~tura l.gas. fo r dlStriuution to several thousand 
houscho ld In a pipeline ystem de igned to distribute North 
Sea natural ga , thus demon~trating the feasibility of coal-ga~ 
melhanal! n on a sl!1all eo mmercidl seale. Conoeo, British Gas 
Corp_ and the SCOII I h Gas Board co-<>perated on Ihis project. 
The now~prove n methanator will be used in the new S.N.G. 
p.lan ts being plar,ncd in the U.S.A. 
I' ourteen U.S. c?mpa.nies have agreed to sponsor another 
project at Wes lfle l~ auned at the commercial-scale testing uf a 
hl~ h -pr essure slag~lng process for gasifying coal develop II by the 
Briti sh ~as COU"~II. If successful. the process is expectellto 
substantially. reduce cos ts co mpared with eSlablished melhods. 
The proJec t IS ex pected to cos t U.S. $10 million . 
NOTE : Tne Westfielll methanation projec t Is managell by CO 
and funded hy a consort ium which inrludes. AMAX Coal Cu 
Ci ties ervic Ga~ Co., Colorado Int erstate Gas Co .. Columh~' 
Gas Tran mi. ',ion Corp., Continent al Oil Co., EI Pa so Natural 
Gas Co., FxxCl1 Corp .. Gulf Oil Corp .. Natural Gas Pipcli'le Co .. 
Northern Naturu l ,a Co. , Panhandle Eastern Pipeline Co .. 
Peabody Coal Co., Rucky Mountain Energy Co., 
Tramcontinent al Ga~ Pipc Line Corp., Pac ific Coal Ga~ification 

0., and Tran we~ter n Coal Gasifi~atio n Co . 

Corlsolid:.ted Gas Supply Co . has acquired. in Green County . 
acrea)1.e contai ning 450 million to ns of high-volalilc bltumIllOUs-/\ 
coa l. l11e company expec ts to make a co mmitment on its fir~t 
coa l-gasifica tion plant within about a year. Consolidated Natural 
Gas Corp . sponsors Co lumbia University's "E lec tric Arc" 
coal-gasifi ca tion R&D program . 

Consolillated Gas ha s undcrtak~n the commercial applicat ion of 
the Bureau of Mines ' De!(asification process. On 28th January. 
1974 methane drained from a coal sea m own ed by Eas tern 
Associat ed oal began to now ir.to the Consolidated Gas 
natural gas pipeline system for di stribution to co nsumers at the 
rate of 600,000 SCI' per day. via a 6 rt . diameter well drilled 
through the scam . Consolidated Gas and Eastern Associatio n 

oal hav~ nCj!otia ted a ga -purchase contrac t and arc planning 
a second degajfira tion 'l rojec t using an 18 ft. diameter ex it well 
to de live r about I million scr pcr day of methane to the 
pipel ine system. 

£1 Paso applied in April 1974. to State and Federal Authoritie 
for perm its to construct 4 S.N.G. plant s to gasify North Dakor .. 
lignite. Application for 71,816 acre fee t per annum of water 
for the four plants has been lodged . The fir st plant is ex pec ted 
to come on-stream in 19110. 

EI Paso plans to construct and operate the Burnham Coal 
Gasification Comple on the Navajo Indian Reserva tion. 
Capi :al costs ( 1975 basis) will be U.S. SII4 million for the 
min,ng operation and U.S. S600 million for each gasifica tion 
plant. The average unit cost of the sy nthetic gas over a 2S-year 
plant life is estimated at U.S. S1.17 per thousa nd cubic feet. 
Stear n -Roger Corp. is the projec t contractor. Const ruction of 
a single, full -scale LURGI gasifier ex per imental unit is 
underway near Farmington, N.M., with opera tion expec ted in 
mid-I97 S. This unit , to process 765 T.P.D. of coal Will test. 
modification. to the basic LURGI gasifier including operation 
at 120% of design capacity and 130'11 of dcsi~n pressure to 
produce abou t 7 million S Flday of S.N.G c<ju ivalent. This 
unit will provide a ba<is for training opera tors for the first 
commercial plant. In conjunction wi th the gasifie r test program 
a pilot plant mcthanator is in operation by Stearm-Roger. 
The rust cOlTlmercial plllnt will proces~ 26,000 T.P.D. of coal 
(in about 30 ~UR G I oxygen-blown pre sure gasifier J to 
produce 288 million SCI-" per day of 970 BTUISCF pipeline gas. 
Air -b lown LURel gaSIfiers will plOducc low-BTU fucl gas fOI 
proce s team and power generation. This commercia l plant 
should lie complete1 in mid-1978. 

Garrett Research and Development plans a 250 T .P.D. ,"Iant 
to demonstrate their g.asi fica tion pr Ol: e~s which ha been 
under evaluation in a 3.6 T.P.D. pilot plant at laVerne, Ca li f. 
for ome years. 111e demonstration plant will be sited ncar 
a power utility , to be selected, to provide for utilisation "lin ".~" 
of Ih~ dlJr pn ldu,cd by the plant. 

A U.S. S 1,000 million coal1lasifica tion project is under 
con ideration. h la nd reek Coal Co. has been working in 
conjunction with another Occidental sub idiary, Garrett Research 
and [)cvelopment Co .. and Colorado Interstate Gas Corp . on a 
rapid, high-tempera ture coal pyrolysis proce for the prod uction 
of S.N.C . A 250 million SCF/day commercial plant based on 
this process has been designed by the Lummus Co. and a plant 
of this sca le is expected to be in operation in 1980 at a co t of 
U.S. S3 1 0 milli n. Such a plant wo uld produ e sufficient char 
to power a 1200 MW power1lcnerating stati n. ideally 10 ated 
"on ite", a ~ well as the 250 million scr per day of S.N.G. 

Heinrich Kopper GmbH of ssen and Shell Int erna tional 
pctroleum la ,.I~ 'happij , the H~~ue, are. urrently te tlllg d 

pre uri cd Koppers-Totzek gaSifier, which normal.lY operatc. at 
atmospheric pre ure , at pressures arou nd 450 p.s.1. 
Concurrent ly, Koppers and Imperia l Chemica llndustrte of 
BWingha m, U. K., are operating a pilot plant to evaluate a 
c()mbin~d c.orbon l11ono"d~ ~hift ,lIl1wr<lUn and 
nwthanation unit ,,11I,h they hJVC jOlntl>: dl· v.:luped . 1 ~·'tln~ of 
thl ~ combined ~hin co",er<lon-nwthdnall llll unit hy .I.( .1. hJ' 
e tabh~hed that commercialil'-acceptablc hf~- tlll1c tor 
the unit ', cat.ll)' .' CJn be e'pectcd . 

Kopper intends to construct a 145 T. P .~ .. demon~tration plant 
in Germllny utilising the K-T pres ure g s!fler. to prodyce a 
synthe i gas which will be upgraded to pipeline quality In a 
Koppers- I. .1. combined .hift-methanation reactor to be 
installed in the demonstration plant. 

Marathon and Cameron Engineers have submitted detail on 
the proje t to the U.S. Bureau of Land Marogcmenl. 
Preliminar oroJ~ .. t ~\ .lilldtlon " undnWJI. Includln~ In 
cn"",nm"nt.1i ,t Ill\ TI I'IJnl I' ,·,pn.cd I' , 



of Germany 

Montana 

rth Dakota 

ming 

Garrell'> oa l Gasification 
wilh methanation _ 
Demons tration 

GarrCII" {'0.1I Ga'incation wilh 
IIIclhan.lIll1n or anulher ~uil,lbk 
pru,cs, ('lllll lll"rdal 

KllPPCr< -TllIICk Pres<urc 
Gasifical ion wllh Kupper> _ 
1.C'. 1. shift CIl llVcrsiun ' 
metlwnal ion Demumlration 

Under stuey - Commercial 

250 

145 

25,000 plus 
sewerage sludge 

LURGI with H.G .R . Methanalion I 10,000 
- C)mmercial 

LURGI with H.G.R . 
Methanation - Commercial 

LURGI with H.G.R . 
Methanation - Commercial 

25,000 

HYGAS with Methana tion - 5 .000 
(or imilar process) 
Demonstration 

LURGI with H.G.R . Melhanallon 108.500 
- Commercial 

LURGI with H.G.R . 
Methanation - Demonstration 

Unde ' Study - Commercial 

Under Study - Commercia l 

Under Study - Demonstration 

LURGI with H.G .R . . 
Methanalion - Commercill 

Under tudy - Commercia l 

25,000 

8,000 

25,000 

25,000 

1.0 (eslimated) 

2.6 

250 

1,000 (4 plant s) 

250 

80 

1,000 (4 planl s) 

250 

80 

2:i0 

250 

1 flI t pruces. ,000 T .P. of lUJ I 
(in abo ut 30 lURGI uxygen-bluwn prc, ure gaslflr.rs), 10 . 
produce 288 millio n SC'F per day of 970 BTU/SCI' pipeline !ids. 
Air -hlown LURGI gasifier~ will produce low-BTU f,!elllas for 
process steam and power genera lioll . ThiS commcrt.,al plant 
should be compleled in "lid-I 978. 

Garrell Research and Development plans a 250 T .P.D. plant 
to demon tral e their lIaJ fica tion process which has been 
under eva luation ill a 3 .6 T .r.D. pilut plant at laVerne, Calif. 
for omc years. The demonst ration plant will be sited ncar 
a power utility , to be e lected , to provide for utilisa tion "lin ,ilc" 
uf Ihe ,'h.lr prllrlulcd by the plant. 

A U.S. SI,OOO million coal-gasifica tion project i under 
consideration. Island Creek Coal Co . has been working in 
conjunction with another Occidental sub ididry, Garrett Research 
and Development Co" and Colorado Interstate Gas Corp . on a 
rapid, high-temperature coa l pyrolysis precess for the production 
of S.N.G. A 250 millio n SC'Flday commercial plant ba sed on 
this process ha s been designed by the Lummus Co. and a plant 
of this sca l~ is expected to be in operation in 1980 at a cos t of 
U.S. $310 million. Such a plant would produ ce sufficient char 
to power a 1200 MW power-gcnerating station . idea lly located 
"on site", as well as the 250 million SCF per day of S.N.G. 

Heinrich Kopper s GrnbH of Essen and Shell International 
Pet roleum Maat ~dlappij. the ~Iague , arc currently testing a 
pressurised Koppers-Totzek gasifier, which normally operates at 
atmospheric pressure, at pressures around 450 p.s.i. 
Concurrently, Kopper s and Imperial Chemical Industri es of 
Billingham, U.K., are operating a pilot plant to evaluate a 
co mbined carbon rnolH"idc _hift ~on Yl' r s i u n and 
rnelhanalion unil whICh they have jointly d" vc luped Teqin~ of 
Ihi ' combined shift convcrsi(ln·. nethanalion II nil by 1.('.1. I'a ' 
eSlablished thai com merl'ia ll Y-Jcccpl able li fe- limes fur 
the uni t', ca taIY< I, can be e' pectcrl . 

Koppers intends to const ruct a 145 T.P.D. demonst ration plant 
in Germany utilising the K-T pressure gasifier to produce a 
synthesis gas which will be upgraded to pipeline quality in a 
Koppers - I.C,! . combined shift -methanation reactor to be 
installect in the demonstration plant. 

Mara tho'l and Cameron Engineers have submitted detai ls on 
the project to the U.S. BUleau of Land Management. 
Prelirninar)' proje,·t eva illation i, lInderll'~y, Includin)! an 
environmental Impa ct slud y . The plant i. e:-. pcctcd 10 be 
operational in 1981 . 

Northern Natu ral Ga s and Cities Service Ga. plan to con tr uct 
four 250 million SCF/day coal-gasifica tion planl s. Peabody 
Coal has agreed to supply 500 million tons of coa l for the 
project and the gas co mpanies are nego tiating fo r a like 
amo un t. In 1975, U.S. SIO million will be sl'ent for prelimillary 
development. Construction of the first plant could start in 
1976-7 wi th operation in 1979-80. Project contractors are 
Foster-Whee ler Corp . and Woodall-Duckham Ltd . 

Plant operatio;'\ is expected in the 1979-80 period , assuming 
timely receipt of all governm~ ntal au thorizations. Inv estment 
will be about U.S. S500 million. Bechtel, Inc. is the project 
contractor. 

A fea sibility study is underway jointly by American Lurgi 
Corp . and M.W. Kellogg Co. 

The company ha s propo cd to Ihe Office o f Coal Research 
a plan for fi nancing and operat ing a demonstration plant. 

The company plans to construct al least fo ur , and possibly 
eight , coal ~a sifica tion pla nts. Rights to 2,000 million tons of 
lignite in 1.0,000 acres of coa l land s have been ob lained from 
Star DriUing , Inc . in North Dakota . Caoital investment for 
each mine will be about U.S. SIOO million and the cost of 
each gasification plant will be about U.S. $470 million . The first 
plant is expected to be operational in 1982 Fluor , Inc. is the 
project contractor . 

South African Coal , Oil and Gas Corp. (SASOL) and Lurgi 
GmbH successfully demonstrated the commer cial feasibility 
o~ Lurgi's Hot Gas Recycle (H .G.le) methanation utilising a 
shp-stream of synthesis gas from {he LURGI gasifiers at the 
Fischer-Tropsch plant at Sasolburg. 

The company has acquired an option to purchase coal 
reserves in the Illinois Basin from Consolidation Coal Co . The 
optit)n will not be exercised unless the Federal Power Commls ion 
allows inclusion of the cost of the coal reserves (a bout 
U.S. $28 million) in Southern's rate base. In 1952, 
Blaw-Knox produced the first~ver , definitive study on a 
coal-gasification plant to produce 250 million SCF /day of S.N.G., 
for Southern Natural Gas Co . 

Texas Eastern plans to build and operate a coal-gasifi tion 
plant should sufficient coal reserves be available in 40,000 acres 
of federal and State leases in north-we~t New Mexico acquired 
by the companies. Eastern Gas and Fuel Assoc. would undertake 
the mining operations should the project come to fruition. 

Texas Gas Transmission has signed a formal agreement with the 
State of Kentucky to construct a plant with a capaci ty of 80 
million SCF per day of S.N,G. at a cost of U.S. $200 mlUi n. 
It Is expected to take up to three yells before construction 
could commence. The facility wculd be designed for rapid 
expansion to a 250 million SCF per day plant . 

Trans-Canada has applied 10 the Canadian National Ener,y 
Board for permission to undertake a CS8 million feasibility 
study in an 800 ton per day LURGI-based pilot pllont . Th(' 
company plans to teek approval for I commercial-scale 
250 mlUion SCF/day S.N.G. plant h) be on-stream by 1980, 
requiring a construction commitment by 1977. E.M.R. Fuels 
Retearch compiled the economics of S.N.G., based on Lurgi 
coal gasification, and Arctic Natural Gas and reported favourably 
on Lurgi coalgasificatio;. to Trans.c.nada. 
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North Dakota 

Mexico 

Balin . Wyoming 
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Und.:r study - Commercial 25,000 plus 
sewerage sludge 

LURGI with H.G .R . Methanation 110,000 
- Commercial 

LURGI with H.G .R . 
Methanatian - Commercial 

LURGI with H.G .II .. 
Methanation - Commercial 

25 ,000 

HYGAS with Methana tion - 5 .000 
(or similar process) 
Demonstration 

LURGI with H.G .R . Methanation 108.500 
- Commercial 

LURG) with H.G .R . 
Methanation - Demonstration 

Under Study - Commercial 

Under Study - Commercial 

Under Study - Demonstration 

LURGI with H.G .R . 
Methination - Commercial 

Under Study - Commercial 

LURGI with Methanation -
Commercial 

25 ,000 

8,000 

25,000 

25.000 

10S.000 

PROJECTS IN PARENTIIESES 

250 

1,000 (4 plants) 

250 

80 

1,000 (4 plan ts) 

250 

80 

250 

250 

1,000 (4 Planu) 

thi' cnmhi ncd <hit I (on ·me l n unil 
e<tal>h ,h ~d Iha l l'omm~rcia Il Y'Jlcc ptab\c Ii fe · tlme 
the unit ', call1 ly',, CJ n be '·'peeted . 

Koppers intends to construct a 145 T .P.D. demonstration plant 
in Germany utilising the K·T pressure gasifier to produce a 
synthesis gas which will be upjlraded to pipeline quality in a 
Koppers- I.C.I. combined shift-methana .lOn reactor to be 
installed in the demonst rat ion plant. 

Maratho" and Cameron Engineers have submitted deta il on 
plaject to the U.S. Bureau of Land Management. 

Preliminary proje.:t evalua tion 1\ under"'JY . Includin~ In 
environmental impa t study The plant is e"pcct~ d 10 be 
operational in 1981 . 

Northern Natural Gas and Cities ~ervlce Gas plan to constru t 
four 250 million SCF/day coal-gasifica t ion pla nts . Peabody 
Coal has agreed 10 supply 500 million tons of coa l for the 
project and the ga companies are negotiat ing for a like 
amount. In 1975, U.S. SIO miUion wi ll be sppnt for prelim inary 
development . Construction of the first plant co uld start in 
1916· 7 with operation in 1979·80. Project co ntractors arc 
Foster·Wheeler Corp. and Wo dall·Ouckham i..td . 

Plant operation is expected in the 19;9·80 period , assuming 
timely receipt of all governmental authorizat ions. Inv estment 
will be about U.S. S500 million. Bechtel. Inc. is the project 
contractor . 

A feasibility siudy is und r rway jointly by American Lurgi 
Corp. and M.W. Kellogg Co . 

The company has proposed to the Office of Coal Research 
a plan for financing and operat ing a demonstratio n plant. 

The company plans to construct at lea st four. and po sibly 
eight , coal gaSification pla nts. Righ ts to 2.000 million ton of 
lignite in 110,000 acres of coal lands have been obtai n<!d from 
Stal DriUlng , Inc. in Nor th Dakota. Capital investment fer 
each mine will be about U.S. SIOO million and the cost of 
each gasification plant will be about U.S. S410 million. The fir st 
plant is expected to be operational in 1982. Fluor . Inc. is the 
project conll Dctor. 

Sollth African Coal. Oil and Gas Corp . (SASOL) and Lurgi 
GmbH successfully demonstrated the commercial feasibility 
of Lurgi's Hot G~ s Recycle (H .G.R .) methanation utilising a 
s1ip·stream of synthesis gas from {he LURGI gasifiers at the 
Fischer·Tropsch plant at Sasolburg. 

The company has acquired an option to purchase coa l 
reserves in the Illinois Basin from Consolidation Coal Co. The 
option will nol be exercised unless the Federal Power Commission 
allows inclusion of the cos t of the coal reserves (about 
U.S. S28 million) in SC'IJ lhern's rate base. In 1952, 
Blaw·Knox produced the first~ver , definitive study on a 
coaJ-glisification plant to produce 250 million SCF Ida y of S.N.G., 
for Southern Natural Gas Co . 

Texas Eastern plans to build and operate a coal-gasificalion 
plant should sufficient coal reserves be available in 40.000 acres 
of Federal and State leases in north-west New Mexico acquired 
by the companies. Eastern Gas and Fuel Assoc. would undertake 
the mining operations should the project come to fruition. 

Texas Gas Transmission has signed a formal agreemen t with the 
State of Kentucky to construct a plant with a capaci ty of 80 
million SCF per day of S.N G. It a cost of U.S. S200 million. 
It Is expected 10 take up to three years before construction 
could commence. The facility would be designed for rapid 
expansion to a 250 million SCF per day plant. 

Trans-Canada has applied to Ihe Canadian National Enel~y 
Board for permission to undertake a CS8 million feasibilll y 
study In an 800 ton per day LURGI-based pilot p"'nt . The 
company plans to seek approval for a commercial ·scale 
250 million SCFlday S.N.G. plant to be on·stream by 1980, 
requiring a construclion commitment by 1977. E.M.R. Fuel. 
RelCarch compared the economic. of S.N.G., based on LUI,i 
coal ,asification, and Arctic Nalural Gas and reporltd favourably 
on lur,i coal ,asification to Trans-Canada. 

Feasibility studies are under·vay and coal rese rves have 
been optioned for the project. LURGI gasifica tion with 
methanalion will probably be used . 

Wesco plans to construct and opera te four ,,"nU near 
Farmington . New Mexico. The U.S. Dept. 01 the Interior hal 
aUocated ,,4,000 acre feet per annum for the four plants. &lIpe':leur. 
waler requirement i. 8 ,200 acre feet per annll :TI for each piaN. 
Co.t of the firsl plant is estimated al U.S. '447 million with 
ojlCratJon schetluled for early 1978. Authorization (or the ..,Ie o( 
the S.N.G . has been received from the federal Power CommIssion . 
A cost~f-scrvice of U.S. S 1.38 pcr 1.000 cubic feet .on a • 
25'year average is authorized. Deliveries of 250 million SCf per 
day of S .N.G. arc to commence by 31st December. 191,9 . , 
181.5 million SCf per day will be sold to So~thcrn Callforma 
Gas Co ., an affiliate of Pacific Litthtintt Corp .• and the . 
remainintt 62 .5 million SCF per day willl!O to Cities Service 
Gas Co . 
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Commercial And Demonstration Coal Conversion 

A. COMMERCIAL AND DEMONSTRATION COAL L10UEFACTION PLANTS 

Controlling Company(s) 

B RliNGTO ' 'ORTII I: R 
RAI LROAD CO. 

COALCON CO., a jo int-venture 
company of Unio n Carbide Corp. 
and (.n emicaJ Cons truction Corp . 

COCAS OF I:.LOPM F T 

o SOLIDAT IO COAL CO .. 
a sub Idlar) of Continental 011 Co ., 
and OL D BE COAL CO .. a 
su b idiary of Standa rd Oil of Ohio . 

GERMAN DEMOCRATIC 
REPUBLIC A 0 THE STATE 
OF VICTORIA 

MITSUI '" CO. AND 
MlLLMERRA COAL PTY. LTD. 

MITSUI MINING CO., MITSUI It 
MITSUI COKE CO., AND 

ZANCOIUNG 

Site 

Circle, Montana 

No t selected . Either Ohio or 
West Virginia . 

ot selected 

Toledo, Ohio 

La Trobe Valley , 
Victoria , Australia 

Darling Downs, 
S.E. Queensland, 
Australia 

MilKE, J(Y'L3HU, JAPAN 

Process/Scale 

Under Study - Commercial 

Coalcor. Hydrocarbonization -
Demonstration 

COCAS (COED plus char 
gasifica tio n) - Demonstration 

S.R.C. - C.F .C. -
Demonstrallon. 

Technology offered by the 
German Democratic Republic -
Commercial 

S.R.C. - MITSUI with a 
gasification process to be 
selected - Commercial 

S.R.C. - MITSUI -
Semi-Commerci,,1 

Coal Feed 
Ton/Day 
1,000 

2,600 

SOO- I ,OOO 

900 

Not determined 

10,000 

I ,500-2 ,000 

Liquid Pr9duct Gas Product 
(or Solid) 

Synthet ic 
Diesel Fuel 

3,990 barrels 
per day 

Syncrude 

Syncrude, S.R.C. 

Petrol, oil 

S.R.C. or 
syncrude 

S.R .C. 

Synthe i gas for 
ammonia ynthesis 

22 million SCF/day 
ofS.N.G. 

Synthem gas or S. '.G . 

Synthesis gas or S.N.G. 

Synthesis gas 

Synthesis gas or S.N .G. 

Plants 

Status 
1be company pians to utilise its rewrves of 345 
tons of lignite near Circle , Montana as feedstock I? r 
coal conversion plant that would produce ammonia 
fer timer plant and synthetic di~sel oil for the 
locomotives. This lignite conversion complex could 
operating within several year S. 

Coalcon has been awarded a U.S. S237 .2 million O.C 
contract to construct this demonstration plant. The 
company will design, construct and operate the 
will be located in either Ohio or West Virginia . 
consortium is being formed by Coalcon with sev ral 
U.S. compal'Jes and Slate government agencies to 
specifically on the needs of the project . Plant constr 
scheduled for completion in 1979. 

The COCAS Development (".-0. is 'AlIrently 
demonstration plant with a f~ed capacity 
per day of coal. All process teps are undergo i ,,! 
evaluation in England and the United Slates. 

The companies have propo-..ed to O.C.R . a 5·ye 
million program to coru;truct and operate a. 900 
demonstration plant to produce a wide range of 
and gaseous products. It is believed this plant "'; 
elements of the PAMCO S.R .C. process, Comors 
and Consors CO2 - ACCEPTOR process. 1be 
product will be utilised as fuel for the Toledo 
station. 

The State of Victo ria and the G .D.R. have 3nno lJn,cel 
they will undertaKe , jointly , a program of rewarw 
development on the conversion of the vast 
in the 13Trobe Valley to petrol and oil. This 
directed towards the commercial application 
corver ion technology in the Victorian ~itl1ation 

b November 1974, the companies announced ~t 
undertake a joint-¥enture project to include aelW le,­
and feasibility studies on the construction and 
commercial S.R .C. plant of 10,000 ton rer day 
based on the Millmerran Coal Company S 
high-¥olatile bituminous coal which stand at 450 
largely rcco .. erable by open-cut mining. Mitsui 
plant to be operational in late 1980. This CO~nm,erClIII 
expected to incorporate a separate 
S.R.C. plant carbonaceous residue, together 
1 million tons per leal of coal feedstock, to 
Iianif'lCant quantities of Iow- , med-, and 
Cost of the S.R.C. plant is estimated at 
and another ASlOO million for the separate 



Commercial And DemorAstration Coal Conversion 

COMMERCIAL AND DEMONSTRATION COAL L10UEFACTION PLANTS 

trollina Company(s) Site 

KU :-;GTO ' OR11I1: K ' 
II RO 0 co 

\LCL co .. a Joint-venture 
of nion Carb ide Corp. 

Con truction Corp. 

,\. Ol VLLOP\I F 'T 

OUDATION OALC'O .. 
I) 01 Conllnental 011 0 ., 

LO BI: ('0 L 0 .. 3 

IIJIY of Slandard 011 of Ohio 

MA DEMOCRATIC 
'BUC A D TIfE STATE 

A 

Circle, Montana 

Not selected. Either Ohio or 
We t Virginia . 

o t selected 

Toledo, Ohio 

La Trobe VaUey. 
Victoria , Australia 

Darling Downs, 
S.E. Queen land, 
Australia 

MilKE, KYUSHU, JAPAN 

Process/Scale 

Under Study - Commercidl 

Coalcon Hydrocarbonization -
Demonstration 

COGAS (COED plus char 
gasifica tion) - Demon tration 

S.R C'. ( .r .C'. -
Dt-momtrJ ilon . 

Technology offe.ed by the 
German Democratic Republic -
Commercial 

S.R.C. - \iITSUI with a 
gasification process to be 
selected - Commercial 

Coal Feed 
Ton/Day 
1.000 

2,600 

800-1 ,000 

900 

ot determined 

10,000 

1,500-2,000 

Liquid Pr9duct Gas Prod ct 
(or Solid) u 

Synthetic 
Diesel Fuel 

3,990 barrels 
per day 

Syncrude 

Syncrude, S.R.C. 

Petrol, oil 

S.R.C. or 
syncrude 

S.R.C. 

SynthesIS gas for 
ammon ia synthesis 

22 million SCF/day 
of S . . G . 

Synthesl gas or S. .G. 

Synthesis gas or S.N.G. 

Synthesis gas 

Synthesis gas or S.N.G. 

Plants 

Figure 6 

Status 
The company plans to utilise its reserves of 34,S million 
tons of lignite near Circle , Mor.tana as feedstock for a 
coal conversion plant that would produce ammonia for I 
iertilizer plant and synthetic dip.sel o il for tlie railroad's 
locomotrves. This lignite conversion complex could be 
operating within several years. 

Coalcon has been awarded a U.S. $237 .2 million O.C.R. 
contract to conslIuct this demonstration plant. The 
company will design , construct and operate the plant which 
will be located in either Ohio or West Virginia . A 
consortium i being formed by Coalcon with several major 
U. 'i. companies and state government ",gencies to concentrate 
specificaUy on the needs of the project . Plant construction is 
scheduled for completion in 1979. 

The COGAS Development Co. is currently planning for a 
demonstration plant with a feed capacity of 8()()'I ,OOO ton 
per day of cool. AU process steps are undergoing pilot plant 
evaluation in England and the United States. 

The companies have rroposed to O.C.R . a 's'year, U.S. S83 
million program to construct and operate a 900 ton per day 
demonslIation plant to produce a wide range of solid, liquid 
and gao oUS products. It is believed this plant wiU combine 
elements of the PA~jCO S.R .C. process, Cc,nsol's C.S.F . process, 
and Consol's CO2 - ACCEPTOR process. The solid S.R.C. 
product will be utilised as fuel for the Toledo Edison generating 
stztion. 

The State o f Victoria and the C .D.R. have an"lounced that 
they will undertake , jointly, a pro~am of reo;earch and 
development on the conversion of the vast reserves of lignite 
in the laTrobe Valley to petrol and oil. This program will be 
directed towards the commercial application of G .D.R. coal 
conversion technology in the Victorian situation. 

In November 1974, the companies announced that they would 
undertake a joint-venture project to include detailed testing 
and fealoibility studies on the conslIuction and operation of a 
commercial S.R.C. plant of 10,000 ton per dav coal feed, 
based on the Millrnerran Coal Company s reserves of very 
high-¥olatile bituminous ~ which mnd at 450 million toroS, 
lugety recoverable by open<ut mininc. Mitsui ~xpects this 
plant to be operational in late 1980. TI;is commercial plant is 
expected to iJ:corporate 5 separate gasUlCation plant to gasify 
S.R .C. plant carbonaceous rHidue, together with around 
1 million tons per yeu of coal feedstoclt, to produce 
IicDilICaJlt quantities of 10"..-, ~-, and qb- Bru pIeS. 
Cost of the S.R.C. plant is estimated at AS300 million (1974) 
ud IJIOtlier ASIOO million for the sepuate plification plant . 

Mitsui _Ullced. in late 1974 . that they intended to 
COIIItruc:t a dcmoastraUon .. nt to IOlYmt rermed 



NORTHERN ILLINOIS GAS CO., Illinois, near St. Louis, COED with char gasification 11),000 10,000 barrels ~90 million SCF/chy Northern IUioois Gas aad the State (\f 
AND THE STATE OF ILLINOIS Missouri plus methz.nation - per dl;y of ofS.N.G. submitted to the OfrJCe of Co.1 

Commercial Syncrude 50 per cent fu~ of the U.S. 
On 14th March, 1 75 Northern 
Mthdraq the appliration to 
esca.law. prices which increued the 
rea"JR.' for cancellation. The company is 
examine the feasibility of other processes 
S.N.G. 

SOl.rrH AFRICAN COAL, OIL Sasolburg, South Africa L RGI ga lfication plus ICl,OOO 4 ,600 ton per day 330 million SCF/day of Tbe Sasolblll, LurJi-Fischer-Tr·.)pscn 
AND GAS COR P. LTD. (SASOL) (SASOL I.) Fischer·Tropsch 5}nthcsi . of gasoline. synthesis gas for the been producq PlOline, oil and a 

(Arge and " elio!!S yntnesesl - 3,000 .on per F - T planu. chemical feedstocks and by1JfOducu 
Commercial day of operated !UcceafuUy. ""th economicaIJ 

pettochemical the last 20 years, and has been perioc!icaJ 
feedstock. South Africa's increasing eoerl)' requiretr 
(Both gasoline and 1973-74 rr.t, sales from this plant 
petrochemical million wi a pre-tax ptofit of R 17 
feedstock derived plant has L:m~ted SASOL to 
from Fischer- • IeCOnd Ji- ischer-Tropsch plant in 
Tropsch SYlithesis Transvaal (SASOL.2). Plans for a R230 
of 330 million bued on ch!'micaJ feedstocks from the 
SCF/dayof umounced in lite 1974 by Sentrachern 
synthesis gas) Hoechrt of West Germany. Scheduled 

this new plant will be 300.000 tons of 
acetylene; 80,000 tons of P.V.C.; 30,000 

SOtTrH AFRICAN COAL. OIL Eastern Transvaal. LURG! gasification plus 38.000 30,000 ton per 1,250 million SCF/day In December 1974, the South African AND GAS CORP. LTD. (SASOL) South Africa . (SASOL 2) modilled Fi~her-Tropsch day of ~sotine of ynthesis ps for the details on a ICCOnd Fiscber-Tropsch 
synthesis. (r~fined KeUogg (estimated). KeUog Syntho1 plant by SASOL on the ea.stern Transvaal 
Synthol proce5s only) - 150-200,000 ton expected to cost U.S. SI,500 mSien, with 
Commercial per year of Wd in 1977. and to come on~eam in Ilk 

ethylene. 250 ton em~sis 1I'iII be on PlOline production ir: 
per day of SA L expects it wiU !Up~IY about 34% 
ammonia. pIOline requ.ements in 1 80. SASOL 2 
190,000 ton per illerealed ~101ine levies, 
year of tar Stratep: . Fund (created in 1966), 
products. c.:.;.z:.-.,mt1oans. 

1ha.~a~~~mtwifu 
GmbH of many to u . . LURGl 's 
RectiJoI process and I'benosoivan 
Tbe Fluor Corp. of the U.S. will prOYide 
~nt and desip of the complex 

UNIVERSAL OIL PRODUCTS CO. To be Selected Solvent Extraction - U.O.P. - Under Study Syncrude, L.P.G. H.iah-UU Gas Univeral Oil Products have been 
Demonstration. extraction prace. for the past 

P.D.U. and a pilot plant at the 
in De, PIainn, UliDois. The 
fex the collllnlction of a IarC-teale 
ho_ few cletail~ are ani bIe on plant 

WHEELABRATOR - FRYE,INC.; To be Selected S.R.C. - PAMCO - 1,000 S.R.C. Synthesia Gas Wbeelabntor-Frye, Southern Co. and Gulf SOtTrHER • . SERVICES , INC., a DemollStration contracted fex the constnaction of a subsidiary of the Southtrn Co ., 
(S.R .C.) plant bued on the S.R.C and GULF OIL CORP. 
~bIidiuy, PitlJburab aad Widwa, 
will co_ with a featibility study, and 
1,000 to~ cia!, demonstration plant at a 
ICIected. I 0( the lt1Idy and 
__ ted at U.S. $70-100 JDiIIioIL 
n.-. OWl! aad ~te the plant 
will utilile the S.R •. iD it, electrical 
Should the cIemoDItntioll plant operate 
npeaded _ • I*iod of three years to 
per day .,( S.R.C. (ex the ScMatbena 



~FRlCAN OAL. OIL 
AS CORP. LTD. ( A Ol) 

F RJCA COA .... OIL 
CORP. Ll D. (SASOL) 

L Ol L PROOUC;S CO. 

l AB ItATOR - F RY E. 1 C.; 
SERVICES , I C., a 
the Southern Co .• 

OIL CORP. 

Illinoi5. near St . Louis. 
Missowi 

Sasolburg. South Africa 
(SASOL I.) 

Eastern Transvaal. 
South Africa . (SASOL 2) 

To be ~lected 

To be ~lected 

COED with char gasifICation 
plus me thanation -
Ct-m mercia) 

l RGI gasl I ar ion plu 
h cher-Trop h s}nrl:: I . 

( rgo: ana 1.1!1i g ynrnese I -
CommercIal 

L RGI ga if'K:ation plus 
modif'led Fischer-Tropsch 
syn thesis. (ref'uted Kellogg 
S),I"'1ol process only) -
Commercial 

Solvem Extraction - U.O .P. -
Demonstration. 

S.R.C. - PAMCO ­
DemoJlltration 

10.000 

1',.000 

38.000 

Under Study 

1.000 

10.000 b;;rrels 
per day of 
Syncrude 

4 .600 ton per day 
of gasoline. 
3.000 ton per 
day of 
petro'.:hemical 
feedstock. 
(Both gasoline and 
petrochemical 
feedstock derived 
from Fischer­
Tropsch synthesi5 
of 330 million 
OCFfda" ,)f 
synth~.;. gas) 

30.000 ton per 
day ,)f gasoline 
(estimated). 
1 5~2oo.000 ton 
per year of 
ethylene. 250 ton 
per dat of 
ammonia. 
190.000 ton per 
year of tar 
products. 

Syncrude. L.P.G . 

S.R.C. 

8~90 million SCFfday 
ofS.N.G. 

330 million SCF/day of 
synthesis gas for the 
F - T pl.anlS. 

1.250 million SCF fday 
of synthesi5 p s for the 
KeUoa Synthol plant 

Hiah-BTU Gas 

SyntbeQa Gas 

plant to be operational in 1978 with a feed capacity or 
1,500-2.000 T.P.D. of Miike coal. A 5 T.P.D. pilot plant is 
nearinI oompletion . at Omuta. Kyusl\u, to provide desip 
data for ·.he JeI1lkcmrnercial S.R.C. pla:!t. 

Northern Illinois Gas and the State of Illinois, in early 1974, 
ubll!itted to the Office of Coal Research a proposal for 

50 per cent funding of the U.s . S250 _million project . 
On 14th March. 1975 ' :>rthe! n Illinois Gas announced it was 
withdrawing the app~tion to O .C.R . Inflation and 
escalating prices which increued the cost of the project were 
realOr..s for cancellation. The ..:ompany is oontinuq to 
examine the feasibility of other proceues fOT the production of 
S.N.G . 

The Suolbwg Lurgi-Fi5cher-Tr ;>psch liquefaction ~l.!r. t has 
been producing galOline. oil and a wide ran~ of 
chemical feedstocks and by-products siftce 1955. 1« oloont n.s 
o j.erilWd successtuUv. both economically and technically . for 
the last 20 years, and has been periodically expanded to meet 
South Africa's increasing energy requ.ements. In SASOL'S 
1975 -74 rl port . sales from this plant were shown u R293 
milli.<ln with a pre-tax profit of R 17 million. The success of thi5 
plan1 has prompted SASOL to undertake the oonstruction of 
a IeCOnd Lwgi-~i5cher-Tropsch plant in the eastern 
Tnnsvaal (SASOL.2). Plans for a R230 million chemic4J plant 
baled on chemical feedstocks from the Sasolburg plar.t wer : 
announced in late 1974 by ~ntrllchem of South Africa and 
Hoechst of West Germany. ScheduJe:i .. ,~~! !l'C>C:UCtiOll from 
thi5 fleW plant will be 300,000 tons of carbide, I OO,ii\N ~as of 
acetylefle; 80,000 tons o!' P.V.C.; 30,000 tons of myr aceta te. 

In December 1974, the South African GovCl"DlfIent reJea~ 
deta:ls on a le<X'nd Fischer-Tropsch plant to be constructed 
by SASOL on the eailern Transvaal ooalf'lelds. This plant is 
expected to oost U.s. S1 ,5OO million, with foundations to be 
laid in 1977, and to oome on~eam in the 1979-80 period . The 
emphasis will be on PlOline production in the fleW plant and 
SAliOL expects it will supply about 34% o~ the nation 's 
pJOline requirements in 1980. SASOL 2 will be f'man~ by 
increued ptoline levies, Parliamentary-voted monies from the 
Suateaic Oil Fund (created in 1966). suppliers' credits and by 
lovemment loans. 
Suo1 h"lian~ a l,icensq qreement with Lurgi Mineralotechnik 
GmbH of Germany to utilise LURGl's pressure psUlCation, 
RectiJol process ad Pbenoso1van praces in the SASOL 2 plant . 
The Fluor Corp. of the U.S. wiD provide the overall 
JDUIIIeDlent .,.:4 desicn of the oomplex . 

UDivera! Oil h..ducu have been evalualinl their solvent­
exbactJor\ proc:eta for the put two years in a tmaJj.:cale 
P.D.V. mel a pilot plant at t!le V_O.P. Corporate Research Centre 
in De. Plaines, Illinois. ~ Company recently announced plans 
fIX the construction of a larser-cale ~mollSUation plant , 
ho_ fe-r: deUib are available on plant specifications. 

Wheelabrator-Frye. Southern Co. and Gulf 011 have 
contracted for the oonstruction of a IOlvent ref'med coal 
(S.R.C.) plant baled on the S.R.C. proc:ess of the Gulf Oil 
IUbIicIiary . f'ittsbv,p and Midway Coal Minin& Co. The proje;;t 
wID OOllUllCace with a feasibility nudy. and oonstruction of. 
1,000 ton 1* day demonstration plant at a Ute to be 
1IIected. Coat of the study and oom J1Iction or the plaut is 
atimEted at U.S. S7~IOO million. Whedabntor-Frye will 
(..ace, 0_ and operafe .he plant and Southern Services Co. 
will .. tiIia the S.R.C. ill its electrical power stations. 
SbouId the demoDstntio-: plut operate lUoce1If'uDy. it 1IIiU be 
expuded 0tW a perioG of three yean to produce 10,000 ton 
per day of S.R.C. fIX the Soutbenl Company' • • J stem. 
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Commercial And Demonstration Coal Conversion Plants 

B. SUBSTITUTE NATURAL GAS COAL GASIFICATION PROJECTS 

Controlling Comp2ny(s)* Site 
AMI:.RI A. AT RAL GAS CO. 
and ilS ubsidiar ie>. M.c1.igan 
Wi n in Pipelille Co . and A. G. 

al Gastflcatio n o. 
( orth Ameri an Coal Corp.) 

OL RAOOI IH ST/"l1 
GA CORf-. l\h"'lmllrc/a nd (oal Co ) 

11 co 
!-LOP-

Beulah·Haz n Area . 
orth D .. kota . 

uth-I: as :.:" n:a na 

lIIinol . ncar 51. Louis. 
Missouri 

We tflC ld , Scot la nd 

Process/Seal e 

L RGI "'llh H.G.R. 
4cthanaf n. - Commercial 

nder tud~ Comm r 131 

ndcr Stud} CommerCl~ 1 

L RG I \ ... t ~ II.G.R. metbanallon 
Demo nstra tIOn 

Coal Feed 
Ton/Day 
11 0,000 

25 .000 

30,000 

Plant Output 
million SCF / day 

1,000 (4 Plants) 

250 

300 

2 

Figure 6 

Status 

Four plants are plann d. An application has been lodged with tM 
Federal Power CommiSSIon to construct the first plant and the 
Company has been allocated 17,OO(J acre feet per annum «;If water 
by the State ior this plant. Kaiser Engineers Inc. (a sub "hary of 
Kaiser Industries) has begun work as tM principal Sl!b<ontractor 
to the project contra tor, Combustion Enginuring, Inc. on the 
U.S. $7 0 million coal ga ificati n plant which is to convert 
28,000 ton per day of lignite to 250 million SCF per day of 
S . . G. The plant is to be in operation by 19S0 with the thr e 
other plants to follow at three to four year intervals. The 
associate!! coal·mine development will cost U.S. $ I SO million. 
3.5 billion ton of North Dakota lignite have been dedICated to 
future gas projects and the reserves are sufficient for plants 
production 3 billion SCF per day of S. .r. . Michigan Wi onsin 
has sen' 11 ,000 ton of North Dakota lignite to Sa Iburg in 
South Africa for gasification te t in SASOL' LURGI units. 
The American atural Gas Co. and Basin Ek'ctric Co. are 
conducting feaSibility studies on the integration of electric­
generating plants and coaJ~ ification plants ~ ! this ite Both 
facilrt:~s would be fuelled by the same coal mine with the electric 
power plant burning the fines resulting from the coal-gasifica\ion 
handling operation Preliminary cost of this joint project is 
estimated to be in excc of U.S. SI ,OOO million. 
A .. G. Coal Gasifi~tion Co. will construct and operate tM 
S. .G. plan! and Mi higa" Wiscon in will mar et tM ga 
through its pipeline y tem . 

Colorado Inter tate ha an option on 300 million· tons of coal 
and 10,000 acre feet per annum of water to be sur;>lied by 
Westmorebnd for development of the c:nal-gasiflCation project. 
Colorad Inter tate is co-funding Garrell Research and 
Development ' coal~ . lcation te t program with Ocddental 
Pelf I.eum whi h include plan for a 250 million SCI- per day 
S. .G. plant e pee ted to be in operation in 19 O. It I believed 
that Garrett ' ga tfIcation proce rna be selec ted for tte 
uth~st Mo nt na plant. 

Columbia Ga Sy tern has agreed to e hange a SO per cent 
intere t in 43,400 a re of its 300,000 acres of West Virginia 
coal land for a SO per nt interest in 35 ,000 acre or lIlin IS 

coal land held Carter Oil Co . (an Exxon Corp. ub idiary). 
The lIIinoi coal WIll be held by Columbia for I gaqfication 
pend'ng d velopmerlt of an economically- iable and technically-

und ~oal-ga uicati n proce . Preliminary capital cost tima.e 
ar .5 . S635 mill ion fo r tM S .. G. plant and .5 . S75 
million for three a ciated mines. 

The We trleld te t plant utili a mmerciaJ L RGI pre re 
j!a Ifier WIth an added experiment I UHot Gas Reey Ie HI.(; .R ,. ' 

~ I :_ _ . . ~ _ L _. I: •• • . ... ... ... 



UlJATU) G " .) PI'L U .. (,reen l Ouni). Pcnn,> l~dn l.l 
a u ,c.: ... rj o f Co nso hdl ted atural 

Co rp 

I:.l PASO A TURAL GAS CO. 

L PASO . AT RAL GA CO. 

CARROT RESEARCH A 0 
o VELO.'M£NT CO .. 
a Subsidiary of Occidental 
Petrol~urn Co. 

At cn. 

Dunn, Bo ll. man and Stark 
Counties. orth DOl c ta 

four Corner Area, 
~ Mcxi 0 

At a power utdity lie to 
be Ie t~ 

()q!a If ica .. n Commercial 

LURGI II.lI h II .G.R. 
mcthanalion - Commcrcial 

L " ' j l Ih II.G .R. 
me:hana:ion Co mmer<-"i:rl 

Garrell' Coal Ga Iication 
with metha".allOn -
DetllonstratlOn 

01 . pph<:able 

12!l. 

5 ,000 

250 

1.6 

1.150 (4 Plant) 

576 (2 Plar,ts) 

1.0 (~ umted) 

~bS<lIut~ natural ",;I fcc d ' Iribution to 
h UJeIloI~ on _ '" -I~ y tem designed 10 dlSlribul~ . rlh 
Sea natural g3 , Ih dem n I .a ti~ the fea ' billty of coal'9 
melhanauon on a 'RIa1l commercial scale. Conoco, Bnti5h G 
Corp. and Ihe S lIish Ga Board !XH>peraled on thIS prOjeCI. 
TIK now-proven m~lhanal r will be used in the new S. .G. 
plants bei~ planned In the .S.A. 
FO~leen .S. compa nies Iuv~ agr~ 10 spon r .. fIOth~r 
proje I al We field ai.ned al t commercial- Ie lesting of a 
high·pre re lagging proc for gagj'YI11g cc.J1 developed lIy the 
Briti h Gas Council. If succewul , the proces is ~ pecled to 
ub tantially reduc~ co t compal~d With e ablish d method . 

The project I e pecled to co I .5. SIO million. 
OTE . The W~ tfield m thanauon project ' mana ed by 

and fund d by a on rtium which includes: AMAX Coal Co , 
uric Sef\'C~ Cas Co., Colorado Inlerstate G Co .. C lumhg 
Ga Tran I ' n Corp , onllnental 011 Co., 1:.1 Paso atural 
G Co , f"xon Corp., Gulf 0,1 Corp.. atural Ga Pipeline Co . 

orthern atural Ga Co., Panha ndle I:.a lern Pipeline 0 .• 
P bod oaJ Co .• Rocky M untain f.neIgy 0 .• 
Tran ntinenlaJ Ca Pipe line Corp .• Pa uk C al Ga iIi II n 
Co., nd Trans""e tern Coal Ga uicarlon Co 

upply 0 ha acq uired, III Green CounlY. 
450 millIOn ton of hrgh·volallie bll umlllou 

c I. Th mpan ~"pect to m..ke a commllm nt on liS fir\! 
coal~sirreation plant wi thin bout a y . Co lida led at ural 
Ga Corp. pon r Columbg niver ity's "fle.tric Arc" 
coa l-ga ilica" n R 0 prO!!ran . 

Con lidated G s undert ~n the commerc laJ pplication of 
Ihe Bureau f MIne ' Dep ifj lio n proce On 28th January . 
1974 meth~n t\rained hom a coal seam o wned by "ter n 

I3ted {,,,,,J bepn 10 flow into the Con · ' .bted Ga 
p.atural ga pipehne lem for dl tributlOn 10 con umer al the 
rate of 6 ,000 per day , Via a 6 fl. diametcr ",ell dJdled 
through the m. Consohdated Ga and E.a t~n A lauon 
Coal have nq!utl3ted ,as-pur 'haSt' cont ra t and arc planning 
a ond d~ i ocat lo n ~.roJCcl uSlllg n I S ft . d"'met~ ex,t lIOell 
to deliver boul I millIOn scr per day of melhane 10 the 
plpdine Y lem. 

EI Pa app:ied in April 1974 , to Stale and Federal Authorities 
for permits to con Iru 14 S. .C . plants 10 p ify orth Dakora 
r "ite. Applicaho n for 71, 16 acr~ feel per annum of wat~ 
for th four plant ha s been todged. The first plant i ~ peeted 
to come on·stream in 19 O. 

EI Pa plans 10 consl ru t and operat~ the Bwnh m Coal 
G silrcarlon Comple on th avajo Indian R~servallon . 
Capital co t (1975 basis) will be .S. SI14 milbon ~or the 
min~ operation and .S. S600 million for each ga freat,on 
planl. The avera e unit co t of th,. ynlhetic ga over a 25·y~r 
planl life i ~stimated al U.s. S 1.17 per thou nd cubl~ ~e~t . 
Steuns-Roger Corp. is the pr~ject contr.actor. Con. I~U I,on of 
a single, fuU~1e LURGI p i1"'r experunental un,t 
undcrwa ne:ar Farml,.ton, .M., with operation ~'pe ted III 
mid-1975. Thi unil , to procc 7t5 T .P.D. of coal ..,,11 test 
modifreation 10 th(' ba I t RGI ga i~icr in ludlng operatIOn 
at 12m of de i,.n capacty and 130':1 of d(' iFn pre ure to 
produ~ about 7 millio n SCF/day of S .. G equ rvalenL Thl 
unjt "';U pro idc a bas' for training Ol't'tatOf . fo; the f,cst 
commerCIal pbnl. In conjunction with th~ psiJacr tesl prO!!l"'" 
a pilol pbnt metMnalor IS in opera lion by Slearn ·RO!!cr. 
The IU r com~rcial pbnl .. ill proces 26.()()(I T.P.D. or cool 
(in aboul 30 LURGI OXYIl('n·blown pre re psifiers' 10 
produce 28 million SCF pe . <by or 970 BTU/SCf prpeline Il"s. 
Arr-blo"", LURGI pur~ WIll produce 1o ... ·8T fuel ea for 
proc sleam and po r generation. Th commercial planl 
5h!luld be completed", mid-1978. 

Garrell R sear hand Oevek>pment pun a 250 T .P.D. planl 
10 demonstrate Iheir gasifK.ation procc whICh ha been 
und~ cvalualion in a 3 .6 T .P.D. pilol plant al LaVetne, Cahf. 
for SO~ y~ar ~ demonstralion planl will be lied ncar 
~ pow 1 utilily , 10 be selected, to provide for util lion "un lie" 

th" dlJ r pf!tdu~cd b~ the plant. 



G RR ~ - AR HAD 
D FLOPM£NT CO , 
a Subsjdiary o( Oc id ntal 
Petroleum Co. 

ISLA 0 CR L CO., 
a ubsidiary of Occidental 
P=troleum Co., and an unrumed 
ps pipeline I!tilllY 

KOPPER GmbH 

PA 
U 

PA 
U 

fE , 

HA OLE 

I G S CO 
CAS CO 

ASTER; PIPE 
E CO. (Peabody Coal Co.) 

HA OLE EASTER p,rE 
CO. (Pabod j Coal Co.) 

SYLVA IA GASA 0 
WATER O. 

At a power ullill y II\! to 
be selected 

K"ntucky 

Fed ral Repu bli of Germany 

Colorado 

Po der River Basin, Montana 

E:: tun Wyoming 

uthern Illinois 

f"-'lMyl,ania 

~unn County, orlh Dakota 

Garretl ', Coal Gastfica tlon 
with methanatlo n 
DemoM.r.llon 

GJ"CII', ('OJI GJ\l fI 411 .. n ,nth 
mcth.In: lllIn ur Jnut her ulI.lbk 
procl: ~ Cumm ... "h.lJ.1 

,," opper ·1 011e" Pre Ull' 
Ga I ledllon IIh Kopper\ 
I ('.I ~hlfl "I'n',,, Ion· 
m(,lh~nJ"on Demon Ir lIOn 

Ur:der .'tud - Commercial 

250 

145 

25, plus 
sewerage slud e 

U;,{GI with H.G .R. Methanation i! 0,000 
- Comf'lCrc131 

LURGI with H,\; .R, 
MethaMtion - Commercio.l 

:5,000 

LJRGI with H.G.R . 
Methanatio - CommerciaJ 

HYGAS wifn Methanation - S 000 
(or simiw prOC«1) 
Demonstntion 

1 (oC,500 

1.0 (e "mated) 

2.6 

250 

1,000 (4 plant 

250 

80 

1,000 {4 plants} 

Garrell Research and De,,,' .>pment pun 250 T .P.D. plant 
to demon trate their ~ fi tior: r'oce whICh ha n 
under e aluation in a 3.6 T .P.D. pilot plant at LaVerne, Call . 
(or me yearL The demoMtration plant wtll be lied neat 
a power utility , to be selected, to provid (or utili tion -un I"'" 
of the "hJr prudu~"d b) th" planl 

A .S. SI ,000 million coal-ga ification project i und f 

(,'0 lderauon. Island Creek CoaJ Co. has n "'Or I 10 

conjunction IIh another 0 cident J subsidiary, Garrell Research 
and Development Co., and Colo:ado Int rstate Gas CorT'. on a 
rapid, h~-temper ture coal pyroly . prace s for the production 
o( S .G . A 250 ,.,illion SCF/day commemaJ plant ba don 
this prace ha l ' de igned by th Lummu Co. and a plant 
o( this I is e peeled to be in operaI' n in 19 at a COSI of 
U.S. S3 10 million. Such a plant would produce sufficient char 
to power a 1200 MW power-gcneraling station, ideaJly located 
"on site", as weD a the 250 million SCI- per day of S.N.G. 

Hewi h Koppers GmbH of Essen and Shell International 
Pctrolo:um Ma.lt~!tappIJ , the Hague, are currently testing a 
pre rise<! Kopper -ToLZe" gasifier, which normally Operales at 
atmo pheric pre sure, at pre sures round 450 p .i. 
Concurrently, Kopper and Imper ' I Chemica: Indu tri of 
fJillillgt.am, .K., are oper3ti~ a pilot pianl to eluate a 
com in"d Cdr n mun ,,,d,, hlrr U,m"r\hJR .lnd 
m.:thanJtl n unll "Ilith Ite ) h ... c JOlntl) d,"eluped. 1 e'l m ' u f 
thl combined hlfl Comer w n-melh.malilln URl t b} I ( .1. hoi ' 
~tabh hed Ih .. t comOl"; I II l-.Ilceptabk hf,,-lIme for 
the unll ', ca lal I, can be "pected 

K<>;>p.:rs intends to construct a 145 T .P.D . demo.~~tration pla!!t 
L Germa.'1Y utilising the K-7 pressure p uter to produce a 
synthe . ps .... hich wiJl be upgraded to pipel~ qu lity in a 
Koppers - I.e.1. combined shift-!'l'!thanation reactor to be 
installed in 'he demon tration plant. 

:'i::rathon a!ld ( '_:'1 ron Engineers ha e submitted details on 
the project 10 the .S. Bweau of Land Marugement. 
1':-.. II,nrnar), ;.>roJe ·1 cvalu lIOn I, ur.d r"J) , Ircl..ldlR)! oJn 
en ronmental Impa , Iud} Th" pllnl 1\ c"peclcd . <1 be 
perat!ofi~1 'n 1981 

0;' rn 'a lural Gas and Cines Ser lee Ga plan CO,I tlUC\ 
four 250 million SCF/1ay co.~l~sification plant . Peaboa 
C03.1 has agreed to supply 5&0 million ton cf coal for the 
p . • -nd the p companies are negotia.. for a It e 

->! In I ~! 75, U.S. S I 0 million \WiD be spent fOl preliminar) 
ueveloprnenl. Conslructio:l of the fust piant could tart In 
1976-1 -:,"1ir. opeution in I q79- . PrOjeCi contractors are 
FClSter-Wheeler Corp. and Woodall-Ducllham Ltd. 

!'bnt operation i: expected in L.~ 1979-80 period, a ming 
t.m Iy receipt of all go\' romental aUlhorintt n . Investment 
will be about ,5. S500 rr.illJon. Bf'('htel. In . the project 
contra tor. 

A feuibility study is ufK4eT'li_y jomt;y by American Lurgi 
Corp. aM M.W. Ke1loQ Co. 

The company ha prOpo$ed 10 the Officc cf Coal ReJeaIch 
• plan for f' ncq and operatinc a demonstration plant. 

~~~!!:.,;~~~1~0 oonstruct 5t nsf (ow, and posslbly 
, p~nlL to 2.000 million tom o( 



HERN NATURAL GAS CO., 
subsidiary of Sout~ern Natural 

~esources, Inc. 

Sasolbu.rg 

lUinois 

EASTERN TRANSMISSION North-West New Mellico 
AND EASTERN GAS AND 
ASSOCIATES 

West Kentucky 

"'", .... O'"'-,,, .... . /'\u'l'I PIPE LINE CO . West~rn Canada 

TRANSCONTINENTAL GAS Powder River Basin, Wyoming 
PIPELINE CORP., 
a subsidiary of Transco Cos. 

WESTERN GASlrlCATION CO. Four Corne., Ar .. . 
(WESCO) , a joint·venture company of !'<.' \\' M,'''''' 
Texas Eastern Transmission Corp. and 
Paeific Li.btillJ Corp. (Utah 
Inle r n~l il .n~1 Corp .) 

LURGI with H.G.R. 
Methanation - Demc.nstration 

Under Study - Commercial 

Under Study - Commercial 

Under Study - Demonstration 

LURGI with H.C .R. 
Methanation - Commercial 

Under Study - Commercial 

LURGI with Methanation -
Commercial 

• COMPANY(S) SUPPLYING COAL FOR PROJECTS IN PARENTIIESU 

", 

25 ,000 250 

8,000 80 

25 ,000 250 

25,000 250 

105,000 1,000 (4 Plants) 

Star Dri.Din&, Inc. ir. North Dakota. .plta inVestment 01 
each mine Will be about U.S. 5\00 million WId the cost of 
each gasification plan will be about U.S. 5470 million. The fln t 
plant is expected to be operationa: in 1982. Fluvr, Inc. is the 
project contractor . 

South Afrie-an Coal, Oil and Gas Corp. (SASOL) and Lurgi 
GmbH successfuUy demonstrated the commercial feasibility 
of Lurgi's Hot Gas Recycle (H .G .R.) methanation utilising a 
slip-strcan, of synthesis gas from the LURGI gasifiers at the 
Fischer· . t>psch plant at Suo Iburg. 

The company has acquired an option to purchase coal 
reserves in the Illinois Basin from Consolidat ion Coal Co. The 
option wiU not be exercised unless the Federal Power Commission 
allows inclusion of the cost of the coal reserves (about 
U.S. S28 million) in Southern's rate base. In 1952, 
Blaw-Knox ploduced the flIs,~ver, definitive study on a 
coal-gasification plant to produce 250 million SCF lday of S.N.G., 
for Southern Natural Gas Co. 

Texas Eastern plans to build and operate a coal-gasificatioll 
plant should sufficient coal reserves be available in 40,000 acres 
of Federal and State leases in north-west New Mexico acquired 
by the companies. Eastern Gas anj Fuel Assoc. would undertake 
the mining operations shC'uld the project come to fruition . 

Texas Gas Transmission has signed a formal agreement with t!le 
State of Kentucky ti) constru ~ t a plant with a capacity of gO 
million SCF per day of S.N.G. at a cost of U.S. S200 million. 
It is expected to take up to three years !:-efore construction 
could commence. The facility would be designed for rapid 
expansion to a 250 million SCF per day plant. 

Trans-<:anada has applied to the Canadian National Enersy 
Board for permission to undertake a CS8 million feasibility 
study in an 800 ton per day LURGI-based pilot plant . The 
company plans to leek approval for a commercial-scale 
250 miUion SCf/day S.N.G . plant to be on-stream by 1980, 
requirin, a construction commitment by 1977. E.M.R. Fuels 
RCJearch compared the economics of S.N.G., based on Lw&i 
coal gasification, and Arctic Natu..al Gas and reported favourably 
on Lur&i coal &asification to Trans-<:anada. 

Feasibility studies are underway and coal reserves have 
been option':d for the project. LlJRGI gasifica .ion with 
methanatic ., will probably be used . 

Wesco plans to construct and operate four planu near 
Farmm,ton, New Mexico. The U.S. Dept . of the Interior has 
allocated 44,000 acre feet per ar.llum for the four plants. Expected 
water requirement is 8,200 acre feet per annum for each plant. 
Cost of the flISI plant is estimated at U.S. $447 million with 
oJlCration scheduled for ~Iy 1978. Authorization for the -.Ie of 
the S.N.G. has been received from the federill Power Commission . 
A co,t-of-service of U.S. S 1.38 per 1,000 cubic fect on a 
25·year averaae is authorized . Deliveries of 250 million SCf per 
clay of S.N.G. are to commence by 31st December, 1919. 
187.5 million SCF per day will be sold to Southern California 
Gas <::0.-' an afmia.te. of Pacific Liahtinr: Corp., and the 
rcmalnlnr: 62 .5 million SCf per day wiU I!O to Cities Service 
Gas Co. 
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Process Develooers Sponsors 
Temperature of 

AGG LOWERA TING ASH Union Carbide Corp., Office of Coal Research, Combustor 2,000-2,100 
BatteUe Memorial Institute American Gas Assoc. 

Ga~ifier 1,800 

AVCO ARC COAL Applied Technology Div. 
of A veo Corporation 

Office of Coal Research Very High Temperatures 

irABCOCK & WILCOX - U.S. Bureau of Mines U.S. Bureau of Mines 2,000-3,000 
DU PONT (Pilot Scale) 

Babcock & Wilcox Co. E.I. Du Pont 
(small commercial units) 

C-E ENTRAINED FUEL Combustion Engineering Inc., 
Windsor, Conn. 

Office of Coal Research, 
Consolidated Edison Co., 

3.300-3.400 

Ele.:t ric Power Research 

COMBI ED CYCLe B & W 
Institute (inte rested ) 

Babcock & Wilcox Ltd. Bzbcock & Wilcox Ltd .• Gasifier 900 
Alliance Research Centre General Elect~ic Co .. 

Electric Power Research Institute Combustor 1,600 
(E.P.R.I .) 

COMBINED CYCLE F-W Foster Wheeler Corp ., Offic~ of Coal Research, Downl1ow Entrained, 
(MODIFIED BI-GAS) Livingston, N.J . Foster Wheeler Corp., 2 Stage Slagging 

Northern States Power Co., Pressu> Gasifier 
United Aircraft Co., Pittsburgh 2,100 
& Midway Coal Minmg Co . 
(PAMCO) 

CONSOL·FIXED BED Consolidation Coal Company Continental Oil Company Unavailable 
(a subsidiary of Continental 
Oil Co .) 

ELECTRIC ARC Columbia University. Consolida!ed at ural Gas Co. Electric Arc 10,000 New York 

FIXED BED (KeUo,,) M.W. Kellogg Co. 
(Sub. of Pullman Inc.) 

Pullman ,lnc . 800-1,200 

G.R.D. GASIFICA nON Garrett Research & Occidental Petroleum Co. 1,100 
Development Co.:n . 
(Sub. of Occident.1 Petroleum) 

GEGAS General Electric Research Gener~1 Electric Co. Gasifier 1,000 
& Dev. Center N.Y. 

H.R I. FLUIDIZED BED Hydrocarbon Research Inc. 

COAL GASIFICATION PROCES 
for the production of 

Low/Mad. BTU Fuel & Industria 

OPERATING CONDITIONS 
Pres~ure 

--, 
Reactants Products Present Stat p.S.l.g. 

100 ChJ, Air Hot Char Process Development 
Unit (P .n.U.) 

100 Coal, Steam 30Ci BTU/SCF 
Synthesis Gas. 

No details Coal, Heat Acetylene . Carbon Conceptual Studie 
Black, He. , Char, 
Fuel Ga •. 

Atmo pheric Coal, Steam . Oxygen 275 In U/SC!' Commercial 

Atmo pheric Coal , Steam , Air 125 HTli Off Gas ot Plant under 
construction 

High pressure Coal - Air 100 BTU Fuel Gas Gasifier-Combustor 

9S !'uel Ga - Air Working fluid Pilot Plant 
(design) 

520 Coal, Recycle Gas Low BTU Fuel Gas Pilot Plant 

Ow,Air 140 IlT ISCF under construcUor 

Unavailable Coal , Steam , Air 
Fuel Gas Experimental 

Coal , Steam, Ox)'gen 
Synthesis Gas Expellmental 

Variable. depend· Coal, Steam 
Low, Med. or High Batch Testing 
BTU Gas dependent on 

ent on required reaction and quench 
product conditior. 

30-50 Coal, Air 150 BTU/SCF (Air) Demonstration Plant 

C.oal, Oxygen 300 IITU/SCF ( 0 2) (I'Ianned) 

30-50 Coal, Steam , 600 BTU/SCF Gas. Laboratory Scale 
(Pilot Plant proposed) 

Recycle Gas. 

120 
Low BTU Gas Process De v. U ni t 

Coal. Air Pilot Plant prl'posed 



OAL GASIFICATION PROCESSES 
for the production of 

IMed. BTU Fuel & Industrial Gas 



Low BTU Gas Process Dev. nit 
GEGAS General Electric Research General Electric Co . Gasifier 1,000 120 Coal, Air Pilot Plant proposed 

" Dev. Center N.Y. 

1,450-1,650 400 Coal , Steam. Oxygen 
Synthesis Gas Experimental 

H_R.I . FLUIDIZED BED Hydrocarbon Research Inc. Dynalectron Corp. 320 BT {SCF 
(a subsidiary of Dynalectron 
Corp.) 

Unknown Coal . Steam , Oxncli 
Synthesis Gas Conceptual Studies 

H.R.I. GASIFICATION A.M. Squires Hydrocarbon Research Inr. Fluidized Bed (Pilot PIan~ proposed I 
City College of New York (sub. of DynaleclIon Corp.) 2,200-2,)00 

Ga ifier - Unavailable Unavailable Coal . Steam , Char 
Synthesis Gas Experimental 

l.e.l. MOVING BURDEN Imperial Chemical Industries I.C.I . ltd. )00 BTU{SCF 
Ltd., England 

Combustor - Unavailable Unavailable alar . Air Hot Char 

175 BTU/SCF Commercial 
I.F.E. TWO-STAGE International Furnace International Furnace Unavailable Atmospheric Coal, Air, Steam Fuel Gas 

Equipment Co . Ltd., England Equipment Co. Ltd. 

I.G.I . TWO-STAGE U Gaz Integrale , Italy Woodall -Duck ham Ltd. Unavailable Atmospheric Coal , Air , Stram 335 BTU/SCF Commercially 

(sub . of Babcock & ileo,,) Fuel Gas. Y31)able 

Low BTU Gas Conceptual Studies 
IN SITU GASIFICATION U.S. Bureau of Mines and U.S. Bureau of Mir1es U ndcrgrou nd Variable Coal, Air, Steam 130 BT /SCF nd Field Testing 

others (see text) gasification 

260 BT ISo- (02) Commercial 
KERPEL Y PRODUCER U.S. Bureau of ~1ines U.S. Bureau of Mines Unavailable Atmospheric Ccal , Steam , Synthesis Gas 

Energy Research Centre , Oxyg~n. Air blast, 130 BTU/SCF (air) 
Loulsiana, Missoun 

300 BTU/SCF l ommercially 
KOPPERS-TOTZEK H. Koppers GmbH Fed. Gov. of W. Germany 3,300 Atmospheric Coal, Steam, 02 vailable 

Essen, West Germany 

LASER IRRADIATION Acetylene, Experiment .... 
U.S. Bureau of Mines U.S. Bureau of Mines Very High Temperature Unavailable Coal , Heat H2 ,CO, CO2 PYROLYSIS (operator) 

LURGI PRESSURE Lurgi GeseUschaft MetaligeseUschaft A.G . 700-1,100 350450 COJI. Air. SteJ m 
185 BTU/SCf Commercially 

GASIFICATION fur Warme und Available 
Chemotechnik mbH 

Low BT . Gas CommerciaUy 
MARISCHKA Unknown Unknown Unavailable Atmospheric Anthr.nt~ or Cuke. Avallable 

Steam , Air 

150 BTU/SCF Process Dev. U ru I MOLTEN-SALT M.W. Kello~Co. Office of Coal Research Reactor 1,830 420 Coal Sleam . Air 
(sub. of Pu an Inc.) (Demonstration plaT 

planned) 

MULTIPLE FLUIDIZED BED Bituminou.l Coal National Coal Assoc. and 2,100 250 Coal. Air 160 BTU Orf GJS Proces Engineenng 
("Low BTU BI- GAS") Research Co. Office of Coal Research Development Urn t 

OTTO-RUMMEL Dr. C. Otto" Co. Dr. C. Otto" Co. 3,300 Atmo pheric Coal-steam/ 270 BTU/SCF Experimental resu I t 
SLAG BATH Germany to moderate Coal-air. Synthesis Gas caused rejection 
(DOUBLE SHAFT) 

pr~ssur~' 

PANINDCO Unknowr. Unknown Unavailable Unavailable Coal, 02 . team 
210 BTl'/SCF Pilot Plant 

Coal, Air , Steam 
125 BTU/SCF 

PfDLADELPHIA " READING The Philadelphia and The Philadelphia and Unavailable High Pressure Anthracite ulm 
Hydrogen, Fuel Gas, Conceptual Studi ~ 

Reading Corp. N.Y. Reading Corp. and ilt , Oxygen 
Ammonia 

PlNTSCH HILLEBRAND Pinuch, Hillebrand Unavailable Unavailable Coal, Steam 
Water Gas Commercial 
280 BTU/SCF 

POWER-GAS Power-Gas Co. Unavailable Atmospheric Coal, Air 
160 BTU/SCF Commercial 
Fuel Gas 

RAPID HIGH TEMP. Eyring Research Institute Office of Coal Resarch No deUiIs are No details ~;o details Fuel Gas Research Work 
anilable 



Coal, Au 

031, team,Oxy)!en 

Coal. Steam. OXHen 

oaJ. St~am. Char 

OJ I, Au . Steam 

oal. Air , St~am 

Coal . Au , Steam 

Coal. SteJm , 
Oxy!!~n. Air blast, 

Coal. Steam , 02 

oal, Heat 

( JI. Au . S:eJm 

Anthra'l(~ or Cuke . 
Stt!am . Au 

Coal tCJm . Au 

Coal . Ai r 

Coal-steam / 
Coal·au. 

Coal , 02 . Steam 

Coal. Air , Stearn 

Anthracite culm 
and ill . O,ygcn 

oal. Stearn 

Coal, Air 

o details 

Luw BT Gas 

Synthesis Gas 
320 BTU/SCF 

Synthesis Gas 

Synthesl Gas 
300 BTU/SCF 

Hot Char 

175 BT /SCF 
Fuel Gas 

335 BT ISO 
Fuel Gas. 

Low BTU Gas 
130 BT /SCF 

160 BT I CI (0,) 
Synthesis Gas -
130 BT /S F (au ) 

300 BT /SCF 

Acetylene. 
H2 • CO, CO2 

185 BTU/SCI-

Low BTU Gas 

150 0T ISCF 

160 BTL' Off GJ; 

270 BTU/SCF 
Synthesis Gas 

210 BTL'/SCF 

125 BT /SCF 

Hydrogen, Fuel Gas, 
Ammonia 

\\-ater Gas 
280 BT /SCF 

160 BT /SCF 
Fuel Ga 

Fuel Gas 

Process Dev. nit 
Pilot Plant proposed 

E perimental 

Conceptual Studies 
(Pilot Plant proposed) 

Experimental 

Commercial 

Commercially 
available 

on eptual Studies 
and Field Testing 

Commercial 

Commercially 
Available 

Experimental 

Commercially 
Avaibble 

Commercially 
Available 

Process Dev . nit 

(Demonstra tion plant 
planned) 

Process Engineering 
Development Unit 

Experimental result~ 
caused rejec tion 

N ot Plant 

Conceptu:tl Studie 

Commercial 

Com mercial 

Rese;J.rch Work 

50lbJhr. 
nknown 

26"I. D. rea tor 
La b. Scale 
6 - 9 T .P.D. 

Conceptual 
(P.P JO T.P .D.) 

Pilol Plat" 

Unknown 

Commercial 

Was previously 
commercIal in 
U5.S.R. 

7ft. 1.0. 

Commercial 

Lab . Scale 

Commercial 

6 .6 f: . dla . 

Unknown 

Unknown sIze 

100 Ib./hr . 

Pilot cale 
obsolete 

I ,600 Ib Jhr . 

Not 
Applicable 

15ft . I.D . 
(typical) 

10.5 ft.I.D . 
(t ypical) 

Not 
Applicable 

Current 
tJnknown 

Early 1960's 

Unknown 

1950 's 

1930) 

1940's 

U5.S.R. 
1934 

Late 
1940 's 

1952 

Mid 196()'s 

1936 

Prior 
1950 

1960's 

Mid 1970's 

1975 

June 1962 

1950 

Not 
Applicable 

1930's 

1930's 

Not 
Applicable 

Low BT Gas 
Low BTU Gas 

700,000 SCF/day 
Synthesis Gas 

Synthesis Gas 

Unknown 

Fuel Gas 

Med. BTU 
Fuel Gas 

Lm, BTU Gas 

Svnthesis Gas 
1:9 million SCF /Day 

Synthe is Gas 

Acel\ kne 
H2 . CO. CO2 

Low BTU Fuel Gas 

1.5 - 3.5 mliiton SCF per 
wr 

Worldng Fluid and 
Fuel Gas 

Low BTL' Off G.\ 

3'1.0 . 
Synthe is Gas 

Synthesis Gas 

Fuel Gas 

Hydrogen, Fuel 
Gas, Ammonia 

Synthesis Gas 
4.9 million SCF /day 

Fuel Gas 
6 million SCF/day 

Fuel Gas 

Schenectady, N.Y. 
Unknown 

Trenion. J. 

To be selected 

England 

England 

See T:xt 

See Text 

loUIsiana . 
~1J ssour i . 

See Text 

L' nknown 

See Text 

Europe 

Piscataway, J . 

Monroeville, Pa. 

U.K . Gas CounciJ Research 
Station, London. 

Rllu..:n. Fran..:.: 

ot applicable 

Germany 

England 

Not Applicable 

This PIO ess is similar to the High BTU GEGAS process. 
Partners are being sought to erect the pilot plant at an, as yet, 
unselected utility site . 

It i believed that H.R.I. have ceased development of this 
process and are concentrating their gasificallon research on 
the H.R.I . Gasification Process based on A.M. Squircs' concept. 

This concept was d_loped by A.M. Squires, City CoDece, N.Y. 
H.RJ. (developers of H-COAL liquefaction) propose a 10 T .PD. 
pilot plant and are presently selecting partners and support . 

The process is essentially similar to the Agglomerati~ Ash 
process of Union Carbide/Battelle/Chemico. DisappoIntm, 
results of the pilot plant caused cancellation of the project. 

This process is similar to the Marischka and the modified 
I.G.I . t \'Jo-stag~ processes. It has been in commercial use for 
many y~ars. 

Thi process was developed by II Gaz Integrale (llaly) and is 
now being offered by Woodall·Duckham Ltd . 

See Text. 

A fixed~d gasifier with solid-tSh removal via a rotating 
centre grate . 

nli proc~ss is the ame as the High BTU K·T process differing 
unl y in that the product gas is not upgraded by methanation . 

Test arc also conducted to examine the affect of laser 
pyrolYSIS uf coal in argon·nitrollen and helium atmospheres. 
R~sults IndIca ted optimum yields of acetylene under arj!on pressure. 

o alr·blown Lurgi j!3sifier arc com mercially operat~d . Oxygen 
is us.:d invariably after initial start-up with air . EI P-dSO 

'atural Gas Co. will in tall air·blown Lurgi gasifier~ at the 
Burnham compicx to produce process fuel. See text for Lurgi 
demonstralton plant at Lunen, W. Germany . 
St!c Text. 

This process is similar to the High BTU moltenlalt process 
differing only in the use of air instead of oxygen . A 
demonstration ;>lant of unknown dimensions is planned. 

The O.C.R. awarded a S2 .75 rr,illion contract to Dravo Corp. 
(Blaw Knox Div J fer construction of the PEDU which 
commenced in early 1974 . The process is similar to 
BI-GAS differing only in the use of air instead of oxyaen. 

This process is similar to the Rummel Slae Bath (Single Shaft) 
process. In this case,however. the e:.othermic air blast pilate 
and the enl!othermic water gas phase are applied to separate 
sectors of a common slag bath produud by means of. vertical 
partition reaching a short distance into the bath. Thus synthesis 
gas relatively nitrogen~ree can be JCnerated usinc air. The 
KeUogg Molten Salt process is analogous to this process. 

Few details are avaiJable on this process. 

P &. R Corp. has retained Blaw KIlO" to carry out a study 
to produce 100 million SCF /day of 98% hydropn pi for 
synthesis. 

The process has been in commercial use in Germany for 
many yean. 

This process,like many similar producer.., ~ ..... 
been utilised commerciaUy for many yeul. 

Tl1<' O.CR. ha. a.·arded:a .:ontract to [ .R.I . to further 
f\"'I4.·arch and develop work on this .:~pt on,maDy 
unMrtakcn by Bri!!ham Youn!! nive"ity. Utah . 



Power{;as Co. Unavailable Atmospheric Coal , Air 160 BTU/SCF CommerCIal 
Fuel Gas 

RAPID HIGH TEMP. Eyring Research Institute Office of Coal Research No details are 
available 

No details o details Fuel Gas Research Work 

Rl LEY - MORGA Riley Company Riley Company Unavailable 1 ow Pressure Coal,Air or Low BTU Gas Comme;ciaUy 

Coal, Oxygen Med. BTU Gas A'i'ailable 

ROCKGAS Atomics Internat ional Div. of Office of Coal Research 1,800 75-150 Coal, Air Low BTU GAS Proccss Dev. nil 
North American Rockwell Sodium Carbonate . Pilo: Plant plan n~d 
Corp. a subsidiar y of 
Rockwell International Corp. 

RUHRGAS VORTEX Ruhrgu A.G. Ruhrgas A.G. 3,100 Atmospher ic Coal-ale Low BTU Gas Commercial (Abo known as WirbeDtammer) West Germany 100-120 BTU/SCF 

RUMMEL SLAG BATH Unio n Rheini<;ch~ OIon Rhein che Above Ash Fusion Atmospheric Coal-air-steam 110 BT ISCF Commttcial (Single Shaft) Braunkohlen Braunkohlen Temperature Fuel Gas 
Kraftstaff A.G., Kra ftstaff A .G. 
Wes eling, W. Germany 

Coal-oxygen- tearn 270 BTUI CF 
Synthesis Gas 

STIRRED FIXED BED U.S. Bureau of Mines U.S. Bureau of M.ines, 1,000 205 Coal, Air , Steam 150 BTU Not Plant 
("MORGAS") Pittsburgh Energy Research Office of Coal Research Off Gas 

Centre 

l e"\aco , Inc. Above ash-fusion 260 Coal-steam-oxygen 270 BTU/Se. Su/H:ommelcial TEXACO Texaco Development Co. 
Synthesis Ga a Subsidiary of Texaco , Inc. temperature 

THYSSEN{;ALOCSY Unknown Unknown High Temperature Atmospheric Coal, Stearn, Oxygen 320 BTU/S~'F Cc.mmercial 
Synthesis Gas 

TWO STAGE PROCESS Applied Technolol!y Corp . American Gas Assoc. and This process is similar Coal, Air , 185 BTU/SCF Laboratory Scale 
("SUBMERGED COAL") (A sub . of Interna tional OIfice of Coal Research (1973). essentially to the Molten Iron, Re3ctor (2' dia _) 

Systems & Contr Is Corp .) Environmental Protect ion Agency ATGAS/PATGAS Limestone 
(1974) process 

lWO-STEP COAL West Vi:ginia University , Office of Coal Research Pyrolyzer 1,400 10 Coal, Heat Py rolysis Gas Laboratory Scale 
PVROLYSIs{;ASIFICA110N Morgantown, W. Va. 

Gasifier 1,900 10 Char . Air , Steam Low BTU Gas 

U{;AS Institute of Gas Technology Office of Coal R~search Hopper 800 350 Coal, Air ot Applicable Laboratory scale 
(I.G.T.) American Gas Assoc. 

155 BTU/SCF (Pilot plant planned) Gasifier 1.900 350 Coal, Air , St~am 
or Coal. Oxygen . Steam Med. BTU Gas 

U.G.I . BLUE WATEIi.· GAS U.G.l . Corporation U.G.l . Corporation Unavailable Atmospheric Coke·steam. air blast 295 BTU/SCF omrnercial 
Synthesis Gas 

WELLtdAN{;ALUSHA McDowell-Wellman Inc. McDowell-We1lman Inc., U.S.A. 1,200 Atmospheric Coal, Air, Steam 120-\60 BTU/SCF Commercially 
WeUman{;alutha Co. We1lman{;alutha Co., Eng. Coal, Oxygen, Steam 270 BTU/SCF Available 

WESTINGHOUSE FUEL CELL Westu.house Retearch and Westu.house Electric Co. 1,800 Unavailable Coal, Air, Steam. ot Applicable Conceptual Studi 
Development Center. 

Carbon Dioxide from 1962-1970 
htJbUllh. h . Fuel Cells 

WESTINGHOlJSE WW BnI WestinlJ!ouse RelCalch and Office of Coal Research, 2,100 300450 Char, Steam, Air 135 BTU/SCF Pilot Plant 
Development Center, WestiJlchouse Electric Corp., 

ComPl':!cial Plant Pitllburgh. h. Bechtel Corp., Amax Coal, 
Pabod)' Coal Co., Pu.,lic Service under construction 
of Indiana 

WlLlUTCE PRODUCER Wilputte Co~., Wilputte Corp. 1,200 Atmospheric Coal. Air 170 BT /SCF 
Murray Hill, J . 



o deta ils 

Coal.Air or 
Co.I, Oxygen 

Coal , Air 
dlum Carbonate . 

Coal-air 

oal 'air '5team 

Coal-<lxygen·steam 

Coal, Air , Steam 

Coal·steam-<lxygen 

Coal, Steam, Oxygen 

Coal , Air , 
Molten lron . 
Limestone 

Coal, Heat 

Char, Air . Steam 

Coal. Air 

Coal. Air . Steam 
or Coal. Oxygen. Steam 

Coke·steam. air bla t 

Coal . Air . Stearn 
Coal. O ygen. Steam 

Coal. Air , Steilm, 
Carbon Dioxide from 
Fuel Cells 

Char . Steam, Air 

Coal . Ir 

Fuel Gas 

Fuel Gas 

Low BTU Gas 
Med . BTU Ga 

Low BTU GAS 

Low BT Gas 
100·120 BT ISCF 

110 BT U/SCI' 
Fuel Gas 

270 BT /SCF 
Synthesi Gas 

150 BTU 
Off Ga 

270 eT '5C 
Synthesis Gas 

320 BT {SCI' 
S yn thesis Gas 

185 BTU/SCF 

Pyroly Gas 

Low BT Gas 

o t Applicable 

155 BT ISCF 
Med. BTU Gas 

295 BT /SCF 
Synthesis Gas 

120·1 60 BTU/SCF 
270 BTU/SCF 

ot Applicable 

135 BTU/SCF 

170 BTU/SCF 

Research Work 

CommerciaUy 
Available 

Process Dev . nil 
Pilo t Plan t planned 

Commercial 

Commercial 

Pilot Plant 

Sub-<:ommercial 

Commercial 

Labora tory Scale 
Reactor (2' dia.) 

Laboratory Scale 

Laboratory scale 

(Pilot plant planned) 

Commercial 

CommerciaUy 
Available 

Conceptual Studies 
1962· 1970 

Pilot P!ant 

Commercial !'bnt 
under construction 

Commercially 
Available 

(t~ P ICai) 

ot 
App\!cable 

Commercial 

200Ib.,hr 
120 L P D. 

100 T .P.O. 

Commercial 
Scale 

18 T .P.O. 

PIl o t scale 
4 5 T P.O. 

10 ft. I.D. 
35 f · . high. 

Short 
duration 
runs. 

15 in h 
reactor 
(pyrolyzer) 

4 ft. diameter 
485 Ib ./hour 

(p.p . 10-35 
T .P.H. design 
tudy) 

Commercia l 
scale 

Commercial 
10 ft . 1.0 . 

ot 
Applicable 

1200Ib: hr. 

60 T .P.H. 
(120 M.W.) 

30 T.P.D. 

ot 
Applicable 

Unknown 

Unk nown 
Construction 
star t up 
1975 

1940 's 

For 
many 
years 

Unknown 

For many 
years 

For many 
years 

Unknown 

Ea rly 1970's 

1974 

Unknown 

Early 1900 's 

1940's 

ot 
Applicable 

Early 1974 

1978 

6 .nllil .n ')C 1- / J ,,} 

!-uel Ga 

Low BT Gas 
Med. BTU Gas 

3 ft . 1.0. reactor 
Low BT Fuel Ga.s 

9.5 ft . 1.0 . 
75 ft. hl/!h 
14 .2 million SCF/day 

6 ft . diameter 
reacto r produc ing 
13 million SCF IDay 
of 270 BT /SCF 
synthesi gas 

3.5 ft . 1.0. 
1.7 million SCF/ Day 
of Low·BTU Gas 

Synthesis Gas 

Synthesl Gas 
3.2 million SCF/day 

Low BT 
Fuel Gas 

Low BTU Gas 

Low BrU-tir 
Med . BTU-oxygen 
Fuel Gas 

Synthesis Gas 
295 BTU/SCF 

Fuel gas (air) 
Synthesis gas (02) 

Electric Power 

Working Fluid and 
Fuel Gas 

3.6 million 
SCF/~y 

o t Appljcable 

Unknown 

Un known 
Nurwa lk Harbour . Conn . 

Europe 

Germany 

~lur l'Jn l own . Va . 

MuntebeUo, Calif. 

Europe 

Pittsburgh Pa. 

Morgantown. West Va. 

Chicago. 111. 

Unknown 

See Text 

Pi ttsburgh, .... . 

Waltz Mi1l, Pa. 

Dresser Station, 
Terre Haute,lndiana 

U.S.A. 

been utilised commerCIal y fo r man} years. 

The O.C R. has J \\arded a .:ont ract to t. .R I. to further 
"",'a rch and develop work on this ,'oncept ori~inaUy 
undertah n by Bri!!ham Youn!! Univef' ity. tah . 

Updated versions 01 th i, pru.:ess to produce industrial fuel 
jrJ \ Jr~ " ft"'red by Riley with Mor)!a n Co nstruction Co . 
ga · l fie r ~ . 

A S6 .9 million O.C.R . contract was awarded to plan, design, 
build and operate a 120 T .P D . pilot plant at the Norwalk 
Harbour Plant of Connecitcut Light & Power Co. 

u~n lf l' o r hi!!h -a' h PUIV"" rl 7I:d l"oa l i/\ ,t!a'\ltic d i n ' u~pt..· n ~ i (\ n In 

pr~h"at"d air at atmo'phenc p,,:ss"r~ without <team and under 
oJa~~i n~ .:unditio n< . The proce,s is behevcd to now be 
sub, ·o mmerc;al. 

I uel part Ides in susp">J<lon Jrc )!asi fied by injectio n, tOj!cther 
\\o, th , team·air o r steam-oxygen. into a slag ha th maintained 
in the ba e of a produ"cr ·haft. Low BT fu el ps is produced 
"1th Ji r·<kam ( 11 0 BT '/.:f.) or J S} nth" i< j!3 (270 BT Ic f.) 
"i th <team -<lxygen . 

O.C R. & U.S.B.M. are pon o ring an R & i) effo rt on 
~f . H . O . fuel from this process . A 15 ft. diameter unit is planned 
br the Tenne<sce Vallcy Authority n .v .. ). 
This IS a sub<ommercial praces< tested in a down&w planl . 
The process has been utihsed in the I.G.T. HYGAS project for 
hydrogen production from residual char. It was replaced by 
the steam-iron process with Winkler gasifier . 

The process employs a continuous , low-pressure fixed-bed 
gasifier operating under slagging conditions to produce a 
synthesis gas with a steam~xygen blast. 

Molten Iron gasification process. Similar 10 ATGAS/PATGAS 
however the latter processes ue oxyg.:n blown . Design studies 
are under way for a 50-100 MW power plant. 

West Virginia Ur.iversity Chemical Engineering Dept. has 
demonstrated in bench-scale experiments the feasibility of the 
pyrolysis step. The second slage gasifICatIOn step would 
employ conventional sleam.-ir gasifICation . Conceptual studies 
have been made for application in combined cycle power 
generation units. 

This process is similar to the HYGAS process without 
methanation. A design study is presently underway on a 
pilot plant of 30 T.P.H. sufficient to fuel a 100 MW 
combined cycle power plant . 

This process has been in ccmmercial use for many years. 
The process has been modified for continuous opera lion 
with steam and oxygen to produce a synthesis gas by 
EJ. Du. Pont de Nemowi Co. 

C- 'ifiers vary from 8·11 ft . diJmeter and are capable of 
Iw. lling up to 55 T .P D . of coal producinl( 7 .7~.2 million 
cu.fl/day of 120·160 BT ·/SCF~. (dependent on coal type) . 

No current work is being undertaken. however a review by 
United Engineers & Construclors Inc . for O.C.R . found 
the concept attractive. 

A commercial gasifICation and electric pO_' plaat is DOW 
under construction at Dresser Station, Terre ~.!.Inc!ia ... 
A 9 year R&D propamme is estimated at sao million. As 
well as spoasors listed, II pO_' utilities are also savini on 
• DOD -panicipatiac basis. 

11Ie psifier is a flXecl«d type with a rotat .. s. A 
COUIIterc:urmIt now is emplo)'~ with the coeI . fed 
dow-nwud and the moist air flowing upward t"lIed. 



Ruhrgas A.G. Ruhrgas A.G. 3.100 Atmospheric Coal-air Low BT as ommercial 
West Germany 100-120 BTU/SCf 

RU .... EL SLAG BATH Union Rheinische Union Rhem che Above Ash fusion Atmospheric Coal-au--stea,... 110 BTU/SCf Commercial 
(Si",1e Shaft) Braunkohlen Braunkohlen Temperature fuel Gas 

Kraft taff A.G .• Kraftstaff A .G . 
We selin!!, W. Germany Coal~xygen-steam 170 BTU/SCF 

Synthesis Gas 

STIkRED FIXED BED U.S. Bureau of Mines U.S. Bureau of Mines, 1,000 205 Coal, Air, Steam 150 BT Pilot Plant 

("MORGAS',) Pittsburgh Energy Research Office of Coal ReseaIch 
Off Gas 

Centre 

XACO Texaco Development Co. T ... ,aco,lnc . Above ash-fusion 260 CoaJ-steam~xygen 
170 BTU/SCF SulH:om~cial 

a Subsidiary of Texac(J , Inc. temperature 
Synthesis Gas 

THYSSEN.{;ALOCSY Unknown Unknown High Temperature Atmospheric Coal, Steam, Oxygen 320 BTU/SCF Commercial 
Synthesis Gas 

nvo STAGE PROCESS Applied TechnololtY Corp. American Gas Assoc. and This process is sirniIaI Coal, Air , 
185 BTU/SCF Laboratory Scale 

(" SUBMERGED COAL ") (A sub . of Internatio nal Office of Coal Research (1973) . euentiaUy to the Molten Iron , 
Reactor (2' dia .) 

Systems & Controls C rp .) Environmental Protection Agency ATGAS/PATGAS Limestone 
(1974) proces 

TWO-STEP COAL West Vi:ginia University , Office of Coal Research Pyrolyzer 1,400 10 Coal, Heat 
Pyrolysis Ga Laboratory Seal 

PYROLYSIS-<;ASIFICATION Morgantown, W. Va. 
Gasifier 1,900 10 Char , Air , Steam Low BTU Gas 

U'{;AS Institute of Gas Technology Office of Coal Research Hopper 800 350 Coal , Air Not Applicable Laboratory scale 

(I.G .T .) American Gas Assoc. 155 BT /SCF (Pilot plant plan1lf'd) 
Gasifier 1,900 350 Coal , Air , Steam 

or Coal, Oxygen, Steam Med. BTU Gas 

.G .1. BLUE WATER GAS U.G.I . Corporation U.G .1. Corporation Unavailable Atmo pheric Coke·steam , air blast 295 BTU/SCF Commercial 
Synthesis Gas 

WELLMAN.{;ALUSHA McDoweU-WeUman Inc. McDoweU·Wellman Inc., U.S.A. 1,200 Atmospheric Ccal, Air , Steam 120-160 BTU/S F Commercially 

WeUman~alusha Co. WeUman~alusha Co., ~ng. Coal, Oxygen , Steam 270 BTU/SCF Availab!e 

WESTINGHOUSE FUEL CELL Westinghouse Research and Westinghouse Electric Co. 1,800 Unavailable Coal, Air , Steam, Not Applicable Conceptual Stud! ~ 

Development Center, Carbon Dioxide from 
1%2-1970 

Pittsburgh. Pa. FuelCeUs 

WESTINGHOUSE WW BTU Westinghouse Research and Office c;f Coal Research , 2,100 300450 Char, Steam, Air 135 BTU/SCF Pilot Plant 

Development Center, Westinghouse Electric Corp., 
Coml'lt'rcia1 Plant 

Pittoburgh. Pa. Bechtel Corp., Amax Coal, 
Peabody Coal Co., Public Servi« under const;'uction 

of Indiana 

.'1LPUITE PRODUCER. Wilputte Corti, Wilputte Corp. 1,200 Atmospheric Coal , Air 170 BTU/SCF Commercially 

Munay Hill, J . 
Availallle 

WINnER Davy Powel3aalnc. and ita Davy Powergas Inc. Fluidized Bcd Atmospheric Coal, Air , Steam 120 BTU/ SCF Commercially 

affiliate, Ba:ft Verfalvtu - Florida U.S.A. 1.500-1,800 Off Gas Available 

Stecknik Gmb . (a IIIbtidiary of Davy Po_ps Coal, OXYICft, Stnm 275 BTU/SCF 

Inter .. t~na1 Ltd. U.JC.) Off Gas 
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See Text 
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See lext 

W,l!nJf\.· ur Ill}!h ·.1,h PUhCU71.!d ":0.11 l~ p,.ficd In 'u~pcnsion in 
pr~h.:ah:d :lIr at .1Imo phcnc pressure wilhoul Icam and undet 
o;I~\!!,in!! "ondilion . The praces i bcbeved 10 now be 
su~omm"rcI"' . 

I-uel parlldes in ' us"" .. , ion arc !<3,ifled by mjeclion.lo~ther 
... lth steam·au or team-()xygcn. into a sl3tt hal .. maintained 
\0 the base of a produ.:er h"fl . Low BT fuei p is produced 
wilh au· team () 10 BTU/"l.) or a ynthe i! fI.'- (270 BTU/cLl 
,"ilh "c;am-()'Y[lcn . 

OJ' R. U.S.B.M. are ponsorinfl. an R&D effort on 
~1.H . l) . fuel frum thi pro es . A 15 ft . diameter unh i planned 
b~ Ihe Tenne s..'': Valley Authority IT . . A.) . 

This i a sub<omrnerciaJ pr~ tnted in a down.fl<-,w plant. 
The process has been utilised in the /.G.T. HYGAS project for 
hydrogen production from residual char .It was r;pIaced by 
the steam·tron process with Winkler gasiJler . 

The process employs a continuous, Iv 1>ressure fixed~ 
gasifier operating under slagging conditions to produce a 
synthesis gas with a steam~xYten blast. 

Molten Iron gasification proct"ss . Similar to ATGAS/PATGAS 
however the latter processes are oxygen blown . Design studies 
are under way for a 50-100 MW power plant. 

West Virginia University Chemical Engineering Dept . has 
demonstra~ed in bench-scale experiments the feasibili!y of the 
pyrolysis tel' . The second stage gasirlCation step woull! 
employ conventional steam-eir gasirlCation . Conceptual studies 
have been made for application in combined cycle power 
generation units. 

Thrs process is similar to the HYGAS process without 
methanation_A design sludy is presently underway on a 
pilot plan t of 30 1'.P.H. sufficient to fuel a 100 MW 
combined cycle power plant. 

This process has been in commercial use for many years. 
The process has been modified for continuow operation 
with ste<lm and oxygen to produce a synthesi gas by 
EJ. ~ Pont de Nemours Co. 

Ga ifiers ' ry from ·11 ft . diametcr and arc capable of 
IIdndlir _ .Jp to 55 T.P D . of co~1 produ In!! 7 .7~.1 mtllion 
cu .ft/day of 120·160 8T I SCF ps. (dependent on coal type) . 

current work i3 being undertaken. however a review by 
United Engi.oeers & ConSiructors Inc . for O.CR . found 
the concept attractive . 

A commercial gasif"tcation and electric power plant is now 
under construction at Dresser Station, Terre Haute.lndialUl . 
A 9 year R&D propamme is estimated at S!lO million . As 
weD as sponsors listed, II power utilities are aho servmg on 
a non1'llrticipating baSIS. 

The gasirler is a fixed«d type with a rotaline grate . A 
countercuneDt flow is employed with the coal beine fed 
downward and the moist air flowing up,.-ard through the bed. 

1bis ~rocess is used commercially 1ft 16 plants comprq 
36 WUIS man_bet of countries. The process is beiJII 
considered (alone with Koppen-Totzek) for iatepatioll 
with the COED plant at Princeton, NJ. 
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(;(,LOMl:.RATI GASH 
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PROCl:.SS 

ATGAS/ PATGAS 
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ELECTRIC ARC 
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EXXO 
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COAL GASIFICATION PROCE 
for the production of 

Substitute Natural Gas 

OPERATING CONDITIONS 
I 

Developers Sponsors I Temperature of 
Union Carbide Corp., Office of Coal Research, COlnbustor 2 ,~2, 1 00 
Battelle ~emorial Instil. American Gas Assoc. Gasifier 1,800 

Air Produ I and Chemicals,lnc., Air Products and Chemicals Illc. Low Temperature 
AUentown, Pa. 

Apptied Technol.:>gy Corp. 
(Sub of Interna tional Sy tems 

ontrol Corp.) 

Offi e of Coal Research, 
American Ga Assoc. and the 
E.P .A. 

Unavailable 

tatgas 2,500 

tgas 2,500 

Below 1750 

Pressure 
p.S.l.g. 

100 
100 

Unavailable 

so 

so 

150- 350 

Bituminous Coal Rtsearch Inc Office of Coal Re .lIch, 
American Gas As..oc. 

Stage 2 

Stage I 

1,400-1 ,700 1,0 - 1,500 

Chevron Research Co., 
a ub Idiary of 
Chevron Oil Corp. 

Consolidation Coal Co. 
(Sub. of Continental Oil Co.) 

u .S. Bureau of Mines 

Columbia lJmvcr It} , 
. e" York . 

Iowa State University, 
Ames,lowa 

E Research and 
Engineering Co. 

Ganett Research and 
Development Co. and Island 
Creek Coal Co., sub idiaries of 
Occidental Petroleum Corp. 

Chevron Oil Corp. 

Office of Coal Research, 
American Gas Assoc. 

2,800 

1,200- 1,400 

Ga ifier 1,500 

Regenerator 1,900 

Since April 1975 , under E.R .D.A. Ambient 
direction 

Consoljdated atural Gas Corp. Electric Arc 10,000 

Office of Coal Research 

Exxon Corporation 

Occidental Petroleum Corp. 
and Colar~do Interstate Gas 
Corp. 

fluidized Bed 1,500 

Gasifier 1,500-1,700 

Char Heater 1,700+ 

1,700 

1,000- 1,500 

300-800 

150- 300 

150- 300 

Atmospheric 

Variable, dependent 
on pr duct required 

1,500 

45 

Near atmospheric 

Reactants 
Ch4r, Air 
Coal Steam 

Coal , Oxygen , Steam 

Products 
I 

Hot Char, 
300 BTU/SCF gas 

"-ish - BTU Gas 

Coal, Limestone, Steam 315 Btu/Sd. 
an:! Oxygen 

Coal, Limestone, Stram 940 Btu/Sd. with 
and 0 ygen Olethanation 

Coal, Oxygen, Steam 

Coal, Steam 

Char, Oxygen, Steam 

Cnal team katal} IIC) 

Char , Steam CaO. 

Char, Air , Dolomite 

Coal scam oxidation. 

Coal, Steam 

Char, Steam 

Coal, Steam 

Char, Air. 

Coal, Heat 

440 Btu/SCF 
synthesis gas 

378 Btu/SCF 

H.H.V. raw gas 

High - Btu Gas 

400 Btu/SCE 

H.H.V. raw gas 

NaturallY-Qcrorring 
methane from coal seams 

Hich Btu SNG dependent 
on reaetion and quench 
condition 

Synt is Gu 

MN. Btu Gas 

600-650 Btu/SCF 
OfTGu 

Present Statu 
Process Development 
Unit (P.D.U.) 

Expci" i menta I 

Laboratory Scale 
GaWIeI 
(2 fl. internal dia.) 

E perimental 

Pilot Plant 

Experimental 

Pilot Plant 

Commercial 

Batch Testa-. 

Batch reactor 

COlitinUOUS reactor 
(Laboratory scale) 

Pilot PIa nt 

Lab Scale 
PileI Plant 
(Demonstnltion Plant 
planned) 



OAL GASIFICATION PROCESSES 
for the production of 

Substitute Natural Gas 

CONDITIONS SCALE Of DEVELOPM ENT 

Reactants Products 
Char, Air Hot har, 
Coal Steam 300 BT ISCF gas 

Co~ 1 O\ygen, tram High BT Gas 

Coal, Limestone, Steam 315 Btul cf. 
and Oxygen 

oal, Lune to ne, Steam 940 Btu/s er. with 
and 0 y en methanatio n 

C I, Oxygen , Steam 440 Btul 
synthesis gas 

Coal, Steam 378 Btu/SC 

har , Oxygen, Steam H.H.V. raw gas 

Char , Steam CaO. 

Char , ir , Dolomite 

Co J m 0 Ida lion. 

oal , Steam 

har , Steam 

Co I, t m 

h.u , Au 

')aI , Heat 

H' h- Btu Gas 

400 Btu/SCF. 

H.H. V. ra gas 

aturally-occurring 
methane rro m coal seam 

HJgh rltu S dependent 
on r tion and qu n h 
cond itIOn 

Synthe I Ga 

MN. Btu Ga 

6 50 Btu/S F 
OrrGa 

J 
Pre sent Status 

Process De ' Iopment 
Unit (P.D.U, 

Experimental 

Laborato ry Scale 
Ga . ter 

(2 h . internal dill .) 

Experimental 

Pilot Plant 

Experimental 

PJlot Plant 

o mmercilll 

Batch T mg 

Batch reactor 

Co n!inuou reactor 
(Laboratory cale) 

Pilot Plant 

Lab Scale 
Pilot Plant 
(Demo n 113tlon Plant 
planned) 

Size 
25 T .P.D. 

La!>. scale 

Lab. runs or 
3().4(j min . in 
a 4000 lb . 

pacity ve I. 

Pilot Plant 

120 T .P.D. 

Lab. Scale 

40T.P.D. 

6 n. dia . well 

18ft. dla . well 
(planned) 

30 K 

4" reactor 

12" reactor 

05 T.P.D. 

3Ib/hr . 
3.6 T.l'.D. 
250 T.P.D 

I 

Operational Scale/ 
Products 

Mid 1975 800,000 seC/day 
Synthe i~ Gas. 

' Jnknown High·BTU Cas 

Early 1970's Pa tgJ -lndu tllJI Ga . 

Alga -So .G. 

nknown 400 Rtu/SCF 
Synthe is Gas 

Mid 1975 7.000.000 CI day 
~) n th~~1 g3. ro r 
mcthJ natlun 

Unk no wn High Btu gas 

Location 
We t Jefferson, 
Ohio, .S.A. 

Pittsburgh Pa. 

France 

Homer City, Pa . 

U.S.A. 

ov.l 971 I.S .1. 0_0 )I) _CT/day R.lpld City , 

1974 

1975 

May 1973 

1973 

1914 

Late I 6 )'s 

i971 
1971 
1976 (e t .) 

uth DJku ta . 
400 Btu raw gas 

600,000 SCF/day of West Virginia , U.S.A. 
methane. 
965 ,000 SCF/day of West Virginia , U.S.A. 
methane. 

Hi h Btu S.N.G . 

Synthesis Gu. 

Synthesis Gas 

Pyrolysi Gas 
Pyrolysis Ga 
6~5I)BTU/SCF 

Columbia University 
N.Y. 

Iowa University, 
Ame , Iowa 

La Verne, California 
La Verne, (' aJil or nil 
To be sclecte1 

Figure 4 

Remarks 

Components of this proce s were tested by the developers in 
the I 960·s. Most coals can be utilized. 

nle compJ ny huld .. Patent 3 ,7H,725 which descllbe.:I 
proce ror the productlun uf 11Igh -Btu ~~ b the recydlnl' uf 
primJr lW"ticatlun pwduct tll the gJ"fier tn .. ptllnt\C 
rurmJllun nf methane Jt I" h:rnpcrJture, 

Pian are in hand to con truct ~ brgc. unit to demo n trate lung 
duration operations_ Mo t of the proce technology already 
exists in the Iro n and Steel Indust.irs. 

A pilot plant was built in F.ance to evaluate the proceS5 rOf the 
production of pipeline ga from Lignite. 0 details are .'v .. llable 
on the current statu . 

Development has proceeded through batch te IS, jl>/ ltr . reactor 
and 100 Ib/ hr . P.E.D. unit . succe guUy completed late 197 J. A 
methanation unit now beu. added to the pilot plant 
facility . 

The process is described in { patents held by Chevron 
Research Co. It is believed th:.t evaluation of the proceSJ is 
continuing. 

Iknch s.:alc tesllnj: ~omplcted 196 . The ptlot pl~nt c'lfllplctcd a 
'i1Jl"C" sful I 0 d~y run ",n>crllng 30 T .P.O. to 1.37 milhon 
SCI d.i~ nf ~OO )Jtu ga m IJtc 1974 Cun K.u·, mcthaDiltion 
unit (\\e,tfidd ) i nuw bemr Imtalled ~t the Rapid Ctt plant by 
DfJ ' C"'p . 0 CO",hift cunverter \0; required . 
The commercial ~pplicatjon of titis process bas been undertaken 
by Consolidated Gas Supply Corp. and the mettune disuibuted 
to ccnsurners throuch existing natural ps pipelines. 

Dependent on reaction and quench conditions the process can 
produce S_N.G . without an additional metbanstion step. 

The Institute of Gas TechnolocY has intepated the proces .. ,ilb 
its HYGAS e~tropuJef pilot plant testJ .. in ChiI:aIo. 10. 

PI n fm:l 540-80 mtlh ... n 500 T }'.D. pilot punt 'e.e dcfem:d 
Ul IJte I 974 . TC5l1n~ un the e I tIn!! unit "~ontIRUlnl'. 8;J d 
1m ,omponen" u'lCd in ,,:finery Ie .... o km t)pcr~tK)n 

rc:ial ... ' uiitil .. 40,000 
. . It SCF/day oi S.N.G . ud 

ortoe this 



1,7uO 

GEGAS Gener.1 Eleurlc Re~Jr(h General Electric Co. Unavailable 
Development untre , 

hen~~tad ) . N 't 

HYDRANE U.S. Burea of Mines U.S. Bureau of Mines Dilute Phase 1,650 
PIttsburgh Energy Research Fluidized Phase 1,650 
Centre Hydro Generator 

1, 00·1,900 

HYGAS Institute of Gas Technology, OfrlCe of Coal Research, Caal Pretreatu 750 
Chicago, Illinois. Amuican Gas Assoc. 

Slurr y Drier 600 

Hydrogasirler L 
1,300-1,500 

HydrogasiHu 2. 
1,700-1 , 00 

Electro hermal • 
:-:OTE lternatlve pro<: c s< 1,800-1 ,900 
for the production of Steam , Oxygen • 
hydrogen'nch gas 1,800-1 ,900 
for ga lfier Steam , Iron • 

2,000 

KOPPER, .. TOTZEK Helnn h t.; appers Gmbh Fed . Govt . of West Germany Reactor 3.300 
E n, Wes! Germany 

UQUID PHASE MErHANATIO Chem Systems Inc .• 0if'1Ce of Coal Research. Reactor 640 
Hackensacl , NJ . American Gas Assoc. 

L RGI PRESSURE GASIFICATION LOlli Ge.llJchaft GmbH Reactor 1,140-1 .400 

MOLTEN SALT M . . KeDogCo. Office of Coal Research Reactor 1,830 
(Sub. of Pullman Inc.) (at v;uious pe;>iods) 

MULTIPLE CATALYST Uni¥cnity of Wyomina OfrlCC of Coal Research Reactor i ,::l00-1 .3()1) 
(Wyomq Concept) 

SOLUTIO GASIFICATION Stone.l Webster Eng. Corp. Officc of Coal Research Una valla ble 
and Gulf General AtomiCS (collccptual study) 
(Gulf 011 Corp.) 

SUN GASlFlCA TIO SUA R_ch.l Dewelopment Co. 
(a IIlbtidilry of SUA OJ Co.) 

Sun Oil Company 1,740-2,000 

SYNTHANE U.s.I_uOC .... U.S. lwau of Mille. Fluidized Bed 1,800 
PItUbtqb EMqy R_ch 
c.a. 

~aI ~tmosphe"c oal, He-. : 6()o'{)50 Btu/S F 
Off Gas 

Una vaiIa ble Coal, Steam , Oxygen Synthesis Gas 

1,000 Coal, Lower Bed Gas. 
Med B I L' Orf Ga\\ 1,000 Char , Hydrogen 

26 BTU OrfGa 1,000 Char , Steam , Oxygen 
H drogcn·flLh!!3 

Atmospheri-. Coal, Air Fuel Gas, Treated Coal 

1,000- 1 ,500 Coal, Light Oil. 3h.iIry Oil Vaporized 

1,000- 1.500 Coal, Stage 2 Gas. 20% Coal to C14 

1,000-1.500 Char , H2 R' h Gas 25% Coal to CH4 

1,000- 1,500 Char. Steam Hydrogen 

1,000- 1,500 Char. Steam, 02 Hydrogen 

1,200 Char . Steam, Air Hydro [n 

Atmospheric Coal, Steam, Oxygen 300 BTU/SCF ra'N gas 

5 CO - H2 Hi&h BT Gas 

Coal, Steam. Oxygen 450 BTU/SCF raw gas 

420 Coal , Steam. Oxygen 330 BTU/ SCF raw ps 

1,000 Coal, Steam !lich BTU Off Gas 
850 BTU/ SCF after 
puriHcation 

Unavailable Coal, Light Otl Solvent . S.N.G. 
Hydro en 

Una vaila bIc Coal. Melten Sodium SynthtJis Gas 
Sulphate 

1,000 Coal, Steam, OxyJftl 405 BTU/SCf ra'" p. 

Lab Scale 
Pilot Plant 
(Demon lIation Plant 
pblUl<!d) 

Process Developmen' 
Unit 

( Demonstration 
Plant unrler 
considera tion) 

Laborat - " Scale 

( Pilot Plant planned) 

Pilot Plant 

Co rnmer cially a va iIa Ie 

(a peclal 145 T .P D 
demo Plant I 

plannedl. 

Bench Scale 

P.O. 

:>iJot PIa nt 

Commercially 
available 

r.it 

Procen Dev~opme : 
Unit 

Laboratory Scale 
Continuous Reactor 

O.CR. contract fur 
CODC%:,ual studies te 
<Akla ma State Dept 
of Indusuial 
Development. 
Gulf .l Stone Webster 
plan a demonstration 
plant 

Experimental 

Various Laboratory 
Units. 
Pilot !'liLt. 



oll , H t 

Coal , Steam Oxygen 

Coal, Lower Bed G So 
Ow, Hyd. ogen 
Char , Steam 0 ygen 

o I, Air 

Coal, L hi Oil 

Coal , Sta e 2 Gas. 

Char , H2 Rich G s 

Char , leam 

Char, Sleam , O2 

Char, Steam , Air 

Coal Steam, Oxnen 

Coal, Steam , 0 y en 

C I, Steam , O'ly,en 

Coal, Steam 

I, I I I 0 11 l ~ent . 
Hydro en 

, Mo ten Sodium 
Sulphate 

Coal, Steam, Oxy en 

600-650 Btu/ SCF 
o fGa 

S nthe Gu 

d 8 1 L mfG , 
2 BTl or J 

Hydfl>!!cn·f\ hit.! 

uel Gas, Treated Co I 

lurry Oil VaporIZed 

2 Co Ilo C~ 

25% Coal 10 H4 

Hydro en 

Hydrogen 

Hydr en 

300 BT / raw gas 

h BT Gas 

450 BTU/ SCF raw gas 

330 BT / F ra as 

H' h BT Off Gas 
50 BT /SCF after 

punfK2tion 

S. G. 

SyntheJis Gas 

405 BTU/SCF raw ps 

Lab Scale 
P' t Plant 
(Demo nstrauon P1anl 
planned) 

Process De elopment 
rut 

( Demonstration 
Plant under 
con . deratio n) 

Labor.lto ry Scale 

( Pilot Plant planned) 

Not PIa", 

Co mmercuUyavailable 

fa pedal 1 ~ 5 T PO 
emo !'lInll 

plJnncd ) 

Bench Seale URlt 

P.D.U. 

Pilot Plant 

Commercially 
available 

Process Devdopment 
Unit 

Laboratory Scale 
Continuous Reactol 

O.C.R. contract for 
con.7eptual studies to 
Oaklahoma State Dept. 
of Indt'str ial 
Development. 
Gulf .l S one eb ter 
plan a demonstration 
plant 

I: per imental 

Various Labor!'.tory 
Units. 

. t Plant . 

3Ib/ hr. 
3.6 T.P D. 
250 T P D. 

501b 

oo .. n 

101b/ hr 

(2 T.P.D 
p nned) 

75 T .P.D. 

Co mmercial 

(l 45 T P.O. 
planned) 

o I " 4' 

4" x 7' 

IS' 2' reaClor 

Commer . • 
13 J il dJa 
II 4 il dla 
under Ie tin 
al Ibur~ 1 

nknown 

. " x 4' 

Bench Scale 

Lab. Scale 

See Text 

75 T P.O. 

1971 
1971 
1976 (e t.) 

no ... n 

nknown 

U nown 

Unknown 

1973 

1952 

no", n 

Synthe ' G s 

Synthe is Gas 

S .. G. 

.G. 

10500,000 SCF Iday 
S: .G. 

50 T P 0 «l.! l ecd 
~nlhel j!a 

S.S .G 

rly 1970's S .. G. 

id I 70 1500 I hour 0 1 
)nlh':IItJ 

May. 975 2,000,000 SCF/day 

I q36 SynthesIS gas 

O's 

Earl)' 
19 O's 

Synthesis Gas 

H" h BTU Gas 

Early 1970's S. .G. 

Early 1 70's Syntheru Gas 

1961 

Mid 1976 35 ft I.''> . x 62 ft . 
2.400 .000 SCF/~y of 
synthesiS g&!1 metha'l' 
ated to I.ooO,oo<.r 
SCrtda of S .G 

La erne, Ca . orilla 
La Verne, C . orrua 
To be 1ected 

S h nectad y •. Y. 

Unknov.n 

Pili burgh. Pa . 

Pltlsburgh, Pa. 

cruea o. lU. 

Se Text 

Germany 

H en c, .J. 

Ha ken c, .J . 
To be Jc.ldcd UJn 
"""rJtln)! )!J'III<Jtlon 
Pt l,)\ PI.!" at ~ Jte In be 
-..:lcd.:d Id mounled 

See Te t. 

l:ntvcr It~ of \\ yommg . 
wramle, W~ o . 

Unknown 

Unknown 

Unknown 

Br .. eton. Pl . 

The Company ha de ' d a commercial plant utihzlllg 40,000 
T .P.D. coal feed to produoe 250 million SCF/~y of S .. G . and 

ffic:icnt char to feed a 1,200 MW po",er station. Work on this 
proce s pantlels Garrett 's Coal Pyroly is Process. 

General Ele trlC is i parlners for lhe corutru tion of 
Ihe demonstralion plant . 

S le up 10 a 24 T.P.D. pilot piaN is planned. Current 
bud el for fUrth"f te ti~ of thi process if 525.5 million. 

The Pilot Plant wa con tru ted during 1968-1971 and ineuly 
1973 large scalr conversion of coal to S. .G. was 
demonstrated for the rust tune . D lin ~ta for the 
construct'on of a commercial plant (u · steam - oxygen 
hydrogen <> neration) wiD be available June 1975. 

TI,e Kllpp.:r ('0 I ,u rren l l~ r ,, 'c~r,h:n~ pre~,u llled UOlI\ ( 11 11 
1 dll ~nd ,11111 ,0n,,'r' lon mc(lld llJlI )111 ",lIh I. .I ., T he Compan~ 

plJn (Un IrU\.l1 .. n o f J ' p\.·cIJI '\.u ( )mer' d.: mu n tr.llio n u nll u f 
1 ~ 5 r P 0 In G~rmJn} 

De, dopm.:nl hJ' be.:n 'Jm.:d out In 4 ""n,1I ~I~ re~C lor of 
o I " \ ~ . Jnd a P I: 0 L of 4' ,I . de Ij! ned fo r I 500 
S('r hr k.:d Ill", li t '~n thc\l ~ J!<l5 T~lIn)! I ~ .. nll nu nand .. 
puh hln. rCJdor I under l nn\tru,lIon Th 2 mlilloll S I /d.Jy 
Wo.JUI~ pIII't pl~nl "''' be ~dded 10 ellhe r the ~ ­
" tCI:. P':'OR pllol pl~r'lllI the HYGAS pli ... pl.nt to up r d 
Ihe ~ n he" ~.!\ til S ~ G 

The first '.lOmmercial plant was constructed In 1936 and 14 other 
plants (compr ising 5 units) have been buJlt to ~te . A m jority of 
gasUlC2tion plants now being considered or constructed in the 
U.S.A . are ba5cd on Lurli. (See Commer~I '" Demol! tration 
Planls I I, 6,. 

The company i, continuing WIth P.O. . .wr In 

COnjuRCUOn with an undisclosed partner. 

ReJeatch has been earned out on 55 catalysts however before 
large-sca.le CO:1!U1110US tests can be furtbu developed a mille 
sucoessful caaJlyst system mlal be found. 

G If G"ntrJI Aloml Co carried out con 'cptual studies III 1%9 
on the U'ie of 3 Ie nuclear he~1 fOf coal.;aSlfi lion proces1 S 

The \ahom~ Depl o f Indu til I De c!oj>mcnt I "ud~ In 
the con ' ~pt 

Sun ~nearch Ie Duclopmmt Company IS tbe holder of U.s. 
Patent 3,770,399 pc:r1.aiJlq I~ llus prcxess.. It is bcIie¥uI thaI 
further evaluation of this pr~ is coatiJNDw· 

TIle .s .'~, carried out dew; plllCntal work f_ 1961 
thlouah lab Kale an I nalt pilot plaat ~ch. T~ tyPn of 
mctlluatioa 1lIIit •• e It; de installed in tile 75 T -'.D. pilot pIuIt . 



KOPPERS-TOTZEK 

UQUID PHASE METH-'tNATION 

Heinrich Koppers Gmbh 
Es:;en , West Germany 

Chem Systems Inc., 
Hackensack, N.J . 

LUP,GI PRES~ _'.lE GASIF!CATION Lurgi GeseUschaft GmbH 

MOLTEN SALT M.W. KeUoa Co. 
(Sub. of Pullman Inc.) 

MULTIPLE CATALYST University of Wyoming 
(WyomiJw Concept) 

SOLUTION GASIFICATION tone & Webster Eng. Corp . 
and Gulf General Atomics 
(Gt:lf Oil Corp .) 

SUN GASIFICATION Sun Research Ii Development Co. 
(a subsidiary of Sun Oil Co.) 

SYNTHANE U.S. Bureau of Mines 
Pittsburgh Energy Research 
Centre 

TEXACO GASIFICATICN Texaco Inc. 

TOTAL GASIFICATION Total EnerlY Corp. 

TWO STAGE FLUIDIZED Midland. Research Station 
GASIFICATION 

WELLMAN- GALUSHA WcDoweU-WdlrMn Inc .• (U.S.A.) 
WeDman-G.1uJha Co. (EIII.) 

WINKLER ~ Po_p.lAt. and its 
te Ba:\ Verft.!llen-

Stecknilt Gmb . 

for g~s l fier . 

Fed . Govt . of W.:st Germany 

Office of Coal Research, 
American Gas Assoc. 

Me~e~Uschaft A.G. 

Office of Coal Research 
(at vaIious periods) 

Office of Coal Research 

Office of C.~~I Research 
(conceptual study) 

Sun Oil Company 

U.S. Bureau of Mines 

Texaco Inc. 

Total Energy Corp. 

The Britilh G .. Council 

McDoweU-WeDman. 
Wellman-G.lu .... 
O.C.R . oontnct for preaure 
inYeltiptioDl 

Davy PowcrpJ Inc. 
(sub. of Davy Powerps 
International Ltd. U.K.) 

Steam , Iron 
2,000 

Reactor 3,300 

Reactor 640 

Reactor I ,14(}'1 ,400 

Reactor 1,830 

React')r 1,200-1 ,300 

Una vaila ble 

1,74(}.2 ,OOO 

Fluidized Bed 1,800 

1.20(}.2,200 

U .. va.iII ble 

1,900 

1,000-1,200 

F~ed8ed 
l,5~I.1OO 

1,200 Char , Steam , Air 

Atmospheric Coal, Ste<om , O xygen 

500 

350 - 450 Coal. Steam, Oxygen 

420 Coal , Steam, Oxygen 

1,000 Coal, Steam 

Unavailable Coal, Light Oil Solvent , 
Hydrogen 

Unavaila ble Coal, Molten Sodium 
Sulphate 

1,000 Coal, Steam, OXYIen 

300-4,500 Coal. Steam. OXYlen and 
SyntheliaGas 

Unavailable GutIIIr 1 
CoaI,St_ 

CuIftIr 1 
Coal, St_, H2 

7S0 Coal, hydrl"llen 

AtlMl~ic C_. St_. Oxypa 

AtlllOl. -S eo.a. ..... Ox,... 

Hydrogen 

300 BTU/SCF raw gas 

High BTU Gas 

4050 BTU/SCF raw gas 

330 BTU/SCF raw gas 

High BTU Off Gas 
850 BTU/SCF after 
purification 

S.N.G. 

Synthesis G.s 

40S BTU/SCF raw Sis 

Milh BTU e., 

00 (for Iteam 
refor.ru. to Hz) 

Wetlane-Rich Gas 

Hiah BTU c.. 

270 I1lJ/SCF nw p. 

27S ITU/SCF ~w PI 

CommerciaUy.vailab 

(a special 145 T .P D. 
demo . Plant i 
planned). 

Bench Scale Unit 

P.D.U. 

Pilot Plant 

Commercially 
available 

Process ~vdopment 
UrJi 

Laboratory Scale 
Continuous Reactor 

O.C.R. contract for 
conce~ual studies to 
Oak.la rna State De(: 
of Industrial 
De~dopme.nt . 
Gulf .t Stone Webster 
plan a demonstralJon 
plant 

Experime •• laI 

Various Laboratory 
Unitr. 
Pilot Flant . 

t:xper imental 

Experimental 

UjJefimental (Pilot 
rant deslJlled) 

Co_daDy 

Co_daly 



Char, Steam , Air Hydrogen 

Coli , Steam, Oxygen 300 BTU/SCF raw gas CommerciaUyavailable Com m'!rcia I 1952 
850 T.P.D. coal feed See Text The K op p.:r ~ ( 0. I~ cu rren t l> rC'~J r l' hin !! prcs,uri l ed u nil\ (wit h 
,> nthesi gas . Shd ll .lnd ,111ft L"u nvcr\lon/methanatio ll (with I.C .I ., . T he Com pany 

(a special 145 T .P.D. (1 45 T .P.D. nknown S.N .G. Germany pl,ln , co n :rU l·tlo n of J ~pcc lal "nl,tomer " demonstratio n unit ll f 

de mo . Plant IS planned) 14 5 r P D. In Gl'rmany . 
planne d). 

CO - H2 High BTU Gas Bench Scale Unit 0.81 " x 4' early 1970's S. . G . Hackensack, N.J . De \ d opment h. , bee n ca rried out in a ct:nch ,calc rea tor of 
o. 1", 4' and a P.E.D. . o f 4" , 17' designed fo r 1,500 

P.D.U. 4" x 7' Mid 1970 15GO SCF/ hour of Hackensack , N.J. SCF/ hr. feed no w o f ,y n t hc~is gJs. Te~t,"g i contin uing and a 
ynthe"i, gas. Tu be added to an poh ~llIng reac to r I< under ' :n n ~truct lo n . The 2 million SCF/ day 

Pilo t Plant IS' x 2' reactor May 1975 2,000,000 SCF/day uperJtln!! l' J~ l ficJtio n ~-;J pac l t y pilo t plJn t Will be added to either the C02 -
Pilo t Plant at d site to be ACCt PTOR pi lu t plant o r the HYGAS plio t plan t to upgrJde 
<;e lec ted . Skid Jl1 ounted . the 'rn th"" I'J~ to S.:-l .G . 

Coal, Steam, Oxygen 450 BTU/SCF raw gas Co mmercially Co mmercial 1931) Synthesis gas See Text . The first commercial plant was constructed in 1936 and 14 other 
available 13 .3 ft. dia . plants (comprising 58 units) have been built to date . A majority of 

(16 4 ft. dla . gasification plants now being considered or constructed in the 

under te'" ng U.S .A. are based on Lurgi. (See Commercial &: Demonstration 
at Sa o ll-ur)! ). Plants Fig . 6 ). 

Coal , Steam , Oxygen 330 &TU/SCF raw gas Process Development Unknown 1960's Synthesis Gas Piscataway, N.J . The company is continuing with P.D.U. work in 
Unit conjunction with an undisclosed par tne r. 

Coal , Stea:n High BTU Off Gas Laboratory Scale I " x 4 ' Ear ly High BTU Gas ni vcr~it y o f Wyoming , Research has been carried out on 55 catalysts however before 
850 BTU/SCF after Continuous Reactor 1970's Laraml~ . Wyo. large-scale continuous teslS can be further developed a more 
purificatio n successful catalyst system must be found. 

Coal . Light Oil Solvent, S.N .G_ O.C.R. contract for Bench Scale Early 1970's S. .G. Unknown Gulf Genera l Atomic Co . ca rried ou t co nce p tual studies in 1969 
Hydrogen conce~t:1a1 studies to on the ust: of was ta: nuclcar hcat fo r coal gaS ifi cat ion proce scs. 

Chkla oma State Dept. n lc Ok laho lnl Dept. of Industrial Develupmen t is t ud yin!! 
of Industrial the concept . 
Development. 
Gulf cl Stone Webster Unknown 
plan a demonstration 
plant 

Coal, Molten Sodium Synthesis Gas Experimental Lab. Scale 
Sulphate 

Early 1970's Synthesis Gas Unknown Sun Research &: Development Company is the holder of U.S. 
Patent 3,770,399 pertainill! to this process. It is believed that 
further evaluation of this process is continuinc. 

Coal , Steam, Oxygen 405 BTU/SCF raw gas Various Laboratory See Text 1961 Bruct:ton, Pa . The U .S.B.M. carried out developmental work from 196 i 
Units. through lab scale and smaU pilot plant research. Two types of 
Pilot Plant. 75 T .P.D. Mid 1976 3.5 ft. I.D . x 62 ft . me, hanation units are to be installed in the 75 T .P.D. pilot plant . 

2,400 ,000 SCF/day of 
synthesis gas me t han-
ated to 1,000,000 
SCr/day of S.N.G 

Coal, Steam, Oxygen and Hl8h BTU Gas t:xperimental Lal: Scale Early I97U's High BTU Gas Unknown The process is "-: ;cribed in U .~ . Pateoll 3,740,204 of 
Synthesis Gas 19th June I ~1I3 . /lio details are to hand on the cwrent 

development of the process. 

GulIIer 1 CO (for steam Experimental Lab. s.:ale Early 1970's High BTU Gas Unknown Total EnerlY Corp. has described this rocess in U.S. Patent 
Coal, Steam reforrrur. to Hl) 3,692,506 of the 19th September 197 . Few details are 

GUIIIr 1 Methane-Rich Gas 
available on the research and development of this procea. 

Coal, Steam, Hl 

Coal, hydrotlen High BTU Gas Experimental (Pilot Lab Scale Unknown 4 Million SCF/day of Midlands Retearch Baled on experimental results in labcratory-scale units. a 
Plant deslaned) S)'nthesiJ Gas Station, E",land pilot plant has been desianed to further naluate the procea. 

Coal, Steam, OXYIen 270 BTU/SCF raw ps Commercially available Commercial 1940's Synthesis ps suitable See Text Units now in IaYice (1IIiIw air) proYide fuel ps of 120 BTU/SCF 

10 ft . dia . for methanation to Inclul1lial planta. TIle Ule of oXYlen proricles. I)'Ilthuk pa. 
TIle O.C.R. recently awarded. contract to McDowelJ.WeIhan 
to invcstipte a 300 p.sj . ,asifier. 

Coal, Steam, Oxygen 
275 BTU/SCF raw ps Commercially available Commercial 1920', 13-18 rt . ID. See Tellt TIle plant. now operalillJ produce .~ a low ITU fuel ... 

65 ft . hip (air) or synthe81 r: (GaYI'D) for the ~ 01 ImIDO ... 
Synthesis p. suitable methanol aad 011 FIIcbIr·TropICh yntbnlL 
for rnethanation 



T ABL E FI LMED 

IN SECTIONS 



Process 

BERGIUS 

CATALYTIC COAL 
LIQUEFACTION (C.c.L.) 

CLEAN COKE PROCESS 

COALCON 
HYDROCARBONIZATION 

COALPLEX 

C.O.E. D. 

COGAS 

CONrol SYNTHETIC FUEL 
(C.S.F.) 
originaUy ent itled 
" PROJECT GASOLI NE" 

COSTEAM 

Coal Conversion Processes for the Production of Liquid, 

Developers Sponsors 
Temperature OF 

. Ber,ius 

Gulf Research &: Development 
Company 

U.S. Steel Corporat ion , 
Monroe .. ille , Pa. 

Coalcon Co. (joint ven ture 
company . of Union Car bide 
Corp . and Chemica l 
Construct ion Corp. 

City CoUege of ew York 
ew York 

FMC Corporation, 
Pr inc~ton, .J . 

liquefaction (S .R.C.) Section -
Pi ttSburgh & Midway Coal 
Mi ning Co. 

Gasification Section -
Bitumino us Coal Research, Inc. 

Not a pplicable 

Gulf Oil Corp. 
National Science Foundation 
U.S.A. 

Office of Coal Research 

Office of Coal Research 50% 
Ashland Oil, DuPont, 
Reynolds Metals, Sun Oil, 
Y & 0 Coal Co. and others 
(see report) 50% 

ational Science 
Foundation 

Office of Coal Research 
and 
Electric Power Research 
Institute, Palo Alto , 
California 

Office of Coal Research 

Office of Coal Research and 
American Gas Association 

COGAS Development Company Consolidated Natural Gas Co . 
Princeto n, N.J . FMC Corporation. 

Consolidation Coal Co . 
a subsidiary of 
Continental Oil Co . 

Panhandle Eastern Pipe line Co . 
Republic Steel Corp. 
Tenneco, Inc. 
Unio n Pacific Corp. 

Office of Coal Research 
America n Electric Power Co . 
AUegheny Power System Inc. 

900 

900 

Carbonizer 1200-1400 
Hydrogena tor 900 

Unavailable 

Conceptual only 

PyJolYlja Section 
Fluidized Bed I . 600 

.. "2. 850 
" 3. i,OOO 
.. 4 .1,500 

Hydro tr' lIment 
Sectio n 

- 50 
50 

3,000 

Pyrolysis Se.ction 
600-1 ,500 

Gasifica tio n Section 
1,500·1,700 

Hydrotreatment 
Section 750 

Extraction reactor 765 
Carbonization 925 
Hydrotreatment 800 

OPERATING CONDITIONS 
Pressure 

p,S,l.g. 
3,000-10.000 

2,000 

100 
3,0004 000 

Unavailable 

Conceptual 

5-10 
5 -10 
5-10 
5 -10 

2.500-3,100 
1.000 

200 

5-10 

0-30 

2,500-3 ,100 

150400 
10 

3,000 

Reactants 
Coal , Solvent, 
Hydrogen, iron ox ide 
cata lyst. 

Coal , Solvent, 
Hydrogen 

Coal, Heat 
Coal, Solvent, Hydrogen 

Coal, Hydrogen 

Coal , Hydrogen 

Coal, Heat 

Pyrolysis oil - H 2 
Coal - Solvent - H2 

Coal - Steam - 0 2 

Coal·heat 

Char - air - steam 

Tar - H2 

Products 
l.icht Oils, liquefied Gas 

Synthetic Crude Oil, Gas 

LiqUid Prorlucts, Ga ,Char . 
liquid Prod CIS, Gas, 
Filter Cake 

Liquid Fuels, Gas, 
Chemical by·products 

S.N.G. Gasoline, coke, 
o il, elcc. 

Char, o il , liquor. gas. 

Syncrude 
Nnhtha, fuel oil, 
S.R.C., fuel gas 

Synthesis gas, 
H2 -rich gas 

Tar , Char , ps 

Synthesis gas 

Synaude 

Coal, Solvent Vapours , liquids, residue 
Solid re idue, Slurry, Hut. Char , pyroly is li<;.Jld & gas 
Liquids , ta'r, H2 aphlha , Oil , Gas Residui' 

U.S. Bureau of Mines 
Pit! sburgh Pa . 

U.S. Bureau of ~ines St irred reactor 800 4 ,000 Coal. CO, Steam. Fuel Oil, Gas 

Present Status 
OblO1ete 

Pilot Plant 

5 Proceu Develop­
ment Units (Pilot 
plant pbnned) 

Semi-Works Plant 
Pilot Plant 
(Demonstration 
plan planned) 

Conceptual 

Pilot Plant 

Pilot Plant 
Hlot Plant 

Pilot Plant 
C.O .G . 
(Demonstration 
Plant planned ) 

PyJolysis-Piio t Plant 

Inert Heat-Carrier 
Pilot Plant 
Char Heat-<:arrier 
Pilot Plant 
(Demonstra tion 
Plant proposed) 

Pilot Plant 
(see also S.R.C. ­
C.F.C.) 

Batch utodave 
Studie 



or the Production of Liquid, 

CONDITIONS 

Reactants 
Coal , Solvent , 
Hydrogen , iron oxide 
catalyst . 

Coal , Solvent , 
Hydrogen 

Coal , Heat 
Coal, Solvent , Hydrogen 

Coal , Hydrogen 

Coal, Hydrogen 

Coal, Heat 

Pyrolysis o il - H2 
Coal - Solvent - H2 

Coal- Steam - 0 2 

Coa l·hea t 

Char - air - steam 

Products 
Liaht Oi1\, Liquefied Gas 

Synthetic Crude Oil, Gas 

Liquid Products ,.Gas, Char . 
Liquid Products, Ga. , 
Filter Cake 

Liquid Fuels, Gas, 
Chemical by·products 

S. .G. Gasoline, coke, 
oil, elee. 

Char, o il , liquor. gas. 

Syncrude 
aphtha , fuel oil, 

S.R.C. , fuel gas 

Synthesis gas, 
H2- rich gas 

Tar , Char, gas 

Synthesis gas 

Syncrude 

oal, Solvent Vapoul , liquIds, residue 
Solid re'ldue , Slurry, Heat. Char , pyroly IS liquid & gas 
liquIds, ta'r, H2 aphlha , 011 . Gas ResIdue 

Coal. 0 , Steam . Fuel Oil, Gas 

Present Status 
Obsolete 

Pilot Plant 

S Process Develop­
ment Units (Pilot 
plant planned) 

Semi-Works Plant 
Pilot Plant 
(Demonruation 
plant planned) 

Conceptua l 

Pilot Plant 

Pilot Plant 
Pilot Plant 

Pilot Plant 
C.O.G. 
(Demonstration 
Plant planned) 

Pyrolysis·Pilo t Plant 

Inert Heat-Carrier 
Pilot Plant 
Char Heat-Carrier 
Pilo t Plant 
(Demonstration 
Plant proposed) 

Pilot Plant 
(see also S.R.C.­
C.F.C.) 

Batch Autoclave 
Studies 

Solid and Gaseous 

SCALE OF DEVELOPMENT 

Size Operational Scale/ 
Products 

2.T .P.D. 
Com rTk.T cia I 

I T.P.D. 

500lb/day (each) 
(1 00 TPD 
p.p. planned) 

300 T.P.D. 
25 T.P.D. 
(2,600 T.P.D. 
planned) 

Feasibility 
study proposed 

36 T .P.D. 

6 T.P.D. 
50 T.P.D. 

120 T.P.D. 
(lO,OOO TPD 
planned) 

36 T.P.D. 

2.S T.P.D. 

SOT.P.D. 

(800-1 ,000 
T.P.D. proposed) 

20 T.P.D. and 
13 T.P.D. 
Hydrogenat ion 
Plant 

2.2S gallons 
capacity 

1928 
1927 

Jan. 1975 

1974 
1977 (est .) 

prior 1970 
estimated 
1979 

1970 

1973 
October 
1974 

mid 1974 
Unknown 

1970 

May 1974 

Apr il 1974 

2 T .P.D./Pilot 

Commercial Plant 

I'Ilot Plant 3 barrels 
Syncrude pe r ton of 
D.A.F . Coal. 
Synthe;.is Gas. 
P.D.U·s. Coal & coke 
prep .. Carbo nJZlI lJon , 
HydrogcnalJon, S lu rr ~ 
011 Prep., Binder prep . 

Semi works 
Pilot Plant 
demonstrat ion 3 900 
BPD liquids, 22 
million SCF/day SNG 

not applicable 

0 .4·1.S barrels per 
ton of coal depending 
on coal type . 
8,OUO· I0,000 SCF of 
SOO BTU/SCF gas 
per ton of coal. 

Pilot Plant 
Pilot Plant 

See Remarks 

See COED . 

S>,' nthesis gas 

Synthesis gas 

Full product ratlle 

May 1967 70 barrels per day 
Care & 
maintenance 
basis Apr . 
1970·75 

1970 's Batch Autoclave 

Products 

Location 
Fusan, Manchuria. 
(MitlUi A. Co. Ltd.) 
Leuna, Germany 
Bil1inaham, U.K. Korea 
Harmarville 

Monroeville Pa. 

Unknown 
Unknown 
To be decided be tween 
West Virgi niz & Ohio in 
late 1975 . 

no t applicable 

Princeton, N.J . 

Wilaonvi11e, Ala . 
Ft. Lewis, Wash. 

Homer City, Pa. 
Not yet decided 

Princeton, N.J. 

Princeton, N.J . 

Leatherbead, U.K. 

To be decided 

Cresap , W. Va. 

PittlburJh EnerlY 
Reaearch Cenue, 
Pitt Pa 

Figure 3 

Remarks 

The process wal utiliud for the production of fuel4urinl World 
War 2 in Germany, J.pan and Korea . Tb£ pr_ b .. been 
evaluated on a commercial scale in Britain and • tat scale in the 
U.S.A. No commercial plants are cunently opcralinl· 
Process tated for 8 yearl on ar. experimental beDch1Cale IneL 
Operation of the pilot plant is to provide daip data fo, • 
demonatration plant. 

Commercial scale plant envilla,ed utilizes 17 ,000 T.P.D . 
feedstock coal to produce 2.2 million tPy coke, 669.000 t~y. oil 
residue, 1S0,ooo tpy cherr.ical produclS , 34 ,000 tpy am!",:,rua, 
49,000 tpy sulphur, 80 million lallons benzene Ind 8 million 
pllons tar products. 

The process is the culmination of 30 years R A. D by Union 
Carbide Co:-p . The offICe of Coal Research Contract with 
Coalcon is, at S237 million the larlcst awarded by 
that or,aniution . A commercial plant utilizinalS,ooo 
TPD feed is envisalled in the 1980's. 

Concept o,pauy developed by A.M. Squirel of the City 
CoUqe OIemical EnaiDccri.rw Dept . The NSF IIu .warded 
the CoUqe. S644,OOO IfUIt to naluatc the concept. 

Only Iar,e-xale plifacation of the J'Yl.olyaia char product 
remaiDJ to be demonstrated. A preliminuy atimate'" 
been made for • commercial COED plant procalina 24,000 
T .P.O. of coal to produce U,400 burcb per day of oil, 
12,000 T.P.D. of char and 390 millioll SCF/day of 
4~500 BTU/SCF I)'nthail pi. 

O.C.R. hal.warded • contract to Ralpb M. Panolll Co. for the 
desip of a COG c1cmonatntion plant bued Oil detip data 
IUpplied by tbe individual prt>oe. developers. Thia 
demonstration plant is dcli&ned to ploccal0.ooo T.P D. of 
ooal feed to produce 2,011 bureb per day of naphtha, ',472 
bure" per day of fuel oil, 11 ,34~ burcb per day of heavy 
liquid product, 121 T .P.O. of heavy liquid put fuel, 2142 T.P D. 
o(fuel .... nd 317 T .PD. of !IIlphur. 

The pyrolysis section of the process is based on the COED 
process . The pilot plants at Leatherhead and Princeton are 
providin, deSl,n data for the future construction of a 
demonstration pilot plant (8~1 ,000 T.P D .) and, to date, these 
existinll plants have successfully demonstrated molt of the 
systems' key features . 

Original pilot plant runs (to April 1970) were plaaued by 
mechanical diffICulties and the plant placed uncler care and 
maintenance . In late 1974 a 3."ear O .C.R . c:onUact .. let 
to Fluor Corp. to revamp til.: plant to aOow production of 
fuel oil . The plant may also be modified to naluatc several 
liquefaction processes. 

Reaalt. on • lab ICIIe have been IDCO .......... tbc .... 
plaDa additlonalltuctics and ted ...... to tile deIip of. 

nt . 



COSTEAM U.S. Bureau of Mines .S. Bureau of :Vlines StirreJ reactor 800 4 ,000 Coal, CO, Steam . Fuel Oil, Gas Batch Autoclave 
Pittsburgh Pa. Studies 

EXTRACTIVE-COKI G PROCESS A.D. Little Inc. Office of Coal Research Unavailable Unavailable Coal, Heat Fuel Oil, Heatmg Fuel, Experimental 
Coke 

EXXON L1QUEFAC110 Exxon Research and Exxon Cor p. Catalytic aphtha, Gas , Distillate , Several Pilot Plants 
Engineenng Co ., Baytown , Texas Hydrogena tor 800 2,0011 Coal , H2 , H- Donor Heavy Bottoms, Rec}c1e 
and Carter Oil Co . Solvent solvent (PLlot plant 
(Subsldiari~s of Exxon Corp.) proposed) 

FISCHER-TROPSCH Fischer & Tropsch IGermany) No sponsors Lund c'asifie rs ;' Ll450 Coal. Stearn , Oxygen Petrol , L.P.G .. OIl. Commercial 
SYNTHESIS M.W. Kellogg Co. (Synthol (Technique only) 1,140-!,400 Wa, ("as . 

Process, SASOL) Arge Fixed Bed 450 160 Synthesl Gas (Catalyllc) 
Arge-Arbeit Germeinschaft Petrol, Alcohol, Oil, Gas Commercial 
Lurgi and Ruhrchemic Kellogg Fluidized 
(Arge Synthesis, SASOL) Bed 620 330 Synthe is Ga, (Catalytll) 

CommeraaJ 

GARRETT'S COAL PYROLYSIS Garret! Research & Occidental Petro leum Corp. Pyrolyzer !.I 00 Atmospheric Coal, Hot Char. Tar . Produc t Char. Semi-continuous 
Development Co ., La Verne , Gas (700 BT {Sen reactor 
California . Char-Heater Hot Char for Pilot Plant 
(a subsidiary of Occidental 1,200·1.600 Atmospheric Char , Air . Pyrolyzer. 
Petroleum Corp .) 

GAS EXTRACTION Coal Research Establishment , ational Coal Board, U.K. 350400 
Stoke Orchard, U.K. 

Unavailable Coal, Synthesis Gas. H2 . ich coal extract Exper imenta I 

RrcycJe Gas Pilot Plant 
(designed) 

H- COAL Hydrocarbon Re "arch Inc ., Office of Coal Resea rch. Catalytic Synthetic Crude Oil, Gas Bench Scale Units 
Trenton, .L Atlantic Richfield Corp . I:.bulJ.ited Bed 850 2,250-2.700 Coal, Oil . H2 
(a subsidiary of Dynalectron A~hland Oil Co . Process De . Unit 
Co1"p.) onllnental 0,1 Co . ( th rough 

Con olidation Coal 0.) (Pi!o Plant 
{;ttlf OIl Corp. (through current plannir.g) 
GEMCO). Es,o ( through 
Carter Oil Co .) Standard Oil 
of Indiana (A~IOCO). Sun 
Oil Co ., Electnc Power 
Research Instl\utc 

HYDRO<:RACKJ G PROCESS Continental Oil Co. Office of Coal Re e3Ich '0 details available Unavailable Coal. Hydrog~n. Oil Products, Distillate Experimental 
Continental Oil Company, In('J2 cJtaly,t. Fuels 
Shell Development Corp. 

P.D.U.'s(pJanned) 

INTERMEDIATE Dept. of Fuels Engineering, State of Utah , Catalytic 930 -1,0 20 2.000-2,500 Coal , H2 Liquids and Gas Bench-scale 
HYDROGE ATION University of Utah , Salt Lake Office of Coal Research Entrainc:d Flow process unit . 

City, Utah 
(Process 
Development Unit 
Designed) 

LEAS LIQUEFACTION Leas Bros. Development Corp. Leas Bros. Dev. Corp. Catalytic Reactor navailable Coal. solvent Or recycle Liquids, Gas, Sulphur Experimental 
oil, i1ica sand Or 
metallurgical slag, 
catalyst. H2 

LURGIRUHRGAS Lurgi GmbH (a subsidiary of MetaUgesellschaft A.G. Carbonizer 1,100 Atmospheric Coal , Hot ChaL Char, T3I, Gas Continuous Lab 
Metallgesellschaft A.G. Unit 
and Ruhrgas A.G.) Pilot Plant 

Commercial 

METHANOL SYNTHESIS Various Developers TeChniques omy 500 7504.500 2H z :ICO Synthesis Gas Methanol Commercial 



Coal , 0 , Steam . 

Coal , Hea l 

Coal, H2 , H - Don r 
So lvenl 

Coal. Sleam , a"} gen 

Synthe i> Gas ( atalytlc) 

Synt heSIS Ga, (Cdla ly t IC) 

Coal , Ho t Char . 

har , Air . 

Coal , Synthe is Gas. 

Coa l . Hyd ru)!cn. 
ZnC'l2 Cdtdl) , I 

Coa l, H2 

oal. solvent Or recycle 
o il. ihca sand or 
metallurgica l lag. 
ca tal) t . H2 

oa l, Ho t Char. 

2H2 KO S)·nthe is Gas 

Fuel Oil, Gas 

Fuel Oil, Heating Fuel, 
Coke 

apiltha. G3; . Distillate , 
Heavy Bottoms, Rec)' Ie 
solvent 

Petrol. L.P.G .. Oil . 
Wa, ~a;. 

Petrol, Alcohol, Oil, Gas 

Tar . Product Char . 
Gas (700 BTU/S F) 
Hot Char for 
PyrolYLcr. 

H2 rich coal extract 

Recycle Gas 

Synthet ic Crude Oil, Gas 

Oil Products, Distillate 
Fuels 

Liquids and Gas 

Liquids, Gas, Sulphur 

Char, Tar, Gas 

Methanol 

Batch Autoclave 
Studies 

Experimental 

Several Pilot Plants 

(Pilot plant 
proposed) 

Commercial 

Commercial 

CommerCIal 

Semi-continuous 
reactor 
Pilot Plant 

Experimental 

Pilot Plant 
(designed) 

Bench Scale Units 

Process Dev. Unit 

(Pilot Plant 
current planning) 

Expertmental 

P.D.U.'s(planned) 

Bench-scale 
process unit. 

(Process 
Development Unit 
Designed) 

Experimental 

COntinuous lab 
Unit 
Pilot Plant 

Commercial 

Commercial 

2.25 gallons 
capacity 

20-40 lb . batch 
Extractive Coker 

0.5 T .P.D. 

(200 T.P.D. 
propos~d) 

Commercial 

Commercial 2.5 
mill ion tons/year 
pe trochemICals 
Commercia l 
(planned 
construct ion ) 
38.000 T .P.D. 

lab scale 

3.6 T.P.D. 

lab. scale 
units 
(unknvwn size) 

25-100lb/day 

3 T.P.D. 

(600 T.P.D. 
planned) 

Bend l-scale 
continuous 
units 
(100lb/hr.) 

50Ib/hr. 

(5-10 T .P.D. 
designed) 

Bench-Scale 

laboratory 
Scale 
12T.P.D. 

1,600 T.P.D. 

Commercial 

1970's 

current 

1970's 

1976 (est.) 

1935 

1955 

1979-8 1 

late 1960's 

ea rl y 
I 970 's 

1970's 

late 1960's 

late 1960' s 

1977-78 
(estimate) 

current 

I 977(est .) 

Batch Autoclave 

lab scale 

lab cale units . 

Unknown product 
quantitie 

Various Scales 

SASOL I . 2.5 million tons 
pe trochemicals ind o I . 
mil lion to n 2asoline . 
17 mil lion t';ns/year 
Gasoline (est.) 

Mathematical Studies 
& lab scale 
Pilot Plant 

Coal Extract suitable 
for production of 
Hydrocarbon oils 
and chemicals 

Synthet ic Crude 

Synthetic Crude 

Demo. P.P. 600 T .P.D. 
low sulphur fuel ~ ii, 
synthetic crude. 

Unknown 

Oil Products, 
Distillate Fuels 
(3 -4 barrels per ton 
D.A.F. Coal) 

early 1970's 0 .5 inch dia . x 6 ft. 

(planned) 

current 

1950's 

1960's 

1963 

1930's 

real-tor. 

Liqu ids & Gas 

Liquid & Gas 
Products 

Tar, Gas 

Tar . Gas 

Tar Products, Gas 

Methanol 

Pitt sburgh Energy 
Reseuch Centre, 
Pittsburgh, Pi . 

Foster Wheeler laborator­
ies, Livingston, N.J . 

Bay town , Texas 

Baytown , Texa 

Germany 

Sasolburg S.A. 

Ea tern T, ,n vaal 
Coalfi elds . S.A. 

La Verne, Calif. 

La Verne, Calif. 

Stoke Orchard 
Research Station U.K. 

Trenton, N.J . 

Trenton, N.J . 

Catlettsburg. Kentucky 

Research Developm~nt 
Cen lre library . Pa . 

Not yet decided 

University of Utah. 
Salt Lake City . 

University of Utah. 

U.S.A. 

Lurgi. Germany 

Lurgi, Germany 

LukaVdC. YUj!osla\ ia 

Europe, U.S.A., etc. 

be modified to evaluate sev ral 

Results on a lab IQIe have been enco~ and the Bureau 
plans additionalstudJes and tests leadina to the delip of a 
pilot plant . 

Thls process is a modification of the delayed-cokq procea. The 
O .C.R . awarded a S568,OOO contract to A.D. Utile to allow an 
experimental study of the procc". 

The Synthetic Fuels Research Division of Exxon Research and 
Engineering Company have been engaged in lab . scale work and 
studies on the process ince 1966. Exxon recently pror-osed 
O.C.R. funding of the planned 200 T.P.D. plant which it is 
hoped will demonstrate critical process features for scale~p . 

The Fi her -Tropsch "Process" is a misnomer in so much as the 
''process' ' IS merely a combmation of techniques producing a 
multitude 0 products . The concept was introdu .:d br 
Fischer and Trop ch . The te hnique is currently being 
evaluated anew by U.S . and German researchers. The SASOL 1 
plant expected to come "on steam" in 1979-81 will cost in the 
order of n .5 billion . For product details refer to report. 

Garrett Research and Development Co . have conducted studies 
fo r some years into both pyrolysis and gasification of coal. 
Result to date indicate typical yields equal to 200% Fischer 
assay and ignificantly higher than tludized-bed pyroly,is 
piOcesses . (refer also to Gasification Chart) . 

This process o ffers potentially attractive conditions in so much 
as a residue filtration tep is unnecessary . The extraction 
residue is most suitable for gasification with almost complete 
recovery of gaseous olvenl. A pilot plant has been designed 
to te t the process on a larger scale . 

H.R.l . has been en~aged in dev~lopm"nt of the H-Co:1 process 
since 1964 based on their experience with the H~il proc('ss 
(commercial refinery process) . At various times since 1965. the 
O.C.R. has awarded contra IS to H.RJ . to develop and test 
the vario us plant options and systems. umerous other 
organisatIo ns have at times. been involved i.1 sponsorship of 
H.R .1. and 9 groups are funding current work . 
The cost of the 600 TPD demonstration pIlot plant is cxpecied 
to exceed S80 million, the OCR providing, by steps. 2/3rds 
of the proje.: t COS I. 

The Office o f Coal Research has recntly awarded Con linental 
Oil a 56 .45 million contrac t to determine the tecl::lical and 
oconomic potential of the process . The programme goal is to 
produce 4 barrels o f oil per ton D.A.F. coal. St,ell Development 
Corp. i sponsoring the programme . 

Successful research and development work on the proce~s was 
conducted between 1969-1974. The University has-also 
experimented (bench-scale) on catalytic hydrosolvation of coal 
and lignite to synthetk crude in a Single step . 

The process has been tested utilizing Illinois and Weltern U.S. 
coals and results indicated that conversion of D.A.F. ooal t~ 
liquids ra.ed between 88-91 %. 

Initial tes in!! of thr process in lab. scale equipment indicated 
tar yields bct,.'cen 129-212<:;' of Fischer assay. These results were 
!!l'nerally confirmed in the 12 T .P.D. pilot plant where yields 
between \37-189';;. of Fischer a say were obtained . Since the 
fir<t commercial plant at LukaV3c. numerous plants h:l~ been 
ere':ied . 

The technique of methanol colIYersion of synthetic ps has 
been in commercial use for many years baaed mainly on Lursi, 
Koppers Totzek and Willlder ps feedstocks. A recent O.C.R . 
CX)ntnct to the Mobil Oil Corp. relates to dnelopmental 
studies on the CX)nversion of methanol to psoline and the 



METHANOL SYNTHESIS Various Develo pers T echniques onl ~ 500 750-4 ,500 Methanol Commercial 

MOLTEN SALT CATALYSIS Montana State University Montana State University Catalytic Up to 5 ,000 Coal, CO2, steam , Liquid and Gas Products Experimental 
Reactor 750·900 potas iu m and zin r 

rhloride ca talysIs . 

PAMCO S.R.C. The Pittsburgh and Midway Office of Coal Research Dissolver 815 1,000 Coal, Solvent , H2 Solvent Refined Process Develop· 
Coal Mining Company, Coal (S.R.C) ment Unit (P.D. .) 

Ft. lewi . Wash . (a subsidiary G~ . (600 BTU/ SCF) Pilot Plant 
of Gulf Oil Corp .) 

Pilot Plant 
semi-commercial 
de!TlOnstra tion 
plant (announced) 

PROJECT UGNITE D;ept . of Chemical Enginuring, Office of Coal Research . Few process details See Notes Lignite , Solvent, H2 Solvent Refined Lignite Batch Autoclave 
(Solvent Refined Lieni e) University of North Dakota , Grea l orthe rn Railway are available (SRL) 

Grand Forks, N.D. Company , St. Pa ul however conditions Gas PDU (Solution 
Minnesota are believed similar hydrogenation) 

to PAMCO's SRC 
process 

PROJECT SEACOAL An evaluation project by U.S. Dept. of the Navy Refer to " Remarks" No t applicable Not applicable Not Applicable " .,t applicable 
the U.S. Dept. of the Navy 

PROJECT SEACOKE Arco Chemical Co. Office of Coal Research Unavailable Unavailable Coal, Petroleum, Char, Liq uid Experimenta l 
(a division of Atlantic residue Products, Gas 
Richfield Co.) (Pilot P'lant 

designed) 

SOLVENT EXTRACTIO - CR.E. Coal Research Establishment, ationa) Coal Board . U.K. Unavailable Unav~lable Coa l . H - Donor Solvent Coal Solution (can be Experimental 
Stoke Orchard, U.K. catalyticaUy hydrotreated 

or ooked) 

SOLVENT EXTRACTIO ' - U.O.P. Universal Oil Products Co. Universal Oil Products Co. 700-1 ,000 500 Coal , Solvent , Hydrogen Syncrude and Gas Small-sea Ie 
Experimental 
pilot plant 
(demonstration 
plar.! planned) 

SOLVOLYSIS The J apane!le Agency of The Japanese Ministry of 400-450 Unavailable Coal, Solvent , H2 Liq uid Prod Dcts Experimental 
Industry and Technology , International Trade and 
Tokyo. Industry 

S.R.C. - COMBUSTION Combustion Engineering Inc. Combustion Engineering Inc. Few process details Unavailable Coal, Solvent , H2 S.R.C. Gas Experimental 
ENGINEERING and its subsidiary are available Liquid Fuels Pilot Plant 

C.E. Lummus Co., Engineering however oonditions 
Development Centre, are believed similar 
Bloomfield, N.J . to PAMCO'S SRC 

process 

.R.C. - CF.C Ok! Ben Coal Co. Old Ben Coal Co. Elements of:- Unavailable Unavailable Liquid Products Pilot Plant 
(Clean - Fuels - from- Coal (a subsidiary of Standard Oil Consolidation Coal Co. C~ Accepto r Proces , S.R.C. , Gas (Demonstration 
Project) of Ohio) and Consolidation (Potential O.CR. funding) C.S Y. Process . plant proposed) 

Coal Co. (a subsidiary of PAMCO RC process 
Continental Oil Co.> 

S.R.C'. - MITSUI Mitsui S.R .C. Consortium Mitsui &. Co. Ltd. Few process details Una va iIa ble Coal Solvent , H2 S.R.C., Gas, Experimental 
Japan Mitsui Mining Co. Ltd. are available however Liquid Fuels 

Mitsui Coke Co., Mitsui oonditions are Lab Sale 
Kozan Coking Industry Ltd., believed similar to 
Japan PAMCO'SSRC Pilot Plant 

process 
Semi-l'..ommercial (I 
(planned) 



Methanol Commercial ommerClaI 1930' Methanol Europe. U . . A .• etc. The technique of methanol oonversion of synthetic gas has 
been in oommercial UJe for many years bued mainly on Lurai. 
Koppers Totzek and Winkler ps feedstocb. A recent O .C.R. 
oontract to the Mobil Oil Corp. relates to dewelopmeDtaI 
stuclies on the oonverlion of methanol to plOline and the 
design of a 100 BPD unit to test the process It Paulsboro, NJ. 

Coal. CO2. ~team . Liquid and Gas Products Experimental Lab Scale 1970's Lab Scale. Montana State University TIll: resea rch and development prO!!13mmC of this process arc 
pola lum and ZinC 

till in the early sta!!cs . Current studies are djrected toward 
.. -hlonde ca lal~ t . optiml in)! proct'l'< conditions and reactant ratio . 

Coal, Ivent. H2 Solvent Refined Process Develop- 50Ib/ hr , 1964·75 Bench Scale Merriam , Kansas ("<,mmen,mll in 1962. Spencer Chemical Co. ( ubsequently 
Coal (S.R.C.) ment Unit (P.D.U.) continuous no~ PAM(O) .. ·.,ndueted bench scale evaluation of the Pott·Broche 
''''. (600 BTU/SCF) Pilot Plant 6T.P.D. 1973 P.P. design data Wilsonville , Ala . pH"·':" tn find a "dean fuel" . The proj~'Ct, S.R.C .• has 

nmtmut'd at an a -ccleratin!! pace and much intere t has been 
Pilot Plant 50 T.P.D. late 1974 P.P. BuUc samples Fort Lewis. Wash. shown by both Guwrnmenlal and privale bodies . 
semi-commercial S.R.C. Whcclabrator·Fry .. , announced in 1974 the establishmenl of a 
demonstntion (1,000 T .P.D.) 1978 est. S.R.C. plant fuel To be selected 1,000 T.P.D. demunstrali n plant , at a co t of S80 million Which, 
plant (announced) if runs were ucccssful. would be e:\panded, over a 3 y~r period 

at a l·(l~t c<timatcd at S350 million lu a 10.000 L P.D. fully· 
commercial facihty . O.C R. sponsor hip to date i in excelS of 
S25 million . 

Lignite , Solvent, H2 Solvent Rermed Lignjte Batch Autoclave I gall. capacity mid 1960's Lab . scale Grand Forks, N.D. In the early 1960's, Great Northern RLlway Company 
(SRL) sponsored invcstigations of the SRC, then SRL process 
Gas PDU (Solution 5Otb/hr . 1974 Process Development Grand Forks, N.D. by the University and in March 1972, OCR awarded a 5 year 

hydrogena:ion) Units (I operating) $3 .3 million contract to oontinue the ;nve5tiption!_ 
Solvent Refined Addit ional work wiU be unc:lat.alten to upp1lde the S.R.L. to 
Lignite liquids by fixed-bed catalytic hydrogenation. 
Synthesis Gas 

ot apphcable ot AppliCible 01. applicable Not appljClble nOI Not applicable Various U.S. Navy Whilst not a process Project Seacoal js a contjn~ evaJuatio" 
applicable Establishment by the U.S. Navy of those processes Ind products suitabk for 

Navy UJe . Project Seacoal J evaluated COED synthetic aude ill 
a successful Navy sea·tr ial. (See COED and text of Project 
SeacoaJ). 

Coal, Petroleum, Char. liquid Experimental Lab. Scale 1960's Char. Liquid Philadelphia Pa. This project was under O.C.R. sponsorship durinc the·I960's 
re idue Products, Gas Products . Ga and the design WlS prepared for a 10,000 B.P.D. piklt p"nt 

(Pilot l'Iant (10.000 BPD to be located in St. Louis, Missouri Howeva, ill 1970, O .C.R. 
designed) designed) transferred their sponsorship on pyrolysis to COED Ind 

Atlantic RichrJeId became a co-sponsor of the H~I procetL 

Coal . H Dun r ol.ent Coal Solution (can be Experunental Lab. scale 1970' Coal solution, Stoke Orchard The research prQEramme to date has shown that the 
catalyticaUy hydrotreated 15 kg/ hr . S.R.C. liquid products. Research Station, U.K. solution product can be caralyticlUy hydr.otreated to yield 
Or coked) electrode coke. liquid fuels, the solvent eVlporlted to yield S.R.C •• or 

carbon fibre. ooked to yield liquids, ps, and carbon material. 

Coal, Solvent , Hydrogen Syncrude and Gas Small·scale Unavailable 1972 Syncrude and gas Des Plaines, Illinois The Univer al Oil Products Comp3ny holds a multitude of 
Experimental Patent ,relatinF- to coal Conyer ion mcluding S.R.C., 
pilot pL1nt Hydrogena tion, Microwave hquefaction etc . as well as many base 
(demonstration Unavailable Syncrude and gas pat ents concerninF- oil industry fields. Tests earnod out at 
plant planned) Des Plaine on Solvent Extraction ihdicated yield of up to 

"barrel of yncrude per lun of U.A .t- . coal. 

Coal, Solvent , H2 Liq uid Prod ucts Experimental 2 litre 
capacity 

1970's Liquid oroducts Tokyo, Japan The Jap3nese Agency of Indust ry and Tellb"oIogy has t.-'ted 
the proce fo r 3 number of ye3rs . It i believed that 

reactor additional lesting is presently underway on this and other 
\'3riation . 

Coal, Solvent , H2 S.R.C. Gas Experimental navailable late 1960's S.R.C., Gas Bloomfield, N.J . The Company's hIVe been developillc this procell for I 
Liq uid Fuels Pilot Plant Liquid Fuel numbel of years Ind recent information indicates that IDIjor 

developments have been made in crilicl~0ces8 _cps .hid! 
wiD ""sten the oommerciallppfication the pr_ 

Unavailable Liquid Products Pilot Plant (see remarks) 
The Company 's have proposed an $83 million 5 y;:s.;n S.R.C .• Gas (Demonstration (900T.P.D. 1978 (est.) Demo. Plant Toledo, Ohio 

plant proposed) proposed) to the O.C.R. which includes establishment of the T .r.D. 
demo!, tration pIa,t . This plant, it is believed. will 
combl~ element of (at least) three different prOCCMCS.lt is 
also beheved that Old Ben has already carried out teslinJ of lhe 
process in a company pilot plant. 

oal Solvent , H2 S.R.C., Ga~. Experimental Technical 1970 S.R.C., Gas, Omura, Kyushu The Miuui Group ,",S beea ~ .. c:aeI CD .... 
Liquid Fuels Studies liquid Products actirilies __ tbe "Ie 1920'1. 0. .. 197~71 ..... 

Lab Scale 12Ib/ hr. 1973 Omura. Kyu!hu CD ....... on the S.a.C. pr_ to dow WI- ... 01 
continuous unit do...uc feedlloc:t ...... CD .... iK1ioII ... = 01 

Pilot Plant 5T.P.D. 1975 Proportion depend Omura, KyUJhu pIuU in __ ClMlIIIIriIL The.... .... at ....... 

(1500-2 ,OOOT .P.D) 197& 
on ccal rcacti,ily will .... bt .... Q.e at « eo.a .... .., M' ,. 

Semi-Commercial and process conditions OmUla, Kyushu c-J PlI' Ltd. at a -ae 0110,000 T.P -0 .... a ..... 41 1M 
(planned) c:oa (I 74)ol ASlOO ..... 

Commer cia l ( I O.O()() T P.D 1 19 He .) Millmerran, Queensb.nd , 



SOLVOLYSIS The lapanell' Agency of The J a pa nest Minist ry of 4004S0 Unavailable Coal, Solvent, H2 Liq uid Prod lets Experimental 
Industry and Technology, International Trade and 
Tokyo. Industry 

S.R.C. - COMBUSTION CombuUion Engineering Inc. Combustion Engineering Inc. Few process :letails Unavailable Coal. Solvent , H2 S.R.C. Gas Experimental 
ENGINEERING and its subsidiary are available Liquid Fueb Pilot Plant 

C.E. Lummus Co., Engineering however conditions 
Development Centre, are believed imilaI 
Bloomlleld, NJ . to PAMCO'S SRC 

process 

S.R. . - C.F.C. Old Ben Coal Co. Old Ben Coal Co. Elements of:- Unavailable Unavailable liquid Products Pilot Plant 
tOean - Fuel - from - Coal (a subsidiary of Standard Oil Consolidation Coal Co. CO2 Acceptor Preces , S.R.C., Gas (De monstra tion 
ProJect) of Ohio) and Consolidation (potential O.C.R. funding) C.S .F . Proce plan! proposed) 

Coal Co. (a subsidiary of PAM o SRC process 
Continental Oil Co.) 

S.R.C. - MITSUI Mitsui S.R.C. Consortium Mitsui & Co. Ltd. Few process details Unavailable Coal Solvent. H2 S.R.C.. Gas, Experimental 
Japan Mitsui Mining Co. Ltd. are available however Liquid Fuels 

Mitsui Coke Co., Mitsui conditions are lab Scale 
Kozan Coking IndustIY Ltd., believed imilar to 
Japan PAMCO'S SRC Pilot Plant 

process 
Semi-Commercial 
(planned) 

Commercial 
(planned) 

SYNTHOIL U.S. Bureau of Mines. Office of Coal Research, Catalytic Fuel Oil, Gas Bench Scale Unit 
Pittsburgh, Pa. U.S. Bureau of Mines and Fixed-Bed 850 2,0004,000 Coal. H2. Oil 

Bethlehem Steel Corp. Reactor Pilot Plant 

Pilot Plant 
(under construct-
ion) 

(Demonstration 
plant prelir.tinzry 
design) 

TOSCOAL The Oil Shale Corp. The Oil Shale Corp. Pyrolyzer 800-1 .000 Atmospheric Coal, Heat ChaI. Gas. Oil Pilot Plant 
(TOSCO) Rocky Flats 
Itesearch Centre, Golden, 
Colorado 

UNDERGROUND UQUEFAcnOIll 1. The TeUi Company Tile Texa. Compaay Ambient Under prellUJe Coal, Hydrogen dono= Liquid Product Proceu IUtrJcient to IOlvent Development 
2. Wett Virpnia Univerlity, Univeruty Fundq reduce JOlvent 

School of Mine. vaporiution and Experimental limit the reaction 
zone. 

UNION CAIlBIDE UaioD Carbide Corp. Unilin Carbide Corp. Ulllvailable UIII vaiJabie Coal, Hydrosen 
(catalytic) 

Chemical F t«t.ocb Experimental 



Coal, Solvent, H2 

Coal, Solvent , H2 

Unavailabie 

oal Solvent , H2 

Coal, Hut 

Coal , Hydr en donor 
IOlvent 

Coal, Hydro,en 
(catalytic) 

liquid Product 

S.R.C. a 
Liquid Fuels 

liq u.id Prod u ct 
S R .C., Gas 

S.R .. , Gu. 
Liqutd Fuels 

Fuel Oil. Ga 

Char. Gas, Oil 

Uquld Product 

Cher,Jal Feedstocks 

Experimental 

Experimental 
POOt Plant 

Pilot Plant 
(Demonstration 
plant proposed) 

Experimental 

Lab Scale 

Pilot Plant 

Semi-Commercial 
(planned) 

Corr. mercia I 
(planned) 

Bench Scale nit 

Pilot Plant 

Pilot Plant 
(under construct­
ion) 

(Delll<'nstra tion 
plant preliminary 
design) 

Pilot Plant 

Prcx.ess 
Development 

Experimental 

Experimenul 

2 litre 
capacity 
reactor 

Unavailable 

(see remarks) 
(900T.P.D. 
propo ed) 

Technical 
Studie 
12Ib/hr . 
continuous unit 
5 T .P.D. 

( 1500-2,OOOT.P.D) 

(10, T.P.D.) 

Sib/hr . 

0.5 T .P.D 

(8-10 T.P.D. 
under constr .) 

700T.P.D. 

25 T .P.D. 

Autoclave 

Pilot Plant 

I :nO' liquid product 

late 1960's S.R.C., Ga 
liquid Fuel 

1978 (est.) Demo. Plant 

1970 S. R.C., Ga . 
liqUid Products 

1973 

1975 Proportion depend 
on coal reacll>ih' 

I 978 and prace l'On<!I tlons 

19 I(est .) 

la te I 60's Bench Scale 

1965 I inch I.D. x 60 ft. 

I !:76 (est) 4 inch I.D. reactor 
1000 galli/day 
fuel oil. 

19 9 (est) 

1973 Pilot Plant 
0 .3- 0.5 B.P.T . 
oil products. 

1950's 

Unknown 

1940's 

lIQuid Products 

Uquid Products 

Cbemic:al 
Feedstodtl 

Tokyo, Japan 

Bloomfield . NJ. 

Toledo , Ohio 

Omuta , Kyushu 

Omuta , Kyu hu 

Omuta, K fU hu 

Omu\;; , J(yushu 

Millmerran , Queensland, 
Australia 

Pittsbwgh, Energy 
Research Centre, 
Pittsburgh, Pa. 

Bruceton, Fa . 

not decided 

Rocky Flats Research 
Centre, Golden, 
Colorado 

Unknown 

Norpntown, W.Va. 

Cllarleltoa, W.Va. 

The Japanese Agency of Industry and Technology has tested 
the prace for a number of years . It I believed that 
addillonal testing is presently underway o n this and other 
variation . 

The Company's have been developinc this process for a 
number of years and recent information indicates that major 
developments have been made in critical process steps hich 
wiU h;osten the commercial apprJC3tion of the process. 

The Co mpany's have proposed an S83 mIllion 5 year plan 
to the O.C R. which in ludes establishment of the 900 T.P.D. 
demon tration plant. Thi plant, it is believed , will 
combine elements of (at least ) three different processe . It is 
also believed thlt Old Ben has ahead cacried out testing o f the 
praco:ss in a compan) pilot plant. 

The Mitsui Group has been e~aged in coal corrvenion 
activities since the late I 920'$. Dwing 1970-71 studies 
commenced on the S.R .C. process to allow utilization of 
domestic feedstock and also construction and operation of 
plants in overseas countries. The larlest plant planned at present 
will utilize Southern Queensland Coal held by Millmerran 
Coal Ply. Ltd. at a scale of JO,GOO T.P.D. and a total estimated 
cost (1974) of ASJOO million. 

Progressing from ben h scale and mall pilot plant stages , 
the Bureau of Mmes recently awarded a S6 .9 million contract 
to Foster Wheeler Corp . to procure equipment and construct 
an T.P.D. pilot plant (producing 1,000 g.p .d . fuel oil) by , it i 
hoped, mId 1976. Be.hlehcm Steel Corp. will contribute 
S 1.1 million to the plant's cost and SO.5 million for further 
research and also opera te the pilot plant for a 2 year period 
after start -tlp. Followinl; this it is anticipa ted that a 700 T .P.D. 
plant will be constru ted . 

TolCO has irrvestipted the roSCOAL process since 1970 
drawing on their experience and development wort:. 
aaocated with the rosco 11 proce~ for oillhale morti • . 
The rosa:> 11 process has wmpleted ("acid testiJw.in a 1,000 
T -'.D. pilot plant and con&tnaction ~~ is \&IId .... y on 
a 66,000 T -'.D. com_c:iaI oillhale plant. It .. expected lIIat 
tbe roSCOAL process will parallel developmeat by the 
rosco II process In tbe future . 

The Texas Compaay is the bok* of U.S . .. t .... No. 
2,595,979 of 6th May 1952 wIUdI cIescribeI .. uderpowId 
tiquefac:tion procelL More ~Uy. the West V ..... 
Ulliverli.y hal carried out autodlve .. ~ OD pr_ ....... 
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CLEAN-COKE 
I'tIOC6S UNIT TEMP (· F) 

CAIIeON!UTION 1200- 1400 

HYOItOGf:NAT ION 

COGAS 
PVIiOl.YSIS SECTIO'I TEMP ("F I 

H'fl)R()TREA ME SECTlOH TEMP ' ·F ) 

PR£SSURE ( psI) PRODUCTS 

100 

THrlng in 500 lb. per day 
integrated process develop­
ment units at Monroeville. Po • 
is c:ontinuii19 with sufficient 
experimenta l work com pie ed 
for e prel iminary desion of 
a 100 on per day pilot plant. 
Es ima e. ave been presen­
ted on t e yield 'If produc1s 
from a commercia , plant pro­
cessing 17,000 10n per day. 

PRESZURE Ipl,l PRODUC·S 

PRESSIJ.l£ ( ,) P c-
2500- 3 00 

PRESSU E ( ... ,) PROOUC ,-

The pyrolysis Hetion of the pro­
cess IS fas !oned after the C.O.­
E.D. process, whic is underooi~ 
pilot plant tnals in a 36 ton per 
day unit at Prince on, N.J. Two 
char oasificatlon processes are 
curren Iy beino investigated -

I. The Inert rkot-Corrier pro· 
cess in a 2·5 ton per day pilot 
pIont at Princeton. .J. 
2 The Char Heat-Corrier pro­
cess in a 5Oron per day pilot 
pIont at Leotherheod. England. 

Both chor oasificat ion proces· 
SH have operated suc:c:essful­
Iy to dote 

FISCH ER-TROPSCH SYNTH ESIS 
SYNTHESIS TYPE CATALYST TEMP (.F) PRESSURE (pSI) PROOUCTS 

IC08ALT 

COALCON HYDROCARBON IZATION 

he proeeu hos been demon­
stra eo i a 25 ten per day 
pilot p ant and c 300 ton per 
day semi-war S plont. Design 
of a 2600 ton per day demon­
strat ion plant is underway 
WI h c:ons1ruc:Tion schedu ed for 
COI"'Dietion 10 1979. ThiS dem­
onstra ion plant is being de­
signe": to produce 3900 bor­
rels per do'} of liqUid prod­

c:Ts and 22 million S.c.F. per 
day of pipel ine gos 

CONSOl SYNTHETIC FUEL 
PRESSU" ~ (Inl' PRODUCTS 

150 

10 
3000 

'APOURS, 

CHAR, PVROl.YSIS UO\JID a GAS 

A 20 on per day pilot pIont was 
opera ional at CresaP. W. Va .• 
for 35 months to April. 1970. 
whitn it was shu down for 0 

study of the prOC'!Sl and oper­
e ing problems. Late in 1974 . 
ac.R awarded a US.SI3M con­
tract to Fluor Corp. to undertake 
the revampi"9 of the plant owr 
3 ~rs. Elements of he H-COOI 
process moy be incorporatedOn 
the revamped ptant. 

GARRETT1S COAL PYROLYSIS 
TEMP ,OF) PRESSURE 

1100 

REACTANTS 

COAL-HOT CHi.R 

PROOUCTS 

All, PIIOClUCT QWI, 
GAS (?OO ITlJ/sc:.Fl 

C.O.E.D. 

REACTOR 

H-COAL 
REAC OR 

CATALYTIC , 
E" ~~_A-E[, -e_ 

TEMP (OF) 

100 

TEMP ( OF) 



RBON IZATION 

OP£RA I G COIIIOITlOtiS 

The proc... as been demon­
sTraled In a 2!5 ton per day 
pilo planl and a 300 on per 
day s.",I-wor s plan . Des gn 
of a 2600 Ion per day demo -
strot on planl Is underway 
wllh eonslruCfIO scheduled for 
complellon In 1979. This dem­
onstra'ion planl IS being de­
signed 10 produce 3900 bar­
rels per dey of liqu id prod­
ucts and 22 million S.C.F: per 
day of pipeline gas 

A 20 on per day plio pion 
operallOrIOl al Cresap. Va .• 
for 3!5 I1"On s to April. 1970. 

hen I was S ut do n for a 
5 udy of he process and oper­
alinO problems La e In 1974. 
C·vR awarded a US $ 13M eon­
rae to Fluor Corp TO underta e 

lhe revamptng of The plant 0VfI( 

3 yeors Elemenls of he H-Coal 
process may ;)1 Irl~rpora edOn 
the r.v:lmped .,Ion 

PYROLYSIS 

C.O.E.D. 
TEMP l"F I 

600 
~ 

- No) 1000 ... ,~ 

KYOIIOTRO YEIfT Sa:TlON TEMP I"F I 
c;A .... LY JC , £D-8ED 

COSTEAM 

PtlESSlJRE ( PROOUCT 
- 0() 

10 
OoAII, , GAS, we 

~-oo 

~ 

PRESSUR£ ( Pf'OOUC 
~)<OO SY ",('r1C 0(01 

A 36 ton per day pilot plant at 
Princeton. J. hoi been suc-
c ... f lIy d.mon. ra Ing the pro­
CHI • nee 1970 In long-dura­
tion r III of ove 30 days. The 
remo ·nlng development wor k 
on the C.QE.D. project eons s • 
of performing Iorg.-acole chor 
gasification I.st. In commer-
cial ailable gasifiers. 

REACTOR TEMP (OF ) PRESSURE (pal) REA(.TANTS PROOUCTS 

4000 

--

---";::' _ .. 

H-COAL 
PRESSU~E ( . ,) 

COAL -CO-5TEAM ruEl 01 , GAS 

The process hus bftn in .. i­
oaled in be e -a oclavO! slud­
ies emploYI"g a 2'2 gallo re­
actor. Tesllno u: eontinuin~ to 
pro ·de dala or t l'll! des gn 
and fabncat ion e: a pilot 
plant 

REACT"'NT~ PRODUCTS 

C.O.G. 
TEYP (OF ) 

~ 

TEYP ("F) 

TWO-!TA/i( DlTIlAlNEO ~ SOOO 

PRES5UR£ (,.0 P'ROOUCT 
:000 UlHT Ck. u.c. 

PMSSuM (pel) NOOUt7 

toO 1'fImICM .... 

An economic evoluotton and 
~I ... n of .... CQG. 
refinery concept Nile been 
completed. Individual proc-. 
MCttone ore currentty beWJ 
~ at Pamco'. ~ ton 1* 
day 5.Re. pilot plant Of Ft ~ 

• WaIII. and the .. -GAS in­
ject'. 120 t<ln per cloy pI..,t 
plant ot Homer CIty. Po. 

EXXON UQUEFACTION 
REAC OR TEMP ("F) 

too 2000 

WRGI-RUHRGAS 
REACTOR 

. 100 

COAL­
IHICIMOII SOU/OIT 

~~~Gc~~ 

The prOCIeM atogee heM been 
Inv.rioated In ..veral conttn­
U'.KM pilot p6cm. up to o-s ton 
per doy In ala sinee IM7. 
General proc:e. fMalllillty ... 
~ tstoblilfted. o.ign of a 
200 ton per day pilot piont to 
dlmonstrate crhical proce. 
fMtu,.. for ICGII-up to 01 c0m­
mercial plant it underway. 
Thill pilot plant will be IocoMd 
near Euon'. refilWy ~ Iay­
town. ..... 



~ S'fNTHE$i:; TYPE CATALYST TEMP (oF) PRESSURE (pS I) PRODUCTS 

I ARGE FIXED-BED IRON I COBALT 450 

KELLOGG 
FLUIDIZED-BED IRON 620 

(!YNTHOL PROC::SS) 

PETROL, L PG, ALCOHOL, 36 0 OILS, WAX, GAS, CHEMICALS 

PETROL, ALCOHOL, OILS, 330 WAX,GAS 

The Fischer-Tropscll synthesis 
route for the product ion of a 
wide range of liqu id. solid and 
oaseous products from coal­
derived s:tnthesis 005 has been 
in laroe-scale commercia: op­
era tion at Sosolburo, South 
Africa since 1954. The process 
was utilized in Germany in 
World War ]I for the produc­
t ion of synt hetic fuels. 

METHANOL YNTHESIS 
REACTOR CATALYST 

CH ROMIUM, 
CATALYTIC ZI NC OR 

COI'PER OXIDE 

TEMP. (OF) 

:!OO 

" . I"'1ono1 
syflthntS 
c:atc)y°c ,....., 

000" 
~-.~CM> 

S.R.C.-PAMCO 

PRESSURE (pOI) REACTANTS PROOUCT 

750- 4:!OO 
(Oopond l" 9 
on catalyst) 

ZH. 1 CO METHANOL 

Methanol Synthesis via coo l 
oasification has been utilized 
commercially f~r many years, 
pr imarily based on LurO i and 
Koppers - Tot zek O(;<;i f icat ion. 
The sl.I i tability of the Synth­
one process for methanol syn­
thesis is under study by the 
u.s. Bureau of Mines. Any pro­
cess which yields on Hz/CO 
synthesis oas with on Hz to CO 
ratio of 2 -1 af ter sni ft con­
version con be util ized for 
methanol synthesis. 

REACTOR TEMP. (OF) PRESSURE (psi) REACTANTS PROOUCT 

DISSOlVER 815 1000 COAL-SOllIENT- H. S.Ite. 

A 6 ton per day pilot plont hal 
been in operation at Wi lsonville, 
Ala.. for 101M year. to provide 
deli9n data for a 50 ton per 
day pilot plant at Ft L..ewiI, WGIIh., 

REACTOR TEMP (oF) PRESSURE 

PYROLYZER 1100 ATMOSPHERIC 

CHAR HE';TER IZOD-I600 ATMOSPHERIC 

- tt,S .... 

(~~cn.----------------------------~ 

;1~ACTANTS PRODUCT S 

COAL-HOT CHAR ill' tiiZW~g:l~ 
CHAR - AIR HOT CHAR 

FOR PYROLYZER 

The orocess was demonstrated 
in a small. semi-continuous re­
actor wi tn results indicatino a 
cool-liquid conversion twice 
that pred icted by Fischer Assay. 
At LaVerne. Ca li~. , c 3 ·6 ton per 
day pilot plant has been In op­
eration for some years. 

PROJECT LIGNITE (SoR.LJ 
REACTOR 

EXTRACTION­
HYDROGENATION 

TEMP (OF) 

750- 840 

PRESSURE (ps,) PRODUCT 

1500 PRODUCT SLURRY, GAS 

NO DETAILS ARE AVAILA BL~ ON OPERATING CONDITIONS 
FOR THE OTH ER PROCESS STEPS 

SYNTHOIL 
REACTOR TEMP. Co F) 

CATALYTIC-
FIXED-BED 850 

PRESSURE CPol) 

2000-~ 

The f i rst staoe of a 50 It>. per 
hr. P.D.U. is !n operat ion at The 
Univers ity of North Dakota, 
Grand Forks. N.D. This staoe 
produces a solid, solvent ref in­
ed lion ite. A second staoe. to be 
operat iona l in early 1976, will 
uporade the S.R.L. to l iqu ids by 
f ixed-bed catalyt ic hydrooena­
t ion. The P.D.U. results will pro­
vide desion criteria for a lar­
oer pi lot pia nt. 

REACTANT S PRODUCTS 

::CAL- Hz -OIL FUEL OIL , GAS 

TOSCOAL 



REACTANTS PRODUCTS 

COAL-HOT CHAR ci.:;' (~oo:m)~t~f 
HOT CHAR CH"R-AIR FOR PVROLVZER 

The process was demo ,strated 
in a smal l, semi-continuous re­
actor with results ind icating a 
cool-liquid conversion f wice 
that predicted by Fischer Assay. 
At LaVerne, Ca li f., a 3 ·6 ton per 
da~ pilot plant has been in op­
eration for some years. 

(SoR.l.) 
PRESSURE (pSI) PRODUCT 

1500 PRODUCT SLUR RY, GAS 

0111 OPERATING CONDITIONS 
STEPS 

(psI) 

The f i rst stage of a 50 lb. per 
hr. P.D.U. is in operation at The 
University of North ['okoto, 
Grand Forks, N.D. This sta!;e 
produces a solid, solvent ref in­
ed lign ite. A second stage, to be 
C'')erat lonol in ea rly 1976, will 
upgrade the S.R.l. to liquids by 
f ixed-bed catalyt ic hydrogena­
t ion. The P.D.U. results will pro­
vide design criteria fo r a lar­
ger pi lot pia nt. 

REACTANTS PRODUCTS 

COAL- H, -OIL FUEL OIL, GAS 

REACTOR TEMP. ( oF) PRESSURE ( pSI ) 

CATALYTIC, 8W 2250-2700 EBULLATEO- BED 

REACTANTS PRODUCTS 

SYNTHETIC 
COAL-H,-OIL CRUDE OIL 8 GAS 

The process has undefoone over 
4.000 hours of testing in a 3 ton 
per day P.O.u. and over 40,000 
hours of 25- 100 lb. per day 
bench-scale testing at Trenton, 
N.J. In August, 1974, O.C.R awar­
ded a contract to H.R.I. for con­
struction and operation of a 
600 ton per day pilot plant 
which will be ~ated at Catletts­
burg, Ky. 

SOLVENT EXTRACTION - U.O.P. 
REACTOR TEMP (O F ) PRESSURE (ps,) 

SOLYEN EXTRACTKlN 700-1000 500 

R - ,......:Hyd='_=:.::-'.::""'::..!:P::...:.:_==---...--_ _ Gas 

R_ -... 

Sotll'lnl 

"I,O(ho" 
700-"""'" >00,. 

TOSCOAL 
REACTOR TEMP. (OFl 

PYROLYZER Boo- IOOO 

PRESSURE 

Gaso/.,.. 
Jet 'uti 
o.n.. od 

ATMOSPHERIC 

REACTANTS PRODUCTS 

COAL-SOlVENT-H, SYNTHETIC 
CRUDE OIL 8 GAS 

The rrocess has been tested 
for two years on P.D.U. and pilot 
plant scales at Des Pla ines, 
I II., and plans are under con­
sideration for the constructi;)O 
of a demonstrat ion plont. 

REACTANTS PRODUCTS 

COAL-HEAT CHAR, OIL , GAS 

A 25 ton per day pilot plant 
at Rocky FIots, Colo., has been 
in operatior for lOme yeor.. 
Pi lot plont result:: indicated tar 
yields comparable 10 thole pre­
dicted 

REACTOR TEMP. (OF) PRESSURE 

fLASH-
ATMOSI'HEItIC CARBONIZER 1100 

S.R.C.-C.F.C. PROCESS 

REACTA NTS PlIOOUCTS 

COAL- HOT CHM ~1: 

The proc:esI was in~11y .... -
ed in a contlnuou. lobo! atOl y 
unit with r..un. Indlc:crtlng tar 
yleldl betwMn 129 and 212 
per cent of thaN ptWdlcted bJ 
Fischer Aaoy. T .... r..un. 
were confirmed in a 12 ton I*' 
day pilot plant. Sewral com ­
mercia' plant. are currently 
in operation. 

NO DETAILS ARE AIIA!LABLE ON OPERATING CONDITIONS 

--

--

A p!'opcIIOl for 0 900 ton per 
day demonstration plant at ... 
Iedo, Ohio. it under c:onaidera­
fIon. The plant it ta combine • 
ement, of the Ft Lewit and Wu­
aonvil le S. R.c. pilot plant. t0ge­
ther with element, of the en­
lOp C.S.F. pilot plant 10 produce 
!500 toni per day of S.Re.. and 
400 barrets per day 01 Iow1uI­
phur disti llates. The COr ~ 
tor proc: ... may 01M be util­
ized in the plant', gCllif icatlon 
rOllte. 

COAL CONVERSION PROCESSES 
for the production of 

LIQUID, SOUD and GASEOUS 
PRODUCTS 



tion of synthetic f uels. 

METHANOL SYNTHESIS 
REACTOR CATALYST TEMP (OF) 

CHROIoIIUM. 
CATALYTIC ZINC OR ~ 

COPPER OXI DE 

SoRoCo-PAMCO 

PRESSURE (psI) REACTANTS PROOUCT 

7~0-4~ 
(Depend,.q 
on cataly.t) 

2H. I co METHANOL 

tJ.ethanol Synthesis via cool 
gasification has been utilized 
commercially for many years, 
primarily based on Lurg i and 
Koppers - Totzek gasification. 
The suitabili ty of the Synfh­
one process for methanol syn­
thesis is under study by the 
U.S. Bureau of Mines. Any pro­
cess which yields on H2/CO 
synthesis oas with on H2 to CO 
ratio of 2 ' 1 after sn iff con­
version can be utilized for 
methanol synthesis. 

REACTOR TEMP. (OF) PRESSURE (psi) REACTANTS PROOUCT 

OISSOlllER 815 

--

--

.... 

1000 

-... 

COAL -SOllIENT -H. S.RC. 

A 6 ton per day pilot plant hal 
been in operation at Wilsonville, 
Ala., for some years to provide 
desiQn data for a 50 ton per 
day pilot pIont at Ft. Lewis,Wosh., 
which Itarted up in October, 
1974. The Rolph M. Porsons Co. 
il desioning a commercial-sccle 
plant under contract to O.C.R. 
Wheelobrator-Frye, Inc. and Scu­
thern Services,lnc. plan to build 
a 1,000 ton per day demonlt­
ration pia nt to utilize the S.R 
C. proc .... Thi. plant will be 
deliQned for expansion to pro­
duce 10,000 toni per day of 
5.R.e . 

PROJECT LIGNITE (SoRoL.) 
REACTOR TEMP (oF) I PRESSURE (pSI' PRODUCT 

EXTRACTION-
7~-840 I 1500 PRODUCT SLURRY. GAS HYDROGENATION 

NO DETAILS ARE AVAILABLE ON OPERATING CONDITIONS 
FOR THE OTHER PROCESS STEPS 

SYNTHOIL 
REACTOR TEMP. (oF) PRESSURE (pill I 
CATALYTIC-

8~ 2000-4000 I I'IXED- BED 

-

The first staoe of a 50 lb. per 
hr. P.D.U. is in operat ion at The 
l'niversity of North Dakota, 
G,'and Forks, N.D. This staoe 
pr,Kiuces a sol id, solvent ref in­
el .. lignite. A second stage, to be 
operat ional in early 1976. will 
upgrade the S.R.L. to liquids by 
f ixed- bed catalyt ic hydrooena· 
tion. The P'QU. results will pro­
vide desion criteria for a lar­
oer pilot pia nf. 

REACTANTS PRODUCTS 

COAL-H, - OIL fUEL OIL. GAS 

A U.S.$6·9M controct hal been 
let to Foster-Wheeler Corp. for 
the delign and engineering of 
a 10 ton per day pilot pIont 
to be located at Pittlburgh, 
Po. The plont i. being de.iQned 
10 yield 24 belrrel. per day of 
low-sulphur oil. 

SOLVENT EXT 
REACTOR TEMP. (OF) 

700-1000 

TOSCOAL 
REACTOR TEMP. (OF) 

PYROLYlER 800-1000 



(S.R.LJ 
PRESSURE (psd PRODUCT 

I~oo PRODUCT SLURRY, GAS 

E ON OPERATING "n."';"Tor,,,,, 
PROCE SS STEPS 

1 ,...,-.. 
bO ...... p,.f.., 

r...et QtNrotlQn 

E (pII) 

4000 

The f irst stage of a 50 lb. per 
hr. P.D.U. is in operat ion at The 
University of North Dakota, 
Grand Forks, N.D. This stage 
produces a sol id, solvent refIn­
ed lignite. A second stage, to be 
operat ional in eurly 1976, will 
upgrade the S.R.L. to liquids by 
fixed- bed catalyt ic hydrogena' 
tion. The P.D.U. results will pro­
vide design criteria for a la r ­
ger pi lot pia nt. 

REACTANTS PRODuCTS 

COAL-H, -OIL FUEL OIL, GAS 

A U.S.$6·9M contract has been 
let to Foster-Wheeler Corp. for 
the design and .n;; !nllring of 
a 10 ton p.r day pilot plant 
to be located at Pittsburgh, 
Po. The plant is being designed 
to yield 24 barrel. per day of 
low-sulphur oi l. 

burg, Ky. 

SOLVENT EXTRACTION - U.O.P 
REACTOR 

SOl.\lENT EXTRACTiON 

Row 
coal 

TEMP ('F) 

700-1000 

So!vent 
Slutrl .,trOCflOft 

100 -"""'" 
""'P' 

TOSCOAL 
REACTOR TEMP ('F) 

PYROLYZER 800-1000 

PRESSURE (psi) 

500 

PRESSURE 

......... 
Jet rwel 

000MI 00' 

ATMOSPHERIC 

REACTANTS 

COAL -SOl.\IENT-ti, 

PRODUCTS 

SYNTHETIC 
CRUDE OIL 8 GAS 

The pr·')cess has been tested 
for two years on P.D.U. and pilot 
plant scales at Des Pla ines, 
I II., and plans are under con­
sideration for the construction 
of a demonstration plant. 

REACTANTS PRODUCTS 

COAL-HEAT CHAR, OIL , GAS 

A 25 tOo . per day pilot plant 
at Rocky Flats, Colo., hal been 
in operation for some years. 
Pilot plant re.ults indicated tar 
yields comparable to those pre­
dicted by Fischer Assay. The 
process is similar to the Tasca 
II oil shale retorting process 
and both con be represented by 
the some flow sheet. Testing 
of the Tosco II procesl In a 
1,000 ton per day semi-works 
plant is complete. Con.truction 
i. underway on a 66,000 ton 
per day (ai l shale) commerciai 
pIont at Par~hute Creek, C0l­
orado. 

S.R.C.-C.F.C. PROCESS 

--
• 0 DETAILS ARE AVA ILABLE ON OPERATING CONDITIONS 

A proposal for a 900 ton per 
day demonstration pIont at "T0-
ledo, Ohio. is under c:onaidera­
tlon, The plant is to combine .... 
ements of the Ft Lewis and Wil­
sonville s.R.e. pilot plant. t0ge­
ther with elements of the Cre­
sop e.S.F. pilot piant to produce 
500 toni per day of S.Re. and 
400 barrel. per day of Jow-sul­
phur distill!!tes. The COz Accep­
tor proc ... may 0110 be util­
ized in the plont's gasification 
route. 

COAL CONVERSION PROCESSES 
for the production of 

LIQUID, SOLID and GASEOUS 
PRODUCTS 

NOTE: The proce.ses represented on this chart refer to siQnifieant 

techniques undergoing current research and development evaluation. 

A more complete list of suitable processes con be found in the re­

port accompanying this chart. 
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AGGLOMERATlNG ASH 
FWICIIZEJ) ~ TDtP. M'l PRESSURE 

~- 2000-2100 100 --- 1800 100 

(pil l REACTANTS PRODUCT GAS 

CHAR - AIR LOW BTU GAS 

COAL -STEAM MEO BTU GAS 

At West Jeffer$OO, Ohio a 25 
ton per day pilot plant is due 
for start-up in early 1975. The 
pilot plant is to produce 800, 
000 S.c.F. per day of HI/CO 
synthesis gas. No shift or meth­
oootion steps wi" be involved, 
but these can be added to up­
grade med. Btu offgos to S.N.G. 
at a later stage. 

ELECTRIC-ARC GASIFICATION 
GASIFIER TEMP. ("Fl 

El..ECTlIIC-ARC III CIOO 

REACTANTS PRODUCT GAS 

COAL-STEAM HIGH BTU SNG 

The process has been tested 
on a botch bosis at about 
3OkW. Dependent on reoct iori 
and quench conditions, the 
process can produce low, med­
ium or high Btu offgas. 

ATGAS - PATGAS 
PROCESS 

PATGAS 

A t;AS 

COol , 

TEMP (oF) PRESSURE (ps ,l 

2500 

2500 

REACTANTS 

COAL - O, -STEAM 
-LIMESTONE 
AS ABOVE 

PLUS METHANATION 

PRODUCT GAS 

3 15 BTU/SCF 
(R4W GAS) 

940 BTU/SCF 

The process has been demon­
strated in short-duration runs 
in a 24 inch internal-diameter 
gasif ier. Future plans co" for 
further development work in­
volving a larger gasifier. 

ELECTROFLUIDIC GAS I FICATION 
'.ASIFI ER TEMP (OF) 

FLUI DI ZED BED 1500 

SM.' 

t 

HYGAS 

PRESSURE (ps,) 

1500 

REACTANTS PRODUCT GAS 

CHAR-STEAM SYNTHESIS GAS 

A 12 inch diameter continuous 
reactor has been sl ,ccessfu"y 
operated. The process has been 
used in the I.G.T. f:iYGAS pilot 
plant for generat ion of hydro­
gen- r ich gas for hydrogasifi­
cat ion. 

STAGE '(LOWER) 

EXXON GAS I 
8ED TEMP OF 

GASIFIER 1500- 70 

CHAR HEATER 

SHG 

Coa' 

KOPPERS-
REACTOR TEMP 



REACTANTS PRODUCT GAS 

COAL - O, -STEAM 315 BTU/SCF 
-LIMESTONE (RAW GAS) 

AS ABOVE 940 BTU/SCF 
PLUS METHA AT 

The process has been demon­
strateo in short-duration runs 
in a 24 inch internal-d iameter 
gosif ier Future plans ca ll for 
further development work in ­
vclvlng a larger gasif ier 

A 12 inch d iameter cont inuous 
reactor has been succe!;sfully 
operated . The process has been 
used in the I.G.T. f:/YGAS pi lot 
plant for generat ion of hydro­
gen-rich gas for hydrogasif i­
cat ion. 

GASIFIER TYPE TEMP (OF) PRESSURE (pSI) RfACTANTS PRODUCT GAS 

STAGE 2(UPPER) ENTRAINED FLOW 1700 

STAGE I(LOWER) VORTEX FLOW 2700 

S~G 

1000- 1500 

1000- 1500 

COAL - STEAM 
378 BTU/SC F 

CHAij - O, -S £AM 
(RAW GASI 

A 120 ton per day pi lot plant 
is under construct ion at Homer 
City, Po. Due for complet ion in 

co...... mid-1975, the pilot plant will 
incorporate a f luidized-bed 
methanator to up- grade the 
378 Btu/S.C.F raw gas to pipe­
line quali ty_ 

EXXON GASI FICATION 
FLUIDIZED BED TE MP ("F) 

GASIFIER 1500-1700 

CH AR HEATER 1700+ 

SNG 

Cool 

KOPPERS-TOTZEK 
REACTOR TEMP (oF) PRESSURE 

REACTANTS PRODUCT GAS (RAW) 

COAL- STEAM 
MED BTU GAS 

FOR METHANATION 
CHAR - AIR 

Fl ... 
9O' 

.. 

An 0 ·5 ton per day test un it 
has been in operat ion at Bay­
town, Texas for some years. 
Plans for a 500 ton per day 
pilot plant at Baytown have 
been deferred. 

REACTANTS GAS (RAWl 

FLUIDIZED BED TEMP. ("F) 

GASIFIER 1500 

REGENERATOR 1900 

PRESSURE (pII) 

150-300 

150-300 

.­.. 

REACTANTS 

COAL - STEA .... eao 

CHAR-AIR-OOLOMITE 

PROOUCT 

400 1lTUlS.c.,. 
(RAW GAS) 

CALClIlEO DOUlIIIITE 

1!iO-)QO.., ....,.., 

Construction of a 40 ton per 
day pilot plant at Rapid City. 
S.D. was completed in Novem­
ber, 1971. TestinQ is continu ing 
with various feedstocks and a 
methanation step will be added 
to the pilot plant in the near 
future. Oooomo .. 

'- .,4---,---,....-ol """ -

GEGAS 
THE PROCESS EMPLOYS A MOVING, FIXED- BED GASIFIER 

FEW DETAILS ARE AVA I LABLE ON THIS PROCESS 

$"-& 

FI...ct- bed 

90$1'''' 

LIQUID-PHASE 
REACTOR TEMP. ("F) PllESSUR£ 

--

Prelim inary tests have been 
completed in a 50 lb. per hour 
unit. General Electric is seek­
i~ partners for a demonstra­
tion plant. 

M ETHANATION 
CATALYST CADlYSf lit AEACTAHTS PMIIIUCT .... 



PRESSURE (pII) 

1000 

1000 

1000 

LURGI 
REACTOR TEM P (OF) PRESSURE (psi) 

AXED BED 1140-1400 3!1O- 4 !1O 

SYNTHANE 
REACTOR TEMP ("F) PRESSURE (pSI ) 

FW IOtZED IE 0 1100 1000 

L 

REACTANTS PRODUCT GAS 

COAL-LOWER BED GAS MED. STU GAS 

CH.R-HYDROGEN 826 BTU/se F OFFGAS 

CH AR -STEAM -O. HYDROGEN- RICH GA!. 

A 10 lb. per hour bench-scale 
unit has successfully demon­
strated the feasibili ty of the 
process. Scale - up to a 24 ton 
per day plant is planned. 

REACTANTS PRODUCT (OFFGAS) 

COAL-STEAM-Or 450 BlUIS.C F 

The f irst commerCial plant 
was constructed in 1936. To 
dote, 14 commercial plants 
have been bu i lt. About 30 Lur­
gi -based S.N.G. pionts are plan­
ned in the U.S.A. with the f irst 
expected on stream in 1978. 
Expansion of the lurgi-based 
SASOl plant in South Africa 
is planned. 

REACTANTS PRODUCT GAS (RAW) 

COAL-S'TEAM- O. 405 BTUl5.C F 

TEMP (OF) 

7!1O -1300-1500 

HYOAOGASl f IER -STAGE 2 1700-1800 

MOLTEN-SALT 
REACTOR 

CATALYTIC ' MOLTEH 
Naz CO, 

-

TEMP ("F) 

IB30 

';~~. __ ~-L ____ -L~ 

PRESSURE (pSI) 

ATMOSPHERIC 

1000-1500 

1000- 1500 

1000- 1500 

PRESSURE (pSI) 

4 20 

SIlG 

WELLMAN -GALUSHA 
REACTOR TEMP ("F) PRESSURE 

REVOLVING GRATE 1200 ATNOSPHERIC 

REACTANTS PRODUCT 

COAL- AIR fUEL GAS·TREATED COll. 

COAL-OIL SLURR Y OIL VAPORIZED 

COAL -STAGE 2 GAS 2O'Yo OF COAL .0 CH. 

ChAR-H, RICH GAS 25,. OF COAL TO CH. 

A 75 ton per day pi lot plant 
was completed at Chicago in 
1971 to produce 1'5 million 
S.C.F. per day of S.N.G. Testing 
is cont inu ing and design data 
for a 250 mill ion S.C.F. per day 
commercial plant will be a­
va ilable in June, 1975. 

REACTANTS PRODUCT GAS (RAW) 

COAL-STEAM-O. 330 BTUlSCF 

This process has ceen studied 
since 1964. Recent develop­
ments (incorporati"9 the react­
ion In a single vessel without 
ci rculation of molten salt cat­
alyst, and non-corrosive reac­
tor Ii:'! ing) have increased the 
appeal of the process for both 
S.N.G. production and as a 
source of low-Btu fuel gas for 
magnetohydrodynam ic gener­
ators. 

'1EACTANTS PRODUCT GAS (RAW) 

COAL - STEAM-Or 270 B:ulSC F 

REACTOR 

ENTRAINED 

-.... .. ,.,.. 

FUEL 

TEMP (OF) 

3300 

MULTIPLE CA~ 
REACTOR TEMP ("F) 

HEATED HI =A~YSl 1200-1300 

WINKLER 
REACTOR ("F) 



... 

COAL-ilIR 

COAL- OIL 

COAL -STAGE 2 GAS 

CHAR-H, RICH GAS 

A 7 5 ton per doy pilot plant 
was completed at Chicago in 
1971 to produce 1·5 mil lion 
S.C.F. per day of S.N.G. Testi ng 
is cont inu ing and design data 
for a 250 million S.C.F. per day 
commercial plant will be 0-

va i lahle in June, 1975. 

REACTANTS PROOUCT GAS (RAW) 

COAL-STEAM- O, 330 BTUlSCF 

Th is process has been studied 
since 1964 . Recent develop ­
ments (incorporot i nQ the react­
ion in a single vessel without 
circula t ion of molten so lt cat­
alyst, and non-corrosive reac­
tor lining ) have increased the 
appea l of the proc~ss tor both 
S. G. product ion and as a 
source of low -B tu fuel gas for 
magnetohydrodynam ic gener­
ators. 

(RAW) 

COAL-STEAM-a. Z70 BTUlSCF 

KOP 
REACTOR 

ENTRA INED FUEL 

Cool 

--(J'O'tII.-200 -
-... .. -

TEMP (oF) PRESSURE 

3300 ATMOSPHERIC 

SN G 

MULTIPLE CATALYST 
REACTOR TEMP ("F) PRESSURE (pst) 

HEATED NI CATALYST 1200-1300 1000 

WINKLER 
REACTOR T EMP. ("F) PRESSURE 

FLUIDI ZED BED ISOD- IOOO ATMOSPHERIC 

REACTANTS PROOUCT GAS (RAW) 

COAL - STEAM-O, 300 BTU/SCF' 

There are 16 commerc ial plants 
operat ing to produce a synthe­
sis gas for ammonia product­
ion. The process is under con­
siderat ion for current insta l­
lat ion. 

REACTANTS PRODUCT GAS 

COAL-STEAM 850 BTU/SCF 
AFTER PURIFICATION 

A cont inuous reactor has been 
in operat ion for some t ime. 55 
d ifferent catalysts have been 
tested in runs from I to 30 hrs. 
in durat ion. Before lorge-scale 
operation is possible, a better 
cata lyst system must be de­
veloped. 

REACTANTS PROOUCT GAS (RAW) 

COAL -STEAM-O, 275 8TU/SCF 

This process is commercia l in 
16 plants. The plants have a 

64 0 500 

-
NICKEL 

.... 

2 YEARS 

A skid-mounted pilot ptant is 
under construction. It will hcrvIe 
a reactor 15ft. long and 2ft in 
diameter with a capacity of 
2 mill ion S.C.F. per doy. The ~ 
lot piont should be ready for 
start-up at either the HYGAS 
pilot plant or the COa ACCEP' 
TOR pilot plant in May. 1975, 
convert ing synthesis ~s to 
pipeline gas (5.N.G.). 

SOLUTION -GASI FICATION 

NO DETAILS ARE AVAILA BLE ON OPERATING CONDITIONS 

[~~=t=-­== 

--

A demonstration plant is p/onnId 
in Oklahoma, w'*-in a nucllor 
reactor will supply heat for the 
methone-reformi", IMp wltidl 
produce, hyd,.n for ttle gas­
ifier. A conceptual dHi9n far CI 

commercial plant processi", 
36 000 tons per day of coal lID 
y~1d 600 million s.c.F. per doy 
of 5.N.G. has been commi~ 
ed by o.C.R. 

COAL GASI FI CATI ON PROCESSES 
su ita ble for the p d uction of 
SUBSTITUTE NATURAL GAS 

Those processes requirir~ an ·outside- methanatlon step to up-
rode the row to pipel ine quality could utilize a commer-



REACTOR TEMP (Of ) PRESSURE (plI ) 

fl )([l) 8£0 1140- I~ 350-450 

SYNTHANE 
REACTOR TEMP F) PRESSURE (plI ) 

FWIDtZEO BED 1800 1000 

REACTANTS PRODUCT (OFFGAS) 

COAL - STEAM-Ot 4!10 B U/SC F 

The f irst commercial plant 
was constructed in 1936. To 
dote, 14 commercial plants 
have been bu ilt. About 30 lur­
gi -bosed S.N.G. plants are pIon­
ned in tr.e U.S.A. .with the f irst 
expected on stream in 1978. 
Expansion of the Lurgi-based 
SASOL plant in South Africa 
is planned. 

REACTANTS PRODUCT GAS (RAW) 

COAL-STEAM-O. 4 0!1 B U/SC F 

Th is process has been under 
development since 1961. A 75 
on per day pilot plant is un­

der construct ion at Bruceton 
Po. with completion expected 
in mid-fisca l year 1975. The 
pilot plant will produce 2 ·4 
million s.c.F. per day of synthe­
sis gas, to be IJp-groded to I 
mill ion s.c.F. per day of S_N.G. 
In a methonotor to be Installed 
at the plant. 

MOLTEN-SALT 
REACTOR TEMP (Of ) 

CATALYTIC- MOLTEN 
i 830 No, CO, 

-.:~~.~--~--~~~ 

PRESSURE (psi) 

420 

SkG 

WELLMAN -GALUSHA 
REACTOR EMP F ) PRESSURE 

REVOLVING GRATE 1200 A MOSPHERIC 

REACTANTS PROOUCT GAS (RAW) 

COAL- STEAM-O, 330 BTu/SCF 

Th is process has ceen studied 
since 1964. Recent develop­
ments (incorporat ing the react­
ion in a single vessel without 
circu lation of molten sa lt cot­
alyst, Jnd non-corrosive reac­
tor Iini l":9 ) have increased the 
appea l of the prOCHl: for both 
s.N.G. production and l'lS a 
source of low-Btu fuel gas for 
magnetohydrodynam ic gener­
ators. 

REACTA TS PRODUCT GAS (RAW) 

COAL-STEAM-Ot 270 BTUlSCF 

This process has been com­
mercia I for over 30 yeors_ The 
vendor con on ly supply small 
un its suitable for a sirl9ht, lorge 
industrial plant or a complex 
of smaller pIonts requ iring 
S.N.G. in special co .... 

MULTIPLE CAT 
REACTOR TEMP ("F) 

HEATED No CllTALYST 1200-1300 

WINKLER 
REACTOR TEMP ("F ) 

FLUIDIZED BED 1!\OO- I800 



une, I975 

PROIlUCT GAS (RAW) 

COAL- STEAM-O. 330 BTUlseF 

This process has been studied 
! ince 1964. Recent develop­
ments (incorporat i llQ the react­
ion in a single vessel without 
ci rcu lation nf molten so lt cat­
a~yst, and non-corrosive rear. 
tor lining) have increased the 
appea l of the process for both 
5.N.G. product ion and as a 
source of low-Btu fuel gas for 
magnetohydrodynam ic gener­
ators. 

PRODUCT GAS CRA ) 

COA - SEAM-Or Z70 B UlSCF 

ThiS process has been com­
mercia � for over 30 years. The 
vendor can only supply smoll 
un its suitable for a s i n~:I,~rge 

industrial plant or a comp x 
of smaller plants requ i rillQ 
S. G. in special cases. 

MULTIPLE CATALYST . 
REACTOR TEMP ("F) PRESSURE , 0" ) 

HEATED • CATALYST IZoo- l300 1000 

WINKLER 
REACTOR TEMP ("F) PRESSURE 

FLUIDI ZED BED 1500-1800 ATMOSPHERIC 

REACTANTS PROOUCT GAS 

COAL-STEA M 
B50 BTU/seF 

AFTER PURIFICATION 

A COl tinuous reactor has been 
in operat ion for some time. 55 
differeM cata lysts have been 
tested in runs from I to 30 hrs. 
in durat ic.n. Before lorge-scale 
operation I ~ possible, a better 
catalyst sy~tem must be de­
veloped. 

COAL - STEAM-a, 

I PROOUCT GAS ~ 

Z75 BTUISCF I 

This process is commercial in 
16 plants. The plants have a 
maximum OIJtput of 1·1 mill ion 
S.c.F. per doy of synthesis gas 
su itable for the prexluction of 
ammonio, methanol and oil by 
Fischer-Tropsc:h synthesis. The 
lost installation was in 1960 
but tile process is once aga in 
under consideration far cur­
rent ;nstallation. 

SOLUTION -GASI FICATION 

IKl DETAILS ARE AVAILABLE ON OP£RATI~N CO! OfTIONS 

A demonstration plant is pIcJrIMd 

in Ok.lahoma, wheNin a nudeor 
reactor will supply heat far tile 
methane-reforminG s1ep wtlidl 
produces hydroQen for the 901-
if • . A conceptual desi9n far a 
commercial plant procftSino 
36 000 tons per day of cool to 
yield 600 million 5.cr. per day 
of 5.H.G. has been COIM'Iiaion­
ed by QC.R 

COAL GASI FI CATI ON PROCESSES 
su ita ble for the prod uction of 
SUBSTITUTE NATURAL GAS 

Those processes requiring an ·outside· methanotion step to up­
grade the raw gas to pipeline quality could utilize a commer­
Cially-proven methanotion process, e.g. "Hot-Gas Recyde~ 
The following high-Btu processes could also be utilized for the 
production of low-Btu fuel gas by the substitution of air for 
oxygen : BI-GAS, GEGAS, HYGAS (oxygen), LURGI, MOLTEN 
SALT, PATGAS. SYNTHANE, WELLMAN-GALUSHA and 
WINKLER. 
NOTE . Tile processes represeot~d on th is chart refer to siQntf lcant 
lechniquM undergOlIlQ current research and development .vol~tion .. 
A more complet. list of .uitabl .. proc .... s can be found in the re­ @ 
port accOillponying this chart. 

"' . cMrt ... ....... .. _c.e....,. ....... ______ ,.. ......... c... c.........~ a ...... • ............ 




