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FOREWORD AND ACKNOWLEDGMENTS

The basis of this book was a desire to prepare a report which provides readily accessible and concise
data on all major activities in coal conversion technology, as it had been our experience that no single
book was available which was completely up to date and which dealt exclusiveiy with this subject.

It is our hope that this report will be of benefit to those now involved in coal conversion and will also
lead to a general increase of interest in this field.

To the best of our knowledge we have compiled information on all the major processes, both past and
present, though, in certain instances, various techniques have not been detailed due to either a lack of
meaningful data, or if a particular non-commercial process bore a close resemblance to a more well-known,
commercial technique, in this ¢ase, reference has been made to the “modified™ non<commercial processes
in the various sections.

To the numerous groups and companies who have provided data, reports and advice; to members of the
Queensland University, Department of Chemical Enginecring; Officers of tne Queensland Department of
Commercial and Industrial Development; Queensland Department of Mines; Queensland Coal Board and
all others who Lave given invaluable assistance, we tender our sincere appreciation.

Specific acknowledgement must be made to Mr. W.G. Glidden for tne preparation of the charts and his
unfailing interest and attention to the completion of this report.

As in any work of this nature the comments expressed are those of the authors and no reflection
on the views of any individual, organisation, company or authorative body is intended.

1. Howard-Smith
G.J. Werner
Brisbane, May 197S.

Reproduced with the permission of Millmerran
Coal Pty. 1.td.. Brisbane, Australia
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INTRODUCTION

It is pointless to reiterate the oft presented case for industrialised nations to turn their attention
towards the efficient utilisation of coal resources. Both government and industry are already demonstrating
increased activity in the area of synthetic fuels production from coal. Existing cornmercial coal conversion
processes, e.g. Fischer-Tropsch synthesis, carbonisation —tar hydrogenation, methanol and ammonia
syntheses, are becoming economically competitive with petroleum-based derivatives. The “second
generation” processes, e.g. S.N.G. production, solvent extraction-hydrogenation and direct catalytic
hydrogenation, are, t0 a certain extent, alrcady entering the commercial phase, 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 irom foreign sources
and the vagaries of political and diplomatic affiliations. In short, a premiuin may be weli worthwhile to
secure a stable energy base and to restrain the worsening balance of payments resulting from a major
dependence on foreign sources.

Cozl Conversion Processes

The 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 coails 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. Desulphurisation.

Many techniques are available for the desulphurisation of coal, coal tar and impure coal gase: . *ligh-sulphur
coals have their pyritic sulphur removed by chemical leaching, such as with ferric chloride solution, in a
number of proprietary processes, ¢.g. C.£ L.LR.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. Sulphurcus impurities in gases are removed by water scrubbing (initial treatment) and
subsequent purification, as in Lurgi's Rectiscl process, which employs a cold methanol solvent, or the
Claus Process, which produces dry, elemental sulphur fromn hydrogen sulphide gas. A hot-desulphurisation
process is currently under deveiopment by U.S. Steel Corp. which eliminate the need for cooling and wet
scrubbing of coal gasifier gas for sulphur removal.

It will probably be more efficient and, mn the long run, less expensive, to desulphurise high-sulphur fuels
before use rather than resort to stack-gas cleaners to reduce sulphurous pollutants in order to conform witl.
government pollution standards.

o Deinineralisation snd Depolymerisation.

The removal of mineral matter (ash) from coal is best achieved by the process of solvent extraction. The
organic material in the coal is taken into solution by either a hydrogen-donnr solvent (e.g. tetralin), or a
coal-derived (process-derived) solvent in the presence of hydrogen or synthesis gas. The macro-molecules
of the coal substance are initially thermally disintegrated, under the temperatures and pressures of reaction,
yielding reactive fragments or free radicals which are stabilised by the addition of hydrogen. This 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 synthesis gas. With solvent extraction employing a process-derived solvent (e.g.
anthracene oil derivatives), hydrogen must be added to the reactor, or the reactive coal fragments (or free
radicals) will re-polymnerise to tars and precipitate from the solution. This latter method, employing a
process-derived solvent with gaseous hydrogen or synthesis gas, is the basis of the Solvent Refined
Coal Process. These hydrogenation reactions may be catalysed by commercially available catalysts such as
tungsten sulphide, tungsten-nickel on alumina, and various molybdates.

There is some experimental evidence to suggest that the mineral matter in the coal may catalyse the




hydrogenation reaction and this is worthy of further study. Up to 95%, (or even greater), of the fixed
carbon in sume coals can be solubilised by the solvent extraction-hydrogenation process. The insoluble
residue, ash plus unreacted coal, is separated from the coal solution by filters, centrifuges, hydrocvclones
or by vapour stripping. The filtrate may then be solidified or further catalytically hydrotreated
(hydro-desulphurised and hydro-cracked) to yield low-sulphur liquid products equivalent to petroleum
products.

Early work on the solvent extraction of coal was carried out 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 fuels was derived from Bergius plants.
Renewed synthetic fuels interest in the 1960’ initiated the more recent processes of the Pittsburgh &
Midway Coal Mining Co., Universal Qil Products Co., Consolidation Coal Co., Mitsui & Co., Old Ben Coal
Co., British National Coal Board (Coal Research Establishment) and Australia’s C.S.I.R.O.

While the process is sfill in the early stages of development, with numerous pilot plant evaluation studies
underway, some companics have already announced plans for the construction of commercial-scale plants
based on one or nther of the various 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, synthetic 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, destructive 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, carbonmonoxide,
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 hydrcgen, the tar molecules are
hydrogenated to simpler aromatic molecules, and this provides an important source of benzene, toluene
and xylene.

The relative yields of liquid and gasecous 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 volatiles can be obtained by the technique of “flash™
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 poly.nerisation of the products of pyrolysis. To optimise tar yields. the time
spent within the reaction 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 temperature
pyrolysis, including the utilisation of laser irradiation, electric arc and plasma jets. The rapid heating
technique minimises the repolymerisation of the pyrolysis products in the coal particles and usually
results in the production of «cetylene-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 processes 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 desired
product. The coal 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 ~oal and react with the carbon or with the primary products of thermal
decomposition to produce the desired gaseous product.

There are, generally speaking, broad relationships between the gasification reactants and products and
these are represented in the following table:
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Type ol Gasifier Reactants Product

Low-BTU, nitrogen-rich producer gas.
(100-150 LTU/SCT)

Single Vessel Coul, Air, Steam. Semi-water gas (200 BTU/SCF)

Single vessel (two stage, cyclic.) Coal-Air (Blow phase) Water gas (synthesis gas); mixture of

Coke-Steam (Make phase) CO + H, (250-350 BTU/SCY)
Synthesis gas; mixture of CO,H_, minor
riethane (250-500 BTU/SCF) ~

Hydrogasifier (external H2 source) Coal-Hydrogen/Char Hydrogen Methane-rich gas for S.N.G. production
by methanation

Single vesse! Coal, air

Single vessel Coal, Oxygen, Steam

Hydrogasifier (Two stage) i |- . Lerpes, Stauen Synthesis gas (400 BTU/SCF)

Two-vessel (Gasifier-Combustor) Gasifier: Coal-Steam Synthesis gas (400 BTU/SCF)
Combustor: Char-Air Flue gas

Sirgle vessel (External heat source) Coal, Steam (optionally catalytic) Synthesis gas

The low-BTU gas can be utilised as a fuel 2as 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
iransportation 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 lagely ol carbon monoxide and hydrogen and as
such, is suitable for-the catalytic synthesis of a wide range of products e.g. Fischer-Tropsch synthesis for
oil, gasoline, L.P.G. and wax; methanol and anunonia synthesis; Oxo compounds:and the production of
substitute natural gas by catalytic methanation. This latter process involves the upgrading of the
medium-BTU synthesis zas to a methane-rich gas of pipeline quality,(about 950-1050 BTU/SCF, dehydrated
and pressurised to !',000 p.s.i.) by the reaction of hydrogen and carbon monoxide over heated nickel
catalysts to form methane and steam. Before the catalytic methanation, the ratio of hydrogen to carbon
monoxide in the gas is changed to 3:1 by a CO-shitt conversion reaction.

The production of low- and med-BTU gases i.e. fuel gas and synthesis gas, respectively, is carried out
commercially on a large scale. Many plants have been construeted to produce ammonia and methanol from
coal via coal gasification-gas synthesis. A large plant at Sasolburg in South Africa operates economically to
produce a wide range of liquid and gaseous products by Fischer-Tropsch synthesis and a second, larger
plant, is currently on the drawing beard. (see page 16).

The production of substitute natural gas has been successtully demonstrated on a small commercial
scale at Westfield, in Scotland, utilising a Lurgi “Hot Gas Recycle” methanator to upgrade the heating
valite of synthesis gas,from Lurgi steam-oxygen pressure gasifiers,to pipeline quality for distribution through
an existing commercial pipeline system.

In the United States, coal gasification projects, predominantly based on Lurgi commercial technology, are
planned for the production of substitutz natural gas from coal. The first plant, to produce 250 million
S.C.F./day of 975 BTU/SCF gas,is expected to be operational in 1977. Although it is anticipated that the
cost of the coal-derived pipeline gas wili be higher than that for currently- available natural gas. the
shortfall in the supp'y of domestic natural gas,in the United States, will stimulate the consumers to pay
the extra cost of service involved in 1he production of substitute natural gas from coal.

In conclusion, it should be stated that it is expected synthetic fuels from coal will become mcreasingly
important as an indigenous source of energy to many nations having significant reserves of coal. The
rate at which these synthetic fuels will increase in importance will depend fo a large extent on
well-coordinated research and development efforts by industry, under the auspices of governmental
authorities, and the efficient exchange of information between the various organisations engaged in coal
conversion technology on somewhat more than an “ad hoc™ basis.
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Acceptors:

Acid Gas Removal:
Activated Carbon:
Agglomerate:
Anode Carbon
Autoclave:

Bench Scale Unit:
Binder:

Btu:

B.T.X.

Bunker Oil:
Caking coal:
Calcine:

Carbon Fibre:
Carbonization:
Catalyst:
Centrifuge:
Char:

Claus' Process:
Combustion Gas:

Combustor:

CO Shift Conversion:
Crude Gas:

Cyclone:
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GLOSSARY OF TERMS

Calcined carbonates which absorb carbon dioxide evolved during gasification,
exothermically.

A section of a gas plant where hydrogen sulphide and carbon dioxide are removed
from the gas stream.

Carbon obtained by carbonization in the absence of air, preferably in a vacuum;
has the property of absorbing large quantities of gases, solvent vapnurs; used also
for clarifying liquids.

Assembiage of ash particles rigidly joined together, as by partial fusion (sintering).

Carbon of high purity, usually crystallised to graphite forin, widely used in
Leclanche cells, in rods for alumina refining, in electric arcs and nuclear reactors.

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

A small-scale laboratory unit for the testing of process concepts and operating
criteria as a first step in the evaluation of a process.

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 ncn-coking
coals.

Abbreviation for British Thermal Unit (= 1.05506 kJ)

Benzene, toluene, xylene; aromatic hydrocarbons; toluene is methyl-benzene ,
xylene is dimethyl benzene.

Heavy fuel oil for ships.
Coal which cakes, or agglomerates, or forms coke, when heated.
Carbonate which has been heated to drive cff carbon dioxide.

Very fine 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 the
formation of char (coke), liquid (tar) and gaseous products.

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

An apparatus rotating at high speed to separate solids from liquids, e.g. undissolved
residus from coal solution in the 5.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 fiom hydrogen sulphide gas, utilising a
brick-work kiln, at high temperatures with oxygen reacting with the H,S to yield
dry sulphur and steam.

Gas formed by tiie rapid oxidization of coal. eg.; burning.

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

See Shift Conversion

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 dust, or separate dust from
a gas stream, by centrifugal action.
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Degasification:
Delayed Coking:

Demineralization:

Demonstration Plant:

Depolymerization:

Destructive Distillation:

Desulphurization:

Devolatilization:
Dissolution:
Distillation:

Ebullated Bed:

Effluent Gas:
Electrode Carbon’
Ertrained Bed:

Entrained Flow:

Extraction:
Extraction Gas:
Extraction-
Hydrogenation:
Extractive Coking:

Filter Cake:

Filtrate:
Filtration:

Fischer Assay:

Fischer-Tropsch
Catalyst:
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Dry, ash-free (abbrev. for); a term which relates to the organic fraction in coal; the
U.S. terins “moisture, and ash-free (MAF)”" and “moisture. 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 inoderate
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.), usually accompanied by the substitution of hydrogen for
oxygen.

The distillation of coal or other solids accompanied by their decomposition;
destructive distillation of coal yields coke, tar, anunonia, gas etc.

The removal of suiphur from hydrocarbonaceous substances by chemical reactions.

Various processes are Claus, Appleby -Frodingham, C.5.1.R.0., feric chloride
leaching, 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 substance by a liquid with the formation of a homogeneous
solution.

A process of evaporation and re-condensation used for separating liquids into
various fractiong according to their boiling points or boiling ranges,

A boiling bed: gas, containing a relatively small proportion of suspended solids,
bubbles through a higher density fluidised phase with the result that the system
resembles a boiling liquid.

Gas issuing from a gasifier 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 | of this report.

Extraction carried out in the presence of hydrogen either as a gas or derived ny
transfer from H-donor solvents,

Similar to Delayed Coking process, with the emphasis on high tar yields 1¢ produce
liquids.

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

A liquid free of solid matter after having passed 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 increasc in temperature.

Iron and cobalt catalysts developed by Fischer and Tropsch for the catalytic
synthesis of liquid fuels froin coal-derived synthesis gas.
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Fixed Bed:

Flash Carbonization:
Fluidized Bed:

Fiue Gas:

Fly Ash:

Fraciionation:

Freidel Crafts Catalyst:
Fuel Cell:

Fuel Gas:
Gasification:

Gasifier:

Gas Oil:

High-BTU Gas:

HH.V.
Hydro coking:
Hydrocracking:

Hydrocyclone.

Hydrogasification:
Hydrogenation:

Hydrogen-Donor
Solvent:

Industrial Gas:
Inerts:

In-Situ:

Intermediate BTU
Gas:

A bed through which gases pass at a velocity low encugh so as not to blow the
solid particles from the bed.

A carbonization process characterised by very short residence times of coal in the
reactor to optimise tar yields; also cslled flash pyrolysis.

A bed through which a fluid is passed with a velocity high enough for the =lid
particles to separate and become freely supported in the fluid.

Gas issuing from a combustor; either exhausted to atmosphere or expanded
through a gas-turbine.

A fine ash from the pulverized coal burned in power station boilers, or entrained
ash carried over from a gasifier.

Distillation process for the separation of the various components of liquid
mixtures; an effective separation can only be achicved by the use of fractionating
columns attached to the still; also called Fractionai Distillation.

The catalyst employed in the synthesis of benzene hydrocarbons by the action of
alkyl halides on aromatics in the presence of anhydrous aluminium chloride.

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

low heating value product generally utilized on-site for power generation or
industrial use.

Conversion of solid or liguid hydrocaibou substances to a gaseous phase in a
gasifier.

A vessel in which gasification oceurs usually utilizing fixed bed, fluidized bed
or entrained bed units.

A petroleum distillate obtained after kerosene and before lubricating oil: also
called diesel oul.

Methane-rich gas product with an ILILV. between 900-1,000 BTU/SCF (See
Substitute Natural Gas).

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

Coking of tars, $.R.C., etc. under hydrogenating conditions to form liguid products.

A thermal process in which peiroleum distillates or coal-derived extracts are broken
down into products of lower boiling range with the addition of hydrogen by a
catalytic reaction.

A small cyclone extractor far removal of suspended solids from a flowing liquid by
means of the centritugal forces * 1 up when the liguid is made to flow through a
tight conical vortex.

Gasiftcation that involves the additon of hydrogen to the pioducts of primary
gasification to optimise for.naticn of methane.

Chemical ceaction® involving the additicn of hydrogen, present uas a gas, to a
substance in the presence of a catalyst under high temperatures and pressures.

Solvent such as anthracene «il, tetralin (tetrahydronaphthalene). decalin, etc.
which transfer hydrogen to coal constituents causing depolymerisation and
consequent evolution of liquid products of lower boiling range which are then
taken up by the solvent.

See Fuel Gas.

Macerals 1n coal not readily changad by the action of solvents in the solvent
extraction of coal, e.g. fusinite.

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

Synthesis gas product with o TLILV. between 250-500 BTU/SCF consisting niainly
of carbon monoxide a1nd hydrogen.




Liquefaction:
Low BTU Gas:
LPG.:

Medium BTU Gas:
Methanation:

M.H.D.:

Natnral Gas:

Oxo:

Petrochemicals:

Phenols:

Phenosolvan Process:

Pilot Plant:

Pipeline Cas:

Pre-coat:

Process Development
Unit:
Purification:

Pyrolysis:
Quenching:

Raney Nickel
Catalyst:

Raw Gas:

Reactivity:

Conversion of a solid to a liquid; with coal this invariably involves hydrogenation
to depolymerise the coal molecules to simpler molecules.

Nitrogen-rich gas product with an H.FLV. between 100-200 BTU/SCF produced in
air-blown gasifiers and air injected “in-situ” gasification. Also known as “*Producer
Gas™.

Liquefied petroleum gases such as propane and butane: used for fuels.

See Intermediate BTU Gas.

Process for the production of methane by passing carbon monoxide  hydrogen
mixtures over nickel catalyste; according to the reaction, CO+3H,*CHg+H,O.

Magnetohydrodynamic generator, (abbzev. for): device which produces electrical
energy from an electrically-conducting gas (plasma) {lowing through a transverse
magnetic field; also called magnetoplasmadynamic generator (M.P.D. generator).

Nz curally occurring gas extracted from sedimentary structures consisting mainly of
methane and having an H.H.V. to 1,050 BTU/SCF.

The rad‘cal O = in organic compounds, e.g. ketones.

Those derived from crude oil or natural gas, or their coal-derived substitutes; they
include light hydrocarbons such as butylene, ethylene and propylene, the raw
materials for the production of plastics by polymerisation.

A group of atomatic compounds having the hydroxy! group directly zttached .o the
benzene ring. They give the reactions of alcohols, forming estsrs, ethers and
thiocompounds; phenols are more reactive than the benzene hydrocarbons,
derived from coal tar,

Process for the dephanolis-tion of phenolic effluents from coke-oven, carbonisation,
gasification, hydrogenation and synthetic phenol and resin producing plants.
The phenclic ¢ fluents are treated with an oxygen-containing organic solvent
(Phenisol or Phenosolvan) in multi-stage counter-current extractors whereby the
phenols a : absorbed by the solvent. The extract is separated into ¢rude phenals
(phenol, ¢ ssols, xylenols, higher phenols) and solvent by distillation. Developed

by Lurgi C nbll.

Plant of a .-ale intermediate between laboratory-scale and large-scale units to
evaluate integi ted, continuous-operation parameuers in the development of a new
process, or to prov.'s e-gineering design data for a commercial scale plant.
A methane-rich gas that conforms to certain standards and having a H.ILV.
between 950-1,050 BTU!/SCF, Standards inciude minimum water content, minimum
iner. gases, minimum [, and CO content and compressed to 1,000 p.s.i.g.

Layw: of suttable filiering mediurm, e.g. diatomaceous earth, laid down on a rotary
filte: cloth prior to operation.

Smuall-scal: plant operated to provide information on the operation of process
units, to provide design data for larger-scale plarts; similar to pilot plant.

Removal of the wide range of impurities present in gases from coal gasification to
yield purity gas. See Recitsol Process.

The decomposition of coal by heat. See Carbonization.
Cooling by immersion in oil or water bath or spray.

Nickel sponge used as a catalyst in the hydrogenation of crganic materials and the
methanation of synthesis gas to methane.

See Crude Gas.

Susceptibility to chemical change; in coal conversion, the reactivity of the coal for
conversion to liquid products is a function of the D.A.F. volatile matter content and
the petrographic composition of the coal.
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Reducing Gas:
Reforming Processes:

Residence Time:
Semi-» ater Gas:

SCF:
Scrubber:

Shift Conversion:

Slagging:
Sturry:
Solvation:
Solvent:

Solvent Extraction:

Solvent Refined
Coal:

Substitute Natural
Gas:

Synerude:

Synthesis Gas:
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Vessel in which coal-conversion reacticns take place.

A process, developed by Lurgi GmbH, for the purification of coal-gasification gas
based on the capability of cold methanol to absorb all gas impurities in a single step:
gas naphtha, unsaturatzd hydrocarbons, sulphur, hydrogen sulphide and carbon
dioxide are removed from the gas stream by the meihanol at temperatures below
Q8C.

Used as a reducing agent in redox reactions, e.g. hydrogen,super-heated steam.

A group of proprietary processes in which low-grade or low molecular weight
hydrocarbons are catalytically reformed to higher-grade or higher molecular weight
materials; also applies to the endothermic reforming of methane, for the production
of hydrogen by «ne reaction of methane and steam ir thc preserice of nickel
catalysts.

Time svent by a typical particle in a reaction zone.

A mixture of carbon monoxide, carbon dioxide, hydrogen and ni‘rogen obtained
by passing ap air-stream mixture throagh an incandescent hed of coke; ILILV.
apout 120 BTU/SCE.

Standard cubic foot (abbrev. for); (=0.0283168m™).

Apparatus in which a gas stream is freed of tar, ammonia and hydrogen sulphide.

Process for the production of gas with a desired carbon monoxide content from
crude gases derived from voal gasification; a CO-rich gas is suturated with steam
and passed through a catalytic reactor where the CO reacts with steam to
produce hydrogen and carbon aioxide, the latter being subsequently removed in
a wash plant. The ratio of hvdrogen to carbon monoxide in the praduct gas can be
changed at will.

Operating above the ash-fusion temperature so that the ash is removed from the
gasifier as a molten slag.

A thin paste produced by mixing finely divided solids in a ligquid medium;
sufficiently (luid to flow viscously.

The assocuation or combination of malecules of solvent vith solate ions or
molecules.

That compor at of a solution which is present in excess, or whose physical state is
the same as that of the solution.

Selective transfer of desired coal constituents from finely divided coal particles
into a suitable solvent after intimate mixing, usually at high temperaturcs and
pressures in the presence of hydiogen, with or without a catalyst, folluwed by
phase separation.

A coal extract derived by solvent excraction; a brittle, vitreous solid (M.P. 300°-
400”F) containing about 0.1% ash and about 10% of the sulphur in the original
coal feedsteck: calorific value is about 16,000 Btu/lb. May be used as a clean fuel
for power genration by combustion, utilised for the production of high-grade
metallurgical coke, anode carbon and activated carbon by coking, or hydrogenated
to produce synthetic crude oil. (abbrev. S.R.C.).

A synthetic gas conforming to natural gas standards. {abbrev. SN.G.)

Synthetic crude oii; oil, produced by the hydrogenation of coal or coal extracts.
which s similar to petroleum crude.

Gas vonsisting of mixtures of carbon monoxide and hydrogen in proportions that
allow for synthesis to higher molecular weight products, e.g. inethane and Fischer
Tropsch products.
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Therm:

Town gas:

Water Gas:

Working Fluid:

A gas issuing from a gas-treatment unit which may be recycled to the process or
exhausted.

The products of distillation or high—or low— iemperature carbonization of coai;
coal tar consists of hydrocarhon oils (B.T.X. z2nd higher homlogues), phenols, and
bases such as pyridine, quinoline pyrrole and their derivatives; gas tar is tar
condensed from coal gas and provides, by distillation, ammoniacal liquor,
benzole, raphtha and crevsote with a residue of pitch which is dehydrated to
produce hitumen.

A unit of heat used as a basis for the sale of town and natural gas: equal to
100,000 Btu.

Gas product with an H.H.V. of 600 BTU/SCF and conforming to certatn standards
inciuding prescribed water content, inert gases, H,, CO, methane content and
Wobbe number.

Gas produced by the reaction of carhon and steam to provide carbon monoxide -
hydrogen mixtures:similar to synthesis gas.

A gas stream which directly does work, e.g. powering a gas turbine.
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Operating Conditions:

Process Developer:

Technical Services:

BERGIUS

F. Bergius.

Coal is first 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
Froducts from the first reactor are separated into light, middle and bottom
ractions.

fhe 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 ihe remaining liquid utilised as a mix with fresh coal being processed in
the first reaction.

Process Type Te&'}.!" Press.p.s.i. Vehicle Catalyst Product

Solution-hydrogenation 900 3,000-10,000 Recycie QOil lron Oxide Light Oils

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 [, the 1.G. Farben syndicate began work independantly and by
1927 German development had passed entirely into their hands. In that year,
the first comrnercial 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 I, 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 plaats.

Research and developmental work on the process was also carried out by
Japanese interests (i.e. Mitsui at Fusan, Manchuria 1928) and the British Fuel
Research 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
110,000 tons of gasoline and diesel fuel annually.

Immediately after World War I, there was an oil shortage in the U.S.A. The
Office of Synthetic Liquid Fuels was established in 1944 and expended
U.S. $87.6 million in the following eleven years, investigating the praduction
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 amnionia
plant was converted into two liquefaction demounstration plants one of which
utilised the Bergius process to produce about 200 barrel- per day of gasoline.

No commercial Bergius plants are currently ope.ating.

CATALYTIC COAL LIQUEFACTION (C.C.L).

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

Blaw-Knox Chemical Plants Division, Dravo Corp.




Operating Conditions:

Process Developer:
Sponsor:

Description:

Coal, dried and pulverised, is mixed with a process—derived oil and the
resultant slurry is forced up through an arrangement of fixed 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.

Reactants Products

Reactor T%nlgp. Press.

p.&.i.
Cataly tic, fixed bed 900 2,000 Ccal.-oil-H2 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. $1.5 million plant has been
designed to produce a yield of 3 barrels of oil from each ton of D.A.F. coal.
Operation of the pilot plant is to provide aesign 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 coals containing high
proportions of the reactive macerals, vitrinite and exini.e.

Note: Gulf Qil 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 fuels 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 is processed through a carbonisation unit
where it is devolatilised and partially desulphurised to produce the char that
serves as the base material for the production of metallurgical ccke. The
remainder of the coal feed is slurried with a process-derived carrier vil and is
hydrogenated to convert a large proportion of the coal to liquid.

Liguid products from both carbonisation and hydrogeration are composited
and processed through a central liquids—treatment unit. In this unit,the
liquids are converted into low-sulphur liquid fuels, chemical feedstocks,
and three oil fractions that are recycled to other areas of the process.

One of the recycle fractions is used primarily as a carrier oil for the
hydrogenation reaction. A second recvele oil is sent to the carboniser where
it is converted to pitch coke. The pitch coke and char mixture is blended with
the third recycle oil that serves as a binder, and this mixture is formed into
pellets in the coke-preparation unit. These pellets are sut.sequently 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, trom char production to final coke, is carried
out in a closed system with the off-vapours collected and returned to the




Operating Conditions:

pracess. Thus, there are no significant emmissions of volatile matter during
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 hyaiogen for
recycle to hydrogenation and liquids treatment.

Process Unit Temp. °F  Press.p.s.i. Products

Carbonisation 1,200-1,400 100 Liqénid Products,Gas, Char for
oker

Extraction-hydrogenation 900 3,0004,000 Lit}uid Pr(:;_‘luc(s,Gas,Filter Cake
or Gasifier

The Office of Coal Rescarch awarded a 3-year contract on 10th March 1972
to U.S. Steel Engincers 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 cost of the project.

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

1. Design, construction and operation of process-development units (P.D.U.’s)
capable of processing 500 I|b. per .Jday of coal in integrated units.

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

. Preparation of the design for a 100 T.P.D. pilot plant (original specifications
called for a pilot plant of up to 240 T.P.D.). A principal objective for the
second year of this project was completion ol the designs and construction
of the P.D.U.s, which were to be 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 plant.

Detailed designs were completed on five P.D.U.’s:

1. Coal and coke preparation.
2. Carbonisation.

3. Hydrogenation.

4. Slurry-oil preparation.

5. Binder preparation.

Of these, all but the high-pressure section of the hydrogenation P.D.U. had
been purchased and installed in ecarly 1974, with the high-pressure
hydrogenation equipment completed later in 1974. Startup and evaluation
tests arc continuing with sufficient experimental werk 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 washed and <ized coal (2-3% sulphur) are as follows:

Coal Feed: 5.8 million tons per yeur.

Annual Production:

Coke 2.2 million tons
Hydrogenation Residue 669,000 tons

Chemicals
Ammonia 34,000 tons
Sulphur 49,000 tons
Einylene 723 million 1b.
Propylene 119 million lb.
Phenol 152 miilion Ib.
O-Cresol 38.4 million Ib.
m- ,p—Cresol 142 million Ib.
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Xylenols 150 million Ib.
Pyridine 14.6 million 1b.
« -Picoline 6.1 million 1b.
Aniline 29.2 million Ib.
Benzene 80.4 million gallons (U.S.)
Naphthalene 229 million Ib.

Tar Products.

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 HYDROCARBONISATION

Coalcon Co. - a joint-venture company ol Union Carbide Corp., and Chemical
Construction Corp. (Chemico). Chemico is a subsidiary of the General Tire
and Rubber Co.’s. Aerojet—General Corp.

Office of Coal Rescarch (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 to join a consortium being formed by
Coalcon to concentrate specifically on the needs of the program:

Ashland Oil; Du Pont; Reynolds Metals; Sun Qil. Y & O 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 Coal Conversion Plants, Fig. 6.”)

Sized, dried and preheated coal is fed to a dry, fluidised-bed hydrogenation
reactor. Hot vapour products from the reactor go to a gas-liquid product
separator where water, liquid fuel product and a complex mixture of gas
(H., CH4, CO, C‘2 ‘Cs’ H.S, COZ) are separated to separate streams.The
waler is sent to a separate AAG udit hydrogen-source gasifier where it reacts
with char derived from the hydrogenerator. The AAG hydrogen plant has a
gasifier-combustor 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 fue! 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., ~ ngases. Lignite, sub-b‘tuminous and bituminous coals
can be handled.%\lo details of operating cc .1d.*ions are available.

This process is the result of 30 years of research 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.
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In January, 1975 the largest contract ever awarded by the U.S. Interior
Department was received by Coalcon Co. This U.S. $237 million contract
calls for Coalcon to design, construct and operate a 2,600 T.P.D.
demonstration plant using the Hydrocarbonisation Process. The project is to
be conducted in four distinct phases over an eight-year period. including
operation of the plant for three and a half years.

The program phases are:

Phase | - Conceptual design of the demonstration plant costing U.S. $4
mitlion. Work s already underway.

Phase Il - Detailed design valued at U.S. $17 million. (Both phases 1 and 11
will be funded solely by the Oftice of Coal Research.)

Phase [Il - Plant construction scheduled for completion in 1979,
Phase IV - Operation of the plant for threc and a halt years.

(Phases Il und IV will cost over U.S. $200 million, to be funded equally by
0.C.R. ard industry.)

e

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

oA

COALPLEX

I PR LN

Process Developer: City College of New York, Dept. of Chemical Engineering.

Sponsor: National Science Foundation.

Description: The process is designed to convert coal, in a single operation. to substitute
natural gas, lead-free high octane gasoline and low-sulphur coke. Little
information is available on the process details.

Status: The concept was originally developed by Arthur M. Squires, chairman of
City College’s Department of Chemical Engineering. The basic concept
envisages a coal-conversion complex producing multiple products at a large
saving over the costs of separste production of synthesis gas. S.N.G.. gaseline,
oil, coke or electricity.

The National Science Foundation has awarded a U.S. $644,400 grant to City
College to evaluate the practicability of the concept.

(See Clean-Coke Process, C.O.G. and COGAS.)

COED

Process Developer: FMC Corporation. Research and Development Centre, Princeton, New Jersey.

Sponsors: Office of Coal Research, U.S. Dept. of the Interior; Electric Power Research
Institute, Palo Alto. Calir.




Operating Conditions:

1. Blaw-Knox Chemical Plants Division of Dravo Corp. — for project
evaluation, estiraates, 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 commercial chemicals-complex plant.

3. Chem Systems Inc. - for determination of the value of COEDsyncrudeto
new and existing petroleum refineries.

Coal is crushed, drjed and then heated to successively higher temperatures in
a series of fluidised-bed reactors. In each fluidised bed, a fiaction of the
volatile matter of the coal is released. The temperature of each bed is selected
to be just short of the maximu. temperature to which the coal can be
heated without %gglomerating and defluidising the bed. Typically, four stages
operating at 600, 850°, 1000° and 1500°F are involved.

The number of stages and the operating temperatuies vary with the
agglomerating properties of the coal. Heat for the process is generated by
burning char in the fourth stage and then using hot gascs and the hot char
from the fourth stage to heat the other vessels.

The volatile matter released from the coal in the pyrolysis reactors is
condensed in a product recovery system. 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 sent to a gravity
decanter vessel for phase separation. Steam-heated dehydrators are used to
effect water removal from the pyrolysis oil streams from the decanter. The
pyrolysis oil product is filtered by a pressurised, rotary-drum, precoat filter
to remove solids representing char fines, which are carried through the
cyclones of the fluidised-bed reactors.

The filtered oil product is then mixed with hydrogen and preheated to
700 - 800°F in the hydrotreating plant. Hydrotreating occurs in a fixed-bed
catalytic reactor containing commercial nickel-molybdenum catalyst.
Hydrotreating reactions remove sulphur, nitrogen and oxygen from the oil
and can produce a 25 ~ 30° API synthetic crude oil product.

PYROLYSIS SECTION Temp.°F  Press. p.s.i. PRODUCTS

Fluidised Bed No. | 600 5-10

Fluidised Bed No. 2 850 5$-10 Char (59.5%), Oil (19.3%),
Fluidised Bed No. 3 1,000 5-10 Gas (15.1%), Liquor {(6.1%) *
Fluidised Bed No. 4 1,500 5-10

H YDRgchl}r[nglM ENT Temp.°F  Press.p.s.i. PRODUCT

Catalytic (Ni-Mo)
I-‘ix’::dLBed 750 2,500-3,100 Syncrude. APl Gravity 27.2¢*

* Yieldsbased on Ilindis No. 6 — Seam coal. Proximate analysis (dry weight )
of this coal is: Inherent Moisture v.1%; Volatile Matter 37.6%; Fixed Carbon
49.3%; Ash 13.1%.

The COED process has been under development by FMC Carporation since
May. 1962, under the sponsorship of the Office of Coual Research.
Successful or~ ation of a 100 pound per hour process development unit led
to the design, construction and operation of a pilot plant at Princeton, New
Jersey. The pilot plant can process 36 tons of coal per day and hydrotreat 30
barrels of coal-derived oil per day. Startup of the pilot plant began in 1970
and operability of the process has been demonstrated in long-duration runs
of over 30 days. Design capacities have been achieved on all parts of the pilot
plant with significant accomplishments being demonstrated in solids circulation
between multiple MNuidised-bed reactors, in the filtration of the product oil,
and in upgrading the coal oil to synthetic crude oil through fixed-bed
hydrotreating.
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The COED piiot plant had processed over 18,000 tons of coal to June,
1974. Six different coal types have been tested in the pilot plant, including
lignite, sub-bituminouus, and high volatile B- and C-bituminous coals. Oil
yields ranged from 0.4 10 1.5 barreis per ton of coal, depending on the feed
coal type.

Presant work will apply added technoiogy to convert the char to a clean fuel
gas. The offgas yield is 8,000 to 10,000 S.C.F. per ton of coal. This gas has a
H.H.V. ol about 500 BTU/SCF. The commercial viability of the CQED
process relies heavily on ssleability of the offgas.

The filtration step has been successfully demonstrated, reducing solids
content from about 8% in the raw oil to less than 0.1% in the filtrate.

In the hydrotreatment step, synthetic crude oil has been produced from
filtered oils derived from high volatile B-bituminous coals. This synthetic
crude oil was evaluated under sub-contracts with Chem Systems, Inc.,
assisted by Atlantic Richfizld and American Qil Company. COED syncrude
also was successfully used as a source of bunkering fuel for 3 U.S. Navy
destroyer in 1974 in tests conducted as part of the UK. Dept. of the Navy's
“Project Seacousl”. All tests conducted indicated that the COED syncrude can
be blended with existing petroleum vils and used as a feed to a refinery. In
addition, the COED syncrude can be distilled and sold in two fractions. a
naphtha fraction and a low-sulphur No.4 fuel oil fraction. The dollar value of
COED syncrude 1s compzrable to that of petroleum crude of similar quality.

The Ralph M. Parsons Company, under separate contract to O.C.R., has started
a commercial design for a’COED process complex to produce a low-sulphur
fuel o1l and a clean fuel g,as for power generation. This 4-year contract was
awarded in Qctober, 1972,

A preliminary economic analysis has been made tfor a COED plant with added
char gasification. The two major processes of choiwce from the existing
gasification technology are the Koppers-Totzek and Winkler processes. (see
separate descriptions in Gasification Section of this report). Estimatas for 4
commercial COED plant have been suggested as follows:

Estimated cost: U.S. 5250380 mithion

Coal Usage: 24,000 short t-ns per day (clean coal)

Oil Production: 26,400 barrels per day

Char Production: 12,000 short tons per day

Gas Production: 390 mullion S.C.F. per day (400-500 BTU/SCH

The COED process, since 1t s based essentially on “here and now™
technology, could mave into the commercial stage rather quickl given the
right economic climate and with the completion of the char gasification
program.

The remaining development work on the COED project consists of performing
large-scale char-gasification tests in existing commercial equipment. The first
of these char gasification tests will probably be conducted in & Koppers-Totzek
gasifier. The program to perform these tests is being sponsored by O.C.R. and
the Electric Power Research Institute (EPRI). The FMC Corp.was recently
awarded a U.S. $650,000 contract by EPRI to determine whether
environmentally-clean gas can be produced economically from char such as
that produced in the COED process.

In a report to O.C.R. dated 23/1/75, FMC Corp, detailed the results of
successful combustion-performance tests on COED char in experiments
conducted in a cornmercial-size downward-fired boiler owned by the Luzerne
Electric Division of U.G.1. Corporation. The test boiler was designed and
installed by the Foster-Wheeler Corp., who also participated in the COED
char test program and analyzed the boiler performance results.

In other COED-related developments, the COGAS Development Company, a
joint-venture partnership of which FMC Corporation ts a member, pians to
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construct a demonstration plant for the COGAS program to process
800—1000 T.P.D. of coal feed. The COGAS process is based on the COED
process but with a unique air-steam gasification 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 details.)

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

Note: C.S.LR.O. in Australia are conducting tests on fluidised-bed
pvrolysis similar to the COED process utilising 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)

—r .

C.0.G. {Coal-0il—-Gas Refinery)

B ety o SN

Process Developers: l. Coal liguefaction (S.R.C.) section — Pittshurgh and Midway Mining Co.
(a subsidiary of Gulf Oil Corp.)

-

iy
-t

2. Synthesis gas/hydrogen production by coal gasification — Bituminous
Coal Research, Inc. (the research affiliate of the U.S. National Coal
Association.)

e TS

Sponsor: Office of Cozl Research, American Gas Association.

Te%n.ial Evaluation The Ralph M. Parsons Company, Los Angeles. Chem Sysiems, Inc., New
: York.

Operating Conditions: Process Section T%r;_lp Presi.p.s.i Reactor Type Products

S.RC. * 850 1,000 Extraction-hydrorenation  Naphtha, Fuel
Oil, S.R.C.
Fuel Gas

BI-GAS * 3,000 200 Slagying, entrained Synthesis Gus,
llz- Rich Gas

* S.R.C. and BI-GAS processes modified to produce lesired products.

1. Liquefaction Section.
This section includes coal slurrying, dissolution and distillation operations.

The coal feed, crushed to - !/8 inch, is combined with unfiltered solvent to
produce a 50 wt.% slurry which is sent 1o the pre-heat furnace. The slurry is
combined with synthesis gas and water ar.d fed to the reactor. The resultant
mixture from the reactor consists of a liquid phase, a solid phase of ash and
unreacted coal, and a gas phase. The gas is separated, scrubbed to remove CO

and 1S, and the major portion is combined with make-up synthesis gas and
recycléd to the sturry feed. The remaining portion of the gas is utilised as fuel
gas. The solid phase is separated by filtration from a portion of the liquid
phase and is transferred to the gasification plant where it is gasified to
produce the synthesis gas. The rest of the unfiltered solvent product,
containing unreacted coal, is recycled to the feed-coal siurry.

The filtrate produced in the filtration step is fractionated to produce a
naphtha stream, distillate that is desulphurised to light boiler fuel, and
residual fel oil. Soiid solvent-refined coal (S.R.C.) could be produced by
distillation if required.
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2. Gasification Section.

Wet filter cake from the liquefaction section is introduced into the
slagging, entrained-flow gasifier where it reacts with stcam and oxygen at
elevated temperatures and pressures. The offgas is a carbon monoxide-hydrogen
synthesig gas which is sent to heat-recovery, coarse-char cyclones and a~‘d-gas
removal.

Most of the clean synthesis gas is sent to the liquelaction section. That
portion of the gas not sent to the liguefaction section is converted to
high-purity hydrogen that is utilised for the hydro-ireatment of the naphtha
and fuel oil. The high-purity hydrogen is produced by subjecting the synthesis
gas to shift conversion, CO, removal and methanation.

The liquefaction and gasification processes can be modified to produce a
wide range of products e.g. solvent-refined coal, coal-derived “light refinery
Jiquid”, pipeline gas, liquid petroleum gas, synthesis gas for ammonia,
hydrogen ete.

Status: The Ralph M.Parsons Co. has been awarded a U.S. $2.99 million contract by
the Office of Coal Research to evaluate the COG refinery concept over three
years. The company has completed a preliminary design and capital cost
estimate of a demonstration plant to process 10,000 T.P.D. nt‘ coal to
produce:

Naphtha ~ 2,011 barrels per day
Fuel O1l Product 8,472 barrels per day
Heavy Liquid Product 14,345 barrels per day
Heavy Liquid Plant Fuel 121 Tons per day
Fuel Gas 2,142 Tons per day
Sulphur 317 Tons per day

D S

The design data were supplied by Pittsburgh & Midway Coal Mining Co. for
the S.R.C. section and Bituminous Coal Research, Inc. for the gasification
section.

Other conceptual designs for the COG plant have been assembled by G.C.R.
Far “Project Independence™, an O.C.R. blueprint team prepared a ¢ 2pual
liquelaction-gasification plant with input and output balance as tollows:

INPUT ouTPUT

Coal: 60,000 T.P D. Liquid Boiler Fuel: 100,000 B.P.D
Oxygen: 12,000 T.P.D. High BTU gas: SR80 million SCF/day
Water: 110 acre fect per day  Naphtha 1,620T.P.D.

Power: 300 MW,

!”ru]eclcd selling prices tor the products have been estimated at US.
51.22 per mllion BIU. {voal at US. $7.25 4 ton.)

The rationale for the seemingly premature design of the COG Jemonstration
plant is expedience. Objectives include:

{. Redueimg the lead-time for operation of commercial-seale plants,

2 By-passing the pilot-plant programs to gain time for development of

commercial processes.
Providing a basis for predicting the cconomics of commercial plants.

Defining performance requirements and finageial incentives for rapid
development of large-scale coal-conversion plant equipment.

Demonstrating operability ol commercial-scale equipment
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Process Developer:

Technical Services:

Description:

Ogperating Conditions:
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Detailed demonstration-plant design could be in motion Juring pilot-plant
operation.

Chem Systems, Inc., in 1971, working as a sub-contractor to Pittsburgh and
Midway Coal Mining Co., also suggested the combination of the S.R.C. and
BI-GAS processes to form a COG refinery. Such a refinery would require
57,000 T.P.D. of coal feed and 7,740 T.P.D. of oxygen and from these would
produce 1,980 tons of L.P.G., 7,660 tons ol pipeline gas, |,800 tons of
sulphur, 14,660 of light refinery liquid fuel oil, 8,850 tons of Solvent
Refined Coal (SRC), which is used to run the refinery, and 2,500 tons of
SRC 1 . sale, per day. Overall efficiency of the plant would be 75.5%.
Investment would total U.S. $786 million.

COGAS

Cogas Development Company, Princeton, NJ | a joint.-venture partnership of:
Consolidated Natural Gas Company
FMC Corporation
Panhandle Eastern Pipe Line Company
Republic Steel Corporation
Tenneco, Inc., through its subsidiary, Tennessee Gas Pipeline Company
Umion Pactfic Corp . through its sub. Rocky Mountain Energy Company

Bechtel Cocporation

The COGAS process converts coal into both oil and gas products and ta
achieve this the gasification-combustion step is integrated with a nwlti-stage
{luidised-bed coal pyrolysis step. The products of the pyrolysis step are a
reactive char and pyrolysis oil and gas.

The resultant pyrolysis gas is stripped of light hydrocarbons, and processed
along with the synthesis gas from the char gasification. The hight hydrocarbons
can be produced as a separate stream or blended back to increase the heating
villue of the product gas.

The char product ol pyrolysis is sent to the gasifier while the product oil may
be upgraded by hydrogenation to a high-grade synthetic crude o, o1 by
using less hvdrogen in this step, 1o a low-sulphut fuel vil. The hydiogen i
this upgrading is produced by reforming a portion of the prodici gas.

The product gas stream is suitable for shift conversion, purificaticn and
methanation to pipeline quality. For medium- BTU gas production, the
synthesis gas is raised to a minimum pressure and cleaned to reduce sulphur
and particulates. The resultant clean gas is suitable for power generation ot
reducing-gas process utilisation such as ammonia or methanoi synthesis.

Pyrolysis Section Temp."F  Pioss.ps.i Produets

Flutdised Beds (4 6001 S(H) S-10 Char, Oal, Liquor, Gas

Hydrotreatment
Saction

Catalyuc Fixed-bed 750 1500-21060 Synthetic Crude Ol

Temp.®F  Press r.s.i. Product

("S'ie‘:fi‘c:ll:on Temp.”F  Piess.p.s.i Product

Gasitier-Combustor 1500-1700 0-130 Synthesis Gas

The COGAS Development Company was formed in 1972 as a Joint Venture
Partnership dedicated to the development ol the COGAS process. In ail, the




TG L TR e .

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

The initial efforts of the company \ -2re devoted to laboratory experimentation
of the COGAS 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 FMC Corporation
which has been under ¢valuation 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 COGAS process, thus the thrust of COGAS 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 because both appeared to offer advantages. For both, half-scale
cold models were constructed and operated to study process flow variables
before finalising the pilot plant de<igus.

Based on a design by COGAS Developiaent Co. for one unit, and a design by
Biitish Coal Utilisation Research Association (BCURA) for the other,
Bechtel, Inc. engineered and constructed two pilot plants,

The Inert Heat-Carrier Pilot Plant.

This pilot plant, located in Princeton, New Jersey, was designed by the
COGAS Development Co. and has a design capacity of 2.5 T.P.D. of
char feed. Construction of the plant was completed in February, 1974
with start-up in May, 1974. This system utilises an inert heat-carrier
such as a ceramic or a pelletised 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 gasifier where it showers through the bed of fluidised char
which reacts with steam to produce a synthesis gas. The combustor
which heats the inert heat-carrier is air-blown.

Operation of this pilot plant is continuing.
The Char Heat-Carrier Pilot Plant;

This pilot plant was designed by BCURA ana 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 sysiemn utilises circulating char as the heat-carrier combined with
slagging combustion to facilitate ash separation with mmimum carbon
loss. Char from the pyrolysis section of the COGAS process is fed to the
gasifier where it is gasificd w'th steam utilising heat supplied by
recycled hot char from the air-blowi combustor. Char fines separated
from the flue-gas stream are fed to the combustor, Coarse char is
separated froin the product-gas stream and is recycled to the Lft tube
where the hot combustion gases reheat it for recycling to the gasifier.

Operation of this pilot plant is continuing.

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

An intsgral part of the overall COGAS program and oue which is proceeding
concurrently with the pilot plant program, is an extensive process engineering
study being conducted with the assistance of Bechtel Associates Professional
Corporation, New York. This study is intended to oversee all of the steps in
the COGAS process and to achieve their optimisation.
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COGAS Development Company is currently planning for a demonstration
plant with a feed capacity of 800 -- 1,000 T.P.D. of coal.

CONSOL SYNTHETIC FUEL {C.S.F.)

{Previously known as “PROJECT GASOLINE")

Consolidation Coal Company, a subsidiary of Continental Qil Co.

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

Coal, crushed and dried, is preheated in a fluidised-bed to 450°F then
slurried in a process-derived solvent. The slurry is pumped to a stirred,
solvent-extraction vessel where extraction occurs at 765°F and 150-400 p.s.i.
Vapours produced in the extraction vessel are sent to the fractionation and
solvent-recavery section. Liquid product and solid residue, consisting of
unreacted coal and mineral, are separated in hydrocyclones. Liquid is sent to
the solvent-recovery and fractionation section 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 slurry is sent to a low-temperature
carbonisation reactor where the slurry is pyrolysed at 800 — 900°F and low
pressure to recover the solvent and also to produce additional distillate by
coking the residue and the cxtract. Overhead vapours are quenched and oil
scrubbed to recover the condensables fromn the fixed gas. This produces a
light liquid product und a clean fuel gas.

Char product from the carbonisation reactor is used in a steam-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 are hydrogenated in a
catalytic reactor operating at 800°F and 3,000 ps.i. to produce naphtha,
light oil, gas and make-up solvent. Residue from this step can be used as
plant fuel.

Reactor Temp.°F Press.p.s.i. Products

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

The 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 {rom extensive
bench-scale testing by Concolidation Coal 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 piloi-plant runs were less favourabie than those predicted
by bench-scale testing, 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 cperation of the plant. A detailed
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Process Developer:

Description:

Operating Conditions:

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
reliability.

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. plant. (see SR.C.-CF.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 Cresap pilot plant. Under the new
contract, Fluor will supplement the cxisting plant equipinent with new
equipment designed to produce fuel oil for power generation and industrial
uses 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. S1 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 sudlphur-emission controls applied by
Federal air-quality rules, seeing the solution to the problem being an efficient
front-end process rather than power-plant stack controls.

Estimated yields from a conceptual C.S.F. commercial plant include 34,200
barrels per day of heavy fuel vil, 13,20V 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 800°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.

‘the process is specifically designed for coals with high reactivities and high
moisture contents, such as lignite. With highly-reactive low-rank coals, no
catalyst js required in the process.
Reactor Temp.°F Press.p.s.i. Reactants Products
Stirred extraction 800 4,000 Coal-CO-Steam Fuel oil, Gas

The Bureau of Mines has investigated the ,irocess in batch-autociave studies
ina 2.25 gallon vessel.

Results to date have been encouraging. The Bureau plans to continue testing

of the process to provide sufficient data for the design and fabrication of a
pilot plant.
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EXTRACTIVE-COKING PROCESS

Arthur D. Little, Inc., Acorn Park, Cambridge, Mass.
Office of Coal Research

This process is a modification of the delayed-coking process. Bituminous coal
is subjected to extractive coking to produce low-sulphur liquid tuels such as
No. 2 fuel oil, a high-quality residential heating fuel.

No details are available on process routes or operating conditions.

The Office of Coal 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 technical and preliminary economic
feasibility of the extractive-coking process utilising a 2040 Ib. batch
extractive coker at the Foster-Wheeler laboratories, Livingston, N.J.

Arthur D. Little also won a contract in June, 1974 to assist the State of
Hlinois in the development of its coal resources.

EXXON LIOUEFACTION

Exxon Research and Engineering Co., Bavtown, Texas, and Carter Qil Co.,
both subsidiaries of the Exxon Corp.

Crushed coal is slurried with a recycle solvent, preheated to about 800°F, an¢
then pumped into the liquefaction reactor operating at about 2,000 p.s.i.
Preheated hydrogen is also added t¢ the ieactor. The product from the
liquefaction reactor is sent to the separation step where gas, naphtha,
recycle solvent, distillate, and heavy bottoms (containing unconverted coal
and minerals) are separated by distillation.

The recycle solvent is catalytically hydrogenated and is then slurried with
fresh coal feed to repeat the cycle.

The raw liquid product 1s upgraded by hydrogenation to adjust the quality of
the product by desulphurisation and conversion.

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

Press.

p.s.i.
Catalytic Naphtha, Gas,
Y 800 2,000 Coal-H, H-Donor Distillate, [leavy
grrmry S%Ivcnt Bottoms, Recycle
Solvent

Reactor  Temp’F Reactants Products

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 ten 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 Exxon's
Bcytown, Texas, refinery is currently underway. A pilot plant of this size
would demonstrate critical 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. (Synthol Process, 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 hasa H, /CO
ratio of about 2:1 and synthesis occurs under conditions of 430°F 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. In 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. Opesating conditions are 600°- 625°F. and 330 p.s.i.

A portion of the Syntho! plant tail gas is reformed with steam to increase the
H,/CO ratio to about 3:1, 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 treated 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 pentanoi
aie also recovered.

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

op Press

: Products
p.s.i.

SynthesisProcess Catalyst Temp.

Asge Fixed Bed  Iron/Cobait 450 360 Petrol, L.P.G., Oil, Wax, Gas

Kellogy Fluidised lron 620 330 Petrol, Alcohol, Qil, 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 paraffins by Fischer-Tropsch synthesis, along with the
Bergius process products, provided a significant contribution to the energy
requirements of war-time Germany.
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As soon as the process 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 Advisc “nard recommended that the available
Fischer-Tropsch type rax* « . 1ld be commercially viable in the South
African situation and that nghty to ~oal deposits, land and process should
be acquired from the Anglo--Transvaal Investment Co. Ltd. by a
governmeri—financed contpany,

The South African Coal, Gi! and Gas Corporation 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 successful tenderers
were MW, Kellogg Co. (U.S.A.) with the Synthol process, and Arge-Arbeit
Germeinschaft Lurgi and Ruhrchemie with the Arge synthesis.

il A
s e e

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 gasifiers were added to the Sasolburg plant to
increase production. SASOL currently provides feedstack for three refinery
plants, in Capetown, Durban, and in Sasolburg.

In Decemnber 1974, the South African government released data on a second
Fischer-Tropsch plant to be constructed by SASOL on the Eastern
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-steamn
1979-1981. The SASOL 2 complex will employ only a retined Kellogg
Synthol process for F-T synthesis of Lurgi-produced gas, unlike the
Sasolburg plant which alsc uses the Arge synthesis to produce waxes and
other heavy products.

SASOL 2 will produce mainly gasoline and tuei 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 pu- year of petrochemicals
which includes 1.68 million ton per year of gascline. SASOL 2 should
produce something of the order of 10 million ton pe ' year of gasoline. Thus
SASOL 2 should represent a six-times scale-up of ¢ ASOL 1 at Sasolburg,

The SASOL 2 plant will give the company 30 per cent of the nation's
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, Calit., a three-year, U.S. $2.99 million contract to evaluate the
COG refinery concept. This contract 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 set up m 1944, Coal
research and liquefaction plants where established aver the following eleven
years in what are now the Pittsburgh and Bruceton Energy Research Centres.
where F -T synthesis was evaluated over a number of years. At Louisiana,
Mo., a government arnmonia plant was converted into two coal liquetaction
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demonstration plants. One utilised the Bergius process and the other
employed thie F-T synthesis to produce about 100 barrels per day of
gasoline and chemicals.

Blaw-Knox provided the detailed design, procurement, and erection of the
Bureau’s Fischer-Tropsch Synthesis Pilot Plant located in Bruceton, Pa. during
the time of the Office of Synthetic Liquid Fuels.

Note: Despite the often-expressed opinion that the F-T process at
Sasolburg is heavily d:pendent on government subsidy, the 1973--74 report
shows from sales of R 293 million a pre-tax profit of R17 million was realised.

GARRETT'S COAL PYROLYSIS

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

Occidental Petroleum Corp.

Crushed coal is intre:luced into a pyrolysis vessel in a stream of recycled gas
where it is pyrolysed at 1100°F 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 1400°F. Hot char is
cycled to the pyrolysis reactor.

The gas from the cyclones is cooled and scrubbed, tar is removed n 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 Temp.oF Pressure Reactants Products

Pyrolyzer 1100 Atomospheric Coal-Hot Char Tar, Product char,
Gas (700 BTU/SCTH)
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 possible processes indicated to Garrett that pyrolysis provided
the simplest and lowest-cost niethod for rapid commercialisation of coal
liquefaction. Development work 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, with the
emphasis on short-residence time parameters, demonstrated that pulverized
coal can be heated to decomposition temperatures in fractions of a second.
These theoretical zesults were confirmed in tests on high-volatile bituminous
coals in a small, semi-continuous reactor. Results indicated a maximum
conversion of coal to hquids of 35% at 1075YF. which is roughly twice the
yield predicted by Fischer assay and significantly higher than fluidised-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 1I of this report for
additional 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 compressed gases at temperatures of

350°-400°F, causing a portion of the coal to go into solution in the
compressed gas. The mineral matter (ash) and undissolved coal remain when
the coal solution is transferred 10 a vessel at lower pressure where the
refined coal extract is precipitated and the compressed gas released for
recompression and recycling to the extraction vessel. The coal extract
produced by this process is richer in hydrogen than that produced by
liquid-solvent extraction and is thus more suitable tor the production of
hydrocarbon oils and chemicals.

At Stoke Orchaid, 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
hydregen, or carbon monoxide and steam.

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

1.  Filtering to remove mnsoluble residue is not necessary.
Recovery of gaseous solvent is virtually complete.

2
3. Theextraction residue is a poroussolid 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 Research, Inc., Trenton, N.J., a subsidiary of Dynalectron
Corporation

Office of Coal Research

Atlantic Richfield Corp.

Ashland Oil Co.

Contental Oil Co. {through Consolidation Coal Co.)
Gulf Oil Corp. (through Gulf Mineral Resources)
Esso (through Carter Oil Company)

Standard Oil of Indiana (AMQCO)

Sun Oil Company

Electric Power Kesearch Institute.

Dried, pulverised coal is slurried with process-derived oil to which is added
compressed. make-up hydrogen. The slurry and hydrogen are heated in a
fired preheater before being fed to the base of the catalytic (Co/Mo)
ebullated-bed reactor, along with recyeled high-pressure gas that is similarly
preheated. The catalyst in the reactor 1ssuspended in the ebullated-bed by the
additional internal recycle-oil flow provided by the hot-oii recycle pumip.
The relative sizes of the catalyst and coal is such 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 essentially reactor
temperature to the atmospheri¢ pressure tlash drum in which a portion of the
lighter 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. Light 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 seversl
streams derived from the catalytic reactor, the vacuum distillate fraction, the
atmospheric bottoms fraction or hydroclone clarified liquor, depending on
slurry oil composition desired.

Reactor T%rgp Press. ps.i. Reactants Products

Catalytic, ebullated 850 2,250-2,700 Coal-oil-H, Synthetic Crude Qil, Gas
bed T

The HLCOAL process was developed by Hydrocarbon Research, Inc. as a
further application of the catalytic, cbullated-bed reactor technology
employed to convert heavy oil residues into lighter fractions by the H-OIL
process originally developed by HRI and Cities Services Oil Company.

For the past eleven years, HR1 has been developing tile H- COAL process,
first in a 25 [b./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 opeiations and preparation of a conceptual
process design. Owing to lack of funds, the comntract was cancelled in
September, 1967. Subsequent to this, HRI continued research and
development alone until Atlantic Richfield began funding the project in
1968. The support continued until 1970. During the period 1971-72, the
program was supported by a consortium of six companies: Ashland Oil Co.
Atlantic Richfield, Consolidation Coal Co., Esso Research & Engineering Co.,
Gulf Mineral Resources, and Sun Oil Co. In 1973, three companies left the
consortium for hudgetary reasons, and Standard Oil of Indiana entered the
program.

In September, 1974, O.C.R. awarded a U.S. $8.1 million, 14-inonth
contract to H.R.I. for the engincering portion 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 synthetic ¢crude
suitable [or refinery processing into gasoline, kerosene, diesel fuel, fuel cil
and petrochemical feedstocks.

The engineering design will be performed by the Hydrocarbon Groups
engineering subsidiary, HRI Technical Services, Inc., Miami, Fla. Experimental
work will continue at HRI's Trenton, N.J. laboratory where the process has
completed over 4,000 hours of testing in the 3 T.P.D. P.D.U.and over
46,000 hours of bench-scale testing at from 25 to 100 lb./day. A recent
bench-scale run attainad 2,700 Ib. of coal per pound of Co/Mo catalyst.

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

The total cost of the completed 600 T.P.D. pilot plant will exceed
U.S. $80 million, with O.C.R. providing two-thirds of the funds and an
industry team providing one-third. The industry team inchudes Ashland Oil
Co., Atlantic Richfield, Standard Oil of Indiana. Sun Qil Co. and Electric
Power Research Institute (EPRL)

Elements of the - COAL process are to pe included in the revamped
Cresap, W.Va.,, C.S.F. pilot plant under a recent O.C.R. contract awarded
to Fluor, Inc.
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Dow Chemical Co. is currently evaluating the suitability of the H-COAL
process, along with COED and SRC processes, for commercial-scale
application under another OCR contract.

HRI's concept of a commercial plant processing 25,000 T.P.D. of coal calls
for a plant investment cost of U.S. $370 million with annual operating
costs of U.S. $196 million (1972 costs). The plant would produce crude oil,
fuel gas, sulphur and ammonia.

The cost of hydrogen utilised in the process will be a signiticant factor in the
overall economics of a4 commercial plant.

In another H--COAL -related development, O.C.R. awarded a 16-month,
U.S. $201,023 contract to Stanford Research Institute, Menlo Park. Calif. on
2nd January, 1974 to determine the economic feasibility of a coal-conversion
plant in south-western Alaska utilising the large Beluga sub-bituminous coal
reserves. Two processes, H-COAL and Solvent-Refined Coal (S.R.C.), will
be evaluated for suitability. The products irom an S.R.C. or l{ - COAL plant
would be suitable for export to the Pacific-rim countries, notably Japan and
the United States. The study will also estimate tlie ianded price and examine
in detail the markets for these products in Japan and the U.S. west coast.
This study is funded by O.C.R. (U.S. $153,023) and jointly by Placer AMEX
and Nissho- Iwai American, a subsidiary of Nissho -Iwai of Japan (U.S.
$48,000).

The results of this preliminary study should be outlined in O.C.R.s
1974-75 Annual Report.

HYDRO—CRACKING PROCESS

Continental Oil Company.
Office of Coal Research.
No details are available on this process.

The Office of Coal Research has recently awarded the Continental QOil
Company a four-year, U.S. 56,450,335 contract to determine the technical
and economic potential of the Hydro-Cracking process for the production of
distillate fuels from coal.

The research and development program will be conducted by Continental
Qil Co.’s subsidiary. Conoco Coul Development Division at *heir Library, Pa,
research centre utilising a bench-scale continuous hydro-cracking unit and a
Huidised-bed combustion unit for regeneration of zinc halide catalyst in the
first stage of the program.

The program’s second phase involves construction and operation of
100 Ib/hour P.D.U.'s. Conoco and Shell Development Corp. are providing
funds of U.S. $800.000 and O.C.R. LS. §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.

INTERMEDIATE HYDROGENATION

University of Utah, Dept. of Fuels Engineering, Salt Lake City, Utah.
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The State of Utah.
Office of Coal Research.

This coal conversion process depends upon the application of stannous or
zine chloride as a catalyst in a quantity of about § per cent of the weight of
the coal. Dry, pulverized coal is passed with the catalyst mto a reactor
containing a large excess of hydrogen at 2,000 to 2,500 p.s.i. Residence time
in the reactor is of the order of seconds during which time hydrogenation of
the coal to produce liquid and gaseous products occurs.

A preheater is employed to bring the coal-hydrogen mixture to a temperature
just below the plastic rarge of the coal at the entrance of the reactor. This
ensures the coal particles will reach reaction temperatures (930 1020°F)
within the length of the reaction tube.

The chloride catalyst is essentially completely recovered from the reaction
products for recycling.

Reactor Temp.°F Press.p.s.i. Reactants Products

Catalytic entraned-flow  930-1020  2,000-2,500 (_‘cr.ll-}l2 Liguid ind Gas

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

Tests at design rate in a 6 ft. 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 inio
BTX, paraffinic naphtha and a product gas. This second-stage process
employs a combination of hydro-refining, hydro-cracking and solvent
extraction. Approximately 30% of the coal is converted to gas in the process,

Other areas of investigation by the University lies in bench-scale experiments
on catalytic hydrosolvation of coal, primarily lignite, to low-sulphur
synthetic crude oil in a single step, coal pyrolysis, dispersing of coal in a
solvent and solution of coal in the presence of ultra-sonic radiation.

LEAS LIQUEFACTION

Leas Bros. Development Corp.

The process employs a single, three-stage reactor rower for the simultaneous
production of liquid and gaseous fuels from coal. Crushed, dried coal is
mixed with a solvent or recycle oil and the resultant slurry is fed to the top of
the reactor tower where it is mixed with silica sand or metallurgical slag and
a hydro-cracking catalyst. The coal liquids are removed from the top zone
and hydro-cracked with hydrogen or synthesis gas introduced to the bottom
of the zone before being sent to the fractionation unit. There the residual
heavy fraction is coked by utilising heat generated in the middle zone of the
reactor tower where coke, sand and other carbonaceous materials are
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gasified to yield a producer gas, which is taken off the top of the tower and
sent to the fractivnation unit. Fly ash is fluidised and removcid in the middle
zone. The solids flow downward to the bottom zone of the tower wheve
remaining carbon is gasified with carbon dioxide and oxygen to produce
carbon monoxide. The catbon monoxide stream is desulphurised then sent to
the top stage to produce hydrogen and to supply the carbon dioxide for the
bottom stage. Sulphur gases are removed from gas streams and passed through
a Claus unit for recovery ol elemental sulphur. The liquid and gaseous
products are thus relatively free of sulphur.

U.S. Patent 3,779,893 of 18th December, 1973 has becn assigned to Leas
Bros. Development Corp. This patent describes the above process. Leas
Bros. have tested the process on lllinois and Western coals and results
indicated that conversion to liquid and gaseous products of D.A.F.coal
ranged from 88-91%. No details are available on the current status of
development work on the process.

LURGI-RUHRGAS

Lurgi Gmbll, a subsidiary of Metallgesellschaft AG, Frankfurt, and Ruhrgas
AG.

Feed coal 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 betveen the char and
coal so that a major part of the carbonisation occurs at the ond of the mixer.
The resultant pyrolysis gases and vapours are withdrawn at the end of the
mixer, passed through a cyclone for dust removal, and then sent to a
condensing unit.

The tar is subjected to dust removal and hydrogenated in ihe hydro-treatmep:
section to produce a range of liquid products. The gas after cleaning, has a
heating value of 700-850 BTU/SCF. 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 carboniser shaft where additional temperaturc equalisation between
the heat carrier and fresh distillation residue takes place so that a subsequent
degasification can occur. The char leaves the carboniser shaft at the lower
end and flows to a lift pipe where it is raised by combustion gases 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 gases, after ¢leaning, are
exhausted.

The hot char is collected in a bin and then recirculated to the mixer to
complete the cycle. The continuous production of fresh char results in a
surplus of circulating char. This surplus is continuously withdrawn.

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

Keactor Temp.°F  Pressure Reactants Products

Carbaniser L1100 Atmospheric Coal-Hot Char Char, Tar, Gas

The process was initially tested in a continuous laboratory unit with
results indicating tar yields between 129 and 212 per cent of the yield of tai
by Fischer Assay. These encouraging results were confirmed in a 12 ton per
day pilot plant, with a variation of tar yields of 137189 -er cent of that
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redicted by Fiscl.er Assays with coals containing 35-46 per cent volatiles
D.AT.)

The tar prociuced in the L-R process contains more high-boiling point
fractions than tar produced by a slow carbonisation e.g. Fischer retort.
The L-R procsss, by carrying out the carbonisation in a mixer, ensures
rapid heating of the coal and thus short residence times in the reaction (of
the order of seconds or even fractions of a second) for both char and
resultant pyrolysis vapours. This flash carbonisation suppresses the thermal
decomposition of the primary far within the grains and results in much
higher yields of vapours than a siow heating.

Gas yield varies inversely to the tar yield. In the flash-carbonisation of
high-volatile bituminous coals, tests indicated that the yield of gas was
between 220 and 500 SCF per ton of D.A.F. coal i.e. 60 per cent of that
indicated by Fischer Assay. Thus, flash-carbonisation by the L--R process
increases tar yield and decreases gas yield.

The first 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-scale plants have been erected around the world. It is not
known to what extent the tar products from these plants are utilised for
the production of synthetic oils by hydrogeneation.

METHANOL SYNTHESIS

Description. Methanol can be synthesised by the catalytic reaction of synthesis gas
produced by any one of a number of commercially-available coal gasification
processes which produce CO/H, mixtures. Suitable gas for the catalytic
production of methanol utilising ¢cnnventional zinc-chromium (high pressure)
or copper-zinc-chromium (low to moderate pressures) catalysts is produced
by passing the raw gas fiom the gasifier through a conventional water-gas
shift conversion to adjust the £ . :CO ratio in the gas to 2:1. After purification,
this 2H_:1CO gas is sent to the catalytic reactor operating at about 500°F

and 75¢- 4,500 p.s.i. (deperding on the catalyst) where methanol is formed
by the following reacticne

CO+ 2H, CH3 OH (methanol)
CO.+3H, CH,OH+ H,O0.

Methanol formed in the caialytic converter is condensed and recycle gas is
separated for return to the converter. The raw methanol is distilled for
purification and higher alcohols (through pentanol) are recovered as residue
together with other organic compounds.

The commercial-scale production of methanol via the catalytic synthesis of
cual-derived synthesic gas has been practised in many countries for a great
many years, primarily based on Koppers—-Totzek, Lurgi and Winkler gasifiers.

Owing to the increasing interest in the use of methanol either asa
clean-burning automotive fuel, or as a substitute for tetra-ethy' lead in
conventional gasoline to upgrade the ostane rating of the gasoline, various
projects are currently underway on coal-based methanol synthesis processes.

The U.S. Bureau of Mines is currently evaluating the synthane gasification
process for suitability as a source of synthesis gas for methanol production

and is conducting experiments with test automobiles run on methanol.
(Refer to “Synthane™ prucess in Section Il of this report.)

The Consol Division of Continental Qil Company has displayed interest in the

utilisation of methanol as a substitute fuel for gasoline and is currently
doing research along this line.
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In the past, methanol synthesis was operated at pressures of 3,000 to 4,500
psig utilising zinc oxide/chromium oxide catalysts but recent developments
by Lurgi and Imperial Che nical Industries (1.C.1.) iave led to the commercial
development of highly-active copper catalysts which operate efficiently
at pressures from /50 to 1,200 psig.

Various estimates have been prepared on the large-scale conversion of coal
to methanol via coal gasification. Cenerally, it can be expected that the
elficiency of the energy recovery of coal-to-methanol 1s about 40 S0%.,
depending on the individual efficiencies of the gasification and synthesis
steps. A commercial-scale plant processing about 15,000 T.P.D. of coal
wauld produce about 7,500 T.P.D. of methanol product.

In the U.S.A., several 250 million SCF/day S.N.G. plants (mainly based on
Lurgi gasification) are planned. An equivalent-size plant producing methanol
instead of pipeline gas should produce about 100,000 harrels per day of
methanol. An alternative commercial concept is of a co-product methanol
S.N.G. plant in which a portion of the synthesis gas produzed in the gasifiers
is subjected to shift-conversion to produce a 2H,:1CO gas for methanol
synthesis while the remaining synthesis gas is shift-converted to a 3H,:1C0
stream for upgrading te S.N.G. by catalytic methanation. With such a
scheme, a coal feed of 15,000 T.P.D. could be converted mnte 185 million
S.C.F.[day of pipeline gas and 3,025 ton per day ¢ methanai co-product.

It is anticipated that the demand for methanol will zecelerate in the future
and that large-scale coal-to-methanol plants will be needed to satisfy this
demand.

Note:  An OQ.C.R. contract has recently been awarded to Mobil Oil
Corporation which calls tor developmenta! studies on the conversion of
methanol (probably derived from the gasification of coal) to gasoline, Under
this U.S. 5862,322 contract, Mobil will conduct the bench-scale demonstration
of the techmcal feasibility of & catalvtic piccoss for the conversion of
methanol to high-octane gasoline, and dasign a pilot plant to convert 100
verrels per day of methanol. The work under this contract will be carnied out
at Paulsbors, NJ. and at the Mobid Technical Centie, Princeton, N.J

MOLTEN-SALT CATALYSIS

Montana State University.

Lignite and sub-bituminous coals are converted to liquid and gaseous products
by the catalytic reaction of the coal with carbon monoxide and steain at
temperatures from 750" to 900°F. and a final pressure of 5,500 p.s.i. Large
amounts of molten potassium and zinc chloride mixtures catalyse the
liquefaction reaction. A high-temperature gas-removal system is employed to
provide for optimum phase separation and nitrogen removal.

Laboratory testing of the process at the Montana State University is still
the emly swages of development. Current studies are directed towards
ascertaining  optimum process comlitions cluding the temperature and
pressure of reaction, coal-to-salt-weight ratio, and zinc chloride to potassium
chloride ratio.

A commercial process based ¢h Molten-Salt Catalysis must provide a
reliable method for regeneration of the catalyst. This will entail removal of
sulphur, carbon and nitrogen impurities to yield a relatively pure potassium
chloride or zine chloride melt for recycling o the hydro-cracking step.

A molten-zine chlonde catalysed cosl-extract hvdrotreating pilot plant 1s
included in the C.S.F, pilot plant of Congolidation Coal Company at Cresap,
W. Va. This plant is to provide data for the commercial application of the
process.
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PROJECT LIGNITE

(also known as ‘“‘Solvent-Refined Lignite (S.R.L.))

University of North Dakota, Dept. of Chemical Engineering, Grand Forks,
N.D.

Great Northern Railway Company, St. Paul, Minnesota.
Office of Coal Research.

The process can best be described as a lignite refinery concept in which
iiquetaction, gasitication, hydrogenation, drying, and carbonisation processes
are evaluated 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. .\ further step, catalytic hydrogenation of the solvent-refined
lignite to produce liquid hydrocarhons, will be incorporated in the process.

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

In the 1960%, Great Northern Railway Company sponscred preliminary
investigation of the solvent-refined coal process by the University of North
Dakota with the cooperation of the Spencer Chemical Company (now
Pittsburgh and Midway Coal Mining Co). The objectives of this early work
were to determine favourable conditions 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 8.R.C. processes are based, and to investigate
some of the uses for the de-ashed product.

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

1. Whether lignite could be successfully dissolved in solvents that might be
practical for commercial development.

o

. 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 operating conditions and sotvent
type were cstablished.

The deveiopment of the lignite refinery concept has been sponsored by
O.C.R. since 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
integrated process.

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 tecinically feasible.

The first process chosen for study in a P D.U.was that of solution-hydrogenation

with synthesis gas. To this end. a 70 pound per hour P.D.U. to test this
process step has recently been completed at Grand Forks. This P.D.U.
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produces solvent-refined lignite from lignite slurried in a heavy aromatic
solvent and synthesis gas (CO and H,).

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 Ralph M. Parsons Company assisted in specifying and selecting
instrumentation and control equipment for the P.D.U’s.

PROJECT SEACOAL

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

In Project Seacoal |, evaluation of syncrude fiom the COED pilot plant at
Princeton, N.J. has been undertaken. A U.S. Navy destroyer, the U.S.S.
Jehnston, has been fueled by COED syncrude in successful test runs.

The overall project, of an estimated three-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. Philadelphia, Pa., a division of Atlantic Richfield Co.
Office of Coal Research.

Coal, usually blended with petroleum residuum us 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 catalytically 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 operational under O.C.R. sponsorship during the 1960’s.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 Corp.)
under a O.C.R. sub-contract, on a commercial plant design and engineering
estimate of a Project Seacoke facility for the utilisation of coal and residual
fuel oil 1o produce char, syncrude and fuel gas. A 10,000 barrel per day plant
for location in the St. Louis area, was designed. This Blaw-Knox project
successfully fulfilled the main requirement of Atlantic Richfield's prime
contract with O C.R. Support for the project was stopped at this stage and
O.C.R. attention on pyrolysis transterred to the C.Q.E.D. project which was
considered to be less complex than Project Seacoke.

Note:  Since 1968, Atlantic Richfield has been a co-sponsor of the H-COAL
process. Refer to “[I-COAL” in this section of the report for additional
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-donor solvent (e.g. anthracene oil) to yield a
sharry from which mineral matter and unreacted coal is separated by filtration,
leaving a coal solution suitable for the production of liquid fuels by further
catalvtic hydrogenation, or for the production of electrode coke or carbon
fibre.

In an experimental ylant at Stoke Orchard coal can be continuously digested
at a rate of 15 kg/hour and the slurry product filtered and either converted
into solvent refined ccal {S.R.C.) by evaporation of the solvent, or coked.
This plant is used to coafirm the results of laboratory-scale experiments, to
develop continuous methuds for solvent extraction, to evaluate the production
of electrode coke, and tv prepare extract for the preparation of carbon
fibre.

The research program to dats has 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 EXTRACTION-U.0.P.

Universal Qil 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 700-1,000°F. 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 solveat at about
the same level 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 reacter. The liquid coal extract (containing
insoluble residues) is passed to an extraction zone where the solid residue is
removed. The liquid product stream then undergoes fractionation to produce
gas, recycle solvent, light hydrocarbons and a heavy hydrocarbons bottom
product. The liquid nydrocarbons are subjected to catalytic hydrotreating to
produce synthetic crude oil,

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

Reacior Temp. °F Press.p.s.i. Reactants Products

Solvent Extraction 700-1,000 500 Coal-solvent Syncrude and
-Hydrogen 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 pilot plant
at U.Q.P.’s research centre in Des Plaines, Hi.

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 llinois coal containing about 3.8% sulphur to produce 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 and Technology, Tokyo, Japan.

Pulverised coal is mixed with an asphalt solvent and introduced into a
reactor where the mixture is heated to 400-450°F. Crystalline micro-beads
are formed which absorb the ash content of the coal. These micro-beads are
separated from the product stream and the hquid product can be hydrogenated
to produce a wide range of synthetic fuels.

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

SRL~CFEC.

Old Ben Coal Company, a subsidiary of Standard Oil of Qhio.

Few details are available on this process. Elements of the CO, ACCEPTOR,
C.S.F. and Pamco S.R.C. processes are involved.

Old Ben Coal Co. and Consolidation Coal Co. have formulated and proposed
to the Office of Coal Research 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 conditions ranging from non-catalytic
hydrogenation 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 Wilsonville S.R.C. pilot plants. the Rapid City CO,
ACCEPTOR pilot plant, and the H-donor method of the Cresap C.S.F. pilot
plant.

The demonstration plant will be located next to SOHIG's Toledo. Ohio
refinery which offers a ready source of hydrogen, the required utilities. and
existing buildings tor laboratory work, maintenance, rail, coal-handling and
other facilities to result in a saving of U.S. $10 multion for the projeci. The
product S.R.C. will be used as fuel for the adjoining Toledo Edison
generating  station.

In early 1974, Consol and Old Ben announced they would jointly advance
U.S. $600,000 in needed engineering and equipment costs to keep the “Clean
Fuels from Coal (CFC)” project on schedule, rather than wait for needed
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financial support from the U.S. Federal Government and from other
interested participants.

It is believed that Old 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 CO, 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 catalytic 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 & Ce., 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 that elements of the PAMCO S.R.C. process are incorporated in the
Mitsui S.R.C. route.

The Mitsui Group have conducted research 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 I, Fisclier-Tropsch plants were operated to
produce 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 continuous 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 coal 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-scale tests in Japan and was 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 lor suitability as
S.R.C. process feedstock and the Millmerran Coal 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
studies on the constiuction and operation of a commercial S.R.C. plant of
10.000 T.P.D. coal feed based on the Millmerran Coal company'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 gasify S.R.C. plant carbonaceous residue together with
around 1,000,000 ton per year of cnal feedstock to produce significant
quantities of low-, med-, and high- BTU gases. The Millmerran S.R.C. plant
would either produce a solid 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

-
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(See also “S.R.C.--PAMCO™).

S.R.C.-PAMCO

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

Sponsor: Oftice of Coal Research.

Description: Raw coal is pulverised and mixed with a coal-derived solvent boiling in the
general range S$50-800°F. Hydrogen. or a hydrogen-rich synthesis gas, is
added to the coal-solvent slurry and passed through a preheater to a dissolver
vessel. The dissolver 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 dissolved. The actual degree of dissolution of the coal depends on the
“reactivity” of the panicular coal feed. In addition to solution of the coal,
several other major types of reactions occur. These are: (1) depolymerisation
of the coal, necessarily accompanied by hydrogenation of the coal; (2)
hydro-cracking of the solvent to lower molecular weight hydrocarbons
ranging f{rom light oil to methane; (3) removal of organic sulphur by
hydrogenation of the sulphur to hydrogen sulphide.

The product stream from tie dissolution-hydrogenation step consists ol coal
solution, unreacted coal (inerts), undissolved mineral matter (ash), light
hydrocarbon gases (methare-rich) and excess hydrogen. The excess hydrogen
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/SCF) 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 is »ent to a
vacuum-flash distillation step for removal of the sclvent for recy ¢ .o the
reactor. The bottoms fraction from the vacuum-flash tower is a » s liquid
with a solidification point of about 350°F. This is the major product of the
process and is referred to as ““Solvent-Refined Coal(S.R.C.)". This material
can either be transported as a hot, molten liquid or solidified by cooling for
shipment.
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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-cracking 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 is further hydro-treated to
produce light refinery liquids.

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 H,S prior to being sent to a hydrogen-methane
cryogenic scpar:ﬁion unit.” The resultant hydrogen stream is recycled to the
hydroconversion section and the methane is available for sale as pipeline gas.

(Refer to C.0.G. Refinery Concept in this section of the report for a more
detailed discussion on the production of light refinery liquids from S.R.C.).

Reactor Temp.®F Press.p.s.i. Reactants Product

Dissolver 815 1,000 (',m\l-Solvem-H2 Solvent-Refined Coal
(8.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 the Pott-Broche process are listed:

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

“Extraction and Hydrogenation of Coal”, A. Pott and H. Broche; U.S. Patent
2,308, 247; 1 2th 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 11 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 process 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.C.) 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 contract to PAMCO to
continue research and development of the S.R.C. process. This U.S.
$28,416,437 contract provides for a study of the commercial feasibility of 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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1. To further develop the S.R.C. process.
2. To provide design data for future commercial plants.

3. To provide bulk samples 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 construction until January,
1972 when a contract for the detailed engincering 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 i 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
waste treatment system, a fire water booster pump and a siurry recycle
system. This latter system is being installed as laboratory work has shown that
recycle of untiltered process slurry to replace all or part of the solvent iu: 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 slurry recycle system has been ordered and should be installed in the
pilot plant by June, 1775. The plant has operated for brief periods at 50% of
the design capacity.

e o D

The 50 T.P.D. pilot plant is located at Ft. Lewis, Washington. The pilot plant
includes all the major steps in the conceptual S.R.C. process except the step
for the production of hydrogen (or synthesis gas) from the process residue
which is under study in several O.C.R.-sponsored projects. The make-up
hydrogen for the dissolving 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 referniing unit
can also produce a synthesis gas (50% Hz' 50¢% CO) so that tests can I;c run
in the pilot plant to evaluate yields with both pure hydrogen and synthesis

gas.

Bench-scale tests at PAMCO’s Merriam, Kansas, research laboratory have
suggested that with some coal types, the conversion of the coal to S.R.C. is
optimised by the utilisation of synthesis gas. The use of synthesis gas instead
of hydrogen would improve the economies of a commercial S.R.C. »lant.
These bench-scale «osts at Merriam are continuing to provide back-up ata 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 design data for the Ft. Lewis
pilot plant. This plant was procured, constructed and is operated by Cutalytic,
Inc., of Philadelphia, Pa., under the sponsorship of The Southern Company
of Atlanta, Edison Electric Institute and the Electric Power Research
Institute. On 23rd December, 1974, the Wilsonville pilot plant completed a
75-day run on Hlinois No. 6 coal feed containing 3% sulphur and 10-12%ash
on a dry basis. Sulphur content of the §.K.C. 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 utilisaticn of a plate
filter and hydrocyclones for residue removal, and salidification of the S.R.C.
by water quenching on a shaker conveyor.

The tuture operation of the Ft. Lewis pilot plant, as well as providing data
for the design ol a larger-scale demonstration plant, will provide bulk
samples of S.R.C. for detailed testing, including combustion tests to be
performed by the Babcock and Wilcox Company. The calorific value of solid
S.R.C. is about 16,000 BTU per pound and its compositton is uniform
regardless of the type of coal processed. Ash conteats of about 0.1% and the
removal of about 90% ol the origmal sulphur from the coal wre typical of the
S.R.C. product. As well as providing a lowsulphw, very-low-ash,
high-calorific-value material for combustion. S$.R.C. can be wiilised for the
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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 lignid
fuels or refinery feedstocks. To oversee the commercial development of the
synthetic-luel processes, Gulf Oil Corp. has formed a new company, Gulf
Energy and Minerals Co. (GEMCO), which includes the Pittsburgh and
Midway Coal Mining Co. and another Gulf subsidiary, Gulf Mineral
Resources.

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

The Ralph M. Parsons Company have prepared a preliminwy conceptual
design of a C.0 G. refinery plant in which a modified S.R.C. process and the
Bl GAS gasification process are combined to produce liquid fuels, refinery
feedstocks, chamicals and substitute natural gas.

Chem Systems Inc., with the cooperation of PAMCO, have alsQ prepared an
economic eviluation and conceptual design of a processing complex for the
conversion of coal to oil and gas in a C.0.G. refinery employing 2 modified
S.R.C. process coupled with a coal pasification plant. The economics of
several coal gasification processes for producing methane from a mixture of
fresh coal feed (50%%) together with the filter cake trom the S.R.C. process
and tar from the hydroconversion step (50%) are also under cvaluation.

(Refer to the C.0.G. Refinery Concept in this section of the report for
additional information on the conceptual commercial-scale S.R.C. process
applications.)

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

1. Washington State University is studying the utilisation of the mineral
residue (ash) from the S.R.C. process e.g. road fill, cement, fertiliser, and
as the oie-coat lor the S.R.C. process rotary filter as a substitute for the
more expensive hatomaceous earth.

. Colorado School of Mines, Chemical and Petroleum-Refining Enginecring
Department, Golden, Colo. for a study on coal desulphurisation by
the S.R.C. process under a 3-year contract [unded by O.C.R. (US.
~148,228), State of Colorado (U.S. $25,000), und Colorado School of
Munss (LS. $11,792). The contract was completed on 24th March, 1975.

. Foster Associates, Inc., Washington, D.C., to measure the potential regional
markets for coal-derived products, including S.R.C., over the period 1975
to 1985. The study is to provide guidelines to O.C.R. as to regional
market opportunities for multi-product coal conversion plants (e.g.
C.0.G.) which may be located in the coal fields of Apalachia, Four
Coners, Fort Union and the lllinois Basin.

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

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

. Carnegie-Mellon University is conducting an environmental impact study
to determine the effects of a commercial S.R.C. plant on an area
encompassing the Ohio River Valley.

. Stanford Research Ihstitute, Menlo Park, Calif., to determine the economic
feasibility of a coal conversion plant, either H-COAL or S.R.C., in
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South-western Alaska utilising the Beluga coal reserves. Under a 16-month
U.S. $201.023 contract funded by Q.C.R. to U.S. $153,023 and jointly
by Nissho-lwai American (a subsidiary of Nissho-lwai of Jupan) andPlacer
Amex to U.S. $48.,000. This study will include an evaluation of the
potential markets for the products in Japan and an the west coast of the
US.A.

. Ralph M. Parsons Compaay for technical evaluation of the performance
of the pilot plants and other experimental operations, preliminary
design of a commercial-scale S.R.C. plant and an economic evaluation of
this commercial plant.

. Dow Chemical Company, to evaluate which of thiree coal-conversion
processes, C.O.E.D., H- COAL or S.R.C, could most effectively be used
in a commercial plant.

Related Developments: 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.C. process at a site yet to
be selected. Southern Services, Inc., a subsidiary of the Southern
Company which is the sponsor of the Wilsonville, Ala. 6 T.P.D. S.R.C.
pilot plant, and Wheelabrator-Irye have contracted to utilise PAMCO's
S.R.C. process under an arrangement with Gulf Oil Corp. The project
will commence with a feasibility study and the construction of the
1,000 T.P.D. demonstration plant estimated to cost U.S. $70-100
million. Should this demonstration plant operate successfully, it will
be expanded at a cost of U.S. $350 million over 3 years to produce
10,000 TP.D. of S.R.C. The S.R.C. would be consumed in electric
generating stations in The Southern Company’s system.

. [r 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-Japanese
techniques, modifications and experience. Mitsui Co. of Japan intends
to joint-venture with a Brishane, Queensland-based company, Millmerran
Coal Pty. 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 Coal. The anticipated scale of the plant for Millmerran
would process 10,000 T.P.D. of feedstock coal, or 3 million ton per
year, with 1 million ton per year being fed to a separate gasifier for the
production 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 is scheduled for operation
during 1981, Successful operation of the first commercial S.R.C. plant
could pave the way for further and various coal-conversion plants on the
Darling Downs to process the large reserves of coal in the Millmerran
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 basis for a
petrochemical industry. Reserves of the highly reactive bituminous
coal held by Millmerran Coal are believed to be tn excess of 450 million
tons, mostly recoverable by open-cut mining, with excellent prospects
for the delineation of larger reserves by exploration in the future.

(Refer to “S.R.C.-Mitsui” in this section of the report for further
details.)

SYNTHOIL

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

4
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Process Developer:

Sponsor:

U.S. Bureau of Mines, Office of Coal Research and Bethlehem Steel Corp.

Pulverised, dried coal is slurried in a recycled porton of its own product oil.
The slurry is pumped into a catalytie, fixed-bed reactor wath hydrogen at high
velocity to create turbulent-flow conditiors. The reactor s tilled with
immobilised catalyst pellets composed of cobalt molybdate on silica-activated
alumina. The combined effect of the hydrogen, turbuient-flow conditions and
catalytic action is to liqucl}' and desulphurise the coal. Operating conditions
within the reactor are 850YF and 2,000:4,000 psi, and a residence time of 15
minutes allows tor high vields and high throughput.

The product passes through a high-pressure receiver where gas is separated
and recycled after ammonia and hydrogen sulphide removal. The raw oil is
centrifuged to remove ash and unreacted coal, providing a low-sulphur,
low ash fuel oil.

Part of the product stream is recycled to slurry preparation. The remaining
portion of the product o can be used as a fuel oil or refined further to
gasoline or diesel fuel if desired.

Reactor TempoF Press. p.s.i. Reactants Product

Catalytic, fixed bed 850  2,000-4,000 (‘o:l-llz-oll Fuel oil, Gas

The process has been tested in a 5 Ib./hour bench-scale unit and a 0.5 T.P.D.
pilot plant for a number of years at the Pittsburgh Energy Research Centre.

Foster-Wheeler Corp., Livingston, N.J. has recently been awarded, by the
Bureau of Mines, a U.S. $6,928,416 contract for the design and engineering
services for an IOT.P.D. pilot plant to be constructed in Bruceton, Pa. The
contract requires Foster-Wheeler to procure U.S. $4.5 million worth of
equipment for the pilot plant which, by integrating design and construction
phases, 1s designed to cut five months from the overall time required
to briny the pilot plant into operation. The U.S.B.M. hopes in this way to
begin start-up runs in 1976.

Thus 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-scale plant which is expected to convert 20,000 to 30,000
T.P.D. of coal into 3 to 4 million 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 contributing U.S. $13 million and O.C.R. contributing
U.S. $1 million.

Under a recently-announced cost-sharing agreement between Bethlehem Steel
Corp. and the Bureau of Mines, Bethlehem Steel will operate the 8 T.P.D.
pilot plant at Bruceton on behall’ of the Bureau for about two years after
startup in 1976, contributing U.S. $1.1 million towards thé plant’s operating
expenses and U.S. $500,000 for research.

The E.R.D.A. (formerly O.C.R.) may soon start preliminary design work for
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 (Tosco), Rocky Flats Research Centre, Golden,
Colorado.

The il Shale Corporation.
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Preheated coal feed from a dilute-phase fluidised bed is ted to a pyrolysis
vessel where it is contacted with heated ceramic balls. The char produced in
this reactor is screened, cooled and stockpiled. The cooled ceramic balls irom
the reactor pass over the screen and are recycled to the ceramic balls heater
via an elevator. The vaporised products of the pyrolysis step are condensed
ad fractionated. Offgas (600 BTU/SCF) from the condensor can be utilised
as a fuel gas for the ceramic pellet heater or processed for sale.

Reactor Temp.C°F Pressure  Reactants Products

Pyrolyser 800-1,000 Atmospheric Coal-heat Char, Gas, O1l

Tosco has investigated this process for the low-temperature carbonisation nf
coal since 1970. This TOSCOAL process and the TOSCO I process for ou
shale retorting are quite similar and can be represented by the same tlow
sheet. The TOSCO 1 process has completed final field testing in a 1,000
T.P.D. semi-works retort located at Parachute Creek, near Grand Valley, Colo.
Construction engineering is underway for a 66,000 T.P.D, commercial plant.

Drawing upon the il shale retorting technology of the TOSCO I process,
Tosco has tested the TOSCOAL process in a 25 T.P.D. pilot plant Jocated at
the Rocky Flats Rese rch Cent  rar Golden, Colo.

Yields from sub-bituminous coals tested in this pilot plant range from 0.3 to
0.5 barrel of o1l per ton of raw coal, with the general range of heating values
for product char representing ahout a 50 per cent increase over the heating
value of the corresponding raw coal.

1t is expected that development of the TOSCOAL process will parallel
development of the TOSCO 11 el shale process i the future.

UNDERGROUND LIQUEFACTION

1. The Texas Company.

2. West Virginia University, School of Mines, Morgantown, W. Va,
Coal dissolution 1s begun i stta” and compicted at the surface, A
hydrogen-denor solvent (e.g. anthracene oil) is intreduced into a thick coal
seam, via a well, under pressure to reduce solvent vaporisation and limit the
reaction zone to the basal section of the seam. Coal solvent invades joint and
hedding plants where imbibation and swelling by transfer of hydrogen from
the solvent to the cohesive structure between micelles or microplatelets of
coal occurs, weakening this structuring and producing coal ragments. After
coal has reacted and fragments have fallen Jrom the face of the scam.
recovery of the slurry is intiated by means of introducing more  solvent
under turbulent-Mlow conditions to carry the fragments to the surface via
another well drlled into the seam.

‘The resultant sturry would be processed at the surlace e.g. further catalytically
hydrogenated, to produce the desired liquid products

The West Virginia University has carried out autoclave studies on varions ranks
ot coal to determine the best solvent for the process, which proved to be
anthracene oil. Sub-bituminous coal gave the best results at it was generally
found 1o react. crack, crumble and dissolve o a lugher degree than coals of
other ranks.

The Texas Company is the holder of ULS. Patent 2,595979 of 6th May,
1952, whicy descnibes an underground liqueiaction process similar to that
authned above.




UNION CARBIDE

At Charleston, W. Va., Union Carbide operated a pilot plant during the late
1940’s to investigate the production of chemical feedstocks irom coal by
direct catalytic hydrogenation. Resuits were not encouraging at that time,
and problems were experienced in separating suitable che.aical feedstocks
from the hydrogenated product.

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

PAT? IT HOLDER U.S. PATENT DATE PATENT DLESCRIPTION
NUMBER

Bennett Engineering Co. 3,576,734 4.1971 Syncrude Production by Low
Temperature Carbonization of Tar.

Campagnie Francaise des Essences Synthetiques 2,707,163 . 41955 Solvent Exlraction and Fractional
S.A. Distillation
Fossil Fuels Inc. 3,030,297 . 4.1962 Rapid Coal Hydrogenation.

Great Lakes Carbon Corp. 3,379,638 21, 41968 Ash-Free Anode Carbon Production
(jointly with The Lummus Company)

Huniington Chemicals Corp. 3,107,985 101963 Continuous Distiflation of Coal
followed by Autogenous Hydrug: nation
of Volatiles.

Pyrochem Corp. 3,244 615 . 41266 Catalytic Contact of Destructively
Distilled Coal Volatiles.

Pyrochem Corp. 3,247,092 . 4.1966  Incompleie Coal Liguefaction by
Quadri-Phase, Low-Pressure
Hydrogenation.

Texaco Development Corp. 2,572,061 10,1951  Hydrogenation of Coal in a Liquid Phase.

Texaco Development Corp. 2,753,296 3. 7.1956 Hydrogenation ol Pulverised Coal ina
Liguid Phase

Texas Company, The 2,658,861 11.1953  Hydrogenation of Coal.

Texas Comnpany, The 2,664,390 29121953 Coal Carbonisation and Recovery of
Volatiles.

Texas Company, The 2,681,300 15, 6.1954  Coal Extraction Utilising Hydrogenated
Thianaphtnes

Universal Qis Products Co. 1,502,864 1. 3.1970  Coal-Solvent Extraction Utilising
Hydrogen Sulphide.

Universal Oil Products Co. 3,503,868 i1 31970  Microwave Coal Liquetaction.

Noie: IFor a more complete listing o major U.S. Patents relating to Coal Conversion refer to APPENDIX 11,
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Coal Gasification Processes
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AGGLOMERATING ASH

Process Patent Holder: Union Carbide Corporation

Developer: Battelle Memorial Institute, Columbus Laboratories, Columbus, Ohio.
(Initial development by Union Carbide Corp.).

Sponsor; Office of Coal Research and American Gas Association

Engineering Contractor: Chemical Construction Corporation (Chemico).

Note I: Chemico and Uniona Carbide bave formed a jnint-venture company,
Coalcon, to develop this technology commercially.

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

Description: Cou!, 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-steamn gasification occurs. The char end product concentrates at the top
of the bed where additional %asiﬁcalion occurs. Hot ash agglomerates from
the combustor at 2,000-2,100™F enter the gasifier at a point below the char
level and descend through the reaction and preheat zonss where they are
cooled to 1,000°F before entering the stripping 7c.... Here any entrained
coal is removed, and stripped agglomerates are collected in a surge pot and
pumped into the combustor. Char from the top of the gasifier is withdrawn
continuously and fired in the agllomerating bed combustor with air where
the agglomerates are reheated to 2,100°F for recycling to the gasitier.

Hot lue gases from the combustor are processed to recover heat, remove SO,
and recover compression energy in an expander. Raw gas from the gasifier at
1800°F is processed to recover heat and remove particulates, ammonia, and
sulphur compounds. The resultant clean pas with a heating value of about
300 BTU/SCEF, can be processed further by shift and methanation to pipeline
quality (950 BTU/SCF) or used directly to [uel turbines and boilers for
electric power generation.

All types of coals can be processed without pretreatmert, mcluding highly-
caking coals.

Operating Conditions: Fluidized -Bed Temp- °p Fress pus.ig. Reactants Product

Combustor 2,000-2,100 100 Char-air Hot Char
Gasifier 1,800 “0¢ Coal-steam 300 Btu Gas

Status: Components of the process were tested in the 1960 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-<contractor in February 1973 to engineer a process development
unit (P.D.U.), construction beginning in June, 1974. This unit (to operate as
a prototype ol a commercial plant) will preduce 800,000 s.c.f./day of
synthesis gas. No shiftconversion, purification or methanation steps are
involved however these can be added in a commercial plant. The P.B.U.,
located at West Jefferson, Ohio, will process 25 T.P.D. of coal when fully
operatioral in mid 1975.

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

AIR PRODUCTS RECYCLE PROCESS

Process Developer: Air Products and Chemicals, Inc., Allentown, Pa.
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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 oftgas containing 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,, H,S and water, the synthesis gas stream is cryogenically separated te
yield a niethane product stream and the CO and H,; 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 steamt 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 cryogenic separation.

Air Products and Chemicals, Inc. is the holder of US. Patent 3,779,725
pertaining to this process. No details are available on development work for
the process. This process can be applied to other gasification processes foi
the production of pipeline gas such as Lurgi, BI-GAS, CO, ACCEPTOR,
MOLTEN SALT, and the HYGAS project’s Steam-Iron and iilectrolhermal
processes.

ATGAS-PATGAS

Applied Technology Corporation, Pittsburgli, Pa.(a subsidiary of International
Systems & Controls Corp.)

American Gas Association, Otfice of Coal Research and the Environinental
Protection Agency.

Coal, crushed ani dried, is injected into a molten iron bath through steam
lances. Oxygen is introduced through lances located at the iron-bath surface.
Coal dissolves in the molten iron where the volatiles crack and are converted
into carbon monoxide and hydrogen. The fixed carbon reacts with oxygen
and steam, producing additional carbon monoxide and hydrogen. Caking,
high-ash and high-sulphur oals can be utilized.

Sulphur of the coal migrates to a lime slag fioating on the molten iron and
forms calcium sulphide. The slag, containing ash and sulphur, is continuously
withdrawn from the gasifier and desulphurized with steam to yieid elemental
sulphur and desulphurized :lag. The raw gas from the gasifier can be used as
an intermediate BIU 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, purification, methanation and compression to produce an S.N.G.
product (940 BTU/SCF). All types of coal can be gasified in this process.

Process Temp. °F. Press. p.s.i. Reactants Product

PATGAS 2,500 sQ. Ceal,Oxygen, Limestone 315 BTU/SCF
Steam 66% CO.
34% H,

ATGAS 2,500 ). Coul,Oxygen, Lirmestone 940 BTU/SC!
Steam plus Methanation 93%.CH
1.1% H,

The process has been under nvestigation in the laboratories since 1967.To
date, the process has been demonstrated in short duration runs (30 - 40
minutes) in a 2 feet internal diameter gasifier. Plans for further development
involve a larger gasifier to demonstrate long duration operation. Most of the
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technology pertinert to the process already exists as discrete commercial
steps in the iron 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 centre of a vortex chamber operating at 150-350 p.s.i. and at
temperaturzss below 1,700 E. The ash is entrained in the product gas
stream wkich after ash removal in dust cyclones has a calorific value of 440
BTU/scf which is suitable for catalytic methanation to pipeline quality gas.

A pilot plant was built in France to evaluate 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.
Stearns-Roger Corp.

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

The gasifier consists of two stages, an upper entrained - flow vessel operated
at 1400%-1700°F and a vortex - flow lower stage operated at 2800°F.
Injected with steam into the bottom of the upper gasifier section, pulverized
coal volatilizes as it mixes with synthesis gas moving upward trom the lowes
section and undergoes partial methanization at 1400 to 1700°F. The product
gas, inixed with unreacted char, is then fed into the bottom gasifier section
where it gasifies with oxygen and steam at 2700° to 3000°F, leaving a slag.
This slag, waier-quenched to granular form, is dropped from the vessel by a
pressure lock. The pgas passes upward through the top stage, to a cyclone and
shift conversion, purification and catalytic methanation. All types of cval can
be used.

Gasifier Type Temp. °F Press p.s.i. Reactants Product
Stage 2 (upper)  Entrained-flow  1400-1700 1000-1500 Coal-Steam 378 BTU/SCF

(H.H.V. of
Stage 1 (lower)  Vortex-flow 4800 1.000-1500 Char-O,-
Stcarln Raw Gas)

Development work has proceeded from batch autoclave studies. through
continnous-flow experiments in a 5 lb./hour externally-heated reactor, to
operation of a 160 Ib./hour internally-fired process and equipment
development unit (PEDU). With completion of the PEDU test program in late
1971 and following an O.C.R/AGA 6 year $24.8 million contract, a
fully-integrated 120 T.P.D. pilot plant was designed by Stearns-Roger Corp.,
construction beginning on Z':’/"r'ﬁl 972 at Homer City, Pu. 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
cataiytic methanation system was installed in the pilot plant following testing
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in June 1973. The P.E.D.U. test methanator is capable of h:mdlin% up to
6,000 cubic feet per hour of 378 BTU/SCF synthesis gas at 1650°F and
1050 p.s.i.g. The scaled-up methanator for the pilot plant will treat up to
300,000 cubic feet per hour of synthesis gas [rom the BI-GAS gasifier.

The commercial concept derived from the BI-GAS pilot-plant program
envisages a $300 million plant processing S million tons per year of coal to
produce 250 million standard cubic feet per day ol pipeline gas. Estimated
cost of the gas is $1.10 per 1,000 cubic feet. Water requirement is estimated
at 15,000 acre feet per year.

Note: I. Bituminous Coal Research, Ine. is the research affiliate of the
National Coal Association of the U.S.A.
2. Refer to “Multiple Fluidized Bed™ in the Low & Med BTU
section ol this report for operation with air.
3. The BI-GAS process has been patented by the Dept. of the
Interior.

CHEVRON GASIFICATION

Process Developer: Chevron Research Company, a subsidiary of Chevron Qil Corp.

Description: The process produces high ~ BTU gas from a wide range of organic teeds
such as lignite, organic waste materials, wood and essentially any organic
material containing some hydrogen and at least 10 wt. % oxygen with
25 wt. ‘¢ oxygen preferred. The organic material is reacted with steam at
§0- 800 p.s.i. (j referably 300800 p.s.i.) and 1200—1400YF in the presence
of an alkali-metal catalyst (e.g. K, €O, ). The high-BTU gas s produced under
these conditicns by the catalytic Steam-reforming of the products of
degradation of the feed.

Operating Conditions: Reactor Temp®F  Pressure psi Reactants Product

Catalytic 1200- 1400  300-800 Organic Feed-Steam High-BTU Gas

Status: U.S. Patents 3,775,072 and 3,759,677 described by R.J. White. have been
assigned to Chevron Research Company. Details on develepment of the
process are not available.

C0, ACCEPTOR

Process Developer: Censolidation Coal Company (Consol), Pittsburgh, Pa..a subsidiary of
Continental Oil Co.

Sponsors: Office of Coal Research and American Gas Association.

Sub-Contractor: Stearns-Roger Corp. Denver. Colo.

Enginzering: Blaw-Knox Division, Drave Corporation, Pittsburgh, Pa.

Description: Coal is ground, dried and fed into a fluidised-bed gasitier where, under
pressure of 150 to 300 p.s.i., it is heated in the presence of steam to a
temperature of [S00°F. Dolomite, preheated to 1900°F in a regenerator
vessel and calcined, is fed into the top of the gasitier. The high temperature
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calcined particles filter down through the gasifier, furnishing heat by a
unique chemical reaction in which the calcined dolomite absorbs carbon
dioxide exothermically. The spent dolomite and carbon residue are circulated
to the regenerator where the dolomite is re-calcined using heat from the
burning of the char. The gases released by heat and chemical reaction between
steam and coal in the pgasifier contain all the ingredients needed for
subsequent methanation to pipeline gas.

Fluidised Bed Temp®F  Press psi.  Reactants Product

Gasifier 1,500 150-300 Coalsteam<Ca® Raw gas has H.H.V. of

Regenerator 1,900 150300 Char-air-dolomite 400 BTU/c.f.

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, South Dakota, was begun in January, 1970 and completed in
November, 1971 by Stearns-Roger who alse operate the plant. A series of
integrated runs which fully demonstrated the feasibility of the process were
made in 1974 culminating in a successtul 10 day run converting 30T.P.D.
of coal to 1.37 million SCF/day of 400 BTU gas. Most of the major
mech.anical problems have been solved. Lignite has been tested in long-duration
runs and in future Consol will study the influence of different feedstocks,
including a Mortana sub-bituminous coal and at least one alternate accentor.
On 14/6/1973, an agreement was reached with Blaw-Knox for engineering
and construction of a gas clean-up methanation system based on a
packed-tube 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 also being considered by the Oftice of Coal
Research as a possible site for the Liquid-Phase Methanation pilot plant,
developed by Chem Systens. 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 concept for the CO, ACCEFTOR 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, currently 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 tfor up-grading to pipeline
gas by one of the methanation steps under consideration.

Note:  Consolidation Coal Company is a subsidiary of Continental Qil
Company. The Rapid City nilot plant is managed and directed by
Conoco Coal Development Company which is also a subsidiary of
Continental Oil Company.

DEGASIFICATION

U.S. Bureau of Mines.

Methane evolved ‘‘in situ™ in coal seams is collected, stored and used'as a
supplement to natural gas. Yield depznds 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, L., and Buchanar County, W. Va., since
September. 1972, one billion cubic feet of methane has been drained from
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Operating Conditions:

Process Developer:

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 scale. thereby
avoiding the discharge to the atmosphere of vast amounts of methane
released during mining operations and in their 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 system
was made available to the Burcau for its degasification testing of a coal seam
owned by Eastern Associated Coal Corp. in West Virginia. Oa 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 ft. diameter well. The cost of this experimental project was
offset by increased coal production, improved mine ventifation 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 18 ft. 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.

Nete: 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 on state land.

ELECTRIC-ARC GASIFICATION

C _umbia University, N.Y.

Consolidated Natural Gas Corp.

The carbon in coal reacts with steam in an electric arc at about 10,000°C.
Depending on reaction and subsequent quench conditions, the process can be

used to produce high--BTU substitute natural gas without an additional
methanation step.

Gasifier Temp. °C Reactants Product

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

Asof 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, lowa
State University, Ames, lowa.
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Office of Coal Research.

An electrofluidic reactor utilizes a fluidised-bed of conducting particles
which is heated by passing an electrical current through the bed. The bed
itself serves as a resistor between electrodes 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 steam and coal char in the reactor
produces a wide range of hydrogen-carbon monoxide tnixtures, as well as
mixtures containing methane, suitable for up-grading by methanation to
S.N.G.

Gasifier Temp °F Press p.s.i. Reactants Product

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

During the course of the research sponsored by O.C.R. to June 1974 under a
$426,960 contract, both a 4" diameter batch reactor and a 127 diameter
continuous reactor have been successtully operated. The Institute of Gas
Technolegy has undertaken to integrate this process with the pilot plant
testing of its HYGAS process’ electrogasifier.

A preliminary estimate of the cost of manufacturing S.N.G. 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 Rescarch and Engineering Co., Baytown, Tex. (a subsidiary of the
Exxon Corporation, New York.)

Coal is reacted with steam in a fluidised-bed gasifier at 1500-1700°F. To
provide the necessary heat, a stream of circulating char is withdrawn 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 suitable for
methanation to S.N.G. 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. All types of coal can be
gasified.

Fluidised-bed Temp. °F Reactants Product

Gasifier 1500~1700 Coal--steam Med. BTU Gas suitable
for methanation
Char heater 1700+ Char—air

Exxon, and its affiliate, Carter Oil Compariy, 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 and
oil shale research and development. A 0.5 ton per day integrated 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 Carter Oil Co.
awarded a $40 million contract to Arthur G. McKee & Co. for construction
of the pilot plant te begin in late 1974 and completion by late 1976.
Subseqiently, 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 Research & Development Co. and island Creek Coal Co., subsidiaries
of Qccidental Petroleum Corp.

Occidental P=t-leum Corp. and Colorado Interstate Gas Corp.

The process is essentially similar to Garrett’s Coal Pyrolysis process for the
production of sold, liquid and gascous fuels. This pyrolysis process utilises
a low-temperature pyrolysis step to optimise production of liquid fuels
whereas for high yiclds of methane-rich gas in the gasification process, the
coal feed is subjecteo to a rapid, high-temperature pyrolysis in the reactor.

Pulverised coal is fed to the pyrolysis reactor with a recirculating stream of
hot char. This hot char is from a separate, air-blown char heater which
exhausts the nitrogen-rich gas produced as a flue gas, The hot char from the
heater circulates to the pyroiyzer and provides the heat for the pulverized-coal
pyrolysis. The pyrolysis gas is separated from entrained char in a series of
cyclones and is then sent to purification, shift and methanation to upgrade
the gas from its raw-state ILH.V. of 600 650 BTU/SCF to pipeline quality:
The product char is a fine, highly reactive fuel suitable tor combustion in a
power-generation station, The calorific value of the product char can be
significantly higher than that of the coal [eed.

Few details are available on the operating conditions fer this process. [t is
known to be a high-temperature, stmospheric reaction in the pyrolysis
reactor, with assumed high-temperature, atmospheric, air-blown condilions
in the char-heater vessel.

Garrett originally concentrated R & D work on the low-temperature GRD
Coal Pyrolysis process for the production of liguid fuels. This process is, being
tested in a 3.6 T.P.D pilot plant in La Verne, Calif. Using this test work as a
base, Garrett, in conjunction with Colorado Interstate Gas, tnitiated
development of the coal-gasification process in 1971, T'he process has been
successfully evaluated in a pilot plant. The results of the pilot plant testing
provided data which were evaluated by Combustion Engineering subsidiary,
Lummus Co., to provide a detailed design for a commercial plant. The
commercial plant would process 40,000 T.P.D. ot coal to yield 250 million
S.C.IF./day of pipeline-quality gas and sufficient char to feed a 1200 MW
power plant. Estimated cost of the commercial plant is U.5. $310 million
(1974) which appears to be considerably less expensive than equivalent S.N.G.
plants based on existing technology. Estimated cost of pipeline gas is U.S.
94 cents per million BTU.

Garrett plans a 250 T.P.D. demonstration plant to be located near a power
utility to be selected. Design and construction of the commercial plant could
be commenced during operation of the demonstration plant.

Operation of the commercial-scale pyrolysis reactor has been simulated with
the operation of a continuous 3 pound per hour laboratory-scale reactor
which had the same configuration «s the projectcd commercial unit except
that its heat source was electrical Results have indicated yields of pipeline-gas
equivalents ranging from 4500 SCF/ton of D.A.F. coal at 1500°F to
7500 SCF/ton (D.AF. basis) at 1700°F, depending on coal type.
Commercial-scale operation should yield an additional 1,000 SCF/ton at
1700°F of pipeline-gas equivalent by recyching the tar produced in the
pyrolysis step to the reactor for further cracking.

It is anticipated that a commercial plant could be on-streamin 1980.

(Refer to “Garrett’s Coal Pyrolysis™ in the Liquefacticn 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 employs a moving fixed-bed pgasifier however trouble is
experienced with caking coals. To overcome this problem, inert' bulk
diluting agents such as silicon carbide or coal ash are utilised thus increasing
mass-flow through the gasifier. An extrusion process is used for coal-feeding
and off-gases are cleaned of hydrogen sulphide using liquid selective
membranes. A methanation step is required to up-grade the raw gas to
pipeline quality.

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

HYDRANE

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

Crushed raw coal is fed to a two-zone hydrogenation reactor operated at
1,000 p.s.i. and 1,650°F. In the top zone the coal falls freely as a dilute
cloud of particles through a hydrogen-rich gas containing some methane from
the lower zone. About 20% of the raw-coal carbon is 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-gas maintains the particles in a tluidised
state and also reacts with about 34% more of the carbon to make methune.
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 carbon monoxide gives a pipeline-quality,
high BTU gas. Char from the lower zone of the hydrogasifier is 1cacted with
steam and oxygen to generate the needed hydrogen.

Press
p.S.i.

Upper Dilute-Phase 1,650 1,000 Coaldower-bed gas Med BTU Off-Gas

Reactants Products

Reactor Temp.OF

Lower Fluidised-bed 1,650 1,000 Char-hydrogen 826 BTUXTFFOI.Gas

Hydrogen Generator 1,800 1,900 1,000 Char-steami-oxygen Hydrogen-rich Gas

In bench-scale testing, a 10 Ib./hour integrated unit has demonstrated the
operating feasibility of the process. Results indicate that high-volatile
bituminous coals can be fed directly to the gasifier without caking and
agglomerating, thereby eliminating expensive pretreatment. Alse, 95% of the
methane in the final SN.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 Mines has
budgeted U.S. $25.5 million dollars for research and development work on
this process for the period fiscal years 1975 to 1979. This will probably be
increased.
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HYGAS

Process Developer: Institute of Gas Technology, Chicago, Illizois, an affiliate of the Illinois
Institute of Technology.

o — A T T

Sponsors: American Gas Association and Otfice of Cozl Research.

Contractors: Blaw-Knox (Dravo Corp.), Belmas Corp., and Procon, Inc., a subsidiary of
Universal Oil Products.

Description: Coal, pretreated if caking in an air-fluidised-bed, is slurried with light oil and
fed into a fluidised drying bed at the top of the gasifier where oil evaporates
at 600YF. The fluidised bed moves down to the first stage of the reactor to a
temperature zone of 1300 to 1500°F, while char further moves to the second
stage to temperatures of 1700 to [800°F. Hydrogen-rich gas and steam
react with char to produce a methane-rich raw gas ard 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-stage hydrogasifier.
Raw product gas, cooled by upward passage through the first stage of the
gasifier and drying bed, is collected for removal of carbonisation products and
sulphur impurities. Light oil recovered at this point is used for slurry
preparation of coa! feed. The gas is then fed to a (nickel) catalytic
methanation nrocess for additional hydrogenation and up-grading to
high-BTU pipeline gas

Operating Conditions: Fluidised Bed Temp °F Press.p.s.i.  Reactants Products

Coal Pretreater* 750 Atmospheric Coal-air Fuel Gas,Treated
Coal

Slurry  Drier 600 1000-i500  Coal-light oil Slurry oil vaporised

lslydrogasil'ier- 1300-1500 1000-1500 Coal-Stage 2gas  20% of coal te (‘Il4
tage |

Isl)'droysnﬁtr- 1700-1800 1000-1500 (.'hxu-ll2 rich gas 25% of coal to (‘ll4
tage 2

Electrothermal 1800-1900 1000-15000 Char-steam [lydrogen
Gasifiert

Steam-Oxygen 1800-1900 1000-1500 ("har-smaun-()2 Hydrogen
Gasifier}

Steam-Iron 2000 1200 Char-steam-ais Hydrogen
Gasifiert

* Lignite and sub-bituminous coals de  not 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 Chicago during
1969-1971 to deliver 1.5 million cubic feet per day of synthetic natural gas.
In early 1973, large-scale conversion of coal to S.N.G. was demonstrated for
the first time. The necessary design data for a commercial plant using
stcam-oxygen gasification for hydrogen generation will be available in
June, 1975.

Capital and operating estimates 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 gas from 5
millions tons per year of coal from gasifiers approximztely 170 ft. tall and
23.5 ft. inside diameter each producing 125 million 3.C.F. per day. The
estimated cost of produced gas1s U.S. $1-15 per 1,000 cubic feet.

Pennsylvania Gas and Water Co. has proposed to the O.C.R. a plan for
financing 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 per day of pipeline gas.
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Hydrogen-production units being considered for the HYGAS process, under
the sponsorship of O.C.R., .G.T./A.G.A. to $18.16 million, are:

1. Steam-oxygen process - hot char from the gasifier reacts with steam
and oxygen in a high-pressure fluidised bed at 1800-1900°F.. This
process is currently under evaluation at the Chicago pilot plant.

. Electrothermal gasification - heat for a char-steam reaction is provided
by direct-current heating of a fluidised bed of char. Excess char from
this electrothermal reactor is used to produce the electric power
required. After batch-testing. a 2-MW electiothermal gasifier was built
in 1972 and operated successfully. lowever, due to increasing
power-generation costs, testing of the technique has been deferred.
(See “ELECTROFLUIDIC GASIFICATION™).

. Steam-lron process—residual char from the HYGAS gasifier reacts in a
fluidised bed with steam and air to generate 2 producer (reducing) gas
for the steam-iron reactor which delivers a hydrogen-steam mixture
back to the HYGAS reactor from the oxidizer. An $14 million
steam-iron pilot plant is under construction at the HYGAS pilot plant
in Chicago and should be operating by late 1975. Blaw-Knox designed
the plant and in October 1973 a contract was awarded to Belmas
Corporation for fabrication of the reactors.

Note:l. The “Stearn-lron Process™ was initiated at the Institute of Gas
Technology in 1961 by Fuel Gas Associates (Consolidated Natural Gas
Service Company, Inc., Texas Eastern Transmission Corp. and Consolidation
Coal Company) orginally interested in hydrogen for hydrogasification of
coal, ammonia and petrochemicals manufacture. In 1973, Fuel Gas released
all rights to the steam-iron process for producing S.N.G. from coal to 1.G.T.

2, Prior to 1964, LG.T. operated a pilot-scale steam-oxygen slagging

synthesis gas unit for operation at atmospheric pressure utilising a wide
range of coals.

KOPPERS—TOTZEK

Heinrich K.ppers GmbH, Essen, W. Germany.

Federal Government of the Republic of West Germany.

The gasifier is a refractory-lined, horizontal, cylindrical vessel with conical
ends. Oxygen, steam and coal react at about atmespheric pressure and
3,300°F. Fixed carbon and volatile matter are gasified to produce offgas
containing carbon monoxide 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 stcam 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 rnolten 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 methanated, the methanated
gas dehydrated and purified to remove carbon dioxide. Dry, pulverised coal
of any type may be used.

Reactor type Temp. °F Pressure Reactants  Product (raw gas)

Entrained fuel 3,300 Atmospheric Coal-nleam-oz 300 BTU/SCF
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This process was developed commer.ially by Friedrich Tatzek of Essen and
the Koppers Co., Inc. (Pittsburgh) in 1949 following U.S. Bureau ol Mines
demonstration in 1948. There are 16 Koppers Tatrek plants operating
around the world none of whick are in the US.A.. These plants produce a
CO/H, synthesis gas which is used in the synthesis of ammoma. At the
present time, five new K-T plants with a total of 16 gasitiers are under
construction. Of all coal-based synthetic ammonia plants erected since 1945,
more than 80% are based on K-T gasifiers. A pressurised K-T gasifier is
currently betng tested in a development project conducted by a joint
venture of Heinrich Koppers GmbH and Shell International Petroleum
Maatschappij, The Hague, Netherlands. Gasification under increased pressure
(450 psi) would not alter the composition of the raw gas from the K-T
gasifier but would improve the economy through reduction of power for
compression of the raw gas.

An interesting new development of Heinrich Koppers and Imperial Chemical
Industries (l.%‘.l.). Rillingham, U.K. is a combined carbon monoxide-shift
conversion and methanation unit. This unit’s reactor uses a nickel catalyst
which simultaneously promotes both the shift and methanation reuactions.

Testing of this shilt conversion — methanation reactor by 1L.C.Y on a pilot
scale has indicated that commercially acceptable hife-times for the catalysts
van be expected.

Estimates for a K-T plant producing 250 million S.C.F. per day of S.N.G.
(1,000 BTU/SCI) indicate a coal-feed rate of 25,000 short tons per day to a
battery of 24 K-T gasifiers (four-head type) ir a plant costing U.S, §400
million.

It is intended to construct a K-T demonstration plant in Germany to produce
2.6 million SCFjday of SN.G. from « coal feed of 145 tons/day. The
Koppers—LC.I. combined shift conversion - methanation reactor will be
instalied in the demonstration plant to upgrade the K-T gasifier raw gas to
pipeline gas

The Federal Government of Germany is prepared to give considerable
financial aid for the construction and operation ol tlus demonstration plani

In the U.S., Northern Winois Gas Co. and the State of linois are reportedly
studying the K-T process, among others. for apphcation at their proposed
80-90 miltion SCF per day S.N.G. demonstration plant to be completed in
Winois in the carly 1980'5s.

LIQUID-PHASE METHANATION (L.P.M.)

Chem Systems,Inc., Hackensack, N.J.

American Gas Association and Office of Coal Research.
Olsen Engineering, Houston, Tex. (a subsidiary of Davy Powergas Inc.)

The process is suited to the conversion of gas containing high concentrations
of carbon monoxide and hydrogen (15 —20% CQ, 45 — 60% H,) mto
methane (CH,) by affecting the heterogeneously-catalysed reaction of the
feed gases in the presence of an wnert liquid phase which absorbs the large
exothermic heat of reaction as both sensible heat and as latent heat hy
vaporisation. The reaction proceeds to near completion in a single pass and
economics will dictate whether a single-stage reactor only will be used or 1
an additional polishing reactor will be required in the final design.

In the process, the inert liquid (e.g. mineral oil, €, to C, ) is pumped
upward through the reactor at a velocity sufficient” to both fluidise the
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catalyst and remove reaction heat. The synthesis gas is passed concurrently
upward through the reactor where it is converted to a high-concentration
methane stream.

Operating Conditions: Resctor Temp °F :':? Catalyst Cnl;rleyn Reactants Product

Catalytic 640 500 Ni-2308 2 years CO-H2 Higk-BTU Gas

Status: The project’s program is divided into three phases:

Phase - Bench-scale unit — all testing in a 0.81" x 4’ reactor has been
successfully completed. This included a 300 hour run.

Phase Il - Prccess Development Unit (P.D.U.) - the P.D.U. was constructed
by Airtisan Industries, Walthamn, Massachusetts. The unit was
installed 2t the reszarch laboratories of Chem Systems. The
P.D.U. reactor is 4 inches in diameter by 7 feet high and is
designed for 1,500 s.c.f. per hour feed flow. Testing is continuing
and a pelishing reactor is being added to the L.P.M. process.

Phase HI - Pilot Plant In January, 1974 Chem Systems awarded a
sub-contract 10 a Davy Powergas subsidiary, Olsen Engineering
of Houston, Tex. for construction of a skid-mounted pilot plant
with a reactor 15° long and 2° diameter to be shipped to a
designated site that can supply synthesis gas. The HYGAS pilot
plant at Chicago and Consol's CO, ~ACCEPTOR pilot plant at
Rapid City, S.D. are leading candidates. The L.P.M. pilot plant
should be ready for start-up at one of these synthesis-gas pilot
plants in May, 1975. The L.P.M. unit will be capable of processing

-

2 million S.C.F.D. of synthesis gas to pipeline-quality gas.

Future plans for the L.P.M. process include studying the use of
the system to effect both shift and methanation reactions
siinultaneously.

Note: Conoco Methanation Co. is testing a fixed-bed catalytic
methanator at Westfield, Scotland and Caialysts and Chemicals,
Inc., is also developing fixed-bed methanation in a pilot plant at
Louisville, Kentucky.

LURGI PRESSURE GASIFICATION

Process Developer: Lurgi Geselischaft fur Warme - und Chemotechnik mbH, Frankfurt, West
Germany.
Licensor: Lurgi Mineralotechnik GmbH.

Note:  The Lurgi group of companies are subsidiaries of Metallgesellschaft
A. G. of Frankfurt (Main), West Germany.

Description: Crushed and dried coal is fed to a moving-bed gasifier where gasification of
coal takes place at 350 to 450 p.s.i. Initial devolatisation oceurs accompanied
by gasification in the temperature range of 1,140 to 1,400°F. Residence time

L. is about one hour. Steain is the source of hydrogen. Combustion of a portion

¢ of the char with oxygen supplies the necessary heat. A revolving grate at the

base of the reacter supports the fuel bed, removes the ash, and introduces
the steam and oxygen mixture. Crude gas leaving the gasifier at temperatures
between 700 and 1,100°F (depending on type of coal) contains tar, oil,
naphtha, phenols, ammonia, plus coal and ash particulates. Quenching with
oil removes tar and oil. Part of the gas passes through a shift converter. Gas
from the shift converter 1s washed to remove naphtha and unsaturated




Operating Conditions:

Process Developer:

Licensor:

catalyst and remove reaction heat. The synthesis 3.3 is passed concurrently
upward through the reactor where it is converted to a high-concentration
methane stream.

C“U'H“ Renctants Product

Reactor Temp°F :r:_',' Catalyst

Catalytic 640 500 Ni-2308 2 years CO-Ha2 High-BTU Gas

The project’s program is divideu into three phases:

Phase [ - Bench-scale unit — all testing in a 0.81" x 4" reactor has bee 1
successfully completed. This included a 300 hour run.

Phase I - Process Development Unit (P.D.U.) - the P.D.U. was constructed
by Artisan Industries, Waltham, Massachusetts. The unit was
mstalled at the research labo. ories of Chem Systems. The
P.D.U. reactor 1s 4 inches in diameter by 7 feet high and is
dessgned for 1,500 s.c.f. per hour feed flow. Testing is continuing
and a polish: g reactor is being added to the L.P.M. process.

Pilot Plant — In January, 1974 Chem Systems awarded a
sub-contract to a Davy Poweigas subsidiary, Olsen Engineering
of Houston, Tex. for construction of a skid-mounted pilot plant
with a reactor 15" leng and 2’ diameter to be shioped .0 a
designated site that can supply synthesis gas. The HYGAS pilot
plant at Chicago and Consol's CO,~ACCEPTOR pilot plant at
Rapid City, S.D. are leading candidates. The L.P.M. pilot nlant
should be ready for start-up at one of these synthesis-gas pilot
plants in May, 1975. The L.P.M. unit will be capable of processing
2 million S.C.F.D. of synthesis gas to pipeline quality gas.

Future plans for the 1.P.M. process include studying the use of
the system to effect both shift and methanation reactions
simultaneously.

Conoco Methanation Co. i testing a fixed-bed catalytic
methanator at Westfield, Scot.and and Catalysts and Chemicals,
Inc.. is also developing fixed-bed methanation in a pilot plant at
Louisville, Kentucky.

LURGI PRESSURE GASIFICATION

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

Lurg Mineralotechnik Gmb:i.
Note: The Lurgi group of companies are subsidiaries of Metallgesellschaft
A. G. of Frankfurt (Main), West Germany.

Crushed and dried coa! is fed to a moving-bed gasifier where gasification of
coal takes place at 350 10 450 p.s.i. Initial devolatisation occurs accompanied
by gasification in the temperature range of 1,140 to 1,400°F. Residence time
is about one hour. Steam 1s the source of hydrogen. Combustion of a portion
of the char with oxygen supplies the necessary heat. A revolving grate at the
base of the reactor suppoits the fuel bed, removes the ash, and introduces
the steam and oxygen mixture. Crude gas leaving the gasifier at temperatures
between 700 and 1,100°F (depending on type of coal) contains tar. oil,
naphtha, phenols, ammonia, plus coa! and ash particulates. Quenchir with
oil removes tar and oil. Part of the gas passes through a shift converter. Gas
from the shift converter is washed to remove naphtia and unsaturated
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hydrocarbons. Then CO,. K,S and COS are removed. The gas is methanated
and pipeline gas is produced by final CO, remo.al and dehydration.

For the processing of caking coal, the gasifier is equipped with an additional
device which breaks up the coal duiing heating.

The Lurgi Process can also produce low BTU gas (refer to appropriate
section in this report.)

Press
P.S.i.
Fixed bed 1,140-1,400 350450 Coal-ieam-Uy 450 BTU/SCF

Reactor Temp °F Reactants Product (off gas)

The first commercial plant was constructed in 1936 and to date, fourteen
paants (comprising 58 units) have been built with further plants, either with
or without a methanation step, under construction or in the planning stages.
For instance El Paso Natural Gas Co. is constructing a single. full-scale
experimental unit to be operational in carly 1975, Methanation of Lurgi
synthesis gas, using Lurgi's “Hot Gas Recycle (H.G.R.) Proc.ss™ catalytic
methanators Yas been performed on a commercial scale at plants at Westlield,
Scoudand, Sasolburg, South Africa and at a Lurg test plant in Austria*
Synthesis gas from the gasitier is suitable for use as town gas, synthesis gas
for ammonia, methanol, Oxo, and Fischer-Tropsch synthesis for high-purity
hydrogen. The SASOL plant in South Africa utilising 13 gasifier units, has
be.n operating commercially since 1954 and plans are in hand for expansion.
The U.S. Bureau of Mires has a Lurgi-gasification pilot plant at Grand Forks,
N.D. and the Office of Coal Research — American Gas Association sponsors
“Lurgi Studies™ as part of its R & D program. (For a description of ihe
commercialisation of the Lurgi pressure gasification process. see “Commercial
and Demonstration Coal Conversion Plants, Figure 67').

* City of Schwechat, near Vienna.

Note: Lurgt GmbH has tested the utilisation of nuclear-reactor waste heat for
coal gasification in its pilot plant at Julich, West Germany.

MOLTEN-SALT

M.W. Kellogg Co.. Piscataway, 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.
Recycled sodium carbonate is ted to the gasifier along with the coal.
Coal-steam reaction is catalysed by the molten salt tontained in the reactor.
A gas free of tars is produced at a sufficiently low temperature so that
appreciable methane praduction can also take place.

Use of the molten-sali 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 corrosive attack of the molten salt.

A bleed stream of molten carbonate containing the coal ash in solution is
withdrawn from the bottom of the gasifier. It is contacted with water to
dissolve sodium carbonate. Ash is separated by filtration.

Sodium carbonate solution is carbonated tc precipitate bicarbonate. The
bicarbonate is filtered out and calcined to restore carbonate wiiich is then
recycled to the gasififer.

Raw gas leaving the gasifier at 1,700°F is passed through the heat recovery
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section. Any entrained salt is recovered. The raw gas is then shifted, purified,
methanated and dehydrated to produce pipeline-quality gas.

op Pregs
p.s.i.

Catalytic-inolten NazCOJ 1,830 420 Ct:bal-steam-O.2 330 BTU/SCF

Reactor Temp Reactants Product (raw)

In early testing of the piocess, which 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 melten-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 corrosive nature 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 preblem and have
incorporated the use of a single reactor vessel which not only eliminates
circulation of the molten salt, but also simplifies gas handling and reduces
further processing requirements. Because of these new developments, the
Office of Coal Rescarch again decided to sponsor the work, with special
emphasis on the suitability of the process as a method for generating a fuel
gas suitable for magnetohydro-dynamic generating systems (M.H.D. systems).
This O.C.R. grant was for $145,175 and expired in July 1974.

The process is now being tested in a process development unit ten times
the size of carlier vessels in conjunction with an undisclosed company.

MULTIPLE CATALYST

{also known as the “Wyoming Concept” or ““The Direct Conversion
of Coal to a High-BTU Gas Process™.)

College of Engineering, Natural Resources Research Institute, University of
Wyoming, Laramie, Wyo.

Qffice of Coal Research.

This is a method for the direct production of methane from coal and stearn
with the methanating-cataiyst bed placed in the middle of the reactor and
heated to the desired temperature by a Lindberg furnace. The temperature is
monitored by thermocouples located in the thermo-well inside the reactor.
The methane-rich product gas passes through a motor valve which allows the
nressure to be controllied.

Reactor Type Temp®F Pressp.si. Reactants Product

Heated Ni catalyst  1,200-1,300 1,000 Coalsteam M a?rwfr“

after purification

The concept was initially deveioped at the University of Wyoming and has
been supported by the Office of Coal Research under a S year $613,000
contract completed 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 Alliance,
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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Before larger-scale continuous operation is successful, a better catalyst
systemn must be developed. A combination of an alkali carbonate, such [ S
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 stepin at 1900°F in a fixed-bed reactor to
produce methane-rich offgas of abcut 550 BTU/SCF utilising tungsten
sulphide as a catalyst.

“SOLUTION—GASIFICATION"

-

&

-~

Process Developer: Stone and Webster Engineering Corporation. {now joint venturing with Gulf
0Oil Corp.)

Description: Coal is slurried in a solvent: then a two-step treatiment with hydrogen
solubilises the coal and produces pipeline-quality gas without an explicit
methanation step. No oxygen is required in the process. The process treats
coal as a basic hydrocarbon in which the hydrogen content is increased from
5% in the raw material to 25% in th> methane product. Hydrogen for the
nrocess s made by reforming part of the product methane with steam. A
range of coal types can be used.

Status: The process has been tested in bench-scale runs. In early 1974, the Office of
Coal Rescarch awarded 2 $300.000 contract to the Oklahoma State
Department of Industrial Development to evaluate the use of nuclear
reactor waste-heat in coal gasification. Assisting the contractor will be Gulf
General Atomics Co. (a Gulf Oil subsidiary) and Stone and Webster
Enginecring 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-Gasification”™ process. The O.C.R. contract
requires a conceptual design, including estimates of yield, capital requirements
and operating costs, for a complete commercial piant for processing about
36,000 tons per day of coal to produce some 600 million cu. feet per day of
high-BTU pipeline gas. A 2-year joint R & D program funded by Store and
Webster and Gult General Atomic costing U.S. $740.000 has been undertaken

Moo AR R L T ey e Y

Note: 1. Gulf General Atomic carried out a feasibility study in 1969 on use
of waste heat from nuclear power stations for coal gasification.

2.Bergbau-Forschung is currently operating an experimental gasifier
to process 220 |b./hour of coal to test theirgasifier 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

Process Developer: Sun Research and Development Co., a subsidiary of Sun Oil Co.

Description: 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 1740—2000°F. The sodium sulphide, produced by the

reduction of sodium sulphate, is oxidised with an oxygen source tosulphate

for recycling to the gasifier. The moisture in the coal increases the hydrogen
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to carbon monoxide ratio in the product gases. The exothermic reaction
results 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 developmeat work
on the process are not available

SYNTHANE

Process Developer: U.S. Burcau of Mines, Pitisburgh Energy Research Centre, Pittsburgh, Pa.

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

Description: Coal is first contacted with a steam-oxygen mixture at 800°F in a
fluidised-bed pretreater to destroy the caking properties of the coal feed (if
any). Decaked’coal from the pretreater enters the gasitier at the top and a
mixture of steam and oxygen is introduced at the bottom tc fluidise the bed.
The gasifier operates at pressures up to 1,000 p.s.i. and at a fluidised-bed
temperature of 1800°F. Product gas (synthesis gas) leaves overhead and
unconverted 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 a shift converter and acid-gas
removal. Finally, the product gas goes to the methanator, increasing the
heating value to that of natural gas.

Operating Conditions: Gasifier type Temp®F Pressp.s.i.  Reactants Product (raw)

Fluidised Bed 1800 1,000 Coal-stea m-()2 405 BTU/SCF

The Synthane process has heen 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 carly 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 Bruceton,
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 methanators to 1 million S.C.F./day of
synthetic natural gas. Two types of methanator will be installed in the pilot
plant at Bruceton, a “Tube-Wall Reactor’” which employs a technique for
spraying Raney nicke! onto vertical plates installed inside a cooling tube, and
the “Het-Gas-Recycle” technique which also uses Raney nickel catalysts.

Following successful pilot-plant operation, the Bureau intends to scale-up
the pilot piant by a factor of 200 to a commercial Synthane plant costing
U.S. $200 millior. 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 benzene, 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 outlined above, the shift
converter shifts the H, :CO ratio to 3:1 for methanaticu to pipeline
gas. For a modified co-product Synthane plant to produce methanol
as well as methane, the shift would be 2:1. Comparing the outputs of
a pipeline-gas Synthane plant and a methanol co-product operation,

we have:

Synthane Co-Product
Pipeline gas, million cubic ft/day. 250 185
Mecthanol, tons per day 0 3,625

TEXACO GASIFICATION

ey et Y

Process Developer: Texaco, Inc.

Description: Coal, or any carbonaceous fuel, and oxygen are reacted in the presence of
carbon monoxide and hydrogen at temperatures of 1200-2200°F and
pressures of 300-4500 p.s.i., depending on type of feed. Steam may be used
optionally. Hydrogen and carbon monoxide produced in the reactor are
recycled to the reactor to optimise methane yield. The high-BTU offgas is
suitable for upgrading to pipeline quality.

ARA 1N

S

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

R Tl TN

Texaco has also investigated the production ot synthesis gas from coal in an
unpacked reactor by direct partial oxidation with oxygen and steam at
temperatures of 1800-3000°F and pressures 6! 100-3000 psig. The coal is
introduced into the reactor in a preheated siurry. This process has been
described in U.S. Patent 3,544,291 of Ist December, 1970, assigned to
Texaco, Inc.

TOTAL GASIFICATION

Process Developer: Total Energy Corp.

Description: The process employs two integrated gasifiers. Coal is fed to both gasifiers.
In the first gasifier, carbon monoxide is formed which is sent to a hydrogen
gencrator.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 gquality.

Few details are available on research and development on this process.
ufficient work has been completed to describe the process in U.S. Patent
3,692,506 of 19th Sept. 1972, assigned to Total Energy Corp.
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TWO-STAGE FLUIDISED GASIFICATION

Process Developer: Midlands Research Station, United Kingdom
Spounsor: British Gas Council.

Description: Coal is subjected !¢ hydrogenation in two stages: a rapid reaction at
800-850°C and a slower reaction at 900-950°C, at a pressure of about
750 psi. The char sroduced then passes to a fluidized-bed gasifier operating
at 1900°F, producing a lean gas which is subsequently upgraded by catalytic
methanation to pipeline quality.

o

Status: Several fluidised-bed models were produced in order to overcome problems i
fluidised char gasification. Recycle rates were determined 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 a fluidised-bed gasifier operating at 1050°C and 450 p.s.i. has
been prepared.

.

e

The British Gas Council (formerly The Gas Council) is the assignee of U.S.
Patent 3,607,158 of 21st September 1971 which describes the above process.

WELLMAN-GALUSHA

T

Process Developer: McDowell-Welliman and Wellman-Galusha.

Description: Crushed coal (3,¢ X %,.”) dried and fed by an oxygen-steam mixture, is
introduced through a revolving grate at the bottoem. Gasifiers are available
with or without an agitator. The agitator producer has a slowly revolving
horizontal arm which spirals vertically below the surfacr ol the fuel bed.
The agitator reduces channeling and maintains a uniform bed. The
temperature of the gas leaving the gasifier is in the range of 1.000 10
1,200°F ., depending on coal type. Pressure is about atmospheric. Ash is
removed continuously through a slowly revolving eccentric grate at the
bottom 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 and
shifted. Pipeline-quality gas is produced by purification, methanation and
dehydration.

Operating Conditions: Reactor Temp®F  Pressure Reactants  Product(raw gas)

Revolving Grate 1200 Atmospheric  Coal-steam-0, 270 BTU/SCF

Status: This process has been commercial for over 30 years. Two units are operating
in the U.S.A. The units can produce 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 piants. The gasifier could serve a complex of smaller plants
requiring a high-BTU gas as a substitute 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 operate at 300 p.s.i. on
highly-caking coals with air (low-BTU product) or oxygen (med. BTU

§7




.

A -

-

- np—— TR

"LE

Process Developers:

Description:

Operating Conditions:
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product suitable for methane synthosis) moderated with either carbon
dioxide or steam.

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 lnternational
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 oxygen and steam to produce
offgas rich in carbon monoxide and hydrogen. Because of the high
temperatures, all tars and heavy hydrocarbons are reacted. About 70% of
of the ash is carried over by the gas and 50% is removed from the bottom
of the gasifier by the ash screw. Unreacted carbon carried over by gas is
converted by secondary steam and oxygen in the space above the fluidised
bed. As a result, maximum temperature occurs above the fluidised bed
To prevent ash paiticles from melting and forming deposits in the exit duct,
gas is cooled by a radiant boiler section before it leaves the gasifier. Ruw 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 cenverter is purified,
methanated, dehydrated and compressed to pipeline quality. Thermal
elficiency is 75%.

Gasifier Type Temp.°F  Pressure Reactants Product

I'luidised Bed  1,500-1,80G0 Awmospherie Coul-steam-0O, 275 BTU/C.L-*
* Raw gas froin gasifier up-graded by methanation to 960 BTU/CF.

This process was developed in Europe over fifty years ago.  The process
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 synthesis gas for the production
of methanol, ammonia, and oil by Fischer-Tropsclt synthesis.

The last installation was in 1960, however, the process is once again under
censideration for current installation, along with Lurgi, Koppers-Totzek and
Wellman-Galusha processes. Davy Powergas Inc. is currently developing a
high-pressure modification of the Winkier process which should increase the
thermal efficiency.

PATENTED LIQUEFACTION 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. 3,740,204 19.6.1973  Production of Methane
trom Carbonaceous Fuel

Transcontinental Gas 3,728,093 17.41973  S.N.G. Production
Pipeline Corp.

Note: For a more complete listing of major U.S. Patents relating to coal
conversion refer to APPENDIX 1.
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Process Patent Holder:

Deveioper:

Sponsors.

Description:

Developer:

Status:
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AGGLOMERATING ASH

Union Carbide Corporation, New York, N.Y.

Union Carbide Corp., Battelle Memorial Institute, Columbus Laboratories
Columbus, Ohio.

Office of Coal Rescarch and American Gas Association.

Two fluidized-bed systems, a combustor and a gasifier are linked by an
agglomerating ach circuit. Coal, and steam react to produce a med. BTU gas.
The system is similar to the high BTU process without methanation. Another
major- (eature of the process is the application of the self-agglomerating
method of coal combustion to produce a flue gas sufficiently free of
entrained paruculates for use directly through a gas turbine for power
generation. Also, by recirculating hot ash pellets from the combustion vessel
10 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 polential lies in producing med-BTU gas for
high-efficiency (42-44%) combined-cycle power plants. Large combined-cycle
plants arc operational in France and Germany with ooerational plants
expected in the U.S. in the 1980’s.

Union Carbide Corp. and the Montana Power Company applied in December
1973, for O.C.R. fuading for a med-BTUgasification plant that would supply
fuel for Montana Power Co’s Frank Bird Station at Billings. The proposed
plant would have a coal-feed rate of 2,000 T.P.D.

At present a 25 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, Everett, Mass.

Avco Corp. have been developing this process for a number of years under
contract to O.C.R. A sub-contract was awarded to Blaw-Knox Chemical
Plants Division of the Dravo Corporation for an evaluation of the commercicl
feasibility of the Avco Arc-Coal process for the production of acetyleue.
The evaluation was based on the production of 300 million pounds per year
of acetylene. Facilities were included for recovery of by-products Such 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, Pennsylvania 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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Description: Coal and steam are fed to a cylindrical gasifier incorporating primary and
secondary reaction chambers operating at atmospheric pressure under slagging
conditions. Coal, steam and oxygen react to form a 270 BTU/SCF synthesis
gas.

Status: Following pilot-scale testing by the U.S. Bureau of Mines in the late 1940,
Babcock & Wilcox constructed a small commercial-scaie, Sft. diaueter
gasifier of similar design for E.I. DuPont at Belle, West Virginia. A 15 ft.
diameter unit was later built at Belle and has been operated by DuPont
since 1951. This latter plant, at a feedstock rate of 17 ton per hour, produces
25 million SCF/day of 275 BTU/Sef gas.

C.E. ENTRAINED FUEL PROCESS

Developer: Combustion Engineering Inc., Windsor, Connecticut,

Sponsor: Office of Coal Research, Consolidated Edison Co.,Electric Power Research
Institute {Interested)

Description: This is an atmospheric, entrained-fue! process. Pulverised coal is entrained in
air and steam and fed to a gasifier to produce a 125 BTU)/Scf offgas. The
gasifier operates at temperatures between 3300° and 3400°F. unde. lagging
conditions.

Status: Combustion Engineering has been awarded a 4 year, $20.6 million contract
by O.C.R. for construction,beginning early 1975, of a 120 1.P.[\. pilot plant
at Windsor, Conneciicut to be operational by 1977.

The oveall test programme is funded jointly by Combustion Engineering
Inc. and O.C.R. with EP.R.J. inwrested in participating. On successful
completion of the pilot plant test programmes the next step would be
construction of a 200 MW (clectric) combined-cycle demonstration plant,
presently expected to be operational by 1980.

“COMBINED CYCLE" B & W

Developer: Babcock & Wilcox Co. Ltd., Research Centre, Alliance, Ohio.

Sponsor: General Electric Co., Babcock & Wilcox Co. Ltd.,Electric Power Research
Institute.

Description: Coalfair is fed 10 a pressurised, water-cooled gasifier and reacts to form a
combustible gas which, after cleanir. 3, is fired in a combustor that discharges
to a high-temperature gas turbine, which, in turn, exhausts to the steam
generating portion of the cycle to power a steam-turbine generator.

The gasifier operates at 900°F under high pressure and the combustor at
1600°F and 95 psi.

Status: Babcock & Wilcox Co. Ltd. and General Electric Co. are jointly sponsoring
the development program. The Electric Power Research Institute (E.P.R.1.)
is funding the design by Babcock’ & Wilcox of a gasifier for a planned 480
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, 1961 at the Alliance Research Centre.




Developer:

Sponsors:

Description:

Status:

Developer:

Note: 1. The same basic process is employed i the "Combined Cycle™
processes of the Fouter-Wheeler Corp. and Westinghouse Llectric Co.

2. Baubcock & Wilcox Cu’s Allmpce (entre is also studying the
gasification of char with SO, in place of oxygen to produce
concentrated carbon monoxide.

COMBINED-CYCLE F-W.

Foster-Wheeler Corp.. Livingsten, N.J.

0.C.R.; Foster-Wheeler Corp.; Northern States Power Company; Pittsburgh
and Midway Coal Mining Company (Guif Oi Corp.), and an industry team.

The process utitises an entrauined-type, two-stage, slagging pressure gasifier.
This gasificr is fashioned after the two-stage BI-GAS process gasifier
developed by Bituminous Coal Research, Ine. The low-BTU fuel gas produced
by the reaction of coal, steam and air is cleaned and fired in a combustor that
discharges to a pas turbine. The hot gas expanded through the turbine is sent
to the steam-gencrating portion of the cycle to power a steam-turbine
generator. The gasifier operates at temperatures above 2100°F and at a
pressure of 520 p.s.i.

A research and development program was initiated in August, 1972,
co-sponsored by Foster-Wheeler, Northern States Power Company of
Minneapolis, Pittsburgh and Midway Coal Mining Co., and the Office of Coal
Research. Cost of the overall project is estimated at U.S. $83-890 million,
culminating in the operaticn oi a 1200 T.F.D. demonstration plant to be
located at Northern States Power Co.'s Lawrence plant near Sioux Flls, 8.D.
The power generated will be used in the Northern States Power system.
Foster-Wheeler is currently developing a detailed conceptual design of the
demonstration plant under a U.S. $8,685,500 contract. Members of the
industry team supporting the project are:

Central Hwudson Gas and Electric Corp.

Cor olidated Edison Company of New York.
Leng Island Lighting Co.

New York State Electric and Gas Corp.
Niagara Mohawk Power Corp.

Orange and Rockland Utilities. Inc.

Power Authority of the State of New York.
Rochester Gas and Electric Corp.

These are members of an orgarisatton known as Empire State Electric
Energy Research Corporation which is co-sponsoring the program'’s industry
contributions with Northern States Power Co.

Note: This nrocess is essentially similar to the “*Combined--Cycle” processes
of Babcock & Wilcox and Westinghouse Electric.

CONSOL FIXED BED

Consoiidation Coal Company (Consol), a subsidiary of Continental Oil
Company.

A lixed-bed gasifier is fed an improved feedstock consisting of a suitable
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Developer:

Sponsor:

Description:

Developer:

Description:

mixture of coarse caking coal and non-caking pellets of substantially the
same size made by pelletising fines, previously separated from the caking coal,
in a hot pelletising rotary kiln. This coal feed is gasified conventionally in the
fixed bed gasificr without agglomeration problems to produce a low-BTU gas
with air or a synthesis gas with oxygen.

Consol has developed this process to permit the gasification of difficult

caking coals. The process is described in U.S. Patent 3,692,505 of 19th
September 1972.

ELECTRIC ARC

Columbia University, New York.

Consolidated Natural Gas Co.

Carbon in the coal feed reacts with steain in a fluid-convection cathode
(FFC), high intensity electric-arc at 800-10,0600°C. The H.H.V. of the gas

product depends on reaction and subsequent quench conditions.

The research and development of this process is sponsored by Censotidated
Natural Gas Co. To date batch tests have been catried out at about 30 KW,

FIXED BED (Kellogg)

M. W. Kellogg Co., Piscataway, N.J. a subsidiary of Puliman, inc.

This process employs a low-pressure (30-50 p.s.i.) fixed-bed, revolving-grate
gasifier to produce 3 low BTU fuel gas (150 B.T.U./scf) with air, and a
medium BTU fuel gas (300 B.T.U./sct) with oxygen. By-product tar and oil
are used as plant fuel or chemical feedstock.

The Company is presently studying the formation of a Consortium to erect a
demonstration plant at an, as yet, unselected utility site.

G.R.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 step (30-50 p.s.i.) rapidly pyrolyzes coal in the presence of
steam and recycled gas. The pyrolyzer also receives partially burned char
which supplies heat. The offgas has a H.H.V. of about 600 B.T.U./scf.

Tests have been carried out in a SO Ib/hr. reactor. The Company is presently
seeking support for the construction of a 250 T.P.D. pilot plant.

For further details of this process refer to “Garrett’s Cnal Gasification™ in
Section Il of this report.




Developer:

Sp- asor:

Description:

GEGAS

General Electric Research and Development, Schenectady N.Y.
General Electric Company. New York, N.Y.

This process uulhes a moving fixed-bea air-blown gasifier operating at 120
p.s.i. and 1,000°F, and is similar in operation to the high-BTU GEGAS
process.

Tested at a 50 lb/hr. rate. General Electiic is currently seeking partners for
the construction of a pilot plant at a utility site to b2 selected.

The Office of Coal Research has awarded a $94.853 contract to Geperal
Electric to which $133,000 of additional funds will be added by General
Electric for construction and operation of a pilot-plant head exchanger to
determine the effects of high-temperature coal gasification products discharging
through an MHD generator

H.R.I. FLUIDISED-BED

Hydrocarbon Research Inc. a subsidiary of Dynalectron Corp., Princeton. N.J.

Steam and oxygen fluidize a bed with a fuel depth of 25 feet operating at
pressures up to 400 p.s.i.g. and temperatures from }450-1650°F to produce
a synthesis gas of 320 BTU/Scx

Hydrocarbon Research Inc. operated a 26 inch 1.D. fluidised-bed gasifier
{:roducing % million Scf/day of synthesis gas in the early 1960's. It is
elicved that H.R.l. have ceased developmental work on this process and
are presently evaluating their H.R.l. Gasification Process conceived by A.M.
Squires.

H.R.I. GASIFiCATION (SQUIRES)

Concept developed by A.M. Squires, City College, New York.

llydrocarbon Research lac. a subsidiary of Dynalec' -on Coip.

The gasifier incorporates a cenical, fluidised-bed where high superficial
velucity of the feed stream permns the bed to operzte above the ash softening
point of the coal (eg. 2,200~ 2,300"F).

The concept of this process was developed by A.M. Squires and examined by
Hydr wcarbon Research Inc. H.R.l. has proposed the construction of a
10 T.P.L. pilot plant and it is believed potential sponsurs are sought.

Note: Prior to 1965, IL.R.. experimented on a pilot scale with
fluidised-bed gasification.

|.C.l. MOVING BURDEN

Imperial Chemical Industries Ltd., England.




Description: Two separate vessels, a gasifier and a combustcr are used with a steam
flui -bed in the ~asifier producing a water gas. Char is withdrawn from the
gasifier and circulated to the combustor whare it is partially burnt with air
and recycled to the gasifier t provide the heat for the water sas reaction.
This process produces a synthesis gas of appr¢ ximately 300 BTU,Scf without
the necessity of an oxyge. plant.

Status: A large pilot plant was constructed in England by L.C.l. to evaluate the
process. However, disappointing results were obtained, primarilyassociated
with the degradation of the char which caused significant char iosses from
the fluidised-beds as entrained particles in the flue and product gases.

Note: The procels is eseentially sunilar to the Aggl merating-Ash process
of Union Carbide/Battelle/Chemico without 'he emphasis on the
agglomerating characteristics of the ach. (see 1 595.

I.F.E. TWO-STAGE

Developer: Intern: < al Furnac. cquipment Company Limited.

Description: Coal is gasified as it travels dcwn through a fixed-bed reactor which is
injected with an air-steam mixture. The ash is removed fron: the bottom of
the reactor via a rotating grate, The offgas has a HH.V. of 175 BTU/scf.

Status: This producer 1s simila. to the Marisckka gasifier and to a n.odified

(continuous air blowing) 1.G.I. Two-Stage cydlic producer. It has been in
comunercial use tor many years.

.G.l. TWO—-STAGE

Developer: Il Gaz lntegrale,  Milan, Italy, a subsidiary of Babcock and Wilcox Lid.

Sponsor: Offered by Woodall-Duckham Ltd., a subsidiary of sabeock & Witcor Ltd.,
Ciawley, Enpland.

Description: The two-stage gazifier consists of a lower, cyclically-operated water-gas
generator upon which is superimposed a continacus vertical ceiort in which
the coal is carbomsed. Coke or char from the carboniser gravitates to the
water-gas generator and is gasified. The usual mode of operationis .ia cycle
»f about four minutes as follows:

The blow gases (air blown) pass through the water-gas generator and up
threugh flues built 1nto and also surrounding the superimposed carbonising
zone, and away to be burnt in the steam superheater and combustion chamber
before passing through the waste-heat boiler to atmosphere. During this
phase the rich gas slone from the carbonising zone continues to tow to the
gas treatment plant; tie waste gas is prevented from following this path by
the operation of a restricting valve on the gas main.

During the run which follows the blow, 1. eated steam (600-800°C) is
introduced mo the bottom of the generator. The resultant water gas and
steam then pass up through the carbonising charge and through a gas main
carrying with them the rich gas produced in the carbonising *one. Mast of
the heat required for carbonisation is supplied by the water yas and the
remainder by the waste gases as described above. The offgas hasa HH.V. of
335 BTU/scf and though the process is air-blown, little nitrogen appears in
the preduct gas.
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The process was originally developed bv Italy’s Il Gaz Integrale in the
1940’s. Other plants of this type which are similar in design are the “Tulley™
and “Power-Gas” comnpleft gasification plants. Two stage processes in which
the rich gas from the first stage was taken off separately and recycled in
order to decompose the hydrocarbons were developed for synthesis gas
manufacture. Examples of these are:

Pintsch Hillebrand Process
Koppers Recycling Process
Viag Synthesis-Gas Process
Bubiag Didier Process.

"IN SITU™ GASH-ICATION

(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
horizontaily, thus creating passages for the gasification process and for the
resulting gases tc escape. To ignite the coal, propane burners are inserted in
the holes, lit, and air pumped down to react with stcam (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 system. Thermal efficiency is
about 75%.

The U.S. Burcau 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 such areas as explosive fracturing, fracture orientation and
directional drilling. Each has potential merit for improving the technology
and ecowomics of the process a~u the Bureau has resumed laboratory and
fieid 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 {irst A
published in December 1973. Steady-state operating conditions lasted from
September 1973 to February 1974 with a gas production cate of 1.6 mullion
cubic feet of 130 BTU per cubic ft. gas per day. Researchers say they had
complete control of flame-front movement so long as they used counter-current
air injection. The Bureau hopes to design a small demonstration plant.

The Bureau has signed an agreement with Consolidation 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
Mobii, Conoco, Texas Utilities Services Cc. and NSF-RANN. Laboratory
and process development units will be built followed by field testing.

“In Situ” gasification has also been tried n 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 gasification in the Soviet
Union is waning. In the U.K., underground gasification was first suggested by
Sir William Siemens in 1868. The C.E.G.B. is now conducting pilot-scaie
trials in a SMw plant 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 use of nuclear explosions for seam fracturing. Lean gas produced
underground could be processed to liquids and gases on surface.
Promising economics.

-

. Arthur D. Little, Inc. also evaluated the underground gasification
process in 1972 and reported that it could be technically feasible.

. The U.S. Atomic Energy Commission has patented (U.S. Patent
3,794,116 — 26th February, 1974) a process for the “In Situ”
gasification of deep (600-3000 feet) coal scams. 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.
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. Cities Service Oii 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.
The seam is subjected to an excess of a first-combustion-supporting
gas at a pressure greater than the overburden pressure, so as to
distribute  the combustion-supporting gas throughout the seam.
Subsequently, the coal seanr and first-combustion supporting gas are
ignited while 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 fron1 one or more
of the wells completes the process.

Cities Service Oil Co. also holds U.S. Patent 3,770,398 of 3rd
November, 1973 which describes an improved “In 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 1800°F. The production of high-BTU gas would
require methanation of the synthesis gas on the surface.

. 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.

. ER.D.A. (formerly O.C.R.) has et a U.S.’$676,000 contract to
Sandia Laboratories, Albuquerque, N.M., to monitor the {anna
experiments. It is expectea that this research will support the high
BTU *“In Situ” gasification project being conducted by the Lawrence
Livermore laboratory, Livermore, California.

. The Alberta and British Columbia governments of Canada are
studying the feasibility of developing *‘In Situ™ coal gasification
projects within their provinces.

. 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 seams 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 V/O 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 will build a pilot plant as the first step in the new project.

. 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-oxygen (or air) blast through a revolving g. ate
which removes the ash continuously. Th unit operates at atmospheric pressure
to produce a 260 BTU/SCF gas with oxygen 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, Missouri, producing about 2 million SCF/day
of 260 BTU/SCF synthesis gas with oxygen blasts.

KOPPERS —TOTZEK

Heiurich Koppers GmbE; Essen, W. Germany.

Pulverised coal along with oxygen and steam react in a high-temperature,
(3,300°F) atmospheric-pressure gasifier to yield a 300 BTU/scf product gas.
Any type of 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 inethanol. The Koppers-Totzek plant is
currently 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 procduce 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. Burezau of Mines to
investigate Laser pyrolysis of coals of various ranks. The gaseous products of
pyrolysis were analysed by mass 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 indicated 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 3,400-12,000°C to produce acetylene. (See also “Avco
Arc-Coal Process™ in this section,)

LURGI

Process Patent Holder: Lurgi Gesellschaft fur Warme-und Chemotechnik mbH. Licensed by: Lurgi
Mineralotecknik GmbH.

Developer: Lurgi (which is a subsidiary of Metallgesellschaft A.G. of Frankfurt (Main)
West Germany).

Description: Coal is fed via a lock-hopper to a gasifier operating at about 350 ps.i. A
revolving grate at the base of the gasifier removes ash and allows air and
steam to enter. The product gas has a HH.V. of about 185 BTU/scf. For
additional details on this process refer to high-BTU section.

This procass has been utilised commercially 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 1 70 MW unit built 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.l. 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 (190million S.C.F/day)
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 CouncHl and the B.C.U.R.A.
have conducted pilot-scale tests on Lurgi slagging gasifiers, blown with a
steam-oxygen mixture, to produce a med-BTU synthesis gas.

MARISCHKA

The Marischka coal gasifier has been in commercial operation for many years,
mainly tor the gasification of anthracite or coke. Ina 6’ 6 diameter gasifier
production is of the order of 2.5 to 3.5 million SCF per day.

Special features of the gasifier are the annular hoiler with upper and lower
sections connected by two closely-spaced concentric rows of water tubes
within the reactor, The hot gases leaving the 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 on the current status of the system.

MOLTEN-SALT

Developer: M.W. Kellogg Co. Houstorn, Texas, a division of Pullman Inc.
Sponsor: Office of Coal Research.

Description: This process is essentially similar to the high-BTU “Molten-Salt™ process

differi.ig in the use of air instead of oxygen thus producing a lower BTU gas
of 150 BTU/scf.

The Company 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 coinbined desalination and power
generation using coal energy under an O.C.R. contract, and fixed-bed coal
gasification. (Refer to “Fixed-Bed” process in this section of the report for
additional information.)
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MULTIPLE FLUIDISED BED

Developer: Bituminous Coal Research Inc. (an affiliate of The National Coal Association)
Sponsor: Office of Coal Research.

Description: 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-Knox Division (Dravo Corp.) was awarded a contract for the
engineering, procurement and construction of a 100 Ib/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 “BIl--GAS” process in the High--BTU section of this report

0TT0 RUMMEL SLAG BATH (Double Shaft)

Developer: Dr. C. Otto and Co.

Description: 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 & 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 generaied 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. 1.D.
pilot plant unit from June 1962, however experimental results caused
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

Description: 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 several
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 gas 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

PHILADELPHIA AND READING

Developer: The Philadelphia and Reading Corporation, New York.
Description: No details are available on the process.

Status: The Philadelphia and Reading Corp. hecame 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 100 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, ammonium nitrate,
urea, methanol, 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
pioject called “Operation Red Dog™ which was finalised in November, 1969,

PINTSCH HILLEBRAND

Description: 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 steam 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 process has been in commercial use in Germany for many yzars and a
15 ft. LD. 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 (Q.C.R.) has awarded a $208,000 contract to
E.R.L 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 cun be utilised to produce incGustrial 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 1,800°F and 75 to

150 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 lb/hr. unit. The Office of

71
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Coal Research have awarded Rockwell a 40 month, $6.9 million contract to
demonstrate the feasibility of the process to produce a low BTU gas (or
electrical-power generation and to design build and operate a 120 TPD pilot
plant demonstration plant at the Norwalk Harbour plant of Connecticut
Light and Power Company.

RUHRGAS VORTEX

Ruhrgas A.G., West Germany.

High-ash coal or li%nile crushed to a 14, 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 passes out the bottom and the
reactants pass upward into a tall shait of larger diameter where the greater
part of the gasification occurs at 3,100°F. The 100-120 BTU/SCF offgas is
passed through cyclones and bag-filters 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.

Fusl particles in suspension and gasifying medium are injected through
twelve tangential nozzles into a slag bath maintained in the base of the
producer shat't. Reaciants and slag are bought into intimate contact where the
coal particles are entrained in the slag allowing for a high conversion of coal
to gas and of ash (o slag.

The slag continuously 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 u 270 BTU/SCF synthesis gas.

The process has been commercially 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.

STIRRED FIXED-BED

(also known as the “MORGAS™ process)

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

The process employs a fixed-bed gasifier equ'pped with a stirrer to break up
any coke that is formed in the upper section. The stirrer both rotates on 1ts
shaft and moves vertically in the reactor. Two coal hoppers feed coal to the
top of the gasifier. Steam and air are introduced 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 applicable to the production of S.N.G. by
adding shift and methanation steps as in the SYNTHANE process.

Status: Unlike most other fixed-bed gasifiers, 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 astirred, 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 Mines, Morgantown, W.Va., Research
Centre. Additional research on high-pressure opeiation is continuing.

:
!
;
§,
:
!
:

Note: 0.C.R. and U.S. Bureau of Mines are also co-sponsoring a current,
3-year R & D program on a combustion system that will provide a hot,
clean wor’.ng fluid from coal gasification in a 3-stage, high temperature
combus’ or which is suitable for magnetohydrodynamic 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

Developer: Texaco Development Company

Description: Pulverised coal in suspension in steam, at approximately 950°F, is fed into
the top of a downflow cylindrical reactor where it is gasitied 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 reinoved from the base
of the vessel.

Status. This is a sub<ommercial process tested in a down-flow plant and has also
been utilised in the |.G.T. Hygas pilot plant in the carly days of operation
for the production of hydrogen from residual char. It was replaced by 'he
steam-iron process coupled with a Winkler gasifier.

THYSSEN GALOCSY

Description: 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 highes levels.

The unit operated at atmospheric pressure and temperatures above the
ash fusion point to produce a synthesis gas of about 320 B8TU!SCF.

Status: Commercial scale generators were built, typically of 10 ft. internal diameter
and 36 ft. in height, producing approximately 3 million SCF/day.

TWO-STAGE PROCESS

(also known as “SUBMERGED COAL COMBUSTION™)

Developer: Applied Technology Corporation, Pittsburgh, a subsidiary of International
Systems & Controls Corp.
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American Gas Association and the Office of Coal Research (1973);
Environmental Protection Agency (1974).

The process is based on the molten-iron gasification process with air/coal
feed to yield a 185 BTU/SCF offgas, and is essentially similar to
ATGAS/FATGAS.

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’ low-BTU offgas.

TWO-STEP COAL PYROLYSIS—GASIFICATION
PROCESS

West Virginia University, Chemical Engineering Department, Morgantown,
W.Va.

Office of Coal Research.

Coal, including caking coal, is ted to a sand fluidised-bed for pyrolysis at
1400°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
small quantity of raw coal to the char feed to the gasifier to maintain the
temperature of the gasifier at 1900°F and to produce enough gases to
fluidise the incoming coal in the pyrolyser.

The offgases from the two stages are combined and purified to produce
a low-BTU gas for power generation.

Reactor Temp.°F  Press.p.s.i.g. Reactants Product
Pyrolyser 1400 10 Coal-heat Pyrolysis Gas

Gasifier 1900 10 Char-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 filled 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 gasification.

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 gu. and steamn turbine power cycle. The conceptual scheme is
estimated to generate electricity with a higher efficiency than with a
single-step «coal gasifier system.

U-GAS

The Institute of Gas Technology (1.G.T.) Chicago, lHlinois.
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American Gas Association,Office of Coal Research.

Crushed coal (prelreatc% if caking) is pressurised in a lock-hopper operating
at 350 p.s.i. and 800VF., reacted with air then fed to a fluidised- bed
gasifier operating at 350 p.s.i. and 1,900°F. Air and steam are introduced to
the base of the gasifier and ash removed through lock-hoppers. Gases from
the preheater and gasifier pass through heat-recovery and sulphur removal
systems and power recovery turbines reducing the pressure to desired limits.
Gas produced is 155 BTU/SCF. Substituting oxygen for air produces a
med. 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 process for both combined-cycle power
generation and as a ‘“‘grass-roots” source of industrial and power-generation
energy. A design study is presently underway for a 10 te 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 diamneter and 3C feet high. Thermal efficiency should be greater
than 43%.

U.G.I. BLUE WATER GAS

U.G.1. Corporation.

In this process, a producer containing a bed of coke is steam-blasted in the
make phase, during which the gases produced are passed off and held in.a
refief 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 is not stored with the synthesis gas produced by the steam
hlast. In this way, a 295 BTU/SCF synthesis gas is cyclically produced.

This process has been in cominercial use for many years. The process has
been modified for continuous operation with steam and oxygen for
production of 270 BTU/SCF synthesis gas by L.l. Du Pont de Nemours
Company in a commercial plant.

Other processes similar to this modified Blue Water Gas producer are the
Thyssen Galoczy Synthesis Gas process, the Leuna Synthesis Gas process and
the Kerpely Synthesis Gas process, all of which produce a 250 BTU/SCF
synthesis gas by using steamn and oxygen blasts over coke beds.

WELLMAN- GALUSHA

McDowell — Wellman Co., Cleveland, Ohio. Wellman - Galusha Co., England.
Coul, steam and air are fed to a revolving grate gasifier operating at
alnm?hcric pressure and 1,200°F, to produce a 120 160 BTU/SCE fuel
gas. For additional details on this process refer to Fhgh-BTU section.

This process has been in commercial use for over 30 years. The plants
produce either a fuel gas (air) or a synthesis gas (oxygen).

The yield of gas per ton of coal or coke gasitied varies with the moisture ana

75




Developer:

Description:

Developer:

Sponsors;

Description:

ash contents of the fuels fired. Under good operating conditions with
bituminous coals of weakly-caking types and containing about 10% moisture
and 6% ash a yield of 140,000 to 150,000 cubic feet of 160 BTU/SCF gas
can be considered typical Wellman gasifiers in use vary from 8 feet to 11 fent
in internal diameter, the largest size having a capacity of 55 T.P.I2. of coal
with a gas output of about 8 million S.C.F. per day. Because of the small size
of the reactors, the vendors can only offer units suitable for single, large
industrial plants or a complex of smaller plants. requiring (uel or synthesis
RS,

Wellman Incandescent Lud. is offering a modified two-stage producer-gas
process, similar to the Wellman mechanical gas producer, which produces a
hot, detarred fuel gas. 20 two-stage producers are in operation or on order.

Note: In North and South America, Wellman gasifiers are offered by Appiied
Technology Corp., Pittsburgh, Pa., under an agreement with Wellman
Incandescent Ltd. of London.

WESTINGHOUSE FUEL CELL

Westinghouse Flectric Corp., Research and Development Centre,  Pittsburgh,
Pa.

Coal is fed to a gasifier operating at about |,800°F to produce gas which
energises solid-clectrolyte fuel cells immersed in the gasifier bed. Water
vapour and cathon dioxide from the fuel cells react with the coal during
gasification,

[his concept was studied by Westinghouse from 1962 to 1970 under an
A.C.R. -~ sponsored R & D) program kaown as “Project Fuel Cell™. Jackson
and Moreland Division o1 United Engineers and Constructors, Inc. provided
review and evaluation reports on the projzet under an O.C.R. contract.

The concept was found to be attractive however no project is now current.

WESTINGHOUSE LOW-BTU PROCESS

Westinghouse  klectric  Corporation, Research and Development Centre,
Pittsburgh, Pa.

Bechtel, Inc., AMAX Coal Co., Peabody Coal Co., Public Service of [ndiana,
Westinghouse Corp., Office of Coal Research (O.C.R.)

Crushed (%4 x 0), dried coal is fed into a central draft tube of the
devolatiliser - desulphuriser unit (gasifier). Coal and internally- recycled
solids are carried upward in the draft tube by hot gases from a combustor
flowing at a velocity greater than 15 f.p.s. Recyele solids flow downward in a
fluidised bed surrounding the draft tube at rates up to 100 times the coal feed
rate. They dilute the coal feed to prevent agglomeration as it deyolatises. Heat
requirements of the coal-steam gasification reactions are provided by hot
gases produced in the: combustor. A lime sorbent is added to the
devolatiliser - desuiphu.riser resctor to remove sulphur which is present as
hydrogen sulphide in the gas. Spent sorbent is withdrawn from the reactor
after stripping out the char. Spent sorbent is regenerated and recycled tothe
reactor. Char is withdrawn from the top section of the devolatiliser-
desulphurisz: and fed to the combustor. Char is gasified with air and steam at
2,100°F. Ash agglomerates at the temperature of the combustor and is
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removed. Raw product gas (125 BTU/SCF) from the devolatiliser-desulphuriser
un‘t passes through a cyclone to .emove fines and then through a
he:t-recovery unit. Fines are recycled to the combustor.

This process is being tested in a 1200 Ib./hour pilot plant at Waltz Mill, Pa.
Westinghouse in late 1972 began a 9-year research and development program,
expected to cost U.S. $80 million, co-sponsored by Bechtel Corp., AMAX
Coal, Peabody Coal Co. and the Public Service of Indiana.  Eleven electric
power utilities* are also sponsoring the program as associate members. A 60
ton per hour comnmercial, low—BTU gasification and electric power plant is
under construction at the Dresser Station of the Publi: Service of Indiana at
Terre Haute, Indiana. This project, also sponsored by O.C.R., will utilise a
combined-cycle coal sasification power generation system fueled by the
Westinghouse gasifier. The plant is expected to be operational during 1978.

In the 1980's it is hoped to operate power stations of 500MW capacity and
50% thermal efficiency without pollution from sulphur or nitrogen oxides,
or particulates, at costs well below those of conventional plants.

* Northern Indiana Public Service Company
Tennessee Valley Authority
Cousumers Power Company
Union Electric Company
Duke Power Comnpany
New England Electric System
Columbus and Southern Ohio Electric Company
Pennsylvania Power and Light Company
The Montaia Power Company
Tampa Electric Compariy
lowa Power and Light Company

WILPUTTE PRODUCER

Wilputte Corporation, Murray Hill, N.J.

The gasifier is available in several forme depending on the type of coal used as
feedstock. Coal is fed downward to a fixed-bed where it is gasified by partial
combustion with moist air passing upwards through the bed.

Ash is withdrawn by a rotating grate at the bottom of the unit.

The gasifier 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 Powergas Inc., a subsidiary of Davy International Ltd., London, and its
affiliate Bamag Verfahren-Stecknik GmbH.

Crushed 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 this
rrocess refer to Iligh BTU section.

This process was developed in Europe over fifty years ago and is used

commercialy in 16 plants (36 units) in a number of countries. These produce
low BTU-fuel gas with air and synthesis gas with oxygen for the production
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of methanol, ammonia, and oil by Fischer--Tropsch synthesis. Presently,
this process along with Koppers-T- tzek is being considered for installation in
the char-gasification unit at the COED pilot plant at Princeton, N.J.

To overcome tue! limitations associated with the basic Winkler unit, a
technique employing a combined fixed bed and fluidised bed wperation has
been developed. Originally consisting of a single generator (Flesch-Winkler
rocess), this was later modified to operating two generators in paraile!
Flesch-Demag process) These combincd-reactor systems gasify a wide
range of fine coal in a cyclic manner.
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*“Upgrading of Solid Fuels”, Lurgi, Frankfurt, March 1971. (Brochure) (27 pages).

“Utilization of Queensland Coals™. J. Job and D.J. Nicklin, Dept. of Chemical Engineering,
University of Queensland Dec. 1967 (97 pages).

*Utilization of Queensland Coals, The ((Developments 1968 — 1972)”, D.J. Nicklin et alia, Dept. of
Chem. Eng. Uni. of Qld., Brisbane (undated). (79 pages).

*United States Steel Research Laboratory”, Coal Age, Oct. 1973 (5 pages).

“What's Ahead for S.N.G. from Liquids and Coal?”, G. Long, Northern lllinois Gas Co., Pipe Line
Industry, Oct. 1973. (3 pages).

“When Will Synthetic Fuels Begin Flowing from Coal?”, Chemical Week, Jan. 1974. (2 pages).
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APPENDIX |

Major Governmental, Semi-Governmental and Private Agencies
sponsoring Coal Conversion Research Programs

ALBERTA PROVINCIAL GOVERNMENT OF CANADA

The Provincial 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 coal 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))

The 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 coal. As part of the A.G.A's
long-term “Gas Industry Research Plan, 1974-2000”, the S.N.G. research program includes work on:

The production of S.N.G. from coal, naphtha, and organic wastes.
Coal and vil shale mining.
Construction materials in S.N.G. plants.
The production of hydrogen from water.
5.  Experimental effects in S.N.G. plants.

Annual expenditures are recommended (or 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.$1,750
million, which amnunts to approximately 75% of the entire gas industry's research and development
program for the same period. Total cost of all 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 an i development at laboratories in Columbus, Ohio, and
at the Pacific Northwest Laboratories in Ricliland, Washington.

Battelle has established the “‘Battelle Energy Program™ to carry out “‘major R & D efforts uimed st
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 support the 5-year Energy
Program in which the primary emphasis will be placed on coal mining and conversion to clean fuels and
chemicais.

With Union Carbide Corp., Battelle is developing the AGGLOMERATING ASH gasification process for the
production of med-and high-BTU gas.

Note:  Battelle also has laboratories and other facilities as follows:
Battelle Institute, V., Frankturt, W. Germany.

Geneva Research Centre, Geneva, Switzetland.
Corporate Offices are located at 505 King Avenue, Columbus, Ohio.
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BRITISH GAS COUNCIL

The British Gas Council, previously The Gas Council,sponsors the work at the Midlands Research Station
on high-pressure fluidised-bed models, Tuidised-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 (CS.L.R.O.)

The utilisation of Australian coals has been studied by C.S.1.R.O. since 1949, first by a Coal Rescarch
Section and now by the divisions in the Minerals Research Laboratories group.

The major effort of C.S.I.LR.O.'s program has been directed towards assessing coals in terms of their
physical and chemical properties and relating these properties to existing and possible utilisation processes.
Studies have been made on various coal-ccnversion techniques including solvent extraction, combustion,
gasification, carbonisation and the properties and upgrading of coal tars.

C.S.ILR.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
clectrode carbon form part of the program.

An extensive study on the hydro-gasification of brown and bituminous ¢oals 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 steamn 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 synthesis gas show promise.

ELECTRIC POWER RESEARCH INSTITUTE (E.P.R.L)

The Electric Power is a non-profit research institute, formed in 1972, to expand electrical energy research
and development under the sponsorship of the U.S. utility industry.

The E.P.R.l. 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, Ill. under the joint financing of Commonwealth Edison and E.P.R.I.
(See *‘Lurgi’ in Section IlI for further details).

Another project in which E.P.R.I. is interested,is the construction of a 120 T.P.D. pilot plant atWindsor,
Connecticut, based on a coal gasification process being developed by Combustion-Engineering Inc.
for combined-cycle power generation.

(See ““C-E Entrained Fuel Process” in Section I11).

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.

EP.R.IL 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.L., 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 governor of Ohio has requested
Federal funds of U.S. $43 million through O.C.R. to support this project.

Recently, E.P.R.I. 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.I. was to Mobil Rescarch 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.

ENVIRONMENTAIL PROTECTION AGENCY (E.P.A))

The EP.A. funds resecarch and development on the utilisation of US. coal resources in
an environmentally-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 prompted %.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 call for development of a power-generating unit utilising the Applied Technology
Corp’s. Two-Stage (Submerged Coal) process to process high-sulphur coals within EF.A. pollution
standards. Applied Technology will develop design criteria for a 50- to 100- MW power generating unit
utilising the Two-Stage gasification process (see Section II) under a $1,719,350 contract. J.F. Pritchard &
Co., the other subsidiary of 1SC, received a $140,000 contract for an enginecring evaluation of the
Two-Stage Process. This contract also calls for a preliminary design of a power generating plant with a
molten-iron gasifier coupled with a combined-cycle power generating unit.

INDUSTRIAL DEVELOPMENT CORPORATION OF RHODESIA (1.D.C.)

In March 1974, it was announced that the Ministry of Mines, under the direction of 1.D.C., would
undertake, in conjunction with the Institute of Mining Research at the University of Rhodesia, a full-scale
investigation of the production of oil from coal.

INSTITUTE OF GAS TECHNOLOGY (1.G.T.)

The Institute of Gas Technology is an affiliate of the Chicago Institute of Technology, and is primarily
engazed in research and development of coal gasitication processes for the production of low-, med.-, and
high- BTU gas within the United States.

The HYGAS process is under development by [.G.T. with the support of the American Gas Association and
the Office of Coal Research. 1.G.T. also offers a wide range of support services to the gas industry.

INTERNATIONAL COMMITTEE FOR COAL RESEARCH (1.C.C.R.)

The committee was formed in 1972 to encourage the continuous exchange of information and experence
in coal rescarch between coal producers and research institutes in the member countries.

Members of the 1.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 MITI, 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 MIT], 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 process, “SOLVOLYSIS”, and detailed
cxperimentation and rescarch on this process and others,is continuing.

NATIONAL COAL ASSOCIATION (N.CA))

The U.S. coal industry, through membership in the National Coal Association, finances coal research by the
N.C.A. research affiliate, Bituminous Coal Research, Inc. (B.C.R.) of Pittsburgh, Pa.

Bituminous Coal Research was chartered as a corporation in 1933 and its purpose is “‘exclusively to
encourage, foster and promote in any lawful manner the utilisation of coal and its products by means of
study, rescarch and education”.

In 1956, B.C.R. established a chemically-oriented laboratory in Pittsburgh. In October 1961, research
operations were consolidated in a major research centre in Monro: ville where, in addition to its “in-house™
projects, B.C.R. has conducted research for such groups as the Office of Coal Research, U.S. Bureau of
Mines, the U.S. Envitonmental Protection Agency, *he Commonwealth of Pennsylvania and the electric
utility industry.

B.C.R. is the developer of the Bl -GAS gasification process and conducts research in all facets of coal
conversion technology.

NATIONAL COAL BOARD OF THE UNITED KINGDOM

In the United Kingdom, the National Coa! Board conducts research and development on mining and coal
conversion through sponsorship of the Coal Research Establishment (C.R.E.) at Stoke Orchard.

A process under investigation at C.R.E. promises to open the way to augmenting coking technique
by-products by commodities made directly from coal. The process is of the S.R.C. type. employing the
digestion of the coal in a hydrogen-donor solvent (e.g. anthracene oil) with subsequent filtration to remove
insoluble residue from the coal solution. The preparation of electrode coke and carbon fibre by this route
is under study and processes for exploiting the work commercially are being developed.

In an experimental plant at C.R.E., coal can be continuously digested at a rate of 15 kg/hour and the
digest filtered and cither converted into 8.R.C. by evaporation of the solvent or coked.

It is beliecved by C.R.E. that hydrogenauon of caal in solution would probably be the first step in the
development of coal liquetaction processes and it has been shiown that by catalytic hydrogenation of the
coal extract, coal can be converted to a wide range of liquid products.

Another process being developed at Stoke Orchard is gas extraction of coal. In gas extraction, coal is
treated with compressed gases at temperatures of 350-400°C, causing a portion of the coal to go into
solution in the compressed gas and the ash is left with unreacted coal. The resultant solution is transferred
to a vessel at lower pressure where the gas is separated for recycling leaving a refined coal extract having
constituents with Jlower molecular weights than those obtained by solvent extraction. However, yields of
extracts with compressed gases are lower than with liquid solvents but can be increased significantly by
utilising gas extraction in the presence of reducing agents such as hydrogen, or carbon monoxide and steam.
The gas extraction residue is a porous solid suitable for gasilication. As no filtration step is required, and
recovery of gaseous solvent gases is virtuailly complete, the process offers some attractive features.

There are experimental gas extraction 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 AUSTRALIA.(N.C.R.A.C))

The committee is comprised of representatives of the mining industry, gas and electricity producers,
C.S..LR.O. and the Dept. of Minerals and Enerpy.

In May, 1973, N.C.R.A.C. presented a report to the Minister for Minerals and Energy stating that, in its
opinion no substantial Federal government funds should be expended on research and development of
coal-conversion processes, however, a watching brief should be kept on all overseas technological advances.
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In Apri' 1975, the committee recommended three major avenues worthy of detailed evaluation. There were :

1.  The definition, by 1980, of the nation’s c¢oal resources with particular attention to opencut coal
suitable for the manufacture of coke and the production of synthetic hydrocarbon fuels.

2. A research program aimed at providing, by 1985, the necessary background data for the
development of a rational program for mining, transporting and the utilisation of Australian coal.

3.  The dctailed and comprehepsive assessment of overscas and indigenous coal-conversion technology
and the development of coal conversion processes te provide. by 1990, acceptable substitute. for
all imported hydrocarbon fuels.

The Australian Coal Industry Research Laboratories (A.C.I.LR.L.) is sponsored by N.C.R.A.C. in all phases
of the ntilisation of Australian coals.

Note: Individual Australian States are also examining the utilisation of State coal reserves as follows:

QUEENSLAND.

The Queensland Government in 1946 commissioned a study by the Powell-Duffryn Technical Services
Group into Queensland’s coal industry, with the main report being published in 1949. A supplementary
study on the conversion of coal into oil was presented to the government in 1952. In the Yight of current
events, it is interesting to note that this latter report emphasised the potential importance of the
Walloon Coal Measures 1n south-cast Queensland for conversion. 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 is emphasised by announcements in late 1974
by the Mitsui Groun of Japan concerning the Millmerran Coal company’s areas inland from Brisbane (see
S.R.C.-MITSUI and ¥.R.C.-PAMCO for further details). Various statements by the Federal Minister for
Minerals and Energy alse highlight this area.

Another area of potential importance to the State Government is 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 conversion. Despite various optimistic press
reports this area is believed to afford little promise for the delincation of significant open-cut reserves
suitable for economic conversion to liquid products. The reserves within this basin could eventually prove
suitable for degasification or “in situ™ gasification.

Since 1967, the Department of Commercial and Industrial Development has sponsored various studies by
the Dept. of Chemical Engineering of the University of Queensland, St. Lucia, into the utilisation of
Queensland coals with the most recent report being released in February, 1975, covering the period
1972-1974. Studies are also in progress at the Queensland Institute of Technology on batch-autoclave
experiments in the solvent refining of coal. and the examination of hydrogenation catalysts.

The Queensland National Party (State Coalition majority party) formed, in December 1973, a party
Committee on Energy Resources to evaluate and review matters relating to energy on the party’s behalf.
The State Energy Resources Advisory Council, made up of Government officers,conducts a similar exercise,
reporting to the Minister for Mines and Energy. who. in turn, reports to the State Cabinet.

NEW SOUTH WALES

Whilst, to date, no body has been established for the specific purpose of utilising the State’s coal reserves
for conversion, the State Government has expressed interest 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.

SOUTH AUSTRALIA

In late 1974 the State Government established the South Australian Energy Committee to examine the
possibility of utilising the State’s coal deposits 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 Inkerman-Balaklava area in the mid-north, presently under investigation by the
Electricity Trust of South Australia.

A recent A.C.IR.L. study was commissioned on the utilisation of these deposits and both the Energy
Committee and the State Dept. of Mines maintain a close liaison with the C.S.1.R.0., A.C.LR.L., and
N.CRAC.




VICTORIA

During 1973, the Victorian Government opened discussions with the German Democratic Republic
relative to the State’s vast (estimated at 85,000 million tonnes) reserves of brown coal in the La Trobe
Valley approximately 80 miles south-cast of Melbourne. In December 19723, the State Premier officially
announced that his government had accepted a proposal from the G.D.R. to cooperate on brown
coal-to-oil technology. At the same time it was announced that the G.D.R. would contribute $100.000
towards the establishinent of a special department within a Victorian university to provide facilities for the
study of brown-coal technology

An agreement between the Victorian Government and the G.I).R. was announced in nud-April 1975,
which allowed for the joint development of coal-conversion technology specitic to the conversion of brown
coal to petrol.

Private research carried out since the early 1970°s by Morwell Industrial Development Pty. Ltd. and
International Oil Ltd. has concentrated on the conversion of brown cual reserves held by those companies.
In late 1973, Morwell Industrial Development Pty. Ltd. announced plans to construct a small oil refinery
and methanol plant utilising a mix of 73% Bass Strait crude and 27% oil from coal. Early 1974, International
Oil Ltd. announced the results of talks with a number of overseas companies involved in coal conversion
relative to the establishment of a A$250-300 million facility to convert coal tooil{based on either the
S.R.C. process or the H-COAL process). By mid-1974 an apparent change in the company's policy was
indicated following an announcerient that the company could, under certain conditions, take up the rights
to the C.8.L.LR.O. brown ccal demineralisation process which is suitable for the production of electrode and
active carbon. Concurrently, the company is examining the production of *iquid fuels from lignite.

WESTERN AUSTRALIA
The State Government comunissioned a report on the “in sitn™ gasification of deep coal seams known to
exist about 150 miles north of Perth. The coal seams occur over an area of about 1,750 square miles and

inferred reserves are of the order of 35,000 million tons, however these seams are inaccessible and could
not be economically extracted by present mrethods of mining,.

The report predicts that these deep seams will be exploited in the future by “in situ™ gasification. (or
degasification techniques) The Fuel and Power Commission is examininy all aspects of the States future
energy needs.

In August 1974 a further study was commissioned to examine the available technigues and costs associated
with the conversion of “Collie"” Coal to liquid and gaseous products.

NATIONAL RESEARCH DEVELOPMENT CORPORATION (N.R.D.C.)

In the United Kingdom, N.R.D.C. sponsors work being carried out by the British Coal Utilisation Research
Association Ltd. (B.C.U.R.A)) at Leatherhead on coal utilisation, primarily fluidised-bed combustion and
the production of formed-coke. which have some application to the problem of coal conversion.

NATIONAL SCIENCE FOUNDATION (N.S.F.)
3 wide range of U.S. research work is sponsorad by the National Science Foundation through its RANN
ivision.

N.S .F.--RANN sponsors experimental studies on coal conversion at the Pennsylvamia State University.

OFFICE OF COAL RESEARCH

(From Jan. 975 within the Energy Research & Development Administration)

The Office of Coal Research (0.C.R.) was established within the U.S Department of the Interior on 7th
July, 1960 under an Act of Congress.

The duties of O.C.R. as outlined in the Act are to:
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Develop, through rcsearch, more efficient methods of mining, preparing and utilizing coal.

Coniract for spo..sor, co-sponsor, and promote the coordination of, research with recognised
interested ?ruups including, but not limited to, coal trade associations, coal research associations,
educanonal institutions, and Agencies of States and political sub-divisions of States.

Establish technical advisory :ommitices compased of recognised experts in various aspects of coal
research to assist in the examination and evaluation of research progress and of all research
proposals and contracts, and to ensure the avoidance of duplication of research.

Co-operate to the maximum extent with other departments, agencies and independent
establishinents of the Federal and State Governments, and wath all other interested organisations,
governmental and norn-governmental.

Since its establishment, O.C.R. has assisted the develecpment of many significant coal conversion projects.
A full listing of O.C.R. sponsored projects can be c-btained from the main body of this report.

On 3rd Augqust, 1971, an Agreement was entered into between O.C.R. and the American Gas Association
(A.G.A)) 10 provide for the joi:t funding 21d acceleration of the coal gasification program.

Under this Agreement, A.G.A wculd contribute up to U.S. 310 million per annum for four years
commencing in fiscal-year 1972, to mitch, on a two-thirds to one-third ratio, Federal funding appropriated
by Congress through O.C.R. On this basis, total jomnt funding of U.S. $30 million annually would be
provided dunng the four-year period. The projects co-sponsored by A.G.A. and O.C.R. und2r this
Agreement are revealed in Section Il of this report.

In January, 1975, Q.C.R. was removed from the U.S. Dept. of the Interior and mcorporated within a new
agency, the Energy Research and Development Admunistration, which was established to unite all Federal
energy research and development programs including solar, geothermal, nuclear fission and fusion, and
coal.

E.R.D.As fiscal 1976 request for R & D in coal hiquefaction and gasitication is U.S. $206 million, out of a
total request for U.S. $323 million. Appropnations tc the Office of Coal Research since its inception were:

Fiscal Year Appropriations

1961 UL.S. $1,000,000
1962 1,055,000
1963 3,450.000
1964 5,075,000
1965 6,836,000
1966 7,220.000
1967 8,220,000
1968 10,980,000
1969 13,700,000
1970 15,300,000
1971 17,160,000
1972 30,650,000
1973 41,490,000
1974 123,400.000
197§ 327,330,000

L.S. BUREAU OF MINES (U.S.B.M.)

The Bureau of Mines,of the U.S. Depaitment of the Intenior, conducts coal ~onversion reccarch at various
research stations located throughout the Unired States.

The Bureau is currently developing the “Hydrane™ and *Synthane™ processes for tiie production of S.N.G.
from coal, the “Stirred Fixed-Bed" process ("MORGAS") for low-BTU gas production, and the “Synthoil™
and "Casteam™ processes for the conversion of coal to liquid products.

The fiscal 1975 budget of thz Bureau is U.S. $212,347,000 of which U.S. $57,022,000 is for coal
conversion research and development. The fiscal {974 budget was U.S. $105.606.000 and the large
increase in funds for 197 indicates the Bureau's increasing emphasis on resea.ch and development in coal
conversicn.
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In an announcement in Apnl, 1975, it was reported that the Burcau of Mines had lost all its
research programs on coal conversion, coal combustion and petroleum extracuon to the
newly-created Energy Research and Development Administration (E.R.D.A.L.

RESEARCE AND DEVELOPMENT IN OTHER COUNTRIES (not coverad in text)

Fed2ral German Republic

(a) Steinkohlenbergbauverin - A techmeal-scientitic organization, engaged in coul utilisation along
with other private and semi-governmental committees.

(b)  Deutscher-Braunkohlen-Industrie Verm (DEBRIV) is a joint orgamsation in which all members

and organisations of the hgnite industry participate. The group carries out its own researchinto
the utilisation of lignite and also contracts outside research bodies.

2.  Gernua Democratic Republic (G.D.R.)

The G.D.R. is the world's largest miner of lignite with an annual production of asbout 260 million tonnes.
A significant proportion of this lignite 15 processed into briquettes for utilisation in steam-oxygen
gasification for town gas production and Fischer—Tropsch synthesis to a wide range of hquid fuels and
chemical by-products. Another significant proportion of lignite production is carbonised at low

temperaturzs to yield tars which are subsequently catalytically hydrogenat=d to paralfins and lubricating
oils, or converted to electrode carbon by coking.

3. India

T T o

The Geological Survey o fadia plans to give top peinrity to the location of new coal reserves to help reduce
the countsy’s dependence w01l

The government has sponsored tesearch and development on hydrogenation of half' coal hatt crude oil
mixgures leading to a proposal for consideration by the goverament for 1 commercial plant based on the
half and half pracess.

Three coal-based fertiizer plants have been approved by the Indian Government. The first of these is being
constructed at-Korbha under the management of the Fertilizer Corporation of India. This plant will have an
annual capacity to produce 495,000 tons of urea.

Other projects snder evaluation by the Governinent include proposals from Targit GmbH for e

establishment of small (1 million tpy feed) liquefaction plants, and also an SRC plant, considered by
Singarani Co,, of 3 million tpy feed.
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APPENDIX Il

ALPHABETICAL LISTING OF COMPANIES
HOLDING MAJOR COAL CONVERSION PATENTS.

Allied Chemical Corporation.
2,977,299; “Cuarbonisation Chemical Products™

Air Products and Chemicals Inc.
3,779,725; “‘Coal Gasification’.

Ashland Oil and Refining Company.
3,533,928, “Blended Coal Products’",

Atlantic Richficld Company.
3,503,867; "Synthetic Crude”
3,619,404, “Asphaltene Formaiion during Hydrogenation”.
3,730,694; “Fuel Gas Upgrading .

Atomic Energy Commniission (U.S.)
3,794,116; “In-Situ Coal Bed Gasification "

Bennett Engineering Company.
3,576,134; “Low-Temperature Carbonisation”.

Bluemner E.
2,714,086; "“‘Chemical Modification"

British Gas Council, The
3,390,971; “Guasification of Solid Carbonaceous Fuel”.
3.607,158, “Fluidised-B2d Coal Hydrogenation Producing Methane Rich Gas”’

Chevron Research Company.
3,518,182; “Motor Fuels via Hydro-visbreaking "
3,759,677; “‘Catalytic Synthesis Gas Marnufacture”.
3,775,072: “Catalvtically Steam-Reforming 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”.
3,775,073; “In-Situ Gasification of Coal by Seam Fracturing .

Compagnie Francaise des Essences Synthetiques Societe Anon. France.
2,707,163; “Solvent Extraction and Fractional Distillation”.

Consolidation Coal 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; “Solvent Extraction”.
3,158,561; *‘Freidel-Crafts Catalvsts Liquefaction’
3,162,594; “Hydrogenation of Solvent Extracts’"
3,184,401; “De-Ashing”’.
3,232,861; “Deashing Acids”.

3,355,376; “Zinc Halide Polvnuclear Aromatics” (Jointly with U.S. Secretary of the Interior).
3,516,808; "‘Carbon Dioxide Acceptors — Melt Process” (Jontly with U.S, Secretary of the Interior).

3,523,886; “Solvent Extraction’ {Joiitly with U.S. Secretary of the Interior).
3,692,505; “Fixed Bed Coal Gasification”
3,700,422; “Steam-Iron Process”.
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Esso Research and Engineering Company.
2,741,549, “Conversion to Volatile Products’’
3,488,279; “Two-Stage Conversion”
3,488,280; “Catalytic Hydrogenation - Water Recycle”.
3,514,394; “Cyclic Process”
3,575,847, “Sperical Catalysts”.
3,733,186: "Two-Step Controlled Flow Gasification Process”.

F.M.C. Corporation.
3,453,202; “Hyvdrogenation — lodine”,
3,574,065; “Fractional Carbonisation”’.

Faossil Fuels Inc.
3,030,297; ‘‘Rapid Hydrogenation’.

Great Lakes Carbon Corporation.
3.379,638; “Ash-Free Anode Carbon(Jointly with The Lummus Co.)

Gulf Research and Developmeni Company.
2,654,695 “Hydro-Coking”.
3,341,447; “Solvent Processing " (Jointly with U.S. Secretary of the Interior).

Huntington Chemicals Corporation.
3,107,985; “Continuous Distillation - Autogenous Hydrogenation’.

Hydrocarbon Research Inc.
2,885,337, “‘Partial Hydrogenation’
25,770 (reissue); “'Gas Liquid Contracting Process’.
3,321,393; “Ebullating Bed Caralytic Hydrogenation "
3.519,553; “Ebuilating Bed Catalytic Hydrogenation "
3,519,554; “Residium Recovery "
3,519,555; “Ebullating Bed Hydrogenation.
3,540,995; “H-Cuval Process, Slurry Oil System’™ (Jointly with U.S. Secretary of the Interior).
3,607,719; “Low-Pressurz Hydrogenation-Ebullated Bed”,
3,617,465; “Expunded Particulate — Solids Bed Hydrogenation .
3,017,474; “Low Sulphur Fuel Oil”.

Institute of Gas Technology. :
3,708,269; “Fossil Fuel Hydrogasification — Pipeline Gas”"

Kerr—McGee Corporation.
3,607,718, “Hydrogenation Solvents”.

Koppers Company Inc.
2,738,311; “Hydrogenation (pasting media)”.

Leas Bros. Development Corporation.
3,779,893; “Desulphurised Liquids and Gas".

Lummus Company: The
3,375,188; “De-ashing without Hvdrogen",
3,379,638; “Ash-Free Anode Carbon’ (Jointly with Great Lakes Carbon Corp.).

Occidental Petroleum Corp.
3.698,882; “Continuous Process Conversion - Carbonaceous Solids”,

Phillips Petroleum Co.
2,756,194; “Nickel Carbonyl Catalyst’.

Pott-Broche.
2,308,247; “Extraction and Hydrogenation of Coal’.
292,808 (British Patent) 12th July 1927; “Destructive Hydrogenation ",
657,409 (French Patent) 27th June 1928, "Hydrogenating Coal”.

Pyrochem Corporation.
3,244,615; “Contact Catalysis™
3.247,092; "“Quadri-Phase Hydrogenation’',

Research Council of Alberta, The
3,505,201; "Coal-Qil Suspension Separation””
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Secretary of the Interior, U.S.
2,464,271, “Low-Pressure Hydrogeneration”
2,476,999; “Solvent Depolymerization’.
2,606,142; “Zinc Catalyst Hydrogenation™.
860,101; “Balanced Hydrogenation”
341,447; “Solvent Processing "
371,049; “Zinc Halide Regeneration — Folynuclear Hydrocarbons”.

2,

31

3!

3,355,376; “Zinc Halide Polynuclear Aro:natics (Con. Coal Company)
3,375,175, “Coal Pyroiysis”

3,477,942, “Fuel Cell Pyrolysis”’

3,516,808; “Carbon Dioxide Accepiors-Melt Process” (Con. Coal Company)
3,523, 886; “Solvent Extraction” (Consolidation Coal Co.)

3,540,995; “H-Coal Process: Shurry Oil System” (H.R. Inc.)

3,556,978; "Hydrogenation with Alumium Chloride”.

3,565,766; ‘‘Coal and Residue Co-Pyrolysis".

3,567,412, ‘'Carbonaceous Fuels Gasification”.

3,577,337; “Quinoline Solubisation and Ultrasonic Treatment "

3,594,329; *Zinc Chloride Regeneration-Hydrocracking”,

3,625,861; “Zinc Chloride Regeneration-Hydrocracking”.

3,629,159; “Zinc Chloride X egeneration-Hydrocracking "

3,746, 522; “Gasification of Carbonaceous Solids""

3,782,913; '{‘BITMZ:fgjge Coal Gasification with Forced Mixing and Steam Treatment >f Recycle Char"'
3,817,723; “Two-Stage Gasification of Pretreated Coal” (BI-GAS)

Development Company/Shell Oil Company.

2,392,588; “Catalytic Treatment”.

3,502,564; '‘Metal Sulphide and Napthalene Catalytic Hydroprocessing”.
3,527,691, "Dual Function Catalytic Absorbent "

3,532,617; “Hydroconversion Catalysts”.

3,543,665; “Freidel-Crafts Catalysts”.

2.549,512; “Solid Absorbents’

Squires, A.M.
3,597,327; '‘Fluidised Bed Pyrolysing™.

Standard Oil Development Company.
2,379,077; ““Thermal Cracking".
2,436,938; “Motor Fuel"

2.557,680; “Fluidised Carbonisation”
2,676,908; “Alkali Carbonisation”,
2,697,718; “Gasoline”.

Stoewener, Keunecke and Becke.
2,337,944; “Catalysts”.

Sun Qil Company.
3,594,304; “Thermal Liquefaction—Solvents”’
3,594,305; ““Ebullating Bed Catalytic Hydrogenation”.
3,770,399; “Coal Gasification Process” (Sun Research & Development Co.).

Texaco Development Company.
2,572,061 ; “Liquid-Phase Hydrogenation”,
2,753.296; “‘Liguid -Phase Hvdrogenation”"
3,075,912; “Hvdroconversion™,
3,544,291; “Coal Gasification Process” (Texaco Inc.).
3,740,204, “‘Methane from Carbonaceous Fueis Process”.

Texas Company, The
2,595,979; “Underground Liquefaction”
2,658,861: “Hyarogenation™.
2,664,390, “Curbonisation”.
2,681,300: “Hydrogenated Thianapthenes”.

Thomas C.L.
2,377,728, ““Catalyst’’

Total Energy Corp.
3,692,506, “High BTU Gas Content from Coal”.
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Transcontinental Gas Pipe Line Corp.
3,728,093; “Synthetic Pipeline Gas".

Universal Oil Products Company.
2,406, 10; “Solids Treatment ",
3,477,941; “‘Solvent Extraction’’,
3,488,278; “Countercurrent Solvent Extraction’”
3,503,863; “Liguid Fuels Extraction - Coking ™.
3,503,864; “Hydrogen Sulphide Solvent Extraction”.
3,503,865; “Microwave Ligquefaction”.
3,505,202; “Solvent Extraction”.
3,505,203; “Hydrogen Donor Solvents”.
3,520,794; “Shell and Tube Extraction”.
3,535,224; ““Dual Solvent Extraction”.
3.536,608; “Colloidal Size Coal Liquefaction”.
3,583,900; “‘Three-Stage Solvent Extraction”.
3,598,717; "Two-Stage Solvent Extraction’’
3,598,718; “"Two-Stage Solvent Extraction".

Union Carbide Corporation.
2,832,724; “Catalytic Hydrogenation (Coal Paste}".
3,084,118; “Hydrogenation Product Refining”.
3.171,369; “Agglomerating Ash Gasification Process”.
3,231,486; “Catalytic Hydrogenation — Carbonised Vapors ™.

%

University of Wyoming.
3,505,204; “Direct Conversion”.

Winkler, J.
3,282,826; "'Friable Metal Reactants Depolymerisation”.

-

P

Information presented nerein derived from U.S. Patents Digests, O.C.R. Annual Reports and private
communications.
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APPENDIX il

LIST OF ACRONYMS

Australian Coal Industnes Research Laboratories
Atomic Energy Commission

American Gas Association

American Metals Climax

American Qil Company

Applied Technology Corporation

Bituminous Coal Research, Inc.

British Coal Utilisation Research Association
British Gas Council, The

Battelle Memorial Institute

Babcock and Wilcox Ltd.

Combustion — Engineering, Inc.

Central Electiicity Generating Board
Chemical Construction Corporation
Continental Oil Company

Consolidation Coal Company

Coal Research Establishment

Commonweazlth Scientific and Industrial Research Organisation
Environmental Protection Agency

Electric Power Research Institute

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.
Il 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 Research 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 Qil of Ohio

Stanford Research Institute

The Qil Shale Corporation

Tennessee Valley Authority

Universal Oil Products Company

U.S. Bureau of Mines




© ey e —————

" caem g gy

.

- & . T P -

A LTy A . A

ST W e ¥ W Y ——

e

SUBJECT INDEX

A.A.G. unit 4,
Acetlyne 4, 67.
Acid gas: absorption, 31.
remoral. 4, 9, 17, 5S.
A.C1LR.L. 88, 89.
Aerojet General Corp. 4, 39.
A.G.A. (American Gas Association) 8, 39, 40, 41, 42,
48, 50. 57, 59, 74, 75, 85.
Agency of Industry & Technology (Japan) 28, 87.
Agglomerates 22, 39,
Agglomerating propemcs 5 6, 39,
Agglomerating ash proccss 4, 39, 59 64 8s.
Agglomerating 62,
Agitator 57.
Aircraft 26.
Air fluidized bed 48.
Air Products & Chemicals Inc. 39, 93.
Air products recycle process 39.
Aleohols 15, 23,
Alkali catalyst 54.
Alkaline metal catalyst 42.
Allegheny Power Systems Inc. 12.
Alliance Researchi 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
nitraie, 70.
plant, 16.
synthesis, 5C.
Amoco (American Qil Co.) 7, 8.
Anode carbon 37.
Anglo-Transvaal Consolidated Investment Co. Ltd. 16.
Aniline 4.
Anthracene 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.
rolvents, 26.
Artesizn Industries Co. 51.
Ashlend Oil Corp. 4, 18, 53.
Aspnalt 28.
Ash removal; 25.
screw, 58.
Atlantic Richfield Co. 7, 18, 26, 93.
Atmospheric distillation tower: 18§.
pressure flash drum 18.
Atgas 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 §9.

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 coking 14.

Battelle Memorizl lnstitute 39, 59, 64, 85.

B.C.R. (Bituminous Coal Rcseauh) 8, 41, 61, 69, 88.

B.C.U.R.A. (British Coal Utilisation Research Assoc.)
11, 68, 90

Bechtel Assaciates Professional Corp. N.Y. 11.

Bechtel Corp. 10, 11, 76.

Belmas Corp. 48.

Beluga coal reserves 20, 34,

Bamag Verfahsen-Stecknik GmbH. 58, 77, 86.

Bennett Engincefing Co. 37, 93.

Benzene 4, 31, §S.

Bergbau Forschung 54.

Bergius, F. 1.

Bergius process 1, 15,17, 29.

Bethlehem Steel Corp. 35.

Bianchi process 41.

Bi-carbonates 32.

Bi-gas process 8, 10, 40, 41, 52, 61, 69, 88.

Binder; preparation 2, 3.

Biological waste treatment 32,

Bituminous coal; 4, 14, 34, 47, 71.
(very high vol.) 29, 30, 34.

Blast furnace coke 2,

Blaw Knox Corp; 1, 3,17, 41, 42, 48, 59, 68, 69, 70.
Chemicals phnt Div. 4, 26.

Bleumner, E. 93,

Blue Water gas producer (mod.) 78§,

Bonner Moore Assoc. Inc. 33.

Booster pumps 32.

Bottoms fraction 31.

Brigham Young University 71.

British Fuel Research Station 1.

British Gas Council 57, 68, 93.

Broche H. 31.

Brown coal 90.

Bruceton Energy Station 1, 16.

B.T.X 4, 21, 59.

Bubiag didier pracess 65.

Bulk density agents 47.

Caking coal; 22, 39, 47, 52, 53, 57, 62, 73.
properties 55.
Calcined 52.
Calcined coke 27.
Calcium sulphide 41.
Carbonaceous matezial, 21.
residue 30.
Carbonated 52.
Carbon; 11, 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,
Carboniser 2, 64.
Carboniser shaft 22.
Carnegie Mellon University 33.
Carrier oil 2,
Carter Oil Co. 14, 18, 45.
Catalysed reaction 18, 21, 50.
Catalyst 1, 13, 23, 24, 27.
Catalyst & Chemicals Inc. S1.
Catalyst dust, 15.
pellets, 15, 35.
Catalytically hydrotreated 26, 27, 29.
Catalytic Coal Liquefaction (CCL) 1.
Catalytic Ce.nversion; 23
ebbulated bed, 18.
entrained flow, 21.
fixed bed, 2, 10.
fixed bed reactor, 35
fluidized bed, 10.
hydrogenation, 14, 26, 27, 36, 37.
hydro-solvation 21,
Inc., 32.
methanation, 23, 52, 57.
reactor, 12, 23, 24, 86.
synthesis, 23.
C-F 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.
balls, 36.
C.¥.C. (Clean Fuels from Coal project) 13, 28.
Channelling 57. P L
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Char; 2, 10,47, 122,
combustion, 11.
fines, 6, 11.
gasification, 7,10, 11, 78,
sifiers, 17.
ter, 17, 45.
heater carrier pilot plant, 11.
heater vessel, 17.
Chemical; 17.
Jetroleum 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, 50.51.
Chemotecknik und Steag GinbH. 68
Chloride Catalyst 21.
Chevron:
gasification Erocess. 42.
Qil Corp., 42.
Research Corp., 42, 93.
Circulating char 22.
Circulating molten sodium carbonate 52.
Cities Service Oil Co. 19, 66. 93.
City College of N.Y. 5, 63.
Clarified liquor 44.
Claus unit 22.
Clean coke process 2, 5.
Coalcon Co. 4.
Coalcon liydrocarbonisation 4.
Coal;
conversion complex, 5.
conversion plant, 9.
derived liquid, 9, 21.
derived products, 30.
derived solvent, 30.
derived synthetic fuels, 13, 21.
derived synthesis gas, 20.
extract, 12, 18.
handling, 28.
hydrogen mixture, 21.
liquefaction demo. plant, 16, 17.
oil-gas refinery 8, 9.
particles, 21.
plex, §
preneater, 48.
pyrolysis, 21.
research establishment U X, 18, 27.
seam, 36.
slurrying, 3, 8.
solution, 27, 30.
solvent, 30.
tar vapours, 6.
to methanol plants, 24.
to salt mixtures, 24,
Cobalt molybdate catalyst 35.
CO3 acceptor; 2§, 40.
pilot plant, 28.
process, 42,
CO5 removal 8, 9, 52.
COED; 5. 11, 77.
char, 7.
pilot plant, 26, 77.
process, S, 8, 20, 34,
project, 26.
syncrude 5, 7, 26.
C0G. 5,8,
Cogas Development Co., 7, 10, 62.
Cogas project 5,7, 8,10,
C.0.G. refinery concept 9, 10, 16.
Cohesive structure 36.
CO/H4, mixture 23.
Coke: 2, §, 21, 25.
coked, 27.
pellets, 4.
preparation unit, 3.
Coker 14.
College of Larth & Mineral Sciences 2, 35, 51, 53.
College of Engineering 53.
Colorado Interstate Gas Corp. 46.
Colorado School of Mines 33.
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Colorado state 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.
Combined 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.
Companics 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.
Conical fluidised bed 63.
Connecticut Light & Power Co. 72.
Coroco Coal Developnient Division 20, 23.
Conoco Methanation Co. 51.
Consol fixed-bed process 61.
Consolidated Edison Co, 60, 61.
Consolidated Gas Supply Corp. 44
Consolidated Natural Gas Corp. 10, 44.
Consolidated Natural Gas Services Co. 49.
Consolidated Natural Gas Supply Corp. 49.
Conso! synthetic fuel process (CSI°) 12, 28.
Consolidation Coal 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 vertical retort 44, 64.
Controlled fracturing 44.
Conventional coking 2, 24.
Copper catalyst 24.
Copper zinc chloride catalyst 23.
Co-product 17.
Corn-waste 1.
Corrosive attack 53,
Costeain 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.
Cresylic acid 4.
Crude degrade 31.
Crude oil 2, 20.
Crystalline micro-beads 28.
C.S.F. (See Con.ol Synthetic Fuel) 13, 28, 29.
C.S.F. pilot plant 19, 24.
C.S.1.R.O. 8, 86, 88, 89, 90.
Cumberland Mine 44.
Cyclones 6,9, 15,17, 41, 46, 57, 72.
Cyrogenic separation 31, 40.

Dallas Power & Light Co. 66.

Davy International 1.td. 58, 77.

Davy Powergas Inc. 58, 77.

De-ashed product 25.

De-coked coal §5.

Decomposition temperatures 17,
Degasification 88, 90.

Degasification process 43.

Dehydrated 6, 55.

Delayed coker 33.

Delayed coking process 14,

Department of Chemical Eng. City College N.Y. 5.
Dopt. of Chem. Eng. Uni. North Dukota 25.
Dept, of Chem. Ing. lowa State Uni. 44,
Dept. of Commercial & Industrial Dev, (QId.) 89.
Dept, of Fuels Eng. Uni. of Utah 20,

Dept. of Minerals & Energy (Aust.) 87, 88,
Depolymerization 30,

Desulphurization 2, 14, 22, 13, 35,
Desulphurized 2, 8, 31, 40.

Destructive distillation 37,

Destructive hydrogenation 31

Deutscher Braunkohlen Industrie Vern. 92,
Devolatilisation 2, 51.
Devolatiliser-desulphuriser 76.
Diamataceous earth 33.




Diesel fuel I, 2, 19, 35,
Diesel oil 15, 28.
Digestion 27,
te cloud 47.
Dilute phase fluidised bed 36, 47.
Direct conversion Pprocess 53,
Drrectional drilling 65,
Direct partial oxidation 56.
Direct production of methane 53.
Dissolution; 8, 27, 30.
hydrogenation, 30.
reactors, 27, 30.
vessel, 30.
Distillate; 8, 12, | 4.
fuel, 20
overhead, 19,
Distilled 15,
Distillation; 8, 14, 30, 37.
tesidue, 22.
Dolomite 42,
Donor solvent 28.
Dorr Olivier Inc. 70

Dow Chemicals Co. 5, 6. 20, 34, 42, 49, 70.
41, 59.

Dravo Corp. 1, §, 6,17, 26,
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 | 8.

Eccentric grate 57.

Edison Electric Instityte 32.

Effluent gas 15.

Electric arc 44, 62.

Electric arc gasification process 44, 62.

Electric power utilities 77.

Electricity Trust of S.A. 89.

Electrode coke 27.

Electrodes 45.

Electrofluidic gasification process: 44, 49,
reactor, 45,

Electrogasifier 45.

Electrothermal gasifier; 49,
process, 4.
reactor, 49,

Electrostatic precipitators 58.

Elemental sulphur 22

Elevator 36.

El Pago Natural Gas Co. 52,

Empire State Electric Energy Research Corp. 61.

Endothermic steam gasification 54,
Eng. Dept. Colorado School of Mines 33.
Entrained 8.

bed, 46.

char, 17.

flow, 41,

fuel, 49.

molten salt, 50.

salt, 53,

solids, 47, 49.
EPA. 39, 74, §7.

pollution standards 4i .
E.PRI S, 7,18, 32. 60, 68.
E.R.D.A. (see also O.C.R.) 67, 90, 91.
Ethylene 3, 16.
Excess hydrogen 30,
Exinite 2.
Exit duct 44,
Exothermically 43,
Exothermic heat $0,
Exothermic reaction 54,
Expander 39,
Explosive fracturing 65,
Explosive shockwave 65,
Extraction hydrogenation 3, 8.
Extraction vapours 12,
Extraction vessel ] 8.
Extraction zone 27.
Extractive Coker 14, 33.
Extractive coking process 4.
Extrusion process 47.

Exxon Corp. 14, 18, 45.
Exxon;
gasification process, 45,
liquefaction ocess, 14,

Research & =ngineering Co., 14, 18,45, 94,

Synthetic Fuels Research Div. 14.
Eyring Research Institute 71,

Federal air quality rules WUs) 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 }7, 23.

Fischer retort 23,
Fischer-Tropsch plant 16,17, 5s.

l-‘ischer-TroEsch synthesis 1 5, 29, 52, 58,77, 92.

Fixed-bed; 26, 35, 52.
catalytic methanation, §2.
catalytic reaction, 6.
catalytic reactor, 6, 15, 35, 54.
gasifier, §7.

(Kellogg) process, 62, 69.
methanation, 50.

Fixed catalyst 2,

Flame front movement 65.

Flash;
carbonization, 23.
vapourized, |8,

Flesch Demag process 77.

Flesch Wiakler process 77.

Fluid Convection cathode 62.

Fluidised bed; §, 6, 12, 41, 45, 47, 55, 77.
catalytic reactor, 41,
combustion, 20.
gasification, 58,
gasifiers, 57.

(high pressure model) §7.
hydrogenation, 4.
models, 57.

preheater, 54,

pyrolysis, 6, 8, 10.
pyrolyzer, 6, 17.

Fluidised char gasification 57.

Fluidised drying bed 48,

Fluidised state 47.

Fluor Corp. 19,

Fly ash 2{ 58.

F.M.C. Corp. §, 10, 11, 94,

F.M.C. Corp. Research Dev. Centre. 5.

Fornalde: vde 70.

Formed coke 33,

Fossil Fuels Inc. 3,7, %4.

Foster Assoc. Inc, 33,

Foster Wheeler Corp. 7,13, 14, 35, 61.

Fractionation 12,15, 27, 36.

Fractionation unit 21,

Ft. Lewis Washington 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,
Fueloil 7, 9, 10, 14,15, 16, 26.

Garrests coal gasification process 17, 46, 62.
Garretts coal Pyrolysis process 17, 46.
Garrett Research & Developiment 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 extraction (experimental) 18,
(5as extraction process 18, 27, 88.
Gasification 1 1, 18,23, 24, 25.
Gasification plant, 30, 34.
Gasifier 4, 10, 14, 22, 34,47, 52.
Gasifier-combustor 4,10, 21.
Gas liquid product separation 4, 17,

rasoline 2, 5, 15, 16, 17, 19, 23, 26, 28, 35.
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Gas phase 15.
Gas removal system 24.
Gas turbines 26 60 61,68, 74,

Gegn process 47, 63.
L£.0. (see llso Gulf Lnergy Minerals Co.) 2, 33.
General Electric Co. of N.Y. 47, 60, 63.

General Electric Research & Devefopmenl Co.N.Y. 47,63,
General Tire & Rubber Co. 4

Georgia Institute of Technology 68.

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.

Gulf General Atomics Co. 54.

Gulf Mineral Resources Co. 2, 18, 33.

Gulf Qil Corp. 1, 8,18,33,54,61.

Gulf Research & Development Co. 2, 94.

Hanna project 65.
H-Coal process 13, 18. 26, 33, 90.
Head exchanger 63.
Hcat carrier 22.
H-danor method 28.
Heated nickel catalyst 53.
Heating oil/fuel 14, 31.
Heavy;
alcohol, 15.
bottoms, 1 4.
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Livermure, Calif. 66. Schwzchat, Austria 52.
Livirgston, N.J. 14, 35, 61. Souix Falls, S.D. 61.

London, UK. 1, 58 70, 76, 77. South Africa 15 6.

Los Angles, Calif. 8. South Australia §9.
Louisisnna, Mu 1, 16, 67. South East Queensland 29, 34,
Loulsville, Ky St. Louls, Mo. Z6.

Lunen, W.G. 68. Stoke Orchard, U.K. 18, 27, 88. .
Lukavac, Yugoslavia 23. St. Paul, Minn. 25.

Menlo Park, Culif. 20, 33. ‘Lerre Haute, 1.d. 77.
Melbourne, Vic 90. Toledo, Vhio 13, 28.
Mersiman, Kan. 32, Tokyo, Japan 28, 29.
Miami, Flo. 19. Trenton, N.J. 18, 19.
Miike, Japan 29.

Milan, Italy, 64. Victoria 90.
Mlllmemn Qid. 29, 30, 34, 89.
Minneapolis, 61. Walthain, Mas. 51.

Monroovllh Pa. 2, 69. Waltz, Mill, Pa. 77.
Morgantown, West Va. 1, 36, 65, 73, 74. Washington County, Pz, 43,
Moraoco 65. Washington D.C. 33.
Moscow, U.S.S.R. 65, 66. Weaseling W.G. 72.

Murray Hill, N.J. 77. Westlield, Scot. 43, 51, 5.,

West Jefferson, Ohlo 39, 59.
Netherlands, the SO Western Australia 90.
New York, N.Y. 5, 8, 11,44, 47, 59,62, 63, 70. Wetzel County, West Va. 65.
Norwalk Harbour, Conn. 72. Wilson ille, Ala. 28, 32, 34.
Ohio River Bagin 31.
Oklahoma 33. Windsor Coan. 60
Omuta, Japun 29. Wood (-.unty, West Va. 4,
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15th July, 1975
ADDENDUM TO

"COAL CONVERSION TECHNOLOGY : A REVIEW"
P —

BURLINGTON AND NORTHERN RAILROAD CO.

The Luxrgi and Koppers=-Totzek processes are under evaluation by
B. & N. Railroad Co. for the production of synthesis gas for
ammonia in their proposed coal-based fertilizer plant at Circle,
Montana. The Company has filed a l0-year plan with the Montana
Natural Resources Dept. detailing estimates nI reguirements of
9,000 ton per day of lignite and up co 9,000 acre feet per year
of water for the coal-awmonia plant. Target date for the
commencement of construction of the ammonia plant is the thisd
guarter of 1976.

Burlington and Noxthern’s other pians include construction of a
methanol-from—~coal plant to be underway in 1979-80 and a syn:chetic
diesel oil-from=coal plant to be constructed in the period 1983=85.
All these coal cnnversion plants wilil be located near Circle,
Montana. (Refer to Fig. 6A4)

CARBON BILACK (Institute of Gas Technology)

The Chr.cayo-wased Iuscitute of Gas Technology has developed o

process £oZ the catalycic produccion of carbon black ( X1% ash

and < 0.25%S) from coal. he I.G.T, process operates on a.y
tilises a CO-rich gas and the watex

T
alone as the oxidanc, and ui
gas-shift reaction.

Initially, the coal is devolatilised to generate a stream of
pyrolysis tar/gas products. The develatilized char is then
gasified to preduce a gas stream of CO and Hp which is cooled
DY passaye turough a fluidised bed of catalysts which cause
precipitecion of finely-divided carbon o which may be added an
adnixture of the pyrolysis=product stream.

The process is carried out at pressuces of €80 - 1100 p.s.i.

COALCON EVOROCARLUONIZATION

The following companries have joined the industry group being
formed by the Coalcon Co. to develcp the Coalcon Hydrecarbonizo. .u..
2,600 T.P.C. demonscration plant:-
Atlantic Richfield Co.
Mobil Research and Development Corp.
Martin-Marietta Corp.

This brings the industry team to nine.

In addition to these companies, there are five state and county
agencies in Ohio and West Virginia involved,
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COALCON HYDROCARSONIZATION (con:

There are six States vying £ demonstration plant to e
located within their regions:

Illinecis; Indiana; Kentucky; Chio; Pennsylvania and
West Virginia.

Wood County, West Virginia and 3elmont County, Ohic appear to be
the front-runners, however, the c:iher contenders are submitting
competitive proposals. Site selection for the Coalcon plant is
to be made by lst January, 1976.

COAL LIQUEFACTION PROCESSES = COST MOLELLING
(West Virginia University)

The West Virginia University, Morgantown, W.Va., has completed

an economic comparison of three major coal liguefaction processes
using a computerised mcdel of each of the processes evaluatad
i,e, S.R.C., H=-COAL and SYXNTHOIL.

ated {(o0il cost, capital
t etc.) the S.R.C. process
ose for Synthoil or H-Coal.

Independent of the parameter investig
investment, operating cost, power cos
costs were consistently lower than th

The work was sponsoreu by the Naticnal Science Foundation (now
under E.R.D.A.).

COAMLPLEX (N.C.B.)

The British National Coal Board has proposed a develcpment
program for the period 1975-79 which would reseuarch the coalplex
concept of integrating coal liguefaction, gasification and
pyrolysis plants with power generaticon plants. The overail cost
of the program was estimated at £195,000,000 which is to be funded
by the European Cozl and Steel Community.

C.0,E.D. (F.M.C. Corporeation)

The F.M.C. Corporxation has mace plans £for shipment of 1,003 tons
of C.0.E.D. chiar to Spain where its performance will be tested iua
a Koppers-Totczek gasifier at & commercial fertilizer plant. The
tests will be sponscred by E.P.R.I. and E.R.D.A. and the results
will be eveluated by the Koppers Company. (see P.7 of the Review).

EL PASO NATURAL GAS CO.

As a result of the increasing work-load on El Paso's Burnham Coal
Gasification Complex in the Four Corners area of New Mexico,
(expected to come on-stream in mid-1978), the Company has been
forced to indefinitelv postpone Lits proposed coal gasification
complex in Dunn, Bowman and Stark Counties, North Dakota. ELl Paso
has withdrawn its applicaticn for State water rights in relationm
to the four proposed North Dakota S.N.G. plants but is continuing
to assemble coal reserves in the three counties for future
utilisation in S§.N.G. plants.




g i e gt i

0

i ok et

» W P TY TS R

L = Y

BE,R,D.A.

The recently-created Energy Research and Developient
Administration (E.R.D.A.) incorporates tlie former energy
&. & D. functions of:

Atomic Energy Commission (excluding the nucleaxr reliability
and safety monitoring functions which are assumed by the new
Nuclear Regulatory Commission),

Office of Coal Research, U.S. Dept. of the Interior:;
Bureau of Mines, U.S., Dept. of the Interior;
National Science Fouandation; 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 hydrogasification
process.

In this process, pulverized coal is reacted in a fluidized bed
witk steam and hydrogc: in the presence of arn alkali-metal
catalyst. Methane produced in the hydrogasification reaction
is cryogenically separated from the offgases and can be used
directly as a pipeline gas. Carbon monoxide, cryogenically
separated, is steam~reformed to hydrogen which is recycled,
with the hydrogen stream from the cryogenic separation unit, to
the hydrogasification reaction zone. The hydrogen and steam
concentrations are controlled to balance the exothermic and
endothermic reactions, thus providing a thermoneutral process
for hydrogasification which optimises methane production.

GEGAS

General Electric and the Electric Power Research Institute have
announced plans to construct a 1l T.P.H. pilot plant to evaluate
the G.GAS gasification process for the production of low-Btu
gas from a wide range of impuEe caking coals. This pilot plant,
to produce 100,000 SCF per hour of 150 Btu gas, will be located
at General Electric's Research and Devslopment Centre in
Schenectady, N.Y.

H~COAL (Hydrocarbon Research Inc.)

The Hydrocarbon Research Inc. Develcpment Laboratory at Trentorn,
N.J., has reported significant success in the remove). 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 been tested in the solid-liquid
separation step of the H~COAL process at Trenton. The economics
of magnetic separation will be evaluated in 1975.
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INDIA

The Indian Central Fuel Research Institute conducts studies
related to:-

=3

transportation of coal in a concentrated form to reduce
delivery costs

coal conversion to liguid fuels, S.N.G., low=Btu gas,
chemical feedstocks and domestic fuel.

processing of coal for utilisation in the iromn and steel
industry.

Specific research related to coal conversion includes:=

a)

b)

c)

Low-temperature carbonisation

Two continuous vertical retorts are operated of 20-30
tonnes per day total capacity. Cperation of these retorts
is providing information for 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.

Formed-coke

Operation of a 1 tonne/aour pilot plant for the production
of formed-coke from non=-coking ccals by fluidised-bed
carbonisation has culminated in the construction of a

300 T.P.D. formed-coke plant in Talchar (Orissa State).

Gasification

R & D on steam-oxygen gasification entails the operation
of:~

1.5 a Lurgi plant of 0.8 tonne/hour capacity

2, a Koppers-Totzek gasifier of 110 kg/hour capacity
B a slagging gasifier

The emphasis at present is on the application of solid heat
carriers due to the high ash content of Indian coals.

tilisation of Coal-Distillation Products

A variety of prccesses have been developed at C.F.R.I.
for the extraction of valuable chemical products from

coal tars.

Direct Conversion

An 18kg/hour pilot plant for the hydrogenacion of coal will
be operational in the near future with plans in hand for a
24 T.p.D. demonstration plant to foliow. This work is
co-sponsoreéd by the National Research Development Corp.

of India and the Indian 0il Corp.

Industrial Carbon

Al 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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INDIA (contc)

g) Catalysts
Research into hydrogenation, hydro-refining and Fischer-
Tropsch synthesis catalysts is continuing.

Acetvlene production

Studies are in progress on the production of acetylene
from coal by plasma and laser-irradiation pyrolysis.

Eneray generation

Emphasis is being placed on various aspects of energy
generation and storage including:-
s fuels cells based on methanol and oxygen

2. XD generation based on Lurgi, Xoppers-Totzek,
producer-gas and wate;—gqa generators.

"IN SITU" GASIFICATION AND LIQUEFACTION (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 znenable 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
technigues 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 the upper portions of the deposits. This technigue employs
the introduction of gasifying media at pressures up to 1500 p.s.i.
via drill holes spaced 600 feet apart which penetrate seams at a
depth of 2000 feet. The strata between the coal seams is heated
to a high temperature and acts as a heat sink where the heat is
utilised for producing synthesis gas dGuring 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 Commission.

URGL
In the Fecderal German Republic, a large~scale project to further
develop Lurgi pressure gasification and the production of synthetic
liguid and gaseous fuels from coal has been undertaken by a
consortium of oil, gas and electricity companies.

METHANATION (Conoco Coali 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 continua to be operated koth in Scotland and at Conoco
Coal Development Co's Ponca City, Okla., laboratory to augment

the data on long-term catalyst durability.
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METHANATION (Ventron Corp.)

The Veantcon Corp. hi ] process for the production
is gas over a transition-
or platinum) intercalated in

ic state. The significant

J
(o]

of high-purity methane £
metal catalyst (anickel,
a graphice structure in
feature of this methanac is that the reactiomn can
be carried out at pressure w as 1 atmosphere and within
a temperature range oi 400 - The catalyst is sulphur-
tolerant up to 0.3%S.
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METHANOL-COAL REACTION PROCESS (Texas Tech. University)

. Un
3
C)

iversity, Lubbock, Tex., have
litre scirred batca autoclave to

- v 4= 3 o
~ta

conducted experiments in &
demonstrate the feasibllity of emploving methanol as a coal-
conversion medium. The process involves the sluxrrying of coal
in methanol with subseguent nydrogenation oi the coal through
the thermal decomposition of the methanol.

Researchers at Texas Tech

The experimental results indicated that methanol is uniquely
absorbed by coal which provides an intimate dissemination of

the hydrogen source within the coal particles., The thermal
decomposition of the methanol within the 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 rascent hydrogen by the
water-gas shift reaction.

Coal conversions of up to 41% (d.a.f.) at 600°C and 1,400 p.s.i.
were obtained, with a significant increase in the rate of coal
conversion compared with gaseous-phase hydrogenation due to the
elimination of boundary-lazyer resistance.

METHANOL - M.T.B.E. SYNTHESIS

The Sun Cil Co. has evaluated many oxygenated hydrocarbons
(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 produce 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) with 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 hydrocarbcons and 0.7 barrels per ton of higher alcohols as
by=-products.




METHANOL SYNYHESIS — LURGT

The first application cf Lurgi's Low-preussure methanol technology
in the Uanited States will be a 1,000 ton/day plant scheduled for

completion in 1976 at Celanese Chemical's Bishop, Texas, complex.
The syanthesis-gas feed mayv be prepared by reforming cf natural

gas or naphtha, ox coal gasification.

NEW SOUTH WALES

The Ncow South Wales State CGovernment has appointed Gas Developments
Corporation, an afiiliate of the Chicago Institute of Gas Technology,
as consultants in the fieid of coal conversion.

NUCLEAXR=7JAS

e¢inische Brauankohleawerke
Bath Single Shaft process),
ng to evaluate the use of
of coal in
and methane.
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In West Gexrmany, Unica Xraftstad
A.G. (the develcopers of the Rumx
are coustructing a gilot plant

nuclear reactor pirocess heat in
fluidized beds to procduce synthe

P

> 5]

>y

b

Others involved in researching the application of nuclear process
heat to endothermic cozl gasification are:-

Stone & Webster Engineering Corp. and Gulf General
Atomics Co. (see "Solution-Gasification")
Bergbau=Forschiung Gubl of Essen

Kernforschungsanliage Julich GmbH of Julich

Ccal Mining Research Centre, Essen.

The R & D in this field is sponscred in the German Federal Republic
Py Bundesministerium fur Forschung und Technologie.

The Coal Mining Research Centre of Essen considers that a 3,000
MW nuclear-~waste-heat cozl casificetion plant could be operational
by 1990. Such a plant would process 12,000 tonnes per day of coaili
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 willion S.C.F./day for 320,000 T.P.D. of coal. The difference
of 18,000 T.P.D. presumably represents the amount of coal reguired
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 the C.M.R.C. process. Since the utilisation
of the nuclear-waste-heat does not detract from the operational

fficiency 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.
gasification plant which will produce an overall power equivalent
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NUCLEAR-WASTE-~HEAT GASIFICATION [coatd)

of 900 MW. Such a plant would be expected to be operational
by 1983 at a cost of As$l,100 million however this would be
dependent upon the successful operatcion of a 300 MW prototype
high-temperature, gas~cooled nuciear reactor now under
construction at Ventrop-Schmelhzusen.

OAK RIDGE HYDROCARBONIZATION PROCESS

The Oak Ridge National Laboratory has been awarded a U.S.
$600,000 contract by E.R.D.A. to provide experimental
engineering support data for the Xyvdrocarbonization process.
Phase I of the program is

L
2. .
ide design data
for a continuous bench-scale process unit.
3. design and construction of the continuous bench~scale
facility of about 10 1lb/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 hydrocarbonization
b) process steps employing supported catalysts with
molten~salt components to produce a range of desirable

products.

PANHANDLE EASTERN PIPE LINE CQ.

Panhandle Eastern Pipe Line Co. will commence construction of
their first 250 MM 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.
plant.

POLAND

The Main Institute 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 States and the Federal
Republic of Germany.




SASOL I

7o huadle any short-term energy shoirtages in South Africa

until SASOL II comes on-stream, SASOL is immediately initiating
a U.S. $65,000,000 expansion program at SASOL I to increase the
capacity of the Lurgi gasification battery by 40 per cent to
double tne supply of fuel gas to industry. The new gasifiers
will be of a size unequalled in the world.

S.R,C, ~ SASCL

The rescarch laboratories of The South African Coal, 0il and

Gas Corp. Ltd. (SASOL), have been conducting extensive research
into the Solvent Refined Coel (S.R.C.) Process. A pilot plant,
in operation since 1971, has provided sufficient data to
establish optimum operacing conditions in critical process ct. s
such as the degree of solvent extraction, filterability, and the
characteristics and properties of the S.R.C. product.

S.R.C. ~ MITSUI/GULF

The Gulf 0il Corp. and the Mitsui Group announced on 19th June
1975 that an agreement was entered into (December 1974) which
aims for co-operation in commercializing Gulf's Solvent-=Refined
Coal (S.R.C.) process. The Gulf 0il subsidiary, Gulf Minerals
and Energy Co. (GEMCO) wili supply patent licences and technical
support ané Mitsui will undertake the bulk of the financing.
Under the agreement, the partners 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.C.=PAMCC P.30 in the Review)

SUPER~CRITICAI, AQUECUS EXTRACTION {(Bechtel)

Bechtel International Corporation is developing a process for

the ligquefaction of coal in an agueous medium. Pulverised coal

is slurried in an agueous medium and contacted with super-critical
water in the presence orf hydrogen to depolymerise the coal rapidly
to aralkan=s 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 academic world.

WELLMAN GALUSHA

A proposal has recently beén announced for M,W., Kellogg Co. and
the College of Earth and Mineral Sciences of the Pennsylvania
State University to jointly develop a demonstration plant to
produce medium~Btu gas suitable for methanation toc pipeline
guality based on a modified Wellman-Galusha unit.
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MILLMERRAN COAL PTY. LTD.

SUPPLEMENTARY COAL CONVERSION PRCCESSES

LIQUEFACTION

Atlantic Richfield Hydroyenation Process

Solvent Extraction - Polish Institute of Chemical Technology
Solvent Refined Coal = SASOL LTD.

Sun Liquefaction Process o

Supercritical Agueous Coal Extraction -~ Bechtel

Texas Tech., Methanol = Coal Reaction Process

University of Utah Hydrochemical Process

University of Texas Pyrolysis Process

HIGH BTU GASIFICATION

American Energy Corporation Gasificatiou Frocess
British Gas Council Gasification Process
Catalytic Hydrogasification Process - Exxon
Cogas Gasificaticn Process

Flexicoking Process - Exxon

Hydrocarbonization Process - Oak Ridge Nat. Lab.
Koppers ~ Snell Gasification Process

BCURA -~ Lurgi Slagging Synthesis Gas Process

Gas Council - Lurgi Slaggi..gy Synthe¢sis Gas Process
USBM =~ Lurgi Slagging Synthesis Gas Process
Nuclear Waste Heat Gasification (various groups)

IOW BTU GASIFICATICN

Babcock & Wilcox Cyclone ifuel Gas Process
BASF-FLESCH-DEMAG Fuel Gas Process
BASF=FLESCH-DEMAG Synthesis Gas Process
BCR-Kaiser Fuel Gas Process

PBubiag Didier Process

CEGB Marchwood Fuel Gas Process

Chapman Producer Process

Combined Cycle Process = IGT

Combined Cycle Process = Steag

Cyclone Coal Combustion = USBM

Eyring Pyrolytic Gasification Process
Flesch Le<mag Process

Flesch Winkler Process

FRS Cyclone Fuel Gas Process

Great Northern Railway Fuel Gas Process
Heller Gasification Process

15T Cyclonizer Synthesis Gas Process
Inland Steel Synthesis Gas Process
Leuna Synthesis Gas Process

Ludwig Mcnd 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.




LR PN G T S T ————y—— o —" - )

’- T . ’ .-“”:i ‘.* . -"l-‘ M‘W’*

TABLE FILMED

IN SECTIONS




Commercial And Demonstration Coal Conversion

B. SUBSTITUTE NATURAL GAS COAL GASIFICATION PROJECTS

. Y e Coal Feed  Plant Output
Controtling Company(s)™ Site Process/Scale Ton/Day million SCF/day

AMERICAN NATURAL GAS CO. Beulah-Hazen Area, LURGI with h.G.R. 110.000 ' .
and its subsidiaries, Michigan North Dakota. Methanation. - Commercial e :0:’ P:‘]li‘cl.‘ .
Wisconsin P:peline Co. and A.N.G. ‘ederal Pawer
Coal Gasification Co. Company has
(North American Coal Corp.) by the State i«
Kaiser Industr
to the project
U.S. $780 mull
28,000 ton pe
S.N.G. The pl
other plants 1
associated coa
1.5 hillion ton
future gas pro
roduction 3
assent 11,00
South Africa |
The American
conducting fe
enerating pla
acilities wouly
power plant |
handling oper
estimated to
AN.G. Coal (
S.N.G. plant 4
through its p1

COLORADO INTERSTATI South-Fast Montana Uinder Study Commercual 25,0010 Colorado Inte
GAS CORP. (Westmoreland Coal Co)) and 10,000 ac
Westmoreland
Colorado Inte
Developmeni
Petroleum wh
S.N.G. plant ¢
that Garrett's
south-cast Mo)

COLUMBIA COAL GASINICATION I nois, near St Louis, Under Study - Commerciat 30,0001 Columbia Ga
CORP. AND COLUMBIA GAS Missouri interest in 413
SYSTUM, INC. coal lands for
coal lands he
The Hlinois o
pending deve
sound voalqa
are U.S. $615
million for 1y

CONOCO MIETHANATION (0O, Westlield, Scotland LURGT with 1LG R mietlanation The Westfici
AND CONOCO COAL DLVELOP- Demansiration gasifier with
MENT CO. subsidiaries of !

- s . ) methanaton
Continental Od Co (Westleld Mine) ‘:}‘lenu;u na

houscholds |
Sea natural ¢
methanation
Corp. and the
I'he now-pro
plants being §
Fourteen U

project at W,
high-pressure
British Gas ¢
substantialhy

The project |
NOTE: The v
and funded b
Cities Servic e
Gas Transmis
Gas Co., Fax
Northern Nat
Peabody
Transcontine:
Co., and Trar

Consolidate!
CONSOLIDATED GAS SUPPLY COU..  Green County, Pennsyivania L'nder Stua Commerial o Koy
a subsidiry of Consolidated Natural ) i v i :‘3:: ?:?im:
. g “Ri Ca
Gas Corp Gas Corp. sp
coalgasificat

CONSOLIDATI D GAS SUPPLY CO.  West Vizginia C.f“’“"dak'd
a subsidiary of Comsolidated Natural 190.' Bureau «
Gas Corp., (Fastern Associated Coal ks::c:lrlli;.n
orp. e (
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CONMO METHANATHON (0
AND CONOCO COAL l)l VI LOF
MENT CO, subsidiaries .

Continental Oil Co, (We '!lfm!d Mine)

4 subsidiary of Consolidated Natural
Gas Corp

CONSOLIDATID GAS SUPPLY CO
a subsidiary of Consolidated Natural
Gas Corp., (Eastern Associated Coal

Corp.)

EL PASO NATURAL GAS (0.

EL PASO NATURAL GAS CO

GARRETT RESFARCH AND
DEVELGPMENT CO..

a Subsidiary of Occidental
Petroleum Co

ISLAND CRLEK COAL CO.,

a subsidiary of Occidental
Petroleum Co., and an unnamed
gas pipeline utility

KOPPERS GmbH

MARATHON OIL CO., AND
CAMERON ENGINEERS, INC

CONSOLIDATIED GAS S5UPPLY CO .

Westtield, Scotland

Green County, Pennsylivania

West Virginia

Dunn, Bowman and Stark
Counties, North Dakots

Foar Corners Area,
New Meskco

At a pawer utihity site to
be selected
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GARRETT RESEARCH AND
DEVELOPMENT CO.,

a Subsidiary of Oceidental
Petroleum Co,

ISLAND CREEK COAL CO,

a subsidiary of Occidental
fetroleum Co., and an unnamed
gas pipeline utility

KOPPERS GmbH

MARATHON OIL CO., AND
CAMERON ENGINEERS, INC.

NORTHERN NATURAI GAS CO
AND CITIES SERVICIE GAS CO
(Peabody Coal Co)

PANHANDLE FASTFRI! PIPE
LINE CO. (Peabuody Coal Co.)

PANHANDLE EASTERN PIPE
LINE CO. (Peabody Coal Co.)

PENNSYLVANIA GAS AND
WATER CO.

PEOPLE'S GAS CO., a subsidury
of Natural Gax Pipeline Co. of
America

SCUTH AFRICAN COAL, OIL
AND GAS CORP.

subsnidiary of Souihern Natural
Resources, Inc.

FUEL ASSOCIATES

TEXAS GAS TRANSMISSION
CORP. (Consolidation Ccal Co.)

TRANSCONTINENTAL GAS
PIPELINEF CORP ,

SOUTHERN NATURAL GAS CO.,

TEXAS EASTERN TRAMSMISSION
CORP. AND EASTERN GAS AND

TRANS-CANADA PIPE LINE CO.

At a power utlity site to
be selected

Kentucks

IFederal Republic of Germany

Colorado

Powder River Basin, Montana

Eastern Wyomirg

Sauthern [hinois

Penncylvania

Dunn County, North Dakota

Sasotburg

1lhnois

North-West New Mexico

West Kentucky

Western Canada

Powder River Basin, Wyoming

Garrett's Coal Gasification
with methanation
Demanstration

Garrett’s Coal Gasificanon with
methanation or another suitable
process  Commercnal

Kappers-Totzek Pressur
Gasification with Koppers
LCT shirt conversion:
methanation - Demonstration

Under study - Commercia}

LURGI with H G R. Mc¢thanation
Commercal

LURGI with H.G.R.
Methanation -- Commescial

LURG! with HG.R.
Methanation - Commercial

HYGAS witn Methanation
(or similar process)
Demonstiation

LURGI! with H.G.R Methanation
Commervial

LURGI with H.C .R.
Methanation - Demonstration

Under Stuuy - Commercial

Under Study — Commerzial

Under Study - Demonstration

LURG! with H.G.R.
Methanation - Commercial

Under Study - Commercial
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MARATHON QIL CO., AND
CAMERON ENGINEEF S, INC

NORTHERN NATUPR Al GAS (V.
AND CITIES SERVICE GAS CO
(Pealody Coal Co.)

PANHANDLE EASTER;1{ PIPF
LINE CO. (Peabody Coal Co.)

PANHANDLE EASTERN PIPE
LINE CO. (Peabody Coal Co.)

FENNSYLVANiA GAS AND
WATER CO.

PEOPLE'S GAS CO., 2 subsidiary
of Natural Gas Pipeline Co. of
America

SOUTH AFRICAN COAL, OIL
AND GAS CORP.

SOUTHERN NATURAL GAS CO.,
subsidiary of Son thern Natural
Resources, Inc.

CORP. AND EASTERN GAS AND
FUEL ASSOCIATES

TEXAS GAS TRANSMISSION
CORP. (Consolidation Coal Co.)

TRANS-CANADA }PE LINE CO.

TRANSCONTINENTAL GAS
PIPELINE CORE.,
a subsidiary of Transco Cos.

WESTERN GASII'ICATION CO.

Pacific Lighting Corp. (Utan
International Corp.)

TEXAS ZASTERN TRANSMISSION

L ), a joint-venture company of
Te-as Eastern Transmission Corp. and

“olorado

Powder River Basin, Montana

Eastern Wyoming

Southern Illinois

Pennsylvania

Dunn County, North Dakota

Sasolburg

Illinois

North-West New Mexico

West Kentucky

Western Canada

Powder River Basin, Wyoming

Four Corners Area,
Now Mosieo

Under study - Conunercial

LURGI with H.G.R. Methanation
= Commercial

LURG! with H.G.R.
Methanation - Commercial

LURGI with HG.R.
Methanation - Commercial

HYGAS with Methanation -
{or similar process)
Demonstration

1 URGI with H.G.R. Methanation
- Commercial

LURGI with H.G.R.
Methanation — Demonstration

Under Study — Commercial

Under Study -- Commercial

Under Study - Demonstration

LURG! with H.G.R. i
Methzanation - Commercial

Under Siudy — Commercial

LURGI with Methanation -
Commercial

* COMPANY(S) SUPPLYING COAL FGR PROJECTS IN PARENTHESES
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ercial And Demoﬂ’"ati"“ Coal Conversion Plants

L GAS COAL GASIFICATION PROJECTS

Site Process/Scale

Hazen Area, LURGI with HG.R

Yakota. Methanation. — Commercial
kst Montana Under Study  Commercial

ar St. Louis, Under Study  Commercal

ot RO .

otland FURGT with H.G.R. mer. anation

Demonstration

ty, Pen }
enrnsylvania Under stuay ¢ ummercal

Depastication  Commercial

Coal Feg
Ton/Day il

110.00¢

25.000

30,000

| ’
Net Appheable

250

Y00

I.6

Plant Output
lion SCF/day

1.000 (4 Plants)

Figure 6
Status

Four plants are planned. An application has been lodged with the
Federal Power Commission to consiruct the first plant and the
Company has been allocated 17,000 acre feet per annum of water
by the State for this plant. Kaiser Engineers Inc. (a subsidiary of
Kaiser Industries) has begun work as the principal sub-contractor
to the project contractor, Combustion Engineering, 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 1s to be in operation by 1980 with the three
other plants to follow at tlyee te four year intervals. The
associated coal-mine development will cost U.S. $150 million.
3.5 billion ton of North Dakota lignite have been dedicated to
future gas projects and these reserves are sufficient for plants
production 1 billion SCF per day of §.N.G. Michigan Wisconsin
has sent 11,000 ton of North Dzkota lignite to Sasolburg in
South Africa for gasification tests in SASOL'S LURGI units.

Fhe American Natural Gas Co. and Basin Electiic Co. are
vonducting feasibility studies on the integraticn of electric-
gencrating plants and coal-gasification plants at this site. Both
facilities would be (uelled by the same coal mine with the electric
power plant burning the fines resulting from the coal-gasification
handling operations. Preliminary cost of this jomt project is
estimated to be in excess of U.S, $1.000 million.

A.N.G. Coal Gasification Co. will construct and operate the
S.N.G;. plant and Michigan Wisconsin will market the gas

through s pipehne system,

Colorado Interstate has an option on 300 milhon tons of coal
and 10,000 acre feet per annum of water to be supplied by
Westmoreland for development of the coal-gasification project.
Colorade Interstate is co-funding Garrett Research and
Development’s coal-pasification test program with Oceidental
Petroleum which includes plins for a 250 million SCI per day
S.N.G. plant expected to be i operation in 1980, 1t 1s believed
that Garrett's gasification process may be selected for the
south-cast Montana plant.

Columbra Gas System has agreed to exchange a S0 per cent
interest in 43,400 acres of s 300,000 acres of West Virginis

coal lands Tor a 50 percent interest in 35,000 acres of Ninois
coal iands held by Carter Oil Co. (an Exxon Corp. subsidiary).
The Illinois coal will be held by Columbia for coal gasification
pending development of an economically-viable and technicaliy-
sound coalaasification process. Creliminary capital cost estimates
are LS. $635 million for the S.N.G. plant and U.S. $7§

nuilhion lor three assoctalea mines.

The Westlield test plant utilises a commercial LURGT pressure
gasifier with un added experimental “Hot Gas Reeyele (HL.G R

methanat it This combinmation has successtully produced a
substite natural gas for dustribation to several thousand
househiolds ina pipeline system designed to distriibute North

Sea nataral gas, thus demonstrating the feasibility of voal-gas
methination on a small commer:al scale. Conoco, British tGa:
Corp. and the Scottish Gas Board co-operated un this project.
I'he now-proven methanator will be used in the new S.N G
plants being planred in the LLS.A.

Fourteen .S, compantes have agreed to sponsor another

project at Westfield aimed at the commerctal-scale testing of
hih-pressure slagging process for gasifying coal developed by the
Brinish Gas Council. It successtul, the provess is expected to
substantially reduce costs compared with established methods.
The praject is expected to cost US. $10 million.

NOTE. The Westfield methanation progect is managed by CONOCOS
and funded by a consortium which includes. AMAX Coal Co .
Cities Service Gas Co.. Colorado Interstate Gas Co., Columbia
Gas Transmission Corp., Cantinental Oil o, F1 Paso Natural
Gas Co.. I'xxon Corpr, Gulf 0l Corp., Natural Gas Pipeline Co
Northern Natural Gas Co., Panhandle Fastern Pipehine Ca.,
Peabudy Coal Co., Rocky Mountain Liergy Co., 2
Transcontmental Gas Pipe Line Corp., Pacific Coal Gasification
Ca . and Transwestern Coa! Gasification Co.

Consatidated Gas Supply € ~as acquired, in Green County.
avreape conlaning 430 mil' on tons of high-voliile bituminous-A
coal. The company expects to make a commitment on its Tirst
coal-gasitication plant within about a year ('nn\uIld.ltutl“"\"‘lltlr.ll
Gas Corp. sponsors Columbia University s “Flectric Are
coal-gasihication R & D program.

Consolidated Gas has undertaken the commercal application of
the Bureau of Mines' Degasification process. On 28tk January.
1974 methane drained from a coal scany owned by Eastern
Associated Coal began 1o flow into the Consohdated Gas
natural gas pipeline system tor distribution to consumers at the
rate of 600,000 SCF per day, via 2 6 Tt diameter well drilled
through the seam. Consolidated Gas and Laslern Association
Coal have negotiated a gas-purchase cantract and are planning

a second degasification rroject using an 18 e dmeter exit well
to deliver absut 1 milllon SCE per day of methne to the
pipeline system,

- 3 & Vederal Authoriies




LURGHT wath G K e Uination
Pemianstrilion

Under Stuay  Commercial

Degasifivation  Cemmercial Not Applicable

hind Stark LURGI with HG.F. 120,000
Dakota methanation - Commercial

LURGI with H.G.R. 56,000
methanation  Commercial
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Demonstration
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methamition  Demonstration

of Germany
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The Weattield test plant utibises s commerci IRG ESsure
pasifier with an added experimental “Il::llt?;lslﬁtt}:é:cpllitl\:?'& e
methanator. This combination has successfully pluduwd .n. :
substitute natural gas for distribution to several thousand
Iluu.\'chuld\ i a pipeline system designed to distribute North

Sca natural gas, thus demonstrating the feasibility of coal-gas
methanation on a small commercial scale. Conoco, British Gas
Corp. and the Scottish Gas Board co-operaled on this pru)ci:l..
The now-proven methanator will be used in the new S.NG
plants being planned in the U.S.A. : -
Fourteen ULS. companies have agreed to sponsor another

project at Wc.\lflclg’l aimed at the commercial-scale testing of a
Illgll-prc§.\uru: slagging process for pasifying coal developud by the
British Gas Council. If successful, the process is expected o
substantially reduce costs compared with established methods.
T'he project is expected to cost U.S. $10 million.

NOTE: Tne Westlield methanation project is managed by CONOC(
and funded by a consortium which includes. AMAX Coal Co.,
(‘mc’\‘ Service Gas Co., Colorado Interstate Gas Co., Columbia

(3.ls Transmis ton Corp., Continental Oit Co.. FI Paso Nutural

Gas Co., Fxxoa Corp., Gulf Oit Corp.. Natural Gas Pipeline Co..
Northern Natural Gas Co., Panhandle Fastern Pipeline Co..
_l"‘\.illl()tl\' Coal Co., Rocky Mountain Energy Co.,

Ivr.mmnmm-nul Gas Pipe Line Corp., Pacific Coal Gasification
Co, and Transwestern Coal Gasification Co.

Consolidated Gas Supply Co. has acquired, in Green County,
acreape contwning 450 milhon tons of high-volanie bituminous-A
coal. The company expects to make a commitment on its first
coal-gasification plant within about a year. Consolidated Natural
Gas Corp. sponsors Columbia Unwversity's “Flectnie Are™
coal-gasification R & D program.

Consolidated Gas has undertaken the cominercial application of
the Burcau of Mines’ Degasification process. On 28th January.
1974 methane drained from a cval seam owned by Eastern
Associated Coal began to flow irto the Consolidated Gas
natural gas pipeline system for distribution to consumers at the
rate of 600,000 SCI° per day. via a 6 ft. diameter well dnlled
through the seam. Consolidated Gas and Eastern Association
Coul have nepotiated a gas-purchase contract and are planning

a sevond degasification rroject using an 18 (1. diameter exit well
to deliver about 1 milhon SCU per day of methane to the
pipehine system.

Il Paso applied in April 1974, 1o State and Federal Authorities
for permits to construct 4 SIN.G. plants to gasify North Dakota
lignite. Appheation for 71,816 acre fect per annum of water
for the four plants has been lodged. The fisst plant is expected
t0 come on-stream in 1980,

'] Paso plans te construct and operate the Burnham Coal
Gasification Complex on the Navajo Indian Reservation.
Capi.al costs (197§ basis) will be U.S. $114 million for the
minmy operation and U.S. $600 million for each gasification
plant. The average unit cost of the synthetic gas over a 25-year
plant life is estimated at U.S. $1.17 per thousand cubic feet.
Stearns-Roger Corp. is the project contractor. Construction of
a single, full-scale LURGI gasifier experimental unit is
underway near Farmington, N.M., with operation expected in
mid-1975. This unit, to process 765 T.P.D. of coal will test
modifications to the basic LURGI gasifier including operation
at 1200 of design capacity and 130% of design pressure to
produce about 7 million SCI'/day of SN.G equivalent. This
unit will provide a basis for training operators for the first
commerctal plant In conjunction witi the gasifier test program
a pilot plant methanator s in operation by Stearns-Roger.

The first commercial plant will process 26,000 T F D. of coal
tin about 30 .. URGI oxygen-blown pressure gasifiers) to
produce 288 million SCE per day of 970 BIU/SCIE pipeline gas.
Aur-blown LURGI gasifiers will produce low BTU fuel gas ror
process steam and power generation. This commercial plant
should be completed in mid-1978.

Garrett Research and Development plans a 250 T.R.D. | lant

to demonstrate their gasification process which has been

under evaluation in a 3.6 T.P.D. pilot plant at LaVerne, Caulif.

for some years. the demonstration plant will be sited near

a power utility, to be selected, to provide for utilisation “on site™
of the char produced by the plant

A UL.S. §1,000 million coal-gasification project 1s under
consideration. Island Creek Coal Co. has been working in
conjunction with another Oceidental subsidiary, Garrett Research
and Developraent Co., and Colorado Interstate Gas Corp. on a
rapid, high-temperature coal pyrolysis process for the production
of S.N.G. A 250 million SCF/day cemmercial plant based en
this process has been designed by the Lummus Co. and a plant
of this scale is expected to be in operation in 1980 at a cost of
U.S. $310 million. Such a plant would produce sufficient char

to power a 1200 MW powergenerating station, ideally located
“on site”, a« well as the 250 million SCF per day of S.N G,

Heinrich Koppers GmbH of Lssen and Shell International
Petrolewm Maatschappy. the Hague, are currently testing 4
pressurised Koppers-Totzek pasitier, which normally operates at
atmospheric pressure, at pressures around 450 p.s.i.
Cancurrently, Koppers and Imperial Chemical industries of
Billingham, U.K_, are operating a pilot plant to svaluate a
combined carbon munoside shitt conversion and

methanation umt which they have jomtly developed. Testing o}
this combined shitt conversion-methanation unit by 1 C 1 has
established that commercialiy -avceptable life-times tor

tie umt’s catalysts can be expected

Koppers intends to construct 4 145 T.P.D. demonstration plant
in Germany utilising the K-T pressure gasifier to produce 4
synthesis gas which will be u_pgrudcd 1o p_lpcllnc yuality ina
Koppers-1.C.I combined shift-methanatian reactor to be
installed in the demonstration plant

Marathon and Cameron Engineers have submitted details on
the project 1o the U.S. Bureau of Land Management
Preliminary project u\vnlu.nlinnl 15 un_dc.’l\u} E Inl'\l'(l.d‘ll}-_‘ .‘m

1
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Demonstration
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methunation  Demonstration

Under stucy — Commercial

LURGI with H.G.R. Methanaiion

Commercial

LURG! with H.G.R.
Methanation -- Commercial

LURGI with H.G.R.
Methanation - Commercial

HYGAS with Mcthanation
(or similar process)
Demonstration
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Commercul

LURGI with H.G.R.
Methanation - Demonstration

Unde' Study - Commercial

Under Study — Commercial
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Methanation — Commercial

Under Study - Commercial
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The furst commercial plant will process 26,000 T.P.D. of coai
tui about 30 LURGI vxygen-blown pressure gasitiers) to
produce 288 millionr SCF per day of 970 BTU/SCF pipeline gas.
Air-blown LURGI gasifiers will produce low-BTU fuel gas for
process steam and power generation. This commercial plant
should be completed in 121d-1978.

Garrett Research and Development plans a 250 T.P.D. plant

to demonstrate their gasification process which has been

under evaluation i a 3.6 T.P.D. pilot plant at LaVerne, Calif.

for some years. The demonstration plant will be sited near

a power utility, to be selected, to pravide for utilisation “on sie™
af the char prodaced by the plant,

A U.S. $1,000 million coalasilication project is under
consideration. Island Creck Coal Co. has been working in
conjunction with another Occidental subsidiary, Garrett Research
and Development Co., and Colerado Interstate Gas Corp. on 2
rapid, high-temperature coal pyrolysis process for the production
of §.N.G. A 250G million SCI-/day commercial plant based on
this process has been designed by the Lummus Co. and a plant
of this scale is expected to be in operation in 1980 at a cost of
.S, $310 million. Such a plant would produce sufficient char
to power a 1200 MW power qenerating station, ideally located
“on site”, as well as the 250 million SCF per day of S.N.G.

Heinrich Koppers GmbH of Essen and Shell International
Petroleum Maatschappnj. the Hague, are currently testing a
pressurised Koppcrs-'llolz-:k gasifier, which normally operates at
atmospheric pressure, at pressures around 450 p.S.i.
Concurrently, Koppers and Imperial Chemical Industries of
Billingham, U.K.. are operating a pilot plant to evaluate a
combined carbon monoxide shift conversion and

methanation unit which dhey have jointly developed Testing of
this combined shift conversion-nethanation unit by LC 1. s
established that commercially-aceeptable hife-times for

the units catalysts can be expected.

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 upgraded to pipeline quality in a
Koppers-1.C.1. combined shift-methanation reactor to he
installed in the deronstration plant.

Marathon and Cameron Engineers have submitted details on
the project to the U.S. Buiezu of Land Management.
Preliminary protect evaluation iy underway . inchuding an
environmental impact studs - The plant 18 expected 10 he
operational in 1981

Northern Natural Gas and Cities Service Gas plan to construct
four 250 mulion SCF/day coal-gasification plants. Peabody
Coal has agreed to supply S00 million tons of caal for the
project and the gas companies are negotiating for a like
amount. In 1975, U.S. $10 million will be spent for preliminary
development. Construction of the first plant could start in
1976-7 with operation in 1979-80. Project contractors are
Foster-Wheeler Corp. and Woodall-Duckham Ltd.

Plant operation is expected in the 1979-80 period, assuming
timely receipt of all governmental authorizations. Investment
will be about U.S. $500 million. Bechtel, Inc. is the project
contractor.

A feasibility study is underway 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 operating a demonstration plant.

The company plans to construct at least four, and possibly
eight, coal gasification plants. Rights to 2,000 million tons of
lignite in 110,000 acres of coal lands have been obtained from
Star Drilling, Inc. in North Dakota. Capital investment for

each mine will be about U.S. $100 million and the cost of

each gasification plant will be about U.S. $4 70 million. The first
plant is expected to be operational in 1982 Fluor, Inc. is the
project contractor.

South Afriean Coal, Oil and Gas Corp. (SASOL) and Lurgi
GmbH successfully demonstrated the commer cial feasibility
of Lurgi's Hot Gas Recycle (H.G.R.) methanation utilising a
slip-stream of synthesis gas from the LURGI gasifiers at the
Fischer-Tropsch plant at Sasolburg.

The company has acquired an option 10 purchase coal

reserves in the Illinois Basin from Consolidation Coal Co. The
optinn will not be exercised unless the Federal Power Comnussion
allows inclusion of the cost of the coal reserves (about

U.S. $28 million) in Southern's rate base. In 1952,

Blaw-Knox produced the first-ever, 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-gasifization
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 agreement with the
State of Kentucky to construct a plant with a capacity of 80
million SCF‘rer day of S.N.G. at a cost of U.S. $200 millicn.
It is expected to take up to three years before construction
could commence. The facility weuld be designed for rapid
expansion to a 250 million SCF per day plant.

Trans-Canada has applied to the Canadian National Energy
Board for permission to undertake a C$8 million feasibility
study in an 800 ton per day LURGI-based pilot plunt. The
company pians to seek approval for a commercial-scale

250 million SCF/day S.N.G. plant to be on-stream by 1980,
requiring a construction commitment by 1977. EM.R. Fuels
Research compared the economics of S.N.G., based on Lurgi
coal gasification, and Arctic Natural Gas and reported favourably
on Lurgi coal gasificatio:. to Trans-Canada.

Feasibility studies are underway and eoal reserves have
g ened for the npeiect, LUR ! f lon y

er




Urder study - Commercial 25,000 pius

sewerage sludge

LURGI! with H.G.R. Methanation 110,000
— Commercial

bin, Montana

™ LURGI with H.G.R. . 25,000
Methanation — Commercial

B LURGI with H.G.R.. -
Methanatior — Commercial

HYGAS with Methanation - 5.000
(or similar process)

Demonstration

LURG! with H.G.R. Methanation 108.500
-- Commercial

North Dakota

LURGI with H.G.R. =
Methanation ~ Demonstration

Under Study — Comtnercial 25,000
w Mexico Under Study - Commercial -

Under Study — Demonstration 8,000
Y LURGI with H.G.R. 25,000

Methanation — Commercial

Basin, Wyoming Under Study — Commercisl 25,000

LURGI with Methanation — 105,000

. Area, 5
Commercial

PROJECTS IN PARENTIIESES

250

1,000 (4 plants)

250

80

1,000 (4 plants)

250

80

250

250

1,000 (4 Plants)

MR o Ut WHICH ey RAVe jointly descltp A &
this combined shitt conversion-methanation umt by 1C 1 has
estiblished thut commercially-acceptable hite-times for

the unit's catalysts can be expected.

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 upgraded to pipeline quality in a
Koppers—1.C.1. combined shift-methana .1on reactor to be
installed in the demonstration plant

Marathon and Cameron Engineers have submitted details on
' pioject to the U.S. Bureau of Land Management.
Pichminary project evaluation s underway . including an
environmental impact study  The plant is expected to be
operational in 1981,

Northern Natural Gas and Cities Service Gas plan to construct
four 250 million SCF /day coal-gasification plants. Peabuay
Coal has agreed 10 supply 500 million tons of coal for the
project and the gas companies are negotiating for a like
amount. In 1975, U.S. $10 million will be spent for preliminary
development. Construction of the first plant could start in
1976-7 with operation in 1979-80. Project contractors are
Foster-Wheeler Carp. and Woodall-Duckham Ltd,

Plant operation is expected in the 1979-80 period, assuming
timely receipt of all governmental authorizations. Investment
will be about U.S. $500 million. Bechtel, Inc. 1s the project
contractor.

A feasibility study is underway 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 operating a demonstration plant.

The company plans to construct at least four, and Possmly
eight, coal gasificauon plants. Rights to 2,000 million tons of
lignite in lf0.000 acres of coal lands have been obtained from
Sta1 Drilling, Inc. in North Dakota, Capital investment fur

each mine will be about U.S. $100 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 contactor.

South African Coal, Oil and Gas Corp. (SASOL) and Lurgi
GmbH successfully demonstrated the commercial feasibility
of Lurgi's Hot Gus Recycle (H.G.R.) methanation utilising a
slip-stream of synthesis gas from the 1.URGI gasifiers at the
Fischer-Tropsch plant at Sasolburg.

The company has acquired an option to purchase coal

reserves in the lllinois Basin from Consolidation Coal Co. The
option will not be exercised unless the Federal Power Commission
allows inclusion of the cost of the coal reserves (about

U.S. $28 million) in Scuthern’s rate base. In 1952,

Blaw-Knox produced the first-ever, 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-gasification
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 agreement with the
State of Kentucky to construct a plant with a capacity of 80
million SC[;‘fer day of S.N G. at a cost of U.S. $200 million.

It is expected to take up to *hree 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 the Canadian National Eneigy
Board for permission to undertake a C$8 million feasibility
study in an 800 ton per day LURGI-based pilot plant. The
company plans to seek approval for a commercial-scale

250 million SCF/day S.N.G. plant to be cn-stream by 1980,
requiring a construction commitment by 1977. E.M.R. Fuels
Research compared the economics of S.N.G., based on Lurgi
coal gasification, and Arctic Natural Gas and regorted favourably
on Lurgi coal gasification to Trans-Canada.

Feasibility studies are undervay and coul reserves have
becn optioned for the project. LURGI gasification with
methanation will probably be used.

Wesco plans to construct and operate four piants near
Farmington, New Mexico. The U.S. Dept. o' the Interior has
allocated 44,000 acre feet per annum for the four plants. Expected
water requirement is 8,200 acre feet per annum for each plant.
Cost of the first plant is estimnated at U.S. $447 million with
operation scherluled for early 1978. Authorization for the sale of
the S.N.G. has becn received from the Federal Power Commission.
A cost-ofservice of U.S. $1.38 per 1,000 cubic feetona
25-year average is authorized. Deliveries of 250 million SCF per
day of S.N.G. arc to commence by 31st December, 1979.
187.5 million SCI’ per day will be sold to Southern California

Gas Co., an affiliate of Pacific Lighting Corp., and the .
remaining 62.5 million SCF per day will go to Cities Service

Gas Co.
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Commercial And Demonstration Coal Conversion Plants

A. COMMERCIAL AND DEMONSTRATION COAL LIGUEFACTION PLANTS

Controlling Company(s)

BURLINGTON NORTHE RN
RAILROAD €O

COALCON CO., a joint-venture
company of Union Carbide Corp
and Chemical Constzuction Corp.

COGAS DEVELOPMENT

CONSOLIDATION COAL CO .

a subsidiary of Continental Ol Cor |

and OLD BEN COAL CO.. a4
subsidiary of Standard Ol of Ohro

GERMAN DEMOCRATIC
REPUBLIC AND THE STATE
OF VICTORIA

MITSUI & CO. AND
MILLMERRAN COAL PTY. LTD.

MITSUI MINING CO., MITSUI &
CO., MITSU! COKE CO., AND
MITSUI KOZAN COKING

Site

Circle, Montana

Not selected. Either Ohio or
West Virginua.

Not wlected

Toledo, Ohio

La Trobe Valley,
Victoria, Australia

Darling Downs,
S.E. Queensland,
Auctralia

MIIKE. KYL3HU, JAPAN

Process/Scale

Under Study — Commercial

Coalcor. Hydrocarbonization -
Demonstration

COGAS (COED plus char
gasification) — Demonstration

SRLC. - CFC.
Demonstration

Technology offered by the
German Democratic Republic —
Commercial

S.R.C. - MITSUIl wath a
gasification process to be
selected - Commercial

SRC - MITSUI -
Semi-Commercial

Coal Feed Liquid Product
Ton/Day (or Solid)

1.000 Synthetic
Diesel Fuel
2,600 3,990 barrels
per day
800-1,000 Syncrude
900 Syncrude. S.R.C.
Not determined Petrol, oil
10,000 S.R.C.or
syncrude
1.500-2,000 SRC.

Gas Product

Synthesis gas for
ammontia synthesis

22 million SCF/day
of SNG

Synthesis gas or SN.G.

Synthesis gas or S.N.G.

Synthesis gas

Synthesis gas or S.N.G.

Figu
Status

The company plans to utilise its reserves of 345 milh
tons of lignite near Cucle. Montana as feedstock for
coa! conversion plant that would produce ammonia 1
fertilizer plant and synthetic diese! oil for the railroa
locomotives. This lignite conversion complex could
operating within several years.

Coalcon has been awarded a U.S. $237.2 million O.C
coniract to coastruct this demonstration plant. The
company will design, construct and operate the plan:
will be located in either Ohio or West Viginia. A
consortium is being formed by Coalcon with several
U.S. companies and state government agencies to coi
specifically on the needs of the project. Plant constr
scheduled for compietion in 1979.

The COGAS Development Co. is currently planning

demonstration plant with a fzed capacity of 806G-1 .0
per day of coal. All process steps are undergoing pil

evaluation in England and the United States.

The companies have propwed to O.C.R. a 5-year. U.
million program to construct and operate 2 900 ‘on

demonstration plant to produce a wide range of solx
and gaseous products. It is believed this plant will co
elements of the PAMCO S.R.C. process, Consol’s C.

and Consol’s CO, —ACCEPTOR process. The solid §
product will be utilised as fuel for the Toledo Edix

station.

The State of Victoria and the G.D.R. have anncunce|
they will undertake, jointly, a program of researci 2
development on the conversion of the vast reserves
in the LaTrobe Valley to petrol and oil. This progra
directed towards the commercial application of ¢, I
corversion technology in the Victerian situation

In November 1974, the companies announced that

undertake 2 joint-venture project to include detaile
and feasibility studies on the construction and cpe-
commercial S.R.C. plant of 10,000 ton per day coz
based on the Millmerran Coal Company 's reserves «
high-volatile bituminous coal which stand at 450 m
largely recoverable by open-cut mining. Mitsui expe
plant to be operational in late 1980. This commer

expected to incorporate a separate gasification plar:
S.R.C. plant carbonaceous residue, together with ar
1 million tons per year of coal feedstock, to produ

significant quantities of low-, med —, and high- B

Cost of the S5.R.C. plant is estimated at A$300 .aili
and another A$100 million for the separate gasifica

Mitsui announced, in late 1974, that they intended
construct a demonstration plant to produce solven:

el IR B ) nan e samicneonascial snale @
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Commercial And Demonstration Coal Conversion Plants

. COMMERCIAL AND DEMONSTRATION COAL L'QUEFACTIGN PLANTS

1trollina Company(s) Site

FEINGTON NORTHI RN
L ROAD O

A LCON CO., a joint-venture
pany of Unton Carbide Corp

hemical Construction Corp.

ASDEVELGPMENT

VOLIDATION COAL CO .

swdiary of Continental Ol Co

iLDD BEN COAL CO..a
tary of Standard il of Ohio

MAN DEMOCRATIC
'BLIC AND THE STATE
I""'TORIA

‘'l & CO. AND
MERRAN COAL PTY. LTD.

L1 MINING CO., MITSUI &
{1 TSUl COKE CO., AND
| KOZAN COKING
- e

Circle, Montana

Not selected. Either Ohio or
West Virginia.

Not selected

Toledo, Ohio

La Trobe Valley.
Victoria, Australis

Darling Downs,
S.E. Queensland,
Australia

MIIKE. KXYUSHU, JAPAN

Process/Scale

Under Study - Commercial

Coalcon Hydrocarbonization -
Demonstration

COGAS (COED plus char
gasification) — Demonstration

SR CFC
Demanstraiion

Technology offered by the
German Democratic Republic —
Commercial

S.R.C. - MITSUI with a
gasification process tao be
selected - Commercial

SRC. - MITSUI
Semi-Cormmercial

Coal Feed Liquid Produ
(or Solid)

Ton/Day

1.000

2,600

300-1,000

90%)

Not determined

10,000

Synthetic
Diesel Fuel

3,990 barrels
per day

Syncrude

Synerude, S.R.C.

Petrol, oil

S.R.C.or
syncrude

S.R.C.

U Gas Product

Synthesis gas for
ammonia synthesis

hion SCF/day

2m
of SNG.

Synthesis gas or S N.G.

Synthesis gas or S.N.G.

Synthesis gas

Synthesis gas or SN.G.

Figure 6

Status

The company plans to utiise its reserves of 345 million
tons of lignite near Circle, Mortana as feedstock for a
coal conversion plant that would produce ammonia for a
tertilizer plant and syrthetic diesel nil for the rairoad’s
locomotives. This lignite conversion complex vould be
operating within several years.

Coalcon has been awarded a U.S. $237.2 milion G.C.R.
contract to construct this demonstration plant. The

company will design, construct and operate the plant which
will be focated in either Ohio or West Viogina. A

consortium is being formed by Coalcon with several major
U.S. companies and state government agencies tu concentrate
specifically 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 800-1,000 ton
per day of coal. All process steps are undergoing pilot plant
evaluation in England and the United States.

The companies have proposed to O.C.R. a §-year. U.S. $83
million program % construct and operate a 900 ton per day
demonstraticn plant to produce a wide range of solid, liquid
and gascous products. It is believed this plant will combine
elements of the PAICO S.R.C. process, Cr.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
station.

The State of Victona and the G.D.R. have anncunced that
they will undertake, jointly, a program of research and
development on the conversion of the vast reserves of lignite
in the LaTrobe Valley to petrol and oil. This program wall 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 feasibility studies on the construction and operation of a
commercial S.R.C. plant of 10,000 ton per dav coal feed,
based on the Millmerran Coal Company's reserves of very
high-volatile bituminous coal which stand at 450 million tors,
largely recoverable by open-cut mining. Mitsui expects this
plant to be operational in late 1980. This commerdial plant is
expected to ircorporate a separate gasification plant to gasify
S.R.C. plant carbonaceous residue, together with around

1 million tons per year of coal feedstock, to produce
significant quantities of low—, med—, and high— BTU gases.
Cost of the S.R.C. plant is estimated at A$300 million (1974)
and another A$100 million for the separate gasification plant.

Mitsui announced, in late 1974, that they intended to
construct a demonstzation plant to produce solvent refined
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AND THE STATE OI- ILLINOIS

SOUTH AFRICAN COAL, OIL
AND GAS CORP. LTD (5ASOLs

SOUTH AFRICAN COAL, OIL
AND GAS CORP. LTD. (SASOL)

SOUTHERN SERVICES, INC_,a
subsidiary of the Southern Co.,
and GULF OIL CORP.

UNIVERSAL OIL PRODUCTS CO.

WHEELABRATOR -FRYE, INC.,

b 4

LTD. membersof
The Mitsui Group of Companies

NORTHERN ILLINOIS GAS CO.,

Illinois, near St. Louis,
Missourt

Sasolburg, South Africa
(SASOL 1)

Eastern Transvaal,
South Africa. (SASOL 2)

To be Selected

To be Selected

COED with char gasification
plus methznation —
Commercial

LURGI gasification plus 12,000
Fischer-Tropsch synthesis

tArpe ana Rellogg syntneses)

Commercial

LURG! gasification plus
modified i’ ischer-Tropscn
synthesis. (refincd Kellogg
Synthol process only) —
Commercial

Solvent Extraction — U.O.P. -
Demonstration.

S.R.C. - PAMCO -
Demonstration

Under Study

10,000 barrels
per day of
Syncrude

4,600 ton per day
of pasoline.

3,000 «on per

day of
petrochemical
feedstock.

{Both gasoline and
petrochemical
feedstock derived
from Fischer-
Tropsch synthesis
of 330 millicn
SCF/day of
synthesis gas)

30,000 ton per
day of gasoline
(estimated).
150-200,000 ton
per year of
ethylene. 250 ton
per day of
ammonia.
190,000 ton per
year of tar
products.

Syncrude, L.P.G.

80-90 million SCF/day
of S.N.G.

33C million SCF/day of
synthesis gas for the
F-T plants.

1,250 million SCF/day
of synthesis gas for the
Kellogg Synthol plant

High-BTU Gas

Synthesis Gas

plant to be ticnal in 1978 with a {ee
1,500-2,000 TP.D of Miike coal. A 5 T.0

completion , at Omuta, Kyusiu,
data for the semi-commercial S.R.C. plang

Northern 1llinois Gas and the State of 11
submitted to the Office of Coal Research
50 per cent funding of the U.S. $250 m:
On 14th March, 1975 Northern lllinois ¢
withdrawing the application to Q.C.R . Inf
escalating prices which increased the cost
reasons for cancellation. The company is
examine the feasibility of other processes
S.NG.

The Sasolburg Lurgi-Fischer-Tropsch Liqus
been producing gasoline, oil and a wide r
chemical feedstocks and by -products sinc
operated successfully, “~th economicaily
the last 20 years, and has been periodical
South Africa's increasing energy requiermr
1973-74 report, sales from this plant werr
million with a pre-tax profit of R17 millio|
plant hasfuom ted SASOL to undertake
a second ischer-Tropsch plant in t
Transvaal (SASOL 2). Plans for a R23(} mi
based on chemicat feedstocks from the Sa
announced in late 1974 by Sentrachem of
Hoechst of West Germany. Scheduled anr
this new plant will be 300,000 tons of carg
acetylene; 80,000 tons of P.V.C.; 30,000 ¢

In December 1974, the South African Gov
details on a second Fischer-Tropsch plant 1
by SASOL on the ezstern Transvaal coalfie
expected to cost U.S. $1,500 mition, with
laid in 1977, and to come on-stream in the

emphasis will be on gasoline production ir:
SA L expects it will mfgly about 34 ¢
gasoline requirements in 1980. SASOL 2 %
increased gasoline levies, Parliamentary-vor
Strategic Oil Fund (created in 1966), supp

ovw:I™ent loans.

o] has i edalioen.u.{i“e agreement with
GmbH of many to u LURGI'’s pres
Rectiaol process and Phenosoivan process ir
The Fluor Corp. of the U.S. will provide th
management and design of the complex

Universal Oil Products have been evaluatin
extraction process for the past two years in
P.D.U. and a pilot plant at the U.O.P. Corps
in Des Plaines, Illinois. The Company recen
for the construction of a lar,

however few details are a ble on plant sg

Wheelabrator-Frye, Southern Co. and Gulf
contracted for the construction of a solven:
(S.R.C.) plant based on the S.R.C. process g
subsidiary, Pittsburgh and Midwa, Coal M
will commence with a feasibility study, anc
1,000 ton per day demonstration plant at a
selected. Cont of the stud

:stimated at U.S. §70-1 ]
ate the phat and S-a..




XY LTD., members o
itsui Group of Companies

{IERN ILLINOIS GAS CO.,

HE STATE OF ILLINOIS

I AFRICAN COAL, OIL
AS CORP LTD. :SASOL)

"I AFRICAN COA., OIL

\:AS CORP. L1D (SASOL)

/ERSAL DIL PRODUCTS CO.

LABRATOR ~FRYE, INC.,
AERN SERVICES,INC , 2

tuary of the Southern Co.,
| LI OIL CORP.

L&

lllinois, near St. Louis,
Missouri

Sasolburg, Soutk Africa
(SASOL 1)

Eastern Transvaal,
South Africa. (SASOL 2)

To be Selected

To be Selected

¥/

COED with char gasification 19,000
plus methanation —

Commercial

LURGI gasificanion plus 13,000
Fischer-Trapsch syntkzsis
{Arge ana khehiogg synineses)

Commercul

LURGI gasification plus 38,000
modified Fischer-Tropsch

synthesis. (refined Kellogg

S»rhol process only) —

Commercial

Solvent Extraction — U.O.P. -
Demonstration.

Under Study

S.R.C. - PAMCO -
Demonstration

1,000

10,000 barrels 80-90 million SCF/day
per day of of S.NG.
Syncrude

330 million SCF/day of
synthesis gas for the
F-T plants.

4,600 ton per day
of gasoline.

3.000 ton per
day of
petrochemical
feedstock.

(Both gasoline and
petrochemical
feedstock derived
from Fischer-
Tropsch synthesis
of 330 million
SCF/day of
syntheass gas)

1,250 million SCF/day
of synthesis gas for the
Kellogg Synthol plant

30,000 ton per
day of gasoline
(estimated).
150-200,009 ton
per year of
ethylene. 250 ton
per day of
ammonia.
190,000 ton per
year of tar
products.

High-BTU Gas

Syncrude, L.P.G.

S.RC. Synthezis Gas

plant to be operational in 1978 with a feed capacity of
1,500-2,000 T.P.D. of Miike coal. A 5 T.P.D. pilot plant is
nearing completion , at Omuta, Kyushu, to provide design
data for The semi-ccmmercial S.R.C. plant.

Northern Hlinois Gas and the State of Illinois, in early 1974,
cubp:itted to the Office of Coal Research a proposal for

50 per cent funding of the U.S. $250 million project.

On 14th March, 1975 Northern Illinois Gas announced it was
withdrawing the appLeation to O.C.R. Inflation and

escalating prices which increased the cost of the project were
reasors for cancellation. The :ompany is continuing to
examine the feasibility of other processes for the production of
S.N.G.

The Sasolburg Lurgi-Fischer-Tropsch liquefaction plan: ias
been producing gasoline, oil and a wade range of

chemical feedstocks and by-croducts since 1955. The plant has
operaizd succesdullv. both economically and technically, for
the last 20 years, and has been periodically expanded to meet
South Africa’s increasing energy requirements. In SASOL'S
1973-74 report, sales fiom this plant were shown as R293
million with a pre-tax profit of R17 million. The success of this
plan: has prompted SASCL to undertake the construction of

a second Lurgi-Fischer-Tropsch plant in the eastern

Transvaal (SASOL.2). Plans for a R230 million chemical plant
based on chemical feedstocks from the Sasolburg plant werz
anncunced in late 1974 by Sentrachem of South Africa and
Hoechst of West Germany. Scheduled aiinual orocuction from
this new plant will be 300,000 tons of carbide, 100.003 tons of
acetylene; 80,000 tors of P.V.C.; 30,000 tons of viny! acetate.

In December 1974, the South African Government released
details on a second Fischer-Tropsch plant to be constructed
by SASOL on the eastern Transvaal coalfields. This plant is
expected to cost U.S. $1,500 million, with foundations to be
laid in 1977, and to come on-stream in the 1979-80 period. The
emggasis will be on gasoline production in the new plant and
SASOL expects it will supgly about 34% of the nation’s
gasoline requirements in 138J. SASOL 2 will be financed by
incrnnedg]wl.im levies, Parliamentary-voted monies from the
Strategic Oil Fund (created in 1966), suppliers’ credits and by

overnment loans.

sol has sign=d a l.icensi.nf agreement with Lurgi Mineralotechnik

GmbH of Germany to utilise LURGI’s pressure gasification,
Rectisol process and Phenosolvan process in the SASOL 2 plant.
The Fluor Corp. of the U.S. will provide the overall
management an design of the complex

Universa! Oil Pisducts have been evaluating their solvent-
extraction process for the past two years in a smali-icale

P.D.U. and a pilot plant at the U.O.P. Corporate Research Centre
in Des Plaines, Illinois. The Company recently announced plans
for the construction of a larger-scale demornstration plant,
however fer details are available on plant specifications.

Wheelabrator-Frye, Southern Co. and Gulf Onl have

contracted for the construction of a solvent refined coal
(S.R.C.) plant based on the S.R.C. process of the Gulf Oil
subsidiary, Pittsburgh and Midway Coal Mining Co. The project
will commence with a feasibility rtudy, and construction of a
1,000 ton day demonstration plant at a site to be

selected. t of the study and con:.cuction of the piaat is
estimzted at U.S. $70-100 million. Wheelabrator-Frye will
finance, own and operate the plant and Southern Services Co.
will ntilise the S.R.C. in its electrical power stations.

Should the demonstratior. plant operate successfully, it will be
expanded over a periog of three years to produce 10,000 ton
pex day of S.R.C. for the Southern Company'’s <, stem.
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Commercial And Demonstration Coal Conversion Plants

B. SUBSTITUTE NATURAL GAS COAL GASIFICATION PROJECTS Figure 6

- T L N Coal Feed  Plant Output
Controlling Company(s)” Site Process/Scale Ton/Day million SCF/day Status

AMERICAN NATURAL GAS CO ¢ -Haz. n Ares RGH wil ; 1K)
and its subsidiaries, Micligan El:;:ﬁlhlnl:_arr; i ht':;,i‘,lu‘::: o ((' -',-—(mmcn il ki00e {.040 (4 Plants) Four planis are planned. An application has been lodged with the
Wisconsin Pipeline Co and A NG Federal Power Commission to construct the first plant and the
Coal Gasificatinon Co Company has been allocated 17,000 acre feet per annum of water
(North American Coal Corp.) by the State ror this plant. Kaiser Engineers Inc. (a subsidiary of
Kaiser Industries) has begun work as the principal sub<oatractor
to the project contractor, Combustion Engineering. Inc. on the
U.S. $780 million coal gasification plant which is to convert
28.000 ton per day of hgnite 1o 250 million SCF per day of
S.N.G. The plant is 1o be in operation by 1930 with the three
other plants to follow at three to four year intervals. The
assocatec coal-mine development wall cost U.S. $150 million.
3.5 billion ton of North Dakota lignite have been dedscated 1o
future gas projects and these reserves are sufficient for plants
production 3 billion SCF per day of S.N.7. Michigan Wisconsin
has sent 11,000 1on of North Dakota lignite to Sasolburg in
Suuth Africa for gasification tests in SASOL'S LURGI units.
The American Natural Gas Co. and Basin Electric Co. are
conducting feasimlity studies on the integration of electric-
generating plants and coalgasification plants =t this site. Both
faciliites would b= fuelled by the same coal mine with the electric
power plant burning the fines resulting from the coal-gasification
handling operations. Preliminary cost of this joint project is
estimated to be in excess of U.S. $1,000 million.
AN G. Coal Gasification Co. will construc’ and operate the
S.N.G. plan: and Michigaa Wisconsin will market the ga
through its pipeline system.
COLORADO INTHRSTATI . South-Fast “:ontana Under Study  Commercial 15,000 250 Colorado Interstate has an option on 300 million tons of coal
GAS CORF (Wesimarcland Caal Co) and 10.000 acre feet per annum of water to be supplied by
Westmoreland for development of the coal gasthcation project
Colerade Interstate is co-funding Garrett Research and
Development’s coal-gasification test program with Occidental
Petroleum which includes plans for a 250 milhon SCF per day
S.N.G. plant expected to be in operation in 1980, It 18 bejieved
that Garrett’s gasification process may be selected for tre
south-east Montana plant.
COLUMBIA COAL GASIFICATION hinors, near St Lowis, Under Study Commercial 30 000 3040 Columbia Gas System has agreed to exchange a S0 per cent
CORP. AND COLUMBIA GAS Missouri imbtanat i 43,400 305 of B 300,000 acres of West Vuginia
SYSTEM, INC coal lands for a S0 percent interest in 35 000 acres of Hhinois
coal lands held by Carter O1l Co. (an Exxon Corp. subsidiary)
The linois coal will be held by Columbia fur coal gasification
pending development of an economically-viable and technically-
sound coalgasifcation process. Prelimmary capital cost estimaes
are US. 3635 million for the SN.G. plant and US. $7§
million for three assocated mingcs.
CONKCD ! ANATION Westine 5 M G W -
AND ('t};i:"{):"(‘)l(l }IA\lrII)I,\'I(‘L:)l'- ediield, Scotland ! ‘I:(e(ml' ::::I::“"; R. methanation | e Westfield test plant utilises a commercial LURGH pressure
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un g o (Westfield Miw)
subsintute natural as fur distribution to several t
householids i . .<hire system designed to distribute Norih
Sea natural gas. thus demonst.ating the feasibility of
methamation or 2 wnall commercial scale. Conoco, British Gas
Corp. and the Scottish Gas Board co-operated on this project.
The now-proven methanator will be used in the new S N.G.
plants bﬂﬁ nned in the US AL

Fou=teen compantes have agreed to sponsor another
project at Westfield auned at the commercial-scale testing of a
high-pressure shagging process for gasifying ccal developed by the
British Gas Council. [ successful, the process is expected to
substantially reduce costs compared with established methods.
The project 1s expected to cost U.S. $10 miltion. }
NOTE: The Wesificld methanation project is by CONOCC
and funded by a consortium which mcludes: AMAX Cual Co.,
Citses Service Gas Co., Colorado Interstate Gas Co., Columbia
Gas Transmission (orp C‘nnmtnh.l Ol Co.. El Paso Natural
Gas Co , Fxxan Corp.. Gulf Oil C Natunl Gas Pipeline Co .
Northern Natural Gas Co., Fanh Eastern Pipeline Co.,
Peabody Coal Co., Rocky Mountain Energy Co.,
i Transcontinental Gas Pipe Line Corp., Pacific Coal Gasihcation
2 Co.. and Transwestern Coal Gasification Co

Ly " Consoldated Gas Supply Co. has acguired, m Green County,
CONSOLIATED GAS SUPPLY €9 . Green Couniy . Penmsylvania Under Muuy  Cownmercial acTeage conlaning 42{‘; mitlion tons of hgh-volatiie bituminous-A
a subsivwry of Consolidated Natural

Gas G t.‘ml The company expects o make a commitment on its first
s Corp. sification plant within sbout 3 year. Consolidated Natural
g&rp sponsors Columbm Univer ity s “Flectric Arc”™
cml-puflmnun R & D progran.

: (U':S‘-_)L"M ':_D GASSUPPLY €O West Virginu Degasification  Commercial Not Appliable 16 Consolidated Gas has undertaken the commercul application of
& Z;:" C’“’"‘”’ ol Consolidated Natwral the Bureau »f Mines' Degasification process. On 28th January.
o s Corp... {Fastern Assocuted Coal 1974 methanc Arained irom a coal seam owned by Faslern
R Assoctated Coal began 1o flow into the Conso’ Lated Gas
ratural gas pipehine system for distribution to consumers at the
rate of 600,000 SCF per day, via a 6 M. diameter well drilled
through the seam. Consohidated Gas and Eastern Assocution
Coal have negolated a gas-purchase contract and are planning
a second degasification sroject using an 18 (1. diameter exit well
to deliver about 1 million SCF per day of methane to the
pipeline system.

EL PASO NATURAL GAS CO. Dunn, Bowinan and Stark LURGI with HG.R. 120,000 1 150 ¢4 Plants) E1 Paso applied 1n April 1974, to State and Federal Authorities I
Counties, North Daketa metharation — Commercial for permits to construct 4 SN.G. plants to gasify North Daskora
hgnite. Application for 71,816 acre feet per annum of water
for the four plants has been lodged. The first plant is expected
10 come on-stream in 1980.

EL PASO NATURAL GAS CO. Four Corners Arca, LUF 1 wath HG R 36,006 576 12 Plants) El Paso plans to construct and operate the Burnham Coal
New Mexico meihanation  Commercial Gasificanon Complex on the Navajo Indian Reservation.
Capital costs (1975 basis) will be U.S. $114 million for the
mining operation and U S. $600 million for each pasification
plant. The average unit cost of the synthelic gas aver a 25-year
plant life is estimated at US. $1.17 per thousand cubi= feel.
Stearns-R Corp. is the project contractor. Construction of
a single, full-scale LURGI pnﬁn experimental unit s
underway ncar l'armugwn N.M._, with operation expected in
mid-1975. This unit, to process 765 T.P.D. of coal will test
modifications to the basic L.URG! gasifier including operation
at 120% ufnk\'g:napucnyaud 130¥% of design pressure to
produce about 7 million SCI-/day of S.N.G equmalent. This
unit will provide a hasis for traning operators fo; the first
commercaial plant In conjunction with the gﬂ"m tes! program
a pilot plant methanator 1s in operation by Stearns-Roger
The first commercial plant will process 26,000 T.P.D. ofu:nll
tin about 30 LURGI pxygen-blown pressure gasificrs) to
produce 288 million SCF pe ayonroarwscpmupx
Aw-blown LURGI gasifiers will produce low-BTU fuel gas for
process steam and power generation. This commeraal
should be completed in mid-1978.

GARRETT RESEARCH AND -\n a power utihity sile (o Garrett’s Coal Gasification 250 1.0 (estimated) Garrett Research and Development plansa 250 T.P.D plant

DEVELOMENT CO.. E:‘ with metharation 10 demonstrate their gasification ptgc‘:n which has been

.IkSubndnry of Occid=ntal Demonstration under cvaluation in a 3.6 T.P.D. pilot plant at LaVerne, Calil
troleum Co. for some years. The demonstration plant will be sited ncar

1 power alility, 1o be selected, to provide for utilisation “on siie™

< the char produced by the plant.

IS1 AN!’) t“'RF'!ll‘»; ("r?u 0, Kenro by Ga. 1 Coal Casiffcation with A U.S. §1.000 million coal-zasification project is under




GARRETT ReSEARCH AND
DEVELOPMENT CO ,

a Subsidiary of Occidental
Petroleum Ce.

ISLAND CREEK COAL CO,

a subsidiary of Occidental
Pztroleum Co.. and an unnamed
gas pipeline cilduy

KOPPERS GmbH

MARATHON OIL CO_, AND
CAMERON ENGINEERS, INC

NORTHERN NATURAI GASCO
AND CITHES SERVICE GASCO
tPeabody Ccal Co.)

PANHANDLE EASTER: PIPE
LINE CG. (Peabody Coal Co.)

PANHANDLE EASTERM PiTE
LINE €CO. (Peabod: Coal Co )

FENNSYLVANIA GAS AND
WATER (0.

PEOPLE’S GAS €O., a subuduary
of Nawural Gas Pipelme Co. of

Al a power utiity sire 1o
be selected

Kentucky

Federal Republic of Germany

Colorado

Powder River Basin, Montana

Eistern Wyoming

Southern Ilinois

P-ansyl.ania

Junan County, North Dakota

Garrett's Coai Gasification
with methanation
Demonsration

Gasrent’s Coul Gasification with
methan: tion or another suntable
process Commercial

Koppers-Totzek Pressure
Gasification with Koppers
LC.L shift conversion
methanation  Demonstration

Urder study - Commercial

LURGI with H G.R. Methanztion
— Commercml

LURGI with H.G.R.
Metnanation - Commercil

LJRGI with HG.R.
Methanation - Commercial

KYGAS wita Methanation -
(or simiar process)
Demonstrztion

LURG! with H.G.R. Methanation 1GE 500
~ Commercal

1.0 testimated)

1.000 14 plants)

mid-1975. Thas unit, 10 process 765 TED. of coal will te
modifications 1o the basic LURGI gasifier including operation
at 120 of design capacity and 1307 of design presst ¢ to
produce about 7 million SCF/day of SN.G. equivalent. This
unit will provide a basis for training operaters for the fust
~ammercal plant In conjunction with the gasifier test program
a pilot plant methanator s in operation by Stearns-Roger

The first commercial plant wall process 26 000 T P.D. of coal
(in about 30 LURGI oxygen-blown pressure gasificrs) to
produce 288 milion SCF per day of 970 BTU/SCF pipeline gas.
Au-blown LURGI gasifiers willi produce low-BTU fuel gas for
process steam and power generation. This commeraal plant
should be completed in mid-1978.

Garrett Research and De.= spment plant 2 250 T.P.D. plamt

to demonstrate their gasificatior: r-ocess which has been

under evaluation in a 3.6 T.P.D. pilot plant at LaVerne, Calit.

for some years. The demonstration plant will be sited near

a power utility, 1o be selected. 1o provide for utilisation “on wte™
of the char produced by the plam

A USS. $1,000 million coal-gasification project is under
consideration. Island Creek Coal Co. has been working in
conjunction with another Occidental subsidiary, Garrett Research
and Development Co., and Colorado Interstate Gas Corp. on a
rapid, high-temperature coal pyrolysis process for the production
of SN.G. A 250 million SCF/day commeraal plant based on
this processhas L« designed by the Lummus Co. and a plant
of this scale is expected 10 be in operation in 1980 at a cost of
U.S. $310 million Such a plant would produce sufficient chas

1o power a | 200 MW powergcnerating station, ideally located
“on site”, as well as the 250 million SCF per day of S.N.G.

Heinrich Koppers GmbH of kssen and Shell International
Petroleum Maatschappy. the Hague. are currently testing s
pressurised Koppers-Totzek gasifier, which normally operates at
atmospheric pressure, at pressures around 450 ps i
Concurrently, Koppers and Imperial Chemicai Industries of
"JHIn.g}.am, U.K., are operating a pilot plant 1o evaluate a
combined carbon munoside shift conversion and

methanation unit which tkey have jointly developed. Testing of
this combined shift conversion-methanation unit by 1CI has
established that commercally-acceptable Iife-times for

the unit’s catalysis can be expected

Koppers intends to construct a 145 T.P.D. demo - tration plant
L. Germany utilising the K T pressure gasifier 1o produce a
synthesis gas whick will be upgraded to pipeline quality in a
Koppers-1.C.1. combined shiit-methanation reactor to be
installed in the demonstration plan:.

Mu@thon and { _nwron Engineers have submitted details on
the project to the U.S. Bureau of Land Management.
Pr=liminary project evaluation is urderway anclading an
emvironmental impaci study . The plant is expected (o be
operation=l ‘n 1981

Noithern Natural Gas and Cines Service Gas 2 Cousliuct
Tour 250 million SCF/4ay cost-gasification plants. Peabody
Coal has agreed 1o supply 5Gu million tons of coal for the

¥~ *~nd the gas companies are negotiating for a like

v In 1975, ULS. $10 million will be spent for preliminary
uevelopmen:. Construction of the first plant could start in
1976-7 iik operation in 1979-80. Projec: contractors are
Foster-Nheeler Corp. and Woodall-Duckham Lid.

Plant operation ic expected in 1= 1979-80 period, assuming
tumely receipt of all governmental authorizations. lnvestment
will be about U.S. $500 millicn. Bechiel, Inc. 1s the project
contractor.

A feasibility study is underw:y jomntiy by American Lurai
Corp. and M.W. Kellogg Co.

The company has proposed 1o the Office ¢f Toal Research
a plan for {imancing and operaiing a demonstration plant.
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Star Drilling, Inc. in North Dakota. ital stment {or
each mine will be about U.S. $100 million and the cost of

each gasification plant will be about U.S. $470 million. The first
plant is expected to be operationai in 1982. Fluur, Inc. is the
project contractor

SOUTH AFRICAN COAL, OIL Sasolburg LURGI with H.G.R South African Coal, Oil and Gas Corp. (SASOL) and Lurgi
AND GAS CORP. Methanation — Demcnstration GmbH successfully demonstrated the commercial feasibility

of Lurgi's Hot Gas Recycle (1.G.R.) methanation utilising a
slip-strean: of synthesis gas from the LURGI gasifiers at the
Fischer-T opsch plant at Sasoiburg.

SOUTHERN NATURAL GAS CO,, Under Study — Commercial The company has acquired an option to purchase coal

2 subsidiary of Southern Natural reserves in the Illinois Basin from Consolidation Coal Co. The
Resources, Inc. option will not be exercised unless the Federal Power Commission
allows inclusion of the cost of the coal reserves (about

U.S. $28 million) in Southern’s rate base. In 1952,

Blaw-Knox produced the firsi-ever, definitive study on a
coal-gasification plant to produce 250 million SCF/day of S.N.G.,
for Southern Natural Gas Co.

TEXAS EASTERN TRANSMISSION  North-West New Mexico Under Study — Commercial Texas Eastern plans to build and operate a coal-gasification
(I:E'Er.:sfggcﬁASTTERN GAS AND plant should sufficient coal reserves be available in 40.000 acres
GEL ATES 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 West Kentucky Under Study — Demonstration Texas Gas Transmission has signed a formal agreement with the
CORP. (Consolidation Coal Co.) State of Kentucky to constru.t a piant with a capacity of £0
million SCF per day of S.N.G. at a cost of U.S. $200 million.

It is expected to take up to three years hefore construction
could commence. The facility would be designed for rapid
expansion to a 250 million SCF per day plant.

TRANS-CANADA PIPE LINE CO. Western Canada LURG! with HG.R. Trans-Canada has applied to the Canadian National Energy

Methanation — Commercial Board for permission to undertake a C$8 million feasibility
study in an 800 ton per day LURGI-based pilot plant. The
company plans to seex approval for a commercial-scale
250 million SCF/day S.N.G. plant to be on-stream by 1980,
requiring a construction commitment by 1977. EM.R. Fuels
Research compared the economics of S.N.G., based on Lurgi
coal gasification, and Arctic Natural Gas and reported favourably
on Lurgi coal gasification to Trans-Canada.

TRANSCONTINENTAL GAS Powder River Basin, Wyoming Under Study — Commercial 250 Feasibility studics are underway and coal reserves have
PIPELINE CORP., been option=d for the project. LURGI gasificaion with
a subsidiary of Transco Cos. methanatic.. wili probably be used.

WESTERN GASIT'ICATION CO. Four Cotners Area, LURGI with Methanation — 1,000 (4 Plants) Wesco plans to construct and operate four plants near
IWESCON, o Jost-vantnde sompmiy of  How Mc it Commrirti Farmington, New Mexico. The U.S. Dept. of the Interior has
Texas Eastern Transmission Corp. and allocated 44,000 acre feei per ar.aum for the four plants. Expected
Pacific Lighting Corp. (Utsh water requirement is 8,200 acre feet per annum for each plant.
pirpindy st g Cost of the first plant is estimated at U.S. $447 million with
operation scheduled for early 1978. Authorization for the sale of
the S.N.G. has been received from the Federal Power Commission.
A cost-ofservice of U.S. $1.38 per 1,000 cubic fect on a
25-year average is authorized. Deliveries of 250 million SCF per
day of S.N.G. are to commence by 31st December, 1979.
187.5 million SCF per day will be sold to Southern California
Gas Co , an affiliate of Pacific Lighting Corp., and the
gma(l:nmg 62.5 million SCF per day will go to Cities Service
as Co.

* COMPANY(S) SUPPLYING COAL I‘OR PRIJECTS IN PARENTHESES







Process

AGGLOMERATING ASH

AVCO ARC COAL

BABCOCK & WILOOX -
DU PONT

C-E ENTRAINED FUEL

COMBINED CYCLE B & W

COMBINED CYCLE F-W
(MODIFIED BI-GAS)

CONSOL FIXED BED

ELECTRIC ARC
FIXED BED (Kellogg)
G.R.D. GASIFICATION

GEGAS

HR I FLUIDIZED BED

Developers

Union Carbide Corp.,
Battelle Memorial Institute

Applied Technology Div.
of AVCGC Corporation

U.S. Bureau of Mines
(Pilot Scale)

Babcock & Wilcox Co.
(small commercial units)

Combustion Engineering Inc.,
Windsor, Conn.

Babcock & Wilcox Ltd.
Alliance Research Centre

Foster Wheeler Corp.,
Livingston, N.J.

Consolidation Coal Company
(a subsidiary of Continental
Oil Co.)

Columbia University,
New York

M.W. Kellogg Co.
(Sub. of Pullman Inc.)

Garrett Research &
Development Co. inc.
(Sub. of Occidental Petroleum)

General Electric Research
& Dev. Center N.Y.

Hydrocarbon Research Inc

COAL GASIFICATION PROCES

for the production of
Low/Med. BTU Fuel & Industrial

OPERATING CONDITIGNS

Sponsors

Office of Coal Research,
American Gas Assoc.

Office of Coal Research

U.S. Bureau of Mines

E.I. Du Pont

Office of Ccal Research,
Consolidated Edison Co.,
Electric Power Resecarch
Institute {interested)
Babcock & Wilcox Lud.,
General Electnic Co.,

Eleciric Power Research Institute

(EPRI1)

Office of Coal Research,

Foster Wheeler Corp.,

Northern States Power Co.,
United Aircraft Co., Pittsburgh
& Midway Coa! Mining Co.
(PAMQQ)

Continental Oil Company

Consolidated Natural Gas Co.

Pullman, Inc.

Occidental Petroleum Co.

General Electric Co.

Dy nalectran Corp

Temperature °F

Combustor 2,000-2,100

Garifier 1,800

Very High Temperatures

2,000-3,000

3.300-3.400

Gasifier 900
Combustor 1,600

Downflow Entrained,

2 Stage Slagging

Pressuge Gasifier
2,100

Unavailable

Electric Arc 10,000

800-1,200

1,100

Gasifier 1,000

| 45001 RSV

Pressure
p.S.I.g.

100
100

No details

Atmospheric

Atmospheric

High pressure
95

520
Unavailable

Variable. depend
€nt on required
product

30-50

30-50

120

Reactants

Chur, Air

Coal, Steam

Coal, Heat

Coal, Steam, Oxy zen

Codi, Steam, Aur

Coal - Air

FFuel Gas - Air

Coal, Recycle Gas
Char, Air

Coal, Steam, Air

Coal, Steam, Oxyeen

Coal, Steam

Coal, Alr

Coal, Oxygen

Coal, Steam,
Recycle Gas.

Coal, Air

-

Products

Hot Char
300 BTU/SCF
Synthesis Gas.

Acetylene, Carben
Black, HCN, Char,
Fuel Ga..

275 B1U/SCF

125 BTU Off Gas

100 BTU Fue! Gas
Working fluid

Low BTU Fuel Gas
140 8TU/SCF

I'uel Gas

Synthesis Gas

Low, Med. or High

BTU Gas dependent on

reaction and quench
conditiors

150 BTU/SCF (Air)
300 BTU/SCF (Oy)

600 BTU/SCF Gas

Low BTU Gas

Svnthesis Gas

I )
Present Status

Process Development
Unut (PD.U)

Concepiual Studies

Comimercial

Prot Plant under
construction

Gasifier-<Combustor
Pilot Plant

(design)

Piiot Plant

under constructior

Expenmental
Expenmental

Batch Testing

Demonstration Plan

(Flanned)

Laboratory Scale
(Pilot Plant proposcd)

Process Dev. Umit
Piot Plant proposcd




for the production of

G CONDITIONS

OAL GASIFICATION PROCESSES
w/Med. BTU Fuel & Industrial Gas

SCALE OF DEVELOPMENT

Reactants

Char, Ax

Coal, Steain

Ceal, Heat

Coal, Steam, Oxyeen

Coal, Steam, Air

Coal - Aw

Fuel Gay — Anr

Coal, Recycle Gas
Char, Al

Coal, Steam, Air

Coal, Steam, Oxsgen

Coatl, Steam

{-\IJ[, Alr

Coal, Oxypen

Conl, Steam,
Rec vele Gas

Coal, An

1
Products

Hot Char

300 BTUJSCF
Synthesis Gas.

Acetylene, Carbon
Black, HCN, Char,
Fuel Gas.

275 B1U/SCF

1

o

§ “TU Off Gas

100 BTU Fuel Gas
Working fluid

Low BTU Fuel Gas
140 BTU/SCI

I uel Gas

Synthesis Gas

Low, Med. or High
BTU Gas dependent cn
reactior and guench
conditions

150 BTU/SCFE (Alri

30U BTU/SCF (U
600 BTU/SCE Gas.

Low BTU Gas

Svnthesis Gas

]

Present Status

Process Development
Unst (PD.U))

Conceptual Studies

Cominercial

Piot Plant under
construction

Gasifier-<Combustor
Pilot Plant

(design)

Pilot Plant

under constructicn

Experimental

Experimental

Batch Testung

Demonsiration Plant

(Planned)

Laboratory Scale
(Pilot Plant proposed)

Process Dev. Unit
Pilct Plant proposed

Experimental

Size

25 T.PD.
Unknown

Small-scale
commercial
17T T.P.H.

120 TPD.

60 T.P.D.
*80 T.P.D.
(planned)

1,200 T.P.D.

Lab. Scale
Lab. Scale

30 kw

Not yet
announced

50 Ibjhr.
(250 T.P.D.

prop.)

50 Ib Jhr.
Uinknown

h S

Operational

Mid 1975

Unknown

DuPcnt has
operated
the unit
since | 951

1977

june, 1961

Unknown

1975

Larly 19707

Early 1970’

May 1973

Unknown

Current
1976(est.y

Cunent
Unknown

26" 1.D. reactor  Early 1960

Scale/
Products

800,000 SCF/day
Synthesis Gas

Acetylene, Carbon
Black, HCN, Char,
Fuel Gas.

Synthesis gas

25 million SCF/day

Low BTU off gas.

Working Flu.d and
Fuel Gas

Working fluid

and fuel gas

Working Fluid and

Fuel Gas

Fuel Gas

Synthesis Gas

Low, Med. or High
BTU Gas.

Low BTU Fuel Gas
Med. BTU Gas
Med. BTU Gas

Low BTU Gas
Low BTU Gas

700,000 SCF/day

Svnthesis Gas

Location

West Jefferson,
Columbus, Ohio

Everett, Mass.

Balle, W.Va.

Windsor, Conn.

Allhance, Chio.

To be selected.

Sioux Falls
South Dakota

Unknown

Unknown

Columbia Uni, N.Y.
T'o be selected
La Verne, Calif.

To be selected.

Schenectady, N.Y.
Unknown

Trenton, NJ.

Figure 5

Remarks

This process is similar to the “High-BTU™ process, without
shift or methanation. Union Carbide and Montana Power Co.
applied in Dec. 1973 for O L.R. funding for a low-BTU
gasitication plant for Montana’s Frank Bird generating station
1n Billings.

Commercial evaluation has been carried out by Dravo Corp.
{Blaw-Knox Div.) based on the production of 300 million ib. of
acety'ene per annum. The Pennsylvania State University is
studving feed coul types.

Testing on a pilot scale was conducted by the U.S. Bureau of
Mines. Babsock & Wilcox constructed a small commercial
gasifier for £.1. DuPont. The gasifier is a suspension-type
operating under slagging conditions. Babcock & Wilcox
continued developnient of the process after 1955.

O.C.R. awarded a $20.6 million contract to C-E Inc. for
construction of the pilot plant to begin carly 1975. The next
phase envisages a 200 MW (electricj combined cycle plant.

E.P.R.l. is sponsoring the design of the 480 T.P.D. pilet plant
however a start-up date and site are yet to be announced.

A major research and development programme commenced in
August 1972. The gasification process is fashioned after the
BI-GAS process of B.C.R., Irc.

Consol has developed this process to permit the gasification of
difficult caking coals by the production of an improved feedstock
consisting of a suitable mixture of coarse caking coal and
non-<caking pellets made by pelletizing fines derived from the
caking coal.

The H.H.V. of the product gas depends on reaction and
quench conditions. High BTU gas can be produced
without methanation.

The company is currently studying the formation of a
consortium to erect and operate a demonstration plant at an,
as yet, unselected utility site. Oxygen can be used instead of
air to produce 300 BTU gas.

This process is similar to the G.R.D. Pyrolysis — Liquefaction
process. The Company is presently seeking support for
construction of the proposed 250 T.P.D. pilot plant.

Thus process is similar tr the High BTU GEGAS process.
Partners are being sought to erect the pilot plant at an, as yet,
unselected utility site.

It is believed that H.R.]. have ceased development of this
process and are concentraling their gasification research on
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GEGAS

H.R.I. FLUIDIZED BED

H.R.1. GASIFICATION

1.C.1. MOVING BURDEN

LF.E. TWO-STAGE

LG.1. TWO-STAGE

IN SITU GASIFICATION

KERPELY PRODUCER

KOPPERS-TOTZEK

LASER IRRADIATION
PYROLYSIS

LURGI PRESSURE
GASIFICATION

MARISCHKA

MOLTEN-SALT

MULTIPLE FLUIDIZED BED
(“iow BTU BI-GAS™)

OTTO-RUMMEL
SLAG BATH
(DOUBLE SHAFT)

PANINDCO

PHILADELPHIA & READING

PINTSCH HILLEBRAND

POWER-GAS

RAPID HIGH TEMP.

ub. of Ucadenial Felroleum)
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Eyring Research Institute

General Electric Co.
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Hydrocarbon Research Inc.
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1.C.1. Lid.

International Furnace
Equipment Co. Lid.
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U.S. Bureau of Mines

U.S. Bureau of Mines

Fed. Gov. of W. Germany

U.S. Bureau of Mines

Metallgesellschait A.G

Unknown

Office of Coal Research

National Coal Assoc. and
Office of Coal Research

Dr. C. Otto & Co.

Unknown

The Philadelphia and
Reading Corp.

Cffice of Coal Research

Gasifier 1,000

1.450-1,650

Fluidized Bed

2,200-2,300

Gasifier — Unavailable

Combustor - Unavailable

Unavailabie

Unavailable

Underground

gasification

Unavailable

3300

Very High Temperature

700-1,100

Unavailable

Reactor 1,830

2,100

3.300

Unavailable

Unavailable

Unavailable

Unavailable

No details are
available

120

300

Unknown

Unravatlable

Unavailable

Atmospheric

Atmospheric

Variable

Atmospheric

Atmospheric

Unavatable

330450

Atmospheric

420

Atmospheric
lo moderate
pressures

Unavailable

High Pressure

Unavailable
Atmospheric

No details

Coal, Air

Coal, Steam, Oxy gen

Cuoal, Steam, Oxyeen

Coal. Steam, Char

Char. Air

Cual, Air, Steam

Coal, Air, Stean

Coal, Air, Steam

Ceal, Steam
Oxygen, Alr blasts

Coal, Steam, O,

Coal, Heat

Coal. Anr, Steam

Anthracite or Coke,
Steam, Air

Coal Steam, Anr

Coal, Air

Coal-steam/
Coal-air.

Coal, O03. Steam
Coal, Air, Steam

Anthraone culm
and silt, Owygen
Coal, Steam

Coal, Air

Mo details

Low BTU Gas

Synthesis Gas
320 BTU/SCF

Synthesis Gas

Synthesis Gas
300 BTU/SCF

Hot Char
175 BTU/SCF
Fuel Gas
335§ BTU/SCE
Fuel Gas
Low BTU Gas
130 BTU/SCF

260 BTU'SCE 104y
Synthesis Gas
130 BTU/SCF (aw)

300 BTU,SCF

Acetylene,
H,.C0.C0,

185 BTU/SCF

Low BTU Gas

150 BTU/SCF

160 BTU Oft Gas

270 BTU/SCFH
Synthesis Gas

210 BTU/SCF

125 BTU/SCF
Hydrogen, Fuel Gas,
Ammonia

Water Gas

280 BTU/SCF

160 BTU/SCF
Fuel Gas

Fuel Gas

Process Dev. Unit
filot Plant proposed

E xpenimental

Conceptual Studies
(Pilot Plant proposed

Experimental

Commercial

Commercially
available
Conceptual Studics
and F1eld Testing

Commercial

Commercially
*vailable

Experiment 2l

Commercally
Available

Comme:aally
Available

Process Dev, Unnt

(Demonstration ;lai
planned)

Process Engineering
Development Unut

Expenmental result

caused rejection

Pilot Piant

Conceptual Studic

Commercial
Commercial

Research Work




Coal, Air

Caal, Steam, Ovygen

Coal, Steam, Oxyeen

Coal . Steam, Char

Char, A

Coal, Air. Steam

Coal, Air, Steam

Coal, A, Steam

Coal, Steam,
Oxyeen, Air blasts

Cuoal. Steam, ()2

Coal, Heat

Coal. A, Stesm

Anthracite or Coke,
Steam ., A

Coal Steam, Aur

Caoal, Arr

Coal-steam)/
Coal-aw.

Coud, O3 Steam
Coal, Air, Steam
Anthracite culm
and silt, Osygen
Coal, Steam

Coal, Au

Nov detarls

Low BTU Gas

Synthesis Gas
320 BTU/SCF

Synthesis Gas

Synthesis Gas
300 BTU/SCF

Hot Char

175 BTU/SCF
Fuel Gas

335 BTUISCH

]
buel Gas.

Low BTU Gas
130 BTU/SCF

26t BTU SCE (071
Svnthesis Gas
130 BTU/SCF tau)

300 BTU/SCH
Acetyiene,

H,, CO. €O,
185 BTU/SCH

Low BTU Gas

150 BTU/SCF
tan BTU Off Gus

270 BTU/SCI
Synthesis Gas

210 BTU/SCF
125 BTU{SCF

Hydrogen, Fuel Gas,

Ammonia
Water Gas
280 BTU/SCF

160 BTU/SCF
Fuel Gas

Fuel Gas

Process Dev. Unit
Pilat Plant proposed

Experimental

Conceptual Studies
(Pilot Plant proposed)

Expenmental

Commerdal

Commercially
available

Conceptual Studies
and Field Testing

Commercial

Comimercially
Avallable

Expennmental

Commercially
Available

Commercially
Available

Process Dev. Unit

i Demonstration plant
planned)

Process Engincering
Development Unit

Expennmental results

Caused rejection

Plot Plamt

Conceptual Studies

Commercial
Commeraal

Research Work

50 1o Jhr.
Unknown

26771.D reactar
Lab. Scale
6-9TPD

Conceptual
(PPIOTPD)

Plot Plaps

Unknown

Commercial

Was previously
commercial in
USSR.

M LD,

Commercial

Lab. Scale

Commercial

Unknown

Unknown size

100 1b_j/hr.

Pilot scale
obsolete

1,600 It fhr.

Not
Applcable

15 fu.1.D.
(typical)

10.5 ft.[D.
(typical)

Not
Applicable

Current
Unknown

Early 1960’

1950

1930%

1940

Mid 1961

Prior
1950

1960

Mid 19707

1975

June 1962

Not
Applicable

1930

1930%

Not
Applicable

R

day

Low BTU Gas
Low BTU Gas

700,000 SCF/day
Synthesis Gas

Synthesis Gas

Unknown

Fuel Gas

Med. BTU
Fuel Gas

Low BTU Gas

Synthesis Gas
1.9 million SCF/Day

Synthesis Gas

Acetviene,
H;. C0.CO,

Low BTU Fuel Gas

Working Flwd and
Fuel Gas

Low B11U Oft Gas

3'1.D.
Synthesis Gas

Synthesis Gas

Fuel Gas
Hydrogen, FFuel
Gas, Ammonia
Synthesis Gas

4 9 million SCIF/day

Fuel Gas
6 million SCF/day

IFuel Gas

3.5 mithon SCF per

Schenectady, N.Y.
Unknown
Trenion, NJ.

To be selected

England

England

See Text

See Text
Louisiana,

Missoun

See Text

See Text

Europe

Piscataway , N J

Mongsoevilie, Pa.

U.K. Gas Council Research

Station, London.

Roucn, France

Not applicable

Germany
England

Not Applicable

Thus process is similar to the High BTU GEGAS process.
Partners are being sought to erect the piloi plant at an, as yet,
unselected utility site.

1t is believed that H.R.1. have ceased development of this
process and are concentraling their gasificalion research on
the H R.1. Gasification Process based on A .M. Squires’ concept.

This concept was developed by A M, Squires, City College, N.Y.
HR 1. (developers of HLOAL liquefaction) propose 2 10 TPD.
pilot plant and are presently selecting partners and support.

The process is essentially similar to the Agglomerating Ash
process of Union Carbide/Battelle/Chemico. Disappointing
results of the pilot plant caused cancellation of the project.

This process is similar to the Marischka and the modified
1.G1. 1=r0-51age processes. It has been in commercial use for
many years.

This process was developed by 1l Gaz Integrale (Italy) and is
now being offered by Woodall-Duckham Lid.

See Text.

A fixed-bed gasifier with solid-ash removal via a rotating
centre grate.,

This process is the sume as the High BTU K-T process differing
only in that the product gas is not upgraded by methanation.

Tests are also conducted to examine the affect of laser
pyralysis of coal in argon-nitrogen and helium atmospheres.

Results indicated optimum yields of acetylene under argon pressure.

No air-blown Lurgi gasitiers are commercially operated. Oxygen
is used invariably alter initial start-up with air, El Paso

Natural Gas Co. will install air-blown Lurgi gasifiers at the
Buraham compiex to produce process fuel. See text for Lurgi
demonstratton plant at Lunen, W. Germany.

See Text.

This process is similar to the High BTU molten-salt process
difering only in the use of air instead of oxygen. A
demonstrauon plant of unknown dimensions is planned.

The O.CR.awarded a $2.75 million contract to Dravo Corp.
{Blaw Knox Div) fcr construction of the PEDU which
commenced in early 1974, The process is simila: to

BI-GAS differing only in the use of air instead of oxygen.

This process is similar to the Rummel Siag Bath (Single Shaft)
process. In this case, however, the exothermic air blast phase
and the endothermic water gas phase are applied to separate
sectors of a commeon slag bath produced by means of a vertical
partition reaching a short distance into the bath, Thus synthesis
gas relatively nitrogen-free can be rated using air. The
Kellogg Molten Sait process is anzg:us to this process.

Few details are available on this process.

P & R Corp. has retained Blaw Knox to carry out a study
to produce 106 million SCF/day of 98% hydrogen gas for
synthesis,

The process has been in commercial use in Germany for
many years.

This process, like many similar producer-gas processes, has
been utilised commercially for many years.

The O.C.R. has awurded a contract to E.R.L. to further
research and develop work on this concept originally
undertaken by Brigcham Youne University, Utah.




. Bl p . - 1S ‘ommercal
PUWER-GAS Power<Gas Co. Unavailabie Atmospheric Coal, Ar llr?l‘elllé}rai SCF Commera
RAPID HIGH TEMP Eyring Research Institute Office of Coal Research No details are No details No details Fuel Gas Rantech Wonk
available
- - . . ! I Gi 7 rcally
RILEY -MORGAN Riley Company Ridley Company Unavailable [ ow Pressure Coal Air or l"z‘: %1-;-[[_,%‘;55 gg;?]Tl:leaa ¥
Coal, Oxygen i
KOCKGAS Atomics International Div.of  Office of Coal Research 1.800 75-150 Coal. Air Low BTG GAS it e i
North American Rockwell Sadium Carbonate Pitot Plant planncd
Corp. a subsidiary of
Rockwell International Corp.
RUHRGAS VGRTEX Ruhsgas A.G. Ruhrgas A.G. 3.100 Atmospheric Coal-air Low BTU Gax X Bust
(Also known as Wirbelkammer) West Germany 104-120 BTU/SCI
RUMMEL SLAG BATH Union Rheinische Union Rheinsche Above Ash Fusion Atmospheric Coal-air-steam 110 BTU/SCF Comme icial
y (Single Shaft) Braunkohlen Braunkohlen Temperature Fuel Gas
Sl Kraftstaft A.G ., Kratistaft A.G Sy
N Wesseling, W. Germany Coal-oxygen-steam 270 BTU/SCE
¥ Synthesis Gas
i STIRRED FIXED BED UJ.S. Bureau of Mines U.S. Bureau of Mines, 1,900 205 Crwil. Ay, Sieam (l);';l(lg.l\t Pilot Plant
., (“MORGAS™) Pittsburgh Energy Research Office of Coal Research i3
Centre
270 BTU/SCF > s retal
TEXACO Texaco Development Co. lexaco, Inc. Above ash-tusion 260 Coal-steam-oxygen §;‘r:lhcslis (S;;s I
a Subsidiary of Texaco, Inc. temperature
TUISC e vig
THYSSEN-GALOCSY Unknown Unknown High Temperature Atmospheric Coal, Steam, Oxygen ;3:&;};&: Comtnsrolel
joolola : 85 BTU/SCY Lahoratory Scal
TWO STAGE PROCESS Apphed Technology Corp. American Gas Assoc. and This process is similar Coal, Air, il o Rug:g,‘:?- dia-)e
(“SUBMERGED COAL") (A sub. of International Otfice of Coal Research (1973).  essentially to the Molten Iron,
Systems & Contrals Corp) Environmental Protection Agency ATGAS/PATGAS Limestone
(1974) process
TWO-STEP COAL West Virginia University, Office of Coal Research Pyrolyzer 1.400 10 Coal, Heat Pyrolysis Gas Laboratery Scale
PYROLYSIS-GASIFICATION Morgantown, W. Va. Low BTU Gas
Gasifier 1,900 10 Char. A, Steam
UGAS Institute of Gas Technology Office of Coal Research Hopper 800 350 Coal, Air Not Applicable Labosatory scale
(1.G.T) American Gas Assoc. ISCF
Gasifier 1,900 350 Coal, Air. Steam 'l\iSSng:lEl[Jbél )
or Coal. Oxygen. Steam i &
UG.1. BLUE WATER GAS U.G.I. Corporation UG 1. Cosporation Unavailable Atmospheric Coke-steam. air blast g:i t?,lsh’?f;f Commercial
|
WELLMAN-GALUSHA McDowell-Wellman Inc. McDowell-Wellman Inc., U.S.A. 1,200 Atmospheric Coal, Air. Steam 120-160 BTU/SCF Commercually
Wellman-Galusha Co. Wellman-Galusha Co., Eng. Coal, Oxygen. Steam 270 BTU/SCF Available
] WESTINGHOUSE FUEL CELL Westinghouse Researchand ~ Westinghouse Electric Co. 1800  Unavailable Coal, Air, Steam, Pk s Texforg e
1 Development Center, Carbon Dioxide from v
Pittsburgh, Pa. Fuel Cells
WESTINGHOUSE LOW BTU Westinghouse Research and Office of Coal Research, 2,100 300450 Char, Steam, Air 135 BTU/{SCF Pilot Plant
Development Center, Westinghouse Electric Corp., =
Pittsburgh, Pa. Bezhtel Corp., Amax Coal, Comme:cial Plant
Peabody Coal Co., Public Service under construction
of Indiana
WILPUTTE PRODUCER Wilputte Co:n.. Wilputte Corp. 1.200 Atmospheric Coal, Air 170 BTU/SCF Comll'p:!rcially
Murray Hill, N.J. Available




No details

Coal Air or
Coal, Oxygen

Coal, Air
Sodium Carbonate

Coal-ay

Coal-air-steam
Coal-oxygen-steam

Coal, Alr, Steam

Coal-steam-oxygen

Coal, Steam, Oxygen

Coal, A,
Molten Iron,
Limestane

Coal, Heat

Char., Ar. Steam

Coal, Air
Coal, Awr. Steam

or Coal. Oxygen. Steam

Coke steam. air blast

(:oal. Al Steam
Coal, Oxygen. Steam

Coal, Aw, Steam.
Carbon Dioxide from
Fuel Cells

Char, Steam, A

Coal, Air

Fuel Gas

Fuel Gas

Low BTU Gas
Med. BTU Gas

Low BTU GAS

Low BTU Gas
1060-120 BTU/SCI

110 BTU/SCF
Fuel Gas

270 BTU/SCY
Synthesis Gas
120 B1L

O Ceas

270 BTUISCE
Synthesis Gas

320 BTU'SCF
Synthesis Gas

185 BTUSCF

Pyrolysis Gas
Low BTU Gas

Not Applicable
158 BTU/SCF
Med. BTU Gas

295 BTU/SCF
Synthesis Gas

120-160 BTU/SCF

270 BTU/SCF

Not Apphcable

135 BTUSCF

170 BTU{SCF

Reszarch Work

Commercially
Available

Pracess Dev. Unit
Pilut Plant planned

Commercial

Commercial

Pilot Plant

Sub-commercial

Cemmercial

Laboratory Scale
Reactor (2" dia.)

Laboratory Scale

Laboratory scale

{Pilot piant planned)

Commercial

Commercially
Available

Conceptual Studies
1962-1970

Pilot Plant
Commerctal Plant
under construction

Commercially
Available

fivpical)

Not
Appl:icable

Commerctal

200 1b.hr
120 T PD

100 T_P.D.

Commercial
Scale

18 T.P.D.

Pilot scale
45TPD

10 f1. 1.D.
35 f*. hugh.

Short
durztion
runs.

15 inch
reactor
(pyrolyzeri

4 ft. diameter
485 b /hour
(p.p. 10-35
T.P.H. design
study)

Commercial
scale

Commercial
101t 1D,

Not
Applicable

1200 1b, hr.

60 T.P.H.
(120 MW)

30T.P.D.

Not
Applicable

Unknown
Unknown
Construcuon

start up
1975

19407

Unknown

For many
years

Unknown

Early 1970%

1974

Unknown

Early 1900%

19407

Not
Applicable

Early 1974
1978

Iuel Gas

Low BTU Gas
Med. BTU Gas

311 LD, reactor
Low BTU Fuel Gas

ft. high

95 1t LD
75
14.2 meifiron SCH/day

6 ft. diameter
reactor producing
13 million SCI- /Day
of 270 BTU/SCF
synthesis pas

ST LD,
i

7 million SCF/Day
f Low-BTU Gas

3
1
o

Synthewss Gas

Synthesis Gas

3.2 nullion SCF/day
Low BTU

[Fuel Gas

Low BTU Gas

Low BIU-air
Med. BT U-oxygen
Fuel Gas

Synthesis Gas
295 BTU/SCF

Fuel gas (air)
Synthesis gas (O3)

Electric Power

Working Fluid and
Fuel Gas

Not Applicable

Unknown

Unknown

Norwalk Harbour, Conn

Morzantewn, Vi,

Montebelle, Cabf.

Lurope

Pittsburgh Pa.

Morgantown, West Va.

Chicago, T

Unknown

Europe

See Text

Pittsburgh, Pa.

Waltz Mill, Pa.

Dresser Station,
Terre Haute, Indiana

US.A.

been 2tdised commercially for many years.

Ihe O C.R. has awarded a contract to £.R 1. to turther
research and develop work on this concept originally
undertaken by Brigham Young University, Utah.

Updated versions ot this provess ta produce industrial fuel
gy are oltered by Riley with Morgan Construction Co.
gasifiers

A $6.9 nullion 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.

Liznite vr high-ash pulverized coal 1s gastlied 1n suspensien
prehcated air at stmospheric pressure without steam and under
dazging conditions. The provess is believed to now be
subcommercial,

buel particles in suspessior are gesified by injection, together
wiith steami-air or steam-oxygen, Into a slag bath maintained

n the base of a producer shatt. Low BTU fuel gas 1s produced
with airsteam (110 BTt//c.1.) or a sy nthesis gas (270 BTU/c 1)
with steam-cayvgen.

O.C R. & US.B.M are sponsoring an R & D effort on
M H.D. fuel from this process. A 15 ft. diameter unit is planned
by the Tennessee Valley Authority (T.V.A ),

This 1s a subcommercial process tested in a down{low plant.
The process has been utilised in the 1.G T.HYGAS project for
hydrogen production from residual char. It was replaced by
the steam-ron process with Winkler gasifier.

The process employs a continuous, 'ow-pressure fixed-bed
gasifier operating under slagging conditions to produce a
synthesis gas with a steam-oxygen blast.

Molten lron gasification process. 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 Deﬁjlhas
demonstrated in bench-scale experiments the feasibility of the
pyrolysis step. The second stage gasification step would d
employ conventional steam-air 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 or a
pilot plant of 30 T.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 continuous operation
with steam and oxygen to produce a synthesis gas by
EJ. Du Pont de Nemours Co.

C- ifiers vary from B-11 ft_diameter and arc capable of
ha. Wing up to 55 T.P.D. of coal producing 7.7-8.2 million
cu.ft/day of 120-160 BTU/SCF gas. (dependent on coal type)

No current work is being undertaken, however a review by
United Engincers & Constructors Inc. for O.C.R. {found
the concept attractive.

A commercial gasificaticn and electnc ll::owﬂ t IS now
under construction at Dresser Station, Terre e, Inciana.
A9year R& D is estimated at $80 million. As
wdluspouonﬂ' . 11 power utilities are also serving on
a non-participating basis,

The gasifier is a fixed-bed type with a rotating grate. A
countercurrent flow is employed with the coal being fed
downward and the moist air flowing upward the bed.




RUHRGAS VORTEX
(Also known as Wirbelkammer)

RUMMEL SLAG BATH
(Single Shaft)

STIKRED FIXED BED
(“"MORGAS™)

TEXACO

THYSSEN-GALOCSY

TWO STAGE PROCESS

(“SUBMERGED COAL™)

TWO-STEP COAL
PYROLYSIS-GASIFICATION

UGAS

U.G.1. BLUE WATER GAS

WELLMAN-GALUSHA

WESTINGHOUSE FUEL CELL

WESTINGHOUSE LOW BTU

WILPUTTE PRODUCER

WINKLER

Ruhrgas A.G.
West Germany

Umon Rhernische
Braunkohien
Kraftstaff A.G_,
Wesseling, W. Germany

U.S. Bureau of Mines
Pittsburgh Energy Research
Centre

Texaco Development Co.
a Subsidiuary of Texaco. Inc.

Unknown

Applied Technology Corp
{A sub. of International
Systems & Controls Corp.)

West Vicginiz University,
Morgantown, W. Va.

fnstitute of Gas Technology
1.GT)

U.G.1. Corporation

McDowell-Wellman Inc
Wellman-Galusha Co

Westinghouse Research and
Development Center,
Pitisburgh, Pa.

Westinghouse Research and
Development Center,
Putsburgh. Pa.

Wilputte Corp.,
Murray Hill, N.J.

Davy Powergas Inc. and its
affiliate, Bamag Verfahrex -
Stecknik GmbH.

Ruhrgas A.G.

Union Rheinsche
Braunkohlen
Krattstatt A G.

U.S. Bureau of Mines,
Office of Coal Research

Fexaco, Inc

Unkinown

American Gas Assoc. and

Office of Coal Research (1973).
Environmental Protection Agency

(1974)

Office of Coal Research

Oftice of Coal Research
American Gas Assoc.

U.G.L. Corporation

McDowell-Wellman Inc., U.S.A.

Wellman-Galusha Co.. Eng.

Westinghouse Electric Co.

Office of Coal Research,

Westinghouse Electric Corp..

Bechtel Corp.. Amax Caal.

Peabody Coal Co., Public Service

of Indiana

Wilputte Corp.

Davy Powergas Inc.
Florida U.S.A.

(a subsidiary of Davy Powergas

International Ltd. UK.

ERLY

Abave Ash Fusion
Temperature

1.000

Above ash-fusion
temperature

High Temperzture

This process is similar
essentially to the

ATGAS/PATGAS
process
Pyrolyzer 1.400
Gasifier 1,900
Hopper 800
Gasifier 1.900
Unavailable
1,200
1.8300
2,100
1.200
Fluidized Bed
1.500-1,800

Atmospheric

Atmospheric

205

260

Atmospheric

10
10

‘d
n

350

Atmospheric

Atmaspheric

Unavailable

300450

Atmospheric

Atmospheric

Caoal-ay

Coal-air-stear.

Coal-oxygen-steam

Coal, Air, Steam

Coal-steam-oxygen

Coal. Steam, Oxygen

Coal, A,
Molten Iron,
Limestone

Coal. Heat
Char, Air. Steam

Coal. Atr

Coal, Air. Steam
or Coal, Oxygen. Steam

Coke-steam. awr blast

Ceal, Air, Steam
Coal, Oxygen, Steam

Coal, Air, Steam,
Carbon Dioxide from
Fuel Cells

Char, Steam, Air

Coal, Air

Coal, Air, Steam

Coal, Oxygen, Steam

Low BTU Gas

100-120 BTU/SCF

110 BTUISCF
Fuel Gas

270 BTU/SCF
Synthesis Gas

150 BTU
Off Gas

270 BTUISCF
Synthesis Gas

320 BTU/SCF
Synthesis Gas

185 BTU/SCF

Pyrolysis Gas
Low BTU Gas

Not Applicable

155 BTUSCF
Med. BTU Gas

295 BTU/SCF
Synthesis Gas

120-160 BTU/SCF
270 BTU/SCF

Not Applicable

135 BTU/SCF

170 BTU/SCF

120 BTU/SCF
Off Gas
275 BTU/SCF
Off Gas

Commercial

Commercial

Pilot Plant

Sub-commercia!

Cominercial

Laboratory Scale
Reactor (2" dia.)

Laboratory Scale

Laboratory scale

(Puot plant planned)

Commercial

Commercially
Available

Conceptual Studic
1962-1970

Pilot Plant
Commercial Plant

under construction

Commercially
Available

Commercially
Available




Coal-aw

Coal-am-steam
Coaloxygen-steam

Coal, Air, Steam

('na\-slcam-ﬂ‘()‘pen

Coal, Steam, Oxygen

Coal, Am,
Molten Iron,
Limestone

Coal, Heat

Char, Ax, Steam

Coal, An

Coal. A, Steam

or Coal, Oxygen. Steamn

Coke-steam. an blast

Coal, Awr, Steam

Coal. Oxygen. Steam

Coal. An, Steam,

Carbor Diwxide from

Fuel Cells
Char, Steam, Au

Coal, Air

Coal. Ar, Steam

Coal, Oxygen, Steam

Low BTU Gas
100-120 BTU/SCF

113 BTU/SCF
I'uel Gas

270 BTU/SCF
Synthesis Gas

IS0RBIU
O Gas

270 BTU'SCF
Svnthesis Gas

320 BTUSCF
Synthesis Gas

185 BTU/SCH

Pyrolysis Gas

Low BTU Gas

Not Apphcabie
135 BTU/SCE
Med. BTU Gas

295 BTU/SCE
Synthess Gas

120-160 BTU/SCF
270 BTU/SCF

Not Applicable

135 BTU/SCF

170 BTU/SCF

120 BTU SCT
Off Gas

:"‘5 BTU/SCF
Off Gas

Commercal

Commerciai

Pilot Plant

Sub~<commercial

Commercial

Laboratory Scale
Reactor (2" dia.)

Laboratory Scale

lAblu ny scale

(Pot plant planned)

Commercial

Commercially
Available

Conceptual Studies
1962-1970

Pilot Plant
Commercial Plant

under construction

Commercially
Avalable

Commercially
Available

100 T P.D.

Commercial
Scale

I8 TP.D.

Prlor seale
451PD

10 fu 1D,
35 1. hugh.

Short
duration
uns.

IS inch
reactor
(pyrolyzer)

4 ft. diameter
485 1b Shour
(p.p. 1035
T.P.H. design
study )

Commercial
scale

Commercial
10 fr. 1.D.

Not
Applicable

1200 Ibfhr.
60 T.P.H.

(120 M.W)

30 T.PD.

Commercial

1940

For many
vears

For many
years

Urknown

Early 1970%

1974

Unknown

Eariy 1900%

1940%

Not
Applicable

Farly 1974
1978

6 ft_ diamcter
reactor productng
13 million SCF/Day
of 270 BTU/SCF
sy nthesis gas

IS LD,

1.7 milhion SCF /Day

ol Low-BTU Gas

Synthesis Gas

Synthesss Gas
3.2 muhion SCF/day
Low BTU

Fuel Gas

Low BTU Gas

Low BTU-air
Med. BTU-oxygen
Fuel Gas

Svnthesis Gas
295 BTU/SCF

Fuel gas (air)
Synthes:s gas (03)

Electne Power

Working Fluid and
Fuel Gas

3.6 million
SCF/day

Fuel gas (air)
Synthesis gas (0,)

Morgantown, Va

Montebello, Calif.

Furope

Patisburgh Pa.

Morgantown, West Va.

Chicago, 11

Unknown

Europe

See Text

Pittsburgh, Pa

Waltz Mil!, Pa.

Dresser Siation,
Terre Haute, Indiana

US.A.

Lignite or hugh-ash pulverized coal is gasified in suspension in
prehieated air at atmospheric pressure without steam and ander
dagging conditions. The process is believed 10 now be
subvommercial.

Fucel particles in suspeasion are gasified by injection, together
with steam-air or steam-oxygen, into a dag bat’. mamtained

n the base of a producer shaft. Low BTU fuei gas s produced
with air-steam (110 BTU/c f.) or a synthesis gas (270 BTU/c 1)
with s\eam-oxygen.

O.C R. & U.S.B.M. are sponsoring 2n R & D effort on
M H.D. fuel from this process. A 13 ft. diameter unit is planned
by the Tennessee Valley Authority (T.V.A ).

Thss is a subcommercial process tested in a down-flow plant.
The process has been utilised in the [.G.T. HYGAS project for
hydrogen production from residual char_It was r-placed by
the steamron process with Winkler gasifier.

The process employs a continuous, lcw-pressure fixed-bed
gasifier operating under slagging conditions to produce a
synthesis gas with a steam-oxygen blast,

Molten lron gasification proccss. Similar to ATGAS/PATGAS
however the latter processes are oxygen blown. Design studies
are under way for a 50-100 MW power plant.

Wesi Virginia University Chemical Engineering De%l. has
demonstraied in bench-scale experiments the feasibility of the
pyrolysis step. The second stage gasification step woulc /
erploy conventional steam-air gasification. Conceptual studies
have been made for application in combined cycle power
generation units.

This process 1s 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 1n commercial use for many years.
The process has been modified for continuous operation
with steam and oxygen to produce a synthesis gas by
EJ1. Du Pont de Nemours Co.

Gasifiers 1y from 8-11 ft. diameter and are capable of
handlir_ _pto SS TPD. of coal producing 7.7-8.2 million
cu.ftiday of 120-160 BTU/SCF gas. (dependent on coal type).

No current work i, being undertaken, however a review by
United Engiieers & Constructors Inc. for O.C.R. found
the concept attractive.

A commercial gasification and electric power plant is now
under construction at Dresser Station, Terre Haute, Indiana.
A 9 year R & D programme is estimated at $80 mi 1on. As
well as sponsors listed, 11 power utilities are also serving on
2 non-participating basis.

The gasifier is a fixed-bed type witha rotating grate. A
countercurrent flow is employed wath the coal being fed
downward and the moist air flowing upward through the bed.

This process is used commercially 1n 16 plants comprising
36 units m a number of countries. The process is bei

considered (along with K

) -Totzek) for integration
with the COED plant at

ton, NJ.
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Process

AGGLOMERATING ASH

AIR PRODUCTS RECYCLE
PROCESS

ATGAS/PATGAS
BIANCHI
Bl AS

CHEMRUN GASHICATION

(O, AUTEPTOR
DEGASIFICATION

ELECTRIC ARC

ELECTROFLUIDIC

EXXON

GARRETT'S COAL GASIIICATION

Developers

Union Carbide Corp.,
Battelle Memormi Instit.

Aw Products and Chemicals.Inc.,

Allentown, Pa.

Applied Technology Corp
{Sub of International Systems
& Controls Corp.)

Bituminous Coal Research Inc

Chevron Research Co.,
a subsidiary of
Chevron Oil Corp

Consolidation Coal Co
(Sub. of Continental Qil Co.)

U.S. Bureau of Mines

Columbia Universiry
New York.

lowa State University.
Ames, lowa

Esso Research and
Engineering Co.

Garrett Research and
Development Co. and Istand
Creek Coal Co., subsidiaries of
Occidental Petroleum Corp.

COAL GASIFICATION PROCES
for the production of

Substitute Natural Gas

OPERATING, CONDITIONS

Sponsors

Office of Coal Research,
American G235 AssOcC.

Air Products and Chemucals Iac

Office of Coal Research,
American Gas Assoc. and the
EPA

Unavailable

Office of Coal Research,
American Gas Assoc.

Chewvion Oil Corp.

Office of Coal Research,
American Gas Assoc.

Since April 1975, under E.R.D.A.

duection

Consolidated Natural Gas Corp.

Office of Coal Research

Exxon Corporation

Occidental Petroleum Corp.
and Colarado Interstate Gas
Corp.

| Temperature °F

Coinbuster 2,0000-2,1 00
Gasifier 1.800

Low Temperature

Patgas 2,500
Algas 2,500
Below 1750

Stage 2 1,490-1,.700
Stage | 2,800

1.200-1.400

Gasifier 1.500

Regenerator 1.900

Ambient

Flectric Arc 10,000

Lluidized Bed 1,500

Gasifier  1,500-1,700
Char Heater 1,700+

1,700

Pressure
p.S.Lg.

100
100

Unavailable

Su
50
150-350
1.000- 1,500
1.000-1.500
300-800
150-300
150- 300

Atmospheric

Variable, dependent
on product required

1,500

15

Near atmospheric

Reactants

Char, A
Coal Steam

Coal, Oxygen, Steam

Coal, Limestone, Steam
and Oxygen

Coal, Limestene, Steam
and Oxygen

Coal, Oxygen, Steam

Coal, Steam

Char, Oxvgen, Steam
Coal Steam tcatalyne)
Char. Steam CaO.
Char, A, Dolomite

Coal scam oxidation.

Coal, Steam

Char, Steam

Coal, Steam
Char, Ax.
Coal, Heat

Productsl

Hot Char,
300 BTU/SCF gas

High-BTU Gas

315 Btu/Scf

940 Btu/Scf. with
methanation
440 Biu/SCF
synthesis gas

378 Btu/SCF

H.H.V. raw gas
High—Btu Gas
400 Btu/SCF.

H.H.V. raw gas

Naturally-oczurring
methane from coal seams

High Bru SNG dependent
on reaction and qucnch
conditions.

Syntn-sis Gas

Med. Btu Gas

600-650 Btu/SCF
Off Cas

Present Statu

Process Development
Unit (P.D.U.)

Expe:imental

Laboratory Scale
Gagfier
(2 ft. internal dia.)

Experimental

Pilot Plant

Experimental

Pilot Plant
Commercial

Batch Testing

Batch reactor

Continuous reactor
(Laboratory scale)

Pilot Plant

Lab Scale
Pilot Plant
(Demonstration Plant
planned)
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OAL GASIFICATION PROCESSES

for the production of
Substitute Natural Gas

5. CONDITIONS

SCALE OF DEVELOPMENT

Reactants

Char, Ar
Coal Steam

{

Coul, Oxygen, Steam

Coal, Limestone, Steam
and Oxygen

Coal, Limestone, Stearn
and Oxygen

Coal, Oxygen, Steam

Coal, Steam

Char, Oxygen, Steam

Coal  Steam (catalynic)

Char, Steam Ca0Q
Char, A, Dolomite

Coal seam oxidation
Coal, Steam

Char, Steam

Coal, Steam
Char. Aw

Coal, Heat

Products1

Hot Char,
300 BTU/SCF gas

High BTU Gas

315 Btu/Sef

940 Btu/Scf. with
methanation
440 Btu/SCF
synthesis gas

378 Bru/SCF

H.H.V. raw gas
High - Btu Gas
400 Bru/SCF

HR.V. raw gms

Naturally-occurring
methane from coal seams

High d1u SNG dependent
on reaction and quench
conditions

Syntheus Gas

Med. Bru Gas

600-650 Bru/SCY
I Gas

Present Status

Pracess Dewlopment
Unit (P.D.U ;

Experimental

Laboratory Scale
Gasifnier
(2 1. internal di.)

Expenmental

Pilot Plant

Experimental

Piot Plant

Commercal

Batch Testing

Batch reactor

Continuous reactor
i Laboratory scale)

Puot Plant

Lab Scale

Pilot Plam

tDemonstration Plam
planned)

15 T.P.D.

Lab. scale

Lab. runs of
30-40 mins. 1
a 4000 1b.
capacity vessel

Pilot Plant

120 T.P.D.

40T.P.D.

61t dia. well

18 1. dua. well
(plinned)

0 Kw.

4" reactor

i2" reactor

B65STPD.

Size  Operational

Mid 1975

“Inknown

Early 1970%

Unknown

Mid 1975

Unknown

Nov.1971

Late 136 7's

1971
1971
1976 (est.)

Scale/
Products

800,000 scfiday
Synthesit Gas.

High-BTU Gas

Pargas-Industrial Gas
Atgas-SNG.

400 Btu/SCF
Synthesis Gas

7000 000 SCE /day
synthesis gas for
methanation

High Btu gas

1.5-2.000) 04m) SCI day
400 Btu raw gas
600,000 SCF/day of
methane.

965 000 SCF/day of
methane.

High Btu S.N.G.

Synthesis Gas.

Synthesis Gas

Pyrolysis Gas
Pyrolysis Gas
600-650BTU/SCF

Location

West Jefferson,
Ohio, US.A.

Allentown, Pa

Pittsburgh Pa

France

Homer City, Pa.

Rapid City,
South Dakota

West Virginma, US.A.

West Virginia, U.S.A.

Columbia University
N.Y.

lowa University,
Ames, lowa

Baytown, Texas.

La Verne, California
La Verne, California
To be seiected

Figure 4

Remarks

Components of this process were lested by the developers in
the 1960’s. Most coals can be utilized.

The company holds US. Patent 3,779,725 which describes 3
process for the production of high -Btu gas by the recycling of
primary gasification products to the zasificr to oplunise
formation of methane at low temperatures

Pians are in hand to construct a karger umt to demonstrate long
duration operations. Most of the process technology abready
exists in the lron and Steel Industries

A pilot plant was butlt in France to evaluate the process for the
preduction of pipeline gas from lignite. No details are vvailable
on the current status.

Development has proceeded through batch tests, 5hb/hr. reactor
and 100 Ib/hs. P.E.D. unit, successfully completed late 1971. A
methanaticn unit now being added to the pilot plant

facility.

The process is described in twe patents held by Chevion
Research Co. It 1s believed thot evaluation of the process is
continuing.

Bench scale testing completed 1968, The pilot plant completed a
successful 16 day run converting 30 T P.D 1o 1.37 million

SCT /day of 300 Bru gas in late 1974 Conoco’s methanation
umit eWestfield) is now being installed 1t the Rapid Cuy plant by
Prav - Corp. No COshift converter i required.

The commercial application of this process has been undertaken
by Consolidated Gas ly Corp. and the methane distributed
to censumers through existing natural gas pipelines.

Dependent on reaction and quench conditions the process can
produce S.N.G. without an additional methanation step.

The Institute of Gas Technology has integrated the process with
its HYGAS eiectrogasifier pilot plant tu?q' in Chicago, Il

Plans Tor a $40-80 million 500 T D. pilot plunt were deferred
1 late 1974, Testing on the exnting units is contnuing. Based
on camponents used in refinery [lexicoking operations.

The Company has designed a ocn'mercial plant uiiiizing 40,000
T.P.D. coal feed to produce 250 niillion SCF/dav of S.N.G. and
sufficient char to feed a 1,200 MV power station. Work on this
process parallels Garrett’s Coal Pyrolysis Process.

B et rae Sl e O
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HYDRANE

KOPPERSTOTZEK

MOLTEN SALT

MULTIPLE CATALYST
{(Wyoming Concept)

SOLUTION GASIFICATION

SUN GASIFICATION

SYNTHANE

TEXACDO GASIFIC

GARRE IS COAL GASHHICATION

LIQUID PHASE METHANATION

LURGI PRESSURE GASIFICATION

Garett Research and
Developmern: Co. and Island

Creek Coal Co., subsidiaries of

Occidenta! Petroleum Corp.

General Electne Rewarch &
Development Centre,
Schencctady, N Y

U S. Bureau of Mines
Pittsburgh Energy Research
Centre

Institute of Gas Technology,
Chicago, lllinois.

Heinrich Koppers Gmbh
Essen, Wei' Germany

Chem Systems Inc.,
Hackensack, N.J

Lurgi Gesellschaft GmbH

M.W. Kellogg Co.
(Sub. of Puilman Inc.)

University of Wyom:ng

Stune & Webster Eng Corp.
and Gulf General Atomics
(Gulf (il Corp.)

Sun Research & Development Co.

(a subsidiary of Sun Qil Co.)

U.S. Buresu of Mines
Pittsburgh Energy Research
Centre

Uccidental Pelroleum Corg
and Colarado Interstate Gas
Corp.

General Electric Co.

U.S. Burcau of Mines

Oifice of Coal Research,
American Gas Assoc

NOTE . Alternative processes
for the production of
hydrogen-rich ga

for gasifier

Fed. Govt. of West Germauny

Office of Coal Research,
American Gas Assoc

Meunligesellschaft A.G.

Office of Coal Research
(at various peiiods)

Office of Coal Research

Office of Coal Research
(conceptuzal study)

Sun Oil Company

U.S. Bureau of Mines

Unavailable

Dilute Phase 1,650

Fluidized Phase 1.650

Hydro Generator
1,800-1,900

Coal Pretreater 750
Stuzry Dreer 600
Hydrogasifier 1.
1,300-1,520
Hydrogasifier 2.
1,700-1,800
Electrothermal *
1,800-1,900
Steam. Oxygen *
1,800-1,900
Steam, Iron *
2,000

Reacter 3,300

Reactor

Reactor 1,140-1.400

Reactor

Reactor  1.200-1,301

Unavailable

1,740-2,000

Fluidized Bed 1,800

Unavailable

1,000
1.000
1.000

Atmospheri.
1,000-1,500
1.000-1.500
1,000-1,500
1,006 -1,500
1,000- 1,500
1,200

Atmospheric

350-450

1,000

Unavailable

Unavailable

1,000

Coal. Steam. Oxygen

Coal, Lower Bed Gas
Char, Hydrogen
Char, Steam, Oxygen

Coal, Am

Coal, Light O1l.
Coal, Stage 2 Gas.
Char. H; Rch Gas
Char, Sieam

Char, Steam, O,

Char, Steam, Al

Coal, Steam, Oxygen

Coal, Steam, Oxygen

Coal, Steam, Oxygen

Coal, Steam

Coal, Light Oil Solvent,

Hydrogen

Coal, Mclten Sodium
Sviphate

Coal, Steam, Oxygen

600650 Btu/SCE
Off Gas

Synthesis Gas

Med BIU Off Gass
A26 BTU Off Gass
Hydrogen+ich gas
Fuel Gas, Treated Coal
Slurry Oil Vaporzed
20% Coalto CHg

25% Coai to CHg
Hydrogen

Hydrogen

Hydrogen

300 BTU/SCF raw gas

High BTU Gas

450 BTU/SCF raw gas

330 BTU/SCF raw ges

High BTU Off Gas
850 BTU/SCF after
purification

SNG.

Synthesis Gas

405 BTU/SCF raw gas

Lab Scale
Pilot Plamt
(Demonstration Plant
planned)

Process Developmen
Unit

( Demonstration
Pant under
conuderation)

Laboratc 5 Scale
(Pilor Plant planned)

Pilot Plant

Commercially availahle

faspecial 145 T.P1I
demo. Plant s
planned).

Bench Scale Unni
P.D.U
ot Pant

Commeraaliy
available

Process Developmen
Unit

Laboratory Scale
Continuous Reactor

O.C.R. contract fu:
conceptual studies !
Osklahoma State Deot
of Industrial
Developinent.

Gulf & Stone Webster
plan a demonstration
plant

Experimental

Various Laboratory
Unit

3.
Pilot Plani.




Coal, Heat

Coal, Steam Oxygen

Coal, Lower Bed Gas.
Char, Hyd.ogen
Char. Steam. Oxygen

Coal, Ax

Coal, Ligh1 O1l
Coal, Stage 2 Gas
Char. Hy Rich Gas
Char, Steam

Char, Steam, O,
Char, Steam, Ax

Coal Steam, Oxygen

Coal, Steam, Oxygen

Coal, Steam, Oxygen

Coal, Steam

Coal, Light Oul Salvent,
Hydrogen

Coal, Molten Sodium
Sulphate

Coal, Steam, Oxygen

600-650 Bru/SCF
Ofl Gas

Synthess Gas

Med BIL Of1 Gass
RB26 BTLU OIf Gass
Hydrogen aich gas
Fuel Gas, Treated Coal
Shurry Ot} Vaporzed
20% Cealto CHgq

25% Coal to CHg
Hydrogen

Hydrogen

Hydrogen

300 BTU/SCF raw gas

High BTU Gas

450 BTU/SCF raw gas

330 BTU/SCF raw gas

Hgh BTU OIf Gat
850 BTU/SCF after
punfication

SNG

Synthesis Gas

405 BTU/SCF raw gas

Lab Scale

Pilot Plamt

{Demonstration Plamt
planned)

Process Development
Unit

( Demunstration
Plant under
conuderation)

Laboratory Scale
(Pilot Plant planned)

Pilot Plamt

Commercally available

fa special 145 TPD
demo. Plant s

planned)

Bench Scale Unit
PD.U.

Pilot Plant

Commeraally
available

Process Development
Unit

Laboratory Scale
Continuous Reacto:

O.C.R. contract for
conceptual studies to
Oakla
of Indvstrai
Development.

Gulf & Stone Webster
plan a demonstration
plant

E xperimental

Various Laboratory
Units.
Pior Plant.

ma State Dept.

1971
1971
1976 (est)

50 tb/he

Unknown

100b/ hy Unknown

(24aTPD
planned)

Unknown

ISTPD 1973

Commercal 1952

(145 T.P.D
planned)

Unknown

081 x4 early 1970°s

47x T Mid 1970

15" x 2" reactor May 1975

Commerciu
13310 da
(16 A 1t dia
under testing
at Sasolburg)

Unknown 1960"s

Early
1970's

Bench Scale Early 1970

Lab, Scale Early 1970°s

See Text 1961

7S TP.D Mid 1976

Pyrolyss Gas
Pyrolysis Gas
600-650CBTU/SCF

Syntheus Gas

Synthesis Gas

SNG

SNG.

1,500,000 SCF/day
SNG

RSO TPD.c

sy nThess gas

ul feed

ANG

SNG

1500 SCF/hour
sy nthosy gas

2,000,000 SCF/day

Synthesis gas

Synthests Gas

High BTU Gas

SNG.

Synthesis Gas

350D x62it.
2,400,000 SCT {day of
synthesis gas methan-
ated to 1 DOG
SCE 'day of SN.G

La Verne, California
Lz Verne, California
To be selected

Schenectady N.Y

Unknown

Puttsburgh, Pa

Pitisburgh, Pa.

Chicago. Il

See Text

Germany

Hackensack. N J

Hackensack, N.J
To be added 1o an
upcrating gastlication

Pilot Plant at 2 site to be

wlected. Skid mounted

See Text.

Piscataway, N J
University of Wyoming.

Laramie, Wy o,

Unknown

Bruceton, Pa.

The Company has designed 2 commercial plant utilizing 40,000
T.P.D. coal feed to produce 250 million SCF/day of SN.G. and
sufficient char to feed a 1,200 MW power station. Work on thas
process parallels Garrett's Coal Pyrolysis Process.

General Flectric is seeking pariners for the construction of
the demonstration plant

Scale up 1o a 24 T.P.D. pilot plart is planned. Current
budget for Turther tesung of this process i $25.5 million.

The Pilot Plant was constructed duning 1968-1971 and 1n carly
1973 large scale conversion of coal to S.N.G. was
demonstrated for the first tme. Design data for the
construction of a3 commercial plant (using stcam - oxygen
hydrogen _cneration) will be available June 1975.

e Koppers Co. i currenth researching pressunzed units (with
Shetti and shift conversion, methunation tsith LC L) The Company
plans constraction of 4 specal “customer” demonstration unit of
1453 1 PD m Germany

Development has been carried ot in » bench scale reactor of
0B1"x 3 anda PEDU of 47 x 17" designed for | 500
SCE/hr. teed flow of synthesis gas. Testing 18 continuing and &
polishing reactor s under construction. The 2 mullion SCF /day
cangcity pilot plant will be added 1o either the COq
ACCLPTOR plot plant or the HYGAS pilo. plant to upgrade

the swnthews gas to SN G

The first commescial plant was constructed in 1936 and 14 other
planis (comprising 58 units) have been built to date. A majority of
gasification plants now being considered or constructed in the
U.S.A. are based on Lurgl. (See Commercial & Demonrstration
Plants Fig 6)

The company 15 continuing with P.D.U. work in
conjunction with an undisclosed purtner.

Reseasch has been carred out on §5 catalysts however before
large-scale continuous tests can be furthes developed a more
successful cawalyst system must be found.

Gulf Geaeral Atomic Cu. carnied out conceptual studies in 1969
on the use of waste nuclear heat for coal Zasification processes
The Oklahoma Dept. of Industnal Development 1s studying

the cancept

Sun Research & Deve t Company is the holder of U.S.
Patent 3,770,399 pertaining tc this process. It is believed that
further evaluation of this procsss is continuing.

The U.S.B.M_carried out dev opmental work from 1961

hrough Iab scale an { small reseasch. Two of
Le&sfhmlnuww in the TSTI.D.mM
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KOPPERS-TOTZEK

LIQUID PHASE METHANATION

LURGI PRES' 'RE GASIFICATION

MOLTEN SALT
MULTIPLE CATALYST
(Wyoming Concept)

SOLUTION GASIFICATION

SUN GASIFICATION

SYNTHANE

TLXACO GASIFICATICN

TOTAL GASIFICATION

TWO STAGE FLUIDIZED
GASIFICATION

WELLMAN-GALUSHA

WINKLER

Heinnich Koppers Gmbh
Essen, West Germany

Chem Systems Inc.,
Hackensack, N.J.

Lurgi Geselischaft GmbH

M.W. Kellogg Co.
(Sub. of Pullman Inc.)

University of Wyoming

Stone & Webster Eng. Corp
and Gulf General Atomics
(Gulf Oil Corp.)

Sun Research & Development Co.
(a subsidiary of Sun Oil Co.)

U.S. Bureau of Mines
Pittsburgh Energy Research
Centre

Texaco Inc.

Total Energy Corp.

Midlands Research Station

McDowell-Weliman Inc., (U.S.A.)
Wellman-Galusha Co. (Eng.)

Duvy Powergas Inc. and its
afTilmte Ba Verfeluen —
Stecknik Gmbh.

lor gasilier

Fed. Govt. of West Germany

Office of Coal Research,

American Gas Assoc.

Meuallgeselischaft A.G.

Office of Coal Research
(at various periods)

Office of Coal Research

Office of CHal Research
(cenceptual study)

Sun Qil Company

U.S. Bureau of Mines

Texaco Inc.

Total Energy Corp.

The British Gas Council

McDowell-Wellman,
Wellman-Galusha.

O.C.R. contract for pressure

investigations
Davy Powergas Inc.

(sub. of Davy Powergas
International Ltd. U.K.)

1,800-1 900

Steam. Iron *

2,000
Reactor 3,300
Reactor 640
Reactor  1,140-1,400
Reactor 1,830
Reactar  1,200-1,300
Unavailable
1,740-2,000

Fluidized Bed 1,800

1,200-2,200

Unavailable

1,900

1,000-1,200

Fluilized Bed

1,500-1,800

1,200

Atmospheric

500

350450

420

1,000

Unavailable

Unavailable

1,000

300-4,500

Unavailable

750

Atmospheric

Atmos. -§

Char Steam, A

Coal, Steam, Oxygen

CO-H,

Coal, Steam, Oxygen

Coal, Steam, Oxygen

Coal, Steam

Coal, Light O1l Solvent,

Hydrogen

Coal, Molten Sodium
Sulphate

Coal, Steam, Oxygen

Coal, Steam, Oxygen and

Synthesis Gas

Gasifier 1
Coal, Steam

Gasifier 2
Coal, Steam, H,

Coal, hydrogen

Coal, Steam, Oxygen

Coal, Steam, Oxygen

Hydrogen

300 ETU/SCF raw gas

High BTU Gas

450 BTU/SCF raw gas

330 BTU/SCF raw gas

High BTU Off Gas
850 BTU/SCF after
purification

S.NG.

Synthesis Gas

405 BTU/SCF raw gas

High BTU Gas

CO (for steam
reforming to Hp)

Methane-Rich Gas

High BTU Gas

270 BTU/SCF naw gas

275 BTU/SCF nw gas

Commercially availat

(aspecial 145 TF .
demo. Plant is
planned)

Bench Scale Unit
P.D.U.
Pilot Plant

Commerdially
available

Process Development
Unit

Laboratory Scale
Continuous Reactor

0.C.R. contract for
conceptual studies to
Oaklahoma State ['ep8
of Industrial
Development.

Gulf & Stone Webste:
plan a demonstration
plant

Experime.al

Various Laborato: v
Units
Pilot Flant.

Experimental

Experimental

Experimental (Pilot
Pant designed)

Commezdially available

Commercially available




(Char, Steam, A

Coal, Steam, Oxygen

Coal, Steam, Oxygen

Ceal, Steam, Oxygen

Coal, Steam

Coal, Light Oil Solvent,
Hydrogen

Coal, Molten Sodium
Sulphate

Coal, Steam, Oxygen

Cosl, Steam, Oxygen and

Synthesis Gas

Gasifler 1
Coal, Steam

Gasifiex 2
Coal, Steam, H,

Coal, hydrogen

Coal, Steam, Oxygen

Coal, Steam, Oxygen

Hydrogen

300 BTU/SCF raw gas

High BTU Gas

450 BTU/SCF raw gas

330 BTU/SCF raw gas

High BTU OfI Gas
850 BTU/SCF after
purification

S.N.G.

Synthesis Gas

405 BTU/SCF raw gas

High BTU Gas

QO (for steam
reforming to Hj)

Methane-Rich Gas

High BTU Gas

270 BTU/SCF raw gas

275 BTU/SCF raw gas

Comrnerdcially available
faspecal 145 T P.I»
demo. Plant 1s
planned).

Bench Scale Unit
P.D.U.
Pilot Plant

Commeraally
available

Process Development
Unit

Laboratory Scale
Continuous Reactor

0O.C.R. contract for
conceptual studies to
Oaklahoma State Dept.
of Industrial
Development.

Gulf & Stone Webster
plan a demonstration
plant

Experimental

Various Laboratory
Unuts.
Pilot Plant.

Experimental

Experimental

Experimental (Pilot
Plant designed)

Commerdially avsilable

Commercially available

Commercial

(145 T.P.D
planned)

081" x 4
X7

15" x 2" reactor

Commervial
13.3 ft. dia
1o 4§ da
under testing
at Sasolbury)

Unknown

Bench Scale

See Text

75 T.P.D.

Lat Scale

Lab. S.ale

Lab Scale

Commercial
10 ft. dia.

Commerdial

early 1970's
Mid 1970
May 1975

1960’s
Early
1970's

Early 1970’s

Early 1970’s

1961
Mid 1976

Early 1970's

Early 1970's

850 T.P.D coul teed
synthesis gas.

SN.G

S.N.G.
1560 SCEF/hour ot

sy nthests gas.

2,000,000 SCF/day

Synthesis gas

Synthesis Gas

High BTU Gas

SNG.

Synthesis Gas

3.5 1.D.x 62 ft.
2,400,000 SCF/day of
synthesis gas methan-
ated to 1,000,000
SCIiday of S.N.G

High BTU Gas

High BTU Gas

4 Million SCF/day of
Synthesis Gas

Synthesis gas suitable
for methanation

13-18 ft. 1.D.

65 ft_ high

Synthesis gas suitable
for methanation

See Text

Germany

Hackensack, N.J.

Hackensaek, N.J.

T be added taan
vperating gastiication
Pilot Plant at a site to be
wlected Skid meunted

See Text.

Piscataway, N.J.

University of Wyomimng,

Laramie, Wya.

Unknown

Unknown

Unknown

Bruceton, Pa

Unknown

nknown

Midlands Research
Station, England

See Text

fhe Koppers Co. s carrently researching pressurized units (with
Shelly and shitt conversionmethanation (with LC.L). The Company
plans comiruction of a spectal “customer” demonstzation unit o}
145 1 P D.in Germany

Devclopment has been carried out in g tench scale reactor of
P8ty 4 anda P ED U of 471 17" designed for 1 500

SCF /hr teed flow of synthesis gas. Testing 1s continuipg and a
polishing reactar is under “anstruction. The 2 mill:on SCH/day
capactty pilat plant will he added o either the CO4 -
ACCLPTOR pilot plant or the HYGAS pilot plunt to upgrade
the sy nthesis gas to S NG

The first commercial plant was constructed in 1936 and 14 other
plants (comprising 58 units) have been built to date. A majority of
gasification plants now being considered or constructed in the
U.S.A. are based on Lurgi. (See Commercial & Demonstration
Plants Fig 6).

The company is continuing with P.D.U. work in
conjunction with an undisclosed partner.

Research has been carried out on 55 catalysts however before
large-scale cositinuous tests can be further developed a more
successful catalyst system must be found.

Gulf General Atomic Co. carried out conceptual studies in 1969
on the use of waste nuclear heat for coul gasification nrocesses
The Oklahoma Dept. of Industrial Deveiopment is studving

the concept

Sun Research & Development Company is the holder of U.S.
Patent 3,770,399 pertaining to this prozess. [t is believed that
further evaiuation of this process is continuing.

The U.S.B.M. carried out developmental work from 1981
through lab scale and small pilot plant research. Two types of
mehanation units are to be installed in the 75 T.P.D. pilot plant.

The process is *:scribed in U.S Pateat 3,740,204 of
19th June 1% /3. No details are to hand on the current
development of the process.

Total Energy Corp. has described this process in U.S. Patent
3,692,506 of the 19th September 1972. Few details are
available on the research and development of this process.

Based on experimental results in labcratory-scale units, a
pilot plant has been designed to further evaluate the process.

Units now in service (using air) provide fuel gas of 120 BTU/SCF
to industrial plants. The use of oxygen provides a synthesis gas.
The O.C.R. recently awarded a contract to McDowell-Wellman
1o investigate a 300 p.s.i. gasifier.

The plants now operating produce either a low BTU fuel gas
{air) thesis gas (oxy, rwlhermdondmmh.
mmzﬁoﬂwaﬂﬂ’Tmpwhmm
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-, Coal Conversion Processes for the Production of Liquid,
Process Developers Sponsors > =1l
o ressure
Temperature °F D51 Reactants Products  Present Status
BERGIUS E. Bergius Not applicable 900 3,000-10,000 Coal, Solvent, ' Light Oils, Liquefied Gas Obsolete 2
Hydrogen, iron oxide C
catalyst
CATALYTIC COAL Gulf Research & Development  Gulf Oil Corp. 900 2,000 Coal, Solvent, Synthetic Crude Oil, Gas Pilot Plant 1
LIQUEFACTION (C.C.L) Company Nasnonal Science Foundation Hydrogen
US.A.
CLEAN COKE PROCESS U.S. Steel Corporation, Office of Coal Research Carbonuzer 1200-1400 100 Coal, Heat Liquid Products, Gus, Char 5 Process Develop- 5
Morroeville, Pa. Hydrogenator 900 3,0004000 Coal, Solvent, Hydrogen Liquid Preducts. Gas, ment Units (Pilot (
Filter Cake plant planned)
COALCON Coalcon Co. (joint venture Office of Coal Research 50% Unavailable Unavailable Coal, Hydrogen Liquid Fuels, Gas, Semi-Works Plant 3
HYDROCARBONIZATION company.of Union Carbide Ashland Oil, DuPont, Chemicsl by-products Pilot Plant 2
Corp. and Chemical Reynolds Metals, Sun Oil, (Demonstration {
Construction Corp. Y & O Coal Co. and others plani planned)
(see report) 50%
COALPLEX City College of New York National Science Conceptual only Conceptual Coal, Hydrogen S.N.G. Gascline, coke, Conceptual k
New York Foundation oil, elec.
C.0.E.D. FMC Corporation, Office of Coal Research Pyrolysis Section Char, oil, liquor, gas Pilot Plant 3
Princeton, N.J. and Fluidized Bed 1. 610 5-10 Coal, Heat
Electric Power Research I " 2. 850 5-10
Institute, Palo Alto, ; " 3. 1,000 5-10
California c* " 4.1.,500 §-14
Hydrotr: atment
Section
: "50 2.500-3,100 Pyrolysis cil - Ha Syacrude
{1 C.0.G. Liquefaction (S.R.C.) Section - Office of Ccal Research 850 1.000 Coal-Soivent—Hy Naohtha, fuel oil, Pilot Plant
i Pittsourgh & Midway Coal S.RC., fuel gas hilot Plant
Mining Co
Gasification Section Office of Coal Research and 3,000 200 Coal- Steam - 03 'b;}'mh_esjs % Pitat Plant 1
Bituminous Coal Research, Inc.  American Gas Association 2—Tich go C.OG. :
(Demonstration
Plant planned}
COGAS COGAS Development Company Consolidated Natural Gas Co Pyrolysis Section 5-10 Coal-hear Tar, Char, as Pyrolysis-Pilot Plant
Princeton, N.J. FMC Corporation. 641,500
Panhandle Easterp Pipe Line Co.  Gasification Section 30 Char - air — steam Synthesis gis Inert Heat-Carrier
Republic Steel Corp. 1,500-1,700 Pilot Plant
Tenneco, Inc. Hydrotreatment 2,500-3,100 Tar - Hy Syncrude Char Heat-Carrier
Union Pacific Corp Sectior 750 Pilot Plant
(Demonstrauon
Plant proposed}
CONSOL SYNTHETIC FUEL Consolidation Coal Co. Office of Coal Research Extraction reactor 765 150400 Caai, Solvent Vapours. liquids, residue Pilot Plant
(C.S.F.) a subsidiary of American Electric Power Co. Carbonization 925 10 Salid residue, Slurry, Heat. Char, pyrolysis lig uid & gas (see also S.R.C.—
originally entitled Continental Ou Co. Allegheny Power System Inc. Hydrotreaiment 800 3 000 Liquids. tar, Ha Naphtha Oil. Gas Residu CF.C)
“PROJECT GASOLINE"
COSTEAM U.S. Bureau of Mines U.S. Bureau of Mines Stirred reactor 800 4,000 Coal. CO, Steam. Fuel Oil, Gas Batch Autoclive
Pittsburgh Pa. Studies




5 CONDITIONS

or the Production of Liquid,

Solid and Gaseous

SCALE OF DEVELOPMENT

Products

Reactants

Coul, Solvent,
Hydrogen, won axide
catalyst

Coal, Solvent,
Hydrogen

Coal, Heat
Coal, Solvent, Hydrogen

Coal, Hydrogen

Coal, Hydrogen

Coal, Heat

Pyrolysis o1l — Hjy
Coal- Solvent-Hj

Coal-Steam - O3

Coal-heat
Char - air - steam
Tar - Hp

Coal, Solvent

Salid residue, Slursy, Heat.

Liguids, tar, Hs

Coal, CO, Steam

L

Products

Light Qils, Liquefied Gas

Synthetic Crude Oil, Gas

Liquid Products, Gas, Char.

Liquid Products, Gas,
Friter Cake

Liquid Fuels, Gas,

|
Present Status

Obsolete
Pilot Plam

S Process Develop-
ment Units (Pilot
plant planned)

Semi-Works Plant

Chemical by-products Pilot Plant
(Demonstration
plan: planned)

S.N.G. Gasoline, coke, Conceptual

oll, elec.

Char, oil, hiquor, gas. Pilot Plant

Syncrude

Naphtha, fuel oil, Pilot Plant

S.R.C., fuel gas Pilot Plant

Synthesis gas, Pilot Plant

H,-rich gas C.0G.
(Demonstratuon
Plant planned)

Tar, Char, gat Pyrolysis-Pilot Plant

Synthesis gas Inert Heat-Carrier
Pilot Plant

Syncrude Char Heat-Carrier
Pilot Plant
{Demonstration
Plant proposed)

Vapours, iguids, residue Pilot Plant

Char, pyrolyss hquid & gas (see also S.R.C.—

Naphtha, Oil. Gas Residue CF.C)

Fuel Oil, Gas Batch Autoclave

Studies

Scale/

Size  Operational  products

2.T.P.D. 1928 2 T.p.D./Pilot
Commucrcial 1927

Commercial Plan:
1 TPD. Jan. 1975 Pilot Plan: 3 barrels

Syncrude per ton of
DA F. Coal
Svnthesis Gas

500ib/day (eack) 1974 P.D.U%. Coal & coke

(100 TPD 1977 (est.)  prep., Carbonization,
p.p- planned) Hy drogenation, Siursy
Oul Prep . Binder prep.

300 T.P.D. - Semi works

25 T.P.D. prior 1970  Pilot Plant

{2,600 T.P.D. estimated demonstration 3 900

planned) 1979 BPD liquids, 22
million SCF/day SNG

Feasibility - not applicable

study proposed

36 T.P.D. 1970 0.4-1.5 barrels per
ton of coal depending
on coal type.
8,000-10,000 SCF of
500 BTU/SCF gas
per ton of coal.

6 T.P.D. 1973 Pilot Plant
SO0 T.P.D. October Pilot Plant

1974
120 T.P.D. mid 1974 See Remarks
(10,000 TPD Unknown
planned)
36 T.P.D. 1970 See COED.

25 T.PD. May 1974 Synthesis gas
SOT.P.D April 1974  Synthesis gas
(800-1,000 Full product range
T.P.D. proposed)

20 T.P.D. and May 1967 70 barrels per day
13 T.P.D. Care &
Hydrogenation maintenance
Plant basis Apr.
1970-78
2.25 gallons 1970's Batch Autoclave

capacity

1
Location

Fusan, Manchuria,
(Mitsui & Co. Ltd.)
Leuna, Germany
Billingham, UK. Korea

Harmarwville

Monroeville Pa.

Unknown
Unknown
To be decided between
West Virginiz & Ohio in
late 1975.

not applicable

Princeton, N.J.

Wilsonville, Ala.
Ft. Lewis, Wash.

Homer City, Pa.
Not yet decided

Princeton, N.J.
Princeton, N.J.
Leatherhead, UK.

To be decided

Cresap, W. Va.

Pittsburgh Energy
Research Centre,
Pittsburgh, Pa

Figure 3

Remarks

The process was utilized for the production of fuel during World
War g in Germany, Japan and Korea. The process has been
evaluated on a commercial scale in Britain and a test scale in the
U.S.A. No commerdial plants are currently operating.

Process tested for 8 yeasrs on ar: experimental bench-scale Jevel.
Operation of the pilot plant is to provide design data for &
demonstration plant.

Commercial scale plant envisaged utilizes 17,000 T.P.D. L
feedstock coal to produce 2.2 mullion tpy coke, 669.000 t,y oil
residue, 750,000 tpy chemical producis, 34,000 tpy ammonia,
49,000 tpy sulphur, 80 million gallons benzenc and 8 million
wallons tar products.

The process is the culmination of 30 years R & D by Union
Carbide Co:p. The office of Coal Research Contract with
Coalcon is, at $237 miliion the largest awarded by

that organization. A commercial plant utilizing 15,000
TPD feed is envisaged in the 1988‘5.

Concept originaily developed by A.M. Squires of the City
College Chemical Engineering Dept. The NSF has awarded
the College a $644,000 grant to evaluate the concept.

Only large-scale gasification of the Ez‘tolym char product
remains to be demonstrated. A preliminary estamate has
been made for a commercial COED piant proceui:? 24,000
T P.D. of coal to produce 26,400 barrels per day of oil,
12,000 T.P.D. of char and 390 million SCF/day of
400-500 BTU/SCF synthesis gas.

O.C.R. has awarded a contract to Ralph M. Parsons Co. for the
design of 8 COG demonstration plant based on design data
supplied by the individual pracess developers. This
demonstration plant is designed to process 10,000 T.P.D. of
coal feed to produce 2,011 barrels per day of naphtha, 8,472
barrels per day of fuel oil, 11,345 barrels day of heavy

li?uid product, 121 T.P.D. of heavy liquid plant fuel, 2142 T.P.D.
ol

fuel gasand 317 T.P.D. of sulphur.

The pyrolysis section of the process is based on the COED
process. The pilot plants at Leatherhead and Princeton are
providing design data for the future construction of a
demonstration pilot plant (800-1,000 T.P.D.) and, to date, these
existing plants have successfully demonstrated most of the
svstems” key features.

Original pilot plant runs (to April 1970) were plagued by

mechanical difficulties and the plant placed under care and
maintenance. In late 1974 a 3year O.C.R. contract was let
to Fluor Corp. to revamp the plant to allow production of

fuel oil. The plani may also be modified to evaluate several
liquefaction processes.

Resuits on a kab scale have been encouraging and the Bureau
plans additional studies and tests leading to the design of a
pilot plant.

s




COSTEAM

EXXON LIQUEFACTION

FISCHER-TROPSCH
SYNTHESIS

GARRETT'S COAL PYROLYSIS

GAS EXTRACTION

HYDRO-CRACKING PROCESS

INTERMEDIATE
HYDROGENATION

LEAS LIQUEFACTION

LURGI RUHRGAS

METHANOL SYNTHESIS

EXTRACTIVE-COKING PROCESS

U.S. Bureau of Mines
Pittsburgh Pa.

A.D. Little Inc.

Eaxon Research and

Engineering Co., Baviown, Texas
and Carter Oil Co.

(Subsidiarnies of Exxon Corp.)

Fischer & Tropsch tGermany)
M.W._ Kellogg Co. (Synthol
Process, SASOL)

Arge-Arbeit Germeinschaft
Lurgi and Ruhrchemic

(Arge Synthesis, SASOL)

Garrett Research &
Development Co., La Verne,
California.

(a subsidiary of Occidental
Petroleum Corp.)

Coal Research Establishment,
Stoke Orchard, U.K.

Hydrocarbon Resqarch Inc.,
Trenton, N

(a subsidiary of Dynalection
Covp.)

Continental Oi1l Co

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

Leas Bros. Development Corp.

Lurgt GmbH (a1 subsidiary of
Metallgesellschaft A.G.
and Ruhnrgas A .G.)

Various Developers

U.S. Bureau of Mines

Office of Coal Research

Exxon Corp.

No sponsors
(Technique only)

QOccidental Petroleum Corp

National Coal Board, UK

Office of Coal Rescarch,

Atlantic Richtield Corp
Ashland Oil Co

Continental Ol Co (through

Consohdation Coal Co )
Gult Onl Corp. (through
GEMCO), Essa (through

Carter Ol Co ) Standard O1l
of Indiana (AMOCO), Sun

Oul Co , Elecinie Power
Research Institute

Office of Coal Rescarch

Continental Oil Company,
Shell Development Corp

State of Utah,
Otfice of Coal Reseaich

Leas Bros. Dev. Corp.

Metallgesellschatt A.G.

Techniques only

Stirred reactor 800

Unavailable

Cataly tic
Hydrogenator 800

Lurga Casitrers
1,130-1 406
Arge Fixed Bed 450

Kellogg Fluidized
Bed 620

Pyrolyzer P 100

Char-Heater
1.200-1.600

350400

Catalytwe

Ebulluted Bed 850

No detaiis avarlable

Catalytuic 930-1 020
Entrained 1 low

Cataly e Reactor

Carbonizer 1,100

4,000

Unavailable

2,00t

Atmospheric

Atmospheric

Unavailable

2,250-2,700

Unavailable

2.000-2.500

Unavailable

Atmospheric

7504.500

Coal, CO, Steam.

Coal. Heat

Coal, H3 . H- Donor
Solvent

Coal. Steam. Oxygen

Svnthesis Gas (Catalyi)

Synthesrs Gas i Cataly ti )

Coal, Hot Char.

Char, Aur

Cual. Svnthesis Gas.

Coal Oni, H»

Coal, Hvdrogen,
ZnCly cataly st

Coal. H,

Coal. solvent or recycle
oil, silwea sand or
metallurgical skag,
catalyst. Hp

Coal, Hot Char.

2H, ICO Synthesis Gas

Fuel Oil, Gas

Fuel Oil, Heating Fuel,
Coke

Naphtha, Gas, Disullate.
Heavy Bottoms, Reovele
solvent

Petrol, L.P.G ., Osi.
Wax Gas.

Petrol, Alcohol, Oil. Gas

Tar. Pruduct Char.
Gas (700 BTU/SCF)
Hot Char for
Pyrolvzer.

Hj rich coal extract

Recycle Gas

Synthetic Crude Oil, Gas

Oil Products, Distillate
Fuels

Liquius and Gas

Liquids, Gas. Sulphur

Char, Tar, Gas

Methano)

Batch Autoclave
Studies

Experimental

Several Pilot Plan:s
(Pilot plant
propesed)
Commerdal

Commerdial

Commercal

Semi-continuous
reactor
Pilot Plamt

Experimental
Pilot Plant
(designed)

Bench Scale Units
Process Dev. Unii

(Piiot Plant
current planning)

Experimental

P.D.U.’s{(planined)

Bench-scale
process unit.

(Process
Development Unat
Designed)

Experimental

Continuous Lab
Unit
Pilot Plant

Commercial

Commercial




Coal, €O, Steam:.

Coal, Heat

('\IJI, “2 * H Danor
Solvent

Coal, Steum. Oxyveen
Synthesis Gas «Catalytiod

Synthests Gas iCataly nicy

Coal, Hat Clar
Char. Arr

Coal, Synthesis Gas.

Coal. il 1l

Caal, Hydrogen,
Zn¢ |2 catalyst

Coal, solveat or recyele
oil, sihea ssnd or
metallurgical skse,
catalyst. Hj

Coal, Hot Char

2H; 1CO Synthesis Gas

Fuel Oil, Gas

Fuel Oil, Hesting Fuel,
Coke

Napiitha, Gas, Distillate,
Heavy Battoms, Recvele
solvent

Petrol, L PG (il
Wax Gas

Petrol, Alcohol, Oil, Gas

Tar, Product Char
Gas (700 BTU/SCF)
Hot Char for
Pvrolvzer

Hg rich coal extract

Recycle Gas

Synthetic Crude Oil, Gas

Oil Products, Distillate
Fuels

Liquids and Gas

Ligquids, Gas, Sulphur

Char, Tar, Gas

Methanol

Batch Autoclave

Studies

Experimental

Several Pilot Plants

iPilot plant
proposed)

Commercial

Commergial

Commeraal

Semi-continuous
reactor
Pilot Plant

Experimental
Pilot Puant
(designed)

Bench Scale Units
Process Dev. Unit

(Pilot Plant
current planning)

Experimental

P.D.U. ¢(planned)

Bench-scale
process unit.

{ Process

Development Unit

Designed)

Experimental

Continuous Lab
Unit
Pilot Plant

Commercisl

Commercial

2.25 gallons
capacity

2040 Ib. batch
Extractive Coker
0.ST.P.D.
(200 T.P.D.
proposzd)

Commercial

Coemmercial 2.5
mullion tans vear
petrochemicals
Commercial
{planned
construction)
38.000 TP.D

Lab scale

3.6 T.P.D.

Lab. scale
units
(unkncwn size)

25-1001b/day
3T.P.D

(600 T.P.D.
planned)

Bencu-scaie
continuous
units

(1001b/hr.)

501b/hr.

(5-10 T.P.D.
designed)

Bench-Scale
Laboratory
Scale
12T.P.D.

1,600 TP.D.

Commercat

current

1970’s

1976 (est.)

1935

1955

1979-51

late 1960’s
early

1970

1970’s

late 1960's
late 1960’s

1977-78
(estimate)

current

197 7est.)

early 1970's

(planned)

current

1950's
1960°s
1963

1930’s

Batch Autoclave

Lab scale units.
Unknown product
quantities

Various Scales

SASOL |
million tons gasoline

17 mullion tons/year
Gasohine iest.)

Mathematical Studies
& Lab scale
Pilot Plant

Coal Extract suitable
for production of
Hydrocarbon oils

and chemicals
Synthetic Crude
Synthetic Crude
Demo. P.P. 600 T P.D.

low sulphur fuel - 4,
synthetic crude.

Unknown

Oil Products,
Distillate Fuels
{34 barreis per ton
D.AF. Coal)

0.5 inch dia. x 6 f1.
reactor.

Liquids & Gas

Liquid & Gas
Products

Tar, Gas
Tai. Gas
Tar Preducts, Gas

Methanol

2.5 muilion wons
petrochemicals inel 1.7

Pittsturgh Energy
Research Centre,
Pittsburgh, Pa.

Foster Wheeler Laborator-
ies, Livingston, N.J.

Baytown, Texas

Bavtown, Texas

Germany

Sasolburg S.A.

Eastern Transvaal
Coalfrelds. S A

La Verne, Calif.
La Verne, Calif.

Stoke Orchard
Research Station U.K.

Crenton, N.J.
Trenton, N.J.

Catleitsburg, Kentucky

Rescarch Develupment
Centre Library  Pa

Not yet decided

University of Utah,
Salt Lake City.

University of Utah.

Lurgi, Germany
Lurgi, Germany

Lukavac. Yugoslavia

Europe, US.A ., etc.

ud oil. The plant may also he modified to evaluate several
liquefaction processes.

Results on a lab scale have been encouraging and the Bureau
plans additional studies and tests leading to the design of a
pilot plant.

This process is 2 modification of the delayed-coking process. The
O.C.R. awarded a $568,000 coatract to A.D. Little to allow an
experimental study of the process.

The Synthetic Fuels Research Division of Exxon Research and
Engineering Company have been engaged in lab. scale work and
studies on the process since 1966. Exxon recently proposed
0.C.R. funding of the planned 200 T.P.D. plant which it is
hoped will demonstrate critical process features for scaleup.

The Fischer-Tropsch “Process ™ is a misnomer in so much as the
“process’ 1s merely a combtnation of technigues producing a
multitude oi products. The concept was introducce by

Fischer and Tropsch. The technique is currently beiny
cvaluated anew by U.S. and German researchers. The SASOL 2
plant expected to come “on steam™’ in 1979-81 wili cost in the
order of $1.5 billion. For product details refer to report.

Garrett Research and Development Co. have conducted studies
for some years into both pyrolysis and gasification of coal.
Resul’s to date indicate typical yields equal to 2007% Fischer
assay and sigrificantly higher than fludized-bed pyrolysis
pracesses (refer also to Gasification Chart).

This process offers potentially attractive conditions in so much
as a residue Tiltration step is unnecessary. The extraction
residue 1s most suitable for gasification with almost complete
recavery of gaseous solvent. A pilot plant has been designed

to test the process on a larger scale

H.R.1. has been engaged in development of the H-Cozl process
since 1964 based on their experience with the H-oil procass
tcommercial refinery process). At vartous times since 19685, the
0.C.R. has awarded contracts to H.R.1. to develop and test

the vanous plant options and systems. Numerous other
organisations huve at times, been involved in sponsorship of
H.R.1.and 9 groups are funding current work.

The cost of the 600 TPD demonstration pilot plant 1s expecred
to exceed $80 million, the OCR providing, by steps, 2/3rds

of the project cost.

The Office of Coal Research has rec ntly awarded Conrinental
Oil a $6.45 mullion contract to determine the tecknical and
economic potential of the process. The programme goal is to
produce 4 barrels of oil per ton D.A F. coal. Shell Development
Corp. is sponsoring the programme.

Successtul research and development work on the process was
conducted between 1969-1974. The University has also
expernnented (bench-scale) on catalyiic hydrosolvation of coal
and lIignite 1o synthetic crude in a single step.

The process has bezn tested utilizing Illinois and Western U.S.
coals and results indicated that conversion of D.A.F. coal to
liquids ranged between 88-91%.

Initial testing of the process in lab. scale equipment indicated

tar vields between 129-2127% of Fischer assay . These results were
generally confirmed in the 12 T.P.D. pilot plant where yields
between 137-1 897 of Fischer assay were oblained. Since the
first commercial plant at Lukavac. numerous plants have been
erevied.

The technique of methanol conversion of synthetic gas has
been in commercial use for many years based mainly on Lurgi,
Koppers Totzek and Winkler gas feedstocks. A recent O.C.R.
contract to the Mobil Oil Corp. relates to developmental
studies on the conversion of methanol o gasoline and the

00 BPL uni 4 the o o

=n S L

. -
s, g ro e Sy




METHANOL SYNTHESIS

MOLTEN SALT CATALYSIS

PAMCO S.R.C.

PROJECT LIGNITE
(Solvent Refined Lignile)

PROJECT SEACOAL

PROIECT SEACOKE

SOLVOLYSIS

S.R.C. - COMBUSTION
ENGINEERING

SRC. -~ CFC
((lean ~Fuels ~trom -Coal
Project)

S.R.C. - MITSUI

SOLVENT EXTRACTION - CRE.

SOLVENT EXTRACTION - UO.P.

Various Developers

Montana State University

The Pittsburgh and Midway
Coal Mining Company,

I't. Lewis, Wash. (a1 subsidiary
of Gulf Oil Corp.)

Dept. of Chemical Engineering,
University of North Dakota,
Grand Forks, N.D

An evaluation project by
the U.S. Dept. of the Navy

Arco Chemical Co.
(a division of Atlantic
Richfield Co.)

Coal Research Establishment,
Stoke Orchard, U.K.

Universal Oil Products Co.

The Japanese Agency of
Industry and Technrology.
Tokyo.

Combustion Engineering Inc.
and its subsidiary

C.E. Lummus Co., Engineering
Development Centre,
Bloonm:field, N.J.

Old Ben Coal Co.

(a subsidiary of Standard Onl
of Ohio) and Consolidation
Ceal Co. (a subsidiary of
Continental Oil Co.)

Mitsui S.R.C. Consortium
Japan

Techniques only

Montana State University

Office of Coal Rescarch

Office of Coal Research,
Great Northern Rallway
Company, St. Paul
Minneseta

U.S. Dept. of the Navy

Office of Coal Research

Nationai Coal Board. U K.

Universal Qil Products Co.

The Japanese Ministry of
Internationa!l Trade and
Industry

Combustion Engineering Inc.

0ld Ben Cocal Co.
Consolidation Coal Co.
(Potential O.C.R. funding)

Mitsui & Co. Ltd.

Mitsui Mining Co. Ltd.
Mitsui Coke Co., Mitsui
Kozan Coking Industry Lid.,
Japan

Catalytic
Reactor

Dissolver 815

Few process details
are available
however conditions
are believed similar
10 PAMCO’s SRC
process

Refer to “Remarks™

Unavailable

Unavailable

700-1,000

400450

Few process details
are available
however conditions
are believed similar
to PAMCO'S SRC
process

Elements of —

€Oy Acceptor Process,

CS.F. Process,
PAMCO SRC process

Few process details
are available however
conditions are
believed similar tc
PAMCO'S SRC
process

750-900

T304 5410

Up to 5.000

1.000

See Notes

Not applicable

Unavailable

Unavailable

Unavailable

Unavailable

Unavailable

Unavailable

2Hz ICO Synthesis Gas

Caal, CO4, steam,
potassitm and zine
chloride catalysts,

Coal. Solvent, Hp

Lignite. Solvent, H,

Not applicable

Coal, Petroleum,
residue

Coul, H - Daner Soivent

Coal, Solvent, Hydrogen

Coal, Solvent, Hq

Coal, Solvent, Hy

Unavailable

Coal Solvent, H,

Methanol

Liquid and Gas Products

Solvent Refined
Coal (S.R.C)
Ca< (600 BTU/SCF)

Solvent Refined Lignite
{(SRL)
Gas

Not Applicable

Char, Liquid
Products, Gas

Coal Solution (¢can be
catalytically hydrotreated
or coked)

Syncrude and Gas

Liquid Products

3.R.C. Gas
Liquid Fuels

Liquid Products
SR.C, Gas

S.R.C., Gas,
Liquid FFuels

Commercial

Experimental

Process Develop-
ment Unit (P.D.U.)
Pilot Plant

Pilot Plant
semi-commercial

demonstration
plnt (announced)

Batch Autochave

PDU (Solution
hydrogenation)

Nt applicable

Experimental
(Pilot Piant
designed)

Experimental

Small-scale
Experimental
pilot plant
(demonstration
plart planned)

Experimental

Experimental
Pilot Plant

Puot Plant
(Demonstration
plant proposed)

Experimental
Lab Scale
Pilot Plant

Semr-Commercial
(planned)




IH 3 1CO Synthesis Gas

Coal. CO;. steam,
potassium and 7inc
chlonde catalvsis

Coal. Solvent, H,

Lignite, Solvent, H4

Not apphicable

Coal, Petroleum,
residue

Coal. H - Donor Solvent

Coal, Solvent, Hydrogen

Coal, Salvent, Ha

Coal, Solvent, Ha

Unavailable

Coal Solvent, Hj

Methanol

Liquid and Gas Products

Solvent Refined
Coal(S.R.C)
Gos (600 BTU/SCE)

Solvent Refined Lignite
(SRL)
Gas

Not Applicable

Char, Liquid
Products, Gas

Coal Solution (can be
catlalytically hydrotreated
or coked)

Syncrude and Gas

Liquid Products

S.R.C. Gas
Liquid Fuels

Liguid Products
SR.C. Gas

S.RC.. Gas,
Liquid ruels

Commercual

Experimnental

Process Deveiop-

ment Unit (P.D.U.)

Pilot Plant

Pilot Plant
semi-commiercial
demonstration
plant (announced)

Batch Autoclave

PDU (Solution
hydrogenation)

Not applicuble

Experimentai
(Pilot Fiant
designed)

Experimental

Small-scale
Experimental
pilot plant
(demonstration
plant planned)

Expenimental

Experimental
Pilot Plant

Pilot Plant
(De monstration
plant praposed)

Experimental
Lab Scale
Pilot Plant

Semi-Commercial
(planned)

Commercial

Commercil

Lab Scale

Stibfhr.,

continuous flow
6TPD

SOTPD

000 T.P.D.)

1 gall. capacity

S50Ib/hr

Not applicable

Lab. Scale
(10,000 BPD

designed)

Lab. scale
15 kgrhr.

Unavailabie

Unavailable

2 btre
capacity
reactor

Unavailable

(see remarks)
(900 T.P.D.
proposed)

Tecnnical
Studies
121b/hr.
continuous unit
ST.PD.

(1500-2,000T.P.D)

(oo TPD!Y

1964-75
1973
late 1974

1678 est.

mid 1960%
1974

not

applicable

1960's

1970°s

1970°s

late 1960’

1978 (est.)

1970
1973
1975
1978

1981 (st b

Methanol

Bench Scale
P P. design data
P_P. Bulk samples

S.RC.
S.R.C. plant fue!

Lab. scale

Process Development
Units (1 operating)
Solvent Refined
Lynite

Synthes:s Gas

Not applicable

Char, Liquid
Products, Gas

Coal swlution,

S.R.C. iquid products.

electrode coke,
carbon fibre,
Syncrude and gas

Syncrude and gas

Liquid products

SR.C.Gas
Liquid lruels

Demo. Plant

S.R.C, Gas,
Liquid Products

Proportions depend
on coal reactivity
and process conditions

Europe, US.A_, elc.

Montana State University

Merriam, Kansas
Wilsonville, Als.
IFort Lewis, Wash.

To be selected

Grand Forks, N.D.
Grand l-orks, N.D.

Various U S. Navy
Establishments

Philadeiphia Pa.

Stoke Orchard
Research Station, UK.

Des Plaines. Illinois

Tokyo. Japan

Bloomfield, N.J.

Toledo, Ohio

Omuta, Kyushu
Omuta, Kyushu
Omuta, Kyushu
Omuta, Kyushu

Millmerran, Queensland,

The technique of methanol conversion of synthetic gas has
been in commercial use for many years based maimly on Lurgi.
Koppers Totzek and Winkler gas feedstocks. A recent O.CR.
contract to the Mobil Qi} Corp. relates to developmental
stucies on the conversion of methanol to gasoline and the
design of a 100 BPD unit to test the process at Paulsboro, N.J.

The rescarch and development programmes of this process are
stll in the carly stages. Current studies are directed towards
optimising process conditions and reactant ratios.

Commercing 1n 1962, Spencer Chemical Co. (subsequently
PAMCOQ) conduc®ed bench scale evaluation of the Pott-Broche
provess to find a “clean fuel™. The project, S.R.C., has
continued at an accelerating pace and much interest has been
shown by ooth Governmental and pnvate bodies.
Wheelabrator-Frye announced in 1974 the establishment of a

1 000 T P.D_ demonstration plant, at a cost of $80 million which,

it runs were successful, would be expanded, over a 3 year period
at a cost estimated at $350 mullion to a 10,000 T.P.D. fully-
coanmerctal facihty O.C R. sponsorship to date 1s 1n excess of
$25 milhion

In the early 1960s. Great Northern Railway Company
sponsored investigations of the SRC, then SRL process

by the University and in March 1972, OCR awarded a S year
$3.3 million contract to continue the investigations.
Additional work will be undertaken to upgrade the S.R.L. to
liquids by fixed-bed catalytic hydrogenation.

Whilst not a process Project Seacoal is a continuing evaluation
by the U.S. Navy of those processes and products suitable for
Navy use. Project Seacoal | evaluated COED synthetic cude in
a successful Navy sea-trial. (See COED and text of Project
Seacoal).

This project was under O.C.R. sponsorship during the-1960’s
and the design was prepared for a 10,000 B.P.D. pilot plant

to be located in St. Louis, Missouri. However, in 1970, 0.CR.
transferred their sponsorship on pyrolysis to COED and
Atlantic Richfield became a co-sponsor of the H-Coal process.

The research programme to date has shown that the
solution product can be catalytically hyd-otreated to yield
liquid fuels, the solvent evaporated to yield S.R.C., or
coked to yield liquids, gas, and carbon material.

The Universal O Products Company holds a multitude of
Patents, relating to coal conversion including S.R.C.,
Hydrogenation, Microwave liquefaction etc. as well as many base
patznts concerning oll industry fields. Tests carricd out at

Des Plaines on Solvent Extraction ihdicated yields of up to

4 barreic of syncrude per ton of DA F. coal.

The Japanese Agency of Industry and Technology has tested
the process for a number of years. It 1s believed that
additional testing is presently underwayv on this and other
variations.

The Company’s have been developing this process for a
number of years and recent information indicates that major
developments have been nade in critical steps which
will hasten the commercial application o(l the process.

The Company s have proposed an $83 million S vear
to the O.C R. which includes establishment of the FJS"??PD.
demonstration plant. This plant, it is believed, will

combine elements of (at least) three different processes. It is
also believed that Old Ben has already carried out testing of the
process in a company pilot plant.

The Mitsui Croup bas been engaged in coal conversion
activities since thie ate 1920’s. During 1970-71 studics
commenced on the SR.C. process to allow utilization of
bmktdnodmm%:mmlﬁm“
plants in overseas countries. hrgest plant plasned at presemt
will utilize Southern Coal held by Milimerran

Coal Pty. Lid. st a scale of 10,000 T.P.D. and 3 tolal estimsted
cost (1974) of A$300 million.
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SOLVOLYSIS

S.R.C. - COMBUSTION
ENGINEERING

SRC.-CFC
tQlean -Fuels - from -Coal
Project)

S.R.C. - MITSUI

SYNTHOIL

TOSCOAL

UNDERGROUND LIQUEFACTION

UNION CARBIDE

The Japanese Agency of
Industry and Technology.
Tokyo.

Combustion Engineering Inc.
and its subsidiary

C.E. Lummus Co.. Engineering
Development Centre,
Bloomfield, N.J.

Old Ben Coal Co.

(a subsidiary of Standard Oil
of Ohio) and Consolidation
Coal Co. (a subgdiary cf
Continental Qil Co.)

Mitsui S.R.C. Consortium
Japan

U.S. Bureau of Mines.
Pittsburgh, Pa.

The Oil Shale Corp.
(TOSCO) Rocky Flats
Research Centre, Golden,
Colorado

1. The Texas Company

2, West Vizginia University,
School of Mines

Union Carbide Corp.

The Japanese Ministry of
International Trade and
Industry

Combustion Engineering Inc.

Old Ben Coal Co.
Consolidation Coal Co.
(Potential O.C.R. funding)

Mitsui & Co. Ltd.

Mitsui Mining Co. Ltd.
Mitsui Coke Co., Mitsui
Kozan Coking Industry Ltd.,
Japan

Office of Coal Research,
U1.S. Bureau of Mines and
Bethlehem Steel Cerp.

The Oil Shale Corp.

The Texas Company
University Funding

Union Carbide Corp.

400450

Few process details
are available
however conditions
are believed similar
to PAMCO'S SRC
process

Flements of - -

COy Acceptor Process,
CS F._Process.
PAMCO SRC process

Few process details
are available however
conditions are
believed similar to
PAMCO'S SRC
process

Catalytic
Fixed-Bed 850
Reactor

Pyrolyzer 800-1,000

Ambient

Unavailable

Unavailable

Unavailable

Unavailable

Unavailable

2,0004,000

Atmospheric

Under pressure
sufficient to
reduce solvent
vaporization and
limit the reaction
zone.

Unavailable

Coal, Solvent, H,

Coal, Solvent, H,

Unavailable

Coal Solvent, Hp

Coal, H,. O1l

Loal, Heat

Coal, Hydrogen dono-

solvent

Coal, Hydrogen
(catalytic)

Liquid Products

S.R.C. Gas

Liquid Fuels

Liquid Products
SR.C., Gas

S.R.C., Gas,
Liguid Fuels

Fuel Oil, Gas

Char, Gas, Oil

Liquid Product

Chemical Feedstocks

Experimental

Experimental
Pilot Plant

Piot Plant
(Demonstrauon
plant proposed)

Experimental
Lab Scale
Pilot Plant

Semi-Commercal
(planned)

Commercial
(planned}

Bench Scale Unit
Pilot Plant
Pilot Plant

tunder construct-
won)

Process
Develcpment

Experimental

Experimental
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L S 2 Litre 1970s Liquid products Tokyo, Japan The Jupanese Agency of Industry and Technology has tested
Coal, Sobvent, 11, Liquid Products Experimental cal;j\;cuv Kqu p el oy o f it oF i, 5 Raslieod! shae
reactor additional testing 1s presently underway on this and other
variations.
~ . G X pe ; Unavailable late 1960  S.R.C., Gas Bloomfield, N.J. The Company s have been developing this process for a
b |S_Ruc‘d (l{:::h E{;’,’f'ﬂﬂ'ﬁ?m Liquid Fuels number of years and recent information indicates that maior
q ? developments have been made in critical process steps which
will hasten the commercial application of the process.
Unavailabie Liquid Products Puot Plant {see remarks} ‘ m = : The Company ’s have proposed an $83 million S year plan
SR.C., Gas (Lﬁenmnsuam:jn (900 l;an 1978 (est.)  Demo. Plant Tt O to the O.C R. which includes establishment of the 900 T.P.D.
plant proposed) propose demonstration plant. This plant, it is believed, will
combine elements of (at least) three different processes. It 1s
also beheved that Old Ben has already carried out testing of the
process 1n 2 company pilot plaat.
Coal Solvent, Ha S.R.C, Gas, Experimental Technical 1970 S.R.C Gas, Omuta, Kyushu The Mitsui Group has oeen engaged in coal conversion
> Liquid Fuels Studies Liguid Products activities since the late 1920’s. During 1970-71 studies
Lab Scale 121b/hr, 1973 Omuta, Kyushu commenced on the S.R.C. process to allow utilization of
continuous unii domestic feedstock and also construction and operation of
Puot Plant ST.PD. 1975 Proportions depend Omuta, K sushu plants in overseas countries. The largest plant planned at present
) on coal reactivity will utilize Southern Queenstand Coal held by Millmerran
Semi-Commercial  (1500-2,000T.P.D) 1978 and process conditions Omu', Kyushu Coal Pty. Ltd. at a scale of 10,G00 T.P.D. and a total estimated
(planned) cost (1974) of A$300 million.
Commercul (10000 T.P.D. 1981est.) Millmerran, Queensland,
(planned) Australia
Fuel Oil, Gas Bench Sale Unit Sib/hr. late 1960°s  Bench Scale Pittsburgh, Energy Progressing from bench scale and small pilot plant stages,
Coal, H,. Oil Research Centre, the Bureau of Mines recently awarded a $6.9 million contract
Pilot Plant 0.5T.PD 1965 1 inch 1.D. x 60 f1. Pittsburgh, Pa. to Foster Wheeler Corp 1o procure equipment and constract
: an &8 T.P.D. pilot plant (producing 1,000 g.p.d. fuel cil) by, it is
Pilot Plant (8-10T.PD. 1976 test) 4 inch 1.D. reactor Bruceton, Pa. hoped. mid 1976. Bethlehem Steel Corp. will contribute
(under construct- under constr.) 1000 galls/day $1.1 milhon to the plant’s cost and $0.5 million for further
ion) fuel oll. research and also operate the pilot piant for a 2 year period
) after start-up. Following this it is anticipated that a 7 .P.
{Demonstration 700 T.P.D. 1979 (est) not decided plant wall bepconslruclr:i. A
plant prelimmnary
design)
Coal. Heat Char, Gas, 01 Pilot Plant 25 TPD. 1973 Pilot Plant Rocky Flats Research Tosco has investigated the TOSCOAL process since 1970
0.3-05B.PT. Centre, Golden, drawing on their experience and development work
oll products. Colorado associated with the TOSCO I process for oil shale retorting.
The TOSCO Il process has completed field testing.ina 1,
T.P.D. pilot plant and construction engineering is underway on
2 66,000 T.P.D. commercial oil shale plant. It is expected that
the TOSCOAL process will parallel development by the
TOSCO 1 process in the future.
Co‘:I. Hydrogen donor .14 Product Process - 1950's Liquid Products Unknown The Texas Company is the holder of U.S. Patemt No.
foavent Development 2,595,979 of 6th May 1952 which describes an underground
) liquefaction process. More recenily, the West Virginia
'n Experimental Autoclave Unknown  Liquid Products Morgantown, W.Va. Univ;rl:y has carried out autoclave studie< on process
- variables.
Coal, Hydrogen Cher.sical Feedstocks Experimental Pilot Plant 1940's Chemical Charleston, W.Va. Results of the pillot plant studies have not been enccuraging
(catalytic) Feedstocks as problems were in separating suitable
chemical feedstocks from the hydrogesatsd product.
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-
N-COK COALCON HYDROCARBCNIZATION COED
- 1vIL o \ofe . 0
) PYROLYSIS SECTION | TEMP (°F |
PROCESS UNIT TEMP (°F) PRESSURE ipsi} PRODUCTS S ooas s =1 | =73
T v - = e - 3 . s - o 2 ! ?c
CARBON'ZAT IOM | 1200~ 1400 | 100 »-v'-,-:'-‘-';-_-,_-gﬁ-g;ﬂ" NO DETAILS ARE AVAILABLE ON OPERATING CONDITIONS - :. ;4;3
| ' L JUiDS, GAS, FiLT FVDROTREA MENT _SECTION| TEwP °F |
KYDROGENATION 90¢ ; 3000- 4000 RS ey [ e e
The process has been demon-

strated in a 25 tcn per ¢ay
pilot plant and ¢ 300 ton per
day semi-works piant Design
of a 2600 ron per day demon-
stration plant is underway
with cons!ruction scheduled for
corrpletion in 1979 This dem-
onstratien plant is being de-
sighec to produce 3900 bar- :
rels per day of liquid prod-
ucts ond 22 million SCF per
day of pipeline gas

Testing in 50C ib. per day |
integrated process develop-
ment units ar Monroeville, Pa ,
is continuing with sufficient
experimental work completed
for the preliminary design of
a 100 ton per day pilot plant
Estimates have been presen-
ted on the yield »f products
from @ commercia. plant pro-
cessing 17,C00 ton per day

COGAS CONSOL SYNTHETIC FUEL COSTEAM

e e - N ] REACTOR TEMP oF) PRESSUSE (o) PRODUCTS | Reactor TEMP (°F) | PRE
LLAOTED BEDS 14 800 300 | 5- mAR, O, & G |
HYDROTREATMENT SECTION TEMP (°F PRESSUJE (ps EXTRACTION .0 | VAPOURS, LIOUID, RESIDUE SLURRAY
CATAL/TIC FIXED-SE0 | TS0 T500- 30 * == . 2 ‘o |
BASIFICATION SECTION TEW® [°F) | PRESSURE (os | ! '-.T:_:f‘:s s;f::c;;:..:‘s T e [
A FEA CMBUITOR 800 -1 100 [ -3 T | o e e e |
The pyrolysis section of the pro- 4 i ]
cess is fashioned after the CO- T D
ED process, which is urdergoing % | A 20 ton per day pilot piant was .'_':.,'L‘]u-— =
- TRpeTITOr
pilot plant trigls in @ 36 fon per o R — == | sperational at Cresap, W Va., cimtar e o
day unit at Princeton, NJ Two {armosclan |4 e P e s for 35 months to April, 1970, [ v 4
char gasification processes are T i - ] ,_'_ | when it was shut down for o ';": |
currently being investigated | evea | = study of the process and oper- \ ’,J i _:‘;
| The inert Heat-Carrier pro- | ——J:" ‘—-q‘—j“ cting problems. Late in 1974, |
cess in @ 2 5ton per day pilot Fou g | Pl = o o, | OCR awarded a US $13M con- [ _—
plant at Princeton, N.J (el e —L‘-. b tract to Fluor Corp to undertake E""" e ELL |
2 The Char Heat-Carrier pro- L B SRS i, g :7' the revamping of the plant over \ -
cess in @ 50ton per day pilot I P F ' 3 years. Eiements of the H-Coal )
plant at Leatherhead, England. b | e prccess mGy be incorporatedon [ T ._J r_] 4
Both char gasification proces- . B the revamped plant. A | e —
ses have operated successful- = s - § A
ly to date - e [
’ (i Pumi! Hepnms C)
FISCHER-TROPSCH SYNTHESIS GARRETT'S COAL PYROLYSIS H-COAL
SYNTHESIS TYPE |l CATALYST E TEMP (°F) | PRESSURE rps..-I PRODUCTS 2EACTOR i TEMP *F) | PRESSURE | REACTANTS ! PRODUCTS REACTOR % TEMP (*F) PRE
H ! | 1 :
ARGE FIXED-BED |RON £ COBALT | 430 - 380 f;g;.:_ gy PYROLYZER I 1100 I ATMOSPHERC | COAL- HOT CHAR l;‘*}mgﬁﬁ A l s
. raig | e ERyL_ATEL- BET g




COE.D.

COG.

ON OPERATING COMDITIONS

PYROLYSIS S_EC?DH

TEMP (*F ]

PRE SSU/

HE ‘psil

PRODUCT

FLOOJED Zi0 ™
X
-3
~ 4

&0
asc
000
200

ORI

CmR 0L, GAS, LOUOR

HYDROTREATMENT SECTION

YEMP ("F |

PPCOUCT

CATALY T FED-8ED

SYNT=ETIL CAUDE Ol

LIQUEFACTION (S RC) SECTION |

TEMP (°F)

PRESSURE (pei)

SOLVAT.ON - HY DROGENATION

&30

1000

GASIFICATION SECTION

TEMP (*F)

PRESSURE (pai)

TWO-STAGE ENTRAINED FLOW

200

The process has been demon-
strated in a 25 ton per day
pilot picnt and a 300 ton per
day semi-works piant Cesign
of a0 2600 ton per day demon-
stration plant is underway
with construction scheduled for
completion in 1979 This dem-
onstration piant is being de-
signed to produce 3900 bear-
rels per dcy of liquid prod-
ucts and 22 million SCF per
day of pipeline gas

A 36 ton per day piiot plant at
Princeton, N.J has been suc-
cessfully demonstrating the pro-
cess since 1970 in iong-dura-
tion runs of ovei 30 doys The
remaining development woi k
on the COE.D project consists
of performing large-scale char
gasification tests in commer-
caliy-cvaiiable gasifiers

Suvant Sinband Cont

An economic evaluotion and
conceptuol design of the COG.
refinery concapt have been
completed. individual process
sactions are currently being
tested ot Pamco's 50 ton per
day SRC piiot plant ot F1. Lew-
Is, Wash. and the BI-GAS pro-
Joct's 120 ton per day piint
piant ot Homer City, Pa.

e end wnllly tow

COSTEAM

REACTOR ] TEMP (*F}

EXXON LIQUEFACTION

T
REACTGR !

PRODUC PRESSURE (psi) | REALTANTS | TEMP (*F) | POESSURE (psi) | REACTANTS

vAPOURS, LIQUID, RES'OUE SLUARY
CHAR, PYROLYSIS LIQUID 8 GAS

NAPHTHA, O, GAS, RESIDUE

e

Is*'awe: EXTRACTION |

acc

COAL -CO-STEAM

FUEL O/, GAS

SOLVENT EXTRACTION

CATALYTH
N'DROGEM.SIDH

COAL~
COAL ~ K-DFPLETED
SOLVENT-W, |

A 20 ton per day pilot plant was
operational ot Cresap, W Vo.,
for 35 months tc April, 1970,
when it was shut down for @
study of the process and oper-
ating problems. Late in 1974,
C.R awarded c US $13M con-
tract to Fluor Corp to undertake
the revamping of the plant over
3 years Elements of the H-Coal
process may e incorporatedan
the revamped plan?

The process hus been investi-
gated in batch-agutociave stud-
ies employing g 2-2 gallon re-
actor. Testing iz continuing to
provide dato for the design
and fobrication ¢f g pilot
plant

The process stages have bsen
Investigated in several contin-
uous pilot picnts up to O-5 ton
per cay in size since 1967,
Generol process fegsibility has
been estoblished. Design of ¢
200 ton per day piiot piant 10
demmonstrate critical process
features for scale-up fo 3 com=
maercial piant is underway.
This pilot plant will be located
near Exxon's refinery a; Bay-
town, Tanas.

PYROLYSIS

H-COAL

REACTANTS

PRODUCTS

TAR, PRODUCT CHAR

AL-WOT CHAR | cas'i700 BTU/SCF

REACTOR

TEMP {*F) PRESSURE (puil

REACTANT=

PRODUCTS

CATALYTIC,

COAL-Fg~OIL AT s

ae

TEMP (°F)

LURGI-RUHRGAS

ORESSURE

1100

ATROSPHERC ' COAL-HOT CHAR




IR | (v ' ~ o i s I~ ) ~ e

r

SYNTHESIS TYPE CATALYST TEMP (°F) | PRESSURE (psi) | PRODUCTS REACTOR TEMP (*F; Y PRESSURE REACTANTS g PRODUCTS | Reactor | TEMP (*F} | P
| | ]
| ‘ [ e UCT i
PETROL. L PG, ALCOHOL, iyt " B | TAR, PRODUCT CHAR, i

ARGE FIXED-BED IRON / COBALT 450 l 360 I@lew%“;m’_ e 3 PYROLYZER | 100 ‘ ATMOSPHERIC COAL- HOT CHAR l[GAS (700 BTU/SCF] B T =

KELLOGG | PETROL, ALCOHOL, OILS, HOT CHAR EBULLATES-BED
(g%“dgtz‘é’g&f&s) IRON 620 | 320 l WA GRS CHAR HE.TER l 1260~ 1600 l ATMOSPHERIC CRER-AIR | roR PYROLYZER

The Fischer-Tropsch synthesis
route for the production of a
wide range of liquid, solid and
gaseous products from coal-
derived synthesis gas has been
in large-scale commerciai op-
eration at Sasolburg, South
Africa since 1954 The process
wds utilized in Germany in
World War IT for the produc-
tion of synthetic fuels,

Entraned-tac
S

Syometc 0
crude ol L _"c s

Prouct

Qo3
(S00-650 BTU/SCF)

The orocess was demonstrated
in @ smal!, semi-continuous re-
actor with results indicating a
coai -liquid conversion twice
that predicted by Fischer Assay.
At LaVerne, Calif, ¢ 3-6 ton per
day ptiot piant has been in op-
eration for some years

METHANOL SYNTHESIS

PROJECT LIGNITE (S.F\’.L.)l

SOLVENT EXTR

REACTOR CATALYST TEMP {*F) |PRESSURE (psi)| REACTANTS PRODUCT REACTOR ] TEMP (°F) PRESSURE {psi) | PRODUCT REACTOR | TEMP ‘F) p
EXTRACTION- | 780~ 840 I 500 | prooucr eLusmr, cas |
CHOAeN, 750- HYDROGENATION | il , i j-PHOntICT SR 4 I
CATALYTIC 2ING OR ' 500 Doty | 2Mp 100 METHANOL NO DETAILS ARE AVAILABLE ON OPERATING CONDITIONS SOLVENT EXTRACTION|  700-100C
COPPER OXIDE on catalyat) | FOR THE OTHER PRCCESS STEPS t
2:-; Hydrogee-rick gon recyes |
Methanol Synthesis via coal i
v v e = The first stage of a 50 1b. per —]
i ’—I ::.f'w "—J,;‘ taron | gasification has been utilized hr PDU. is ,: et el arpThe -
Geosfiparon — - $ 4PN -
(0g Lurgl ""‘"" commerrcmlly ToF many years, University of North Dakota,
primarily based on Lurgi and Grand Forks, N.O. This stage
Compresacs | I;c:‘ppers'—zx_)'r:ek ?";:“‘g’"?:_ produces a solid, solvent refin-
Q sutian 'fy o :‘ yrll ed lignite. A second stage, 1o be ]
?hr:s'::cs)c:::ero;aey :nc:hesyn operational in early 1976, will =~
y Scivant  I° = Soird Twsdue 5 =
. pvent | P n upgrade the SR.L to liquids b
US. Bureau of Mines. Any pro- racovery _"'—'L‘_ S el S fii’gd-bed catalytic hydroqenoy-
cess which yields an Hp/CO tion. The PDU. results will pro- etk
synthesis gos with an Hp fo CO vide design criteria for a lar-
ratio of 2:| after shift con- S prve— ger pilot plant ]
version can be utilized for l - s
methano! synthesis. Lrgued tumiy Product Sotwen: refined hignite 3
or rafinery feedstock Light o
S.RC.-PAMCO SYNTHOIL TOSCOAL
. — T
REACTOR TEMP (°F) PRESSURE (psi) REACTANTS PRODUCT REACTOR TEMP (°F} PRESSURE (psi) | REACTANTS PRODUCTS REACTOR TEMP (°F} | P
DISSOLVER &5 1000 COAL-SOLVENT -Hy SRC ifl‘ét'fa'éa 850 2000 4000 COAL-MHy -0iL FUEL OiL,GAS PYROLYZER 800-1000 | a
1
1
= A 6 ton per day pilot plant has s
- been in operation at Wilsonville, - Sk N o goe
14parahon Alg, for some years to provide e —
design data for a 50 ton per eparation et
Prensare | s | day pilot plont at Ft.l;ewis.m. Caraiptz A U.S.$6'9M contract has been
| Reow b . - o




Y P

T T T
REACTANTS PRODUCTS REACTOR | TEMP(°F) | PRESSURE (ps) r REACTANTS |  PROOUCTS REACTOR TEMP (°F) PRESSURE REACTANTS FROOUCTS
WERIC COAL- HOT CHaR | TAR. FRODUCT CHAR, [ : '
SRk i {::f :H:;SCF £BULLATEDBED ’ 850 T l COAL-Hp-OIL cnuggﬁgﬁegcsﬂs CARBOMIZER L KrcsPaERE COAL-HOT CHAR aag (30850 BTL
ERIC CHAR-AIR FOR PYROLYZER | | l
- . Puiverired Are
!' i"' Fydrogen recyci ’“’"_
= b r.—g__.ﬂ preconmmon
T 2 "'\“"“ i’ | aocodvuscri| The process has undergone over f— The process wos initiclly test-
- The process was demc 1strated N [sekaua S ’J:-dm" 4,000 hours of testing ina 3 ton la caineriog ed in a continuous iaboratory
= in a small, semi-continuous re- f (armos. per day PDU. and over 40,000 = unit with resuits indicating tar
‘| | actor with results indicating a tied hours of 25-100 Ib. per day yields between 129 and 212
cocl-l1quid conversior: fwice ! bench-scale testing at Trenton, per cent of those predicted by
2 that predicted by Fischer Assay. NJ. in August, 1974, OC.R. awar- i Fischer Assay. These resuits
At LaVerne, Calif, a 3-6 ton per ded a contract to H.R.. for con- £ were confirmed in a {2 ton per
. day pilot plant has been in op- struction and operation of a ]g day pilot plant. Several com~
eration for some years. 600 ton per day pilot plant % mercial piants are currently
which will be Incaied at Catletts- a in operation.
burg, Ky E
. | |
iy . I

(S.R.L.)1

SOLVENT EXTRACTION-UOP

SRC-CFC. PROCESS

PRESSURE (pm) PRODUCT REACTOR TEMP (*F) FRESSURE (psi) REACTANTS PRODUCTS
=00 | Prosuct scummy, cas | NO DETAILS ARE AVAILABLE ON OPERATING CONDITIONS
DUCT SLURRY, GAS - — . b o SYNTHETIC
M OPERATING CONDITIONS SOLVEN E'i-Ha-LTC.N| TO0 - 1000 500 COAL-SOLVENT-Hy CRUDE OIL B GAS
"HOCESS STEPS |
Fow Row
conl HySrogen - roh QUL recyts

The first stage of a SO b per
hr PD.U 1s in operation at The

=

==

Coal
prepargtion

1

A proposal for ¢ 900 ton per
day demonstration plant at To-
ledo, Ohio, is under considera-

Gos University of North Dakota, ool | wobesnt m’.','?:,'i—l-—w ;
I_ Grand Forks, N.D This stage , I L The process has been tested r—sAl——-. e :Zln?:oﬁ:: i!:t':::i:n:‘n'::\:'i’l-
g produces a solid, solvent refin- [ ey 8 for two years on PD.U and pilot —*! oreperation e g ey i
775 ed lignite, A second stage, to be ; plant scales at Des Plaines, L - d! e with'el.er-rzms e 'Cn“.
A - Cotaiy -
g coerational in early 1976, will Tl uqd plans are under con- L, -] ! I sap C.SF pliot plant o o
St | upgrade rhe SRL to liquids by i _ sideration for the construction oo K 500 tons per day of S.RC. and
—rgeworer | fixed-bed catalytic hydrogena- - T of a demonstration plant. [oriroger |t r/ 400 barrels per day.of -
tion The PDU results will pro- -1 | ganerdior [ o low-su
g s | C
vide design criteric foi' a lar- | e mu;:’marwymu g:::cl?'
B RN, ized in the plant's gasification
ol f rotite.
Lquds
TOSCOAL COAL CONVERSION PROCESSES
%F (ps) | REACTANTS |  PRODUCTS REACTOR |  TEMP (*F) E PRESSURE REACTANTS PRODUCTS
3 [ ]
' 1 1
4000 COAL - Hy -OiL FUEL OiL, GAS PYRGLYZER q‘ 00 ~ 100 ATMOSPHERIC COAL~HEAT CHAR, OIL., GAS for the prOd uct'on Of
-
] Y| A S5t B ik gl gl LIQUI D, SOLI D Ond GASEOUS
“1 Gos at Rocky Flats, Colo., has been
Ten, [ Lidsaanl i -BCLI-[-__‘," L Nopyma) in operatior for some years.
prete | /.-’ M J ‘hwmf 1 Pilot plont result= indicated tar PRODU' | q
+ A US.$69M contract has been | ( N [ M yields comparable 1o those pre- i ~
el Y = 5o dicted by Figeher

let to Foster-Wheeler Corp for




tion of synthetic fuels

] Logund
oot en k’m
(pet-ol, oucc:
hol, menor
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Product gos
(600-65C BTU/SCFYe
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METHANOL SYNTHESIS

PROJECT LIGNITE (SRL)

SOLVENT EXTR

T
REACTOR CATALYST TEMP (*F) |PRESSURE (psi}| REACTANTS | PRODUCT REACTOR 1 TEMP (°F) | PRESSURE (ps:) PRODUCT REACTOR TEMP {*F, | P;
L | L
EXTRACTION- : 750-340 [ 1500 | eropuct secrev,cas [
CATALYTIC “Ine O 500 ToRE aTRe 2H, 1CO METHANOL e | ! SOLVENY EXTRACTION|  700-3000
ol 3l {Depending 2 NO DETAILS ARE AVAILABLE ON OPERATING CONDIT!ONS ’ : 4 |
oo catalyst) FOR THE OTHER PROCESS STEPS

e

Hagh
Douiars

- L
w"'“’"

Methanol Synthesis via coal
gasification has been utilized
commercially for mary years,
primarily based on Lurgi and
Koppers -Totzek gasification.
The suitability of the Synth-
) ane process for methanol syn-
thesis is under study by the

Synfhesrs oo
2H, 10

o |
J U.S. Bureau of Mines. Any pro-

cess which yields an Hp/CO
synthesis gas with an H; fo CO
ratio of 2:1 after srift con-
version can be utilized for
methanol synthesis.

el - g AW | |
[ Sy P Fludizestes
o epe:

=

preheater

IL_' .
hass gos | Hy /CO)

Sy
soivent J,
[Syminens |

I Sovent  JLid

Lqusd fudhs Product
o rafingry "eeistoce  LGht oo

Soivent -efired ugnle

The first stage of a SO Ib. per
hr. PO.U. is in operation at The
University of North Dakota,
G.and Forks, N.D. This stage
praauces a solid, solvent refin-
e lignite. A second stage, to be
operationat in early 1976, will
upgrade the SRL. to liquids by
fixed-bed catalytic hydrogena-
tion. The PDU. results will pro-
vide design criteria for alar-
ger pilot plant.

Recycle e
solver* =

SRC-

PAMCC

SYNTHOIL

TOSCOAL

Eﬂpam" en

Starry pums

Saivent recyche

design data for o 50 ton per

i l day pilot piant at Ft.Lewis,Wash,
ity ':;_- which started up in October,
e | 1974. The Ralph M. Parsons Co.

is designing a commerciai-scole
piant under contract to OC.R.

Wheelabrator-Frye, Inc. and Soy-
. -. Alnovb-v\—l thern Services, Inc. plan to build
[ ryorogen s a 1,000 ton per day demonst-
| gemeraror oot ration plant to utilize the SR.
e L —t— T |  process. This plant will be
recomery 1 Pias | designed for expansion to pro-
! | duce 10,000 tons per day of
Sebvent refsned coa Fdter cake Selphur
to qoortrer SRC.

Coe!
praparatan

Miarogen
i generclor

Recycie ol

i
Liquig product | Lawe

6as A US.$6:9M contract has been
let to Foster-Wheeler Corp. for

separator the design and engineering of
- a |G ton per day pilot piant
= to be located at Pittsburgh,
rf:-—_;a“.;-;r;_.a- Pa. The plant is being designed
L to yield 24 barrels per day of

low-sulphur oil.

300 |

Sysmetc ol

sepgraton
cantr !,an'-l

W pyraipree

Separator | Ban

T
REACTOR TEMP (°F) PRESSURE (psi) REACTANTS PRODUCT REACTOR TEMP (*F) FRESSURE {ps1) . REACTANTS PRODUCTS REACTOR TEMP (°F) 5
Lo s ' -
DISSOLVER 815 1000 COAL-SOLVENT ~H, SRC i‘:‘;‘é‘:"fs'éo J 850 2000 -450C ’ COAL~Hp ~OIL FUEL OiL, GAS PYROLYZER 800-:10C0 | =
1
Pow Aeto_n per da_y pitot plant hds = S i
-+~ = been in operation at Wilsonvilie, L Fioy gos —L-L—_—_G_
Gas "
Eoa L—‘l ez Ala, for some years 10 provide r_lﬁ 1, L :j )
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+S.R.C." CFC. PROCESS

NO DETAILS ARE AVAILABLE ON OPERATING CONDITIONS

,l )|

$

- (SRL)

T
PRESSURE (ps:} |

PRODUCT SLURRY, GAS

SOLVENT EXTRACTION-UOP

REACTOR

PRODUCTS

T
PRODUCT PRESSURE (psi)

TEMP (°F) REACTANTS

1500

£ ON CPERATING CONDITIONS
FPROCESS STEPS

SYNTHET!IC

SOLVENT EXTRACTION CRUOE OIL 8 GAS

COAL-SOLVENT-H,

Row

i 8
The first stage of a 50 1b per [ com ] T E;;m
hr PD.U is in operation at The ke T = repocatan |
University of North Dakota, e o s
Grand Forks, ND This stage
produces a solid, solvent refin-
ed lignite. A second stage, to be
operational in eurly 1976, will
upgrade the SR.L. to liquids by
fixed-bed catalytic hydrogena-
tion. The PDU results will pro-
vide design criveriag for alar-
ger pilot plant,

A proposal for a 9S00 ton per
doy demonstration plant at To-
lede, Ohio, is under considera-
tion. The plant is to combine el-
ements of the Ft.Lewis and Wil
sonville S.RC. pilot piants toge-
ther with elements of the Cre-
sap C.SF. pilot piant fo produce

The process has been testeq e
for two years on PDU and pilot

Slurry

preparaton o

lant scales at Des Plaines, L
: [ [ L

IIl., and plans are under con- Sakmans
sideration for the construction b= 500 fons per ddy of S.RC. and

Bt
of a demonstration plant. ES.’-TZ:?'?L—"'J/ e Rl e’ s o o
2 phur distillates. The CO, Accep-
tor process may also be util-
ized in the plant's gasification
route.

4+

TOSCOAL

REACTCR

COAL CONVERSION PROCESSES
for the production of
LIQUID, SOLID and GASEOUS

REACTANTS PRODUCTS

TEMP (*F} PRESSURE REACTANTS PRODUCTS

CDAL-Hp -0iL FUEL OiL, GAS PYROLYZER ATMOSPHERIC COAL—HEAT CHAR, OIL, GAS

A 25 to. per day pilot piant
at Rocky Flats, Colo., has been
in operation for some years.
Pilot plant resuits indicated tar

Cold baiis

A US.$6-9M contract has been
let to Foster-Wheeler Corp. for
the design and enyineering of
a 10 ton per day pilot plant
to be located at Pittsburgh,
Pa. The plant is being designed
to yield 24 barrels per day of
low-sulphur oil.

Lt pipe

-—— = Accumulgtor |
hee || |

Cnar 1o soles @—i

(Sl

Ball elevatot

yields comparable to those pre-
dicted by Fischer Assay. The
process is similar to the Tosco
II oil shale retorting process
and both can be represented by
the same flow sheet. Testing
of the Tosco II process ina
1,000 ton per day semi-works
plant is complete. Construction
is underway on a 66,000 ton
per day (oil shale) commerciai
plont at Paraghute Creek, Col-
orado.

PRODUCTS

NOTE: The processes represented on this chart refer to significant
techniques undergoing current research and deveiopment evaluation
A more complete list of suitable processes can be found in the re-

pert accompanying this chart.
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AGGLOMERATING ASH ATGAS - PATGAS BI-GAS

1 L
AOZED @D TEMP (°F) PRESSURE (pw) REACTANTS ; PRODUCT GAS PROCESS TEMP (°F) FRESSURE ({psi) REACTANTS I PRODUCT GAS GASIFIER | TYPE TEME
‘ 2 COAL-0p- A j T F i [
COMBUSTOR 2000 -2i00 100 owR-mR | Low BTU GaS PATGAS 2500 50 oo e L IR STAGE 2(UPPER) ENTRAINED FLOW 7
GASIFIER 1800 00 CCAL -STEAM L MED BTU GAS ATRAS | 2500 | 50 jP(_JSA?ﬁE;TBr?XP::AT‘O,“! 940 BTU/SCF STAGE - {LOWER} VORTEX FLOW | 27
Paw
Cocl srlun o Ty
. | [ |
At West Jefferson, Ohio @ 25 —
fon per day pilot plant is due The process has been demon- | ereporsroe | : .
for start-up in early 1975 The strated in short-duration runs | =
pilot plant is to produce 800, in a 24 inch internal-digmeter |
n ' ~
000 S.;.E per day of Ha/CO gasifier Future plans call for g . ;
synthesis gas. No shift or meth- further development work in- 7 : )
Purificaton angation steps will be involved, volving a larger gasifier ‘~[*"
and dryeg

but these can be added to up-
grade med. Btu offgas to SNG.
at a later stage.

Ask Stur SNG

ELECTRIC-ARC GASIFICATION *ELECTROFLUIDIC GASIFICATION EXXON GASIFi

GASIFIER TEMP (°F) REACTANTS PRODUCT GAS SASIFIER TEMP (°F} ’ PRESSURE (os:) [ REACTANTS PRODUCT GAS FLUIDIZED BED ! TEMF *F
= I , ' :
| GASIFIER | 1S00— i 70
ELECTRIC-ARC 18 000 COAL-STEAM HIGH BTU SNG FLUNDIZED BED 1500 | 1500 | CHAR-STEAM SYNTHES'S GAS |
l ! | CHAR HEAYER 700+

The process has been tested A 12 inch diameter continuous [ = ]

on a batch basis at about s 3 reactor has been su.ccessfully

30kW. Dependent on reactior L operated The process has been - N

and quench conditions, the ( used in the IGT HYGAS pilot | ‘&, )

process can produce low, med- | Gautr | plant Vfor generation of her_o- P ~y . 5

ium or high Btu offgas. ol gen-rich gas for hydrogasifi- | e 5] aoo—rauy %
cation = ! s

N -

HYDRANE HYGAS KOPPERS-TOTZ

REACTOR TEMP (°F) PRESSURE (psi) REACTANTS [ PRODUCT GAS FLUIDIZED BED | TEMP (°F) PRESSURE (psi) REACTANTS PRODUCT e ——
= 1650 == DR LaweR BED G‘—sl MED. BTU GAS COAL PRETREATER | 750 ATMOSPHERIC COAL-AIR FUEL GAS-TREATED COAL
) SLURRY VAPORIZER | 600 1000 —1500 COAL-MIL SLURRY 01l VARPOR!ZED
LW R-FLLINTED AT 1880 1000 { CHAR - MYDROGEN g26 BTUSSCF OFFGA " = = .
1




Bl-GAS

CO, ACCEPTOR

i T r - =t
——y =S GASFER | TYPE ]l TEMP (°F) T{msssuna (psi)| REACTANTS | PRODUCT GAS FLUIDIZED BED | TEMP (°F) | PRESSURE (psi) | REACTANTS PRODUCT
i | .
] [ | i H
COAL-Cp-STEAM 315 BTU/SCF = 5 ! NED F ; {o70) - L - STEA SAS! e = CF
gty I haet STAGE 2(UPPER) ENTRAINED FLOW 0 I000~1500 | COAL - STEAM | o0 oocne GASIFIER 1500 ‘ 150~ 300 COAL-STEAM-Co0 | 400 BTWSC
Py a {RAW GLS
[Pt s"ir"-c':’!-.‘gm..-. 940 BTL/SCF STAGE |(LOWER) | VORTEX FLOW 2700 | 10001500 CHAR- 0p-STEAM ! | REGENERATOR 190G l i30—300 CHAR-AIR-DOLOMITE | CALCINED DOLOMITE
J s = e ! L i

The process has been demon-
stratea in short-duration runs
In a 24 inch internal-diameter
gasifier Future plans call for

further development work in-
velving o larger gasifier

' A (20 ton per day pilct piant

S ot is under construction at Homer
P 1 City, Pa. Due for completion in

= ' <o wonens| nig 1975 the pilot plant will

S e 5 incorporate a fluidized-bed
B R methanatar to up-grade the
r ‘L 378 Btu/SCF raw gas fo pipe-
fat-ning i ] — hine quality.
5%6

Loal
Seaparaton

Construction of a 40 ton per
day pilot plant at Rapid City,
S.D. was compieted in Novem-
ber, 1971, Testing is continuing
with varioys feedstocks and a
methanation step wili be added
to the pilot plant ir the near
future.

SASIFICATION

EXXON GASIFICATION

GEGAS

I b . T
(pae) REACTANTS PRODUCT GAS FLUIDIZED BED TEMP (*F} REACTANTS PROCUCT GAS {RAW)
T
GASIFIE 1500 — 1700 COAL-STEA
CHAR-STEAM SYNTHESIS GAS o : e MED HIH Qo
- d FOR METHANATION
CHAR HEATER | TOO+ CHAR-AIA

THE PROCESS EMPLOYS A MOVING, FIXED - BED GASIFIER

FEW DETAILS ARE AVAILABLE ON THIS PROCESS

A |2 inch diameter continuous
reactor has been successfully
operated The process has been
used in the iGT HYGAS pilot
plant for generation of hydro-
gen-rich gas for hydrogasifi-
cation

——

An O-5 ton per day test unit
has been in operation at Bay-

Eow o f o town, Texas for some years.
| T | Plans for a 500 ton per day
Coni—s —_— pilot plant at Baytown have
: been deferred
LR —— -— Ber

SNG

[srasare

b S
1
Cost o
qostar
=)
§ 2= ] l Swn

Preliminary tests have been
completed in a 5O Ib. per hour
unit. General Electric is seek-
ing partners for a demonstro-
tion pilant.

KOPPERS-TOTZEK

LIQUID-PHASE METHANATION

REACTANTS |  PRODUCT
CAL-AIR IFUEL GAS- TREATED COAL

ACT [ |
REACTOR i TEMP i*F} PRESSURE ‘ REACTANTS PRODUCT GAS (RAW)
|

REACTOR

TEMP (°F) |PRESSURE (puilj CATALYST

CATALYST LIFE| REACTANTS | PRODUCT GAS




RYDURANE

HYGAS

KOPPERS-TOT

Ciean-up

A O Ib. per hour bench-scale
unit has successfully demon-
strated the feasibility of the
process. Scale-up to ¢ 24 ton
per day piant is pianned.

REACTOR TEMP (°F) PRESSURE (psi) |  REACTANTS PRODUCT GAS FLUIDIZED BEC | TEMP (°F) | PRESSURE ipsi | REACTANTS |  PRODUCT
COAL PRETREATER 750 ATMOSPHERIC COAL -ALR |FUEL 5a3-TREATED CoAL

- 1 1000 COAL-LOWER BED GAS MED BTU GAS o || 3 o
UPPER-DILUTE PHASE 650 | SLURRY VAPORIZER | 600 10001500 | COAL-OIL SLURRY OIL VAPORIZED
LOWER-FUNDIZE)) BED 1650 {000 CHAR- HYDROGEN iszs BTU/SC F OFFGAS k' GROGAS!FIER — STAGE ! 1330~1500 100 —1500 COAL-STAGE 2 GAS |20% OF COAL 7O CH,
H; GENERATOR 1800 — 1900 l 1000 CHAR-STEAM-O; |nv0ROGEN-F-rCH GAa HYDROGASIFIER - S TAGE 2/ 1700—1800 l 000 —1500 CRAR-M, RICH GAS |25% OF COAL 70 Ch,

A 75 ton per day pilot plant
was completed at Chicago in
1971 tc produce |5 million
SC.F per day of SNG Testing
is continuing and desigr data
fer @ 250 million SC.F per day
commerciai plant will be a-
vailable in June, 1975

REACTCR | TEMP (°F)
l -]
ENTRAINED FUEL 3300
Coar

LURGI MOLTEN-SALT MULTIPLE CAT.
T T 5 3 T T
REACTOR | TEMP (*fi | PRESSURE {psi} REACTANTS PROSUCT (OFFGAS) REACTOR | TEMP (°F) | PRESSURE (psi) [ REACTANTS PRODUCT GAS (RAW) REACTOR [ TEMP {*F} P
e . 4 -
s 7 - : -
| . . SN, : l |
FIXED BED I 1401460 | 350—450 COAL-STEAM-0, 450 BTWSCF - ",.‘c"‘cc:"" " 830 | 420 COAL-STEAM-Op 330 BTWSCF HEATEG N CATALYST 1200—1300
1 I I | I I 1 [
e,
This process has teen studied L—l
The first commercial piant since 1964. Recent develop- =1 E= o =
was constructed in 1936. To ments (incorporating the react- |
date, 14 commercial plants ion 1n a single vessel without
have been built Abouyt 30 Lur- circulgtion of molten sait cat- i
R | g = bed

gi-based SNG. plants gre plan-
ned in the US.A. with the first
expected on stream in 1978.
Expansion of the Lurgi-based
SASOL plant in South Africa

alyst, and non-corrosive reac-
tor lining) have increased the
appeal of the process for both
S.NG production and as a

source of low-Btu fuel gas for

is planned. San purge SNG magnetohydrodynamic gener-
i ators.
b
- Ash
T — T
REACTOR | TEMP (*F) ‘ PRESSURE (psi) | REACTANTS PRODUCT GAS (RAW) REACTOR TEMP (°F) | PRESSURE REACTANTS PRGDUCT GAS (PAw) REACTOR TEMP (°F)
N B
! |
FLUIDIZED BED | 1800 \ 1000 COAL-STEAM-0, 40% BTU/SCF REVOLVING GRATE 1200 ATMOSPRERIC [ COAL-STEAM=-0, 270 BTWSCF FLUIDIZED BED | (500—i800 |
|
1 i
T Coad
i E—
- i : alle- c Pow ey
,‘m\_J - 1 This process has been under e LT - [Comprossan | e CW?_:
" 1 cas | Tomes e T\ 7 development since 1961 A 7% j - e § e
- Lot tor per dav pilot plant is ur Foae i ; :




KOPPERS-TOTZEK

T

\

_J

A 75 ton per doy pilot piant
was completed at Chicago in
1971 to produce | 5 miliion
SCF per day of SNG. Testing
1s continutng and design data
for a 250 million SC.F per day
commercial piant wiil be a-
vailahle in June, 1975,

There are 16 commercicl plants
operating to produce a synthe-
sis gas for ammonia product-

ion. The process is under con-
sideration for current instal-

lation.

CTANT R - - T
Behahis | Feeky REACTOR TEMP (*F) PRESSURE REACTANTS  |PRODUCT GAS (RAW) REACTOR | TEMP (%) |PRESSURE (puil] CATALYST | CATALYST LIFE
COAL-AIR  [FUEL 5AS-TYREATEDCOAL + = 1

C COAL~ 0L SLURRY OIL VAPORIZED ] l |
0 | COAL-STAGE 2 GAS |20% OF coaL TO CH, ENTRAINED F'JEL‘ 3300 | armosereric | COAL-STEAM-0; | 300 BTU/SCF caTaLYTIC 2 YEARS CO—H, SNG

J CHAR H, RiC= GAS |25% OF COAL TO CH, l 'l I| l
ot b

ch

of§
i

x8

§

A skid-mounted pilot plant is
under construction. It will have
a reactor 151t long and 2ft in
diometer with a capacity of
2 million SC.F per day. The pi-
lot plont should be ready for
start-up at either the HYGAS
pilot plant or the COy ACCEP
TOR pilot plant in May, 1975,
converting synthesis gzs to
pipeline gas (S.N.G.).
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- 1 ®_ ./ yield 600 million SCF per day
source of low-Btu fuel gas for e — T veloped
"G magnetohydrodynamic gener- e T8 of SNG. has been commission-
ators = ed by O.C.R.
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This process is commercial in
16 plants The plents have a

SUBSTITUTE NATURAL GAS

Those processes requiring an ‘outside’ methanation step to up-
rade the raw gas to pipeline quality cguld utilize a commer -
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The first commercial plant L since 1964. Recent develop— — — Y gl
was constructed in 1936. To - ments (inccrporating the react- !
date, 14 commercial plants s B Ao Sende— fei= @ | | ion in a single vessel without [
have been built About 30 Lur- ,—‘L v—r—~ circulation of molten salt cat- , =
gi-based SNG. plants are pian- " ’ * _r— alyst, and non-corrosive reac- =] [
ned in the USA. with the first l g [wemo] | tor lining) have increased the Cow U
expected on stream in [978. Pravacned ! [ : ] — | appecl of the proces: for both J_ [ -
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5 SASOL plant in South Africa source of low-Btu fuel gas for —
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This process has been under
development since I961.A 75

| ton per day pilot plant is un-

| der construction at Bruceton
Pa. with completion expected
in mid-fiscal year 1975. The
pilot plant will produce 2-4
million SC.F per day of synthe-
sis gas, to be up-groded to |
riliion SCF per day of SING.
In @ methanator to be installed
at the plant,

¥

This process has been com -
mercial for over 30 years. The
vendor can only supply small
units suitable for a single, large
industrial plant or a complex
of smaller plants requiring
S.N.G. in special cases.
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This process has teen studied 2
csince 1964. Recent develop— ]
ments (incorporating the react-
ion in a single vessel without

A continuous reactor has been
in operation for some time. 55
different catalysts have been

A demonstration plant is pianned
in Oklahoma, wherein @ nucleor
reactor will supply heat for the
methane-reforming step which
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l | ' : l ‘ SUBSTITUTE NATURAL GAS
v | This process is commercial in Those processes requiring an “outside’ methono.ti_on step to up-
-l This orocess has been com - WP SPG. hw pE— grade the raw gas fo pipeline quality could utilize a commer-
[ mercial for over 30 years The Mg cutpet of 1§ il cially-proven methanation process, eg. “Hot-Gas Recycle.
ST | o ok sk sty sotsld SCF per day of synthesis gas ! . 4 o
I | units suitabie for a sing’2, iarge suitable for the production of The following high-Btu processes could also be L_mltzed f_or the
~=] | industrio! plant or a complex ammonia, methanol and ol by production of low-Btu fuel gas by the substitution of air for
L | of smatier piants requiring B e opech syness o | oxygen: BI-GAS, GEGAS, HYGAS (oxygen), LURGI, MOLTEN
i_‘ SNG in SPeCIal G but the process is once m"‘ SALT' PATGAS, SYNTHANE, WELLMAN"GALUSHA Ond
} under consideration for cur- WINKLER.
%G rent .nstallation.
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NOTE  The processes represented on this chart refer to significant
techniques undergoing current research and development evaludtion.
A more complete list of suitable processes can be found in the re-
port accompanying this chart.
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