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INTRCDCTION

Trhe development of methods for producing shale o0il from oil shale
constitutes one phase of the rasearch and development program being
conducted at the Petroleum and 0Oil=Shale Exreriment Station at Laramie,
Wyoming, under authority of Public Law 290, The objective of this law
is te¢ facilitate the development of liquid fuels from sources other
than petirnleum.

Customar‘ly, shale oil is produced by heating oil shale to a
temperature in the ra:ge 800=1000 F. for a sufficient time to convert
the organic matver to gas, oil, and coke and to distill the volezile
conversion products from the * organic residue or "spent shalz." This
retorting process results in recovery usually of not over 80 percent
of the organic metter in the shale as volatile products, the balance
remaining in the retcrt as coke or fixed carbon on the spent shalea
Even though a quantity of fuel equivalent to or more than this coke
may be required to carry out the process, it would be adventageous if
all of the organic matter could be recovered econcmically from the
shale as vilatile fuels, for the mechanics of utilizing the fuel value
of the spent shale are difficult to solves Mo retortirg process
developed to date has surceeded in increasing this recovery by more
than a few prrcent,

A method which appeared from published date and patent claims to
convert a hirher rersentage of the organic matter in oil shale to
volatile products consists of heating the shele either alone or in
the presence of a solvent and extracuving the soluble conversion
products rather than distilling them from the shales This so-called
thermal solution process and a modification of it, wherein the con=’
version and extraction are carriad out under a high partisl pressure
of hydrogen, have been studied at Laramie to determine their applica=
bility to Green River oil shale from Colorados The results of this
work, which was carried out during the prriod from June 1945 to
February 1949, ara presented in this reports

SUIEIARY

The thermal solution process converts over 90 percent of the
organic matter in oil snale to oil and gase The highest yields of oil
cbtained without hydrogen pressuri werz equivalent to 119 weight percent
of That obtained from the same shale by Fischer assay while, under pres-
sure,0il yields equivalent to 26 weight percent of Fischer assay were
obtaineds However, this o0il has a higher %oiling renge than that
obtained by retorting methods, particularly when sxtracted in the
absence of hydrogen pressures Nondistillable oil equivalent te over
100 percent of the organic matter in the shal: was obtained without
hydrogen pressure in the systems Vihen extracting under hydrogen
pressure, the yield of nondistillable o0il amounted to 60 to 70 waight
percent of the organic matters This heavy material is formed partly




by pelymsrizotion and condonsation of thr shale=o0il solvent usede
This roaction together with cracking < the solvent to form gas and
a carbonaccous deposit on the shale are unfavorable features of the
process when using shale-o0il solvents,

Th~ nstimcted cost of producing shale oil by the thearmal solution
process without hydrogsn prassure is {4474 per barrcle. Under o pres-
surec of 3000 psi with u high partiul pressure of hydrogen this cost is
roised to $6.00 par barrrle Both of these cost figuras allow for no
roturn on tha investment,

Advontages of the procnss are high rates of heat transier to the
shale with consegquent short retsntion time in the recctor, ant rishor

0il yields than ar~ customarily produced by retortinge.

Disadvantagos of ti~ process are the necessity for fine grinding
of the shale, the high boiling-rangs of the oil produced, the cracking,
polymerization, znd condensation of tie shale=o0il solvent, und the
difficulty of seperuting the solvent and product oil from the spent
shalae Thesa disadvantbuges are reoflaoctead in the high procass costse.

The thermal solution process is considersd to be not a practical
shale oil production prcoecass at the preosent stage of develogmante
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LITELRATURE REVIEW

The organic matter in o0il shrl~ usually is associatad intimataly
with the mineral portion wund is charascterizead by its relatively low
solubility ¢t low tamperaturss wnd by its deocomposition te gos, oil,
and carbonaccous rosidue at high temporatiirese The extent to which it
is soluble is indicatnd by the work of Gavin and Aydelottel/, who
extractod unhrated samples, crushed to 20 to €0 mesh, of severul
dnorican oil shales with carvon tetrachloride, carbon disulfide,
uecetons, benzene, znd chloroform in soxhlet cpparutuse The rasults

£ thoir work are shown in the following table,

1/ Guvin, lle Je, and Aydolotte, Je T., Solubility of Oil Chales in
Solvents for Petrolseum: Bursuu of [incs Rept. of Invostigations 2313,
1320, pps




Solubility of 0il Shule in yarious Solvents

for Petroleuml

0il Sclubility

Shale yisld (perecent of distillution yield)

source (gpt) CCly TS, (CHz),C0 Cgllg  CHClg
Kentucly 18.22 0,51 1,44 - 0.82 1,99
Utah (Soldirr's Summit) 44460 4,45 4,57 3.16 5,47 6432
Colorado (DoBague) 37.75 15.42 15.07 10,04 16.84 18,22
Uyoming (Green River) 58465 5427 5458 6455 8,00 7.3
Celifornia (Ione) 52,00 33,46 29.68 55480 - Ela.T3

These datn show that for shale from DeBeque, Colorudo, the solubility
ranges from 10 to 18 prrezant, bisad on the distillation yisld of the
shalee Thrse pereontumns probubly would represent o soiubility of 7
te 12 percent of the total orsaric context of the shalce

McKinneyEA working with a 3041 gpt Hew Brunswick oil shale, found
it to be soluble in the following vinight percentuges in the solvents
listad; ethyl cleohol, 1,5; ~thyl ether, 2.2; curbon disullide, 248;
acotone, 246; chlorcform, 242; carbon tatrachloride, 2.8; banzeone, 3.2;
pyridine, 2.6; and acetic ncid, t£,94 Those prrcentages arec basad on
ron shale and probably should be multiplied by about 3 to put them on
an organic matter basise

Kogermané/ states that not more than 1 percent of the organic
niatter in an Wstonian kukersite was dissolved in 120 hours by acetone,
chlorof'orm, benzene, curbon disulfide, patroleum ather (boiling point
322 F), toluene, xylene, pyridine, ethyl ether, or ethyl alcchol,

Appar enitly due to a chemical change in the orgunic matter it was found
that 242 narcent was soluble in tetrachlorocthanese He later found that
8 percznt of the organic mutter was soluble in cyclohexancl (boiling
point 322 F),

From the above data it is apparaent that the orgunic constituents
of 0il shale are only slightly soluble at low tomperatures in any of
tha common solvants for patroleume Work by many investigators has
shown that temparatures in the ragion cbove cbout 650 F ure necessary
to affeoet conversion of th~ organic matter to soluble muterisl, A
study at this etotion of tha spnaciiliec ratas cof this conversion raaction
for Greoen Rivar oil shale from Colorado over thr tamparature rangn

2/ VeKinnoy, Je We, Constitution of Kerogens Jour. Ame Cheme Soc, 46,
1524, pp. 968-979,

g/ Kogrrman, Ps Ne, Hundred Years of ths Chemical Investigation of an
0il Shules 0il Shalnr und Cannel Conl, Th~ Institute of Petroleum,
London, 1838, pp. 119-120,




675 to £25 F indicatns that the rate of the recction is very low at

675 F but approximately doublss for sach 18 degres rise in temperaturce
In the region above 750 F the rute is sufficiemt to te of practical
significancos.

Je A Dulhuntyi/ E/ E/ roports somes work on the solvent treutment
of Australian torbanitee These investigotions apparently were madoe
more in an attempt to determine the chemical properties of the orgunic
rmaterial in torbanite thun {o develop u commercial process for its
oxtractiones Prcheating of the torbanite to 660-840 F rendered the
organic material solutls in henzenes Aromatic solvents were found
to be more efficient than aliphatic and it was observed that tha
organic matter could be extracted also by its own oily convarsiom
product at 660-840 F und 150-300 psie Considerable work was done by —
this investigator on the pressure extraction of torbunite with bonzenee

Some data are availublal/ on the small-sculs batch autecluving of
Dunnct, Scotland, oil shale with o heavy, aromctiec kerosine, 7Wilsh a
1:1 weight ratio of shaln and solvent and an extracticn tima of 6 hours
the optimum temperature w.s found to be 716-752 F¢ Thr muXimum pressure
developed during thess tasts dt this temparaturs was 350-470 psie
Batch ~xtraction with the same shale and solvrnat at 752 F ond 320 psi
moximum prassure removed €3,3 parcent of the organic carbon and 7149
percent of the hydrogen from the shalne. Dry distillatisn of this shale
at 1380<=1470 F removed 55.8 percsnt carbon and 981.9 prrecent hydrogone
The carbon to hydrognn ratio of the totul products was 4.66 for the
thermal solution m-athod us sompured with 3,22 for the dry rntorting
methode

Since 1940, Russiun investigators have published considerable work
on tha thermal solution of solid fuels, including oil shulnse
e Ke Diyakove8/ 9/, in 1944, descrived a pilot plart hundling 3C kg
of shale per hour, A low-sulfur shale contuining 48 perc-nt organic
mattor was usnd in a s~riss of tnstse A porticle size of 043 to & mm
was found to he satisfoctorys The solvent was o shala=0il fraction

4/ Dulhunty, Je Ae, Solvent Extraction of Torobanite: Proc. Linnean
SoBs Ne Be We 67, pte 3=4, 1942, ppe 238-248, .
5/ Idem, The Actioa of Solvants on Torbanite and the Noture of

Txtracted Froducts: Jour. Proce Royal Socs e Se W. 76, 1943,

pp. 26£8=274,

Idam, Freliminary Hotaes on Solution-Cracking Treatmant of Torbanite:
Jour. Proc. Royal Socs e Se e 77, 1243, ppe 24-32,

Smith, Gs Hs, ond Stewart, D,, Txtraction of 0il Shule with Solvents
at Realatively High Tempoaratures: Scottish Oils Ltd., Cemtral
Laboratory, Report SO, i1/168/40, July 16, 1940,

Dyakova, M. K., Production of Liquid 'l from Combustible Shales
by the Mrthod of Thermal Solution: Bull,e Acade Sci. UsReSeSs,
Classa Scie Tnche,. 1944, 2583=274,

Idem, Thermal Solution, A New ilrthod for Obtaining Artificial
Liquid Fuel: Bull, Acade Scie UeReSeSa, Clusse Sci, Tech., loe

7-8, 1944, 498-505,




with a boiling range of 428-698 F (48 percent volatile at 572 F) and
& specific gravity at 68 F of 0.933s Vhen o mixture of equal weights
of shalo end solvent was processed at 797-806 F for 20 minutes at a
prassure of 470-500 psi, the following yiclds were obtained, based on
original organic content of the shales gasoIine 39.3 percent, diesel
fuel 249 porcent, casinghead gasoline (recovernd by absorption from
the gas) 0.6 percont, pitch 30,2 pearcent, gas 8 8 percent, water
(pyrogenic) 643 percemt, and insoluble oirgunic matter 8e4 prarcente
The removal of 91.7 pereant of the organic material of the shale was
obtainnde The fractions boiling below 428 F wers removed from the
nixture, th2 residue wns then filtered on a filter press and the
spent shale washod by decantrtion with shals nophthoe The pilst
plant concisted of a 1CO-liter mixin:; tenk, gear pumps, high-pv..ssure
puste pumps, a heuting ¢l made from 165 feot of cbout O.4-i.... ID
pipr, o reaction chambar f B.6=-litar capacity and equipped wi- o 7
mechaniecal stirrer, a throitls valve, condenser, and product r:czivers

The earliest Americun thermal solution patents were obtai . 4 by
Ho Do RyanlO/ 11/ 35 1625 und 1928, Ryan proposed to fine-grind oil
shale in o lsl mixturs with heavy shale oil at a tompersture of 300
to 400 Fe Digestion of th~ shale wus to be complated wt 600 to 700 F
at atmospheric pressurn. Tha temparaiure of about 700 F was supposed
to be high enough to «ffnect conversion of the Larc-~n to soluble
meteriol but te e not £o nhiizh as to volatilize “o09 much of the
colvente Howenver, teste mude by the Cunodian Droportmeont of EHines on
Jrow Brunswick oil shale, r-nortad by Ae Ae Swinnnrtonl&/, pointed out
the failure of thie procest when applind to Jeow Brunswick oil shalese
These shales raguiire highor tempsratures, in the order of 750 F, to
offect foirly complate conversion of kerogen in reasoncble lengths of
time, @wid are therefor~ similer to Coloredo oil shalese Ryan's process
was found to be inoperible at 750 F beczuse of the excessive volatil-
ization and cracking of tha solvent that took plucae Patents ware
gronted in 1522 to D. T, Dayl3/ for a process wrneraby oil shunlc,
crushad to minus Z-inch, wus digested in a buth of eruds shole oil at
teomperatures of 550 to 70D Feo While the process was supposed to
oprrate at cither atrospherie, subatrospheric or superatmospheric
prassures, the ecleim was made thet a pressure of at least 70 psi
resulted in a gain in efficiencye The cracking of the shale o0il
durine this treatment was sacclaimed, credit being given to the mineral

10/ Ryan, ile D., Bituminous iaterial from Shale: U, S. 1,327,572,

T Jens 6, 1580, :

11/ Id~m, Digestion »f Bituminous Shale: Te S. 1,672,23), June 5, 1928,

T2/ Swimnerton, Ae k., Treatment of 0il Shale from New Brunswick by

T the Rysn 0il Digrstion Process: Canadian Dept. Nines, Swmary
Report No. 605, 1922, pp. 210-218,

13/ Day, De T., Appuratus for Txtracting and Distilling Hydrocarbons

= from 0il Shales U. 8. 1,447,298, U, 8. 1,447,207, Mar, 8, 1933,




mattor in the shale for increasing the amount of crackings William
Hs Hamptonl4/ lé/llﬁ/ received several patemts in 1928 and 1929 for a
process that is very similar to Ryan's. Hempton also proposed fine
grinding of the shale at 300 to 400 F in a slurry with a heavy
paraffin=base oil yielding substantially no distillate below 700 F,
Digestion was to be carried out at temperatures not in excess of
about 700 F; ‘a range of 665 to 675 F was claimed as giving excellent
rcsultse The pressure was to be either atmospheric or subatmospherice
The introduction of steem, hydrogen or an inert gas into the raotort
was suggesteds The digested mixture was to be diluted with a light
0oil, such as kerosine, filtercd on a centrifugal filter, and washed
with korosinee The spont shale was to be dried, then ratorted at

900 to 1000 F for final rocovery of the bitumen, In U. S. Patent
1,707,759, Hompton suggests digestion with a kerosine fraction under
a pressuroe not greater than 100 psi at a temperaturs of 530 to 700 Fo
In Us S Patemt 1,778,515, he points olt the advantage of heating tho
shale rapidly, claiming that this procedure will give o muterially
larger yield of liguid hydrcearbens, and remarking that the extremo
fifeness finally attained by the minsral matter of the sacle muy be
due to the disrupting effect of this sudden temperature rise, .lfred
FisherlZ/T in a Us S. Patent granted in 1937, describes a process in
which finely-divided o0il shale is mixed with a hydrocarbon o0il, such
as a crude petroleumgdistillation residue, tar, pitch, or other heavy
0il, preheated by passage through heatér coils to 850 to 1050 F and
then coked in chambers at a temperature of $0C to 1200 F with final
heating €o as high as 1600 Fs The pressure in the preheating coils
was to be 100-800 psi and in the coking chambers prefzrably sub-
atmospheric,

The biblirmgraphy given at the ernd of this report covers the
major portion of the English-language literature on the thermal
solution of oil shales- A number of abstracts of foreign-language
articles and patents elso are includede In this discussion of thermal
solution processes the attempt was made to include all references to
methods of obtaining o0il i'rem o0il shales in which the shale was con=
tacted with hydrocarbon solveunts either before or during its heat
treatment, excluding processes specifically applicable to tar sands
rather than to true o0il shales. Rzference to the bibliography shows a
considerable rumber of United States and British patemts on thermal
solution processess The Canadian, Australian and New Zealend patents
are largely duplicutions of British patentse” A number of Germen -
patents, mostly hald by I. Gs Farbenindustrie A-G, are listed The
abstracted patents and articles hav=: been grouped in accordance with
the section entitled "Outline of Bibliography."

14/ Hampton, Viilliem He, Hydrocarbons from Bituminous Shale-Like

~  Maferial: U. S. 1,668,898, May 8, 1928,

15/ Idem, Digesting Shale ¥With O0il and Cracking Tvolved Products:

Ty Be 1,687,763, Oct. 16, 1528,

16/ 1Idem, Digestion and Distillation of Products from Bituminous
Shales U, S. 1,703,192, Feb, 26, 1929,

lz/ Fisher, &1fred, Pyrolytic Conversion and Coking of Finely Divided
Bitumincus Material and Hydrocerbon 0il: U, S. 2,073,367, Mar. 9,

1937, p




TIMRIMAL SOLUTION OF OIL SHALE IN A BATCY AUTOCLAVE

"The initial laboratory investigation of the thermal solution
process conducted at Laramie on Green River o0il shale utilized a
small batch autoclave coustructed of seamless steel tubing 1.5 inches
ID and 26 inches long, closed at both ends by threaded plugs and
equipped with an axiamlly=-located thermocouple tube, a pressure gage,
and the necessary high-pressurs valves, Auxiliary apparatus consisted
of a thermostutically controlled, electrically hrated lead bath in
which the autoclave and its contents could be immersed for hrating
cnd a cold-water quenching bath in which the cutoclave and its contents
could be immersed upon removel from the lead bath for rapid cooling to
stop the conversion reactions A photograph of this apperstus is shovmn
in figure l,

Data obtained in these batch thermal solution studies are given
in table 1 and compared graphically in figure 2, In this work a
41=gpt shale from DeBeque, Colorado, having an analysis of 233 percent
organic content, 17.2 p-rc-nt mineral €Oy, tnd 5945 percent ash was
usede It was crushed to the following approximate screen unalysis
znd dried at 220 F; 7 percont plus 43 mesh, 18 parcent 48-100 mesh,
25 percent 100-200 mrsh, and 50 percent minus 200 meshe Most of the
work was done with petrolsum k=rosine as the solv=nt, but quinoline
and enthracone oil were also us=d for comparisone The weight ratio
of raw shale to solvent was varied between 1.0 and 2.0, little differ=
ence being fourd due to diffaerent ratiose To increase the heating
rate of the charge a ‘quantity of 0,5-inch stainless steel balls wes
used in the autoclave, This quantity was proportioned to the shale=
solvent charge so thut the lutter just filled the interstices »¥ the
ballse Thus, the heating up peried was lowered to 20 to 30 minutes,
depending somewhat upon the maximum temperature rencheds

Correlation of tiie duta in figure 2 shows o mcximum percent con-
version of organis mutter (to gas and benzene-soluble matericl) at a
different temperature for zach "sowuking" period, when petroleum  ~
kerosine was the solvent, Thus, for a sooking period of one minute
whe optimum temperature is 840 F with 'a conversion of 86 percent and
for a G0=minute period the temperature is 795 F and the corresponding
conversion 87 percente The tests were not carried to low enough
temperatures for thr 180C-mimate runs to ascertain ths optimum tempera-
tuirz, but the maximum conversion obtained during this saries of tests
was 87 percent at™ 740 F, Ths optimum temperature for 60 minutes heat-
ing with quinoline wes about 800 F und for anthrucens oil sbout 770 F,
and the respective conversions were 90 und 84 percente. Compurison of
the results obtuined from the 60-minute runs with petroleum kerosine,”
quinoline and anthracene oil is of interest., At 740 F, both quinoline
and anthracene oil show considerably better conversion than petroleum
kerosine, the difference being 13 und 17 p~rcent, respectivelyes At
temperatures up to the optimum of about 80C F, quinoline continues to
be at least 3 percent better than kerosine, while the anthracene oil
becomes progressively poorer in comparison with the other two solventse
Data ottained for various solvents such as those used in thase




preliminary experiments is mainly of academic interest, as it seems
unlikely that the use cf o solvert other than a shala=oil product can
be practical for a commercial thermal solution process. However, these
data havuy been of value in showing the small diffarence in solvent
effect of a polar solvent (quinoline) and a non-polar solvent (petroleum
kerosine)s The importance of the extraction time and its dependence
upon the temperature were well demonstratede As was oxpected from the
investigations of Maier and Zimmerleylg/ and of Curlsonlﬁ/, the length
of heating time required to obtain a given percentage conversion
decreases as the temperature is increased,

A number of batch tests were made at temperatures in the rango of
860 to 950 F, using different fractions of Parry shale o0ils These data,
given in table 2, show that the relative stability of tha three solvents,
based on the final cold gus pressure, decreased in the following order:
light gas oil, heavy gas oil, and residuume The relatively large amount
of cracking of the residuum is eovident from the lower apperent con=
version of organic matter that was obtainede Coke produ.ci by cracking
of the oil appears ws unconverted shale organic mattsr, because of the
analytical method used.

The low vapor pressure of the light gas oil in thes range of 900 to
950 F, together with its greater stability, recommends the light gas
0oil for use as a solvent at these higher temperatures. Although the
conversion rate of kerogen is so much faster in this temperature range,
difficulty would be expsrienced in obtaining a short exnough heating up
period to prevent overtreatiient of the shale with consequant loss of
0il yield,

STUDY OF THZ PROCESS WITH A SENI=CONTINUCUS UNIT

"4 semi-continucus *thermal solution unit was nos>uconstructed to
serve as an intermed!ct~ step between the batch ausoclave and a con=
tinuous semi=-pilot pnl=iw'. 4 diagrammatic sketch of this unit is given
ir figure 3 and a phozograph in figure 4 The purpose of the appoaratus
was to permit the therm:!l solution treatment of crushed oil shale at
various constant tenparaturas up to about 850 F undear pressures up to
500 psi while maintaiains a desired rate of passage of the preheated
solvent through the fixed ted of shalee Better yinolds were expected
in this apparatus than by sutoclaving since the solvent and extrac+-~-
shale 2il would not he held at the extraction temperature for us long
a period of time, thus lessening the amount of cracking and formation
of fixed mases and corkea

The ‘extraction column was constructed of a 4-foot length of l-inch
ID seamless steel tubing, '/ith screwed plugs at both ends, a centralr
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thermocoupie tube, and pipe counsctions for entrance of the preheated
solvent at the bottom of the column ard exit at the top. The solvent
was fed from large burets to a Zenith high-pressure gear pump, thence
through prcheater tubes in e thermostated lead beth irto thr~ bottom

of the extrastion column. The lower half of the column was filled with
steel weshers and 1/8--inc™ stainless-steel balls to ororida final ore=
heating of the solvent. Criushed oil shale was charg~d 1o the upper
haIf of the cdlvmn. The wopuratus was set in a controlled-temperature
electric heaters The solvent was at the extraction tempsvuiure when

it contacted and puss~d through the shale charge, remcving the kerogen
as the latter was converted to gas and soluble bitumer end oii. The ~
solvent and shale oil then pessed through a water-cooled heat exchanger,
thence tharough a Grove pressure regulator from which the >iguid and gas
were discharged at utmosnheric pressure to a liquid recaiver, the gas
being taken off to & gas receiver,

Preliminary runs were made with petroleum kerosine f:ir purposes
of comparison with batrh autoclavinges Operation was carr’al out at a
nressure of 400 psi sinc: this was sufficient to maintein the sclvent
in the liquid phase alt ths operating tempsratures. The 01l shale used
was a sample from Parachite Creek, Colorado, containing 21 nercemt
orgaric matter and essaying 53 gpte It was ground end screnned to 4
to 8 mesh and dried ut 220 F. A charge of 50 srams ol oil shale was
used for each run. The extruction wes continu~d until the color of
the solvent coming out of the column indicated rssentially complete
removel of extractabl-~ orgunic matters. The data from the s-ries of
runs using potroleum “erosine are reported in table 3 und the data
from the runs using a shole-0il gas oil in table 4. In {igure 5 these
data are compared with the rosults from batch autocluving with petroleum
kerosinee An incrercse of 6 percent conversion wes cbtained with
oetroleum kerosine in the semi-~continuous unit over thut obtained in
the batch autoeclava. On plotting the percent conversion against
temperoture, o curve is obtained which is similcr to the plots of
the batch autocleaviag data; that is, rising to a muxinum at some
temperafuro then iropping with « further increcse in itamperualiures, In
the case of the semi-continuovs axtraction with petrolsum kerosine,
the optimum temperature is between 760 ond 770 Fe A higher meximum
conversion of 95 parcent was obtained when o similar sories of runs
was made with ¢ Pumpharston shale=oil gas oils For chie shale-oll gas
0il the optimum temp-rature was slightly lower than for the petroleum
kerosine, being nbout 750 F,

Of spocial interest in comparing the potroleum k~rosine and shale-
0il g&s o0il runs is the relotive amount of noncondnnsclile gases formed.
In the optimum tempsrature range of 740 to 760 F sboukt 1D times as
much gas was formed with the shale=-o0il solvent «s with the prtrolcum
solvonts The gas amounts to an astimated 2¢ percent of the organic
contermt of the shale for the shale~-oil runs ard to less than 3 percent
for the petroleum kerosine runse The zus formation is due, thereforg,
mainly to the croacking of the solvent rather thun to the decomposition
of the shalo orgonic muatter,




The very complete disintegration of shale upon thermal extraction
with e shale-oil solvent led to e further study aleng this line,
Using the small batch autoclave and treating different screen size
samples of shale in shale-oil solvent at 775 F for various lengths of
time, gqualifative notes were taken as to *“he degree of disintegration
tnat occurred, The data given in table™> show that shals particles,
ranging from 14-mesh to 3/4-inch in size, are all almost completely
disintegrated in one hcur at 775 F &@ud are all completely broken down™
aftor a 2-hour rXtracticr, The re'e of disintegratior sce.: ekout the
same for all sizes of skais testede This physical chan - arjears to
accompany the conver§ion of The kerogen to soluble maiwr.nle The
occurrence of a rubbery state prior to disintegration ‘. similar to
that observed by other investigators,

Another series of tasts was mcde, using samplas
53-gpt shale, each crushad and scroened'tong—inch to
treated in the same mammer as in the previous tosts, Thuo data are
given in table €, Although the 27 and 53-gpt Shales wc* X in a
similar“fashion to the samples previously iested, the Ii-grt shale,
while becoming more er.’1ly split into laminations, did ».% brek down
into fine particles. Larger pincos of shalo of about tires same grades
wore treated in a larger sutoclava with tlie same rosultse Digestion
of one-kilogram pieces of 27 and 53-gpt shalec with shale oil at 790 F
and 500 psi ~ffected disintegruticn within 2 to 4 hourss Under similar
treatment tho ll-gpt shals retained its shape but bocamc more nasily
split into laminations,

cor further study of the disintegrating effect of shale=oil upon
m~dium and rich grades of shalo & lurger semi-continuous thermel solu=
tion unit wes constructeds The extraction column was 2,5 inches ID
and 45 inches inside length, constructed similar %o the previous unit,
with similar arrangement of auxiliary apparatuse Th~ major change was
to carry out all the prchecting of the solvent in the bottom half of
the column, thus decrcosing the retontion time of the solvente A
dlogrammatic sketoh of the new apparatus is shown in figure 6.

Lumps of shale as large as woula fit into the column were used in”
the first’series of runs. Thrse were apr-oximately 2 inches by 2 inches
by 4 inches in sizes Conditions of temperature, pressure and solvent
pumping rate were maintained as nearly constent as possible for these
runs, being reSpectively 800 F, 30C psi and 30 ¢z per minute. Three
different shale=oil solvents were used, each being a fraction or com=
bination of fredlions from Parry shale oils The light gas oil was
tha’ fractionated between 380 F at 585 mm Hz and 445 F at 2 mm Hg;
the heavy gus o1l was the cut teken after the light gas oil and up %o
the cracking point, which was about 650=700 F at 2 mm Hge A mixture
was made of one=-third heavy zas oil and two-thirds distillation
residuum ‘ur use as the third solvente For nll the runs, approximately
60 minute "was required to bring the shale charge up %o the operating
temperatura of 800 F aftar placing the column in the heater and filling
it with the solvent under pressure, When 800 F was reuched, solvent
pumping was begun and containued for various lengths cof time. After
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this period, the pumping was stopped, the pressure released, and the
colimn removed from the Heater. “Analys=s of the raw and spent shales
were uSed to calculate psrcentage conversion of kerogen to gas and
benzene=soluble 0.}. These data are given in tables 7 and 8.

Runs 34 %038, in which the three solvants were pumped through
the shale charge for 45 to 50 minutes, show that the heavy gas oil
and residuum mixture gav: somewhat befter rosults than the othar two
solventse With a 63-minute heating period ana a 15-minute pumping
period; a maximim of 85 percent conversion of the ofganic matter was
obtaincde These results ‘are somewhat uncertain, due to the extreme
rango in quality of different pieces of shale and to tha difficulty of
obtaining a gdod representative sample from large pieces. This shale,
cemang from Bed B of the Anvil Points mine, apprared to vary in grade
from 15 to 50°gpte Tha apparent assay value was determined ofi each
picece of shalec by weighing in water and in air and using a specifiec
gravity versus assay value correlation charte The main purpose of this
portion of the investigatidn was™ accomplished, since it was demonstrated
that o0il shale did not have to be crushed to sizes any smaller than
about 2 inches to be extractable by thormal solutions At the same time
the poorest grade of shale th™t would disintegrate during treatment
with shale oil was found to be about 20 gpte

“Further semi-continuous extraction work was carried out with 26-gpt
shals cFushed {0 minus Z-inch so that more representative shale samplds
cou.d be obtained for analysis, A number of runs were made with differ=
ent soivemts at 300 psi and 760 or 800 Fo~ Table 9 gives the operating
condiions for ruch run and the perenntage conversion of organic mattere
The btest conversion, 81 nercent, wis obtained with Parry shale-oil™
hoovy gas o0il and with the shalé held at 760 F for 60 minutes, The
runs made at 800 F all gave somewhat lower apparent percentage con-
vorsion of organic matter, probably bacause of too long a heating
period which resulted in excessive coke formation from the oil,

An attempt was made to show whether the assumption was true that
thr low apparent conversion of organic matter was due largely to tho
forma*ion of coke from cracking of the solvent oile In separate runs”
at 300 p§i and approximatély 800 F, raw shale, spent shale, and a fine
gravel were charged to the somi-contindous units The solvents used
were potroleum kerosine and three shale oilse The latter ware a light
gas oil, a heavy gas oil, and a mixture of one~third heavy gas oil and
twosthirds residuume Table 10 gives the resulting data for coke
decposition on the solids and also for naphtha formationsa The values
of coko drposition do not show necessarily the total amount of coke
formed since part wes probably carried out of tha reactor in the oil
stroames However, run 56 with light gas eil and spent shale, shows
that a considerable amount of coke may be formeds The 5.3 pereent
coke, based on the weight of the spent shale charge in the reactor,
may b@ calenlated to an organic matter basis, assuming that the reactor
hud been charged with a 26-gpt raw shalees This rssults in a coke
aoguivelent of approximately 29 percent of the organic matter. Thus,
an cxplanation may be given for the excecdingly low apparent conversion
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of organic matter that was obtained from most of the runs given in
table 9, The naphtha production during the pumping period may be
used as a measure of the relative amountz of cracking obtained in the
different runs. As compared to the gravsl, the spent shale exerted
no great catalytic cracking effect on any of the solvents. Also,
about the same amount of cracking occurred with the different shale
oils. Of particular interest is the approximately three-fold produc-
tion of naphtha from the shale oils over that from the petroleum
kerosine, ‘thile the above data are of a more qualitative than quanti=
tative nature, they serve to demonstrate that the maximum conversion
of kerogen to ;;as and benzene-soluble material by thermal solutiom
can be obtained only by careful control of operating conditions so as
to keep coke formation at a minimum,

INVESTIGATIONS WITH A CONTINUOUS UNIT

As o step toward more nearly simulating probable commercial-type
equipnent and mode of operation, a continuous thermal solution unit
was next designed and constructed. Figure 7 shows a drawing of the
apparatus and figure 8, a wiring diagrame A slurry of shale oil and
minus 55-mesh o0il shale was mixed thoroughly, then pumped by means :f
o Hills-McCanna high-pressure pump through the reactor, thence through
a water-cooled heat exchanger into a pressure receiver. The gas passed
through a brine-cooled condenser and was released by means of a Grove
pressure regulators The data given in table 11 and figure 9 were
ootained by trecatment of a 27-gpt shale in a l.15 weight ratio of
shale and shale-o0il gas oil. A pressure of 300 psi was maintained on
the apparatus and runs wero made at the temperetures, 750. 780. 810,
and 850 F, To obtain a measure of the affect of retention time upon
kerogen conversion the batches of slurry were recycled several times
at the same operating temperature, A maximum conversion to gas and
benzene~soluble 0il of 85 percent of the organic matter was obtained
by a retention time of 26 minutes at 810 F and also by a retention
time of 10 minutes at 850 F, These times do not include the heating=-
up periods., PFigure 9 shows that the maximum conversion is about the
some at the various temperatures, but the reaction rate increases
rapidly with increasing temperaturee

Wthile the 85 percent conversion to oil and gas compares favorably
with the average 80 percent by Fischer assay, the net oil yield is
probably considerably lower than that obtainable by Fischer assay, due
to the formation of gas from cracking of the solvent. The solvent
that is lost in the process by being cracked to gas must be replaced
by newly produced oil, thus lowering the net oil yield. To determine
this value, o measure of the total quantity of gas produced is necessary.
Because gas measurements for these runs were of uncertain accuracy,
owing to the nevessity of prepressurizing the apparatus with carbon
dioxide or nitrogen, an estimation of gas production for run 6 was
made in the manner shown in table 12,

Based on the composition of the raw shale and spent shale slurries
the gas produced was calculated to be equivalent to 23 percert of the
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of tre shale organic matter, This value is comparable to the 19
percent calculated on the basis of the weight of gas collected. For
this run the conversion to cil and gas was only 75 percent, apparently
due to insufficient processing timey so the net yield of oil is about
55 percent of the shale organic mattore However, the quantity of 400 F
end point naphtha produced during the run was 85 percent of the shale
organic matter, which is 30 percent more than the net oil yieldes Thus,
considerably more oil was cracked to gas and naphtha than was produced
from the shale,

As the solvent oil becomes somewhat more resistant to cracking
upon rocycling, the following series of runs was made to obtain a
moasure of this refractoriness. A sample of shale-o0il light gas oil
was passed through the continuous thermal solution unit five times at
850 F and 300 psis The total retention time in the unit, based on
the cold specific volumn of the o0il, was 10 minutes, with 7 to 8
minutes at the maximum tempsraturcse After cach cracking cycle, the
product was fractionated into naphtha, light ges o0il and polymer
(material h~avier than the light gas o0il)s, The material balances,
given in table 13 for each cycle, show that tho light gas oil becomes
considerably more refractory with increased cruacking treatment.
However, cvon the loss of 8.8 percent of this fraction in the last
cycle is on important quuntity when celoulated to & shale organic
matter basise Insufficient oil in the light gus 0il range would be
produced from the shale to maintain the necessury supply of solvente
Although this low boiling and low viscosity solvent would be desirable
to use, o broader cut is shown to bc necessarye In carrying this
study furthor, o« mixture of the light and heavy gas oil from N-T-lJ
crude oil was cracked in 7 passes through the thormal solution unit
under conditions similar to those used for the light gas oile
Similarly, also, the product from each cycle was fractionated into
nophtha, recycle stock, and rrsiduume The products from the seventh
cycla, given as weight percant of the charge to the cyclo, are 160
poreont gas, 5.7 percent raphtha, 908 percent recycle stock, and 2.5
percent residuum and coke, For normal thermal solution operations,
and calculated to a shale organic matter basis, these products would
amount to about 6 percent gas, 34 percent nephthe, and 15 percent
residuun and coke, Thus, the loss of solvent still amounts to a large
portion of the oil that would be produced From shale by thermal solu=
tione

Four final rums with an oil=-shale slurry were made in the continu=-
ous unite For these runs a change was made in the product receivers so
that the products from the start and end of the run could be kept
seprrute from the product obtained during the middle part of the run
when conditions were stable and uniforme Apparently, due to this
change, the percentage conversion of the shale orgenic matter to gas
and benzene-soluble material shown in table 14 was 6 to 11 percent
higher than previously obtained, With the exception of the solvent
used, the operating conditions were the same for the 4 runs. Raw
shale RRS-45=-329 containing 14.2 percent organic matter and ground
to minus 65 mesh was mixed with the solvemt oil ‘= a weight ratio of
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1le15, Lased on its specific volume at room temperature, the slurry
was retained in the reactor for 10 minutes, the operating temperature
teing 850 F and the pressure 30C psi, For runs 9, 11, and 12, the
sclvent was the cistilluble portion of N-T-U shale oil -vith the naphtha
removede. The solvent used in run 10 was the distilladl~ prsduct with
th2 raphtha removed, resulting from the seven-cycle thermel crucking

of ¥:T-U shale 0il, No apparent effect in percentage conversion is
noted due to ths use of the more refractory sclventc The average for
the four runs, 93 percent net yield of gas and benzene-soluble material
from the shale organic matter, appears to be a good represcntative
value for the thermal solution processe

Analyses were made of the charge and product materials f'ur ruus
9 to 12, the respective compositions being given in table 15, Analysis
of the product slurry was quite difficult and therefore is subject to
some errore The procedure followed was to distill the naphtha and a
portion of the heavier oil from the slurry, then %o wash the remaining
benzene~soluble material out of the spent shales The benzene was
stripped off this extract and a microdistillation was made on the
residue to determine the proportion of solvent oil and nondistillable
0ile The naphtha was redistilled to the correct end point, and the
residue was added to the solvent oil« The benzene-extracted spent
shale was analyzod by the usual methods From the data given in
table 15, the yield of organic products was calculated and is shown
in table 164 The yiclds ar~ averaged for runs 3, 11, and 12, in
which an uncracked solvent o0il was used, and aro campared with the
yields for run 10, in which the more highly cracked and refractory
solvomt was uscd. Less than two-thirds as much gas and one-third as
much naphtha wero produced by run 10 as compared to the average of
the other three runs. Howev~r, the cracked solvent used for run 10
appecarcd to be more readily polymerizod, us evidenced by the greater
amount of nondistillable oil producede The average totsl Jili yield
for runs 9, 11, and 13, was 71 percent of the shale orgmnic matter,
and the yield for run 10 was 81 percen*, These results, particularly
the latter, compare favorably with the average oil yield by Fischer
assay, which is about 68 percente. The composition of the gas produced
from these four runs is given in table 17, The mairn constituents are
methane, ethane, hydrogen, and carbon dioxides

The preceding data show the nacessity of carrying out the thermal
solution process under operating conditions that will reduce cracking
and polymerization to a minimume A reduction in the yield of gas
would be desirable, particularly as it is low in unsaturates that
might be polymerized to liquid productss The most important protlem,
however, is reduci:ion or complete prevention of polymerization of the
solvon% so that a sufficient quantity of a relatively light oil may
be recycled, The only apparent method of accomplishing this is by
hydrogenatior during the thermal solution treatment of the o0il shales
The hydrogenation studies that were underteken as a result of this
conclusion are described in the following section of this reperte




BATCH THERMAL SOLUTION WITE HYDROGENATION

A preliminary study was planned for the use o7 hydrogenation’
concurrcut with tho thermal solution treatment of oil shale in the
cxpcetation that polymorization of tho solvemt oil could be preventede
Other possible advantages of the use of hydrogen were a betser quelity
product and reduced gas productions

An Arerican Instrument Campany 4-3/8 inch series superpressure
shalzing mechenism, equipped with a stainless steel reaction vessel,
was used in this worke. It was set up inside the small stall showm
in figure 10, The walls of the stall were 1/4-inch steel plate, 10
feet high, bolted together and bolted to the building, floor, and
wallses The doorway was shislded by another steel walle An overhead
trolley was located over the hydrogenation unit frr easier handling
of the reaction vessel and a control panel wes coustructed of 4-inch
steel plate installed outside the barricedes This panel may be
partly seen in the photograph of figure 10, e complete view being"
shown in figure 11, A Tagliabue Celectray temperature controiler,
Browvn Zlectronik temperature recorder, and various ammeters, variacs,.
end switches were all mounted at the right end of the panel. On the
le?t end, nearer to the hydrogenation unit, the gas control manifold
was mounted, This consisted of the various pressure gauges and valves,
shown in the diagrammatic sletch of figure 12, which were used in
pressurizing und blowing down the reaction veosseles The gauges had a
5.000--psi range, amd vere equipped with stainlcss steel Bourdon tubes
and fittings and with safety backs. They were set in tho panel above
the head levol of the operator for safety, in cas~s of burstirgz and
breakage of the glass face, The valves and tubing connections were of
stainless stecl, rated at 25,000 psi operating precssure, 3Zxcopt on
the gaugo lineos, all valves wereo arranged in pairs to insure against
leakages Connecting tubing was all stainless steel, 1/4-inch (D by
3/32=inch ID, and having a yield strongth of approximately 26,000 psia.
The manifold was ridigly fastened to brackets welded to the back of
the panel, so all the protrudod through the panel wore the gauges and
tho valve handles, For some of tho studies a 2=-cubic foot stainless
steel gas holder (shown mounted under the pancl) was evacuated and
used as a gas roceiver, The manameter mounted on the left end of the
panél was used to measurec the pressuro in this receiver,

Because of its availability and lower cost, helium was used as a
flushing gas to remove the air from the systems A further advantage of
helium, when operations are such that some of it enters the gas sample,
is its ease of determination by the mass spectrometer and calculation
out of the gas analysise. Hydrogen was available only in the standard
commercial 1,800 psi cylirders, When the cycinder pressure became too
low for final pressurizing of the reaction vessel, the remaining
hydrogen was used for flushing the apparatus and for partial pressurlz-
ine. To provide hydrogen at a pressure greater than 1,800 psi, the
un.s. shown in figure 11 below the left end of the control panel, was
constructeds A spare 4=3/8 inch reaction vessel served i< a highe
pressure gas holder¢ & S5-ton hydraulic truck jack was converted to a
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hand-operated oil pump. Starting with the gas holder full of hydrogen
at the maximum cylinder pressure, a light lubricating oil was pumped
into it from a reservoir until the desired pressure of as much as
4,500 psi was obtainede The 0il reservoir was equipped with a gauge
to provide means of determining the quantity of oil pumped into the
gas holder,

Later phases of the hydrogenation study utilized an American
Instrument Company micro reaction vessel, This vessel was constructed
of type 347 stainless steel and had a rated operating pressure of’
6,000 psi at 800 Fs 1Its capacity, without liner, was 183 cee. The
photograph of figure 13 shows this vessel as it was equipped for use
in studies requiring fairly rapid heating and cooling of the vessel
and contentses The reletively low heat capacity of the micro reactor
made feasible its rapid change of temperatures The heater jacket of
the 4-3/5 inch series shaking mechanism was fitted with a carbon
steel liner, bored to receive the mioro reactores The reactor was
connected to the control panel in the position shown in figure 13
only for pressurizing with hydrogen and for discharging the gaseous
productss In starting a run, the heater was brought up to the
desired temperature, the cover plate removed, the reactor inserted
and bolted in place, and the shaker starteds At the end of the rum,
the shaker was stopped, the heater raised to a vertical positiom,
and the retaining bolts removed. Operating a rope block from the”
outside of the barricade, the reaction vessel was removed from the
heater and lowered into a drum of lubricating oil for quenchinge A
pump kept the oil circulating in the drum during this proc2ss. Runs
were made without trouble up to maximum operating conditions of
4,400 psi and 875 F, followed by quenchinge As a check on the condi-
tion of the reaction vessel, the ocutside diemeter was pericdically
micrometered at several specific points and occasional hydrostatie
tests were made, The micrometer measurements showed no expansion of
the vessel's walls during the approximately 40 runs that were made in
the above menner,

The initial hydrogenation studies were carried out in the 4-3/b
inch series reaction v2ssel, equipped with u« stainless stcel liner
having a capacity of 2,080 cce The first series of tests wnore 6 runs
made at meximum temperatures ranging from 750 to 843 Fe Oil shale
RRS-48-108, containing 1542 percant organic matter and ground to
minus 65 mesh, was mixed in a weight ratio of 1a156 with H-T-U shale=
oil gas oil RRS-48=105, About 750 co of this slurry was charged to
tho reactor for cach runs After flushing the vessel three times with
helium at 500 psi and thres times with hydrogen at 500 psi, it was
pressurized with hydrogen, while still at room temperature, to 2,000
psis The heat was then turned on full and the reactor was heatod +9o
the maximum temperature as rapidly as possible, being shaken during
the ontire periode, With this unit the neating and cooling rates aro
quite slow, 65 minutes being required to hcat from 65C F to 750 F
and o cool back to €50 F again, and 110 minutes for the 650-843-650 F
cycles The temprrature of 650 F was sclected for this comparison”
because it appeared to be the point neer which hydrogrnation commoncedes
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The heating and cooling curves for these runs are shown in figure 14.
The heat was turned off before the maximum temperature was reached,
due to the temperature lag in the heater and reactor walls, and the
unit was allowed to cool back to room temperature overnight before
being dischargedes The results, given in table 18, show that increased
percentages of organic matter ware oconverted to gas and benzens-soluble
material with increasing temperature (end reaction time) up to the
maximum of 100 percent, attained with a temperature of 830 F, In
oomparison, the conversion obtained in the continuous thermal solution
unit, without hydrogonation, averaged 93 percent. The gas from these
hydrogenatica runs was passed througih an acetone and dry ice trap, a
caustic scrudber which removed the HoS and some of the COp, and a wet
test meter, und was finally collected over water in a gas holder. '
MqaS8 spectramecer analyses of the gas samples, calculated to a hydrogen-
free basis, uro given in table 194 Tho gas cbtained from hydrogenation
of the solvent oil by itsrlf, at a maximem temperature of 775 F, saows
no great diffurencs in the proportion of the various hydrocarbonse

The consumption of hydrogen by tho shale was colculated for each run,
assuming the solvent oil and thn organic matter of the shale to have
absorbed equal weight percentages of hydroger.e The coasumption fof
the two run§ which gave 1.0C percent conversicn of the organic mattor
was estimated o be 750 to 800 std cu ft hydrogze: per ton of shale or
143 weight percent of the shale organic mattera

To show thn effect of a hycrogen ctmosphore during thermal solu=
tion at high prossures, the follaowing two serirs of tests wers mades
In both cases tle contents of the reactor were hoated to a maximum
temperature of £37 to 843 F and held above 650 F for 108 to 113
minutose Theo data cre given in table 2C4 Vhen hydrogen wes used,
the percentage conversion o shale orgonic mattsr to gas and Yenzecne=-
soluble products increasad I'rom 75 tc 100 percent as the cold initial
hydroger. pressurc was raised from 500 to 2,005 psi, However, '7ith ~
helium, the maximum conversion obtained was only 63 percent, for the
run starting with o cold initial helium pressure of 1,200 psi, The
value of the hydrsgen in the preventicn of coke formation and, to a ~
certain extent, in the reduction of gas formation is thus demonstirateds
The gas prodaction, as weight percent of the shale organic matter, was
guite uniform for ecch sarias of tests, runging from 35 to 43 percent
for the hydrogen rns and from 46 to 4¢ percent for the helium runse
Compared with the nverago gas yicld of 21 percen®t that was roported in
table 16 for contirnuous thermal solution operations, cven the hydrogena=-
tions runs produced an rxcessive omount of gase No doubt this is due”
to the lengthy hreting period required by the oquipment used for these
tostse

To solve the problem of ovbtcining rcpid heating cnd cooling of
the roanction muss, the praviously described micro reaction vessel was
purchased and used in further batch hydrogenation studiese With this
unit, heating from rcom tempersturo to 825 F could be attained in 15 ~
to 20 minutes and cooling back to 650 F in 2 to 3 minutes was possiblo
by quenching in the oil baths Tho first scries of t~sts mcde with the
mioro rezactor was a situdy of the effect of hydrogen pressure and of
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Q boiling range of solvent upon the petrcentage conversion of shale
organic matters The results are given in table 21, Previous work
had indicated that a shale-oil solvent in the kerosine and light
gas oil distillation range was not as effective in hydrogenation of
shale as was a higher-boiling oil. Ae verification of this factor,

o tests were made with three fractions of a previously non-catalytically
hydrogenated N-T-U shale oil. The boiling ranges were 446 to 53C F
at 760 mm Hg for the light fraction, 530 to 608 F at 760 mm Hg for
the medium 0il, and 608 F and 760 mm Hg to 490 F at 1 mn Hg for the
heavy fraction, The light oil gave a consistently lower conversion
than the two heavier oils, the differonce amounting to as much as 11
percent for the runs at 1,000 psi initial pressures The probable
explanction is that the light oil is a poorer hydrogen carrier than
the heavier fractionss Ior each particular 'solvent higher conversions
were obtained at the lowar hydrogen pressures, The optimum results
wére 96 to 97 percent conversion of shale organic matter with both

) medium and heavy oil and at 500 and 1,000 psi cold initial hydrogemn
pressuree No explanation is apparent for the low conversions at 2,000
psil initial pressure compared to the 100 percent conversion obtained
at this pressire in the larger reactore The results of runs 56, 57,
and 58 show definitely the need for agitation of the slurry during
the hydrogenation process. Mass spectrameter analyses of the gas
sample oollected fram each run were calculated to a hydrogen~-free
basis and are reported in table 22, Due to the small volume of gas
produced, its collection and storage without contacting with water

Y was feasiblees This procedure was carried out by evacuating a Z2=cubic

! foot stainless steel gas holder and bleeding in the product gas from
the reactor through an acetone and dry ice trap. The volume of gas
collected was calculated from its absolute pressure in the holders
The percentages of the various hydrocarbons and of hydrogzen sulfide
were quite constant for all of the runs during which the reactor was
shakene”  The lower carbon dioxide content of the gas and higher carbom
monoxide content at the higher hydrogen pressures apparently is due

@ to the reduction of the ocarben dioxide to the momoxide. Of considerable
interest, particularly with respect to other studies now being made m
the ocomstitution of gases from shale retorting, is the zero to ome
percent carbon monoxide in the gas from runs 56 to 58 in which very
little hydrogenation took place. These analyses serve to indicate
that the carbon monoxide in retort gases is due probably to reduction
of the dioxide and is not a direct product of pyrolysis of the shale.

Having ascertained the conditions that would give a high conver=-
sion of shale organic matter, a series of ten runs was made in the
micro reactor under constant conditions to prepare sufficiemt hydro=-
genated slurry for analysis and determination of distillable oil yield,
Shale RRS-48-329, containing 14,2 percent organic matter, was mixed imn
o lelS weight ratio with a solvent oil comsisting of equal weights of
the medium and heavy olls used in the preceding testse The cold
initial hydrogen pressure was 500 psi and the maximum operating pressure
averaged 1,200 psis A period of 15 to 20 minutes was taken to reach

@ the average moximum temperature of 862 F, which was held for an additional
15 to 20 minutes, then followed by a quanch in the oil bathe A nonversimm
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of 93 percent organic matter was obtaineds Of this quantity, approxi-
metely 11 percent was gas which separated from the slurry at roam
temperature and about 20 inches Hg vacuum, 6) percent was nondistill-
abla ol]l as determined by mioro distillation at 2 mm Hg to the okrecking
temperaturej and the remaining 22 percent wab distillable oil and
dissolved gass Compered to the® continuous thermi) solution results,
hydrogenation effected a redyction it yield of nohdibtillable oil
amounting to ebout 40 pefeent of the shale drganik mabtets =
A5 the quantity of nond}dtillable oil phoduced was btill dkcessive,
a number of tests were made id ar attempt o find more favorable opera=
ting comditionsy In all of these runé the 8old initial hydrogen
pressure was 800 psis The resulting operating pressures of 1,100 psi
ahd higher were believéd to be the maximum that would be economically
feasibla for this process, 8o Purther studies at higher pressures were
hot mede, Reaction temperatures rangsd from 753 to 922 F and rstention
times a¥ these temperatures ranged from 2 to 120 minutese The data
are given in table 23) The best product was obtained from run 95, in
which the slurry was haated at 814 F for 60 minutese This was one -
of "the few runs that showed a nat yield of distillable oile However,
the yield of nondistillable 0il was still very high, being 66 percent
of the shale organit matters. Highar tempcratures and shorter hLoating
periods did not give even as good a product as this,

The above tcsts showed thet hydrogenetion in a thermal solution
medium with a cold initial hydrogen pressure of 500 psi does not yicld
a satisfactory producte Considerable difficulty would be oncountored
in attempting rccovery of the rclatively large quantity of nondistill=-
able oil from the spent shale. Highor RAydrogen pressures might
produco a more volatile product, but the cost of operating at these
high pressures would be excessives Hydrogenation tests with an added
catalyst were not mades, On the basis of some catalytic hydrogenation
work that hed been carried out on shale o0ils, the quantity and cost of
the catalyst that would probably be required would ..ecessitate its
recovery from the spent shale, This would be difficult, if not
impossiblee

SEPARATION OF OIL A®D SPENT SHALE

4 maior problem of the thermal solution process is the economical
recovery of the solvent ard product oils from the spent shale slurry.
Three general methods which may be used have been partially tried out
in the laboratory, These are; first, flashing the oil off the hot
slurry upon ralease of the pressure af'ter thermal sclution treatment;
second, filtering the oil from the speat shale, washing the latter
with a light oil, and then stripping the solvent from the spent shale
by heating or steaming; and third, filtering the slurry and completing
separation by stripping the spent shale with superheated steame

Separation of the oil and spent shale by flash vaporization of
the oil was attempted at two different timese The first experiment
was made during run 44 in the semI-continuous unit, the data for which
are given in tables 7 and 8., After pumping a heavy solvent oil,
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oonsisting of 1/3 shale-oil gas oil and 2/3 resicuum, through the
shale bed at 800 F for 17 minutes, the pressure was released and the
shale held at 800 F for an additional houre In comparison with run
41, which was made under similar conditions except for the additional
heating after release of pressure, a 21 percent decrease in yield of
gas and benzene-soluble material was noted for run 44, This was due
to coke formation from the oil that failed to vaporize at 800 Fs 1In
addition, the spent shale was still impregnated with 12 percent of
benzene=-soluble material so that a net removal of only 4 percent of
the shale organic matter had beon effected by the combined thermal
solution and flashing treatment.

As tho preceding test had been made with a heavy solvent, the
procedure was tried cgain with u shale=o0il kerosins solvent, used in
connection with the hydrogenation studies. The data in table 24 show
the camparative results obtained with and without flash vaporization
of the o0il, after hydrogenation of an oil shale and shale-o0il kerosine
slurry in the large batch reanctors Two runs were made in which the
pressurc was r'ecleassed while the reactor was maintained at tho run
temperature of 851 F, resulting in 65 and 74 percent removal of
organic matter, respectivelye Benzene extraction of the spent shale
showed that 83 cnd 82 percent organio matter, respectively, had bcen
converted to guos and henzene-soluble materiales Thus, oil equivalent
to 8 percent of the shale organic matter was left on the spent shales
Whether additional oil was lost a8 coke is not certain, as the 4 to
5 percent lower conversion obtained for these two runs, as compared
to run 34, may have been dus to the shorter heating peoriod., As pointed
out in the discussion on hydrogenmation, shale=oil kerosine was not a
satisfactory hydrogenation solvent, heavier oils being considerable
betteres However, these heavier solvents would undoubtedly leave even
larger quantities of unvolatilized residue on 'the spent shale, The"
separation of oil and spent shale by flash vaporization was indicated
by these few experiments to be an unsatisfactory procedures

Laboratory filtration tests showed that filtering rates for spent
shale slurry are rather slow at room temperature, but considerably
higher above about 200 Fs The filterability of the slurry depends
largely upon the type of solvent used, the degree of cracking the
solvent has undergone, and the degree of conversion of the shele
organic matters A shale in which the organic matter has been converted
nearly completely to gas and oil is expected to show better filtering
characteristics than one which contains a relatively large amount of
unoconverted organic matter., After preliminary filtration and washing,
saome "of the spent shales settled with fair rapidity in light solvents,
so settling and decantation may prove feasible as part of the oil
recovery process.

A series of steam stripping tests were made on a spent shale
from which the volatile o0il had been flash distilled at tomperatures
in excess of 750 F, In these experiments superheated steam was passed
through a bed of the spent shale maintained at various temperatures.
A onc~hour treatment at 800 F was found necessary to ramove only 82
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of the benzene-soluble material originally present in the spent shale.
The remainder of the organic matter was converted to coke. In contrast
with this result, extruction of the same spent shale with shale-oil
kerosine, resulted in removal of 92 to 95 percent of the benzene-
soluble meterial,

Of the three methods of o0il rccovery listed in the first paragraph
of this section, the washing and filtration procedure offers the best
possibility. Tests udditional to those described above were delayed
pending further development of the thermal solution process.

ESTIMATED PROCESS COSTS

Tha cost of producing shale oil by the thermal soluticn process,
without hydrogenation, has teen estimated ot $4.74 per barrel20/,
without & roturn on the investmont. .:ith high-pressure hydrogenction,

- the cost of shale oil was roughly estimeted at (6,00 per barrel.

The basis of the estimate on the process without hydrogenation
was a plant designed tc handle 14,000 tons per day of 30-gpt oil shale
and producing a net yield of 10,520 bpd of liquid products. These
products were assumed to consist of 884 bpd light ends, 4,760 bpd
naphtha, 576 bpd heavy distillate, and 4,300 bpd residuum. The
material balance for the process is given in table 25 and the calcula-
tion of the net yield of liquid products in table 26, Figures 15 to

. 17 outline the flow of materials and indicate the major items of

‘ ‘8 equipment. With equipment cost figures adjusted to Spring 1947, the
capital investment was estimated at $58,620,000, or about $5,600 per
barrel of net daily plant capacity. The amount of wrrking capital
needed was calculated at $9,066,000, A summary of tne estimated
operating costs is given in table 27, Allowing $0.85 per ton of raw
shale as the cost of mining, crushing to minus 2-inch, and transport-
ing to the plant site, and an amortization rate of 10 percent, the

@ estimated operating cost for production of shale oil was $4.74 per

oarrel, A 6 percent per annum return on investment adds §1.29 per
barrel to the ebove amount, totaling $6.03 per barrel.

A rough estimate was made at a later date of the probable minimum
cost of shale oil by high pressure hydrogenation of pulverized oil
shale In *he thermal solution process. Thec assumptions were made that
100 percent conversion of the organic material in the shale with an
85 percent yield of liquid products could be obtained by hydrogenation
at an operating pressure of about 3000 psi and 825 F for 15 minutes,
The raw material basis was the same as used in the previous cost
estimate, thet is, an oil shale containing 17.0 perccnt organic matter
and a 1.5 shale to solvent weight ratio,

On the basis of 1947 construction and equipment costs the estimated
total plant investment is $112,000,000 for the production of 13,600 bpd
of shale oil from 14,000 tons per day of raw ehale. This amounts to

@ 20/ Barnet, W. I., Estimated Cost of Shale Oil by The Thermal Solution
Process on a 10,000 BPD Basis, Bureau of Mines Intra-Bureau Report,
Laramie, Wyo., May 7, 1948,
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¥8,200 per daily barrel of plant capacity. The estimated cost of the
oil, without allo:ance for profit, is ¢6,00 per harrel using an
amortization rate of 10 percemt, If the 6-2/3 percent rate, set by
We Co Schroeder for the 1948 anpual report, is used, the cost of oil
1s reduced to $5.10 per barrels, In either case a 6 percent return
on plant investment adds $1.60 per barrel to the cost.

The ~uipment required for a hydrogenation plant processing
14,000 tons per day of raw shale was essumed to differ from the
thermal solution plant, described in the above cited cost estimate,
in the following respectss +the reactor system, the addition cf a
hydrogen preparation plant, and the use of a lower cost distillation
unite The reactor system consists of high~pressure slurry pumps,
stalls, ocnverters and heat exchangers, and gas scrubbing and re=-
cycling equipmentes (nsts for these items are calculated ir table 28
from data given by Je« As Markovits, et algl/, in Case 1I, where the
operating pressure wes 300 atmospheress The basis for calculation
was teken as the relative number of tons per day of slurry processed
in the two proposed plants, cxcept for the cost of the stalls,
converters and exchangerss, TFor those latter ths basls was the relative
converter volumo rogquired for the two processes, The cost per unit
volume of scrubbed and compressed lwdrogeu also was teken from the
above report, the unit cost of hydrogen per ton of shale being calcu=-
lated in tablo 28, Thc cost of tho hydrogen plant was calculated from
data by Es E. Donathgg/. A lower cost distillation unit than that userd
in the thormel solution cost cstimate was considered possiblo because
only a topping process was beclicved noocssarye Illydrogenation was
assumed to prevont polymerization of the solvomc to hzavy nondistille
oble oil and also to uid in breaking down any hecavy oil produced
directly from thc shales Removal of the naphitha after each cyclo
therofore was assumed to producc an oil suitablc for uso as solveate

Inspection of the equipment cost summary given in the latter
part of tahle 28 shows that, as also in the thermal solution cost
estimate, the oil recovery and distillation system constitutes a
conciderable proportion of the total plamt costs This further
emphasizes the problem of handling, in e thermal solution process,

a slurry containing a large proportion of minoral matter. In this
connection, a point relating to the techknical feasibility of the
hydrogenation prccess should be mentionede According to present
information, a slurry containing mors than about 20 percent of

mineral matter carnot be satisfactorily discharged from a pressure
vess2l operating at ubout 3000 psi. The procoss on which the above
shale hydrogenation costs are based requires the handling of a slurry
containing at leas: 50 percent solids, Increasing the ratio of solvent

21/ Markovits, Je A., Skinner, L. Ce, Donatch, Bs E., and Hir&t, Le Le,

T Preliminary Fstimate un Liquefaction of Utah Coal for Fuel,
Bureau of Mines, Loulsiana, !Mo., May 30, 1947.

EE/ Donath, Es Bs, Bstimatos of Plant and Production Costs of Hydrogen
from Ccal and Natural Gas, Bureau of Mines, Louisiana, Mo.,
August 1, 1947,
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0il to rew shale so that the reaction product contained only 20
percent solids probably would not be feasiblo, owing to the greatly
lossened plant ~upacity that would rasultse

The summary of estimated operating costs given in table 30
shows that the overhead expense comprises 60 percent of the total
coste Tailure to properly value the various equipment items would
thus have an approciable effect on the resulting estimated cost of
shale oiles Howsver, the most optimistic o0il yield and plant capacity
have becen used in this estimate, so the cost of cil given above is
probably nsar the minimum figure that might be obtuined.

CONCLUSIONS

The thermal colution process for the production of oil from oil
shale has several advantages over retorting matheis. The chief
advantages ares (1) a faster rate of heat trunsfur to the shalo and,
consequently, a shorter reaction time, and (2) smmewhut zreater con=
version of tho shele orgunic content to oil and gas. With the shale
in a pulverized form and suspended in a slurry, conversion temporatures
of 800 to 900 F can be cttained in o fraction of the time required to
heat crushed shalece &4 retention time of 10 minutos at 850 F was found
sufficiont for maximum conversion of orgaonic matter. The heating up
poriod in a commercial typc tube heatoer should be only a few minutes,
thereforo, the total time the shalc must bo !rept at high temporatures
is in the range of only 10 to 15 minutess This is cboutv tho same
rotention time required for a fluidized solids rctort operatod at
the same temperaturs, hut is much less than the retention time required
by an internally gas-hzated retorte.

Thermal solution treatment of oil shale, without hydrogenation,
was found to convert about 93 percent of the shale organic matter to
gas and benzene-soluble material. Hydrogeration at 500 psi cold
initiel hydrogon pressure gave a conversion of 97 percents These values
may be oompared with an average Fischer assay conversion to gas and oil
of 80 percent of the crganic matter., The net 01l yield obtained by
thermal solution in the continuous unit, without hydrogenation, was
71 percent of the shale organic matter when ordinary shale oil was used
at solvent and 8l percent when a more highly cracked and refractory
shale=-0il solvent was used, The besi batch hydrogenation oil yield
was 86 percent, The average Fischer assay oil yield is 68 percent of
tho shale orzanic metter. Thus, thermal solution without hydrngenation
may give a n2s oil yield of 119 weight percent of Fischer assay and,
with hydrogsanation, a net yield of as much as 126 weight rercent of
Fischer assayae

Unfortunatoly, thore are sevoral disadvantages that overbalance
the advantages to such an extent as to maoke the thermal soluticm
process, eithor with or without hydrogenation, appecr commercially
impractical. Those disadventages ares (1) tho nocessity for fino
grinding of tho shale, (2) tho thermal instability of shale oil, and
(3) the difficulty of soparating the oil and spont shales
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The shale must be ground fine enough to remsin in a pumpable
suspension in the solvent oil., The extra crushing and grinding edds
to the prccess coste 01l shale assaying better than 15 to 20 gpt
disintegrates upon thermal solution treatient; however, similar
disintegration occurs with dry retorting when the shale is in motion,
as in the Hayes retort and the fluidized solids retort. Several
people have proposed utilizing this phenomenon, so that fine grinding
would not be necessary, by heating coarsely crushed shaele in an auto=
clave with solvent oile Such a scheme does not take advantage of the
rapid heoating rate obtainable when the shale is in a slurry, and
would require large and camplicated pressure vessels,

Shale o0il usually starts cracking at a temperature of 650 to 700
Fe Thus, at the optimum thermal solution tomperature of about 850 F,
the cracking rate is considerabtles The main problem is not the pro-
duction of gas and raphtha, but the formetion of polymerized material
that is not distillables For the runs in tho continuous unit, without
hydrogenation, the yield of nondistillable oil amounted to 100 percent
and more of the shale organic materiale Thus, teken altogether, more
organic materiol wus convertod to gas, naphtha, and nondistillable
oil than was supplied by the raw shales Hydrogenation, with a cold
initiel hydrogen pressure of 500 psi, failed to reduce the polymeriza=
tion as much as was desired, as {the minimum yield of nondaistillable
oil was 63 to 67 percent of tho shale organic matters

The most feasible method for the separation of the oil from the
spent shule is by dilution of the slurry with light oil, settling
with counter-current decantation, and finally filtration and washing
of the filter cuke with naphthas The cost of this operation would be
high, as it entalls much equipment ana a large fracticnation unit for
recovery of the wash oil from the product and solvent oile 4in alter-
native separation method, flash vaporization with or without coking
of the residue, would result in excessive loss of organic matter in
the spent shales

The cost of producing shals oil was estimated for a plant pro=
cessing 14,000 tons per duy of u 30=-gpt shale, with equimment costs
based on Spring 1947 prices and with allowance of 10 percent per
annum for amortizatione V¥/ithout hydrogenation the net cost was
estimated rt $4.74 per barrel, and with hydrogenation at 3000 psi
the cost wus 6400 per barrel, Allowance o € percent return on
capital inves“ment adds $1.29 per barrsl in the first case and $1.60
in the second case. The estimated plant investment is $5,600 per
barrel of daily capacity, without hydrogenation, and $8,200 with
hydrogenatione

Because of the above disadvuntages of the process and, especially

vacause of the high estimated operating costs, the thermal solution
process is not considered us being commercially feasibles
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Heating the shale at a terperature hish enough to effect conversion
of the kerogen to soluble material, then extracting with a solvent.,
(Abstruets 1 =« 11)

I1. Digestion of the mixture of shale and oil at approximately atmospherie
pressurs with:

Ae Liberation of the cil as wvauvorse
(&bstracts 12 - 28)

Be Distillation of the oil and cartonization of the spent shaled
(Abstracts 29 - 40)

Ce Refluxing of a portion of the evolved oll vapors.
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mearns.
(Abstracts 52 =~ 61)

IIIl. TFreheating the shale and/or 0il seznurately under pressure to
temperatures high enough to cause conversion of the terogen after
the shale and 91l are 'iixed.

(Abhstracts AL - 70)

IVe Digestion of the mniixed shale and cil under elevated pressure at
sueh a termrerature as to cause conversion of the karogen, withs

*

Aes Subgegusnt separation ¢f the spent shale and 01l by mechanical

3e Vaporization of the oil and subsequent curbonization of the
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BIBLIOGRAPEY OF THER!IsL SOLUTION PROCESSES

I. Heoting the shale at a temperature high enough
to effsct conversion of the kerogen to soluble
material, then extracting with a solvente

Freeman, NeH., "Shale oil,"

Brit 248,014 (Sept 4, 1924); C &4 21, 647,

Shzle or eothor similar oil-bearing materiul is heated to remder the
¢il soaluble ard then extrncted with kerosine »r other similar suitable
solvontsa

Freeman, N.H$, "Process for trsating shale,"

Ger 436,889 (Mor 25, 1922),

Sec Irit 248,014,

Freeman, NeH., "0il from shales, coal, or similar oil-bearing materisals,"

Brit 281,475 (Dec 1, 1926); C & 23, 1261,

The muterial is heated to and 'wmintained at a predetermined critical
tempereture until substantiully nll the hydrocurben content is soluble
in & hydrocarbon oil, as described in 3rit 248,014, und the oil is
removed in 2 heated entruining agont such as superheated stean, mas

or vapore FHeating to about 300 C for about 1 hour is ordinarily
suitable. An apparatus and various details are described,

Freeman, Mel., "Trecting oil-bzering shales,"
Yiew Zecland €C,637 (June 5, 1928),.

The process coisists in the application of dry heat to the materiul to
be treated, for the purpose of tringing most of its hvdrocurbon content
into a condition in which it is soluble in . hydrocarbon oil, «nd then
subjerting this product to the nction of a hicuted entrairing ageont for
the purpose of cxtracting the 2il from the musse. The entraining agent
mey be shale oil, supcrhented steam, oil vupor, or other giseous
mediume appurutus consists of w conversion rutort and an extracting
retvort, with meuns for isnluting the extraection retort, except for
means for condensing *+hu oll nroducts vaprorized from it during
oparationse

Frocman, NeH,, "ifeans fer treating oil=bzaring shales,"
Australia 1%,720 (June 7, 1928),

(s}

ce Srit £91,475,

Froemin, HeH., "Bxtracting oil from schist,"
Fr 656,542 (Junc 27, 1G28); C .~ 23, 4338,

Sec Hrit 281,475,




7« Freemmn, N.H., "0il shale processing
Can 292,280 (aug 20, 1929),

3¢ A process for treating oil-hearing shale which consists of
applying dry heat to the substance under treatment to such a
degree as to render the oil soluble and to drive off the contained
mixture without effecting distillation, a=nd subjecting the product
| . of the heat treatment to an operation to extract a soluble oil,

4e¢ A process for treating an oil=bearing shale which consists of v
grinding the material to a fine mesh, subjecting the ground material

in the form of thin layers to ths action of heat to render the oil

soluble, anu sutjecting the product of the heat treatment to an

o

¥

1 oreration to extract the soluble oil, Na
k.
A | ' 8¢ Trreeman, \'.H.., "Process of tremting shales or other like oil-bearing
'i mlne;alb,
bt Can 267,909 (Mar 4, 1230).
|
1 See lew Zealand 60,637,
: 5 v & n : 3 ; ft
: Qs I G Farbenindustrie A-G, "Destructive hyarosgenation,
Brit 316,784 (July 17, 1088); C A 24, 1725,
|
P, Liguid »f readily liquefiable products ars obtained from s»olid
diztillable cartonaceous raterials such as coals, oil shales or

other bhituminous substances by destructive hydrormenation at *‘mild

conditicns" so that the forma+1on of heuzine is substantially -
evoided, followed by extraction with solventse Various aetails :
are given, including the trpahmum of brovm coal at 450 C under

200 atm pressurs with a counter-current of H

& 3
L 4 10 I G Torpenindustrie A-u, "Liquid rroducts from coal,"
Fr 678! 25 (July 12, 1928); C A 24, 3632,

Liquid progucts are extracted from coal of various kinis, schists !
or other bituninous substances Uy Mirst submitting the coul, etes, =
to a hydrogzenatiorn under zuch corditions of temperature and pressure y
that o lorimation of kenzines is avoided, “hen extracting with

solventse The fructions of hizh »oiling neoint ure treated to

obtain lubricaking oils und nxru--1n<-

S

I = Farbenindustrie £-G (uasignee of II, Pier), "Trauting carbonuceous
'V'l\r" ‘-‘ S’l,

Australin 22,041 (Aug 26, 1529),

Sec Brit 315,764 «nd Fr 678,328,
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gestion of the mixbture of shale and oil at
sumetely antmospheric pressure withs

Ae Liberation of the oil as vapors,

Black, AlG., "Distillation of oil shales,"
Australic 13,644 (Apr 23, 192¢@

A process for the seneration, distillotion and recovery of oil from
0il shales und the like, in whieh the shale is reduced to small
lumps and intimntely mixed with tar, and is then heated in a retort
te o teunerature not excueding the wolatilization tempe rature of

the tar, wliereby hout 1s evenly distributed throughout the mass

and relatively pure distillates are recovered. The tar absorbs uny
S present, and the spent shale and tar leave a residue which acts us
a filled hitumene.

ling shale, aoal, L
ept 12, 1929); C 4 25, 2845,

Bituminous shales, cannsl cecals, torbanites, etc., are distilled in
adrixture with petroleum cor its derivatives at nrdinary, reduced or
slizhtly increased precsure, to o, Jistillates of low 5§ content
and an uncokad pitch-like res: - ] d=surfacing,
reofing, ete, Varetable 3115, stck %8 linseed, ttoAchd, rape,
clive or tung oll may bw added, and the shale is preferably powdered
and rey be mixed with lime to aiq 5 remnval. Steam mey be injected

during the distillation.

Gage, CoHe, "Apparatus for distillation of shale or other materials,"”
U821 .85 108 (irov 11, 1 u-) A 19, 154,

Meterials to he subjocted to distillation are fed dowrmardiy vhirough
sueccecsive compartments of a digester and still, each succeeding
cormartnent being at a higher tempsrature snd being provided with u
vapor and pas exit pipe for leading nroducts evolved to a condenser

or other recovery apparatuse The apparatus is preposed for use in
the treatmemnt of shele, cannel ,oul, or materials yielding turpentine,
etce

Gercke, 1f,, "Apnuratus for distillation of »ituminous materials,"
U S 1,474,357 (Fov 20, 192%); C A4 18, 584,

An =ndlass piston chain conveyer passcs through a tubular pussage
with pcrioruted walls within n dist1114t on chomber. An oll bath
surrounds tne lower portion of iirs rassaze und superheated steam

is supplied Jbovb the il kathe The dpparutus is especiully adapted
for tho distillution of coel or shales
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18,

Geroke, M., "Cartonizing,"
Brit 159,246 (Oct 20, 1%19).

Ssa U § 1,474,357,

Gereke, Mo, and Albrecht, Jo, "Process for distilling bitumincus shale,
Ger 358,605 (Feb 22, 1919); J Soc Chem Ind 42, 1374 (1923); 0il Shulc,
Literature and Patent Survey, The Toxas Co (1948)

0il shule is treated with a stream of hestea heavy oil, and the product
is distilled usinm superheated steam,

Groeling, A.E.von, "Recent nrocesses for treutment of cil shele,"
Petroleum Z 18, 487-93, 539-45 (1922); C A 168, 4054,

A roviww of the Scotch and German methods of shele retortinge In
the American (Hampton) direstion method the shele, after passing
through o scries of crushers, is mixed with o« stroam of heavy pre=-
hiested oil in a mixing cylindor und passes thence into the digesler
where the first stage of the distillntion taekes place, The digoster
somprisus 4 sections and tho watoriul is f'orced through by a screw
arrunrements Finnl distillation is carricd out in o separate chamber
at approximately ¢70 7 eftor the oil hes baen removed from the moss
by centrifugings The apparutus is fired cirectly. The vapors pass
unward to w nreneater for the dizestion oil while the combustion
guses travel counter to the moverent of the shule in the uppuratus
Colorado shale gave o yield of B7 gpt compured with 50 gpt by the
Scottish vrocess, The temperuture of the digester is maintained at
ubout 340 F. 0Oil obtainsd irom the first distillation had a speeific
gravity of 0,807 und that from the final distiliation of 0,758, It
is suggested thit the use of superlicated stoum would give better
rosultse

tanpton, ¥m H., "Shals nrocessing,
Can 280,272 (Mur 22, 1928).

7e¢ Ths proezss of treating sclid bitumeniferous minercl mutter to
ehtuin valuwble produets thoreiror:, which comprises digesting an
intimate fluld commixture of finsly dividad bitumenifzsrous nmateriul
and a finely divided basz with o heoovy oil, at temperntures within
the approximete ronge of 6U0-700 F 4o liborate IHg wnd volatilize
eertain hyarccirbon fractions,

B8s Digusting « fincly sround mixture ol the material wnd not more
thon 6% of its woight of caustie lime with o heavy mineral oil ut
approximatily €80~700 F to liherote NH, ond volatilizs cortain
hydarocarbon oil! fractionse

[5]

Se Digesting un intimats mixtur: of shale, or the like, wnd a hasc

with an oil at termporwturcs sufficisntly high to liberats NH3 but not
high cnough to causc substintial deposition of C, und ulso recovering
hvdrocurbons from the mixtures




20e Hampton, Vim. He, "Digesting shalc with oil und cracking evelwed products,"
U8 1,687,763 (Oct 16, 1928); C . 23, 275
Jatoriel such os bitumincus shale is digosted with o hoavy mincral
0oil =2t tomperuatures of 260-370 C, stoam is mixed with the evolvod
vapors and the mixture is suhjected to cracking at higher temperaturese.
Products formed are fractionally condensed, ard the residual digestion
mixture is treated with a lighter oil, solid matter is separated from
the diluted mixture and a lieavy oil fraction is obtained from the
residual oil which together with a heavy fraction from the products
of cracking is used for digestion of additional quantities of raw
bituminous materiales Apparatus is described,

2le Hampton, VWme He, "Digestion and distillation of products from
bituminous shale,”
9 U § 1,703,192 (Feb 26, 1929); C A 23, 2030,

After digestion in an ammonia-liberating base, such as lime, and with
a minaral oii such s "Congo" cylinder o0il, at a tenmperature nct
substantlally ahove 370 C, the volatilized products are recoverede
An apparatus is described,

22+ Eteyl, G.Be, "Distilling shale,"
Brit 112,997 (Feb 6, 1917); C 4 12, 1250,

)
‘ The yield of oil obtaired by distilling shale is increased by first
soaking the shale with uhout 1% of its volume of a liquid hydroca-bon
for & period of 24 hr or longer. Distilliation is carried on up to a
temperature of about 220 C, anl a further 10% of hydrocarbon is then
added anrd th:e distillatiorn continued up to a temperature of about 40C C.

Py 23, EHeyl, GeE., "Distilling shale, 2tce,"
Brit 115, 887 (0ot 11, 1917); C 4 12, 1926,
Distillation products free from 8 are obtained from coal or shale by
distilling the snhale, etce, in =« rotary still under a partial vacuum,
the shale being mixed with a mineral oil, e.ge, tar oil, which causes
the shale oil t» be “istilled at a lower tenperature and with metal
borings to reduce the amourt of § compounds formedes The vapor is
freed from S by heating in one or more rotary stills in contact with
metal borings. A suitable apparetus is shown,

24, Kirby, W.K., "Shale oil,"”
U S 1,458,983 (June 19, 1923); C 4 17, 2780,

& proportioned charge of finely divided oil shale und an entraining
0oil of high boiling point is caused to flow in « streum of restricted
crogs-szction through a ratorting zone neated sufficiently to liverate
0il vapors from the shale,
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25 Kovarskii, NeS., Nozdreev, V.h., and Tret'vakov, V.I., "Treating shale,"
Russ 46,877 (May 31, 1936); C A 33, 3579,

T2 bituminous shale is added 4-20% of mastic, the mixture is heated
to 380-400 C, 15-20% tar distilled off, the temperature lowered to
! 180-200 C, more mastic is added, end the process is repeated,

26. 3ocistd Lyonnaiss des Baux et de 1'Ecluirage, "Destructive distillution,“
Brit 9,780 (Jul 5, 1918); ¢ A 11, 98,

0ils are extracted from cosl, lignite, shale, boghead, bitumen, asphalt,
L] tar, pitch, etc, by distilleation at low temperature which may be
300=425 C, solvent oils or vapors being circulated during thé heating
which may be conducted with or without increased or reduced pressurse
The solvent oils and the extracted oils are rocovered in condensers,
' etc, the last traces being expelled from the material by a current
of water vapor. The uncondensed gases may be used for heating, and
the solid residue may be used for the production of gas or coke, or
may be briguetede .

| 27e¢ Struben, A.l.A., "Distilling carbonaceous materials,"
Brit 250,699 (Jan 26, 1525); C & 21, 1343,

; Solid carbonaceous materials, such as torhanite, oil shale, brown coal,
l | peat, lignite, tar sunds, or wood arc distilled in admixture with a
liquia or fusible solid such as o heavy oil or paraffin, which boils
at a temperature above the voiling point of the distillates to be
obtaineds An ubpparatus is descritedes

28, Struben, AJdleds, "Treatment of carbonaceous materials,"
Ahustralia 26,140 (ilov 30, 1925),

. See Brit 250,699,

Be Distillution of thns oil and carbonization
of the spent shales

29+ Chown, Jehk., "Curbonizing,"
Brit 173,099 (Oct 9, 1920),

Carbonaccous material such «s cunnel coal or torbanite is soaked in
a hydrocirbon oil cnd heated whilc in coutact with the o0il at the
same time that socme of the pre-soaked material is being distilled
and carbonized. 4n upper chamber in which the soaking and preheating
take placc communicates with a lower chamber in which the muterial is
carbonizede The two chambers are heated in a setting a«nd have
connections whereby the velatile comvounds distilled off may be led
to condenserse Thz treated matericl passzs out from the lower
chamber through o valve,
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326

33

Consitt, N., Smith, J., and Cowell, R,E., "Crucking und coking
cocl/oil mixtures,®

3rit 449,619 (Dec 31, 1934),

In the distillation of coal/oil mixtures to obtuin oils of low
boiling point and coke, the mixture is {'irst preconditioned by
heating under completc refluxing conditions to 325 C, «nd the
mixturc thus obtained is hoated repidly under non-refluxing
conditlons to 600 C, the vupors evolved being romoved substantially
at thoir specd of formation, %Tho first stage is carried out in a
rotort to which oil is fod from a tunk aziud finoly divided coal,
peat, shale, cte, through a hatch, and which is provided with a
reflux condeuser and o mixeres From there the churge is fed to
another retort wherc it is distilled to drynesss

Day, DeTe, "Extracting hydrocarbon compounds,"
Brit 123,415 (Feb 27, 1918); C 4 13, 1529,

0ils and other hydrocarbon products, Ii basess, eegs, pyridino, and
thz like, ore oxtracted from shales, coal, etc, br treeting the
shale, ctc, prior t» destruective distillation with the vapors,
which moy be partially condensed, obtained by the distillation
proccsse The condensation of the vapors is completed in passing
through the shale, and the hot condensed liquid dissolves purt of
tho oil, cte, from ths shnle, wnd this is soparctod from the solid
material prior te the feosding of the materinl to the distillution
retorte

Dey, DeTs, "Bxtracting hydrocarbon oil from shales «nd cocls,"
U S 1,280,178 (Oct 1, 1018); C & 12, 2686,

In ths continuous treutment of hydrocuarbon-beanring shale or coal,
the matoricl is subjosted to a destructive aistilletion to recovor
vepors after previous trostment with vaporous miterial produced in
e similar cistillation of a proviously tre:tzd buatch of matcrial

and containing en tcid solvent such =s ucctic and other organic
tecidse The Lot cxtracted material condenscs und dissolves hydro=
carbons from the fresily supplied - +terial; the combined solvent

cnd cxtracted substoncos rre recovescd in liquid form and the
rosiduc is thon subjeected to the destructive distillition as

first meationcd for continuing the processe. Appuarntus is describeds

Day; DTy, "Olls; gas,”
Brit 208,586 (Scpt 18, 1922); Sco U S 1,447,297,

Oils wnd gas are obtained from shalc or oil=-bearing scnd by immersing
the shale in and pussing it through a bath of liquid oil, cracking

tho oil=-socked shale, ¢nd condunsing the vapor znd using the conden-
satc to roplunish the bath, proferebly by prssing the gases and vepors
dircet into the oil-bath containers The oporation muy be conducted

at rcduced, normal or incrcuszd prossurc, Cege, 70 psle The tcmpera=-
ture of the rotort should be cbout 900-1400 F, thit of the insido of
tho cracking tubes about 550-700 F, cnd that of thc oil-bath chambor
cbout 300 Fe
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34,

36,

Day, DsTs, "Apparatus for extracting and distilling hydrocarbons
from_o0il shale,"

U S 1,447,296 (Mar 6, 1923); U S 1,447,297 C A 17, 1713,

The epparatus is adapted for the combined extraction of oil from
shale, employing both solvent treatment and distillatione.

U S 1,447,297 relates to immersion of shale in an oil bath, then
separating the solids from the bath, subjecting them to distillation
and passing the vapors thus produced into the oil bath to serve for
further extraction of shale,

Day, ReB., (tn UOF), "Treatment of hrdrocarbonaceous solids,"
U S 2,406,810 (Sept 3, 1946); C A 40, 7586,

A nrocess is described in which hydrocarbons are distilled from

oil shele by direct contact with a preiented hydrocarbon gaseous
product subsequently distilled from the shales A crushed oil shale
is passed dowmwardly as a bed through a distilling retort in counter=-
current contact with upwardly passing hot hydrocarbons. To approxi=-
mately the center of the retort is added a heated heavy hydrocarbon
subsequently separated as a fractionator bottoms and to the lower
parc of the retort bed are added highly heated hydrocarbon gases
produced subsequently es fruactionator overheads Vaporous material
distilled from the shuls is passcd to a distillation columm in which
overheed, one sidestreum, urd a bottom fraction are takene The
bottoms are heuted in = separate heater prior to passage into the
upver rstort as mentioned., Kigh=-noiling and/or residucl material
remaining on the shule is burned in u separate furnace for supplying
heat for the indirect heut exchuange of the fractionutor overhead
prior to its addition to the lower portion of the retort. Hot
mineral metter leaving this lutter furnace ws fully spent shale is
used in direct heat exchunge with air for preheating wir for
supporting ccmhustion o the retort bottoms in the cas prehest
furnaces Steam is injected into ths distilled shale us a separator
between the retort and the gas preheat furnuce to prevent mixing of
the hydrocarbon vrpors from the downflowing shale with prehsated

air in this furnace, Only residual, undistilled carbonuccous matter
is intended to te burned in ti:2 prehect stepe Teiperutures of
7560-85C F arc smployed in the uppar portior of the retort whilc

the lower portion is hented to 900-1100 F,

Fisher, 4.,(to UOP), "Conversion .nd coking of hvdrocarbon oils,"
U S 2,050,427 (Aur 11, 1936).

le 4 process which comprises coking a mixture of hydrocarbon oil

and solid pyrobituminous mutericl in &« coking zone, fraoctionating

thes rosultant vepors to form o relatively hoavy and a light fraction,
Tho light frocticn is given further cracking treatment wnd the

heavy oils nre rccycled to tho coking processe. See Brit 413,927

by &eLe ‘lond, for similar apperaztus for coking coals




Fisher, Ae,(to UOP), "Conversion and coking of hydrocarbons,"
U 5 2,098,033 (Mov 2, 1937),

l. 4 process for the pyrelvtic conversion and coking of a charzing
stock mixture of finely divided carhonaceous material in hydrocurbon
0il which comprises subjecting the mixture to elevated temperaturs
conditions under non-coking comniitions, introducing the heated
products int» a coking zone wherein the residue is coked in a
relatively thin layer on a highly heated surfaces The vapors are
fractionated and the heavy fraction is rsevcled to the process,

384 Reed, 7.Z., "Extraction of hydrocarbon prcducts from shales and coals,"
Australia 7704 (June 18, 1918),

See 7 S 1,200,178, D.T. Day.

39, Reed, V.Z., (assicnee of D,T, Day), "Hydrocarbcn extraction,"
Can 128,464 (Jan 28, 1919).

See U § 1,260,178, D.T. Day.

40, Uaiversal 0il Preducts Co, "Crackines and coking coal and oil mixtures,"
Brit 409,969 (lay 10, 1934); ¢ A 28, 6285,

Mixtures of finely-divided sc¢lid carbonaceous materials, e.ge, coal,
peat, lignite, oil shale and hydrocarbon oils are cracked and coked
by bringing them to conversion temperature and introducing the heated
products into a coking zone, where they are separated into residues
and vapors which ure fractionated to produce a light distillate
while the residues are coked in thin layers on a hi;hly-heated
surfaces Alterrate arrangement of process is givens Apparatus is
describad,

Ce FRofluxing of & portion of the esvolved oil vupors.

41, Crozier, R. B., "Distilling cosl, shale, ete,"
Brit 319,224 (May 18, 1928); C A 24, 2581,

In distillaticn in a vertical retort, the heat contuined in the vapors
drawn from “he vurious stuges of the retort is used to vaporize
fructious of lower boiling point and concentrated fractions of higher
boiling point, Residual fractions thus concentrated are returned to
the retort tn be crucksd in contuct with the residual coke, Verious
detnils of apparctus and operation are described,

42, Day, D.T., "tydrocurbons from shales znd coals,"
U 3 1,244,840 (Oct 30, 1917); C 4 12, 220.

Shale or coul is subjected to destructive distillation and the vapors
thus produced ure condensed in and 2llowed to flow down through and
exert o solvent action upon a mass of the cozl or samle which is in
trunsit to the distilletion chambsre IIydrocurbon oils may thus be
obtained at low costae




43.

44,

45,

46,

47,

The Texas Co {1948),

Dng‘er, Ce, "0il shale rotorting and extraction,"
Ger 380,331 (Sept 6, 1923); 0il Shale, Literature and Patent Survey,

The shale is heated to cbout 300 C for a short time and the hot shale
is then mixed with a solvent in & vessel equipped with a reflux
condensore The solvent used muy very w2li be the benzine already
obtained from the shale,

Freeman, N.H., "Distilling solid carbonaceous materials,"
Brit 403,3 42 {Apr 12, 1934); C A 28, 5968,

In the extraction of liquid hydrocarvous from coul, shale, ete, the
motericl is subjected to progressive stoages of heat treatment during
its passoge through a serios of communicating retorts and the con-
donsates from one stagzs, with or without volatiles, are fed tc a
preceding or succccding stagee Apporatus is described,

Freeman, '.H., "Liquid hydrocarbons from coal, shele, etc,"”
U F 2,005,885 (0et 12, 1936); 0 4 31, 8892,

Apparcatus is described, and process for the extraction of liquid
hydrocarbons from coul, shalsz, and otlor solid znd liquid hydro=-
caurbon muterial which COISlot1 of feeding thc raw hydrocarbon
meterial successively into soporatsly heated retorts cach of which
has a separate reflux ﬂfndunSUr, a portiom of the condensate from
which is distributed to o different retort unit, urd in foeding
volutile rsuscous uydrocurbons into eccch unit through a heated
activating churmber containing an alkali-metal hydroxide, whercby
the moatarial in rotorts is subjected te prolonged comtact with
hydrocarbon gas thus resulting in furthor oxtraction of volatiless

Froemen, M.Y., "Cracking und hydrogonuting oils,"

Brit 468,707 (July 9, 1937); C A 32, 760,

Hydrocurhonz ol low boiling polnts wre obtuined by pessinrg cocl,
shule or coxthur #0lid carbonsceous material or heavy oils through
serics of heated retorts of inersusing temrercture, the gases and
vapers prcduced from cach retort, or extrancous gascs, heing
activatod by piesage throurh a heatsd alkeli or ultaline carth
hydrexide and then introduced intoe o proceding or succeeding rotorta
Condensate obtuined from one retort is similarly introduced into a
preceding or succeeding retort as described in Brit 408,342,

Macintosh, AsAe, "Gns,"
Australic 24,713 (Jun £1, 1930); C 4 26, 4162,

The products of distillation from conl, shale or lignite wre subjected
to o rcflux condensation ot o relatively high tempernture wnd then to
a condensution «t a relutively low temperaturce Tha tarry products

from the t'irst condensation and the oils from the szco.d ure roturned

to the retort.

38




49,

50,
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52

Poed, VeZ., "Extraction of hydrocerbon products from shales and coals,™

hustralic €983 (Apr 4, 1918).

See U § 1,244,810, D.T. Day.

Reed, VeZ., "Extracting oils, pyvridins, stec,"
Brit 119,648 (May 17, 1918); C 4 13, 252,

Oils and other hydrocarbon products, T bases, @.g5., pyridine and the
like are extracted from shales, coal, etc, by treating the shale,
stc, vrior to aestructive distillation with the vapors, which may be
pertially condensed, obtained by the distillation process, ard i. the
prescnce of an acid added or obtained by distillations The condensa-
tion of the vapnrs is completed in passing through the shale, and

the hot condensed liguid aissolves part of the oil, ete, from the
shale and this is separated from the sclid material prior to the
feeding ol tire material to the distillation retorte. A suitable
apparatus is described,

Reed, V.Z., "H:xdrocarbon extraction,"
Can 185,181 (June 25, 1918); C 4 13, 185; See U S 1,244,840, D.T. Day.

Shale or ccal is submitted to destructive distillation in one chamber,
the distillate is pessed into a second chamber containing similar
shale or coal to dissolve materizl from the shale, and the solvent

and extracted matter are recovered,

Thompson, C.W., "Process and apparatus for recovery of hydrocarbons
from shale,"
U 8 1,428,458 (Sept 7, 1622).

le &4 process for distillation c¢f hydrocarbons from oil shale com-
prising h-ating the shale by extornal means to free g5asoline and

light oils, romoving gusoline and light oils, then heating the shale
at a hicher temperuture to vaporize the heavy hydrocarbons, and
introducing tiie heavy vapors freed from said light oils amd gusoline
into a froth juantity of cola shule prior to the first heat treatment.

t+,  Sahsiouert sonaration of the spent shale and
nil by mechanical means.

Brown, L.I., "Frocess for tho recovery of oil from shales,"
U S 2,431,677 (Dec 2, 1947); C A 42, 6100,

Digests pulverized shale in shele oil at 220-250 C, using not more

than 3,5 Wy shale weight of arhydrous alCl,, 0il vapors boiling

below process teuperature are tuken offe Slurry is filtered on con=-
timious vacuum filter and the spent shale washed by repulping with gaso-
lino anc¢ naphtha, the solvent being recovered by drying in a tumnel oven
at temperature aboveo 200 C, The AlCl3 is recovered by distillations
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s "Mydroearboms from bitusinous shale=like material "
May &, 1928); C A& 22, =287,

¢ or similer rmaterial 1s digested at a temporature

] h a liquid »il, while the materials are agitatoed,
4nd 13u ﬁOX1d rosiduc is separated by centrifuginge An apparatis
is dascribed

64+ Hampton, iim, H., "Digestion of bitumincus shale,"
U8 1,778,515 (Oct 14, 1330); T « 24, €000,
Af'ter dicsstion in an 21l such as "Cosgo cylinder oil" the finely
divided materiel topother with the oll and associated substances is
contrifmgad, without sutstuntial cooling, to scparate liquid from
gnlidse Arparatus is nuscribod,
554 dational 01l lachin.ry Co,(assiznec of Shalc zeuuction !Muchinery
Corr, assicgnec of H.D, uyan), "Eocoverving bituminous netter from
shale,"
Can 223,806 (Aug 29, 192%), See ¢ § 1,537,672, H.D. Ryan.
15, The process of obtaining valuable hydrocarbons from bituminous
solids such as shul: snd the like, which cemprises digesting a nmixture
of such a bituminous e0lid with 2 hyirocarbon liquid, the digestion
being conducted at temperature hizh cnough to effectively liquefy
heavy bituminous matter contained in said solid but not high cnough
to effect substantial distillation of hcavy bituminous matter,
arating the ligqnid mixture of hydrocarbons from ths solid residue
and refining ihe liquid,
66+ Ryon, H,D., "Extracting bitumen, ctc,"
Arit 129,992 (July 16, 1919); C A 15, 3004,
In oxtructing Ditumen, paraftin wax, and ohaur constituents from snale,
ate, tiic lutter is digestod with heavy o0il ot a temnorature too low
to ¢ffcet destructive distillation, und the hot digest or solution
is dischnrged into a bath of light oil in order to prevent the deposi-
tion of vitumen on coclinge Tho construction and cperation of a
suitable plunt is s.scifica
57 Hyen, H.D., "Bituminous material from shale,"
08 1,327,878 (Jan 6, 1520); S A 14, €25,
Situmon is rueovered from soliss sueli ug are Jouud in shale by heating
the vincly Jivided raw motorial with heavy oil in a rotort and agitating
the mirturse Scme light oil oxtracted i1s welutiilized during the hoating
end tho vapors wrc led off wnd condascede The romaining products of
tho digostion, while etill highly hented, wro drovn off into o rcla-
tively large bath of light oil ia wileh o rising current is muintoined
and liouid is witharown rrom tho bath noar its upper surfuces Ingnluble
40
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non-bituminous constitucnts arc withdrawn from the bottom of the
bath and hoeted to volatilize ame recover the light oils with
which they arc imprognatede Tho liguid withdrawn from the bath is
fractionully distilled sund o portion of “hc heavier oils obtained
in this distillation may be used for troctment of additional raw
miterinle An cpparatus is described,

Ryen, HeDe, "Digestion of bituminous shale,"
U8 1,672,28) (Jume S, 1988); O A 22, 16El,

Ground bituminous shalec
hydrocarbon o0il such =s
(suitably about 315-370
bitumense Vaporization
digestion mixture which
from ths mixture.

or similur motericl is digoested with a

a heavy shale oil freetion at w temperature
C) sufficicntly high to liqueofy the shale
is limited to obtain o final product or

is fluid, ard residuel solids ere scparated

Strevens, JeL., "Oils from shales, cte,"
Brit 323,773 (Oct €, 1928); C A 24, 3354,

Solia fucls such as torbanitss or shales are ground with oil to a
fine suspunsion to wiich is added an oil=-soluble colloid such os
soop, asnhalt, or an extracted oxidaticn product of coezl, the
susponsion is subjceted to a cracking treatment, light prolucts are
distilled off, and the powdered fuel residuum is scpurated by
filtration from the ussociated oile Numorous detuzils of procedure
arc describeds

Strevens, Je.L., "Bxtraction of o0il irom solid fucls, shales, ctc,"
Australia 22,891 (Oct 7, 1929).

Scc 3rit 323,773,

Strubon, A.lsA., "Distilling carbouzccous materials,"
U § 1,706,468 (March 26, 1929); C A4 23, 2276,

Solid carbonacoous material to be distilled, such as torbanite, oil
shiles, coal, brown coul, puat, lienite or tar sands, in comminuted
form, 1is suspended in & hydreosuarbon muterial such s a heavy oil or
paraffin meintained in bulk in a enlarzed zonc and heving a higher
toiling point thuan that of the dosired distillute of the solid
rarbonacccus materisal, heat is supplicd dircetly to this zone and
distillation is effected at aus high « tempercturc os possible without
distilling the bulk of the carricr metorial; the suspension is
egitated, tho distillute is removed, cnd tho solid curovonaccous
material remoining undistilled tomether with tho hydrocarbon carrier
ullowed to scttle in « separate zone, so thut the carrior may bo
further used in the processe &sn arparatus is descriteds

4]




v/

h2e

63 ¢

64 4

111, Prehoating tho shale and/or oil seperately under
prussure to tomperatures high enough to ecuusa conversion
ot the kerogen after the shaic und oil are iixcd,

Cartar, Re, "Art of rocovoring blondod fuols,"
U S 1,678,984 (Cet 30, 1934),

Solid hydrocarbons are contuactcd with a liquid hydroearken, which
is pruviously heated under prossurc tc crecking temperature, wnd
held under vecuum for the formation and removal of vepors, whish
lctter are coundonsed under supor-atmosphoric pressure.

Dubbs, CsPe, (to YOP), "Process for distilling couls,"
U s 1,868,732 (July 26, 1932),

le In the art of recovering values from hydrocurbon sources,

raising hydrocurbon liquids to = crecking temperaturc, in then
bringing the hcated liguid into the uresence of hydrocarbon solids
capable of destructive distillution and trunsferring heat from the
hydrocarbon liquid and its vapors to tho sclids to cause distillation
of the volatiles contained thoreins

Egloff, G., (to UOP), "Distilling Lituminous matoriel such as tar,
asphalt, shals, ctc,"

U § 1,868,733 (July 26, 1932); U S 1,868,734; U S 1,868,735;

U 5 1,868,736; C A 26, 5405,

A mess of snlid bituminous material is charged into an enlarged
chamber, tnd ¢ zone of combustion is maintiinzd in the mass; a
sepnrate supply of hydrocarbon liquid materiul, such us ¢il, is
hcated undcr superatmospheric prossurc to wbout 425 € und then passed
into thc combustion zons in ths mass of bituminous materizl, and
regulated quentities of air wre continuously supplied to this com—
bustion zone to «ffcect controlled combustion; u sub=-utmospheric
pressure is maintained on the bituminous matoricl and valucs are
recoverad from the vepors evolveds Appuratus is describeds

U S 1,868,734 relutas to & generally similar process in which steam
is also introduced iato the matsrial, os does also U S 1,868,735
according to wnich w tomporature is maintoined sufficieatly high to
breck down ths steam wnd produce substanticl quantitiss of fixed
hvdrocarbon gisese U 3 1,868,736 broadly claims procosscs involving
cherging o« chamber with hydrocurbon material capuble of undergoing
destructive distillition, such as coul, wnd offceting its distillation
by introducing hydrocarbon liguids hoated to erscking temperaturese
Thesc o.teuts deseribe :ppuratuse
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Egloff, Gs, (to UOP), "Procoss of destructively distilling bitumen,"
U S 1,868,738 (July 26, 1932),

le A continuous process f{or producing a low toiling point distillato
from hydrocurbon liguids und solids capeble of destructive distille=
tion, cempriscs keeping a muss of the solids ot crucking conditions
of temporature and suporatmosplieric pressursc in « chamber, scparately
haating « hydrocarbon liquid to cracking tomperature undoer supor-
atmosphoric pressure and passing the liquid into the mass of solids
to diss»lvo the carboncoeous materiecls The extreoct is kept at high
temporaturos and subjectod to vacuum to vaporize the constituents,
after removel from the chambere

Egloff, Ge, (to UOP), "Cracking process,"
U S 1,934,847 (Nov 14, 1933),

ls A process for trecting hydrocarbon liguids and s»lids to produce
low boiling point liquids, comprising pussing vepers from a chambor
in which & hydrocarbon liquid is kopt under crucking conditions of
temperature and pressuro into another charmbor fillod with tho hydro=-
carbon solide The vapors distill and dissolve perts of the solid,
Ths hcavy liquids from th: fractionul condensction o the vupors are
rcturncd to the oil cracking chrmbere

Egloff, G., (to UOP), "Cracking hituminous material,"
Can 341,368 (Muy 1, 1934); C A 28, 4868,

One or more chumbers wrc charged with o bituminous material such as
coul, which may be heated to 800-400 F, und then petroleum or fuel
oil hocnted to 9560 F umder 500 psi is dclivared to ths chambers The
hot oil wnd vanors in chambter cet on the coal to dissoslve or distill
out scme of the hydrocartons, nnd also to crack some of them,
depending on prossure und temperature in chambers These chambers
may be subjected to u vapor press ef 200 pei or moru with temperature
of 850 F in vapor lincs louding To « dophlegmotore Tho temperiture
of latter may be coatroll.d as desir.d to condense the vaporse This
process applies to destructive distillation of coal, tar, shales,
asphaltic mutoricl, etee

I ¢ Farbenindustrie 4=G, (ussisnsce of J4 T'nack and O, Gohre)
» » el
Mroutment of couly substunces,"
Austrnlia 13,087 (May 1, 1928).

A "rocass Tor the production of solubtls products from cowuly substances
consists of houting conl or tho like under prossura, wid if desired
with tha -dditicon of guses or vopors witich do not react to a sub-
startial extont with the couly matter under the cenditions of working,
and trouting the product with « solvent at un elevated temporature
and pressure, with or without the cddition of sala gusas or vaporse
The products cktained by the above tro-tmsent may be suhjooted to a
crucking process wnd/or a dostrustive hydrogenctione The products

1y be also separutad by the aid of solvents into resins,waxes, wcnd
cther snbstances,
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69 Johnson, JaY., (to I G Farbenindustrie A~G), "Extracting oils, cte,"
Brit 301,94€¢ (Sent 1, 1927),

In the _xtraction of solublc hodies from ceal and like cerbonaccous
material, the coal is prehected under prossurc in e closed - zssol cnd
i then hooted under pressurc with the solvente The nressurs in cither
or both stures may be increcscd by rfuses or vapors mors or lecss inert
g undcr the ccnditions, c.ge, HZ’ steam, CO, and N, Prcssures spoci-
fied wro 2-2Z0-100 or morc atmosmiicrcss Prcheating is proferatly at
100-50C C Zor soveral hours, and under such conditions as do not
causc caking¢ Solvents specificd ure benzenc and its homologs,
i hydrogcauted napathalenss, alceohols, ketones, petroleur, and mineral
and ter cils; cyclo-hexanes and cyclo~hexanone are cspucially suitabloe
Carbonacuous materinls specified are lignite, pecat, conal, oil shcle
and curbonacsous shalze. In an excmple, brown coal is maintained at
300 C for 10 hr, thus producing a pressure of 100 atm, and is then
. extracted for 10 hr ot 300 € and 100 atm with benzene in a closed
vessels Over GO% of the coul is dissolveds A4fter scparation of the
undissolved conl rnd removal of the solvent, the solublie products
may be trented with solvents or may be hydrogenated.

g 70e HMorrell, JeCs., (to UOP), "Process for treating crrbonuceous material,™
U S 1,540,725 (Dce 26, 1933).

|

E ’ le &4 process for producing hydrocarbon distillates from solid

' bituminous material and heavy hydrocarbon oil which comprises mixing

! o portion of tho heavy oil with the solid materiel wnd plucing the

' mixture in an onlarged distillation zone, heating another portion of

! the heavy oil unadmixed with solid muterial to wvapor phass cracking

' temperatures of the order of about 1000 F in «n indeperdent zone,
introducing the resultant vapor phase cracked vapors into said
distillation zone to supply hecat for the distillution of said

‘ mixture, distilling the mixture, »nd removing cnd condonsing the

TApOrse

IV, Digostion of the mixed shale and oil under clevatad
pressure at such o temperature
as to cause conversion of the kerogcn, with:

- ALs Subsequont separation of the spent shale
und 0il by mechanical meansa

7le Dtwvukowva, oK., "Production of liguid fucl from combuitible shales by
| the methed of thermul solution,™
Bull pecd szi Y83, Classoe sci toch 1944, 258=74; C 4 39, 2393,

For the trunsformction of conbustible sh.lecs into liquid fuels,
- thermul solution iz the most off-ctive method, Sclvonts used wero
' anthroacone oil, totrolin. primary chale tars, theliv hyvirogunation
a producis nnd distlillates, shelo sosutions in primary turs znd
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petrolesum mazut; nixtures totaling 200-300 g and consisting of 30=-70
parts of scolvent and 70-30 parts of shale were heated for 40-6C min
to 300-430 C, kept at this temperature for a definite time and

cooled rapidlye The cases were analyzed, liquid eand solid products
transferred to a glass f.ask, and the hygroscopic and pyrogenic

water and light dictillates (crude zasoline) boiling up to 200 C
distilled off and determined, The residue was filtered on a heated
Buchrer funnel at 90-119 C, the precipitate on filter washed either
with benzene or shale naphtha or extracted with benzene. The benzene
was distilled off and residue boiling above 130 C was combined with
the filtrates The solid residue extracted with benzene and consisting
chiefly of the mineral fraction ol the sliale and insoluble organic
matter was analyzed for ash content (including mineral 002). The
degree of solution of the orzanic matter of the shale was determined
on *he basis of changec in the content of the minaral fraction in the
residue aiter solution accoruing to the equations

2= 1oaf-1 - ?(1?9'b)!
1 Jfluo-a}j

in which x is percent content of dissolved organic matter, a content
of mineral fraction in orizi :al shale, and b content of the mineral
fraction in the residue after solutione The value of x obtained
exceads the true content of ths dissolved organic matter of the shale
by y, which is eq.al to the sum of the yields (in percent ol the
organic matter of the shale) of gas and uyrogenic water., The nressure
created by the vapors of the solvent was usually 30-40 atme Condi=-
tions were found under which 75-057% o' the organic matter of the shales
dissolved; 35-45/ of this was transformed by cracking into gesolines
Thermal solution began at 300 Co at tlie optimum temperatures (380-430
C) the orzanie matter of' the shale dissolved in 5-15 mine Large=
scale laboratory equipment with capacity of 700 kg/ﬁay confirmed the
lebtoratory cata and incicated that a continuous process is nossiblee
A large-scale method for the sz2puration of the shale solution from
the insoluble fraction of the shale was developad and checked experi-
mentellys According teo this method, tar shale solution freed from
zasoline ia I'iltered on filter presses and the precipitate washed
with shale naphthae It is possible to nroduce on an industrial scale
from a shale centaining 48-50% of organic matter; refined gascline
(boiling up to 180 C) 15.5%, naphtha (-oiling 180-220 C) 1.9%,phenols
(hoiling 180-220 C)0.77/%, gas 4.2%, ami shale pitch 14.6%. Seven
references are includeds,

D'vakova, M«K., "Thermal solution, a new method for obtaining
artificial liguid fuel,"

Bull acad sci URSS, Classe sci tech #7-8, 498-505 (1944);

hbs 522, J Inst of Petr 81, 167h (kprii 1945);

Sce Abstract; UCE survey roreign Petr Lit (June 22-29, 1945),

"Thermal solution" is the st1lveut extraction of snlid fuels at
termaratures such that creexing occurse The vield of ligquid products
obtained is 3-5 times as great as that from retorting processes,
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Varjgus solvents ray be used, such as fuel oil, anthracene oil,

gas oil, tetralin, etc. The prorortion of soluble organic matter
decreases with increusing carbonization (age) of the solid fuel.
ranging from 80% in the casc of peats to 6% for anthracite coalse

In the cuse of shale, on which most work has been done, the utiliza=-
tion of the organic metter present is ss high as 85-90%, compared
with 35-45% for the conventionul distillation processe 4 typical
thermal solution process, applied to shale, is s followse The shale
(orgunic contemt 50-60%) is driecd to moisturc content of 1-3%, and
ground to 0,2-0,3 mme The material is then mixed (1lsl) with solvent
(shale distillate of boiling range 220=-370 C), hcated to 415 C, and
transferred to a reaction chember, where it is maintained for 20 min
ot 425-430 C ut pressure of 20-30 atme The reaction product is freed
from gas and products boiling below 225 C, and is then filtered to
remove undissolved materiales Typical yields (in weight percent) are
gasoline (to 225 C) 20%, casinghead gasoline 0.3%, diesel fuel 1.5%,
gas 4,5%, tar 15%. ifyirozenation of the latter will wvield a further
12% rnasoline, (Figurcs are on original shalc containing upproximately
50% organic matter.) A pilot plant of 27 kg/hr capacity has becn
successfully operated,

Diyokova, M.Ke, "Thermzl solution, new method for obtuining
artificial fuels,"
Pctroleurm (London) 6, 2
Bur Mines Abs Current L

27, 246 (1945);
it on Syn Lig Fuols, Abs 1040, (Feb 1948),

This method differs from the metiiod of Pott und Broche, who studied

the solvent extrection of c¢ozls under pressurs and ut temperutures

below that at which deceomposition begun, in thet the orgunic portion

of the solid f{uel undcrgoes appreciable docompositions In carrying

out the process, the solid ground fuel (0.2-5 mm in size) is mixed

with an cgual woight of solvent (petroleum fuel oil, tar distillates,
hirdrogenuted heavy oils, wnthracene oil, ges oil, tetralin, cte,) and
heoted to 380-430 C und 30-40 atm for 10-30 mine After completion of
the reaction, the mixture is distilled to remove fractions boiling
below 220 C und the residunl liquid is rreed from undissolved sub=
stances cither by cemtrifugine or filtoringe The products are a light
distillate of the gusoline type, a heavy distillate for fuel coil,

and a hoavy extract suiteble for hydrorscnution, for fuel or for roads,
A wide variety of fucls ar= upplicible but those of sapropelite
structure are more¢ vusily soluble than those of n humus structuro and
high (62%)ashy low-cclorific value fuels can be used aus well as fuels

of higher guelitye Oni of the most attractive ruw mutericls is snels,

a good gquality of which will undergo u conversion of 85-90% of its
orgcanic matter into liquid fuel using o shale tar distillate as solvent,
thus making the process sslf-contuineds Yiclds of liquid fuel (percent
on organic mutter) arc stated as Tollowss wood 42,2, lignite Tl.1,

peat 48.2, and conls 46.4-€9.6%e The properties of the refined gasolino
products uro tubulutede
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D'yaknva, !.Ke, and Kardusevich, V.P,, "High-temperuture extraction
and cracking of Gdovsk shale,"
J Applied Chem (USSR) 13, 122-31 (in Fr, 131) (1940); C & 34, 8230,

Orzanic substances of shale were dissolved in mazut, anthraccne oil,
primary tar end its hydrogenation product, "schist solutiea", or in
fractions separated from "schist solutions", by hesting at 400-43C C
for 3-5 min in rotary autoclave, The optimum rutio of shale %o
solvent was 50150 or 60340, During the thermal solution, organic
contont converted was gusoline 35-40%, kerosine plus heavy material
35-40%, gas 5-10% of totzl orgenice The heavy residue (40%) can be
hydrogznated to gascline, incrcasing motor fucl to 75%.

D'yakova, M. Ko, and Melent'ova, NeVe, "Liquid fucl from wood, tho
tetralin process,"

J Apnlicd Chor (USSR) 15, 173-81, 237-48 (1942); Chem Ace 50, 359-60 (1944);

Bur llinus Abs Currcnt Lit Syn Liq Fuels, Abs 31, (Oct 1944).

The tetralin process for transforming solid into liquid, which is based
ol the dissolution of ecosal in tetralin or phenol at high temperature

or pressure, hes now becn applisd t2 wood, peat and similar substancess
Th> totul amount of the product soluble in tetralin, and thercfore,
utilizable as liquid fuel, was found to be much largor than the amount
of liquid obtrineble by distilling veeait, o0il shalc, cte,

Dtyakova, MeKe, and Stepuntscva, TeGe, "Thermal sclution of combustible
I n
snnles, .

Compt rondu ccad sci UBSE 06, 342-5 (1940) (in Eng); C A 34, 5642,

Orgonie mutter cun be completely extructzd from combustible shales by
hooting for 8-5 min ot 390-420 ¢ fincly-divided shale with coertain
commorcicl solvents such s fucl o0il, wunthrocenc oll - nd rrimury torse
The results of the oxperiments arc tobuluteds There arce obtained up
to 40% crude gasoline, 50-404 orosine :nd heavy bituminous residue,
3-6% wuter, wnd 5-10/4 gase From 5-15% of the orgunic matter is lost
in the mineral residuce Tho ccolvint is in most cuses completely or
ncarly completoly rogeneratcede

Dyukovs, M.Ke, ond Stopuntscva, TeG., "“High-temperature extruction
tnd erncking of combustible shulsce IIe The River Volga shnls of
the 'Obshchii Syrt' deposit,"

J Apvlied Chem (USSR) 13, lu46-52 (in Fr, 105z) (1940); C A 3§, 2307,

A proviously deseribed nethod wus usad for the high-temperature

cxtraction nnd eracking of tne shalse Hoating the mixture of shele

and solvent (Ishimbuev residuum or wnthracone oil) for 5-10 min at

350 C dissolved 75-80,5 of the arrunic subskance of the shule wnd 10=15%

of the shale was trunsformed into gas and waters In the thermal

trensformations (becuuse of partial decomposition) 35-40% of the

arganic substanees wore made into gasoling, 30-40% into kerosine and

usphultie-like residues Gusolineg and kerosince huve to be carcfully :

rectif'izd, while the uasphualt-like residuc could bo used in roud=btuilding, 2

The method wes much better thun other lknown methods for this shalce '
|
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Dtyakova, M.K,, ard Tsitron, Lds, "Therma: solution of Sadki asphaltites
a3 a method of preparation of artifiecZal liquid fuel,"

Bull acad sci UBSS Classe sci tech 1944, 740-4;

U0P Survey Forelgn Pet Lit, Trars 565, (Mar 8, 1946),

Laboratory batch experiments of thermal solution of Sadki asphaltite
in solvents consisting of petroleum sclar oil, of the 250-3€0 C
fraction of the products of dry distilletion of Sadki asphaltite or
the latter solvent after reclaiming, shuwed that under optimum condi-
tions, i.e., 430-440 C, duration of 15-30 min, pressure of 25-30 atm
and weight retio of 131 solvent and asphaltite, 307% crude gasoline
with 230 C end point, up tu 567 coke, and 8-10% gas can be obtained
by this method,

Hampton, Wm, Hs, "Digestion of bituminous shale, e*c,"
U S 1,707,759 (April 2, 1929); C A 23, 2567,

Solid material such as bituminous shale is mixed with mineral oil
within the kerosine range and digested at a temperature sufficiently
high to liquefy bituminous substances present and under sufficient
pressure substantially tc retard vaporization of the kerosine and
heavier fractionse Volatilized products are conducted away and
recovered, and solid material is separated from the residue of the
digested mixture. An apparatus is described,

Johnson, Je.Y., (to I G Fartenindustrie, A-G), "Oils from shales,
coals, destructive-hydrogenation residues, etc,"
Brit 312,333 (Feb 22, 1928); C A 24, 955,

The material while Lot is exuracted with organic solvents having
great solvent power for the oils present when hot but littie solvent
power for them when cold, und the oil solution is separated and the
0il recovered by cooling or other suitable method, Various details
and examples and an arrangement of epparatus are described,

Be Vapnrization of the oil and subsequent carbonization
of ithe residue.

Egloff, G., (to UOP), "Frocess for treating bituminous materials
and hydrocarbon oils,"
U S 1,954,866 (Apr 17, 1947).

A process in which a finely divided solid bituminous material is
mixed with a solvent for bitumen, the latter being not subject to
cracking at the conditions of pressure urnd temperature obtained in
the process, heating this mixture in a restricted stream under
pressure to such & temperature that, when combined with a heavy
hydrocarbon oil in a reaction chumber, and maintaining the tempera-
ture, cracking of the heavy oil and the mixture take place. The
vapors are separated and conders eds
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Fisher, A., (to UOP), "Pyrolytic conversion and cok'ag ~7 £ nely
divided bituminous material and hydroscarbon oil,"
U S 2,073,367 (Mar 9, 1937); C 4 31, 3246,

4 process for treating materials such zs coul, peat, lignite or ocil
shale comprises adiing the solid material to the o0il, subjecting
tho mixture to couversion temperatures under substantially noncocking
conditions, introducing the heated products into a coking zone,
where the residue is coked in a relatively thin layer cn & highly
heated surface, subjocting the vapors from the coking zons to
fractionation, etce Recycling o fraction for mixing with sclid
material, and a heavy fraction direct to coking zonece Finely
divided materiul is mixed with any hydrocarbon oil proheated in
coils at 100-800 psi to 850-1050 F, coked in coking chamber at
sub-atmospheric pressure and initially 900~1200 F, finclly 1500 F,

Gotting, HeE., (to J.le Browne), "Improved process and apparatus
for tho racovery of oil and spirit from shale, coal, oné the like,"
Australia 16,0295%4 (July 4, 1935).

Sce Brit 448,279, HeEe Gotting and J,.}. Browns.

Gotting, H.B., "Shale oil and spirit recovery,"
Con 360,873 (Scpt 29, 1936).

Sec Brit 448,279, HE., Gotting and J.lls Browne,

Gotting, HeZs, and Browne, J.ii., "Process amd apparatus for recovering
oil from shales, etc,"
Arit 448,279 (June 5, 193€); C £ 30, 7326,

Bvdrocarbon oils boiling helow 450 F arc obtuined f{rom shale, coal,
cte, by distilling under a sclf-gonerated pressure of at least 25
psi in a rotort provided with & roflux column in which the heavier
frictions arc condonsed and returnad to the retort where they wro
craslted. The lizater Iractions pugs to wn air-cooled condenser o:.d
recaiver vhere the condous.te is collczetszsd under pressure, gesaes
rassing off throush a valve to o scrubber and holder,

Mond, A.L., (to 70F), "Cracling coal and oil mixtures,"

Lrit 409,969 (Aur 2¢, 1933).
Mixtures o1 Tinely aividod selid corbonacsous naterinl and hvdiro-
carbon 0il ure craci-ed «id coked b subjeetins the aixture te
conversion tomnaratures wnd iutroducing the heited products into o
ceking zone where thoy nro soohwrated 1oto rasidues und vepors which
arc fraoctionatod to predues a lisht aistillute while the rosicucs

are colred in thin lavaers on u niihly haated swurface. Conversion is
obtained by pumpin:; the mixture throush coxls heated to 450-480 C,
The eoking ovens are nreferchl ~uintained under sbmosnherie or sub-
uwtrnosvheric pressurc, ‘lcans are deseribod for frictienating the oils
ard roturning the heavy fraction to the system,
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Morrell, J«Ce, (to UOP), "Treatment of hydroccrbon oils and coal,"
U S 1,972,944 (Sopt 11, 1934).

A suspension of c finely divided solid bituminous matoriul in a hydro-
carben oil is passed through a heating coil wherein the mixture is
hoatod to a relativoly mild conversion temperature (800-900 F)
insufficiont to camuss substuntiul coke deposition in tho coils, tho
rocommonded pressure being in runge of 0-500 psi. The mixturo is
discharged diroctly into « coking chambor which is maintained at o
reducod pressurc rclative to the coil {0-100 psi) and the vapors
froctionntede The heavy oil is returncd to the beginning of the
procosse A middlc oil is heated tc a higher tomperature (900-1050 F)
rnd pressuroc (100-800 psi) and reintroduced into the coking chember
to aid in curbonization and devolatilization of the contonts of the
chamber e

Strevens, J.L., and Mitford, W.B., "Materials for making coke,"
Brit 407,360 (July 9, 1932).

Smokeless fuel is mude by coking a suspension of coal, torbanite or
shale in mincrel or coal oils, the suspension being propared by
agitating the solid (ground so as to pass a 200 mesh I M M sieve)
with the oil and up to 5% of a non-aqucous wetting or peptizing
egont, ¢nd digesting in ¢ closed vessel at 300-370 C and pressuro
up to 50 atm.

Vioidich, F.5., "®imultancous trectmont of crude petroleums or tho
like and bituminous conls or tho likc,"
US 1,955,041 (Apr 17, 1934).

A process for tho simultineous distillation of liquid and solid
hydrocarbons of th~ typc of mineral oil znd coual, consisting of
forming an cmulsion of the coul-dust wnd oil, prchcating the

cmulsion with ggitation, then ;radually hecting under orussure hot
cnough to volrtilize the most volatilc constitucnts when the pressuro

pressure, then heating ot graduclly inercasing tomperatures with
scparmtion of tho vaporse An opparatus is doscribed.
Ce The usc of citalysts to aid the extraction,
but without hydrogerintions.

Hacsc, Ae, "A process und cquipment for the trecatment of bituminous
shales, especizlly poor bituminous shalcs,"
Fr 860,127 (Jan 7, 1941).

Pulverized bituminous shales are mixed into a puste with heuvy oil
and the paste is hested in butches in a special retort under pressuro
to o temperaturc of 600 Cy The charge is heeated by eleetricity, tho
heating clements treverse the mass and are made of Ni alloy for its
catalytic cffects A movable piston in the top of the riatort is used
to apnly amd to ceontrol pressure in the vesscle
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I G Farbenindustrie A-G, YOrsanic compounds from coal, tar, otc,"
Fr 647,742 (Dec 16, 1927); C & 23, 2557,

Organic compounds of great value are obtained from troatmont of coal,
tar, wood, bituminous schists, cte, with hydrocerbons of high hoilir
point or high molocular weight or their derivatives below the coking
tomperatures of the hydrocarbons and ot high pressurc, cnd if necossary
viith addition of gases, with tho exception of Hy, in apprcciable
amounts, and catalystse Thec products may bo uscd for the production
of lubricating oils, cdicsel oils, or motor oilss

I G Farbenindustric A~G, “0ils,"

Drit 282,691 (Dee 21, 1527).

Ziquid or liguefiabl: products arc odbtazined from sclid carbontccoous
meterials such as coal, brown coal, rosidues of coal from which
pitumen has bocen extractod, bituminous shales, peot, woed, etc, by
heating them under pressure of 10-1000 atm with high boiling hydro-
carbons or their derivatives containing no constituent which boils
below 300 C, such e.s enthraccne oil, mineral or tor oils, or their
distillation products, or products obtuined by cracking, destructive
hyérogoantion, cte, or synthetic high beiling products obtained from
H, and oxides of C or products from thc processs. Tho troatment may
be carried out in the prescnce of gases coentaining N, COZ’ ar C0, but
substantinlly no H,, and of catalytic substencos such as sulfides
and nlkeli or «lkeline carth rnotcls, or other substunces having an
alkaline recetione Substuncoes haviug a distributive or thermocon-
ductivo rouction muy be wddede Tempeoraturcs rbove 250 C but not
cxceooding tho coking tomperwture of the oil arc usede The procoss
mny bo ccarried out by pussing the mixture through a heated coil or

n vesscel provided with stirrers, or the oil mny bo passed through
vosscls containing the solid substancese The product is sepcrated
by centrifuging or othor ucanse The residucl cosl is casily ignitod,
readily ebsorbs gascs and moy be transformed into liquid products by
troctment with E, under prossurce Theo liquid products are worked up
to form lubricatIng cils, dioscl or other fuel oil, otecs

I G Farbenindustrie A-G, "Pressurc cxtruiction of coal, poat,
bituminous shelec, etc,"
Gor 711,380 (Aug 28, 1941); C A 37, 4230,

Tho cxtraction is cutulyzed by fincly divided heoavy metals or their
oxides or sulfides of cloments of groups iIV-VIII of the poriodios
tablce Theso arc uscd tosother with minerecl ceids, zarboxylic acids,
or halogens.

I G Ferbenindustric 4-G, "Extraction of cocl, pzat, bituminous shale,
atin,"
Gor 711,711 (Sept 4, 1941); C A 37, 4231,

Oxides of groups IV-VIII of the periodic table or heavy metal sulfidos

arc used as catalysts for extracting these substances. These catalysts
are used togsther with volatile § compounds, however, the sulfides moy

bc used without the volatile compounds,
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. 95. I G Farbenindustrie A-G, "Extraction of coal, etc,®
4 Ger 711,712 (Sept 4, 1941); C A 37, 4230,

! Mo, W or V halides are used to catclize the pressure extraction of
coal, peat, bituminous shale and similar substances,

96¢ I G Farbenindustrie A-G, "Catalyst for extracting conl, pest,
l bituminous shale, etc,"
Ger 714,909 (Nov 22, 1941); C A 38, 2190,

Orgenic halogen compounds cie used zs catalysts for these reactionse

f 97¢ I G Farbenindustrie A-G, "Extraction of coal (und shale),"
Ger 719,536 (Mar 12, 1942); C A 37, 1850,

® Salts of metals of the Fe group, e.g., Fe,0; or I-Ii(HOs)z, ere used
as catalvsts for pressure extruction of con?, pect, bituminous shale;
ete, in the presence of alkuline-reacting substuncess

98e dJohnson, Gei., (to> I G Farbenindustrie A=G),"Extructing sol’d
carbonaceous materials with solvents,™
Brit 466,336 (Feb 8, 193€).

The pressure extraction of solid carbonaccous materials is carried
’ . out in the presence of catalysts comprising metnls of the Fe group
or their compounds together with nlkaline substances. The metals
are preferably used in 2 finely divided stotes Oxides of Ni or Fe
or Ni nitrate muay be used together with cuustic sodn or potash
solutions or milk of limee. Solvents used comprise benzines, middle . 3
oils, tars, cyclic organic compounds, e.g., tetrochydronaphthalenoc,.
The extruction is carried out ot 200-500 C cnd 20-200 ctme Finely
ground pect is dried cnd mixed with milk of lime cnd nickel nitrate
‘. and an equal quantity of middle cil obtained by destructive hydrogena-
tiones The mixture is heuted for 3 hr. =t 380 C under 90 utm pressure,
88,7 of the peat is extractedes In c similar treitment brown coal is
impregnated with solutions of caustic sods and ferric chlorides

99 Johnson, GeW., (to I G Farbenindustrie A-G), "Prossure extraction
of solid curbonaceous substonces,"
Brit 469,914 (A&ug 5, 1937); C A 32, 1076,

The pressure extraction of coal, peat, bituminous shales, ctec, in
prescnce of solvents is ccnducted in przsence of catalysts cem-
prising heavy metals (snzcific gravity of 5 or more) or their
compounds plus wcids or substances that split off aceids under the
reaction conditions. Tho matericls may be preheated with the acids
and then extracted in the presence of the metals or their compoundse
Metals epecified are Sn, Pb, Ge, Fe, Wi, Co, Zn, V, Cr, Mo, W, Ti,
tnd Mn, und compounds are oxides, sulfides, salts, halides or orgcnic
' 3 compounds, e.g., oxaletess Organic or inorganic =cids may be usede
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Wetting ocgents, e.g., salts of sulfonic acids, and volatile S com=
pounds, o.g., H,S, CSy, ard (HHQ)OS, may also bhe ndded, As an
example, gas conl is impregnated viith e solution of Sn oxalote in
(COONH4) sclution cnd mixed with an equal cmount of tetrachydro-
naphthq%eno 13 the mixture is heoatod to 400 C for 3 hr under 85
otm pressure in prosence of 1% NH,Cla

Jdohnsor, J.7., (to I @ Farbenindustrie A-G), "Pressure and chemical
dec macsition of coals, oil-shales and other carbonaceous soiids,"
Brit 511,081 (Mar 1, 1928); C A 24, 714,

Temperatures above 200 C exnd pressure of preferably over 30 atm are
used in the treatment of coal, oil shales, e%tc, with solvents in
the preseica of halogens, hydrogen halides, or compounds which set
free the halogan or halide. Ilumerous details and modifications of
procedure are givene

Krauch, C., Pier, M., and Anthes, E., (to I 3 Farbenindustrie A-G),
"Extracting oils such as lubricating oils from materials such as
coal or shale,"

U S 1,904,477 (Apr 18, 1033); C A 27, 3599.

Solid, non-asphaltic pyrobituninous material such as brown coal is
rassed through a reaction zone while troated with a hydrocarbon
liquid, the major constituents of which boil between 100 und 300 C,
and under a pressurz of at lsust 75 atm until at least 50% of the

oil contained in the initiul moterial is extructed from it, but only
for so long that substantially ne low=-boiling hydrocarbons are
produced (the hvdrocarbon liguid being kept in liquid state during
process), and the liquid extract is separated from the solid residue.,
A catalyst miy be used, consisting of an alkali or alkaline earth
sulfides Apparatus described,

Winkler, K,,und Wissel, K., (to I G Fo-benindustrie A-G), "Conversio:
of carbonucoous solids into valucblie liquid products,"
US 1,004,586 {Apr 18, 1933),

Solid bituminous materials are treated with a liquid hydrocarbon,
which contains no materiual boiling below 300 C, u«t tcmporatures
higher than 250 C und prossures greater thun 10 atm, until at least
55% of the solid is extracteds Cutalysts may or may not be usode
Those catalysts are sulfides of the alkalil and alkalinc earth motals,

D, Hydrogenation of the mixturec,
Berl, E., "Obtaining extracts from oil shale,"

Ger 411,540 {(Mar 31, 1925); 0il Shalo, Litoraturo amd Tutont Survey,
The Toxas Cc (1948),

The imatorial is extracted with hydrozenated nephthalens, especiolly
tetrahydronaphthalene, at high temperature and pressure, In an
example, oil shale gave an extract yield of 19,9% on treating with
tetralin at 250 C, 0.9% at 100 C, und 2% with benzene at 240 C.
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Egloff, G., (to UOP), "Treatment of hydrocarbons,"
U S 2,091,354 (Aug 31, 1937).

l. A process for recovering hydrocarbon liquids of motor fuel=-like
character from hydrocarbon-containing solids and liquids, comprising
mixing with a relatively heavy hydrocarbon liquid suiteble proportions
of a firely comminuted hydrocarbon-containing solid to form a free~
flowing fluid mixture, subjecting the mixture to a cracking tempera=-
ture while flowing in a stream through a heating zone, discharging
the heated mixture into an elongated rotary coking zone, introducing
H, to the mixture in the ocoking zone, keeping the mixture and the H,
a% conversion temperature for needed time to complete conversion,
coking the mixture, freotionating the vapors and recycling the heavy
011 °

I G Farbenindustrie A-G, "Lubricating oils, etc,"
Brit 312,050 (May 18, 1928); C A 24, 956,

Lubricating oils and other high~boiling hydrocarbons are obtained by
extraoting coal, shale or other solid car bonaceous material with an
organic solvent and reducing the extracted matter under such ocondi=-
tions that little decomposition into lower beiling products tekes
place; es.ge, o paste of brown ceral and a 300-350 C oil obtained by
destructuve hydrogenation of coal is forced through a reaction
vessel ut ubout 200 atm and 330-400 C until about 60/ of the coal

is dissolved :nd the entire muss is pussed over a Mo-Zn catalyst

at 200 atm and about 400 C in presence of H,; a condensate containing
about 25% luvricating oil is thus obtained, Other examples are also
glven.

I G Farbenindustrie A-G, "Hydrocarbons,"
Fr 675,073 (Muy 15, 1929); C A 24, 2874,

Hydrocartons of high boiling point, particulurly lubricating oils,
are made by treating coal, lignite, schist, peat, etc, by solvents
under pressure and trecting the extracted products with Hy, at o
higher temperature but not sufficiemtly high to cause an appreciable
dissociations

I G Farbonindustrie A-G, {ussignee of !'s Pier), "High boiling point
hydrocartons,"
hustralia 19,771/29 (April 29, 1929),

See Brit 312,050 und Fr 675,073,
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I G Farbenindustrie A-G, "Hard and soft paraffins,"
Ger 709,022 (June 26, 1941); C A 37, 3929,

Coal, slate or othor bituminous substances are extracted with
suitable solvents at elevated temperatures below 800 C ard under
pressurses The exvraction contimues only until the bitumen is
dissolved but not the asphaltic nor phonolie constituents nor

the humic ucidse The cxtracts ere hydrogenated at below 3C0 C
with fixed cntclysts or ubove 300 C with a finely dividod cetalysts
The hydrogenation is in tho liquid phaso and cracking is avoidced,.

International Hydrogenation Patents Co, Ltd, "Bituminous solid
carbonacoous materisl cxtraction,"
Australia 105,039 (Jan 5, 1938),

To extract bituminous solid carbonaccous materials under pressurc
and at clovated temperctures for soluble products, a fraction
boiling betwoen 170 and 260 C of the products resulting from the
dastructive hydrogenntion of a previous extract and conteining
on amount of crusols between 5 and 40% by weight is made into a
paste with the carbonaceous mateorials o subjected to an
oxtroction process at & tomperoture of betwoon 250 and 470 C

ot a prossurc of 50-300 atme The recsultant extraction agent,
oxtract, cnd pasting oil aro subjcected to dostructive hydrogona=-
tion ut from 250-600 C und 200=~1200 atm in the proscnce of o
metal of groups V to VIII, of the neriodic table, ospocially
fincly dividod iron or compounds : iron to regcaorate tho
extroction agent and to hydrogenoto the prossuro oxtracte

Internationnl Hydrogeonction Putonts Co, Ltd, "Destrustivo hydro-
gonation,"
Fr 833,773 (Oct 31, 1938); Fr 833,774; Pr £33,775; C A 33, 3566,

Pastes of carbonccoous matericls mixed with middlo oil and mud

from a provious oporation cro hydrogencted, the composition of

the products which escapo as gus and vapor from the reonction

space or o noighboring scparator being rogulated so that the
products contuin at least the whole of the hoavy oil freshly

formed in tho dostructive hydrogonations The mud from the opera=
tion is us2d at the scme timo as the middle oil us diluent for tho
frosh matceriale In Fr 833,775, lignitc, pcat or schists are sub=
jected to hydrogenation undor pressurc under modoratoe conditions
nlong with oils containing middle oil, or oxtraocted with solvonts,
the product is freood from splid substances und fraction boiling
beclow chout 325 C, fractionstod with a sclective solvent, cCege, 0
liguid aliphutic hydrocarborn, to obtain &« fraction rich in hydrogon
and another poor in hydrogen und asphaltice The first is hydrogonated
undor pressurc without apprcciable cracking in tho presence of
cetalysts at 250-400 €, wnd thc socond is hydrogencted to produce
gasoline and combustible oil,
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Johnson, G.Vi., (to I G Farbonindustrie A-G), "Destructive
hydrogenetion, extracting oils,"
Brit 505,496 (ilov 8, 1937),

In tho destructive hydrogenation or pressure oxtraction of solid
carbonsccous matorials with solvonts, while flowing the reacting
materials through a tower-liko rcaction vosscl, from which the
main portioh of the products is romoved into an cdjacont hot
soparutor, n portiorn of tho reacting matoriils is romoved from the
lower part of the recction space beforc thc ond of the recction
and tho reaction products, rftor lenving the scparector, arc frood
from solid constituonts. Thc proooss is appliezblec to tho limited
hydrogonation of curbonacecus matoricls ir. which c meximum of 5%
Hy, is consumed in tho ronction,

Krouch, C., and Picr, M., (to I G Farbenindustric A-G), "Convecrsion
of fuel intn liquid organic products,"
Australinn 1217/26 (Mar 29, 1926); U § Burcau Minos Bull 467, 194 (1948),

A process for the conversion of solid fucls or minornl oils or their
products of distillation or extraction or i¢llied procucts, which
consists of cmploying H, under clevated prossure and an added
catalyst immune to sulfur poisoning wund heats Thce use of various
catalysts, gis mixtures, snd prcssuros arc describod and claimede

Krauch, C,, and Pier, M., (to Standard I G Co), "Conversion of
solid fuels and products derived therefrom or other carbonaceous
materials into valuable products,"

U S 1,876,009 (Sept 6, 1932),

Destructive hydrogenation of solid and liquid fuels and distillation
and extraction products therefrom with H, at pressure above 2C atm
and temperature of 300-700 C with solid C(o*alysts of compounds from
the Az and Cu groupe Suggest Hy, flow rate in excess of 600 liters
per kg of carbonaceous materiale Solid materials are preferably
treated dispersed in a liquid oil.

Krauch, Ce, and Pier, M., (to Standard I G Co), "Conversion of
solid fuels, etc,"
U § 1,890,434 (Dec 6, 1932),

Destructive hydrogenation of solid and liquid carbonaceous substances
with Hy at pressure above 20 atm and sufficient temperature, in
presence of a catalyst immune to S poisoning.

Krauch, C., and Pier, M., (to Standiard I G Co), "Conversion of
solid fuels, etc,"
U S 1,904,476 (Apr 18, 1933),

Similar to U § 1,876,009, temperature of 300-500 C, sulfur-resisting
catalysts, 20 atm, vessels operating above 300 C to be &l alloy
lined for prevention of corrosione
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Krauch, C., and Pier, M., (to Standard I G Co), "Conversion of
solid fuels and products derived therefrom or other materials
into valuable liquids,"

U S 1,931,549 (Oct 24, 1933),

Destructive hydrogenation of carbonaceous materials (if solid with
or without mixing with liquids) is carried out with H, and at
temperatures of 300-700 C and pressures in excess of %O atme. The
catalyst that is employsd is NH5: ammonium sulfide, or inorganic
nitrides of, e.g., Si or Ti,

Krauch, Ce, and Pier, M., (to Standard I G Co), "Conversion of
solid fuels, etec," ’
U 51,931,550 (Oct 24, 1933),

Seme as U S 1,876,009, except that catalyst is a solid inorganic
nitride, .

Krauch, C,, and Pier, M., (to Standard I G Co), "Conversion of
solid ruels, etc,"
U S 1,983,234 (Dec 4, 1934).

Same as U § 1,876,009, except that the catalyst is a sulfide of a
metal of Group VIe Use of cuatalyst in finely dispersed state;
suggests only 0.02% MoS as being needed,

Krauch, C,, und Pier, M,, (to Standard I ¢ Co), "Conversion of
solid fuels, etc,"
U S 1,994,075 (Mar 12, 1935).,

Same as U § 1,876,009, except that the catalyst is a heavy metal

sulfide associated with a substance selected from the group con-

sisting of free heavy metals, the oxides of which are difficultly
reducible, and difficultly reducible metal oxides.

Krauch, Ce, and Pier, M., (to Standard I G Co), "Conversion of
solid fuels, etc,"
U s 1,996,009 (M.r 26, 1935),

Scme s U § 1,876,009, except that the catalyst is the oxide of a
metal of Group 1V,

Xrauch, Ce, and Pier, 1., (to Standard 1 G Co), "Conversion of
solid fuels, eotc,"
U S 2,005,192 (June 1&, 1935),

Same aos U S 1,876,009, oxcept that the catelyst contains uraniume
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Krauch, C., and Pier, M., (to Standard I G Co), "Convarsion of

solid fuels, etc,"
U S 2,006,996 (July 2, 1935),

Some es U § 1,876,009, except that the catelyst consists of a heavy
metal sulfide mixed with o substance from the group consisting of
Zn0, ZnC0;, Al,0,, Mgd, CaCOz, and MnCOse

Pier, M., (to Stendard I G Co), "Production of valuable liquid
products from solid distilleble curbonacoous materials by

destructive hydrogenction,"
U S 1,920,887 {(Aug 1, 1933).

Destructive hydrogenation of solid distillable carbonaccous materials
at 300-600 C amd ot least 20 ntm pressure, with H2’ and with or
without S-resistant cetalysts, under conditions for minimum production
of benzines. The benzines arec removed, and the high-~boiling oils,
with the asphalt in emulsified form, cre extracted with an organic
solvent that does not procipitaote asphalts

Pier, M., (to Standard I G Co), "Production of hydrocarbons of
high boiling point rango,"
U S 1,988,019 (Jan 15, 1935),

le &4 process for producing lubricating oils which comprises subjecting
solid pyrobituminous matcrial to an oxtraction at a temporaturce below
400 C cnd at an elovated pressure with an organic liquid having
substunticlly the sume solvent action on the initial material as
benzeno has at a temperature below 400 C for such a time as to

¢ffoct a substantial extraction of soluble constituents and then
subjecting the extract to hydrogenation ut tomperuture below 400 C

and elevoted pressurc for such a time as to saturato the constitucnts
without apprecioble form:tion of low boiling prodr ts.

Pior, il., and Kroenig, W., (to Standard I G Co), "Destructive
hydrogonction,"
U S 1,964,596 (Dec 18, 1934).

Uydrogonation of distillable carbonaceous material at 300-600 C,
with H, pressurc, sepuration of benzino and middle oil, and hydr o=
genotion of rosidue cgoin ot 300-500 C without coke formations

First stage: 4 t0 20 cu m Hz/kg carbonacoous materiale Throughput
of over 0,5 kg initial carbonacu:ous matorial/liter roaction volume
per houre Cuatalysts, cmounting to 0.01-2 weight porcent of material
in first step :¢nd 10-30 weight percent of material in socond step,
may be destructive hydrogenution typea
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Potts, HyE., (to Internationnl Hydrogenztion Pctents Co, Ltd),
"Paraffin,"
Brit 450,721 (July 23, 1936); C & 31, 244,

Paraffin is obtained by treating coal, shalec or other bituminous
material with such organic solvents wnd umder such mild conditions
that only waxos, resins or othor bituminous meterials areo dissolved,
the asphaltic amd phonolic substonces and humie acids being
practically noither extracted nor decomposed, w«nd hydrogonating,
without substanticl erccking, the extraet at 20-500 wtm ond oither
below or cbove 300 Cs The residucl coul, ctc, mey be destruetively
hydrogoncted, The cxtraction is prefeorably carried out below 300 C,
ot 5=200 ctm, usually with 1-10 parts by wcight of solvent for
0e25-4.C hr; it may bo in stagos, @ege, with rising temperaturocs
and/or pressurc and succossive amounts of solvente Solvonts
speeified are bonzone, toluene, xylene, tetrchydronaphthalenc,
alcohols, ethers, amyl acetate, acetone, CS,, CiClz; and CC14.

Potts, HeEs, (to Intern:tional Hydrogen:tion Petents Co, Ltd),
"Destructive hydrogencticn,®
Brit 498,300 (Jan 2, 1939); C h 33, 4770,

In destructivo hvdrogenation of solid, infusible carbonaceous materials,
@eZs, coal, shale or peat, to produce hydrocarbons of low, middle,
and high boiling ranges, w1l the reaction products remcining after
separation of gasoline and gases are divided into parts of sub=
sbontizlly the same conmposition and one of the parts, on which the
pressure has bcen released prior to or subscquent to division, is
used as pasting medium for fresh initial muterial while one or moro
of the other parts arc workad up to fuel oil, lubricating oil or
motor fuclse Scparution of the recuaction products is prefcerably
conducted in hot znd cold catchpots, the sludge and mujor part of
the heavy constituent being collected in the hot catchpot whilo

the grsoline and part of the middle and heavy oil is collected in
the cold catchpots The gasoline is distilled off and the middle
and hcavy oil mixed with the sludgc withdrawn from the hot cutehpote
Prrt of the sludge may be recycled to th: reaction chambere The
mixturo 1s then divided into parts of the same composition, one of
which is used s the pasting medium, while the other(s) is (urc)
frced from solid constitucnt by ccntrifuging and used dircetly as
fucl oile Precferably, however, the materials are further worked

up by limited hydrogoenction to obtain an improved fuel oil or dicscl
oil and gasolinc. Iiydrogenations wre conducted up to 700 atm, known
catalysts, limited My, so only 2-4% Hy is used.
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Fotts, H, BE., (to Interaational Ilvdrogenation Patents Co, Ltd),
"Destructive hydrogenation of carbonaceous materials; diesel fuels,"
Rrit 500,282 (May 6, 1937).

Diesel fuel is made by sutjecting solid or liquid carbonaceous
materials to destructive hydrogenation in the liquid phase, separating
from the product gasolire, middle o0il and heavy oile. The hydrogena-
tion is carried out at 300-550 C and above 20 atm, oreferably 200-=750
atm, in the presence of catalysts consisting of elements of Group VI
or compounds thereof or of Fe, Zn, or Sne Sulfuric acid halogens

or H halides or compounds forming these may be present, e:g.,

ammonium chloride, CCl4 or CHClS. !liddle o0il is further hydrogenated.

Szeszich, L. von, (to Deutsche Gold-und-Silber=-Scheideanstalt),
"Destructive hydrogenation of carbonaceous materials,"
U S 1,046,341 (Feb 6, 1934),

Hydrogenation of a mixture of two carbonaceous materials containing
high and low quantities of S, respectively, at 350-600 C and pressure
abova 100 atm with E_ in presence of a catalyst including u metal
from Fe, Ni, and Co sroupe The continuous presence of H,S in the
p.-ocess increases the activity of the catalyste

Verga, J., (to Deutsche Goli-und-Silber~Scheideenstalt), "Process
for the destructive hydrogenation of carbonaceous substances,"
US 1,852,988 (Apr 5, 1932).

The method of destructive hydrogenation of carbonuaceous substancos
which consists of subjecting the substancos to temperatures of

250=700 C and pressure of 100=-500 atm and treating the substances in
the prosence of Mo catalyst and H,S with E_, so that H_S is continu-
ously presont in optimum amounts oi 1-6 b§ walight of %he cuarbonacoous
substance, so that tho action of the !'o catalyst is improved over the
action of Mo catalysts, including foS, when usod alone, there being
continuously proescnt a quantity of Hz in minimum amount twice the
quantity needed for destructive hydrogecnations

Varga, Je, (to Deutsche Gold-und-Silber-Schcideanstalt), "Frocess
for ths destructive hydrogenaticn of carbonaccous substances,"
U S 1,894,926 (Jan 17, 1933).

Same as U 8 1,852,988, oxcept that W catalysts aro used instcad of
Mo catolysts,

V. lliscellancous procosscs,

Fisher, A., (to UOP), "Procass of ireuting hydrocarbon oil and
bituminous materials,"
U 8 2,010,357 (Aug 6, 1935).

le A procoss for treuting a substentially solid comminuted pyro=
bitumon, which consists of mixing said nyrobitumen with an emulsion
of water and oil containing ZnCl2 and an emulsifying agent, and then
subjecting such mixture to temmpe rature sufficient to decompose the
same and produce relatively low boiling hydrocurbons,
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Hofmann, F,, and Wulff, C,, (to I G Forbenindustrie A-G), "Oil from
shale, ete,"
Brit 233:159 (Jan 5, 1927) C A 22, 3985,

Liquid 302 (with or without admixturo of benzone or othor solvonts)
is used for oxtracting oil from shalo or similar materials such as
rosiduos fram tho destructive hydrogenation of ocoal,

I G Ferbonindustrie A-G, "De-ashing liquid and scmisolid hydrogenation
and oxtraction products of coal, o0il shalo, and peat,“
Gor 722,406 (May 28, 1942); C C A 37, 5224,

These products are treoated with CO, or (NH ) C03 in tho prcsonce of
wator at an elevated toemperaturo ung undor prossuro. The ash is
thoroby converted to a coarso aggrogato which is subsequently
romovod by mschanical moanse

Intornational Hydrogenation Patents Co, Ltd, "Hydrogenating bituminous
materials,"
Fr 827,600 (Apr 28, 1938); C A 32, 8749,

Bituminous coals, particularly lignites and coals of recoent formation,
as woll as petroleum schists, peot, wood, etc, arc subjected to a
preliminary cxtraction with, e.g., benzone, under moderato conditionse.
Tho rosidue from this extraction is subjocted to a morec vigorous
extraction, e«gs, with deca- or tetrahydronuphthalone or hydrogenatod
anthraccne at above 300 C and at 150 kg/%q cme Tho product from tho
socond oxtraction is hydrogcnated to obtain gesoline, middle oil,

and hcavy oil,

Nast, He, (to Bergbauunternehmung "Corona," G.m.b.h.), "Extracting
bituminous coal and shale,"

Ger 541,829 (Dec 7, 1928); C 4 28, 2579,

Small emounts of hydrogenated cyclic hydrocarbons or their derivatives
or amines or a solution of NH,OH or a mixture of these is added to

the extracting agent, e.z., C.H.» Thus, crude lignite is extracted
with C_H_. containing 1% cyclohexunol, at 95 C, Thz vield is 12.4%
bitumen against 10.2% by benzene nlonec

Pier, M., and Jreckh, ¥s, (to I G Farbenindustrie A-G), "Removing
s>lids from oi's,"
Gor 712,230 (Sept 18, 1941); C 4 37, 4583,

The oils are first centrifuged, then filtered, to remove solids

p:roduced by distillation, extraction or hydrogenation of coal, peut,
sale, etc,
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138,

139,

140,

141,

Con 444,408 (Oct 7, 1947); C & 42, 2420,

Pier, M,, Kroenig, W., and Jaeckh, W., (to Vim.E., Currie), "iorking
up liquefaction products of coals, shales or peat,"
U S 2,223,184 (Nov 26, 1940); C A 34, 19714

4 process employed involves extracting'mineral coals,"™ brown cuals,
shales or peat with a solvent such as tetrahydronaphthalene contain-
ing 10% naphthalene at temperatures above 370 C to dissolve both
asphaltic amd waxy constituents, separating the undissolved portion
from the resulting solution, removing at least a portion of the
solvent from the solution, then slowly chilling the remeainder
solution of asphaltic and waxy oonstituents to a temperature
sufficient to cause separetion of the asphaltic constituent as a
relatively heavier layer from a relatively lighter liquid wax

layer and mechanically separating the two layers,

Suyer, Wime F., "Extracting coal or oil shale,"

Coal, iignite, shale, etc, are digested in NaOH solution, the
soluble acids are romoved, the residue is dried, «nd the oily
constituemnts are extracted from the residue by soclvsnts consisting
of one or more acids, such as propicnic, butyric, isobutyric,
2=ethyl butyric, vuleric, or isovaleric und an organic liquid-
having a molecular weight of 85-400; e.g., phenol 42-65% and
ethylbutyric ccid 58-35% by volume constitute the solvents

Ulke, To, "Liquid hydrocarbons from peat,"
U 8 1,445,423 (Feb 13, 1923); C A 17, 1543,

Poat is hydrogenated with Na formate uader a pressure of sbout 100
atm ot a temperature of about 400 CeNoOH in solid form end €O are
obtained from the products and are used to regenercte hu formate

for treating & new chargo of psate Tho liquid hydrogonation products
formed from the pcat urz sepiruted. 0il shale, lignite, coal, and
sawdust may be similurly troateds

VI, Reports of experimental invostigations. %

Jerl, B,, ond So'rid. W., "Exiructicn of oil shale wnd b=cau coals §
with %etraiis . '

Breastoff Ch m ~, 149-53, 181-5 (1926); C 4 20, 3231,

Extract. . wish “otralin gt 14 atm and 270 € yielded 19.94% suluble
materinl ric¢m a2 ~il shale compared with 2417% with C.H,. ot 25 ctm

and 240 O, Decempoasition took place at 22 4w 1 283 g with tetraline
The totroiin cateuct was distilled with s.ovno. kactad stauam to 320 J,
yielding 5.7+ iquids, 19 €5 usphald, ond 46,5 g.s, Dircet distilla-
tion of oil shnle yiolded 93% s much o0il ws by ¢kiiaetiona with
tetralin; 2 brown couls yielded 2,17 und 2.07 timez 25 muach and ono
rich in bitumen yielded 1,27 times os muck, Compositi-r of substances
extracted from brown coal wass 1l.24 wax-like plastis muterial, 4045%
resin, 20.85% pitch, 12,3% phenols and acids, cnd 15.2% undstorminede
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142,

143,

144,

145,

Cunningham=Craig, EsHe, "The origin and constitution of oil shale,
witk a practical application,"
Proc ierld En Cong Tokyo 1929, 32, 1-25 (1931); C 4 25, 5546

Discusses origin of kerogen in oil shalees Proposes passing finoly
crushed shale through on ugitated bath of heavy stuble oil (boiling
point 662 F) at 572 F, followed by distilling to dryncss in a
sccond retorts Oil from the latter is returnoed to the former as
cerrier oil, The throughput of such a still is fur grecter than
that of any other of tho same sizoes Moro oil is recovered than by
other mothodse The quality of the oil is high, practiecally no
non-condenscble gus, little or no cracking, no C deposition and

no duste Examples cro givene

Dulhunty, JeA., "Solvent extraction of torbanite,"
Proc Linncan Soc N S Wales 67, Pt 3-4, 238-48 (1942); C A 37, 1033,

A4 250-g somple of powdered torbanite was prehcated at temperature
intervels of 20 C from 300 to 420 Ce After ecach hoat treoatmont it
was oxtracted with 1 liter C He at 270 C ond 560 psi for 8 hre
Tho residuc after the oxtracgion was rcheatod for o total period

4 hr longor than &t the previous temperaturoe. The yield of
products is small up to 340 C, Theore is a suddon increaso in
formution of soluble products as the result of heating at 360 C,
and the cmounts fell off rupidly above 380 Ce The quality of
products formed by heeting above 400 C is ncgligiblos Upon pre=
heating torbanito et 360 C and 840 psi of CGHG vepors for varying
periods of time, nbout 50% of the totnl cxtractublo matcrial is
formed during the first half hour, after which the rate fcalls off,
The last 10% rcquires about 24 hre

Dulhunty, JeAe, "The action of solvents on torbanite and the nature
of extracted products,
J Proc Roy Soo N § Viales 76, 268-74 (1943); C A 37, 6859,

Aromatic compounds are more efficient solvents for torbanite than
aliphatic, 0il can be produced by solvent extraction by preheating
torbenite at 350450 C to make orzanic matter soluble, followed by
extraction with Cgllg or by extracting with its own oily extract at
350-450 C and 150-30C psie« The product consists largely of very
heavy paraffin compoundse No soluble ulmins or tar acids are
presamt.,

Dulhunty, Je.he, "Preliminary notes on solution=-cracking treatment
of torbanite,"
J Proc Roy Soc N § iales 77, 24-32 (1943); C A 38, 1097.

Solution cracking of torbanite in 7 cycles with temperature increasing
from 375-400 C, pressure from 125-230 psi and time from 15-60 min
roduced the volatile comtent of the solid residue to 15%. The yield
of 224 gpt of light products is equivalent to 84% conversion of the
organic matter. Gas yield is 4 cu ft/gal of light products, Quantity
of gasoline boiling below 180 C is 30% of light products boiling below

230 Cs Solution cracking in 3 cycles at 375-400 C, 546-406 psi,

60-120 min yields 120 gpt gasoline and 20 cu ft gas/gal gasoline.
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Franks, A.J,, and Goodier, B.D., “Prol1m1nary study of the organic
matter of Colorado oil shales
Quart Colo School Mines 17, #4, Suppl 4, 16 pp (Oect 1922).

By successive heating at 300 to 350 C for periods of 8 hr and
extraction, extracted heavy bitumen without prcducing oil, Concludes
transformation of kerogen to bitumen not a depolymerization, does not
take place at definite temperatures Rate greater at higher tempera-
tureses Bitumen formed at different temperctures apparently not the
sSame ¢

Gavin, M,J., and Aydelotte, J.Te, "Solubility of o0il shales ir
solvents for petroleum,”
U S Bur Minos RI 2313, 3 pp (1922); C A 16, 1500,

The common statement that oil shales contain little or no oil as
such, but contain organic matter from which oil is produced by
distillation was investigated by extracting semples of unheated
shales in a soxhlet apparatuse The samples were ground to minus
20=mcsh, and all material minus 60-mesh was rejecteds The extracts
from CCl 40 CS o9 Mo, CO, 4t 0, C P , and CHCl were similar in
appearance, bo1ng gark brown or glack and more or less fluid.

They were not apprzciably uffected by cold, concemtrated H,SO

HNOS, wore insoluble in cold EtOH and slightly soluble in hot, Tho
amounts extracted varicd from traces to 10.98% of the woight of the
shale, and up to 55.8% of the distillation yield. The largest
amounts were oxtracted by Me,CO and CHCl,s The percent of extraction
from solvents is no criterion of the d1s%111ution yield,

Gillet, A«, and Maquet, A., "Expcerimental studies on the bituminous
schist of Bolgian Luxemburg,"
Bull soc chim Belg 50, 173-84 (1941); C A 36, 3939,

The bituminous schist contains 73.04 ash, 17.3% C and 2.16% He At
340 C, 13.5% of the schist is soluble (kerogen) in anthracene oil;
of this soluble portion 7,664 (based on weight of schist) is pre=-
cipitated by acetone and is called kerogen ae Practically all the
organic matter can be dissolved in oleic acid during 2 hr at tompera=
tures above 320 C, Bclow this temporature the extraction is incom=-
pletes The orgunic matter in the schist can be divided into three
portions; 1, substances (hydrocarbons, S and N compounds) soluble
in acctone; 2, nonccidic substancoes which can be esterified recadily
with oleic acid; «und 3, more acidic substances (such as kerogonlg)
which still combincd with olcic acid but with only a smull amount
of thc lattore Oleic :.:id also attacks the mineral constituents

of tho schist to an cxtent depcnding upon the toemperature and
duration of the treatment.
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149,

150,

151,

152,

Klosky, 8., Thermal Solution of Kerogon,
U S Bureeau of Mines Intra-Burcau Report, Viashington, D, C, {1946),

A roview of the literaturc relating to the effect of heaut on the
solubility of kerogen and its extraction with liquid solventse
Translations are givon of several foreign publications. Twoenty=-
one reforaonces are included.

Luts, K., "Disintegration of kukkersite in organic liquids,"
Brennstoff-Chem 11, 148-50 (1930); C A 25, 196,

This eand other o0il shales exhibit swelling tendencies, ges evolution,
and subsequent disintegration of structure upon immersion in various
organic solvents, Gas pressure produced by penetretion into cepil=~
laries, the size of which has been calculated, is believed responsibles
The composition of sieved residue fractions is given. The speed of
disintegration is proportional to heat of wetting and also depends on
the surface tension,s Russian, Estlaendish and Scottish shales and
bituminous limestone have been investigated with ether, acetone,
GEClz, CSHSN’ CS,, EtOAc, MeOH, EtCH, aniline, benzine, petroleum,
acetophenone, nitrobenzene, and Cdlge

Luts, K., The Estonian Combustible Shale Kukarsite - Its Chemistry,
Technology and Analysis,

Reval Publishing Co, Estonia (1944); Translated by H. W, Sohns,

U S Bureau of Mines, Laramie, Wyo (1947).

A discussion of thermal solution and hydrogenation studies of oil
shale is included., Eleven references are given on these subjectse

McKinney, JaW., "Constitution of kerogen,"
J Am Chem Soc 46, 968-79 (1924); C & 18, 2244,

Kerogen is the organic matter in pyrobituminous shales A New
Brunswick shale was used, containing 19.44 C, 2,18 H, 1.3 N, 1,18% S,
and which yielded 30.1 gpt oile The percent extracted by various
solvents wass EtOH, 1.5; Et,0, 242; C Sy, 2.8; Me,CO, Z.6; CHCl,4,
242; CCl,, 2.6; CeHg» 3e¢2; C.H.N, 2.6; and AcOH, 6,9 On the large
scale lle,CO was used and the extracted oil separated into asphaltenes
(10%), resins (55%), and hydrocarbons (85%). The o0il, filtered through
fuller's 2arth had & density of 0.833,<1D 0.76, and did not react
with dilute KMnO, or bromine water. The yield was 1.36% of the
original shale or abcut 4% of the kerogens This product was then
sepe ed by distillation amd crystallization until 28 compounds
belonging to the paraffin, naphthalene, and hydronaphthalene series
wore isolated, for which the density, index of refraction and
molccular weight wore observed and calculated, and analyses givens
These compounds, with the exception of two, are probably identical
with compounds which have been isolated from varied sourcese. By the
action of CgHg in a sealed tube at 200 C the amount of extract
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153,

154,

obtainable from pyrobituminous shale iz more than tripled. As
this amounts to more than 20% of the kerogen it should be investi=-
geted in the same way as the Me,CO extracte The kerogen may be
completely removed fram the Smuie by HNO;, though in a highly
altered condition, the products obtained being humins.

Neppe, SeLe, "4 technical study of Transveal torbanite,"
J Inst Petroleum 28, 104-8 (1942); C & 36, 6332,

Finely=-ground Transvaal torbamnite was extracted with Shell gasoline
under pressure at temperstures up to 335 Cy The yield of black,
fairly viscous oil increased recarly four=fold when the finonees of
of the sample was increased from minus 20 mesh to minus 60 meshe
Not only did the yieid of extract increase with increasing time,
tomperature, pressure, but more decamposition of tho torbanite

took place, so that at temperatures above 310 C, N, formed a large
part of the gas productions

Potrick, AeJ., "Tho hydrogonation of Ermelo (S Afr) oil shales and
shale oil,"

Bronnstoff-Chem 18, 221-4 (1937); C 4 31, 8171,

Five samples of shale have been treated in a 5-liter Bergius rotating
autoclavo previcusly described (€ 4 31, 5140). Charges of 250 g

mixod with 176 g heavy tar oil, 20 g lﬂﬁ4i°MoO4 and 7 g S (to give

5% MoSz) wore trerted under following conditionss 95-100 atm initial
prossure of H,, 4 deg/hin to 450-460 C, held 1 hr, and then coolede
Gas and liquid products recovered, Oil and wetor removed from solid
rcsiduo first by distillation to 350 C, then by soxhlet extraction
with bonzene. Yields of crude oil wero greator than by diroct
distillation of the shale to 570-80 C in every coase, tho difference
ceing groater with sheales which wore lean on distillations Residues
after hydrogenction still contcined organic mattere Shale oil
fractions boiling above 220 C,obtained by direct distillation, wore
hydrogoncted under similar but varying conditionss Dotailed cxamina-
tion of tho resulting 150, 230 cnd 300 C fractions showecd that, with
increoased recoction temperature from 400 to 500 C, absorption of H2
also incrcased, At 400 C for 1 hr the product contained 98% of
original oil, At 450 C oil content was 89% with 11,7% gases 4t 500

C (momontary) oil content was only 497% with 55.6% gas and losse Very
little low-boiling oil was recoverod at 400 C but the color improved,
S and & woro deereascd, and density increcseds 4t 450 C, S and N

were removed, I mumbor docrcasod, contemt of 150 C light oil was 195,
oils boiling to 230 C totaled 41%, At 500 C the oil became aromatio
in naturce The influcnce of incrcased time at recaction tumperature
was groator at higher tomperaturcs, ineoreoascd gas being at cost of
oile Contents of S amd paraffines and the I number wore also decreased
thercby. Ono-hour trcatment at 400 C is enough to improve heavy shale
oils for lubricant mamufacturce Treatment at 450 C suffices for light
0il productions Further study sliowed that large excess of H, was not
necesscry for highest yinlds of light oiles addition of 2% HdS to pro-
vide oxcoss S, nlso incrensod oil yield but not light oils. Rcsults
were improved and yields incroused by uso of activated C as carrier
for precipitated MoSz.
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165,

167,

Pezold, E. von, "The distillation of oil shale from a liquid phase,
I and I1,°
Chom-Ztg 52, 541-2, 562-4 (1928); C 4 22, 4238,

Reviews previous work in which oil shale was heated in the presenco
of o solvonte In his oxperimonts, Pezold uses shale oil and concludeos
that this incroases tho yield matoriallye

Popham, FeJ., "Shale - somc now roactions,"
Ind Chomist 5, 269-72 (1329); C 4 23, 5025,

A discussion of the character of the organic matter in oil shalo is
followcd by & detelled account of oxperiments carried out on
Estonian shalee Ths ground shalo was heated under pressuro with
verious rcagents in an cutoclave of 3-liter capacitye Conclusionss
the organic matter can bo decomposed to liquid hydrocarbons by heat
and prossure, giving ¢ higher yicld of low boiling point hydrocarbons
than by ordinary retortinge Similar troatment with suporheated steam
in abscnco of catalysts is inoffoctivoce Thec prascnce of H, is a
distinct advantage. The prescnco of a cracking oil (lnrgoiy assistod
by thc inorganic matter in tho shalo) is a distinet advantagee For
this purpose, the heavior portions of the il produced by the process
can be adventageously usede The sha la shouid be heated as rapidly
as possiblo (prefernbly grouad in a liquidl medium)e The products
should bc recmoved rapidly from the reaction, or if this i1s not
possible, the retarding effcet of supcrheoted steam moy be used to
advantage.

Smith, G.H., apd Stewart, D., "Extraction of oil shale with solvents
at relatively high temperatures,"
Scottish Oils Ltd, Central Laboratory, Report §0.}/168/40 (July 16, 1940),

Review of three previous reports, 80/42/38, 80/66/38, and SO/‘24/38.
In the first, tests on Dunnet shale (viestwood pit) showed the Lenzole had
no aprreciable solvent action at 250 C, heavy aromatic ke.csine gave
slight extraction at 350 C; the initial decomposition temperature of
raw shale was 350-360 C, The second report compared repeated extrac-
tion of Viestwood shale with heavy aromatic kerosine ut 400 C with dry
assay at 750-800 C. Bxtraction at 400 C, 320 psi maximum, reducec

the organic C content of shale by 63.,3% as compared with §5.8% by dry
heating at 750-800 C; the E content was reduced by 71.9% and 91,9%
respectivelys, Dry heating of the solvent-extracted shale did not
further reduce the C zontent but removed H in the form of waters The
third showed similar results on extraction of a rich aAustralian shale
at 400 C; pyridine was unsuccessful as a solvent; the extract obtuined
with eresol, in which the cresol was removed with boiling caustie
soda, was a scft bituminous substance of high specific gravity and
high C/H ratios The present report describes the results obtained
from extraction of liestwood shale with a heavy aromatic kerosine in

a 250-cc rotating autoclave, heated in a lead bath, and holding 50-g
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batches of shales So long as the shale was thoroughly wetted with
the solvent, the solvent/shale ratio had no effect on percent
oxtraction., Studies cver temperature range of 330-420 C showedp

no extraction at 330 C, maximum extraction (one extraction) at
380=400 C of 11,8/ of shale, extraction at 420 C fell to 8,3%.
Exhaustive extraction (9 times with fresh solvent) at 350 C removed
13v2% of shale; additionnl extraction at 400 ¢ showed this to be
almost complete removale The gas was shown to be derived from the
thermal decomposition of the solvent only,

Swinnerton, A. A., "Treatment of oil shale from New Brunswick by
the Ryan oil digestion process,"
Can Dept Mines, Summary Report 1922, #605, 210-8; C A 18, 1563,

Several runs made on a laboratory scale resulted in no definite
oonclusions, owing mainly to excessive handling losses, prircipally
in the centrifuging operation, The process is not recommended for
treating New Brunswick shales,




. Table l,=-Batch thermal solution of oil shale in small autoclavel/

4
/ Time held at Operating Conversion of
’ Run oper, temp .ﬁ/ te.perat.re  organic matteri/

Sol vent2/ no. {min,) (%) (%)

Petroleum keros ine:r’./ 17 1 773 63

16 799 77

19 ' 799 66

23 810 73

14 834 86

24 850 868
2l 869 83.

Petroleum kerosineS/ 26 60 740 63

25 760 81

22 780 86

1R 800 87

', 20 800 86
15 838 76

Petroleum keros ineé/ 29 180 740 87

28 760 86

27 Tou 84

Quinolineﬁ/ 30 60 740 77

31 790 90

l ‘,. 32 840 84

dnirs i okil 35 60 740 80

33 790 84

34 84C 71

1/ 0il shale No, 44L-69, from DeBeque, Colorado; assay value = 41 gpt;

T analysis - 23,3% crganic content, 17.2% mineral €05, and 59.5% ash;

@& crushed to approximately 7% plus 48 mesh, 18% 48-100 mesh, 25% 100=
200 mesh, and 50% minus 200 mesh; and dried at 220 F,

2/ Raw shale to solvent weight ratio in charge: 2,0 for runs 14-18,
T 1433 for runs 19-29, and 1,0 for runs 30-35,

3/ Precedod by a heating up period of 15 to 30 minutes,

Z/ Organic matters total organic matter in Lne raw shale,

'3/ Supplied by Standard 0il Company of Indiana,

:(;/ Supplied by Koppers Company, pure compound, b 458 F,

/ Supplied by Fisher Scientific Companye




Table 2.--Small-scale batch thermal solution tests at higher temperaturesl/

Shale to ¥ax,  Total Time at Conversion of " Wax, Final cold
solvent “bump. time maxe tompe oOrganic matter pressurs pressnre
Solvent wte PUtio (F) (iin.) (min.) (%) (psi) (pe.)

T 1,00 860 13 5 43 280 200

Bosiumsl! 1.00 7 1 30 400 230

-

Hoavy gas o813/ 1,00 900 7 62 165

Heavy gas 0ild/ 1,00 8755/ 3.4 66 150
Light gas oild/ 1,64 905 10 74 40
Light gas o114/ 1.64 905 10 1 70 184 45

Light ges 0114/ 1.64 950 8 2 65 300 51

Raw shale No, RRS-47-77, from Anvil Points Mine, Rifle, Colorado; ground to pass €65-mesh sievo;
Fischer assay - about 26 gpt; enalysis - 15.8% organic comtent, 16.7% mineral CO,, and 67.5% ashe
Residue after distilletion of the heavy gas oil from a sample of Parry shale oil,

Fraction of Farry shaie oil teken fram 445 F at 2 mm F~ to cracking temporature (approximately
650-70C F et 2 mm Hg).

Fraction of Parry shale oil taken from 380 F at 585 mm Hg to 445 F at 2 mm Hg.

Autoclave bath tomperature was 950 F, so tho avorago temperature of the slurry was probably
higher than 875 F,




Table 3.--Semi-continuous thormal solution of o0il shale
petroleum koros inel

- Mea. shale Conversion of Total duration Period of
. Run  temporature organic ?utter of run constant tempe
: 0e (F 2 (QE_ (min.) jmin.)

3 13 670 28 " 192 157

. 14 720 86 245 185

i 15 740 92 - 240 185
'. ¥ 16 775 , 93 - 249 204

£
; 17 815 89 245 210

1/ 0il shale No, RRS-45-30, from Parachute Creek, Colorado; assay
value of 53 gpt; analysis = 31,0/ orgenic contont, 12.4% mineral
COz, and 56.,6% ash; ground and screoned to 4 to 8 mesh and dried
at 220 F, Petroloum kerosine was supplied by Stendard Oil Company
. of Indianae
‘ L y Mean temporature of the charge of shele during tho oonstant
‘ j temperature pecried of tho run,

é_/ Operoting prossure of 400 psi, solvent pumping rate of 11-20
ce/min,




Tablo 4e=-=Semi-oontinuocus therml. olution of oil shale
shale=-o0il gas oi

Mecan shalo Ccaversion of Total duration Pericd of
Run tcmpc?turo organic r}attcr of run constant tempe
NOe _ (F)2 ()3, (mine) (min,)
21 720 93 273 240
18 740 87 240 180
24 750 - 220 1980
2 23 760 95 210 180
22 780 92 210 160

1/ 0il shale No. RKS=-45-30, from Parachute Creek, Colorado, assay
value of 53 gpt; analysis - 31.0% organic content, 12.,4% mineral
CO3, and 56.6% ash; ground and screened to 4 *n R mesh, and dried
at 220 F; solvent was gas 0il cut of Pumpherston shale oil,
fractionated between 305 and 380 F at 3 mm Hge

¢ 2/ Mean temperature of the charge of shale during the constant

' = temperature part of the run.

i/ Operating pressure of 400 psi, solvent pumping rate of 13 ce/mine




Table 5.-=Lffsect of particle size of oil shale and heating time on

oconversion of organic matter and on degree of
disintegration of the shalal/B

Rogotl Conversion of Degree of
Particle " time2 organic matter disintegration
size {hr.) (%) of the shale

8-14 mosh 045 88 5/
1.0 89" 5/
2.0 84 &/
4-8 mesh 0,25 26 3/
0.5 4 g/
1.0 87 __//
2 240 82 &/
1/a"-1/2" 0.5 83 4/
1,0 90 5/
240 86 (74
1/2"=3 /4" 0.5 88 é/
1.0 92 .
2.0 87 g/

—

Shale samples prepared from a Parachute Creck, Colorado, oil shale,
assaying 53 gpt; oxtracted in a small batch autoclave at 7756 F,
with a Pumpherston shale-oil gas o0il fraction distilling betweon
305 and 380 F at 3 mm Hg; raw shalc to solvont woight ratio of 0.8
Period of heating at 775 F aftor initial hoating up period of
approximately 10 minutose.
Vory littloe visual disintogrotion, partiecles rubbery und casily
pulverizoed,
Somo sludgo formed, considorable particleos loft intact, thesc wero
vory rubbery and very easily broken down.

ary fow of tho particles loft intact, very much sludgo formods
No particlos left intocty




Table 6e==Effoect of 0il shale=richness cnd heating time on convorsion
of orgunic mattor and on degrec ,of disintegrution
of the shalal

Assay value “Reacti Conversicn of
of shale timel organic matter Dogree of disintegration
(zpt) (hr.) (%)
11 Oe5 86 Very little visual change,

particles retained sharp
corners and were broken d-wm
only with difficulty.

1.0 99 Same as above, except particles
were more easily broken down
into laminetions.

f-. 2,0 62 No sludge,particles retained
sharp corners and were quite
easily broken down into
laminationse

27 0.5 . 81 Some slndge, numerous particles
which were left intact were
brcken down with difficulty
into laminationse

() 1,0 78 Much sludge, also considerable
particles were left intact
which were spongy and easily
broken dowmse

2,0 64 Very few particles left intacte
53 0.5 83 Some sludge, numerous particles
which were left intact were
& very oasily broken down,
% 1,0 90 Much sludge, very feow partiocles
left intact.
2,0 e6 No particles loft intacte

]/r 0il shales from Green River formation, ncar Rifle, Colorado;

=  crushod and seroened to 1/4"-1/2", sxtracted in a small batch
autoclave at 776 F, with a Pumpherston shale=oil gas oil fraction
distilling betwoen 3056 und 380 I' at 3 mm Hz; raw shale to solvont
woight ratio of 0.8,

2/ Poriod of hoating ut 775 F after iritial hooting up pericd of
approximately 10 minutes.




Table T7.--Semi-continuous thermal solution of oil shulel/

Light gas oil Heavy gas 1/3 heavy gas c¢il and 2/3 residuum Stea. stripping
solvent & 0il solvent3 as solventd 5

Run munber 34 B 37 38 39 4] 42 44 45 46

Temperature (F) 800 800 800 800 800 800 800 800 800
Pressure (psi) 300 300 300 300 300 300 300 300 300 to O 0
Size of shale used essessasacssseseses Lumps approximately 2" x 2" x 4" in 5126 secccccscccccnscscccene

Heating time (min.)
To temperature 60 60 70 63 80 70 50 60
While pumping at temp. 45 50 0 15 75 17 130 90
After pumpingS -l 2 - & _ub _so &
Total time 105 108 110 70 78 155 147 180 150

Approx, pumping rate
(cce/tain. ) 30 30 30 30 30 30 30 30 23 21

Organic matter converted (%) 47 67 76 81 75 85 29 64 75 72

0il shale of the Green River formetion from the Anvil Points Mine near Rifle, Colorado; see table 8 for anslyses.
Parry shale=o0il fraction between 380 F at 585 mm Hg and 445 F at 2 mm Hg,

Parry shale-oil fraction between 445 F at 2 mm Hg and cracking temperature (approx. €50-700 F at 2 mm Hg)e
Mixture of Parry shale-o0il heavy gas oil and distillation residuum,

Steam, preheated in preheating section of column to 800 F,

Period column was left in heater at 800 F after stopping the pumping and blowing down the pressure,
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Table 8.--Material balance and analyses of raw and spent shales for the semi-continuous
thermal solution runs

Run number

34 35 37 38 39 41 42 44 45 46 47
Material balance (Wt. %, raw shale basis)
Inputs Raw shale 100 100 100 100 100 100 100 100 100 100 100
Solvent 177 90 148 115 74 125 199 126 192 192 96
Total input 277 190 7248 7?15 174 225 299 226 292 292 196
Outputs Spent shale (umwashed) 93 94 85 75 98 83 97 75 87 81 84
Solvent & oil recovered 170 79 146 122 69 122 187 143 199 200 108
Gas & loss 14 17 27 18 7 20 15 8 6 11 4
Total output 277 Y90 24§ 215 174 225 299 226 2292 292 196
Average gas demsity (g/cu “t at ]
585 mm Hg, 75 F) ——— 30,5 30,2 3040 === -—— 2642 28.2 29,8 2662 24,0
Analyses (Wt. %)
Ray shales
Organic content 21.0 13,5 21.0 21,9 13.9 23.7 17.1 17.4 13.6 21,0 18.1
Mineral 002 15.0 18.8 15.4 18,8 21,1 13.6 17.2 20,1 19,7 963 16.4
Ash 64.0 67.7 6346 Sed 65.0 62,7 65.7 62,5 6647 €57 6545
Total 100.0 100.0 100.0 100,0 100,0 100.0 100.0 100.0 100.0 100.C 100,0
b2nzene-washed spent shales
Residual organic content 12,4 5.0 6.0 5.0 4,1 4,6 9.5 7.0 3.9 761 3.8
Mineral CO, 1602 19,3 17.4 22,9 19,0 15.9 19.0 22,7 20.5 10,7 18.7
Ash Tled 7547 7666 7241 7669 795 TleS T0e3 7563 8242 7745
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 7100.0 100.0 T00.C
Urweshed spent shales
Residual organic content 11.8 4,8 5.5 4,1 Be7 3.9 84 642 349 Tel Z.8
Bengene=soluble oil 5.0 4.1 866 177 1063 200 1148 10,6 (6 1% 0.0 060
Mineral CO, 1564 18,5 15,9 189 17.0 12,7 16,7 203 208 10,7 18,7
Ash 67 .8 7246 70,0 5943 69,0 63.4 63.1 62,9 75,0 B2,2 T7.5
Total 160,60 100.0 100.0 100.0 100.,0 100 0 100.0 100.0 100,0 100.0 100.0
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Teble 9,-=Semi-contimuous thermal solution of mims Z-inch shalel/

Conversion of

Heating time Pumping time organic matter
Run no. (min,) (min.)
With petroleum kerosine2/ at 800 F
62 70 45 71
Viith light gas 0118/ ot 800 F
53 60 45 67
With heavy gas oilﬁ/ at 760 F
67 75 0 75
70 75 30 79
‘“7, 69 75 60 81
e €8 75 120 73
With heavy gas oild/ at 800 F
65 55 45 69
fildh 148 Beusy pas cid nlus 278 seetduandl at 80 B
51 65 0 41
. 49 50 15 38
T 65 15 38
48 65 30 42
50 60 40 54
l/' Raw shale No, RRS-4€-168, from Anvil Points Mine, Rifle, Colorado;
Fischor assay - 26.5 gpt; analysis = 1B.l7% organic content, 16.7%
mineral CO,, and 65.5% ash, Opcrating pressure for all runs was
- 300 psie
L Petroleum kerosine supplied by Standard 0il Company of Indianas

Parry shale-oil fraction between 380 F at 585 mm Hg end 445 F at

2 mm Hg,

Parry shale~-oil fraction between 445 F at 2 mm Hg ard cracking
temperature (approximately 650-700 F at 2 mm Hg).

Mixture of Parry shale-oil hsavy gas oil and distillation residuume

SIS
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Table 10.--Products from treatment of various thermal solution sclvents in semi-continuous unit:-l-/

Petroleng., . Shale=oil ht . - .4 -- 1/3 heavy .gas ail
Kerosi.n"lg gas o:.l-%]g Shale-oil heavy gas oilﬁ/ and 2/3 residu
Run rumber 6¢ 66 56 65 64 65 L1 59
Rawr Raw Raw Raw Raw
Solid material charged sha-e_/ Gravell/ shaleB/ GravolZ/ shulei/ shaleé/ Gra.vel_7/ shaleZ’ 8/ Gravell/
Heating period (min.)
Time between 700 & 800 F ——— 27 16 36 31 27 3l 38 36
Time after reaching 800 F ——— 33 10 0 0 11 8 0 0
Total heating time above
700 F - 60 26 36 o1 38 39 38 36
Paspiig serioh (sdn; 3/ 45 45 45 45 45 40 45 45 45
Total solvent used (as wte %
of solid materiel charged) 129 a5 203 104 137 190 113 192 88
Coke deposited on solids
(as wte % of solids) -— 0 5.5 0 -—- 2.7 0.5 1.3 0.2
(as wte % of solvent) -—— o] 2.6 0 - 1.4 0.4 0.7 0a2
400 F, EP nephtha rroduced
(as wte % of solvent)
While heating 5 - 7 7 4 10 S 8 6
While pumping 4 3 10 10 12 14 10 10 11

1/ Operciing pressure = 300 psi; mean temperature during pumping period - 796 to 805 F.
2/ Petroleum kerosine supplied by Standard Oil Compamy of Indiana,
?/ Parry shale-oil fraction betwsen 380 F at 585 mm Hg end 445 F at 2 rm Hg.
4/ Parry shale-oil fraction between 445 F at 2 mm Hg and cracking temperature (approximately 650-700 F at 2 mm Hg).
5/ Mixture of Parry shale-oil heavy gas o0il and dis%tillation residuum.
6/ Raw shale No, RRS-46-168, from Anvil Points Mine, Rifls, Colorado; Fischer assay = 26.5 gpt; analysis - 18.1%
; organic content, 16.7% mlneral COp, and 65 «5% ash; crushed to minus %—:mche
o 7/ Fine gravel, analys:Ls - 0.1% volatile material, 1.1% mineral €Oy, und 98 +8% ash,
Spent shale from steam extraction runs containing no bensene-solnble o0il or oil by Fischer assays

/ All of the pumping periods were at temperatures abowe 800 F, excep" run 65 in which € minutes of the period

was at temperatures below 800 F,




Table ]l,~=Continuous thermal solution runs with recyecling
of the slurry1

Cumuiative Curulative Conversion of
Cycle residence time time at temperature organic matter
noe ~(min,) (min,) (%)
Run Noe. 5; tewperaturoe 750 F
19 14 44
34 25 52
51 39 64

temperaturo 780 F
19 14
32 23
58 45
80 63
107 85

; tomperature 810 F
4
19
26
40

; temporature 850 F
4
10
23
36

Ran Nos 6; tomperaturc 850 F
1 10 4 76

1/ Raw “shale No. RRS-47-57, from Anvil Peints Mine, Rifle, Colcrado;
Fieck:r assay - 27 gpt; wnalysis - 15.8% organic content, 1647%
mincral COp, and 67 E% nsh; crushod to minus 65 mosh., Solvent was

shale=-2il noavy ges oil distilliing from 4«45 F at 2 mm Hg to
eracking tomporatuse (approximatoly 650-700 F at 2 mm Hg). Shele

to snlvent weight rutio of 1,15, Opcrating pressurc of 300 psi,
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Table 12,==Calculation of gas production from continuous run 6-1-/

By spent shale slur v analysis
(Basisy Ash » 1,000)

Raw shale Spent shale
glur slurr
Total ignition loss +76 +69
Mineral COg =04247 =04229
Organic matter plus oil 1,516 1,463
Solid organic matter =0,234 =0.059
0il in slurry 1,282 1.404
Orgconic matter extracted & 0,234 - 0,059 ® 0,175
0il produced = 1,404 =- 1,282 = =0,122
Gas produced from organic matter T.053
Organic mattear extracted (wt. %) 74 .8
0il produced (wt. %) =52,1

0il produced from organic matter (wte %) ZZ2.7

'EEEBLEEREE.

From quantity of gos collected

Weight of organic metter in raw slurry used in run = (7,345 g raw siurry)
(37.1% ash in s3 -7 :(27.4% O on ash basic) % 638 g OM)

Wieight of mineral COs ir ras = (7,345 g rcw slurry) (37.1% ash)
(1+8% COp lost fr:r wineral matter on ash bosis) = 49 g COpe

Weight of gas from orgarie matter and oil = {Total weight of gas
collected) - (priss.~izing Np) = (mineral CO; in gas) = 188 - 18

- 49 = 12] g gas-

Percen® weight of gns from organic matter and oil = ilz%g=%?ol = 18.9%

{organio mather nrzi.),
1; Siurr,; coutuivinz Lol #%, rotio of oil shele to shale=cili hzovr

gas oil was hesied ¢ 250 F for 4 min,




Table 134~=Thermal cracking products from shale-oil light gas oill/

(Besiss Charge stock to each cycle)

Loss or
e gain of
Cycle cas2/  Wophthed/  Light gos o1l  Polymer®  product
_DOe (wte %) (wto %) (wto %) (wte %) (wto &)
1 2.8 12.8 7043 14.3 $ 02
2 1.8 10.1 80.5 i 7.3 - O.3
3 244 7.3 8747 3.0 $ 0e3
4 1.8 5.6 85.9 6.3 - 0.4
5 1.3 444 91,2 3.4 $ 0e3

Parry shale oil, cut between 400 and 675 F (760 mm Hg), recycled
through contimuous thermal solution unit at 850 F, and 300 psi,
totel retohtion time in unit of 10 minutes por pasg, approximate
time at 850 ¥ of 7 to 8 minutes per pess.

Includes light ends from distillation.

400 F end point (760 mm Hg).

Residue aftor distillation of light gas oil,




Table 14,--Percentage conversion of shalel/ organic mutz
for runs 9 to 12 in continuous thermal solution unit.?r

Run Qé/v Run 10&7 Run 11§/ Run 122/

Conversion to gos and benzone-
soluble oil 96_/

93 91 91

174
2/

3/
&/

s/

0il shale Mo, RRS=48-329, nnalysis: 14+2% organic matter, 0e5%
water (by Fischer ossay), 20.4% CO,, and 64,9% anshe Minus 65 mesh,
Jporating tomperature -~ 850 F, operating pressurec - 300 psi,
retention timo (based on specific volume of slurry at 70 F) =

10 minutos, shale to sclvent woight ratio = 1.15 cpprox,

Solvont was tho distilleble portion of 1=-T-U shalo oil with the
400 F EP naphtha romovode

Solvont was the distilluble portion of cracked N=-T-U shecle oil,
with the 400 F EP nophtha removed, after soven cycles of thormal
cracking at 850 F cnd 300 psi with 10-minute retontion time based
on spocific volumec at 70 F,

This valuec mey be slightly high,cs conversion calculated on the
basis of C and H determination of the raw and spont shale gave
only 94%e




Table 15,--Composition of charge and product material
for runs 9 to 12 in continuous thermal solution unitl

Run 9 Run 190 Run 11 Run 12

Shaleg/g
] Solvent weight ratio in charge
; slurpry 1,15 1.12 1,38 1,14
& Composition of charge slurry (wte %)
i Organic matter in shale 7«59 749 757 7 ¢54
1 Solvent oil 46,56 47,17 46,59 46,82
i Water (by FPischer assay) 0s27 0426 027 0e27
.-' Mineral CO, 10,92 10.80 10,92 10,87
| ® A 34469 34,28 34,65 34,50
LY Total 100,00  106.00 . 100,00
W Composition of total products (wte %)
-; Gas 1.88 0.92 2.00 1.59
, Naphtha (400 F EP) 3429 1.82 7426 7421
: Solvent oil 41,25 43,04 37.85 36,78
Nondistilleble oil produced 8.17 8.47 6.48 8422
Coke on spent shale 0631 0.49 0,41 0e71
0 Water (by distillation) 0e29 0.16 0,26 0425
¢ Mineral CCp in spent shale MO W W00 g™
Ash in spent shale 34,33 34451 34,65 34450
Total 100,00 1C0,.00 100,0C 100,00

2/’ See table 14 for opsrating conditions and raw shale analysis,
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Table 1l€.--Yield of organic products from rE

continmious thermel solution uni

+=

759t0121n

Run Run Run Avg. of ryns Run
9 11 12 95 M, &dl 10
Composition of total organic products (wt., %)
Gas 244 367 2,9 340 1,7
Hlaphtha (400 F EP) 6ol 1344 13,2 10,9 3e3
Solvent oil 7569 6947 6765 71,0 7846
Nondistillable oil 15,0 11,9 15,1 14,0 1546
Coke Oe€ 1lo3 1.3 1,1 069
Total 100.0 100,0 100,0 100.0 10040
Net yields of organic products (wte % organic muttoqlg/
Gas 17 26 21 2l 12
Nephthe (200 F EP) 42 96 95 78 24
Solvent oil (lost during
process) -68 =116 =134 =107 =55
Nondisiillable oil 105 85 109 100 112
Coke =8 g 9 8 7
Total 10 100 100 10 100

1/ Ses table 14 for operating conditions and raw shale analysise
'2'/ Calculated from composition of total organic products, of which
1440% was from shale organic matter and 86% from the original
solvonte
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Table 174=-Camposition of gas from runs 9 to 12 in continuous
thermal solution unitld
. Gas analysis (vol, %)/
Gas Avge of runs
component Run 9 Run 11 Run 12 9, 11, & 12 Run 10
CH, 48 48 48 48 43
C g 11 11 13 11 10
CSHB & 4 5 5 4
C4H1°+ 2 2 2 2 2
>
i CnHZn 5 s ) ) 4
8,53/ -- 3 1 1 -
N, - 2 3 2 €
co 7 5 5 6 5
{ 0 co 3/ 8 10 9 9 11
H, 14 12 9 11 15
Total 100 100 100 100 100
1/ See tabla 14 for operating conditionse
2/ Calculatod helium~free,
' Values may be low due to samples being collocted over water,
S




Table 18,==Batch hydrogemtiony of oil shale and shale-~o0il gas oil slurrﬁ/

with various maximum tempoeratures

Hydrogen consumg ion Hydrocarbon
Mox imum Max imam Time above Conversion of by the shal gos producti.cnf,/
Run temperature  pressur 650 F organic motter (Std cu ft H, {wte % (Std cu ft Hz
no. (F) (psi) (min,) (%) per ton shaleé) organic mattor) per ton shale)
19 750 3925 65 - 63 440 073 260
20 766 3935 72 71 $90 1,00 370
17 780 4620 78 83 510 0,85 590
18 803 3990 89 93 680 1,13 780
22 830 3975 100 100 750 1,27 1030
23 843 3965 110 100 800 ; 1,34 1400

In 4-3/8 inch series hydrogenation unit,
Slurryt 115 wt, ratio of raw shale to solvente.
Reaw shales No, RRS-48-108; 15,2% organic content, 0.5% water by Fischer assay, 20.2% mineral COZ’ and 64.,1%

ash; ground to minus 65 mesh,

Solvents Nos RRS-48-105; H=T-U gas oil.

Cold initial hy’'rogen pressure = 2000 psi, no hydrogen added during the rune.

Converted to gas and bernzene=soluble material,

Calculated on assumption of proportional hydrogen consumption by organic matter in shale and by solvents

y Gas production from both shale and solvents




Table 1‘3.--Am1yses-1-/ of gases from s

'l/xrry and solvent oil

batch hydrogenation?
Solvent
0il shels and shale~o0il gas cil slurry only
Fun 19 Rur 20 Run 17 Run 18 Run 22 Run 23 Run 21
Maximum temperature (F) 750 766 780 803 830 843 778
Analysis (vol. %, H, - free)s
CHy 43 37 38 52 50 50 56
CZHG 20 16 26 20 17 18 23
10 9 10 12
CSHS y 8 11 9
¢ 4H10 7 3 4 4 4 5 5
05H12 0 0 1 2 0 0 0
Olefins 7 3 1 3 1 1 1
CO2 0 3 5 5 4 4 1
co 0 10 4 5 15 12 1
No 13 20 e 0 0 0 1
Total 100 100 100 100 100 100 100
H, in total sample (%) 97,0 94,1 93,40 90,3 85,7 80,8 84,8

l/ Due to high dilution of gas sample with hydrogen the possible error of

these percentage values is about & 2,

y Gas passed through acetone and dry ice trap, caustic scrubber for H,S
See table 18 for

removal, and wet test meter, and collected over water,

other operating details,
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Table 20,=-=Batch thermal solutionl/of oil shalag/with various
pressures of hydrogen and helium

Tnitial  Meximum Conversion Gas
cold hot Maximum Time above of orgafi/o productiloni’/
Run pressuroﬁ/ pressure  tempe 650 F matterd/ (wte % organic
noe (psi) (psi) (F) (min,) (%) matter
With hydrogon pressure
23 2005 3695 843 110 100 38
26 1490 3045 842 110 96 38
27 1000 21856 840 110 93 35
25 1000 2100 840 108 93 38
28 510 15695 839 112 75 43

With helium pressure

31 1400 4180 840 113 51 49
29 1200 3€00 837 110 63 417
30 1000 3170 838 112 57 48
32 650 2530 841 113 50 46
1/ 1In 4-3/8 inch series batch hydrogenation unit.
2/ Shale Noe RRS-46-108, minus 65 mesh; 1542% organic matter, 0+5%
water (by Fischer assay), 20.25% COy, and 64417 ashe

0Oil Nn~, RRS=48-105, N-T-U shalo=0il gas oil,

Slurry 1,15 weight rutio of shale to oil.
3/ Cold pressure meusured in temperaturc range of 70 to 90 F,
3/ To gas and benzeno-scluble productse
E/ Includes only gas passing through an acetomsand dry ice trape
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Table 21,--Batch hydrogenation of oil shalel/ in micro reactorg/ at various
pressures and with various solvent oils
3 Maximum Gas
Reactor pressure Lpsi)a/ oparating Conversion of / Hydrogen made
Run Cold Meximum Cold P tempe organic matter consumption (wt. &
no. Initial Operating Final Solventd/ (F) (%) (std cu ft) organic matter
50 500 1390 3956 Light 845 91 0.04 11
51 500 1210 375 Medium 845 97 0.05 10
52 500 1150 370 Heavy 845 97 0.05 14
53 1000 2230 8356 Light 845 84 0,04 10
54 1015 2080 810 Medium 850 95 0.07 15
556 990 2060 775 Heavy 855 95 0,07 15
59 2015 4400 1780 Light 875 79 0.11 7
60 2000 4100 1720 Medium 860 81 0.08 11
61 1990 4000 1635 Heavy 8656 84 0.20 8
561/ 1000 2600 1000 Light 860 85 0.00 6
SZZ/ 1000 2630 1005 Medium 865 88 0.00 1C
887/ 1000 2500 980  Heavy 868 83 0.00 4
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Raw shale RRS-48-329; analysis - 14,27 organic matter (by ignition loss method), 0.5% water (by

Fischer assay), 20.4% mineral €O, , and 64.9% ushe Shale to solvent weight ratic of 1.15, with

slurry charge of about 100 g for each run, Shale ground to pass €5-mesh sieve,

Runs made in 183-cc reactor with sheking except for runs 56, §7, and 58; average heating time =

15 to 20 minutes to heat tc 825 F, 15 to 20 mimutes above 825 F, and 2 to 3 minutes to cool from

825 to 650 F by quenchinge

Cold initial pressure measured at 75 to 79 F, cold final pressure measured at 72 to 77 F, except

run 56 whlch was at 69 Fa

Solvents were fractions of a non-catalytically hydrogenated N-T-U shele oil; light fraction RRS-48-417-17,
boiling range 446=530 F at 760 mm Hg; medium fraction RRS-48-417-18, boiling range 530-608F at 760 mm Hg;
heavy fraction RRS-48-417-19, boiling range 608 F at 760 mm Hg to 490 F at 1 mm Hg.

Conversion to gas and benzene-soluble products.

Includes CO, from shale mineral matter.

Runs made without shakinga.
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Teble 22.--Composition of product gas from batch hydrogenation of oil shale
in micro reactor:

Run Volume percemt of hydrogen-free gasg./ [
7 3

Nno. CE, C£H6 C4Hg C4fh o C Ho H,S K, co 002.:/ Total
50 39 12 7 2 1 7 1 7 24 100
51 46 12 5 2 2 4 3 5 21 100
52 43 14 7 3 g = 5 2 3 22 100
Avg, 44 13 6 2 1 5 2 5 22 100
53 34 10 5 7 1 7 1 16 19 100
54 44 13 6 2 1 4 1 11 18 100
55 47 13 6 2 1 5 1 7 18 100
Avg. 42 12 6 4 1 5 1 11 18 100
59 35 8 5 tre 3 5 0 30 14 100
Shl 60 45 11 5 2 tre 4 tre 21 12 100
k0% 61 46 12 6 2 0 5 0 16 13 100
o Avg. 43 10 5 1 . 5 o) 22 13 100
56 42 15 6 1 1 3 3 0 29 100
57 43 16 7 4 3 4 0 1 22 100
58 38 14 11 4 4 4 0 o 25 100
Avg. 41 15 8 3 3 4 1 0] 25 100

l._/ See table 21 for operating comditioms,
2/ Gas was collected in evacuated stainless steel holder,
z/ Includes CO, produced from mineral matter of shales
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Table 23 .==Batch hydrogenation of oil shalel/ in micro reactorg/ at various
temperatures and heating periods
Average Organic products (% organic matter)
slurry Time at Maximum Conversion of on-
Run temp, avge temp.i/' pressure4 organic matter Distiii?ble distilli?le
N0, (F) (min, ) (psi) (%) Gasd/ 0118 0117 Coke Total
84 753 120 1175 73 9 -19 83 278/ 100
85 814 30 1175 86 10 -33 109 148/ 100
86 814 60 1150 97 - -- (75)2/ 3 -
95 814 60 1090 97 11 19 67 3 100
93 862 6 1200 92 7 1 84 88/ 100
87 865 11 1180 97 21 2 74 3 100
88 867 30 1360 91 28 -8 71 9 100
94 920 3 1450 94 22 9 €3 6 100
89 917 5 1550 92 21 -5 76 8 100
90 922 15 2160 77 56 ~54 75 23 100

1/ Raw shale RRS-48-329; analysis =~ 14,2% organic matter, 0.5% water (by Fischer assay), 20,4% mineral COy,
T and 64,9% ash; minus 65 mesh, Solveut oil RRS-48-551, non-catalytically hydrogenstsd shale-oil gas oil,
distillation range - 350 F at 40 mm Hg to 500 F at 1 mm Hg, conteined 1.7% nondistilleble oil, Shale

to solvent weight ratio of 1,15, with slurry charge of about 100 g for each run.

183-cc micro reaction vessel, heated in shaker unit,

11 to 18 minutes additional time was required to heat from 650 F to run temperature and 3 minutes to cool
back to 630 F,

Initial cold hydrogen pressure was 500 psi at 70 to 78 F.

Includes gas measured when pressure was released on reactor and gas liberated fram the slurry on standing
at room temperature for 8 hours,

Determined by difference.

Residue from micro distillation of 2 mm Hg to the cracking temperature.

Includes unconverted shale organic matter,

An approximatione

e e 19
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Table 24,=-=Batch hydrogenationy of oil shaleZ/ with flash scparation of the oil

“Time at 57
Maximm - - Maximam pressure Conversion of Rapa®el of

Run tempeorature pressure above 650 F.4_/ organic mutter,?_/ by flas}:xingg/
no. () (ps1)¥/ (min,) (%) (%)

35 851 4225 40 83 65

37 851 4140 - @2 82 74

34 850 4325 98 87 --7/

38 831 4280 93 90 --7/

1/ In 4-5/8 inch series reaction vessel.
2/ Raw shale No, RRS=48-108; minus 65 mesh; 15.2% organic matter, 0.5% water (by
~  Fischer assay), 2042% CO,, and 64.1% ash.

0ils. Ho,RRS-48-275, N-T=U shale-oil kerosine.

Slurrys 1le15 weight ratio of shale to oil,
3/ Cold pressure of 2000 psi measured in the temperature range of 70 to 90 F,
%/ Time moasured to blow-down for runs 35 and 37. Run 37 heated to 920 F during
=  blow-downe
§/ To gas ond benzene=-soluble material,
_6/' Removal of organic matter as gas and oil distilled from shale during flashing,
7/ Reactor cooled to roam temperature before discharginge




Teblo 25,==Matcrial balanco for 10,000«bpd thermal solution plant,
without hydrogonation.

Input
Raw shelo (Fischor assay=-30 gpt,
17,0% organic mattor) 14,000 tpd
a Organic mattor 2,380 tpd
Hinoral mattor 11,62_9
Total 14,000 tpd
R Circulating
Solvont 0il (6647 wt % of raw shalc) 9,300 tpd
\" Output
From OM From sclvont Total
(tgd) ___ftpa) (tpd) (% OM)

f ) Dry gas 238 93 331 1349
; Light onds 28 68 93 369

Naphtha 163 493 656 2746

8,277)
6 ( ? 4 2

Solvont 1,1) (=9.300) 93 3e9

Rosiduum 571 279 850 3567

Coke 264 93 357 15,0

. Total 2,350 0 2 ,5?0 100.0
Minecral mattor in spent shalo 11,620 tpd
Total output 14,000 tpd




Toblo 26,.==Nct yicld of liquid produots . 4
{rom 10,000~bpd plant. g

Spg Bbl/ton TPD Bbl/dazy

Light onds 0s60 9.6 93 884 TRy
.‘.L
Naphtha 0,75 7.6 6268 4,760 P,
Solvort?/ 0,92 642 93 576
i @
3 Rosiduum 1,00 50 155Y 4,300
Totals 1,567 10,520

_1/ Output of 656 tpd, loss 30 tpd lost in woash.ng spent
shalo.

{ ) 2/ Consisting of all distillato hoavicr than naphthe.

_y Output of 850 tpd, loss 95 tpd uscd in plant as fuecl,

.
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Table 27.-=Gummery of op.roting cest: for 10,000~bpd plant,
withowt hydrogomtion.
$/ton
$/year raw shal
Plant expense
Power 0617
Water (2,400,000 gal/day at $0.25 per M gal) 0404
Operating labor 0.16
Mointonance, materials and labor
(4% of oquipment cost) 1,288,000 0.31
Works oxpense (clerical, accounting and
laboratory costs, extra pay, onginooring,
S superintendent's exponso, plant protootion
and safety, storchousc and shipping oxpensop
100% of operating labor) 0,16
Procoss mntorials 0405
Total plant exponso $0.89
Raw material oxponse
Mining, crushing to minus 2e-inch, nnd tronse
{ ) porting raw shale to plant sito $0485
Ovorhoad oxpenso
Amortization of capital invostmont
(10% of invostment ) 5,862,000 1,40
Insurance and taxos
(2% of invostmont) 1,172,000 0.28
4 Exooutivo and administrative costs
(1% of invostmont ) 586,000 0014
Total ovorhocd oxponso T 182
S
Total operating cos$ 33456

Oporating cost for 10,520 bpd of liquid products

= (3,5€)(24,000) = $4.74 por bbdbl,
(10,220)

y Costs por ton, whon calculatod from annual charges, aro basod on
14,000 4pd and 300 oporating days por yoar,




Table 28,--Estimation ef equipment costs and pewer requirements
for thermal solution plant, with hydrogenation

{ Hyarogen plart
Hydrogen requirement estimated on basis of experimental works 800 std
cu ft per ton raw shale or 11,200 M std cu ft per day.

Unit hydrogen plant cost (data fr-m Estimate of Plant and Production
gon from Coel and Natural Gas, by E. B, Donath,
' [ std ou £t of Hy per days

Hydrcgen plant cost = (11,200) (169) = $1,900,000,

Slurry preparation

Bquipment cost (date from 3stimated Cost of Shale Oil by the Thermal
Solution Process on a 10,000 = BPD Basis, by W. 1, Barnet, lay 7,
< 1948) ineluding installation, foundations, piping, etc. =
$2,300,000,

Power requirement = 13,600 hp.

High-pressure siurry pumps
Unit cost (from Preliminary Estimates on Liquefaction of Utah Coal

for Fuel, by J. A. Markovits, et al, May 40, 1047) = 35E000,000;
S 4

i o = $390 per tpd slurry capacitye
Equipment cost for 23,300 tpd slurry = (23,300)(390) = $9,100,000.
Power requirement = (4,000) (23,300) = 7,300 hpe
(535) (22)
Stalls, converters, and exchangers
4 Unit cost (from Je Ae Markovits, et al) = (12,000,000) = §2,830 per cu

4 60
ft converter capacitye. (Assume 15-min, retnetion time, based on
specific volume of slurry at 70 F)e

Convertor volume required for 95,000 bpd slurry = (95,000 42) 15
17.48; 51Z40§

= 5,560 cu fte i 1

Equipment cost = (5,560) (2,830) = 15,700,000,

Gas scrubbing
Unit cost (from Je. 4e Markovits, et al) = (4,000,000) = $310 per tpd
‘Tﬁ?ﬁj‘?ﬁi}

slurry

Equipment cost = (23,300) (230) = $5,400,000,
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Table 28,.--Estimation of equipment costs cnd powsr requirements
for thermanl solution plant, with hydrogenation--Continued

Power requirement = $1!600% (23,300) = 2,900 hp.
3 4

Gas reczcle
Unit cost (from Je A. Markovits, et al) = (3,000,000) = $230 per tpd
(535) (24)
slurry.
Equipment cost = (23,300) (230) = $5,400,000,

Power requirement ® (6,000) (23,300) = 14,600 hpe
04746)(535)(24

0il recovery and distillation

Equipment coest for oil recovery system, not including distillation
unit (from thermal solution cost estimate) but including installa=
tion, foundations, piping, etc. = $12,400,000,

Distillation equipment foir topping naphtha from approximately 115,000
bpd of oil at unit cost of §£50 per bpd = §5,800,000.

Total cost of oil recovery and distillation equipment = $18,200,000,
Power requirement ®= 2,100 hp,
Miscellanoous

Instruments, laboratory and officc cquipment, and furniture, tools,
ote, = $2,000,000,

Sumnary of oquipmont cost and power rcquircmont

$ HP

Hydrogen plent 1,900,000 3:7
Slurry preparation 2,300,000 13,600
High-pressure sliurry pumps 9,100,000 7,300

Stalls, converters aund exchangers 15,700,000 -
Gas scrubbing 7 5,200,000 2,900
Gas recycle 5,400,000 14,600
0il recovery und distillation 18,200,000 2,100

Miscellancous 2,000,000 -
Total 61,800,000 40,500

Estimated total plant cost (at 182% of cquipment cost) = (61,800,000)
(1.82) = §112,000,000,

Power cost (at $0.008 poer kwhr) = (40,500) (0.746)(24)(0.008) = §0.41
(14,000)

per ton of raw shalo.

1/ 1Included in hydrogen unit coste
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Tablo 294==Hydrogon cost,

Hydrogon unit cost (from J. A, Moarkovits, ot al) scrubbod and
comprossod = %0425 por Y std cu ft.

Hydrogoen cost (including hydrogon plant mnintonanco and overhood
oxponsc) = (0425) (0.800) = $0620 por ton of row shalos

Ovorhoad oxponse ond maintonance cost of hydrogen plant
= (1,900,000) (0s17) = $0.08 per ton of raw shalec.
(14,000) (300)

Hydrogon cost (not ineluding hydrogon plant maintenanco and
ovorhoad oxponso)

= 0420 = 0,08 = $0412 por ton of raw shalo,

ll;li‘
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Toble 30,--Summary of operating costs for 13,600-bpd plant,
with hydrogenation

$/tonl/

Plant exponso 8/year raw shale
Powor (not including hydrogen plantg T$0.41
Water (not including hydrogen plant 0404
Operating labor (not ineluding hydrogen
; plant 0416
| Maintenance, materials and labor
. (4% of oquipment cost) %2,470,000 0459
| Works exponse (not including hydrogen
| plant ) 0416
Hydrogen (scrubbed and compressed,
-~ not including maintenance and
overhead expense) 0.12
Process meterials othor than hydrogen 0,05
Total plant exponse_z_ $1e50
Raw material oxpense
Mining, crushing to minus 2-inch, and
transporting raw shale to plant site $0485
- Overhead expecnse
Amortization of capital investment (10%
of investmont) $11,200,000 2.67
Insurance and taxes (2% of investment) 2,240,000 0453
Executive and administrative costs (1%
of investment) 1,120,000 0427
Total overhead expense o edT
4
J Total operating cost 5585
(Assuming 85% conversion of the orgenic content of the shale to oil
with average spocific gravity of 0,85, production of oil = 13,600 bpde)
Cost of 0il = (5.,85) (14,000) = 6,00 per bbl,
(13,600)
1/ Costs per ton, when calculated froam annual charges, arc based on
T 14,000 tpd end 300 operating days per ycare
3/ No charge is included for fuol as it is assumed that the gas and
coke will provide sufficiont fuel for the plants Tho hydrogen
cost includes a charge for raw matoriale
¥ 4




- Batch thermal solution apparatus.

Figure I.




100 T g T = T
1 {
|
90} l
P ’
z [
!
© a |
g‘ i :
. 80— i
o
wi
(=
-
g
>
4
- - =
(&
[+ 4
(&}
S
o s
E /
5 60f- / -
o
>
g SOLVENT TIME AY MAX TEMP
(&}
® PETROLEUM KERQSINE I MIN
50} - o = - 60 MIN
) g 180 MIN
U QUINOLINE 60 MIN
a ANTHRACGENE OIL 60 MIN
= | 2! 5t | L | i
720 740 760 780 800 820 840 860 880

TEMPERATURE °F

Pigure 2. — THERMAL SOLUTION OF OIL SHALE IN A BATCH AUTOCLAVE

RS-
Fo101749 RRS 236 l
—— =
e - aerd | —y A . - L B -
\ C-YAT T aud 4 S—— ___I___-:;_:,_,__..I_“ﬂw,..n.-u- L i . . = P
PR > 'Y‘"’ s

B




&

'™ I_F!..‘-_p—'_ér‘ri'-‘

Figure 3
DIAGRAMMATIC SKETCH OF

SEM! - CONTINUOUS THERMAL SOLUTION ULT NO. I

==y

High Preasure
Heat Exchanger

Control Valve

=

Atmospheric
Heat Exchanger

J

Gas Receivers

2000 Gauge

e

ol > (D) 110 voit AC
) Variabie
¢ Transformer

\Thermocwple Tube

.
534 “~Extraction Column
(Pocked with 01 Shale)

\\
o ~tLead Bath

'’ —Heater Winding
Insutation

. Tronsite Shell

g
.. Potentiometer

Saivent
Reservoir

Zenith High Pressure
Metaring Pump

Variagble
Transformer

Pt 4

{Relief
‘ Conden-
= ser
Relief
Voive J

Cairod Heagier Un.ts
Lead Bath
Preheate: Coils

Solvent Preahentar

'Inu



SYE 23 AN ‘_‘

‘v
iy
@

O

Figure 3
DIAGRAMMATIC SKETCH OF
SEM! - CONTINUOUS THERMAL SOLUTION UNIT NO. |

2000 Gauge

F(. ’N‘—‘\ Potentiometer

Soivent
Reservoir

Pf Variable
4 Transformer

:_:@-ilo volt AC -
2000 Gaug
High Pressure
Heat Exchanger

| T BeE I e
~ “Thermocouple Tube Zenith High Pressure

b<. = .
Metering Pum
¢ “Extraction Column ) S

& q (Packed with Qil Shale)
4] “Lead Bath

Control Vaive JL

Atmospheric

= L Variable
Heat Exchanger k‘ Heater Winding Transformer
B': \-Insulotion - D] 110 volt AC
b
| ’
=.er P

JL\Transite Shell ~ >__Rela

s D e , G ‘ﬁ:uo volt AC

£ = - ;
I

a | 'Relief [." b
E i \Conden- [.*" H‘H‘ \Leod Reth
— = ’ ser E Hij Preheater Coils
| b o 5 :
it J E V;i;;_ j i Ve “';:-:ﬂ‘ - Insulation

Gaos Receivers Solvent Preheater

=~ Calrod Heater Units

RRS-102

——— T T R O B P T 0 i e I N I S PR e T T S R e PRI




Bosaios o

FANERE ST S S [

T VTR )

L]

Figure 4, - Semi-~continuous thermal solution unit No. |I.

C ol e T . YL R LR - LI T L R TP e
- o I T o e e




o,
/
J
& S——
|
-‘l"
I_. ~ ™ &
o L
100
g [ l T T T r
e ——
= — /—-—-——'AA
- // a o~
ne 90— e —
I"E' 8 _a _____ . ’__—-%\\ A\
o P T~ P \'“.
@ 7 ~ -~
w 7 ~N ~
a 7 / ~ =
. 80— g P AN
[ / / b
w
= / » o
= / / N\
-} / Ve N\
/ " . \
o / /7 N
i 70— 7 / —
o ’ /
@ 7 /7
o / / L)
u / /
bod s
g / //
S
g OPERATION SOLVENT TIME AT MAX TEMP
o A SEMI-CONT PETROLEUM KEROSINE 180 MIN
50— o " SHALE-OIL GAS OiL 180 MIN —J
® BATCH PETROLEUM KEROSINE | MIN
o 3 o C 60 MIN
° L . b 180 MIN
o | | | | R I L. |
700 720 740 760 780 800 820 840 860 880

TEMPERATURE °F.

Figure 5.,~=- COMPARISON OF SEMI-CONTINUOUS AND BATCH THERMAL SOLUTION
OF OIL SHALE.

.I 6/10/49 RAS- 237




PRESSURE GAUGE

1000 psi
GAS TOIME TER
r
Pl
| ! :
A2 o ¥
- [__T { 3 | ?’?’
| £l
| i
| | H
|
LEAD
BATH
[ |
. COOLER
CONDENSER s
|
SPACER
water | |
REFRIGERANT - b
‘ | % FILTER
i \. . -
i ((
PRESSURE REGUL ATOR v [y
GROVE -MODEL 155 W G
T -
-
THERMOCOUPLE &
TUBE - _-_:
GAS SEPARATOR -

[ o

OIL DISCHARGE

SCALE 14 INCNES
@ 2 4« § & w @

Figure G.—-SEMI-CONTINUOUS THERMAL SOLUTION UNIT

@Wwﬂm* S RS

172" SCHEDULE 80 PIPE

- —~THERMOCOUPLE TUBES :
e d}l (é
M

22-GAGE SHEET STEEL JACKET ol

HEATER WINDINGS

3" STEEL PIPE

5" STEEL PIPE

EXTRACTION COLUMN

SEAMLESS STEEL TUBING

21710 X 3°0D x 42" L0NG

SHALE CHARGE

MACGNESIA INSULATION

PREHEAYING 20NE .
HOTE

UNLESS OTHERWISE SPECIFIED,

ALL PIPE 1N HIGH PRESSURE

SYSTEM iS 174" D1a , SCHEDULE
80 AND FITTINGS ARE 2000ps

F SOLVENT RESERVOIR

PRESSURE GAuce

Sy '000psi SOLVENT PUMP
R HILLS-MECANNA
i Sl ; TYPE -UM2F
100 =55y i) : 7 ™ |
ot b 1y .

RRS-94

©/19/%9

e L P 2.




™
A B T .l \

TO GAS METER

PRESSURE REGULATOR
GROVE-MODEL 155 NQTE

PRESSUPY GAUGE -ALL PIPE IS IM"DIA , SCHEDULE 80, UNLESS
1000 psi OTHERWISE SPECIFIED.

-ALL FITTINGS ARE 2,000psi.

"THERMOCOUPLE TUBES

172" SCHEDULE 80 PIPE
5"STEEL PIPE

e B
' HEATER WINDINGS
B 22-GAGE SHEET STEEL JACKET
SLURRY COOLER - . __ S
R th
-4
O MAGNESIA INSULATION
" LEAD BATH
1. “td
L HEATING COI
5 NAPHTHA CONDENSER - Foy fn -
s
( E .
G A v | 1 - B PRESSURIZING INLET
. l \ I r} i 'l -4
. B
WATER ==
; FEED TANK
[
REFRIGERANT —22) PRESSURE GAUGE
24 DIAPHRAGM-TYPE- 1000 psi
TO VENT-c 30T SAFETY DIAPHRAGM -600 psi
1-TO VENT
b 4 SLURRY PUMP
HILLS-McCANNA
PRESSURIZING iNLET ,  TYPE-UMZF |
| T ):L |
PRESSURIZED SLURRY o _4(_/
RECEIVER PeFr_ x|
AR L =
=]
| = 0 I 00
LU Ty pessenemes 7)) =5
w
“igure 7.-—CONTINUOUS THERMAL SOLUTION UNIT

O/12/%Y

RRS-10t




rUPPER COLUMN HEATERS
1300w EACH AT 135V

CAWAWAMAS AW —

- — I |
9 J 4 .i-"a

BASE HEATER

X
_e\\ l \\ \H'— L\\.\"l I:"l l' (¥} ll\l
LOWER COLUMN HEAQTERS®
1200W. EAGH AT '35V

o h
< —_— y N e .ﬂ\_
- T ———— -
2 2
3 i
E— =
—~4 — *T = ‘ !
Q— -Q— 1 i
!

!
|
¥

MR
T
| 1
| |
|

TEMPERATURE CONTROLLER

—
J =
= i 7 R

|
l SLURRY PUMP
1

e H:
]

N

b~

P —

[
. HEE
| -
+
S
d
|
el o -
0_\

o | |
J*. e I 1= i a7 —_
| L | . lICV.AC
i i =ha e R . = 11OV, AC
Figure 8-WIRING DIAGRAM FOR CONTINUOUS THERMAL SOLUTION UNIT )

RRS-103




100

@
o

o))
o

CONVERSION OF ORGANIC MATTER, PERCENT

40

Shale Used: RRS 47-52, minus

695 mesh, 27 gpt

20 Solvent Used: Shale- Oil Gas Oil 1

Shale-Solvent Ratio: 115

Pressure: 300 psig g

[
d | I ! | | 1
15 20 25 30 35 40 45

TIME, MINUTES

Figurey.--THERMAL SOLUTION OF OIL SHALE IN CONTINUOUS UNIT.

6/13/49 ! _ RRS-2




pr— ‘!_-'S-Iﬂ

e

Figure 10. - Stall for hydrogenation equipment.

-F

i A




I i g e ——

Figure I1. - Control panel for hydrogenation unit.

ﬁw—_ e o R e B . T AT T T ey | ST A g A, T e e W | PR YW —" - —




l

Pressure Gauges- 5000 psig

Reoction High Low Helium
Vesse! Hydrogen  Hydrogen .

O O
%

To Vent
4
To Vent Safety
Relief ——— ptmpmd !
§ 1 Volves [ 6
4800 psig Sofety 4
Diophrogm
» W—— S W =
Reoction = Pressure Chockf
Vessel \-. Biow Down 'ﬂ{ Voive
\ Voives
N 1 4
__L_r
Heolin =k
Ekmonqi—\ : To Gos Collect- [pign j To Vert X
ing Apporotus Pressure ! | -4 / /
o Hydrogen j f
o Holder Bl
— == Rcocker Base === = 4 s
o /_ & :i : 2
o - - _T = Ta Vent 5 e E s
o nov AC._1 Automotic Automaotic ol -4 &S |
Temperature Temperoture Pump " ‘;’ Sg
H Controller Recorder | LE 7] | T
- (( = St X _( L,
] —— = Gas Cylinders

Z‘rh«mocwpln Leods

Figure 12.-- BATCH HYDROGENATION UNIT.




Figure 3. - Micro reaction vessel and shaker used in hydrogenation studies.

AT ST T P . DR SRR L S e = TET R T T s R e TR A L e e SO TR el SRR R e A




20

850

825 —

800}

775

o
~

‘4o AHNLVHIAWIL

5
725

700

675¢

650

TIME ABOVE 650°F., MINUTES

Figure ll.~- HEATING CURVES FOR SLURRY HYDROGENATION
(BATCH UNIT)

=

RRS -]

s,-'lQ/‘-_v"-j




S P ST

=

Sy

—

=

—— — e

8 ’

FPigure 15

Y

FLOW DIAGRAM FOR THERMAL SOLUTION PROCESS
RAW SLURRY PREPARATION SYSTEM

RAW SHALE
FROM MINE

[14,000TPD
-2 SIZE

>' _ CONE CRUSHER
//q\ 0, -65 MESH SHALE

‘ | 14,000 TPD |
I

§-I'SHALE

, | BALL MiILL

1

-

SCREEN
©)
M,

RAW SLURRY
SLURRY AGITATOR [

i ‘\

CIRCULATING PUMP

f‘\)m)

RAW SLURRY TO

RIBBON MIXER

SOLVENT OIL FROM
FRACTIONATING CCLUMN

' ! 19,393 TPD |
58,176 BPD
o S
STgﬁ_‘(‘)GE SOLVENT
ol
STORAGE

WEIGHT FEEDER EXCESS SOLVENT _

® |93 TPDJ

576 8P|
RAW SHALE
14,000 TPD |
SOLVENT OIL
[ 9, 300 TPD |
57600 ) BPD |

23,300 TPD

REACTOR SYSTEM 95 ,000 BPD

RRS-71




Figure i6

FLOW DIAGRAM FOR THERMAL SOLUT

REACTOR SYSTEM

T

TUBE HEATER i

~i

|

|
|
g

RICH QL

|
FEED PUMP | ()
_RAW SLURRY | =/
=il 12
123,300 TPD | ® Tw____
195,000 BFD e
1. HEAT EXCHANGER
sy (14)
L &) e
i WET GAS
424 TPD
PRESSURE
CONTROLLER f=ta
< | ]
= ﬁ | GAS SEPARATOR
I ' 1‘5\
|
o
g | SPENT SLURRY TO OiL
g RECOVERY SYSTEM
o
|
1
.éf
_— ") e
.\"—.L

ION PROCESS

GAS HOLDER

DRY GAS TO HOLDER @ED

'331 TPD
CONDENSER
LEAN OIL o S LR
937Po_}
884 BPD |
= GAS ABSORPTION AND
STRIPPING UNIT
22,876 TPD |

RRS-72 2
JI
3







