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I~TRODT.JCTION 

The development of methods for producing shale oil from oil shale 
constitutes one phase of the r ~search and devel opment program being 
conducted at the Petroleum and Oil-Shale Ex. eriment Station at Larrunie, 
Wy omingt under authority of Public Law 290 . The objec~ive of this law 
i s t o facilitab~ th~ development of l i.quid fuel.s from sources other 
th&.n Pp. tl'01eum. 

Cu stomar" ly, shale oil is p r oduced by heatip~ oil shale to a 
temperature in the ra!Jge 800-1 000 F . fo r a sufficient time to c onvF'rt 
the organi c matl~er to gas , oil, and ooke and to distill thfl v ol a ,;;ile 
conversion products from the'; - or ganic residue or "spflnt s1 dIe ,. " Th is 
retorting procest, results in recovery usually of not Over 80 pprcent 
of t he organic m£.tter in the s !1ale as volatile products , the balance 
remaining in the r etort as coke or fixed carbon on the spent shale. 
Ever though a quantity of fuel equivalent to or mor e than this coke 
may be required t lJ carry out the process , 1. t would be advantag'3ous if 
all of the organie mattAr could be r ecovered e conomically from the 
shale as v)latile fuels, for th'3 me chanics of utilizing the fuel value 
of the spent shaIn are difficult to solve . No rptortir.g pr ocess 
developed to date has surc eAded in increasing this recovery by more 
than a few pe rce nt. 

A method which appeare d from published data and patent claims to 
convert a higher ~ ~ r'Je ntage of the or ganic matter in oil shale to 
volatile products consists of h eating the shelp. eith~r alone or in 
t he pre s e nce of a s olvent and extrac~ing the solubl e conversio~ 
pr oducts r athe r tr.an distilling t hem from the shale . This so-ca.lled 
thermal solution pr ocess and a modification of it, wherein thfl con-'­
version and extraction ar e carrip.d out under a high partie l pressure 
of hydrogen, have bee!l studied at Lurruni c to det e rmine t he ir appl ica ­
bility t o Gr een RivAr oil shale from Colorado. The r esults of this 
work , which was curried out during thp p f"! riod from June 1945 to 
February 1949 , a r e pr fl s <'l nted in this r eport . 

SID:lMAHY 

The t he rmal solution proces s converts ov e r 90 percent of the 
organic matte r in oil s hale to oil and gas . The highest yi e lds of oil 
obtained without hydrogen pr essure wer e equival e nt to 119 we ight percent 
of that ~btained from the same shale by Fischer assay while, under pres­
sur e , oil yie lds equival '3nt to :. 26 we i ght pprce nt of Fischer assay were 
obtained. HO'.\lever. this oil has a h i ghe r toiling range than that 
obtained by r etorting mrl thods , pa rticularly whp' l1 'lxt ract ed in the 
absence of hyd rogen pr essure . Nondistillabl e oil equivalent to 0 er 
100 percent of the organic matt er in the shal .;) was obtaine ri without 
hydrogen p r essur e in th8 syst em. Vihen ext r acting under hydrogen 
pressur e , thn yield of nondistillable oil amounted to 60 to 70 wc :i.ght 
percent of the organic mattn. r. This heavy mat ~rial is formed par tly 
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by polym8riz~~i on and condnnsatiun of th~ shal ~-oil solvent uSed. 
This r o ction tog ~th r.r with cracking c~ tn0 solvent to form gas and 
a c~rbonacoous dAposit on thn sha l e are u~avorubl~ fr.ntures of the 
p rocesG when us ing sha l n- oil solvQnts . 

Th e astim~tp.d cost of pr oducing shale oil by thp. t h0. rmul solution 
proc e s s without hydr og nn p r p.s surc is ~) 4 . 74 po r barr el . Und e r a p r es­
l'u r e of 3000 p s i with u h ibh partia l pr essur(' of hydrogen this cost is 
r a is ed to ~6 . 00 p~r barrnl . Both of thcs o cost figur~s a llow for no 
r etu r n on tho investment. 

Advantage s of thn p r ocnss a r e h igh r ates of h eat trans fA r to tnc 
sha l e with cons pqu r-mt s hort r e t rmtion tim" i n the r eactor , and r,i~';-i.r 
oil yields than ur (l c1lstomarily pl'oduced by r etorting . 

Di sudvnntages of t h0 p roc eSS a r e tnc n ecessity for fine g ri nding 
of t hE') shal e , thE' h i gh boiling -r unge of the oil produced , the c r ack ing , 
polymerization, und condens at i on of t~H) sha l o- oil solvAnt , und tho 
dif f ioulty of s 0pur~ting the solvent a nd product oil from thn spont 
shal o . The s e di3udvcnt ugn s r o r nfl octAd i n the high proc e sS costs . 

The ther mal solu tion p roc ess is co~sidered to be not a practical 
shale oil p roduct ion ~r oc ~s s t t he pr e s ent stage of d nv elopm9nt . 

" Tho wor k drscribod in this r nport wus done und~r thl) gr. ne r u l 
di r ection of W. I . R . ~ ';urphy , Chi0. f , R'3torting a rd Refining Snction , 
and the dir e ct sup0 r vision of W. I . Bllr nct . E , B. J~ m:; (>n was r ospons ­
ibl ~ during t he last two YAnr s f or thl') actuo.l I nborutory wo r k . n id ed 
by C. J . ChL1cigrr. n , Vi . G. Collins ::.nd J . F . Li stut e . H. Yr . Sohns h ad 
:l cf'Jnsidc r ab l o pa r t in thr. r"!ar ly phc!.se s of tho ~ tudy . Othnrs who 
a ssist e d at v urious t i mr s wo r E'! E. E. Jukkolu , L . E. Mitchp. ll, 
B. F . ilcLo.rry , und J . H. Rainw t e r e Sl"vl)r '1 l othor s h uv e g ivE'n valuablo 
a ss i stanc e a nd suggnstions , including pc.rti cul urly , F . H. Dunl p a nd 
J . F . Evitts of tho Shops Se ction. 

LITEJU TlfRE REVIEW 

Tho org unic ma tt er in oil shul !' usuu ly is nssociut cd intimate ly 
with the min.;r u l portion nnd is charact erizGd by its r n l c.t i 'lA l y low 
solubility c. t low t"lmppr atu r es und bJ' i ts decomp osition to gus, oil , 
unci co.rbonace ous r esidu e at high tenpo r a t 'l r c s . Thn oxtl'mt t

7
0 which it 

i s soluble is indic ut nd by the wor k of Gavin a nd Ayde l ottf',l , Vlho 
extract .d unh~ated sumpl~s , crushed to 20 to - 60 mesh , of sevn r u l 
h no ric ':m oil shul p. s with car'()on t et r achloride , carbon di sulfidA, 
uce t uno , bonzcne . nnd chlorofo r m in soxn.1.et o.pp r utus . The r Asults 
of tht3 ir wor k ur e shown in the fol l owing t ble . 

];./ Guvin, 11 . J •• und Aydel otte , J . T., Solubility of oil Shahs in 
Solve nts for Pe t ro1 8UIn l Bur'J u,u of :':inos Rept. ,of Invo stir; o.ti ons 2313 , 
1 922 , 3 pp . 
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Solubility of Oil Shale in rr i ous Sol vnnts 
f or P etrolou~ 

Oil Solubility 
Shale yi eld (E er c"lIlt of distill [~tion ~i eId) 

sourc e (gpt) CC14 CS'l \CH3 '2CO C6
H6 CRCI

3 '" 
Kontuc~!:y 18.22 0 . 51 1 . 44 0 .82 1 . 99 

Utah (Soldi or ' s Summit ) 44 . 60 4 . 45 4 . 57 3 . 16 5 . 47 6.32 

Colorado (DoBcql.lC) 37 . 75 15.42 13 . 97 10. 04 16 . 84 18 .. 22 

VJy oming (Gr oen River) 58 . 65 5 . 27 5 . 58 5 . 35 6 . 02 7,,72 

Co.lifornio. ( l one ) 52 . 00 33 . 46 29 . 68 55 . 80 5l .73 -----_. ---
The s e d a t u show t hct fo r sho.lp f r om DeBAque , Colorad o, th~ s olubi lity 
ranges from 10 to 18 pprcrmt , based on thA dj.still o.tion yi"l ld of tho 
shale . Thnso p"! rc0ntur;~G p r obo.bl y 'w ould r 8p r "3Sent n so~ . ubili t y of 7 
t o 12 percnnt of t he total or~apic c onte~ of t ho shale . 

McICinneyY, '.lOrki:1g 'lith 0. 30 . 1 gpt J:Jpw Br u SY/ick oil shale , found 
it to bo solub l !1 i n th FJ follov/i ng VI i ght per c'3nto.ges in the sol v'mts 
listod; ethyl alc ohol , 1 . 5 ; !1thyl et~c r, 2 . 2 ; co.rbon disulfide . 2 . 8 ; 
acetone . 2 . 6; chlor cforrn . 2 . 2 ; cu r bon tot r achloride , 2 . 6 ; bfmzone , 3 . 2; 
pyr idine , 2 . 6 ; and ncetic (! cid , 6 . 9 . Those porc r? nto.Ges ur o ba s ')d on 
r n.w sho. l e and p r obab l y should be mul tip l i8d by about 3 to put them on 
un organic mutte r b usi s & 

Kogerma~ states that not mor e than 1 perc ent of tht'! organic 
matter ir. an ~stoni Eln kuk rs ite was dissolved in 1 20 hours by a cetone , 
chlorofor m. benzene , ca r bon disulf ide , p~tr ol eum e the r (boiling p oint 
322 F ), toluene , xyl !me , py ridine . e t hyl pther, or ethyl c. lc oh ol . 
Ap parAntl y due to a. chem i cal chunge in th e or g unic matte r it was found 
that 2 . 2 Arc ent was SQlublA in tetrachloroethane . He I nt Ar found that 
8 p~ rc ent of t he organic m~tt er was soluble in cyclohexanol (boiling 
point 322 F) . 

From tho above do.to. it is uppur 0nt thut thA org unic constituents 
of oil shal e a r e only slightly solubl e ut 1 0'11 t0mp,.,ratur cs in nny of 
the common solv"l nts fe r pf'Jtrol Aum. Wor k by mo.ny inv"}stigo.tors ho.s 
s hown that t emp 0r ut ur es in th f') r eg ion o.bovc Lbout 650 F o.r e n FJ c e ssnry 
to effect conv~r sion of th ~ or go.nic mntt 0r to soluble mutAriul. A 
study at this ~t o.tion of tho sp ~ cif ic r o.tl)s cf this convorsion r 8nction 
for Green Rivor oil s~alA from Colorado OVe r tan t n.mp Ar o.ture r o.ng o 

~lcKinncy , J . VI •• Constitution of Kf'rogens Jour • .Am . ChAm . Soc. 46 . 
1 924, pp . 968 - 979 . 
Kog p.r mun; P . N., Hundre d YAars of th 8 Ch emicnl Inve stigution of an 
Oil Sha l e : Oil Sha l n u nd Canne l Coal, Th ~ Institute of P Atrol cum, 
London, 1938, pp . 119-120. 
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675 to 8 25 F indicates th~t the r at e of the r eaction is very low at 
675 F but approximately doubl As for each 18 d eg r oe rise in tp~pnrature. ' 
In the r egion above 750 F the r ut e i s s uffici e nt to ce of p r actical 
signifi cance . 

J. A. DulhuntyV Y ~I r Ap orts some work on the solve nt treatment 
of Austral i an torbanito . T:1f'se inyosti gc.tions appar r-mtly wnrf.J mado 
mor'o in an uttempt to determine the chemicul properti es of the organio 
mat e ri al in torbunite thun to dev elop u corrrncrciul process for its 
extruction. Preh euting of the t orbanit e to 660-840 F r e nd e r ed the 
or ganic materi a l solubl e in benzene . Aromatic solve nts were found 
to b e more efficient thun aliphatic and it wns observ F1d t hat the 
organic matter could b o extrnc t p,d a lso by its own oily convc r1 5,()':l, 
product a t 660 - 840 F c. nd 150 -3 00 psi . Consid or ubln Vlork wus d ,me by 
this investiga tor on th e p r c'ssur e extraction of torb(.nitf) with benzene. · 

Some duta a r e ava i1 uhle.V on the smnll-scnl e batch uutocl l ving of 
Dunnet , Scotl and, oil sha1 13 "lith 0. heavy, arom(.~ti c k ':) r osine . -{Il J.:;h 0. 

1 : 1 we i ght r atio of sho.l " and solvent and un extrnction timQ ::>f 6 hours 
the optimum tAmpe r atur e \'1 , •. S found to be 716-752 F . Tho maximum pr essure 
dev e loped during thes o tests li t this temp er a ture vms 350- 4 70 psi . 
Batch extrnction with thn s ame shal e und solvf'nt a t 75 2 F and 320 psi 
me.xiinum pressu r e r emov ed 63 . 3 pArce nt of the organi c c E'~rbon and 71.9 
porcent of t h r. hydrogAn from thp. sha l e • . Dry distill ation of this shale 
a t 1380-1470 F r emoved 55 . 8 perc ent ca r b on and 91.9 p~rc0nt hyd rogen. 
The carbon to hydrogo:1 r atio of the total product s w"s 4.66 for tho 
thermal solution m, t hod ~l S 00mpur ed with 3 . 22 for tt l') dry r " torting 
mothod • 

Si nc e 1 940 ~ Russi :....n invostigc..tors have publis h ed consid orable work 
on the t he rmal solution of solid f uel s , includ ing 0:.1 sha l ns . 
I"'f. K • . D'yokova!V 21, in 1944 , d e scribed u pilot pl c.nt h andling 30 kg 
of s hal o per hour . J.. 10'iI - sulfur sho. l " c ont inj,ng 4 8 pe r c"nt organic 
matt er wus us ed in a s " ri os of t osts . A po.rticle si zf) of 0 . 3 to 5 mm 
was found to be satisfact or y . Th r} so l vent -Na s 0. shal n- oil fr a ction 

~ulhunty, J~ A.,. Solve nt Extr action of Torbanite, Proe. Linncan 
- Soc. ,N •. s. W. ' 67, pt . 3- 4, 1 942, pr o 238·248 • . 
Y Id em, Tho Action of Sol Vf! nts on Tor bani te nnd thp. Nc.turf'l of 

Extract ed Products: Jour. Proc . Roya.l Soc . H. S . VI. 76, 1943, 
pp: 268- 274 . 

y Id r>Jli , Pr81lJTlinary Hot rl s on Solution- Cr acking Tr 0utm l'3 nt of Torbanite : 
Jour. Proc . Royal S oc . iJ . S . VI . 77 , 1 943 , pp . 24 -32 . 

7..1 Smith, G. H., and Stewart, D.,. '3xt r a c t ion of Oil Sha l e with Solvents 
at Rc l ~tively High T ,~p0 ro.tur es : Scotti sh Oils Ltd ., CAntral 
Laboratory, Rnp ort SO. H/168/4o , July 16 , 1940 . 

Y Dyakova, H. K., Production of Liquid ,1 from Combustible Shu10s 
by tho Mn thod of The rmal Sol tion, Bull .. Acad. Sci . U.R .. S.S., 
Cl a ss o Sci. Te ch., . 1 944 , 258 - 271 . 

Y Idem, Th r; rmul Solution, A NnVl il(" t h od for Obtaining Artificia l 
Liquid Funls Bull • .hcp.d. Sci. U.R.S.S .. , Cla ss o Sci . TAch., No. 
7-8 , 1944 , 498-505 • . 
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with n boiling range of 428-698 F (48 percent volntil e o.t 572 F) a nd 
e. specific gravity at 68 F of 0 . 933. VThC'n a mixtu r e of e qual weights 
of s hal e and solvent was p rocess od at 797-806 F for 20 minutes at n 
p r l)ssure of 1'70-500 psi, thA following yields wer e obtained , bas ed on 
original organic content of the shnlci gnsoline 39~3 pe rcent , dies e l 
fue l 2 . 9 parcent, casinghead gas oline (rocover~d by nbsorption f rom 
the gas) 0.6 perc ~nt, pitch 30 .2 pe rcent, gus 8 8 p 8rc ent, wate~ 
(pyr'jg enic) 6.3 pe :"cent, and insolubl E'! ol'g anir matter 8 .4 p nrc ont. 
The r em ova l of 91.7 p cr c f'Jnt of the organic mnt c ri nl of the sha l e Was 
obtninod. The frc ctions boiling bEllow 428 F wer e r emoved fr om tho 
mixture, the resi c1. u (~ wns thl' n fi lter ed en n filt er press and t he 
sp ent s ho. l o wb.sh 0d by der- r..ntntion with sha l e naphtha . 1;"8 pil.~t 
plant consist ed of 0. l CO-li tor mixin l; t unk , geur pumps , hig!"! - J?" ::ssur e 
paste pumps, a h eut inf, C iiI mude fr om 165 fe nt of about 0 . 4 .. : ".:., ,', ID 
pip _, u r eo.c tion chumb :;:' l.:f S 4 6-lit ~r capaCity a nd equipped w~ . c~:- f.' -

mechanica l stirrer, a th!'ot.tle valve , condenser, and p roduc t r o- civer. 

The flu rli es t .Am er :i.c 'ln t h ennal ~olution patents we r e obt !li .' ~ ,1 by 
H'J n. RyanlO/ 11/ i n l SZ"J and 1928 . Ryan proposed t o fin p- ri nd oil 
shale in ul:lmixtu r "l with h"'avy sha l e oil at a t<;Tlpe r ature of 300 
t o 100 F . Digestion of th f'J shal e was to be c0mpl"tp.d Lt 600 to 700 F 
a t atmospher ic p !'e S SUr 8 ~ 1h8 t o pf! r o.tur t) of ab out 700 F was supp os ed 
to be high enough to " ffr.c t conv") rsion of the k e:- o.;"n to solub l e 
mat E)rial but to 'on n ot so li oh s to vol o.tili zo ~ o') much of the 
s olvent . Howover, tr··sts mt:de by the Co.no.diun Df'p(, r tm'i nt of Min~s on 
](')w Brunswick oil shc.lf'l , r 'i j1ortod by A. A. S1}rinr.nrt onl.Y, pointed out 
the fai l ure of t his pr oce~:; VI .Nl upp li0d to J ew Br unswick oil shal e s . 
These shale s r e qu i r 8 hibhfJ r temp'3r nt.ures , in t h l' or de r of 750 F , to 
off ect f a irly compl')te c onve!'sior.l of kAr ogen in :- <;usonabln le~ths of 
t ime, c.:ud o.r e t her of or n sim'l )r t o Color ado oi l shal 'Js . Ryan ' s pr ocess 
VlUS found to be i nope r ubl e t 750 F becc.use of th e Axcessive volo.til ­
iz c.tion and c r acking of t h'3 s ol vpnt that took plo.c'"l . Put"mts Vi Ar e 
grc.ntod in 1923 to D. T. DCly13/ fo r 0. p rocess whe r eby oi l s;1o. l e , 
cI-us ned to-mi nus 2- i nch , wo.s d ige sted in 0. beth of c r udA 3ho.l c oil o.t 
t emper atu r e s of 550 to 700 F . Whil e tho process wa~ suppospd t o 
op 'l r at e 'at e ith'lr atmosphf'ric , subatnosphE'ric or super atrrlos?heric 
p r essures , th e cl aim Vias made that a p r essur e of at l p,as t 70 psi 
r t) su1ted in a ga in in effici ency. The c r acking of the shale oil 
duri ng; t h is t r eatment was acc l aimed , credit being Given to t.he mine r al 

Ryun , it . D., Bituminous Mat eri al f rom Shal e s U. s. 1, 327 . 572 , 
Jun. 6 , 1920 . 
I d<>.m , Digesti on ':If Bituminous Shal e s • S . 1 , 672.231 . June 5 , 1928 . 
Swinnert on , A. A •• Tr eatment of Oil Shale from New Br unswick by 
tho Ryan Oil u i g"s tion Process: Canadian Dept • Tines I Summary 
Report No . 605 . 1 922 , pp . 210- 218 . 
Day , D. T., Appo.r atus for ~tracting and Distilling Hyd rocar bons 
f r om Oil Shales U. S. 1. 447 , 296 , U. S. 1 , 44 7, 297, Mar. 6, 1923. 
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matt~r in the sha;n for increasing th~ amount of cracking. William 
H. Hamptonl!/ 15/ ~ received several patents in 1928 and 1929 for a 
process that is veI1" similar to Ryan's. Hempton also proposed fine 
grinding of the shal f'l at 300 to 400 F in a slurry with a hoavy 
paraffi.n-base oil yielding substantially no dIstillate be low 700 F. 
Digestion was to be carri Ad out at temperatures not in excess of 
about 700 F; ·a range of 665 to 675 F was claimed as giving excellent 
results. The pressure was to be either atmospheric or subatmospheric. 
The intrOduction of steam, hydrogen -or an inert gas into the retort 
Vias suggested~ The digested mixture was to be niluted with 0. lignt 
oj.l, such as 'Kerosine, filt ered on a centrifugal filt ,r, and washed 
with k erosine. ThA ~pcnt shal e Vias to be dried, the n 1;" ·;tortod at 
900 to 1000 F tor final r ocovery of the bitumen. In U, S" Putent 
1,707,759; Hampton suggests digestion with a kerosine fru~tion under ' 
a pressure not greater than 100 psi at a teniperll tur e of 500 to 700 F. 
In Uo S. Put e ut 1,778 ,515, h e p oints out tfie advuntng n of he uting tho 
sha l o r apidly, claimi~ that thi s procedure will givo u mnt e riully­
l a r gc'r yie lJ of liqu id hydrocarbons, and remarking that the (".xtl"cmo 
fineness finally attaineci by the min ,)ral mutt ur of tho's;'lC.le may be 
due to th,.e disrupting effe ct of this sudden temperatur A riseo ~.lfred 

Fisher17/; in a U. S. Patent granted in 1937, describ0s a process in 
which finely-divi ded oil shale is mixed with a hydrocarbon oil, such 
as a crude petroleum,distillation res i due, tar, p i tch 9 or other h6avy 
oil, preheated by passage thr ough heater coils to 850 to 1050 F and 
tl1en coked in chambers at a temporature of 900 t o 1200 F with final 
heating to as high as 1600 F. The p ressure in thA p r eheating coils 
was to be 100-800 psi and in the coking chambers pr ef3rably sub-
a tmos pher ic • 

The bibli l"lg raphy given at the er.d of this r eport covers the 
major portion of the Ent lish-language literature on thA thermal 
solution of oil shales e A umber of abstracts of for~ign-language 
articles and patents a ls o a _A included. I n this discussion of thermal 
solution processes the attempt was .made to i nclude all references to 
methods of obtaining oil t' ron oil shales in which the shale was c on­
ttlcted with hydrocarbon s olvents e ither before or during its h eat 
treatment, excluding processeF specifically applicable to tar sands 
rathe r - than -to true oil shales . Refe rence to the bibliography shows a 
considerable number of United S t ates and British pate nts on thermal 
solution process es . The Canadian, Australian and New Ze aland patents 
are larg ely duplications of British patents. - A number of German -
patents, rnos':;ly held by I. G .. Farb '3ninaustrie A-G, ar o lis ted The 
a.bstracted pate nts and articles hav .~ been grouped in accordance with 
the section entitl ed "Outline of Bib l iography." 

14/ 

15/ 

lY 
)]/ 

Ho.mptcn, William H., HydrCl.::arbons i'ran Bituminous Sha l e-Like 
Materials U. S. 1,668,898, May 8, 1928 . 
Idem, Digp,sting Sha l f) iii th Oil and Cracking ~olved Products, 
U. S. 1,687,763, Oct. 16, 192 8. 
Idem; Dige stion and Distillat ion of Product·s from Bituminous 
Shales U. S~ 1,703,192, F8b. 26, 1929. 
Fish'3r , Alfred, PYI'olytic Conve r s ion and Coking ()f Fin ly Divided 
Bituminous Mat Arial and Hydrocarbon Oil: U. S. 2,073,367, Ma~ 9, 
1937. 
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TIlER !Ar.. SOLUTIOll OF OIL SHALE IN A BATCH AUTOCLAVE 

- The initial laboratory investigation of the thermal solution 
process conducted at Laramie on Green River oil shalp utilized a 
small batch autocl av e cOl structed of seamless steel tubing 1.5 inches 
ID and 26 inches long, closed at both ends by threaded plugs and 
equipped with an axia lly-located thermocoupl e tube, a pressure gage, ­
and the nec essary hj,gh-pressure valves. Auxiliary appar atus consisted 
of a thermostatically controlled, electrically h r>ated lead bath in 
which tho autoclave and its contents could b e immersed for h~ating 
and a col d-wat e r qu enching bath in which the autoclave and its cont ents 
could be immersed upon removal from tho l ead bath for r apid cool i.ng to 
stop the-- conversion r f'l action. A photograph of this appan.tus is shovm 
in figure 1. 

Da~a obtained in th~se b atch thermal solution studies a r~ given 
in table 1 and compared g raphically in figure 2. In t his work a 
41-gpt shale from DeBeque , Colorado, having an analysis of 23.3 percent 
ori;a nic cont (3nt, 17.2 p'lrc :'nt min <? ral CO2 , o.nd 59.5 t:c r cent a sh was 
used. It was crushed to the following app rvximate screen analysis 
a nd dried a t 220 F: 7 percent plus 48 mesh, 18 p~rcent 48-100 mesh; 
25 percent 100-200 mesh , and 50 perce nt minus 200 mp,sh. Host of tne 
work was done with pElt rol eum kor osine us the solvrmt , but quinoline 
and anthrac f1 ne oil were als 0 uS "ld for comparis on. The we i ght r at io'-
'Of raw" shale to solv~nt was v aried between 1.0 and 2.0, little differ­
ence being found due to diff~rent r atios. To increase the heat ing 
rate of 1,h~ charge a - quantity of 0 . 5-inch stainless steel balls wa.s' 
used in the autocluve . This quant ity was p roportionp,d to the shc..le~ 
solvent charge so t hat the l utter just f il l ed ' the interstices o~ the 
bulIs. Thus, - the heat ing up period was lowerea to 20-to 30 min\ltes, 
depending somewhat upon the maximum temper ature r enched. 

Correl ation of t il l'! data in figur e 2 shows a mc.x imum percent con­
version of organic mc..tter (to gas and benzene- solubl ~ muterial) at 0. 

different tempprature for each "souking " pAriod , when pet r oleum 
ke rosine was thA solventn Thus , for a. soaking pp, ri od of one minute 
"~he o!'timum temperature is 840 F with'- a. conve rsion of 86 pe rc ent a.nd 
for a 60-mi nute pe:oiod th e t empe rature is 795 F a.nd the corresponding 
convers ion- 87 perc ent . Thp tflStS were not carried to low enough 
temperatures for t h" l80-minute runs to ascerta.in the optimum tp.mper a-
1,-U1°6, but the maxirm...m conve r sion obtained du r ing this series of tests 
wus 87 percent nt - 740 F. The optimum tempera.tur e for 60 minut fls hea.t­
ing with quinoline wa.s about 800 F a.nd for anthra.cen f") oil about 770 F, 
a.nd the r espective conversions were 90 a.nd 84 perc ent. Compa.ris on of 
the results oht ine a from thp. 60-minute runs with petroleum kerosine,­
quinoline and anthracene oil is of inter est . At 740 F, both quinoIine 
and antfir a.cene oil show c ons id er ably bettor conversion than p~troleum 
keros.i.ne , th!' difference being 13 a.nri 17 p"rcent , respe~tively. At 
t empel'a.tures up to the optimum of a.b out 800 F, quinoline continues to 
be a.t l east 3 pfl rcent better tha.n kerosine I whil e the a.nthrncfme oil 
becanen progressively poorer in comparison with the other tvlO solvents. 
Da.t a. ottained for various solve nts such a s those used in th 8se 

7 



• 

• 

preliminary experiments is mainly of academic interest, as it seems 
unlikely that the use of a sol vert other than a shale-oil product can -
be pract~cal for a commercial thermal solution process. HovoTAver , these 
datil hav\;;l been of value in shOWing the small diffl'1rence in solvent 
effect of a polar solvent (quinoline) and u non-polnr solvent (p etroleum 
kerosine). - The importanco of the extl'action time and its dependence -
upon the temperature wp.re well demonstrated. As was pxpected fram the 
investigations of Uaier and Zimmerley~ and of Carls on!:"'!?, the length 
of heating time required to obtain a given percentage conve rsion 
decreases ~s the tempe rature is increased. 

A rrumber of batch tests were made at temperatures in the rungo of 
860 to 950 F,-using different fractions of Parry shale oil. These datu, 
given in tnnle 2, show tl!at th e relative stubility of th·) three solvents, 
based on the final cold gus pressure, decreased in thr. following 'order: 
light gas oil, heavy gus oil, and residuu~. Thp. r~latively large amount 
of cracking of the r csiduum is evident frcm the lower (l'!=>?c.r ent con­
version of orgnnic mutter th E~t was obtained. Coke proc'l ".:, l by cracking 
of the oil appears e.s unconverted shale orgunic mutter, b t1c uus e of the 
anulytical method used~ 

The low vapor pressure of the light gas oil in the range of 900 to 
950 F, together with its grAater stability , recommends the light gaS 
oil for use as - a solvent at thAse h igher temperatures~ Although the 
conversion rate of kerogen is so much fast Rr in this temperature range, 
difficul ty would be exp Ar ienced in obtaining a short enough h Rating up 
period- to prevent overtrear.1Ant of the shale with consequent 1055 of 
oil yield • 

STUDY OF TH3 PROCESS WITH A SEMI-COl-ITnruous UlUT 

- A serni-co!1tinuous the rmal solution unit wns n:, ' ~ ~ com:tructed to 
Serve as an intermed ~. v. t" ::.tep between the batch au4; oclave and a con­
tinuous semi- pilot p ~ ad" A d iagrwmniitic sketch of this unit is given 
in figure 3 and a p. o ;ob r aph in figure 4. The pur pose of the apparatus 
was to permit the t hs m .' l. :.;olution treatment of crus hP-Ci oil shale at 
vari ous constant t S!:lf-' crat u r as up to ab out 850 F und~ r pressures up to 
500 ps i while maintaining a d e s ired rate 0:' passage of the prehp.ated 
solVent through the fiX ed bed of shale . Bett er y~ eld s we re expected 
in this apparatus than by autoclaving since the solvfmt and flxtrar"'~" 

shale oil would not b ~ hl)ld a t the extraction tpmperatur e for as long 
a periOd of time , thus '- l e s sening the amount of crncking and formation 
of fix ed gas e s and c OKen 

The - ext rac-tion column was constructed of a 4-foot l ength of l -inch 
ID seamless steel tubing , '. ~ith screwed plugs at both ends, a central 

Ha.ier , C. G. , and Zinimfl rley, S. R., The Chflmicnl Dynamics of the 
Transformation uf the Organi~ Matter to Bitumen in Oil Shal 'd' 
Bull. Univ . Utah 14, J o. 7_ 1924. pp. 62-81. 
Carlson, A. J., Inorganic ~nvironment in Kerogen Transformationss 
Univ . Ca.lif . Pub. Eng . 3, 1937, pp . 295-342. 
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thermocouple tube, a~d pipe cOlIDe ctions for entrance of the preheated 
solvent at the bottom of the column and exit at thn top . The solvent 
~as fed fr~ large burets to a Zenith high-pr es surf' gear pump, thenoe 
through prcheator tubes :ion e. thermostated lead bath into th" bottom 
of--tho extrar.tion column The 10wl,3 r half of the column W t1.S filled with 
steo l washers and 1/8'·inc~1. stainless-stee l balls to uro'lid 13 f inal 'Jre· 
heo.ting of the solven T:;, C:r-:~f, h ed oil shale was charg;~ d ',, 0 the UPPf.,r 
no.If of the colllmn. The (;.??uro.tus wo.s s e t in a control led - temporature 
electric heo.ter.. 'The sol ' -o::.t was at tho extr action t ('rr.P"l· c.~~re when 
it contacted and pus sf') d t!1.rC'ugh the sho.ll') charg o , r C1mo-.rJ r.g t h e ke rogen 
as the latter was c onverted to gas and solllble bitum<ln Iu d oil. The ­
solvent and shalp. oil then passed through a water-oool f'd h9at exchanger, 
thence through a Grove pressurFl regula~or from whioh t!16 :,iquid and gas 
'were disonarged at utmos!)hFl!"ic pressure to a liquid r ;>c fl5_ v er , the gas 
being taken off to a gas receiver . 

Prflliminary runs wer e made with petroleum kl'lrosine f ~ r purposes 
of comparison with bat r.h uutocla'ling. Oppration was ca.::':' '1 ''1 out at' a 
pressure of 400 psi sine" this was sufficient to mai:1t ain +' he selvent 
in the liquid phasl3 at the opp.rtiting temperatures . The oj 1 sho.le used 
was a sample- from Para.oh'_lt.e Creek, Colorado, containing 31 pe rcent 
organic ma";ter a.nd as saying 53 gpt. It '.'las ~t'ound and screened to 4 
to" 8 mesh and dried lit 220 F . A charge of 50 R; rams 0 :;:' oil s hale w~_s 

used for eaoh ru:l. Thf' extr ction vias contiriu8<i until the color of 
the solvent coming out of the column indioated Assentia lly c ompl ete 
removel of extro.ctabl '" organic matter. The data from th"l s l'1 ri£'s of 
runs using petroleum b "rosine arl) r epor-!; ed in table 3 and t hl'! data 
from the runs using a shale-oil gas oil in tabln 4. :;:n f igure 5 these 
datu are c ompur ed with tho r 0su lts from batch o.utocl ving with petroleum 
kerosine. An incrcc.s e of 6 p e rcant convers ion VIes obta ined with 
p etroleum kerosino' in the s emi-continuous unit Ove r thut obtained in 
the butch uutoclavl") , On plotting the perce nt conve rsion against 
temp c ro:ture, c. curV0 is obta.ined which is simil a r to t ho pl ots of 
the batch iiutoclavL1g d o.taj thet is, ris ing to a 'mwcinum a t s orne 
t emper atur~ the n iropping Vii th u further incre c.se in t-;mp 8r .:t ~ure . - In 
the cnSe of the s em~-continuou.<; (ixtraction with pntrole'Jm kn rosine , 
the optimwn temp fl r atu r e is botVlcen 760 and 770 F. A h igher maximum 
conversion of 95 perc l'1nt wo.s obtained when a. sirailc. r s l'1 ries of runs 
was maac with c. Pum?hn.r ston sha l e-oil gas oil. For .:;110 sho.le-oil gus 
oil the optimum tnmp,r ature vms slightly lower tho.n for the pptroleum 
kerosine , b e ing ab out 750 F. 

Of sp 0cinl int n. r Ast in compo.ring t he ~otrolnum k~rosine o.nd sho.Ie~ 
oil bUs oil runs is th~ r nl o,tive; ru:lount of noncond0ns o.1, l e go.ses formed. 
In the optimum tempnro.turc r o.nge of 740 to 760 F o.bout 10 times o.s 
much go.s wo.s formed with tho sho.le-oil soh'ont e.s with ~he p"tl 'oleum 
solve nt. Tho gus o.mounts to un nstimate d 2:::; percent of +'hn org o.nic-­
content of the- shalf) fC'r the shule-oil runs avi to lesE; than 3 pfJrcent 
for the petroleum kn rosine runs. The gas formo.tion is due, thereforo, 
mo.inly to tne cracking of- thr. solvent ruther thun to the decomposition 
of the sho.l e orgunic matter. 

9 



• 

The very complete disintegration of shale upon "th,'!rmal extrf\ction 
with a ~ hale-oil solv~nt lAd to e further study along this line. -
UsiIlf; the small batch autc-clave and treating different SC1~een size 
samples of slide' in shale-oil solvent at 775 F for vari ous lengthE: of 
time, qualitative notl')s Werl') taken as to ~,he degrep, of di,sint.p-gration 
that occurred. The "data e; ivF)n in table ··~ show that sh81 1~ particles, 
ranging from 14-mesh to 374-inch in sLoe, are all almost c ~ml'letely 
disintegrated in one h r,u!" at 775 F Ehd are all canple1;'lly cr ck' .. m down­
afte r a 2-hour Axtractl,C1')) ThA rS-Je of disintegratior :3(e, '", about the 
same for all ' sizes of sta'.Lt} tested . This physical ch i.l1 '; ,' ".l~- l_e e.rs to 
accompany-the convt.l r s ion uf the kerogen to 8 olubl e rna"' (J:' • .111 . The. 
occurrence ·of 0. rubbery state prior to disintegration "c:imilar to 
that observed by other invP-stigutors. 

Another serielS of tASts was mi"ae; us ill sampl : .. s of :,1. , 2'i', and 
53-gpt shale, each crush~ and scraenecr to t-inch to i- i !1\-::h and -
treated in the 'srune manner as in the previous t est's. Tho data are 
given in table f. Alt'lOUgh t he 27 and 53-gpt ·shll l.e s ac'; ;r'. in a 
similar- fashion to th~ samples prevtously tested, tho j l "'/::pt sale, 
while becoming morA er,_: Ii' split into lnminiitions, did r. " ~ brc ' l.k doWn 
into fine particles . Larger pieces of shale of ' about '\;;'0 !;runo grade~ 
were treo.ted in a largor autoclavo with the irone results. Dig ~stion 
of one-kilogrrun pi f'l c es of 27 and 53-gpt shale with shale oil at 790 F 
ana 500 psi riffected disintegraticn within 2-' to 4 hours. Under similar 
treatment tho ll-gpt shall) r eta ined its shape but bs crono more easIly 
split into laminations. 

~or further study of tho aisintegrating effect of shal e-oil upon 
mndium and rioh grades ot shale n l urger semi-continuous thermul solu­
tion unit no-s construc~ed. The eXtraction column was 2.5 ino{les ID 
and 45 inahes iru.ide length, constructed similar to th e pr eviou.o iinit, 
with similar arrangement of auxiliary Slppo.ratus . Th "l maj or chnnge was 
to- carry out all the prchecting of tho solvent in the bottom half .r 
the column, thus decreasing tho r etontion time of' the solvent. A 
diagrammatic sketch of thp. new apparatus is shown in figure 6. 

Lum!-,s of shale as largA as -woula fit into the column were used in­
the first - series of runs. Thr,se ware ' apr~oximately 2 inches by 2 inches 
by 4 inches- in size. Conditions of temperature, pressure and solven~ 
pumping-rate were maintain~d as nearlf dOnSt~nt as possible for these 
ruos ', oeing respecti valy 800 F '~ 300 ps i and 30 ct: per minute. Three 
diffeJ 'ent shale-oil solvents wel~e tlsril, each being a fraction or com­
binat~on of fractions fr om Parry shale oil. The light gas oil waG 
th~t fractionated be tween 380 F at 585 rnm Hg and 445 F at 2 ~ Hg; 
the heavy gas oil was the c~t taken after the light gas oil and up to 
the cracking point, which was about 650-700 F at 2 mm Hg. A mixture 
w~s madp of one=third hAavy ,~as oil and two-thirds - distillation 
residuum: ' )r use as tne third solvent. For fl.11 the runs, approximateJ.y 
60 minute -was required , to bring tho shale ~harge up to tEe operating 
temperatul'e of 800 F after placing the column in the hA ater nnd filling 
i'iJ with the solvAnt under pressure. When 800 F was ranched, solvent 
pumping was begun and containued for various lengths of time. Atter 
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this period,-the pumping was ""stopped, the pressure released, and the 
column removed fran the neater. -Analys e s of thE'! raw and spent shales 
were- used to c"alculate p~rcentabe conversion of kerog~n to gas and 
benzene-soluble o!J. Th~se data are given in tables 7 and 8. 

Runs 34 to""38, in which thE'! three solvents were pumped through 
the sFiale chargo for 45 to 50 minute"s , show- that thA hAavy gas oil 
and residuum mixture gav~ somewh~t be~ter rosults than the oth~r two 
solvents. Vlith a 63-m~.nute heating period anQ a ""15-minute pumping 
period; a maximUm of 85 p ercnnt oonv~rsion of the Qrganio matter "was 
obtained. These results "are somewF.at uncertain, due to tho extreme 
rango in quality of difforAnt pieces of shale ana to the difficulty of 
obtaining a good representative sample frOm large pieces. This shale, 
cO!:ling from Bed B of the Anvil Points mine,-app p.arfid to vary in grade 
from-1S to 50-gpt. The apparent assay value was determined on each 
piece of shale by weighing in water and in air and using a specifio 
gravity versus assay value correlation chart. The main purpose of this 
p0rtion of tho inve stigation was""accamplished, sincf') it was demonstratod 
that oil shale did riot havo to be crushed to sizes any smaller than 
abo~t 2 inches to be ~xtractable by thermal solution. At tho srumo time 
the poorest grade of s ha lf) th =-.t would disintegrate during treatment 
with shale oil was found to be about 20 gpt . - " 

-Furthe r semi-continuous oxtraction work "was carried- out with 26-gpt 
sha. l e crushed to minus ~inch so that more r epresentative shal e samples 
cou ~ , d ':Jc obtain ecl. for analysis., A nu.'nb'3r of runs were made with differ­
ent sOl vents at 300 psi and 760 or 800 F. - Tabl e 9 gives tho operut~ng 
c ondi~ions for oach run and the percent~g e conversion of orga~ic matter. 
Tno best conversion, 81 ne r cont, was obtained with Parry sha l e-oil­
heavy gas oil and with ' the shale hold at"-7GO F for 60 minutes; The 
rUns made at 800 F all gave somewhat Iowor - apparent percentage con­
version of organic matter, probably becaus e of too long a heating 
poriod which r e~ult ed in flxcessive coke formation from tho oil. 

- -
An attempt was made to show whethAr the assumption was true thnt 

thn 10".01 apparent conve rsion of orga nic matte r vms due largely to tho 
forma+.ion of coke fr om cr acking of the solvent oil. In separate l"uns­
at 300 psi and apprOXimat e ly 800 F, r aw shale, spent shale , and a"" fine 
gravel-were- charged to tho s~mi~continuous unit • . The solvents used 
were petroleum kerosine and throe shal e oils.- The latter w~e a light 
gas oil, a heavy gas oil, and a mixture-"of one-third heavy gas oil and 
two··thirds r e siduum. Table 10 gives the r~sulting data for coke 
dep osition on tho solids a nd ulso for naphtha formation. The values 
of coko deposition do not show necessarily the total amount of coko 
formed sinoe pa rt was probably carried out of th~ rnactor in the oil 
streD..'ll. However , run 56 with light gas oil and spent shnle , shows 
tha~ a considerable Urnount of coke may be formnd. Th~ 5.3 percent 
coke , ""based on the weight of the spont shal e Ch o. rgfl in the r eactor, 
may bo-calc~ll at ed to un organic matter 15asis, assuming that the reactor 
hud boen charged with a 26-gpt r aw shal e . This r 15ults in a coke 
oquival~nt of a pproximately 29 percent of tho organic mutter. Thus, 
an explanation may be giv~n for the exc eedingly low apparAnt conversion 
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of organic matter that was obtained from most of the runs given in 
table 9. The nAphtha produotion during the pumping period may be 
used as a measure of the relative amounts of cracking obtained in the 
different runs. As compared to the gravel. the spent shale exerted 
no great catalytic cracking effect on any of the solvent s. Also, 
about the same amount of cracking occurred with t he different sh~le 
oils~ Of particular interest is the approxi mately thre~-fold produc­
tion of naphtha from the shale oils over that from t he petroleum 
kero s ine~ ~~il e the above data are of a mor e qual itative than quanti­
t ative nature, they serve t o demonstrate t hat the max jmum conversion 
of kerogen to Gas and benzene-soluble material by t her'mal solution 
can be obtained only by car eful control of operating conditions so as 
to keep coke formation at a mini~ 

INVESTIGATIONS WITH A CONTINUOUS UNIT 

As a · ste~~more nearly Simulating probable commercial-type 
equipIilent and mode of operation, a continuous thermal solution unit 
was next desi gned and constructed. Figure 7 shows a drawing of the 
appur atus and figure 8, a wiri ng diagram. A slurry of shale oil and 
m~nu s 65-mesh oil shal e was mixed thoroughly, then pumped by means ~ f 
0. llills-Mc,Canna high-pressure pump through the reactor, thence through 
a water-cooled heat exchanger into 0. pressure receiver. The gas passed 
through a brine-cooled condenser and wo.s reJ.eased by means of a Grove 
pressure r egul ator. The data given in table 11 and figure 9 were 
obta ined by tr catmn. nt of 0. 27-gpt shale in a 1.15 wei eht rati o of 
shal e and shal e-oil gas oi l. A pressur e of 300 psi was maintai ned on 
t he apparatus and runs wer e made at the temperatures, 750 ., 780., 810, 
and 850 F. To obtai n 0. measure of the affect of r 8t cntion t 5.me upon 
kerogen conve rsion the batche s of slurry wer e recycled several times 
at the same of0rating t empe ruture . A maximum conversion to gas and 
benzene-soluble oil 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. Figure 9 shows that the maximum conversion is about the 
same at the various tempAratures, but the reaction rate increases 
rapidly with incr~asing temperature. 

While 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 thun that obtain.able by Fischer assay. due 
to the formation of gas from cracking of the solvent. The solvent 
t hat 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 
thi. value, a measure of th e total quantity of gas produoed is necessary. 
Because gas measurements for these runs were of uncertain accuracy. 
owing ~o the neoess ity of prepressurizing the apparatus with curbon 
dioxide or nitrogen, an estimation of gus prod~ction for run 6 was 
made in the munner 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 perced; of the 
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of tre shale organic matt~r. This value is comparable to the 19 
percent c~lculated on the basis of the weight of gas collected. For 
this nln the conversion to oil and gas was only 75 percent, apparently 
due to insufficient processing time. so the net yield of oil is about 
55 percent of the shale organic matter. However, the quantity of 400 F 
end point naphtha produced ciuring the run was 85 peroent of the sliale 
organic ~~tter, whioh is 30 pe rcent more than the not oil yield. Thus, 
considerably more oil was cracked to gas and naphtha than w~s produced 
from the shale. 

As the solvent oil becomes somewhat more resistant to cracking 
upon recycling, the following snrics of runs was made to obtain a 
measure of this refractoriness. A srunple of shale-oil light gas oil 
was passed through the continuous thermal solution unit five times at 
850 F and 300 psi. The total r et ention time in the unit, based on 
the cold epecific volum!) of the oil, was 10 minutes, with 7 to 8 
minutes at the mo.ximum ternp'3ratures. After oach cracking cycle, the 
produot was fractionated into naphtha, light gas oil and polymer 
(material hoavier than the light gas oil). The muterial balances, 
given in table 13 for each cyclr, show that tho light gus oil becomes 
considerably more refractory with increased cracking treatment. 
However, even tho loss of 8.8 percent of this fraction in tho last 
cycle is ::J.n important quantity ,,'hen caloulated to a shale organio 
matter basis. Insuffioient oil in the light gus oil range would be 
produced from tho shale to mninto.in the necess ary supply of solvent. 
Although this low boiling and 10Vl visoosity solvent would be desirable 
to usc, a broc.dor cut is shown to be necessary. In carrying this 
study ru~ther, a mixtur~ of the light and heavy gas oil from N-T-U 
crude oil was crackAd in 7 passes through tho thermal solution unit 
under oonditions similc.r to those used for the light gus oil. 
Similarly, als 0, the product from each cycla Vlns fractionated into 
naphtha, reoycle stock, ~nd r ~siduum. Tho products from the seventh 
oyoln, given as we ignt peroont of the oharge to the oyclo, ure 1.0 
porcent gas, 5.7 peroent r.c.phtha, 90.8 peroent rp.cyole stock, and 2.5 
percent residuum and coke. For normal thermal solution operations, 
and oalculated to a shal~ organic matter basis, th~se produots would 
amount to about 6 percent gas, 34 peroent naphtha, and 15 percent 
residuun and ooke. Thus, the loss of solvent still amounts to a large 
portion of the oil that would be produced from shale by thermal solu­
tion. 

Four final runs with an oil-shale slurry were made in the continu­
ous unit. For these runs a ohange was made in the produot reoeivers so 
that the produots from the start and end of the run oould be kept 
sepf'rl.lte from tht> product obtaiaed during the middle part of the run 
when oonditions w~re stable and uniform. Apparently, due to this 
change, the percentage conversion of the shale organio matter to gus 
and benzene-soluble material shown in table 14 was 6 to 11 percent 
higher than previously obta ined. VTith ~he exception of the solvent 
used, the op~rating conditions were the surne for the 4 runs. Raw 
shale RRS-48-329 conto.ining 14.2 porcent organic matter and ground 
to minus 65 mesh was mixed with the s oJ.vent oil • ..,. 0. we ight ratio of 

13 



1.15. Lo.sed on its sp~cific volume at room temperature, the slurry . 
wns retcined in the renctor for 10 minutes, the op~rnting t emp erature 
cei ng 850 F and th~ pr essure 300 psi. For runs 9, 11, apd 12, the 
s c.h -ent Vlo.S the c. i stilluble portion of N-T-U sho.l 19 oil 'vith t h'3 naphthll 
removed. The s olve nt us ed in run 10 wns the di stP.10'1'10 pl"oduct with 
t h? napht hn r emoved , r f'su l t ing f rom the sevon-cycle t :10ntlnl cracking 
of N·T ·~1j shnl e oil. No appar ent effect in parcentnge cO:lvers i on i8 
note~ due to the u se vf t he more r efrnctory solvent , The ave r ng e for 
the four runs, 93 percent net yi el d of gns and benzene-s oluble mat erial 
r r om t he shnle organic mutt er, uppears to be a good r epresentative 
value for tho thcrmul solution procoss. 

A..l1alyses we:oe made of t he charge and product mater i als f r ru:lS 
9 to 12, the respective compositions being g~' en in tabl e 15, Analysis 
of the product slurry was quite dirfic~lt and theref or e is subject to 
some error. Th~ procedure followed was to di3till tho naphtha and a 
portion of the heavier oil from the slurry, then to wash t he remaining 
benzene-soluble material out of the spent shale. The benz ene was 
st r i pped off this extract and a miorodistillation was mado on the 
r es idue to determine t he pr oportion of solvent oil and nondist il1aole 
oilQ The naphtha was r ed i st illed to the correct end point, and the 
r el'l idue Wfl.S added to tho solvent oil " The benzene-extracted spent 
shale was analyz ed by t he usual method. From the data given in 
table 15, the yiel d of organi c products was calculated and is shown 
in t able 16. Tho yields ar A averaged for runs 3, 11 . and 12, in 
wh i ch an uncracl<od solvent oil wus used, and a rc compared with tho 
yields for run 10 , in V/hich the mor e highly cracked and r ei"rllctory 
solvont wns us od. Les s than tV/o··thirds us much gas and one-third as 
much naphtha wor o produced by rUll 10 a.s compar ed to the aver age of 
the other three runs. Howev~ r, t ho cracked solvent us ed for run 10 
appcnrcd to be more r er..d ily polymerized, us evide nc ed by the greuter 
amount of nondistill nbl p. oil produced. The ~verag e tot~~ ~ il yield 
for runs 9, 11, nnd 13, was 71 percont of t ho shul o orgunic ma.tter. 
and the yield for run 10 was 01 percen~ . These result s J particularly 
the latter, compare favorably with the average oil yield by Fischer -
assay, which is about 68 percent. The composition of the gas produced 
from these four runs is given ~n ta.ble 17. The main constituents are 
methane, ethane, hydrogen, and carbon d: oxide . 

The preceding data show the necessity of carrying out the thermal 
solution process under operating conditions that will ~educe crackiug 
and polymerization to a minimum. A reduction in the yield of gas 
would be desirable, particularly as it is low in unsaturates that 
might be polymerized to liquid products. The most important problem. 
however, is reduc ~ion or complete pr evention of polymerization of the 
solvon~ so that a sufficient quantity of a relativoly light oil may 
bo recycled. Th e only appar ~nt method of accomplishing this is by 
hydrogenation during the thermal solution trea~ent of the oil shale. 
The hydrogenat i on studies that were undertaken as a result of this 
conclusion are des~ribed in the following section of this report. 
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BATCH THERMAL SOLUTION \11TH HYDROGENATION 

A preliminary study was planned for the ~Qe o~ hydrogenation ­
concurrent with tho thermal solution treatment of oil shale in the 
expectution that polyme rization of tho solvent oil could be prevented. 
Ot~er possible advantages of the use of hydrogen wero a be+'~er quality 
produot and reduc~d gas production. 

iUl Anerican Instrument Company 4-3/8 inch series superpressure 
shaking mechanism, equipped with a stainless steel reaction vessel, 
was used ··in this work. It was sot up inside the small stall sho-..m 
in figure 10. The walls of the stall were 1/4-inoh steel plate, 10 
feet high, bolted together and bolted to the building, floor, and 
walls; The doorway was shielded by another steel wall. An overhead 
trolley was located over the hydrogenation unit f~r easier hand:ing 
of the reaction vessel and a control panel- was coustructed of ~inch 
steel plate installed outside the barricade. This panel may be 
partly seen in the photograph of figure 10, a complete view being ' 
shown in figure 11. A Tagliabue Celectray temperature oontroller~ 
Br OYffi Electronik tempel'ature r F;corder, and various ammeters, variacs, _ 
anj switches WAre all mounted nt the right end of the panel. On the . 
le~t end, nearer to t he hydrogonation unit, the gas control manifold 
was mounted. This consisted of the various pressure gauges and valves, 
shown in the diagrammatio skotch of figure 12, which were used in 
prclssuriz5.ng und blow:'ng down the reaotion vessel. Thl'! gauges had a. 
5 oeO"psi range!, am v:ur e equipped wi. th stainless steel Bourdon tubes 
and fittings and with sufety baoks. They were s et in thn panel above 
the head levol of the ope~ator for safety, in caS A of burstirg and 
breakage ~f the glass faoo. The valves and tubing oonnocti on3 were of 
stainless steel, rated at 25,000 psi operating pressure . Excopt on 
tne gauge linos, all valves Vlere arranged in pairs to insure ae;ainst 
leakage. Connecting tubing was all stainles~ steel, 1/4-inch CD by 
3/32-inoh ID, and having El. yield strength of approximately 26,000 psi • . 
The manifold was ridigly fastened to brackets wolded to the baok of 
the panel, so all the protruded through the panel were the gauges nod 
the valve handles. For some of the studies a 2-oubio foot stainless 
steel gas holder (shown mounted under the punel) was evacuated and 
usea as a gas roceiver. Thn manometer moUnted on tho left ~nd of the 
panel was used to mAasuro the pressuro in this receiver. 

Beoause of its availability and lower cost, helium was used as a 
flushing gas to remove the air from. the system. A furthf'!r advantage "Of 
helium, when operations are suoh that same of it enters the gas sample. 
is its ease of determination by the mass spectrometer and caloulation 
eut of the gas analysis. Hydrogen was available only in the standard 
commercial 1,800 psi o,.11OOers. Vo(hp.n the oycinder pressure beoame too 
low for final pressurizing of the reaotion vessel, the remaining 
hydrogen was used for flushiug the apparatus and for partial pressuriz­
l.r£, •. To provide hydrogen at a pressure greater than 1,800 psi, the 
un~:; !. shown in figure 1). below the left end of the control panel, was 
const ructed. A spare ~.3/8 inoh reaction vessel served ~o a high­
pressure gas holder. ~ 5-ton hydraulic truok jack was oonverted to a 
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hand-operated oil pump. Starting with the gas holder full of hydrogen 
at the maximum cylinder presEure, a light lubricating oil was pumped 
into it fran a reservoir unti 1. the - desired pressure or as much as .-
4,500 psi "was obtained. The oil reservoir was equipped with a gauge 
to provide means of detennining the quantity of oil pumped into th~ 
gas holder. 

Later phasetl of the hydrogenatio!1. study utilieed 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 F. Its oapacity, without liner, was 183 ce. 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" contents. The relatively low heat capacity of the micro reactor 
made feasible its rapid change of temperature. The hnater jacket of 
the 4-3/8 inch series shaking mechanism was fitted with a carbon 
steel liner, bored to receive the micro r t:;actor. 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 
produots. 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 started. At the end of ' the run, 
the shaker was stopped, thA heater raised to a vertical position~ 
and the retaining bolts removed. Operating a rope block from the­
outsIde of the barricade, the r~action vessel was removed from the 
heater and lowered into a drum of lubricating oil for quenching. A 
pump kept the oil circulating in the drum during this proc,ss. Runs 
were made without trouble up to maximum operating conditions of 
4,400 psi and 875 F, followed by quenching. As a check on the condi­
tion of the reaction vessel, t he outside diameter was periodically 
micrometered at several specif~c points and occasional hydrostatio 
tests were made. The micrometer measurements showed no expl.ltl5ion of 
the vessel's walls during the approximatoly 40 runs that were made in 
the above manner. 

The initial hydrogenation studies wer e carried out in the 4-3/8 
inch series r eaotion v3ssel, equipped with u stainless steel liner " . 
having a capacity of 2,080 cc. The first series of tests vmre 6 runs 
made at maxinrum tempGratures ranging from 750 to 843 F. Oil shale 
RRS-48-108, containing 15.2 percent organic matter and ground to 
minus 65 mesh, was mixed in a wnight ratio of 1.16 with U-T-U shalo­
oil gas oil RRS-48-105. About 750 co of this slurry was oharged to 
the reactor for each run. Aft er flushing the vessel three times with 
herium at 500 ps i and three times with hydrogen at 500 psi, it was 
pressurized with hydrogen, while still at room temperature, to 2,000 
psi. The heat was then turned on full and the r~aotor was h~atod ~~ 
the maximum temperature as rapidly as possible, being shaken during­
the cintire period. With this unit the heating and cooling rates aro 
quito sl<m, 65 minutes being l'equired to heat fran 650 F to 750 F 
and ~o cool back to 650 F again, and 110 minutes for the 650-843-650 F 
cycle.-" The temperature of 650 F was selected for this canparison­
because it appeared to be the point near which hydrogenation oommenoed. 
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The heating and cooling curves for these runs are shown in figure 14. 
The heat was turn~d off befo~e the maximum temperature was reached; 
due to the temperature lag in th"l heater and reactor walls, and tfie 
unit was allowed to cool back to roam temperature overnight before 
being diacharged. The r<>sults, given in tablf" 18, show that increased 
percentages of organic matter w~re oonverteJ t~ ga~ and benzene-soluble 
material with lncreasing temperature (and r~aotian time) up to the 
maximum of 100 percent, a'ctained with a temperature of 830 F. In 
oanparison, the eonversion obtained in the continuoos thermal solu'UOn 
unit, without hyd~'oglJnationl aV'eraged 93 peroent. The gas from these 
hydrogenation "runs ~as pnssea throug~ an acetone and dry ioe trap, a 
caustio seru"Jber .. ,hieh removed the H2S and some of the C02' and a 'Not 
test meter, nnd -was finnlly 'collected over water in a gas holder. -
M~ss speetrcrllt"cer annlysAs of"' ths gfl..3 samples, calculated to a hydrogon­
free DllSis, :J,l"'() given in tabla 19. Th~ gas obta.ined from hydrogen:ltion 
of the sol~en£ oil by its nlf, at n maxim0m temperature of 775 F, s h O¥m 
no- great rliff')l'l1nce in the prop-or'tion of' t~e varioo!) hydrocarbons. 
The cons·.;unpt 1(ln of hydrogen by tho shale was co.lculllt p.d for each r 'm, 
assumin~ thE' e 01 v cmt oi 1 Imd thfj oj-gonic mu.ttor of" tho shale to hn've 
aba orb<.. ti eql.lal "Height pelrc~ntages (If hydrog er. . The co:.1sumption fo::-
the two rtmfi Wl1ich gave 100 percent conversi on of the orgf'nic matt'ar 
was tlstima'l;ed ".;-6 be 750 to 800 std cu ft hydrogorl pe r ton of shale or 
1.3 weight pe r eent of t he shale org llDic mutter .. 

- . 

To E:how th !l Affect of 0. hyc'. rog (·n otmosphol'e during, thermal so':u­
tion at igh pr~) ssures, thl3 follOWing two se r ie s of" tests wer e made. 
Iri bOth cI:li es UP. cClnt nnts of tho r CQ.ct tJr Vlere hrated to u mnxiIlum 
temperutH ' e of (1 37 to 1343 F and h el d ab ()ve 650 F fot' 108 to 113 
minutos. "· Th -dotu er e Gi wm in ta.blo 20 . Vi11en hydrogen vms us ed; -
the percentnge c )nve rs ion 0: ' shale or'ganic matter to gas and :,anzent! ­
soluble produots inereasAd "::'rom 75 to 100 percent as the oold initial 
hydrogen pr e ssure wus rais ed from 500 to 2,005 psi. However, \'Tith -
helium, tho mo.xin"uln (!onversion obtuinnd wus on y 63 percent, for tn(' 
:run sturt '"n~ with n cold initial helhun pres sur e of 1,200 psi. The 
value of tho hydr Jgen in thl3 pr evrmtic'n of c::>k €1 formation and, to a -
(!ortain extent, in the r~ducti on of ga.s f()rmnti~l is thus demons"trated. 
The gas prod.lction, us weight pen"cent ,)f thn sh~~le organio mutter, was 
quito unif(n"l'1 for eo.ch s eri , :I of tests I' ranging from 35 to 43 percent 
for the hydrogen r 'ms una from 46 to ilS po.ree.nt for the helium runs. 
Compured with the nvcr l'lge go.~ yield of 21 pe r\)ent thut was roported in 
tuble 16 for continuou~l therrr.u1 s nlutioll oper(~tions, evon the hydrogena­
t i ons runs pz'oduced un ('x cessiv(') amoUnt of gas. No doubt this is due­
t "o tho longthy h" at i ng poriod r e qui red by tho oquipment usp,d for these 
tests. 

To solve the proble-m of obtdnl.ng rc pid heating and cooling of 
t ho r eaction ;nc\ss, t .'le prllviously described micro reaction vflssel V1aS 
purchased and us(3cl i 'l furthe r batcn hydrogeno.tion studies. Vlith this 
unit, h no.ting from r oom tomporuturo to 825 F could b e nttuined in 15 -
to 20-rninutes Ulld cooling back to 650 F in 2 to 3 minutes was possible 
by quenching in t he 0: 1 bath. Tho first serie s of t nsts rru.:.de with the 
mioro r eactor wo.s n s t udy of the effoct of hydrogl1n pressure and of 
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boili~ range of solvent upon the pefcentage conversion of shale 
organic matter. The results are given in table 21. Previous work 
had indicated that a shale-oil solvent in- the kerosine and li~ht 
gas oil distillation range was not as effective in hydr~e~at~on or 
snale as was a higher-boiling oil. ~ verification ot this factor. 
tests were made with three fractions of a previously non-catalytically 
hydrogenated N-T-U shale oil. The boiling ranges were 446 to 530 F 
at -760 mm Hg tor the light fraction, 530 to 608 F at 760 mm ~ for­
the medium oil, and SOB F and 760 mm Hg to 490 F at 1 mm Hg tor the 
heavy traotion. The light oil gave a consistently lower con~r8ion 
tnan the two heavier oils, the difterenoe amounting to as much as 11 
percent tor the runs at 1,000 psi initial pressure. The probable 
explan~tion is that the light oil is a poorer hydrogen oarrier than 
the--heavier-fraotions. :o'or eaoh partioulal_' -solvent higher convorsions 
were obtained at the lower hydrogen pressvrea. The opt~1IUJIl results 
were 96 to 97 p"roent conversion of shale organio matter with botfi 
medium ind heavy oil and at 500 and 1,000 psi cold initial hydrogen 
pressure. No explanation is apparent tor the low conversions at 2,000 
pai initial pressure compared to·-the 100 percent oonversion obtained 
at this pressure in the larger reactor. The results ot runs 56, 57, 
and 58 show definitely- the need for agitatiOn ot the slurry durjn~ 
the hydrogenation process. L~ss speotrometer analyses of the gas 
sample oolleoted fram Poaoh run were calculated to a hydrogen-tree 
basis and are reported in table 22. Due to the small volume of gas 
produoed, its collection -and Iltorage without contacting with water 
was teasible. This procedure was carried out by evacuating a 2-cubic 
fo-at stainleGs steel gas holder and bleeding in the product gas frCllll 
the reactor through no acetone and dry ice trnp. The volume ot gas 
colleoted was calculated from its absolute pressure in the holder.- . 
The percentages of the various hydrocarbons and of hydro&en sultide 
were- quite constant for allot the runs during which the rp.actor was 
shaken.- The lower carbon dioxide content of the gas and higher oarbon 
monoxide oontent at the higher hydrogen pressures apparently is due 
to ~he reduction of the oarbon dioxide to the monoxide. Ot considerable 
interest, particularly wit h respect to other studies now being made on 
tne cODBtitution of gases from shale retorting, is the zero to one 
percent carbon monoxide in the -gas from runs 5-6 to 58 in which very 
little hydrogenation took place. These analyses serve to indicate 
that the carbOn monoxide in r~tort gases ia due probably to reductiOn 
of the dioxide nod is not a direct product of pyrolysis of the shale. 

Having asoertained the oondi tiona that would give a high conver­
sion of- shale organic matter, a series of ten runs was made in the 
micro -reaotor undp.r eonstnot conditions to prepare sufficient hydro~ 
gcnated slurry for analysis no~ determination of distillnble oil yield. 
Shale RRS-48-329, containing 14;2 percent organio mntter, was miAed in 
a 1.15 weight ratio with a solvent oil consisting ot equal woight~ or 
the medium nod heavy oils used in the preoeding tests. The cold 
initial hydrogen pressure was 500 psi and the rnaxtmum oporating pressure 
averaged 1-;200 psi. A period of 15 to 20 minutes was -trucfll -bo roaoh 
the average rnnXtmum temperature ot 862 F, which was held tor no o.ddHional 
15 to 20 minutes, then tollowed by 0. quench in the oil bath. A nonversion 
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of 93 percent organio matter .1.1 obtained, Of this quantity, appr~1-
mate1y 11 percent was gas wh~oh separated trom the slurry at roam 
temperatur~ and about 20 inohes lig vacuum, E;J pero-mt was nMdhtill­
able QU as determined by miol"o diltll1atiOll at e IIlm ag to the oracking 
temperature. and the r~a1n1~ 22 per~ent wa. distil1abl6 oil and 
dissoived gas. Compared to the oontinuoU' the~t , .oluti~ results, 
hydrogenati~ ert,ected a red¥otlon Hi yield ~f nohdi~Hl1ab1e 011 
dounting to about 40 pei'cent of the shale 'Orgatl.lb matt.,r. 

Ai the quantity of nond~~tillable ,o1i pr04uceij _a. , .till eioeaslve, 
a numbe~ of tests wete made in an attempt to find mot8 favorable opera­
ting ooDditiohs~ tn all or these runa the 'Cold iriitiai hydrogen 
ptessure-ltfas - St>O pai, Th'l resultIDg operati~ pre~surea of 1,100 psi 
aiid higher were beHeved to be the maxiD1~ that would be economically-­
feasible for this ptooess, 10, further '"l!Itudiel!l at higher pressures were 
hot made. Reaotion temperature. ranged fram 753 to 922 F and r9tentian 
times a~ thel!le temperatut,ea ranged from 2 to 120 minutes. The data 
are given in table 23~ The best product WIlS obtained from run 95; in 
which the slur~ was ~~ated at 814 F' for 60 minutes. This was orie - " 
ot""the "few runs that showod a net yield of distillo.ble oil. However. 
the yield or noftdilt11iablQ oil Wo.s still very high, being 66 peroent 
of the shale brganie ma.tter. Higher t~mpcratures auQ. sl:lorter l.oating 
periods did not give even as good a product as this. 

The above tests showed that hydrogenation in a thermal solution 
medium with a cold initial hydrog~n pressure of 500 psi does not yield 
a satisfaotory product. Considerable difficulty would bA encountered 
in att~pting recovery of the r elatively largo quantity -of nondistill­
able 011 from-th~ spent shale. Higher nydrogen pressures might -
produoe - a more volatile product, but ttl f) cost of operating at these 
high pressures would co exces s i,ve. Hydrogenation tests with an added 
catalyst were not made. -On the b&sis of some catalytic hydrogenation 
work that had been carried ou ~ on shale oils, the quantity and cost of 
tne catalyst that would probably be req"' ired would .:ecessitate its 
recovery from the spent shale. This would be difficu.lt, if not 
imp os sible. 

SEE' ARATION OF OIL AiID SPENT SHALE 

1 major p'roblem of the thermal solution process is the econom: cal 
recoverY of the solvAnt and product oils from the spent shale slurry. 
Three ·"general ml'lthods which may be used have been partially tried out 
in the laboratory. - These are I first, flashing the oil off the hot 
slurry upon r elease of the pressure after thermal solution 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 tt.e spent shale with superheated steam. - - . -

Separation of the oil and spent shale 'Oy flash vaporization of 
the oil"" was attempted o.t two different times. Thf'l first experiment 
was made during ru~ 44 in the semi-continuous unit, the data for which 
are given in tables 7 and B. Atter pumping a hnavy solvent oil, 
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oonsisting of 1/3 shale-oil gas oil and 2/3 resi~uum, through the 
shale bed at 800 }< for 17 minutes, the pressure waS released and the 
shale held at 800 F tor an additional hour. In campnrison with run 
41, which was made under sim11nr oonditions 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 for~tion fram the oil that failed to vaporize at 800 F. In 
addition, the ~pent shale wa~ still impregnated with 12 percent of 
benzene-soluble material so that a net removal of only 4 percent of 
the shale org~ic matter had been effected by the combined thermal 
solution and fl~shing treatment. 

As the preceding test had been mnde with 0. heavy solvent, the 
procedure was tried o.gainwith a shale-oil kerosin3 solvent, used in 
connection with the hydrogenation studies. The data in table 24 show 
the oomparative results obtninp-d with and without flash vaporization 
of the oil, after hydrogenation of an oil shale and shale-oil kerosine 
slurry in the large batch renctor. Two runs Were mnde in which tho 
pressuro was l 'el cased while thp. reactor was maintained at tho run 
tempernture of 851 F, resulting in 65" and 74 percent ramoval cf 
organic matter, respectively. Benzene extraction of the spent shale 
showed that 83 and 82 percent organio matter, respectively, hud been 
converted to gus and bonzene-soluble material. Thus, oil equivalent 
to 8 peroent of the shale organic matter was left on the spen~ shale. 
ifuether additional oil was lost ~B coke is not certain, as the 4 to 
5 percent lowor conversion obtained for these two runs, as compared 
to run 34, may have been due to the shorter heating p~riod. As pointed 
out in the discussion on hydrogenation, shale-oil kp.rosine was not-a 
satisfactory hydrogenation solvent, heavier oils being considerable " 
better. However, theso heavier solvents woul~ undoubtedly leave even 
larger quantities of unvolatilized residue on :the spent shale. Tne "" 
separation" "of oil and spent shale by flash vaporization was indicated 
by thel3 e few experiments to be an unsati"sfactory procedure. 

Laboratory filtration tests showed that filtering rates for spent 
shale slurry are rather slow at roam temperature, but con~iderably 
higher above about 200 F. The filt~rability of the slurry depends 
largely upon the type of solvent used, the degree of cracking the 
solvent has undergone, and th~ degree of conversion of the shale 
organic matter; 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 or 
unconverted organic matter. After preliminary filtration and washing, 
sane "-of the sFent shales settled with fair rapidity in light sol"ents, 
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 
fran wnich the volatile oil had been ~lash distilled at t~mperature8 
in excess of 750 F. In these experiments superheated steam was passed 
through a bed of the spent shale maintained at various temperatures. 
A one-hour treatment at 800 F was found necessary to remove only 82 
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of the benzene-soluble material originally present in the spent shale. 
The remainder of the organio mntter was converted to ooke. In contrast 
with this result. extruction of the s~me spent shale with shale-oil 
kerosine, resulted in removal of 92 to D5 percent of the benzene­
soluble materinl. 

Of the three methods of oil recovery listed in the first parugraph 
of this section. the washing nnd filtration proc~dure offers the best 
possibility. Tests ndditional to those desoribed above were delayed 
pending further development of the thermal solution process. 

ESTn.I!ATED PROCESS COSTS 

Th3 cost of produoing shale oil qy the thermnl solution process. 
without hydrogena.tion. hus r-con ostimutod a t $4.74 per ba.rrel..k2l, 
without a. roturn on the investmont. il ith high-pressure hydrogenation, 
the cost of sha.le oil wns roughly esttmr.tod ut ~6.00 pOT barrel. 

The basis of the estimate on the process without hydrogenation 
was a plant designed to 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 balanoe 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 
equipment. vii th equipment cost figures adjueted to Spring 1947. the 
capital investment was estimated at $58,620.000. or about $5,600 per 
barrel of net daily plant oapacity. The amount of w~rking capital 
needed was caloulated at $9,066,000. ~ summary of the estimated 
operating costs is given in table 27. Allowing $0.85 per ton of ra~ 
shale as the oost 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 
"carrel. A 6 percent per annum return on investment adds $1.29 per 
barrel to the above amount, totaling $6.03 per barrel. 

A rough estimate was made at a later date of the probable mini.nn.'.lI1 
cost of shale oil by high pressure hydrogenation of pulverized oil 
shale in the thermal solution pr·ocess. The 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 mnterinl basis was the same us used in the previous cost 
cstimnte, thDt is, a.n oil sha.le containing 17.0 percent orgnnic matter 
and a 1.5 shule to solvent weight ratio. 

On the basis of 1947 construction a.nd equipment costs the estimnted 
total plnnt inveatment is $112,000,000 for the production of 13,600 bpd 
of shale oil from 14,000 tons per day of raw ~hn1e. This amounts to 

Barnet, W. I., Estimated Cost of Shale Oil bi the Thermal Solution 
Process on a 10,000 BPD Basis, Bureau of Mines Intrn-Burea.u Report, 
Larumie, wyo., May 7, 1948. 
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~ 8,200 per dai17 barrel of plant capacity. The estimated cost of the 
Oil, without aUo,/ance for profit, is t 6.00 per barrel using an 
amortization rate of 10 percent. If the 6-2/3 percdnt rate, set by 
W. C. Schroeder for the 1948 ann~al report, is used, the oost of oil 
is reduoed to $5.10 per barx-61. In either case a 6 percent return 
on plant investment adds $1.60 per barrel to the cost. 

The _ ~ipment required for a hydrogenation plant processing 
14,000 tons per day of raw shale was assumed to differ from the 
thermal solution plant, described in the above cited eost estimate, 
in the following respects. the reactor system, the addition cf a 
hydrogen preparation plant, and the use of a lower cost djs tillation 
unit. The reactor system consists of high-pressure slurry pumps, 
ntalls, oonverters and heat exchangers, and gas scrubbing and re­
oyoling equipment. Gosts for these ite~ aJe calculated iI:' table 28 
from data given by J. A. Markovits, et a 21 , in Case II, where the 
operating pressure was 300 atmospheres8 The basis for calculation 
was taken as the relative number of tons por day of slurry processed 
in the two proposed plants, except for the cost of the stalls, 
converters and exchangers. For those latter t he basis was the relative 
converter volume requiloed for the two processes. The cost per unit 
volume of scrubbed and compressed hydrogell als 0 Vias taken from the 
above report, the unit cost of h~rd rogen per ton "f shale being calcu­
latod in tabla 29. The cost of the hydrogen plant was calculated from 
data by E. E. Donath22/. A lOVio r cost distillation unit than that used 
in the thermal Golution cost estima.te was cons idorod possiblo bocuuso 
only a 1;opping process was bolioved neoessary. Hydrogena.tion ·No.S 
assumed to prevent polymerization of tho EolvoDt to hoo.vy nondistill­
o.ble oil and o.lso to aid in breaking down any hoavy oil produced 
direotly from the shal e. Removal of the naphtha after each cycle 
toorofore was o.ssllmed to produce un oil sui table for usa o.s solvent. 

Inspection of the equipment cost summary given in the latter 
part of table 28 shows that, as als 0 in the thermal solution cost 
estimate, the oil recovery and distillation system constitutes a 
conDiderable proportion of the total plant cost. This further 
emphasizeD the problem of handling, in a thermal solution prooess, 
a slurry containing a large proportion of minoral matter. In this 
conneotion, a point relating to the tecr~ical feasibility of the 
hydrogenation process should be mentioned. Acoording to present 
information, a slurry containing mol'S than ab cut 20 percpnt of 
mineral matter car~ot be satisfactorily discharged from a pressure 
vess~l ope rating at about 3000 psi. The proc~ss on which the above 
shale hydrogenation costs are based requires the handling 01' u slurry 
containing at least 50 percent solids. Incloee.sing the ratio of solvent 

Markov1ts, J. A. , Skinner, L. e., Donath, E. E., an! Hirst, L. L., 
Preliminary F.stimate un Liquefaction of Utah Coal for Fuel, 
B\'.reau of Mines, Louisiana, Ho., May 30, 1947. 
Donath, E. E., Es tin~te or Plnnt and Production Costs of Hyurogen 
from Ceal and Natural Gas, Bureau of Mines I Louisiana, Mo., 
August 1, 1947. 
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oil to raw ahale so that the reaction produot contained only 20 
percent solids probably would not be feasible, owi~ to the greatly 
l ossened plant "apacity that would :"3sult. 

The summary of estimated operating costs given in table 30 
shows that the overhead expense comprises 60 percent of the total 
cost. Failure to properly value the various equipment items would 
thus hf.l.ve an appreciable effect on the resulting estimated cost 'Jf 

shale oil. However, the most optimistic oil yiold and plant capacity 
have boen used in this estimate, 50 the cos t of ci l givan above is 
probably noar the minimum figure that might be obt~ined~ 

CONCLUSIONS 

The thermal solution process for the production of oil from oil 
shale has several adva.ntnges over retorting m"Jthuus ~ Tho chief 
advantages arel (1) a faste r rate of heat transfu~ to the shalo and , 
consf3 quontly, a shorter reaction time, and (2) :>l1Tllewh' t ~ reater con­
version of tho sholo org (;. nic contont to oil and g!l.S ~ With the shale 
in a pulverized form and suspended in a slurry, conve rsion t emperatures 
of 800 to 900 F' can be attained in u frac'tion of the time r equired to 
heat crushed shalo. A rotention time of 10 minutes at 850 F was found 
sufficie nt for mnximum conversion of organic matter. The hoating up 
poriod in a commercial typo tube heat~r should be only a few minutes, 
thorefore, the total time the shale must be l:cpt at high temporature8 
is in tho rango of only 10 to 15 minutes . This is abou~ tho sume 
rotention time roquired for a fluidiz ed solids retort operated at 
the same temperature, but is much less than the retention time required 
by ~l internally gas-h~ ated retort. 

Thermal solution trea.tment of oil shale, without hydrogenation, 
was found to convert about 93 percent of the shale organic matter to 
gas and benzene-soluble material . Hydregel"'ation at 500 psi cold 
initial hyd rogen pressure gave a comrersion of 97 percent . These values 
may be oompared with an a.verage Fisc.her assay conversion to gas and oil 
of 80 percent of the crganic matter. The net 011 yi~ld ~btained by 
thermal solution in the continuous unit, without hydrogenation, waa 
71 percent of the shllle organic rr.att~.· when ordinary shale oil was ueod 
a~: I!:.lvent and 81 percent when a more highly cracked and refraotory 
shal~-oil solvent WIlS used. ~he be~t batch hydrogenation oil yield 
was 86 percentQ The ave rage Fischer assay oil yield is 68 percent of 
the shale or ganic matter. Thus, thermal solution Vlithout hydrogenation 
may give a _0 :; oil ;rield of 119 weight percent of Fische: assay rmd, 
with hyd.og'3nut ion, a net yield of as much as 126 weight }er('ent of 
Fischer assayo 

Unfortunatoly, there are sevoral disadvnntugos thut overbalrmee 
the udvant~ge s to such un extent as to ronke the thermal solution 
process, ai thor with or without hydr ogenation, appe nr coounercially 
impracticul~ Those disadvcntages ares (1) the necessity for fine 
grinding of thu shalo , (2) tho thermal instability of shale oil, and 
(3) the difficulty of soparating the oil and spont shale . 
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The shale must be ground fine enough to reITAin in a pumpable 
suspension in the solvent oil. The extra orushing and grinding adds 
to the precess oost. Oil shale assaying better than 15 to 20 gpt 
disintegrates upon thermal solution treatrrsnt; however, similar 
disintegration ooours with dry retorting when the shale is in motion, 
as in the Hayes retort and the fluidized solids retort. Several 
peop le have proposed utilizing this phenomenon, so that fine grinding 
would not be neoessary, by he ating ooarsely orushed shale in an auto­
olave with solvent oil. Suoh a scheme does not take advantage of the 
l'apid heating rate obtainable when the shale is in a slurry, and 
would require large and oomplicate d pressure vessels. 

Shale oil usually starts cracking at a temperature of 650 to 700 
F. Thus, at the optimum thennal solution temperaturA of about 850 F, 
the oraoking rate is oonsiderable. The main problem is not ~he pro­
duotion of gas and r..aphtha, but the forme.tion of polymerized material 
that is not distillable. For the runs in tho oontinuous unit, without 
hydrogrmation, the yield of nondistillable oil amountod to 100 peroent 
and more of the shale organio material. Thus, taken altogether, more 
organic materia.l Vias convertod to gas , naphtha, and nondistillable 
oil than Vias supplied by the raw shale. Hydrogenation, "lith a oold 
initi&l hydrogen p ressure of 500 psi , failed to r educe the polymeriza­
tion as much as was desired, as J.;ha minimum yield of nonciistillable 
oil Vias 63 to 67 pe rcent of the shale or ganio matter. 

The most feasible method f or the separation of the oil from the 
spent shale is by dilution of the slu rry with light oi), settling 
with counter-ourrent decantation, and finally filtration and washing 
of the filter cake with naphthn. The cost of this operation would be 
high, as it enta.ils mu ch equtpment and. a l arge fractionation unit for 
recovery of the wash oil from the product and solvent oil. }n alter­
nativo separ ation method , flash vaporization with or without coking 
of the residue, would result in excessive l oss of organic mutter in 
the spent shale. 

The cost of producing shale oi l Vias estimate d for a plant pro­
cessing 14,000 tons per day of u 30-gpt shale, v/ ith equipment costs 
based on Spring 1947 prices nnd with allowance of 10 percent per 
annum for amortization. Vfithout hydrogenation the net cost was 
estimated r.t $4.74 per barrel, and with hydrogena.tion at 3000 psi 
the cos t Wl.<S $6 .00 pe r barrel. Al10wunce o ' 6 pe rcent r eturn on 
capital inves'~ment adds $ 1.29 per barrel in the first case and $1.60 
in the second cuse. The estim~ted plant investment is $5,600 per 
burrel of duily capacity, without hydrogenation, and $8,200 with 
hydrogennt i on . 

Because of the above disadvantages of the process and, especially 
be cause of the high estimated operating costs, the thennal soluticn 
process is not considered us being commercially feasible. 
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OUTLINE OF Brar .! ;)GKApn Y 

I . Hel".tinp.: the shale a a te.lperatu r e h i~h enough to effect conversion 
of the ]t. e r o en to s oluble material, then extract in . '.'lith a solvent . 

(Abstracts 1 ~ 11) 

II . Digestion of the J'lIixtllr e of shale and oil at a p r oximately atnospheric 
lJr essure ...... ith: 

A. Liberat ion 0.1: he oil as va!J ors . 
(Abstrac~s 12 - 28) 

B. Distillation of the oil and car bonization of the spent shale 4 
(Abst r ac+'s 29 - 40) 

c. Refluxing of a por tion of the evolved oil vapors . 
(Abstracts 41 - 51) 

D. Subsequent separo.tl.on of the spent s '1ale ani oil by mecl:anical 
means . 
(Abstract 52 - 61 ) 

III . P r eh eating the shale and/or oil se~o.rately under pressure to 
temperatu res high enough t o cause conve r sion of the kerogen after 

, tl ,e G lal e and oi l are q ixed . 
(Abstracts 62 - 70) 

IV . Di ~estion of the !1ixed shale and oil under elevated pressure at 
such a tempe rat'.lre as to cause conversion of the ke r ogen, with : 

A. Subsequent s eparation cf the s pe nt shale and oil by mechanical 
r.1eans . 
(Abstrac t s 71 - 80) 

B. Vaporization of the oil and sub sequent c a rboni zati on of the 
r e sidue . 
(Ab ~ -racts 81 - 89) 

c. 1'he use of c~ alysts t f) a i u he extraction, but without 
l:ydr ozenat i on. 
(Abstracts 90 - 102) 

D. Hydr cgen t ion of the mixtu r e . 
(Abstracts 103 - 131) 

V. ~,1iscellaneous p rocesse s . 
(Abst r acts 132 - 140) 

VI . Reports of experime~al investi gations . 
(Abstracts 1~1 - 158 . See also abstr aGts 71 - 78 , D ' yakova, et al . ) 
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BIBLIOG~HY OF TiiEIr :...L SOL"UTI OH PROCESSES 

I. Heating the shale at a temperature high enough 
to effect convers i on of the ker ogen to solub l e 

mat e rial, then extructing; with a solvent. 

1. F r eeman, N.H., I1Shu10 oil," 
Brit 248 , 014 (Sept 4, 1924); C A 21 , 647 . 

Sha le or othor s i.'1lilo.r oil-bearing materi a l is heuted to r end e r the 
oil s~luble and then extr acted with kerosine or other similar suitable 

solvents . 

2 . Freeman , N .H~ , "Process for treating; s ha l e ," 
Ger ~36,889 (Mar 25 , 1922). 

Seo ~rit 248,014. 

3" Freeman , N.rl ., "Oil from s!Jales , coal, or similar oil-bearing materials ," 
Brit 291 , 475 (Dec 1, 1926); c ~ 23 , 1261 . 

~he matoria l is heated to nnd ' o1 fJ.intuined at a p r edetermined critical 
temperE,.ture until subst;J.ntiully 0.11 t he hydrocarbon content if: soluble 
in 8. hydrocarbon oil , us d escribed in Bri t 248 , 014, and the o ~. l is 
r emoved in u heated entr aining agent such as superheated stec.:n, gOos 
or vapor. Eeuting to about 300 C for about 1 hour is ordi119.rily 
suitable . J...n apparatus und vurious detuils ur e described . 

4 . Fr eeman , N. H., "T re~ting oil - b ::;uring shalas ," 
Ne'N Zeeland 60 ~637 (June 5 , 1928) . 

The process cO·:l.sists in the applicution of d ry h eat to the mater i a l to 
bo treatod , for t:'e pur pose of br i nging T,lOSt of its hydroca rb on content 
into u condition i~ which it is solub l e in ~ hydrocarbon oil , ~nd then 
3ubj eiting this product to the action of u re~t ed entraining ~gent for 
the purp ose of extract ing t he oil f r om the mf~ SS . The entraining agent 
may be shale oil , super heated steam, oil vapo r, or othar g9.seous 
medium. ~ppo. rutus cons is ts of conver sion r e tort and an extracting 
r etort , with me a ns for i sol rtt i ng the extr action r e tort , exc ept for 
~eans for condeniing h0 oil pr oducts vaporized from it during 
op e r at ion. 

5. F r eemun , N.H., I1 Heans for treating oil -b~o.rino shal es," 
J.u :;t r c.l i 13 , 720 (,June 7, 1928). 

Seo 3rit 291,475. 

6 . Fr eemen , N.H., "Extracting oil from schist," 
Fr 656 , 54~ (June 27 , 1928); C ~ 23 , 4338 . 

Seo nri t 291 , 475. 
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7. Freeman , N. H., "Oil shale processing ," 
Can 292,~ (Au~ _ 20, 1929). 

3 . A pr-:>cess f o r treating oil-bearing; shale vlh ich consi s ts of 
a pr lyin:; dry heat to the substance under treatment to such a 
deGree as to r ender the oil soluble and to drive off the contained 
mixture without effecting distillat ion , and subjecting the product 
of the 1 eat treatment to an operation to extract a soluble oil. 

4. A pr~cess for t r eating an oil - bearing s hale which cor-sists of 
grinding the material to a fine mesh , subjecting the ground material 
in the form of th in layers to th e a tion of heat to render the oil 
soluble , anu subjecting the product of the heat treatment to an 
o eration to extract the soluble oil . 

8 . Freeman , N. H., "Process of treating shales or ot her like oil - bearing 
minerals, :f 
Can 297 , 909 (' Br 4 , 1 930). 

See Hew Zealand 60 , 637 . 

9 . I G F arbAnindustrie A-G, IIDe st ruct ive hyd rog enation," 
Brit 315 , 76~ (July 17, 1928); C A 24 , 1725 . 

Liquid of readi ly liquefi b l e pr ouucts a r e obtai ned from solid 
d:"sti lIable carbonaceous nate r ials sHch as coals, oi l shal e s or 
other bitumin ous sub stances by dest r uct i ve hyd r or;enation a t )fmnd 
condit icns ll s') that the f ormation ot:· benzine i s s ubstantially 
avoided, follol.':ed by ext r act i on ':lith s olvents . Vari ous details 
are g iven, including the t r eatment of brovm coal at 450 C under 
200 a tm p r es ur e) VI ith a counter-cur rent of H

2
• 

10 . I G Far benindustd e A-v , "Liqt, id pr cducts fr om coal ," 
:2 r 678.L 3 2 ~ , .J1l1y 12 , 1929 ); C A 24 , 3632 . 

Li quid p roducts a re e xt r a ct ed f r om coul of vari ous k i ne'..s , schists 
or othe r bitul":1inous substances -~r J.~irst submitting th e coal, etc ., 
to a hydr 0p,;enation under uch co; ~ t ions of temper atur e and p r essure 
that a for lnDtion of benz i nes is [l7oided , t hen extract i ng with 
solvents . Th frnotions of hi :;h ')o 'ling p oir-t ur e treated to 
obtain lubricatinG oils <'. nd p r uff i ns . 

11 . I G F'Hr benindus t ri e J..-G ( ~ss ignce of ;: . Pi e r ) , IITre ... ting car~onuce ous 
::.te riuls ,n 

ALl st,:a li fl 22 , 041 (Aug 26 , 1929) . 

Soc Bri t 315 , 764 ~nd Fr 678 , 328 . 
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II. Di gestion of the mixt ure of sha l e a~ oil a t 
appr oximately atmosph eri c p r essur e wi ths 

.A. Liberat i on of the oil us vapor s . 

12 . BLJ.ck , A.G., "D istillation of oil sho.les ,l1 
Aust r alia 19 , 644 (Ap r 23 , 1 929 ). 

A process for t e ge n er tion , distill c.t ion a nd r e c ove r y of oil f r om 
oil shal es und the l ike , in w. ich the sha l e is r educed to small 
l'..lIilps and intitr.utely mixed \'Ii th tar , and is t hen heated in a r et ort 
to c. tel .. ?C r atu r e not exceeding the v olatili zation tel'"lpe ruture of 
t he tar, v/he r eby hcut is e v enly d istributed thr oughout the mass 
und r clut ively pu r e dist ill a te s ar e r e covere d . The tar absor bs any 
S present , and the spent sha l e and tar leave a residue wh ich acts us 
a fi lled b itumen. 

13 . Es line; , F ., l1D isti.lling shale , coal , etc .," 
i3 rit 339 , 963 (Sept 1 2 , 1 92 9); C A_(!5 , 2845 . 

Bi tuminous shales , cannel GORls , torbanites , etc ., a r e distilled in 
adrrixtu r e "lith petr oleum or i ts derivat ives at o r dinar.,' , reduced or 
s li" htly increased pr ess ure , to forr. di s t illates of l ow S content 
and an uncoked p itch- like r es:'-iue su i t abl e fo r r oad- surf ac ing , 
r oofing , etc . Ve;~et<1.ble ails , Sl} Cr· a s linseed , cottons eed ro.Ll e , 
olive or tung; oil rna:, OC adJed , and the sha l e is pr efe r ably powdered 
and Tllay be mi xed with lime to ai..l S r emoval . Sterun !ntly be injected 
during the ti isti11 ation. 

14 . Ga::;e , C. H., "Ai'pa r atus for di st i11ati on of sh8. 1e or oti1er mat e ri a ls , 1i 
~, 515 , l 03 ( iiov 11 , 1924 ) ; C A 19 , 194 . 

?lQte r :!l~s to be subj e cted to distillation a r e fed dowIrnar d l y t llr:)uEh 
successive con~artments of a diges t e r Bnd sti ll , each succeeding 
compartment being at a hibher t emp3 r atur e and be ing pr ovided with u 
vapor and g as ex i t p i pe for l eading products ev olved to a c ondenser 
or other r ee ov ~ r: appar a.tus. Th e appar atus is p r o?osed fo r use in 
the t r e o. t .ne TIt of shal e , cannel coa l , or materi a l s yie l ding hlr pentine , 
et c . 

15 . Ge rcke , r ., "Ap?!:1r atus f or distillation of :J ituminous mater ial s ," 
U S 1 , 474 , 357 ( r ov 20 , 1923); C b 18 , 584 . 

An endl ess p iston chai n conveyer pa sses thr ough a tubular passage 
with perf o r ated walls vl ithin f~ dist i llation chambe r. An oil bath 
surr ounds the 10Vier porti on of t ne . assab e cnd super heat ed steam 
is sup?l i ed above the oi l bath . The ap_aratus i s especially adapt ed 
for tho distilla tion of coal or shale . 
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16. Ge r cke , M., "C a r boniz. i ng ," 
Brit 15~ , 246 (Oct 20 , l S19)e 

See l S 1,474 , 357. 

17 . Ger cke g 1 ., p.nd Al br echt , J ., " Pr ocess f or distilling bituminous sha.l c ," 
Ge r 358 , 605 (Feb 22 , 1919) ; J Soc Chem Ind 42 , 137A (1 92 3 ); Oil Sha.l e , 
Li tel"utu r e a nd Pa.t ent Survey , The Toxas C:"l (1 948) . -

19 . 

Oil s!1.a. l e is t r e t ed with a st r '3U!n of heatcQ ~ (I~.l.VY oil , C1nd the pr oduct 
i s distill ed us in~ 5~pe rhcnted stenm. 

Gr oeling , J..E .von , "Rec e nt I' r ocesses f or t r eut me nt of c i 1 sha le ," 
Petr ol e tun Z 1 8 . 487- 93 , 539 - 45 (192 2 ); C J. ~, 4054 . 

A r ev! .. 'lw of th e Scot ch and Ge rmun methods of sh£', l e r etorting. I n 
the jl.r.lo rica n (Hampton) di l;est ion met hoct h e shale , a ft er pas sing 
th rough a s e ri e s of c r u s he r s , is mixed wi th u str eam of hea-v""y p r e ­
h eated oi l in a rr,ixing cylind~ r and passes thenc e into the d i gester 
wher e th0 fi r st stage of the distill t i on t ukes p l a ce , The d i Ge ste r 
.!ompr is os 4 sections and the rr.at e ri a l is fo r ced thr out;h by a SCreyl 
a. r r o.nr; cment . Finul disti ll , t ion i s ca r r i ud out in u sepa.r ate ('.humber 
at app r oxi mately 870 F a ft or he oil hcs been r err.o ved f rom the mus s 
by cent r i fu !l; ing . 'I'h ,~ a pUl':...tus is f ired 0. irec tly . The vapor s pass 
upwurd to a , r eheater f or the di ..,es tiun oil wh i l e the combustion 
guses t r av e l counte r to the move:lcnt of the sh(.le in the a ppc. r a.tus . 
Col orado shal u ga 'e u yj.e ld of 87 t;:?t com 'a r ed with 50 gpt by the 
Scottish pr oce ss . Th e ten e r' utur e of the d i gester is ma inta ine d at 
ab out 34 0 F . Oil obtain~d f r om the f i r s t distil lation had a specific 
gr vity of 0 . 807 and thut f r om t e final distill~tion of 0 . 798 . I t 
i s sugg ested th l<t t ile use of super heated steum woul d give better 
r esults . 

5ompton , Vim H., !1Sh u l e pr 'J cess ing ," 
Cun 280 , 272 ( ~fuy 22 , 1 928 ). 

7 . Th e p r ocess of treating; sol id h i tumcnifer ous mine r a l mu"t;te r to 
obt a i n vuh\t:.b l e pr oducts ther of r orl , whi ch c ompr i ses dige sti l1b un 
intimate fl uid corrrnixt'l r e of i nely d i v i ded hi tumenif ::: r ous m:lte ri ul 
and a fine ly ivided base "lith [. henvy oil , c t t e mpe r a tures withi n 
the 0. , p r oximL.te rE,ng e of 6( 0 - 700 F to libo r ate 1lH3 und volati li ze 
c ort in hyd r ocnrbon f r rct ions . 

8 . Digusting a finoly r; r ound r.lixt u r e of the mato r i a l und not mor e 
than 5;/~ of its wo i ght of cuu sti lime ·.'1ith L, heavy mine r a l oil t 
appr oxi mate ly e80- 700 F to libc r ,'1.te NH~ and v ol ati liz e curt a in 
hydr ocar bon oi 1 fr ctions . ~ 

9 . Diges ting an i nt i mat e mixtu l"u of sha l e , or the like , L.nd base 
with nn oil at t er;por uturos sufficiontly high to libe l" t e NH3 but not 
h i gh enough to caus e subst~ntial depositi on of C, und ulso r ecove ring 
hyd r ocar bons from the mixture . 
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20. Hcmpton, vim . H., "Dig;e stiTl1~ sho.lo vl ith oil und cracking evolved proouI'ts," 
!!..~!.t~87.!_?~ (Oct 16, 192,8 ); C J. 23 , 275 . 

:~ t u rial such (l. S bitumincus sha.l e is di gested with u heuvy minora.l 
oil a t t cmpe r utures ef 2 13() -370 C, sterun is mixed with tho evolved 
vapors a nd the mixture is su~je oted te cracking at higher temperatures. 
Products formed are frac tionally condensed, ani the residual digesticn 
mixture is t reated with a l i ghter oil, s olid matter is separated fram 
the diluted mixture am a heavy oil f raction is obtained from the 
r esidual oil which together with a heavy fractien frcm the preducts 
of cracking is used fc~ digest ien of additional quantities of raw 
bituminous mate rial, A~paratus is described . 

21. Hampten, Wm . H., "Digl3stien and d i st illation of products from 
bitumineus s hale," 

~S 1,703,l~~ (Feb 26) 1929); C A 23 , 2030. 

After di esti o~ in an ruru~onia-liberating b ase, such as lime, and with 
a mine ral ci.l. SUC:1 as "Conge" cyl i nder oil, at a tenpe r ature not 
substant~ally abeve 370 C, the v olatilized prcducts are ~ecevered. 
An apparatus is described. 

22 . r"eyl, G.E., "Distilling shale ," 
Brit 112 , 997 (Feb 6, 1917); C A 12 , 1250 . 

'l'he y i eld ef oil obtained by distilling shale is increased by first 
soaking t he shale with about 10:;' of i t s volume of a liquid hydreca-bon 
for a period of 24 hr or longer . Distil lat ion is carried on up t v a 
temperature of abeut 220 C, and a further 10% of hydrocarbon is then 
added a nd t! e distillaticn continued up tc a tempe r a t u re cf abcut 400 C. 

23. Heyl , G.E., "D is til ling shale , etc.," 
Brit 115, 867 (Oc+- 11, 1917); C A 12 , 1926 . 

Dis t illaticn pr')ducts free from S ar e cbtained from ccal or shale by 
dist illi~ th e shal e , eto ., in a r otar y still under a partial vacuum, 
t h e sha l e being r" ixed with a mi ne r a l oil, e . 6 ., tar eil, which causes 
the sha l e oil h be 'Ustilled a t a leVie r tempe:rature and with metal 
borings to r educe the wnount of S compou nds fomed. The vapcr is 
freed f rf)JTl S by heating in Oile er mere r ata r y stills in contact with 
metal b erings. J.. suitable appur atus i s s h own. 

24. Kirby , Y1 . K. I "Shu l u oil, I' 
U S 1 , 458 , 983 (June 19, 1923) ; C A 17, 27~O . 

A pr eportiened charge of f'i L1e l y d hrid ed eil shale a nd an entruining 
eil of :-ti gh boi ling point is caused te flew in a streum ef restricted 
croes-section t hrough u r etert ing zone heated sufficiently te l ' beratb 
eil vapors frem the shale. 
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25. Kovarskii, N.S., Noza reev, V.J..., and T ret'~'akov, V.I., "Treating shale," 
R11SS 46 ,877 (Muy 31 , 1936); C A 33 , 3579 . 

26 . 

27 . 

28 . 

T') bitumi nous shale is added 4-20~~ of mastic , the mixtur e is heated 
to 380-400 C, 15-20% tar distilled off , the tempe r atur e lowered '1:;0 

180- 200 C, mor e mo.stic is added , und the process is repeated, 
i 

Societ~ Lyonnaise des Eaux at de 1 'Eclairage , "Destructive distillation," 
Brit 9, 730 (Jul 3 , 1915); CAll , 96 . 

Oils a re ext r acted from coul, lignite , shale , boghead , bitumen, asphalt, 
tar, pitch , etc , by dis t illation at low tempe r a ture which may be 
300-425 C, solvent oils or vcpors beinb ci rculated during the heating 
which ma.y be conducted wit~ or without i:1cre used or r educed pressure . 
The solvent oil s and th e extracted oils a r c r oc overed in condensers, 
etc , the last traces being expelled f r om the mater ial by a curr ent 
of wute r vapor. The uncondensod gase s may be used for h eating , a nd 
the solid r esidue may bo used for the production of gas or coke, or 
may be briqueted. 

St roben, A.H.A., "D i sti ll ing car b ono.ceous mat erials," 
Brit 250 , 699 (Jan 26 , 1925) i C A 21 , 1343 . 

Solid ca r bonaceous mat e r i Is , such a s torhunite , oil shal e , br own coal, 
peat, lignite , tar s nds , or wood arc distill ed in admixtur e vlith a 
liquid. or fu s ible solid s uc h s a heavy oil or par affin, which b oils 
~t a tempe r atur e above the boiling point of the distill at es to be 
obtained . An upparatus is described . 

Strubon , J...11. A., " Tr eat me nt of carbonaceous materi o.ls ," 
AU,str alia 26 ,140 ( Nov 30 , 1925) • 

See Brit 250 , 699 . 

B. Distill a tion of t he oil and cft r boni zation 
of tha sent sha l e . 

29 . Chown, J .A., "Ca rbonizing , n 

Brit 173 , 099 (Oct 9, 1920 ). 

Carb onace ous mat e r ial such ~ s c (lnne~ coal or to rbo.nite is soaked in 
a hydroct~r bon oil end h eat e d while in contact witT, the oil ut the 
same time that seme of the pre - soaked material is being distil l ed 
and carb onized . An u ppe r chamoer in which tho soaking and preheat ing 
t ake placo com:nunicute s with (l l"'/er chnmbe r in wh ich the mut e rio.l is 
carbonized . The two chamber s ure heated in u setting and have 
connect ions whereby the volatilE: comp ounds distilled off may be l ed 
to condensers. Th e trea t e d mute riul pusse s out from the lower 
chambe r through a valve , 
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30. Consitt, 1., Smith, J., a nd Cowel l , R.E., "Crucking and coking 
c oel/oi 1 mixtures, 11 

Brit 449 ,619 (De c 31, 1934). 

I n t h e distillation of conl/oil mixture s to obtnin oils of low 
boili ng point and coke , the mix t ur e is f irst pre conditioned by 
h eating u nde r complete r efluxing co dit ions to 32 5 C, l. nd th e 
mixture thus obtained is hoat ed r ap i d ly unde r non-refluxing 
conditions to 600 C, t ho va pors evolve d be ing remove~ substa nt i a lly 
ut tho ir spe e d of formntion. ~ho f irs t staGe is carried out in n 
r otort t o which oil i s fod fr om a tank u~lci fino ly divided coal, 
peat, s ha l e , etc, through a h at ch, cnd Vlh ich is provided with a 
r eflux condens e r and u mixer. Fran t he re the ch urge is f ed to 
a nother r otort wh <3r e it is di st ille ci to dryness. 

• 31. Day, D.T., "Extracting hydroca rbon c ompounds," 

, 
32. 

• 

33 . 

Brit 123 ,415 (Feb 27, 1918 ) ; C A 13, 1529. 

Oils and other hydr ocurbon products, 11 bus es, e.g., pyrl.a~no , and 
tho like , a r e extractEod fr om shal es , c oa l, etc, by treating the 
sha l e , etc , p rior t o des t ruct ive distill o.tion with the v apors, 
Vlhi ch mo.y bo partia lly condensed , obt a i ned by t h o disti1.l ution 
pr oc e ss. The c ond e ns nti on of tho vap ors is compl et ed in pussing 
through the shal-e , und t he hot condens ed liquid dis s olve s p urt of 
t ho oil, etc, f rom thJ shnl o , cnd this is s opar a t ed from t he solid 
matori 1 prior to the f euding of tl .. e ::lat e r i.::. l to the distill tion 
r et ort. 

Day, D.T., "Extrcctinc h~Tdr oc r bon oil f r om shales ('.nd coe ls," 
U 8 1,280 ,178 ( Oct 1, 1918 ); C A 12 , 2686 . 

I n tho conti nu ous t r eatment of hydr ocar bon-bearing s hal e or coul, 
the materiel i s sub j e cted to a dest r uctive c.i. istill(.tion to r ocover 
v (',p ors o.ft er p r evi ous t r ont ment wi t h vc,porous mc.. t e ri a l p roduced in 
c. s i miler d i st i llat i on of a pr evious l y tr e c~t ed bat ch of mat e ri a l 
and containi ng c.n o.c i d s ol vent s uch '::'5 cet ic nnd otho r organic 
Gcids. The hot ext r act ed mc.te r inl condenses and dissolve s hydro­
ca r b ons fr om t h0 f r es ' l y supp l ied , lteri nl; the combined solvont 
o.nd oxt r cted subs t c.nce s r r o r ec ovl..H od in liquid form nnd t h e 
r osidue is then sub j e cted t o t h e de s t ruct ivo dis till c.t ion us 
first r.:entionod f or conti nuing the.; pr oce ss. Appo. r r..tus is de scribed. 

Do.y, D.T., "Oils; gcs," 
Brit_208,~ (Sept 18, 1922 ); 8 0 0 U S 1,4A 7.,222.. 

Oils and gas a r o obt a i ned fr om sh e-. l o or oil-boo.ring s cnd by imme rsing 
the sh a l e i n nnd p!. ss i ng it t hrou gh 0. b th of liquid oil, cra cking 
t ho oil-s ouked sha l e , [ nd conde ns ing tho vo.p or ~. nd using the condon­
s ato to r epl onish th o.) bath, pr e f e r o.bly by pe ssing the gc s e s o.nd vap ors 
dire ct i nto t h o oil-bath cont o.inor. The ope r ation may be c onducte d 
at r edu cod , normo.l or increo.s od pressur o , o .g., 70 psi. The t emporo.­
t u ro of the r eto rt s h ould b e c.bout 900-1400 F, th t. t of the inside of 
tho crc.cking tuboG about 550-700 F, :,.nd thn t of the oil-bath cho.mbor 
c.bout 300 F. 
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34. Day, D.T., "Apparatus for extracting and distilling hydrocarbons 
·trOIll:" oil shale," 

35. 

36. 

U S 1,447,29,2. (Mar 6, 1923); U S 1,447,297; C A 17, 1713. 

The apparatus is adapted for the combined extraction of oil from 
shale, employing both solvent treatment and distillation. 
U S 1,447,297 relates to immersion of shale in an oil bath, then 
~ating 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 s hale. 

Day, R.B., (to UOF), "Treatment of hydroc arb onaceous solids," 
U S 2 ,406,810 (Sent 3, 1946); C A 40, 7586. __ ~_J.-_ • 

A process is described in which hydrocarbons are distilled from 
oil she le by direct contact with a p re ' ~e a.ted hydrocarbon gaseous 
pr oduct s~bsequently di~ti1led from the shale. A crushed oil sh ale 
is passed downwardly as a bed through a distilling retort in counter­
current contact with upwardly passing hot hydrocarbons. To app roxi­
mately the center of the r etort is added a heated heavy hydr ocarbon 
s ubseq1\ent l~r separated as a fr a ctionutol' bottoms and to the lONer 
pa:rt ()f the r etort beel a re added hi gh l heated hyd r ocarbon gases 
p r od'.lce d subsequently as fractionato r ove r head . Vaporous material 
distilled from the shal e is pa ssed to a distillation column in which 
over head , one si dest r eum s a nd a bott om f r action are taken. The 
bottoms are heated in 0. sepnr ate heater pr ior to pass ag e into the 
upper r etort o.s ment ione d. l:i i gh-,Joiling and/or r es idu e l material 
rema1n1ng on the sha l e is burned in a separ ate furno.ce for supp lying 
hent for the i ndir ect hent exchange of the fr act ionutor overhead 
prior to its addition to th e 101Ner portion of the r etort. Hot 
mine:, a l i:lctt e r leavinp; this l atter f urnace us fully spent shale is 
us ed in dire ct hent ex cha nge with nir for p r e heating uir for 
supporting combust ion . of the r etort bottoms in the ga s p r eheat 
f u rnace. Steam i s inj ect e d into t he distill ed shale u S n separ o.tor 
betwe en the r etort o.nd the ga s preheo.t f urncce to prevent mixing of 
tho hydroc arbon vr.,p ors from tho downf lowing sho. l e with p r ehaated 
nir in this fu r nace . Only r eS idua l, undisti11ed c o. rbono.ceous mo.tter 
is intended to b o bur:led in t l (3 pl'ehoc.t stop. T e lp E; r ~tures of 
750- 850 F o.r o Qmployod in the uppe r p ortior. of the r etort whilo 
the lower portion is he nted to 900 -1100 F. 

Fisher, A.,(to UOP), "Conversion " nd coking of hydroc a rbon oils," 
U S 2 , 050,427 \Au~ 11, 1936). 

1. A proc e ss which comprise s coking u mixtu r e of hydroco.rbon oil 
~nd solid pyrobituminous materi e l in 0. coking zone, fractionating 
the r e sulto.nt v~pors to form n r e l atively h eavy a nd 0. light fro.ction. 
The l ight fr actien is g iven furt he r cro.cking treutment ~nd tho 
heavy oils a r e r ecycled to tho coking process. See Brit 413,927 
by A.L. Tlond, for s 1-milG!" o.ppo. r o.tus for coking coal. 
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37. Fisher, A.,( to UOP) , IIC onversion and coking of hydrocarbons ,1I 
U S 2 , 098 , 033 (Nov 2 , 1937) . 

1 . A p rocess for the pyr olytic conversion and coking of a charg ing 
stock mixtu re of finely divided carbonaceous material in hydrocarbon 
oil which compr ises subjecting the mixture to elevated temperature 
conditions Ull °er non- coking; con 'i.t ions, intr oduci ng the heated 
prod lcts i nt .., a coking zone wherein the r esidue is coked in a 
relat i ve l~' th in layer on a hi~hl r heated surface . The vapors are 
fractionaterl and the heavy frac tion is r ecycled to the process . 

38 . Reed , V. Z., IIExtraction of hydrocarbon pr oducts from shales and coals ," 
Australia 7704 (June 18, 1918) . 

See U S 1 , 280 , 178 , D. T . Day . 

39 . Reed , V. Z., (a ssi",nee of D. T . Day) , IIHycir ocarbon extraction ," 
Can l e8 , 464 (Jan 28 , 1919) . 

See U S 1 ,280 , 178 , D. T . Day . 

40. Un iversal Oil Pr oducts Co, IICrackin~ anci coking coal and oil mixtures ," 
Br it 409 , 969 ( i~y 10 , 1 934 ); C A 28 , 6285 . 

, ~ ixtures of finely - divided sOli carbonaceous mate rials , e . g ., coal , 
p eat , lignite , oil shale and hydro cal' bon oils are cracked and coked 
by bring ing them to conversion temperature and introducing the heated 
pr oducts into a ~okinb zone , wher e t hey are separated i nto residues 
ano vapor s ,which r...re fractionated to pr oduce a light dis tillate 
while the r es idues a r e coked in thin layers on a hi [;hly-heated 
surface . Alt e rnate arrangement of process is given. Apparatus is 
describe d . 

C. P.ofluxing of a portion of the evolved oil vapor:;. 

41 . Crozi er , R . }T ., "Distilling c oal , sha le, etc ," 
Brit 319.2~~ (l ay 18 , 1 928 ) ; C A 24 , 2581 . 

I n di~ til1o.t io~ in 0. vertical r etort , the heat c ontained in t he vapors 
drawn f :.' om ':;he vuriot:" stages of the r e tort is used to vaporize 
fr ctions 0 lower bCJiling point und concentr ated fr a ctions of higher 
boiling point . Ros idual fractions thus concent r ated are r etur ned to 
the r eto r t to be crucke d in cont act vlith the residual coke . Various 
det~ils of appa r a tus and oper ation a r e described . 

42 . Day , D. T., " Yi:yd r ocurbons from sho.le s 9. nd coals ,'1 
U 3 1,244 , 840 (O ct 30 , 1917); C A 12, 220 . 

Shal e or coal is subj ect ed to destructive d i stillation and the vapors 
thus pr od1lced u r e condensed in a n allovle d to floVi down through and 
exe rt u solvent act i on upon n mnss of t he coul or shale w' ieh is in 
t r ansit to the distil l c.tion charnb3r . Hydrocarbon oils t1.ay thus be 
obtained nt low cost . 
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43 . Engl e r, C., "Oil shal e r e t or ting a nd e xt r acti on," 
Ger 380 , 331 (S e pt 6 , 192 3) ; Oil Sha l e , Lite r a t ure a nd Pa t e nt Su rvey, 
The Tex a s-Co (194 8) . 

The s ha l e is hoated to cbout 300 C for a sh or t t ime a nd the h ot shale 
i s then mixed 'lith u s ol vent in a v es se l equipped with a r e f lux 
c ond ense r. The s olvent us ed may ver y we l :;' be the benzine a l r e dy 
obtai ned from the s ha l e . 

44. F r eeman , N. H., "Dist il l i ng s olid carbonaceous mat e r i I s," 
Br it 408 , 342 ( Apr 12, 1934) ; C A 28 , 5968 . 

I n t he extract i on of l i qu id hydr oc a r bons f r om c oul , sha l e , e tc , t h e 
mat e ria l i s subj e cted to p ro~ress jve s tage s of h eat t r eat ment during 
its pas sage t h r ough a s eri os of commu nicating r e tor ts uLd t he con­
dens ates f r om one s t uge , with or wi thout vo l utile s , a r e f ed to 0. 

p r e c ed i ng or suc ceod i ng stage . Appo. r atus i s de scr ibed . 

4 5. Fr eeman , N . 11 . , il Liquid hyd r oc a.r bons f r om coal , s :,nle , etc ," 
U f 2 , O~5 ,86~ ( Oct 12 , 1936 ) ; C A 31 , 8892 . 

Appa. ntu s i s desc r i bed , nnu pr ocess for the extr a.c tion of liqu i d 
hydr ocarbons f r om coul , sha l o , und otl.or sol id, nd l i quid hydro­
ca r bon mater ial wh i ch c onsists of fceding the r I hyd r oca r bon 
mate r ial successive l y into s '3par at e l y h e9.t od r et o rt s e u oh of wh ich 
has n s e par ut e r eflux ond ans e r , a porthlll of th ~ condens at e fr om 
which is distr ibut od to a diffe r ent r etort unit , ~nd i n feed ~ng 

vol.:l.t il o f:~seous hyd roc~rbons i nto ec. ch unit thr ough a heated 
activatint'; ch be r cont ining un ::J.lkal i -meto.l hydr oxi de , whe r eby 
tho mat '3 r i 1 i n r e tor ts i s subje cted t o pr ol onged contact with 
hydreca r bon gas thus r esulting i n f urthe r extr o.ct i on of volat iles . 

46 . Freemo.n , N. H., II Cr o.cking a nd hyd r ogono.ting Oil S ,1I 

~it 46 8 , 70'Z ( J u l J' 9 , 193 7) ; C A 32 , 760. 

Hydr ocar bons of le I boiling poi nts are ob t uine d by pt.ssip.g c Cld , 
shal e or ot l r ~ol id carbonaceous mn:te r i ul or heavy oil s thr ough 0. 

s erios of huated r e tvr t ::l of incre~si:lg t emp r r.t uro , the gas os o.nd 
v ap or s produced from euch r e tort , or extr anoou s gases , heing 
o.ctivated b,{ p '1 l:' suge th rou~h u h8 t ed a lka l i or :11v uline ear th 
hydr<.:::id o u;'ld then i nt r oduoed into u pr e ceding or s ucct;;ed i ng r etor t . 
Conde!1Sate obt uin-.:d r om one r otor t is simil rl y i::ltr oduqed into a 
pr ecedi ng or s ucceeding r etor t us des c r ibed in Brit 408 , 342 . 

47. Mac i nt osh , A.A., "Gu s ," 
Austr~li a 24 , 713 (~an 21 , 1930) ; C A 26 , 4162 . 

The p rodu ct s of distill t i on f r om c oal , sha l o or l i gnite a r e sub jected 
to u r eflux c ondens ation at a r elatively h i gh t empe r ntur e nd t h en t o 
0. condensat i on ht a r e l utive l y 101'1 t emporatu r e . Th .) t rr~r p roducts 
fr om the fi r s t con ons p.tion and tho oils f r om t h o s oco: .d c..r o rot urned 
to the r etort . 
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48 . Reed , V.Z., "Extro.cti on of hyd r ocC' >:"bon p r oducts from shales and c')(', ls," 
~str~lio. 6J83 (Apr 4, 1 918). 

See U S 1 ,244 , 8 10 , D.T. Day. 

49. Reed , V .Z., "Ext r acting oi ls, pyridine , etc," 
Brit-l19 ,?4 8 (May 17, 1918); C A 1 3 , 252 . 

Oils a nd other hydl'ocarbon p r oduces , 11: bases , e . g ., pyridine and the 
like a re extracted from shales, coal , et;::, by treating the shale, 
etc , p ri or to dest r uct ive distillation v/i th the vapors, which may be 
partially condensed , obta.ined by the dis t illa tion pr ocess, a m L l the 
p r esence of an acid added or obtained by distillation. The c ondensa­
tion of the vapo r s is completed in pass i ng thr ough t he shale, and 
the hot c '')ndensed liqu id dissolves part of the oil, etc, from t h e 
shale and t h is is separated froN the solid material prior to the 
feeding 0.2 t rle material to the d istillation retor t . J.. suitable 
apparatu s i s described. 

Reed , V.Z., "E:rd r ocar bon extraction," 
Can 185 ,181 (June 25 , 1918); C A 1 3 , 185 ; See U S 1,244,840, D.T. Day . 

Shale or coa l i s su~mitted to destructive distillation in one chamber, 
the d istillate is p~ssed i nto a second chamber containing similar 
shale o r c oa l to d issolve materia l f r om t he shale , and the solvent 
and extracted matter a re r ecove r e d. 

Thompson , C.Yl ., "Process und a pparatus for r ecovery of hydr ocarbons 
fr om shule ,t1 

U S 1,428! 458, (Sept 7 , 1922 ). 

1 . A pro cess fo r disti llution of hydrocarbons from oil shale com­
pri s i ng h 0uting the shale by exte r nal means to f r ee gasoline a nd 
light oils , romovin~ gasol ine and light oils, then h euting the shale 
at 0. hi gher t emperature to vapori ze the heavy hydrocarbons , a nd 
intr oduci ng; t !lC heavy vapor s f r eed f r om sa id light oils a ni gasoline 
into n f r m.h qua nt ity of c ol d sha l e p r ior to t he first h e at treatment. 

Ll > :] ' 1' ,,-,,!uent s O'Jur ut ion of the s pent shale and 
oil by mechanic, 1 me ans . 

Br own, E . D. , nprocess l o r the r ecovery of oil from shale s ,t1 
U S 2 , 43~ , 677 (Dcc 2, 1947); .£..~~, 6100. 

Di s e sts pulve ri zoc. shale in sha le oil at 200 -250 C, u sing not more 
t han 3 i~ ~y shal o , eight of anhydr ous AIC13 • Oil vapors boiling 
below pr oce ss tel.1pe r aturo a.r c t L' .. ken off. Slurry is filtered on con­
t inuous v a cuum fil tor und t h e spent shale washed by r epulping w·'.th gas o­
l ine ' nC: '1aphtha , the solve nt b e ing r ecove r ed by drying in u tunne l oven 
a t t empe r a ture abovo 200 C. Tho A1C1

3 
is r e covered by distillat ion. 
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53 . HalnptO!1 , · [ra . II. , II tiydr:J ~r em s ~' r om bitUl"1inous shale- like mnt oriul ," 
tJ ;) 1 , 668 , 898 (?l!? y h , 1928 ); C A 2;::: , ~21)'l • . 

rlitumin0us shu l t) 01' sirr.il a r naterial is dizosted c.t a t Olilpe ratc: r e 
above 260 C with a liquid oil , whil e t he materials a r e ag itatod ~ 

and the solid r(1S idue is separ ated by ceatr ifui;ing; . J....n ar-par utis 
is .)scr ibed . 

54 . n::unp+' un , Ii . • H., "Dir;estion of bituminous sh a l e ,l1 
U S J , 778 , 515 (Oct l{ , 1930 ); C n 2~ , 6000 . 

Afte r u i r,:8stion in n;:,il s uch as " C0 1e;0 cylinder oilll the fine l y 
divide' mo.turi a l tOf,other with the oil and associa Gd substance s is 
cont r ii"lg; ad , vlithout sUbstuntial cooling , to s e[. arate li quid f r om 
solids . A!~pa r!ltus is oosc ribe d . 

55 . National Oil :,achinJry Co , ( t:.s si ::; ne e of Shale rtouuction ~~[iChinCl ry 
Co r p , ass i~nee of H. D. Ryan ) , "R acover y ing bituminou s n!1tter from 
shale ;" 

Can 223 , 205 (Aug 29 , 1922) , See ~ S 1 , 327 , 572 , H. D. Ryan . 

15 . The p r oce ss of obtainin~ v aluable hyd r ocarbons from bituminous 
solids such as s hub Ilna the like , \'Ihic h compr ises digesti nE a raixtur e 
of such a '.Jituminous so lid with a hyirocarbon liquid , the di;;estion 
being conducted at tempe r ature hi e;h enou gh to eff ectively liqu efy 
h eavy bituminous matte r co tained i n said sol id but not h i e;h enough 
to effect substantial distillat i on of :1eavy b i tuminous matter, 
separat ing the liquid mixtur e of hyd roc a r bons from the so lid r e sidue 
a!1d r efi n in[; " he liquid. 

56 . Ryan , H. D., I1Ext r actin" bitumon , etc ," 
~rit 129 , 992 (Jul y 16 , 1919) ; C A 1 3 , 3008 . 

I n uxtrllc+,ing '::l itnmen , par · ffin '.vax, and ot:1u r constituents f r om shal e , 
et c , t hv 1 tt or is digested with heavy oil at a t empe r utur e too low 
to effect dest ructive distillution, and t l o ho dig ost or solut ion 
is di sch, r gcd into u ~o.th o~ light oi l in ord e r to p r event the depos i­
tion of "o itt;mcn on c')oling . Tho construction and op en.tion of a 
suitable p l :.nt is <; 1.' Jc i f i ed . 

57 . I1yc:n , H. D., It SitUl:i ous I"" 1;ori ul f r on shale , " 
U S 1, 327 , 572 (J n 6 , 1 28 ) ; C A 14 , 625 . 

~i tum:m is r ;, c overed f r om so li(is such as ar e f OU!ld i n shal e by hoating 
thu 1'ino 1~r divided r VI :l~ ,t o ri ::J.l "lith heavy oil in a r8tort und ae; it ating 
the mi ;{tur Q. 3eJr:0 light oil oxtructud is v c l:..tt ilized du ri ng tho haat i ng 
and tho vap ors a r c l ed off c..nd cond c~ c d . Tho r emo. i ni ne; pr odt;cts of 
the digost ion , ",-Ihi::'e st i ll h i "hly hvnted , 1.T0 d r nvll1 off into a r ola­
tiyely l a r ge b<:'.th of li~ht oil in 'iI ;, ich t: rising curr ent is mui nt i ned 
a:1d Ii .uid is '"it:' r t~vm f r om the bath !1o['.r its upp e r sur f ce o Ins')lublo 
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non-bituminou s oonsti tuents ur c 'w ithdrawn from the bottom of the 
bath and hoc.t ed to v ol atilizo o. nl: r ecove r the light oils vlith 
vlhioh they a r c imp r eg nr.ted . Th e li quid withdrawn from the bath is 
fraotionully J istilled a nd ~ portion of ~he heavier oils obtuinod 
in this distill ation muy be used for t r oc.tmont of udditional r o.w 
ml lt e ri ul . An c.pparatus is doscribed. 

58 . Ryo.n , H. D., "Digestion of bituminous s1".al e ," 
U S 1 , 672 , 231 (Juno 5, 1928) ; ~~, 2661 . 

Ground bituminous sho.l e or simil t.r mc. t ori ul is digested with I). 

hydroo o.rbon oil suoh r:. s 0. heavy sha l e oil fr c,ction o.t a tomp er a tur e 
(suitcbly ab out 315- 370 C) suffioi e ntly h igh to liquofy the sha : e 
bitume ns . Vaporization is limi ted to obtain a fin' l pr odu ot or 
digestion mixture wh ich is f lui d , u nd res i du r. l solids a r e s epnr o.tod 
from the mixture . 

59 . Strev ens , J . L., "Oils f rcm s ho.l e s , e tc," 
Brit 323 , 773 (0ct 6 , 1928 ) ; C A 24 , 3354 . 

Solia f u e l s such as torba~ite s or s hal es nr e ground with oil to a 
fine s u s ponsion t o wh ich is added a n oil - solubl e c olloid such us 
soo.p , a s ph o.lt, or an e xt r a ct ed oxid a tion product of coc l, tho 
susponsion is subjected to a cra ck inG tr eatMont , liGht pr oiucts o.r e 
dis t ill e d off , o.nd tho powde r ed f ue l r e siduum is s opl,r a t ed by 
filtro.tion from the clss oc i o.t ed oil . Numerous det :J.ils of procedu r e 
ar o de s cri bod . 

60 . Strev e ns , ·J . L ., "Extra ction of oil f r om s olid f uels , shale s , etc," 
~ustro.li o. 22 , 891 (Oot 7, 1929 ). 

Sec 3rit 323 , 773 . 

61 . St rub on , A.? [.A., "Di s tillin co.r ;;' ono. ce ous materials," 
U S 1,706,468 (Hurch 26 , 1929 ); C A 23 , 2276 . 

Solid co.r bonaceous m te r i a l to be distille d , s uch as torbanite, oil 
s ho.l es , conl, brown c oc. l , poc.t , ligni te or t a r so.nds , in com;~i nutcd 

form , is suopc nd ed in 0. hydr occ.r bon mc.tor i a l such r. s a h eo.vy oil or 
p.r o.ffin mr.int o.ined i n bul k in 0. e nl a r 6cd zone a nd hc.ving a higher 
b oi ling point tha n that of t he d esirod dis t ill l'o. t c of t he solid 
ourbono. ooous mo.t e ria l , hoat is suppli ed direotly t o this zono o.nd 
distil la.tion is e f~eot ed at us h i gh c. t empcr~ture ~s possible without 
d ist illing the bulk of t he curr ie r m~:t o ria l; tho suspension is 
o.g i tat ed , t h o distill ut c is r emovod , ~nd the sol i d c nr o ono.ce ous 
mat ori a l r cme inin g undi st illed to~: othor with tho hydroo a rbon currie r 
o. ll owe d to s ottle i ll u s epa r at e zone , so thct the c urrie r may bo 
f urthor us ed in t ho p r ocos s . An up~nr utus is dosc ribed. 

41 



III. Preheating th o sh(le and/or ~il seD~rat ely under 
prvssuro to tomperntu r es high en:)ug~ to 0;;"US 0 c :>nv9rsion 

of the ke rogen nf t e r the shaie u.nd oil nre .1ixod. 

62 . Ca.rt er, R., "Art of r ecovoring blonded" fuols," 
U S 1 , 978,984 (Gct 30 , 1934). 

Solid hyclrouorbons !lre contocte d with :l liquid hydroca.rbon . '/hich 
is pruviously heated uncler pr ess".lr e to cro.cking temp e r utura , <..:.nd 
h01d under Vo.cuum for the forma.t ion and removal of v upors. whi~h 
l ett~r are co~donsed under supe r-atmospheric pr essure . 

63 . Dubbs, C.P •• (to JOP), "Process for distilling couls," 
U S 1,868 ,73 2 (July 26 , 1932) . 

1. In tho c.rt of recovoring values f r om hydrocarbon sources , 
r ai siIlb hydroca r "bon liquids to Co. cracking tem~e rLltUl'e , in then 
bringing the he ated liquid into the pr es ence of hydrocarbon solids 
ca?abl e of destructive distill ~tion end t runsf e rring he t from the 
hydrocarbon liquid a nd its vapors to the s o liJs to cause distillation 
of the volatiles conta ined thorein. 

64. Egloff , G •• (to uor) , "Dist illing bituminous mat e ri e l such as tc.r , 
asphalt , shal e , etc," 

U S 1,868,733 (July 26 , 1932 ); U S 1, 868 ,734 ; U S 1, 868 ,735; 
U S 1,868 , 736; C A 26 . 5405. 

A mc.ss of solid bituminous mate r ial is ch[,q;ed into len e nlo.rge d 
chamber , :::.nd c. zone of combustion is maintL: inod in the muss; a 
separat e supp ly of hydrocarbon liquid ma.te ri al , such a s cil, is 
heated lmde r supor utmosph oric p r ess ure to ubout 425 C und then passed 
into the combustion zone i n the mass of bituminous materiul , and 
r egulate' qu c..ntiti os of oir c.re continuously supplied to this com­
bustion zone to effe ct controlled combus t ion; a sub- c.tmosphe ric 
pressure is mu intc..ined on th0 bittmlinous materi a l a nd v t .. lu0s are 
r ecovered from the vU Jors evolved . Appc r a.tus is d e scribed. 
U S 1 , 868 , 734 r elates to ;:.. (,;enorally simil t..r process in Vlhich steam 
is o.lso int r oduced into tho no.t '3ri a l, e.s does a lso U S 1 , 868 , 735 
a ccording to vlh ich u tempe r ature is maint:...inod sufficiently high to 
b reck down th e steam u~ produce s ubst~nt ial quuntiti os of fixed 
hydr ocarbon gnses. U S 1, 868 . 736 bro.J.dly cl a ims processe s involving 
chu r ging · ch')JTlber with hydroca r bon mater io. l cap~blo of undergoing 
destructive distillction , such c.s co:.11, cnd eff e cting; its distillation 
by introducing hydrocr.rbon liquids h.Jutcd to crncking temperntures. 
The s e P' .teuts d es cribe (,ppW" atus . 

42 



65. Egloff, G., (to UOP) , "Process of d estructively distilling b iturr,en," 
U S 1,868 , 738 (July 26 , 1932). 

1. A continuous p r ocess for p r oducing 0. lc"'1 boiling point d is t illato 
from hydroc~rbon liquids ~nd solids c apcble of destructive d isti ll a ­
tion , ccmpris os keep i ng n muss of t he solids ~t c r acking conditions 
of tompor o.turo and suporo.tmosp:lO ric pressure in a chamber, separ ate ly 
h Gatir.g c. hydrocarbon liquid to cr a cking t empe r utur o under supo r­
o.tmosphoric p r essure and passing the liquid into the muss of solids 
to diss~ lvo tho carbona oeous mntcri o.l. The extract is kept a t high 
t empor utur us a nd subjectod t o v :J, cuum to vaporize the constituents , 
uft e r r emova l fr om the chamber. 

66 . Egloff , G., (to tlOp), "Crncki ng p roce ss," 
U S 1 ,934 , 84 7 ( Ncrv 14 , 1933 ). 

1. A p roc e ss for t r ec.ting hydr oc a rb on liquids u nd solids to produce 
lovi boilinG point li quids , comprising pussing vupors from a chambor 
i n wh ich D. hydroca rbon l i quid is k,Jpt u nde r cn.cking conditions of 
tompe r aturo and pressur~ into a nother ch oTl'.b o r fill ed with tho "hydro­
carbon solid . The v apo r s dist ill and di s solve pu r ts of the solid . 
ThCl he avy liquids from the fr act ional condens ut ion of the v apors are 
r oturne d t~ the oil cr r..cking chc.mber . 

67. Egloff , G., (to UOP) , "Crack ing bituminou s mato ri a l ," 
Cun 341, 368 ( lkLY 1, 1934); C A 28 , 4868 . 

One or mor e chrunbers c. r e chnr ged with 0. bitu minous mCtteri a l s u ch as 
c ou. l, which may be heat ed to 800- 900 F , <, nd thon p e troleum or fuel 
oil hont od to 950 F und e r 500 psi is deliver ed to the chamber. Tho 
hot oil . nd V!, or s in chUlllber nct on tho coa l to dissolve or distill 
out seme of t e hydr ocurb~~s , und al s o to cra ck some of thom , 
depend i ng on p res su r e and temperutur e in chamber . These chumbe rs 
mo.y bu subject od to a vU.por Jress o f 200 psi. O~· mor u with tempe r a ture 
of 850 F in vapor lines l uuding to [l d .jp legmutor. The tompen,ture 
of lo.tt er may be cont r ol l ')d as doslr 'Jd to conden se tho vapors. This 
p r ocess a pplies to destruc iVI:) di.stillntion of coa l, t a r, sho. l es , 
aspho.ltic mut0ri~l , e tc . 

68 . I G F rb(min~u <· tril) A-G, ( nss i~nec of J . ,hnaek und O. Gohr e) , 
IIr r oo.tm(n.t of eoc.ly substances , " 

Aust r ' .lin 13 , 067 (lny 1, 1928 ). 

1-.. ~" roe '.3 ss fo r the p r oduction of so l ublo pr oducts f r om eor l y substances 
c O~lsists of he~ting (,)0:.1: o r t:lO liko und e r pr es sur ·.3 , t.ll:l if des ired 
with the r ddition of gases or vO,p ors wh ich do not r eact to a sub­
stur.tio.l cxtc rrt vlit h th0 co~ ly matte r undo r the conditions of worki ng , 
und t r uat · w; the p roduct ",Ii -:h 0. s olve nt o. t un e l e vated tempo r c.ture 
and pr essur o , with or wi thout the c.dd ition of suio g£..s o s or vo.pors. 
The p r oducts obtuined by th o 'lbave t r o:_tmr:mt muy b e subje0ted to n 
cr eking pr ocess and/or u dest r uctive hydroge nat i on. The products 
m y be Is 0 separ <.ted by th ., a i d of solve nts int 0 r es i r.s, waxes , und 
o he r s ubs t a nces . 
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69. Johnson, J.Y., (to I G Fe rbenindustri e l.-G), "Extracting oil:q, etc," 
Brit 301,946 (Se~t 1, 1927). 

In the -~ xtr (l. ction of s o luble bodi e s from c ou l und liko ca r bonuceous 
m t or iul, tho coul is p r ehe cted und e r pressu re in e clos od ' <)ss ol (Uld 
then h -Juted unde r pr essure vi i th the solvont. The ~ r cs suro i n ui ther 
or both s t c.f.os mu~r be increased by e;~ s e s or v apors moro or l ess inert 
under tho conditions, e.g., H2 , s t eam, CO, e nd N

2
r Pr0s s ure s s ~eci­

fied nr c 2- 20-200 or more utmospilOres. Pr oheuting is pr uferubly ut 
100-600 C fo r s ov or o.l hours, and unde r such conditions as do not 
c o.us o caking~ Sol vents spe cified o. r e ber.ze ne nnd its homologs, 
hydrogenutod nflphtho.lenes , ulcohol s , kot ones, petroleur.l, und mineral 
und tc.r cils; cyc~_ o-hexunes am cyclo-hexo.none are c sp ociully suitable. 
Curbor.o.cuous mc.torinls specified are lignite, peat , coal, oil shale 
o.nd cQrb onac e oufl ciho.le o I n o.n exampl e , brown c oo.l is maintained o.t 
3 00 C for 10 hr, thus p r oducing a pre ssure of 100 atm, und is then 
ext racte d f or 10 hr ['.t 300 C [,nd 100 o.tm \'lith b onz one in 0. closed 
ve s s e l. Ove r GO% of t he coo. l is diss olved. bft e r sepa r at ion of the 
undissolved co[. l r~ nd re~ov o. l of tho solvent , the soluble products 
mo.y be treated with solvents or may be hydrog en ted. 

70. Horrell, J.C., (to UOP), "Proces:; for t r eating c u rbonuceous mat e ri a l,,' 
U S 1,940 ,7 25 (Dec 26, 1933). 

1. ~ procoss for p roducins hydroco.rbon distillates from solid 
bituminous mo.toria l a nd heo.vy hydroc arbon oil which comprises mixing 
u portion of tho henvJ' oil with the Golid mat erie l l.n:l plucing the 
mixture in un onl o. rg od distillation zone , hoa ting nnothe r portion of 
tho henvy oil unndmixed with solid materinl to v ap or phus e cracking 
t omperature s of tho order of about 1 000 F in nn inde pe ndent zone, 
introducing the r e sultant va por phuse cra cked vo.pors i nto said 
distillation zone to supply heut for the distillution of suid 
mixture , distilling the mixturo , fI nd r emoving (',nd condensing the 
vap ors. 

IV. Di gestion of t ho mi xed shal e a nd oil under e levated 
p r Gssure a t such a t cmper 8.ture 

a s to cause conve rsion of the ke rogen , with: 

A. Sub s equ~nt separ ation of tho s pent sho.le 
nnd oil by mechanica l means. 

71. D' ~'ukovu , ?! .K., "Pr oduct i on of liauid fuo l fr om combu;Jt1bl o sha l e s by 
tho r:le t hod of thermul s olution, Ii 

Bull_t,:c~~ _ ~_~?_~}.:~0 , __ . .9.l~;~ .s~~~.i_.~~c .. ~}_?~~ .. 2f'R -74; ~~~, 2393. 

For tl10 trunsforr~t~; t i o-,l of c :1r..bustiule sh'Al os into :iquir. fuols, 
ther mul s ol.ut ion iG tho most 0if .") ct i v ..'l method , Sc i, nnt:; used wa ra 
anthrace ne 01 1: t otrnli r_ ~ . r :;_'~-1:'Y ;;hal o tr:-. r s : t he l r hF rogono.t ion 
produ c-cs ".r..rl. dist ~_~~ _ nt",s , snulo sO.LUti ons i n pr i!11nry tUI' S and 
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petroleum mazut; ~ixture s totaling 200-3 00 g and consisting of 30 -70 
parts of solve:1t and 70-30 parts 0':' shale were heated for 40-60 min 
t o 300 - 430 C, kept at thi s temperature for a definite time and 
cooled r apidly. The ~ases were analyzed , 1 iquid and solid pr oducts 
transferred t o a glass flask , and t he hygroscopic and pyroge nic 
water a nd light diotillates (crude gasoline) boiling up to 200 C 
di stilled off and determined . The r es idue was filte red on a heated 
Buchner funnel at 90- 110 C, the precipitate on fil ter washed either 
with benzene or shale naprtha or extracted with benzene . The benzene 
was dis tilled off and residue boiling abov 130 C was combined with 
the fil t r at e . The solid r esidue extracted with benzene and cons ist ing 
chiefly of the mineral fracti on of the s . ale and insoluble or 5nnic 
matter was analyzed for ash conte nt (including mineral CO2 ). The 
degree of solution of the or Ganic matter of the shale was determined 
on the basis of change s in the content of the mineral f racti on in the 
r es~due after solution acc0rUing t o the equation s 

x = 1 00 1",1 _ a Ooo-'0)1 
. b O OO- a ). 

in which x is percent content of dissolve or anic matter , a content 
of mineral fractio!l in ori ,i 1al shale , and b content of the- mine ral 
f r action in the residue aft er solution. Th; va~ue of x obtained 
exceed s the t rue content of the disso l ved orGanic l:latt;r of the shale 
by iL, whie! is eq1- al t o t he sum of the yields (in . er cent of' the 
organic matte r of the shale) of Gas and ~Jyrop;enic water . The ~) ressure 
r,reated by the vapors of the solvsnt was usually 30 - 40 atm . Condi ­
tions Vlere found under Ih ich 75- 85% or' the or ganic matter of the s hales 
dissolved ; 35- 45% of this was transformed by cracking into gasoline . 
T, ennal solt:.tion began at 300 C. .b.t the optimum tempe r a tures (380-430 
C) the or ~ani ~ matte r of he shale dissolved in 5-1 5 min. Large­
s cale l aboratory equipment with capacity of 700 kg/day confirmed the 
h.borat ory data and inaicated t'lat a c ontinuous pr ocess is possible . 
Al a r e - scale method for the S'3p ration of the s hale solution from 
the insolubl e fracti on of the shale was deve loped and checked experi­
mentally . According t o this meth od, tar shale solution fre ed from 
gasoline i s filte red on filter presses and the pr ec i p i tate washed 
with shale naphtha . It is possible to pr oduce on a!! industrial scale 
f r om a shal e containing 48 - 50;10 of organic matter; r efined gasoline 
(boili ng up t o 180 C) 15 . 5%, naphtha (boil ing 180- 220 C) 1. 9~1., phenols 
(boiling 180- 220 C)O . 77%, gas 4 . 2 :;~ , and shal e pitch 14 .6~~. Sev e n 
r efe r e nces &r d i !!cluded . 

72 . D' yakova , } . • K., tt The:l'mal solution, a new 'tlethod for obtaining 
a r tif i cial liouid fuel ,lt 

Bull acad sci UJt SS. Classe sc i tech #7 - 8 , 498 - 505 (1944); 
Ib~ 522 , J Inst of Petr 31 , 167A (April 1945); 
See Abstr act ; UOP 8ur~ey F 0 re i~n Petr Lit (June 22 -2 9 , 194 5). 

"Ther mal solut i on" is the se 1 vel11: extraction of' solid f uels at 
tenper atures such that cr actd.ng occu rs. 'ihe yield of liquid products 
obtained is 3-5 times as gr eat us that f rom r etorting p r ocess e s. 
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Var~s solvents rr:ay be used, such as fuel oil , anthr acene oil, 
gas oil, tet r al in, etc . The pro~ortion of soluble organic matte r 
decreases with increasing carbonizat ion (age ) of the solid fuel. 
ranging frOO! 80% in the cuse of peats to 6io for anthracite coals . 
In the case of shale , on which most wor k has been done , the utilizu­
tion of the organic matter present is us high as 85-9~~ . compared 
with 35- 45% for the conventi onal distillati on process . A typical 
thermal solution process , applied to shale, is us follows . The shale 
(organic conte nt 50- 60%) is dried to moisture content of 1-3%, and 
ground to 0 . 2- 0 . 3 rom. The material is then mixed (111) with solvent 
(shale distillate of boiling r ange 220 - 370 C), heated to 415 C, a nd 
t r ansferr ed to 0. r eaction chamber, v/he r e it is maintained for 20 min 
at 425- 430 C at pressure of 20- 30 atm . The r eaction product is freed 
from gas and p r oducts boiling below 225 C, and is then filter ed to 
r emove undissolved materia l. Typjoul yields (in weight percent) a re 
gasoline (to 225 C) 20%, casin~head gasoline 0 . 3%, diesel fue l 1.5%, 
gas 4. 5%. tar 15%. Hy.:irogenation of the l a tter will y i e ld a further 
12~~ t;asoline. (Figu r e s a r c on orig ina.l shulo containing approxi mately 
50% or ganic matter. ) A pilot plant of 27 kg/hr capacity has been 
successfully operated . 

73 . D' yakovu , .i . K., " Ther mal solution, now meth od for obtuining 
ar tif iciu l fuels ," 

Petrol eum (London) 8 , 227 , 246 (1945) ; 
Bur Minos AbsCurrcnt Lit on Syn Liq Fuols , Abs 1040 , (F eb 1946 ). J _ 

This method differs from th o me t:10d of Pott und Broche , wh o studied 
the solve nt ext raction of couls unde r pressure and tl.t temper ntur e s 
be lovl tho.t; at v/hich decOr:1position begun , in that the orp; llnic por tion 
of the solid fue l und oq;oes appr eciabl e de composition. In carrying 
out the process , the solid ~r ound fu e l ( 0 . 2- S m~ in size) is mixed 
with n equnl ,wight of solvent (petr ol eum fuel oil , t a r distillates , 
hvd rogenut ed heavy oils , anthracene oil , gns oil, t etralin , etc , ) nnd 
heat ed to 380- 430 C und 30- 40 atm for 10- 30 min. Afte r completion of 
the r eaction, the mixtu r e is distilled to remove f r uct ions b9-iling 
below 220 C u'1d the r esidunl liquid is f r eed fr om undissolved sub­
stances ei th e r by centrifuging or filtering . Tho p r oducts ar e a light 
disti llate of tho gasoline typo , a heavy distillnt e f~ .. fuel oil , 
and 0. heavy extract St itv-bl e for hydror,enation, for fue l or for r oads . 
A 'vlide varie ty 0:' fuels ar e applic£..b l o but those of so.. ropelit e 
st ru ctur o ar e more ec.sily soluble than t !lOSe of hUn-liS structuro and 
high (60"/.)as h:' lOVl-c c. lorific value fuels cun be used as woll a s fuels 
of higher qn c..lity. Ono of the Ir.ost attractive raw materiels is shule , 
a good quality of V/hich v/ill under go a conversion of 85- 90% of its 
organic matter into liquid fuel using a shn l o t~r dis tillate us solvent, 
thus making the p rocess self-cont a ined . Yields of liquid fuel (percent 
on organic mutte r ) a r o stated as follows : wood 42 . 2 , lignite 71 . 1, 
pont 4.8 . 2 , nnd coo.ls 46 . 4- 69 . 6%. The properties of the r e fined ga.solino 
products a r e tabulated . 
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74 . D' yakovn , " . K., and Kard asevich , V . P ., "High- t emper ature extract ion 
and crooking of Gdovsk shale ," 

J Applied Chern (USS&E., 122- 31 (in Fr, 131) (1940) ; C l~ 34 , 8230 . 

Orga nic substo.nces of sho.l o "Nere disso l ved in mazut , anthr ac e ne oil , 
pr imary ta r and its hydrogenat i on pr oduct , "schist s olution", or in 
fractions separated f r om IIschist solutions" , by he c.ting at 400 - 430 C 
for 3 - 5 min in rot ry aut oclave . The optimum r utio of shale to 
so lvent was 50 . 50 or 60 .40 . Duri ng the thermal solution, organic 
conto nt c onvert e d Via gasoline 35-40"/0 , k er osine plus he avy materi a l 
35- 40%, gas 5-10% of tot a l organic . The heavy r e sidue (40%) c a n be 
hydroganat od to ga soline , increasing motor fue l to 75%. 

75. D'yakova , H. K., und :ie l ent ' ave. , N. V., "L iquid fue l from wood , tho 
t et r ulin proce ss , " 

.J Ap HOd Dhcm (USSR) 1 5 , 173- 81 , 237 - 48 (1 942); Che m Age 50 , 359 - 60 (1944); 
Bur Hine s Abs Curr ent Lit Syn LiS Fuels , Abs 31 , (Oct 1944 ). 

The tet r ulin proces s for t r a nsforming solid into liquid , which is bus ed 
011 the dissolution of coal in tetr alin or ph enol at high t empe r ature 
or pr oRsur e , hc.s now bee n a'[>pli ed t o wood , pent a nd similar substa nces. 
Tho total amount of th e product soluble in tetr alin, o.nd ther efor e , 
utiliz abl e a s liquid fu ol, was f ound to b e much large r t han the amount 
of liquid obt a ina b l e by distilling peet , oil sha l e , etc . 

76 . D' y a.kov a , H. K. , a nd Stopantsova , T . G., "The rma l s olut ion of combustible 
sha l es ," 

77 . 

Compt r c ndu ecad sc i URSR 26 , 342- 5 (1940) (in Eng); C A 34 , 5642 . 

Organic matte r CLi. n be compl et ely cxtra ct od fr om combustiblo shale s by 
hOLt ing for 3- 5 min at 390- 428 C f i noly- d ivided s he.le Vi i th cert a in 

ommer ci r.l s olve nts such (... s f ue l oil, a nthr a cone oi 1 :,nd r rimo. ry tars . 
Tho r esults of the oxperime nts a r c tubulat ed . Th e r e nr e obtair~ d up 
t o 4()/~ crude gasoline , 30-40/~ }:·) r os i ne t.nd h eavy bitumi n ous r os idue , 
3 - 6% wuter, und 5 -10/~ gas . From 5- 15% of the org; !J.nic matte r is lost 
i n t he minor al r e s i duo . The so l v ent is in most cuses c on~letely or 
n a r ly com l et oly r ego ne r~ted . 

D' yak ovn , t· .K., ::I nd Step ntsova , T. G., 1!High - tempe r uture extract ion 
a nd cra cking of comblls ibl e shal e . II . The River Volgo. shele of 
"the ' Obshchii Sy r t ' 'ep os i t , " 

J ~ pli ed Chem (USSR) 13 , 1045 - 52 ( i n Fr , 1052 ) (1940) ; ~A~ 2307 . 

A p r ,..)viously doscr ibed .othod VlO.S use d for the high- t er.lp or at u r e 
oxt r a cti on rmd c r ackin6 of tho sh l e . He a t ing t he mixtur e of s ho. l e 
and so l ve nt (Ishimbaev r e siduum or c.nthrac ene oil) for 5- 10 min o.t 
390 C dissolved 75 -8 0;~ of t he or ~ r nic substo.nce of the shul o u nd 10 - 151-
of th e sho.le vms t r ansforme d into g s and wat e r. In th 0 ther mo. l 
tn..l1sform t i ons (beccuse of pc.r t i a l cc ompos i ti on) .3 5- 40% of the 
or go.nic substances Vie r .::: made i :Jto a~oline , 30- 40% i nto ker osine and 
o.sph(l ltic- like r e sidue . G:. sol ine: nd 1~c rosino huve t o b e c c. r c fully 
r e ctifi .::: d , '1h il~ the us,.-,huli.. - liko r os idue co ld be us e d i n r o d - bui1ding . 
The mot h od IUS much b etter t.h n othe r known !:letho"s fo r this shale . 
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78. D'yakova, M.K., aD:1'i"sltroIll u., "The~'1 solution of Sadkl asphal ti tes 
aa a method of preparation of artific' 81 liquid fuel, II < 

Bull aoad soi URSa Class8 soi teoh 1944, 740-4; 
UOP Surv~y Foreign Pet Lit, Trars 585, (Mar 8, 1946). 

Laboratory batoh experiments of thermal ~olution of Sadki asphaltite 
in solve~s oonsisting of petroleum s olar oil, of the 250-360 C 
fraction of the produots of dry distillation of Sadki asphaltite or 
the latter sohent after reolaiming, shoNed that under optimum condi­
tion6, i.e •• 430-440 C, duration of 15-30 min, pressure of 25-30 atm 
and weight ratio of 1.1 solvent and asphaltite, 30% crude gasoline 
with 230 C end point, up to 5610 coke. and 8-1010 gas can be obtainerl 
by this method. 

79. Hampton, Wm. H •• "Digestion of bituminous shale. e .... o," 
U S 1,70 '~,759 (April 2, 1929); c A 23, 2567. 

Solid material such as bituminous shale is mixed with mineral oil 
within the kerosine range and d ie.;ested at Ii temperatu~'e :mfficiently 
high to liquefy bituminous substa~es present and under sufficient 
pressure substantially to retard vaporiza tion of the kerosine an& 
heavier fractions. Volatilized products are cond\\cted away and 
recovered, and solid material is separated from the residue of the 
digested mixture. An ap paratus i s des~ribed. 

80. Johnsoc, J.Y •• (to I G Farbenindustrie . A-G), "Oils from Shales, 
coals, destructi ve-hydro~enat ion r es idues , etc," 

Brit 312/383 (Feb 22, 1928 ); C A 24, 955. 

The material whilo l:ot is ex".;rllcted with organic solITents having 
great solv~nt power for the oils present when hot but little solvent 
power for them when cold, and the oil solution is separated and the 
oil recovered by cooling or other suitable method. Various details 
and examples and a n arrangement of apparatus are described. 

B. Vap nrizat ion of the oil and subsequent carbonization 
of the res idue. 

81. Egloff, G., (to UOP). "Process for treating bit uminous mo.terials 
and hydrocarbon oils,1I 

U S 1,954,~ (Apr 17, 1947). 

A process in w!1 ich a finely divided s olid bituminous material is 
mixed with a solve nt for bitumen, the latter being not subjact to 
cracking at the conditions of pressure und temperuture obtained in 
the proces~, heating this mixt ure in a r estricted strewn under 
pressure to such a temperature tho.t, when combined with a heavy 
hydrooarbon oil in a reo.ction chamber, and mo.intnining the tempero.­
ture, cracking of the heavy oil and the mixture take place. The 
vapors are separated and conden; ed. 
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82. Fisher, A., (to UOP), "Pyrolytic oonversion and Ol)k.'. '<lg of f : ne ly 
divided bituminous material and hydroco.l'bon oil," 

U S 2,073,367 (Har 9, 1937); C h 31, 3246. 

A prooess for treating materials su~h ns ooal, peat, lignite or oi~ 
shale comprises ad,j ing the solid material to the oil, subjeoting 
tho mixture to cOllversion tempe ratures under subs tantially noncoki~ 
conditions, introducing the heated products i nto a coking zone, 
whore the residue is coked in a r e latively thin l ayer en u highly 
heated surfo.ce, subjeoting tho v&pors from the coking ~one to 
fro.ctionation, eto. Recyoling a frnction for mix :"ng with solid 
materio.l, and n heavy fraction direct to coking zone. Finely 
divided materiul is mixed with any hydrocarbon oil " preheated in 
coils at 100-800 psi to 850-1050 F, coked in coking chamber a t 
sub-atmospheric pressure a nd initia lly 900-1200 F, finally 1600 F. 

83. Gotting, H.E., (to J.N. Browne), "Improved process a nd apparatus 
for tho r e covery of oil a nd spirit from shale, coal, emd the like," 

Austr~lia 16,029/34 (July 4, 1935). 

Soe Brit 448,279, H. E . Gotting o. nd J . H. Browne . 

84. Gotting, H.E., "Shale oi l a nd spirit r ecovery," 
Can 360,873 (Sept 29, 1936). 

Sec ~ 448,279, H.E. Gotting u nd J . H. Brovme. 

85. Gotting, H.E., a nd Browne, J.~'i ., "Proc ess ani uppo. r utus for r e covering 
oil f rom sho.les, etc ," 

Brit 448,279 (June 5, 1936); C A 30 , 7326 . 

Hydroc arbon oils boiling belovi 450 F ur e obtained from shale, coal, 
etc , by dist illing und er a s e lf-gonerated pressure of at l eust 25 
psi in 0. r etort providod with u r eflux co lumn in which t ho h eavi e r 
fr uctions ur e condonsed o.nd r eturned to the r eto rt where they ure 
cro. eked . The lig:lter fro.ctio '1S as s to an :: i r- c ooled c onde nser f).,ld 
rece i v e l' vlhe re the condens ... t e is collect ed unde r pre ssure . g as e s 
passiTlf; off t h rough El v a lve t o a scrub'ue r and h older. 

6. ilImd , A.L., (t o TJ'O? ), "Cruckin~; caul und oi l ;ni x t ur e s ," 
I~ rit 40.9.l 9§.g. (Au~ 29 , 1933). 

!Kixtu~'e s of :'ifle l~r aivi od s o l i c a rb onac e ous r.iut or iul Hnd hy J ro­
c a r b Ol oil nr e crucl~od c. ' ld coked b, ' s ub jectin c.; the ;:l ixtur e t. 
c O'1ve rs ion t e T"1;:Je r atl',r e s and iut r oduc in:s t he hei ,t ed ~r oducts i nto 0. 

cok i l1-:; zona whc r G t '1oy L. r a St)'') ul' ute LltO r esidues u:!'ld vup ors which 
a r c f r o.ct i ono.t 'Jd to ~r oduc e 0. ] i-;h t ciist ill ::..t e vlh ile tho r os i uue s 
r,r e c01:00 i n t :l i n l U','o rs on a hit;hl y itcut ed s urfa ce . Conve rsion i s 
obt ainea l)y pUr:lpin :~ tile n i xt r e t l r ou --;h cO l ls ;10ut cd to 4- 5U- 480 C. 
'i'he c ok i n.;; OV3n5 Cl r e p r .:; fe r ub l : r ;,::.. int ui :1ed un ' r ut :nospheric or sub-
t';iOs ~heric pr essu r e . ~!() Cl nS arc de scr i bod for i' r uctiC'n:::.tinr, t he oils 

ar: r e t ur n i ;' t he heavy fr o. ct i on t o the s yst e m, 
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87. ~iorrell, J.e., (to UOP), "Treutment f)f hydrocc.rbon oils nnd conl," 
~~72,944 (Sopt 11, 1934). 

A suspen~ion of c fine ly hided solid bituminous mnterial in a hydro­
z rbon oil is passed through a h eating coil wherein the mixture is 
heated to n relatively mild conversion temperature (800-900 F) 
inslfficient to cnuso substantio.l coke deposition in the coils, the 
recommonded pressure being in r c,nge of 0-500 psi. The mixturo is 
discharged. directl.' into h cokin~ cho.r.1bor which is mo.intained o.t n 
r educ ed pressure rel tivo to the coil (0-100 psi) nnd the vnpors 
fro.ction~tod. The hoo.vy oil is r e~~rnod to tho beginning of the 
proce~s. A middle oil is hented t o a higher tempero.ture (900-1050 F) 
r.nd pressure (100-800 psi) nnd reintroduced inte the coking chnmbor 
to a id in c[ rbonizction end devolntilization of tho contents of tho 
chnmber. 

88. Streve ns, J.L., nnd ~~itford, ~f . B " "1.1nteri o.ls for mo.king coke," 
Br it 107,360 (Ju l y 9, 1932). 

Smokel e ss fu el is ll'.ude by cokin~ u suspension of coul , torbanite or 
shnle in minernl or conl oils, the suspe nsion being prepnr ed by 
agi tuting the selid (ground so as t n pus s u 200 mesh I M M sieve) 
with the oil r.nu up to 5/~ of a non- uqueou s wetting or peptiz ing 
o.gent, c.nd digvsting in c, closed vesse l a t 300-370 C und pressure 
up to 50 atm. 

89. V[oidich, F,S., "Simultane ous treatme nt of c rude petrolvums or tho 
like and bituminous c oals or tho like ," 

U S 1,955,041 (Apr 17, 1934) . 

A process for tho simultl'.neous distill c.tion of liquid und solid 
hydroccrbons of the t ype of mine r nl oil nnd coo. l, consisting of 
forming nn emulsion of the coul -du~t a nd oil , pr eheat ing the 
emu lsion with nr, itr.tion, t hen Gr adually hecting unde r pressure hot 
e nough to vol r.tilize the most volatil e constituents when the pr essur e 
is .r eduoed, seporatin the most vo). C'.tile constituents ut reduced 
pr e ssure, then h eating nt g ro.duo.lly inc r 0nsing tempero.tures with 
s epo. rcl; ien of' the v o.pors. An appar o.tus is described. 

C. The us e of cr,t nlysts to aid the e xtraction, 
but \nthout hydrogenntion. 

90. Ho.e.s e , A., "A process nnd e quipment fer the trec.tment of bituminous 
sho.le s, espec i c.lly peor bitumineus shales ," 

Fr 860,127 (Jan 7, 1941) . 

Pulverized bituminous sh les u r e mixe d i nto 0. p aste vii th heavy oil 
nnd the paste is heat od in bctches in 0. spec i ul r etort unde r pressure 
to c. tempe r ntul o of 600 C. The charge is h oc.t e d by e l ectricity, tho 
hout ing c l ements trnvers o the masS und nr e me.de of !Ii alloy for its 
co.to.lytic effect . A movo.ble pis ton in the top of the r oto rt is usod 
to apply a nd to control pressure in tho vossel. 
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~n. I G Farbenindustrie A-G, "OrGa nic compounds from conl, tnr, etc," 
Fr 647,742 (Dec 16, 1927); C A 23, 2557. 

Organic compounds of great -;falue are obtainod from troatmont of coal, 
tar, wood, bituminous schists, otc, with hydrocarbons of high boiling 
point or high molecular weight or thei r dorivati vas bolow tho coking 
tomporatures of tho hydrocarbons cmd at high prossure, cnd if nocossnry 
vlith addition of go.ses, with tho cxc0pt ion of H2 • in appr oc iable 
amounts, and c utalysts. Tho products mtLy bo uso d for the production 
of lubricating oils, diosel oils, or motor oils. 

92. I G Fo.rbenindustrio A-G, "Oils," 
Brit 282,691 (Do c 21, 1927 ). 

:iquid or liquefiable products nrc obta ined fro~ s e lid carbonacovus 
mc.torials such a s coul, brown coal, r e siduos of coal from which 
bitumen hcs boon extractod, bituminous shalos, peut, wood, etc, by 
h0nt in~ them under rressur o of 10-1000 atm with high boiling hydro­
co.rbons or the ir derivuti V GS conto.ining no constituent 'which boi Is 
below 300 C, such L S c.nthrnconc oil, mino r o. l or tnT oils, or the ir 
distillation products, or products obt~inod by cracking, destructivo 
hydrog ent.tion, otc , or s?nthetic tigh boil ing products obtained from 
H2 and oxides of C or products from t h e proc ess. Th o treo.tment muy 
bo carriod out in tho pr e sence of gnsos c l-ntr..ining N2 , CO2 , OJ' CO, but 
substantinlly n o H , and of cut c.lytic substa nces sucfi as sulfidos 
• nd nlkdi or t.lkr.fi no oarth raet c.ls, or other sUDstances having un 
a lkc.15.no roa ct ion . Subs t u:lCOS having r. distributive or thormocon­
ductiv e r oaction may b e a dded. Tempor:;.tures nbovo 250 C but not 
oxceeding t h o coking t empen.tur e of tho oil nr e used. Tho proc~ss 
may bo oc.rriod out by p[".ssing the mixture through n h oatod coil or 
a v esso l provide d with sti rrors, or the oil may bo pnssod through 
vessols contn ini ng tho solid subst~ncos. Tho product is separuted 
by c~ntrifuging or OthOl .Henns . Tho r e siduc,l con1 is eas ily ignitod, 
l'oadily c.bso rbs gns o s nnd mny be t r o.nsformed into liquid products by 
trontmont with HZ unde r pr e ssur o. Th o liquid products nrc worked up 
to for m lub .. icnt1ng oils. dios e l or othe r fuol oil, etc. 

9~. I G Fnrbcnindust rie .b.-G, lI P r e ssure 0xtrc~ction of coal, pout, 
bituminous shal e , e tc,ll 

Go r 711,380 (Aug 28, 1941); C A 37 , 4230. 

Th e e xtra ct i on is ca t a lyz ed by fine ly divided h e avy metals or tl-cir 
oxide s or sulfides of el ~~e nts of groups ~V-V1II of t he periodio 
tuble. These o.re u~ed to~cthcr with minorc.l ccids, ~c.rboxylic a cidl), 
or h 10E;eI'..5. 

94. I G Fnrbenindustrie A-G, "Ext r act ion of ~oal, poc.t, bituminous sho.le, 
etc ," 

Ge r 711,711 (Sept 4, 1941 ); C A 37,4231. 

Oxides of groups IV-VIII of the periodic table or heavy metal sulfidos 
arc us ed ns cntnlysts for ext r a cting these substances. These catC\lysts 
ur c used togethe r with vola tile S compounds, howevo r, the ru !fides mo.y 
be us ed without the volatile compounds. 
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95. I G Fo.rbenindustrie A-G, "Extra.ction of coa.l. etc." 
Ger 711,712 (Sept 4, 1941); c A 37, 4230. 

Mo, Vi or V hc.lides are l.;sed to co.tc.1ize the pre3sure extra.ction of 
conI, peat, bituminous sho.le und simllr.r substances. 

96. I G Fnrbenindustrie A-G, "Cnto.lyst for extrncting coul, peut. 
bituminous shule, etc," 

Ger 714,909 (Nov 20, 1941); C A 38, 2190. 

Org enic h0.10gen canpounds ure used c s cat alysts for these reo.ctions . 

97. I G Fa.rbenindustrie A-G, "Extraction of conI (nnd sho.le)," 
Ger 719,536 (Mar 12, 1942); C A 37, 1850. 

So.lts of metals of the Fe g roup, e.g ., Fe203 or Ni(N03)2 ' ure used 
us catalvsts for pressure extr~ction of conl, pe ct, bltuminous shale; 
etc, in the presence of alkaline-reacting substanoes. 

98. Johnson, G. l ., (t ·.) I G Furbenindustrie A-o),"Extructing sol~d 
cnrbonnceous ~o.terials with solvents ," 

Brit 466 ,336 (Feb 8 , 1936 ) 

The pressure extraction of solid ca rbonaceous materiuls is cnrried 
out in the presence of cnt a lysts c omprising met ' l R of the Fe group 
or their compounds tOGether with alka line substances. The me tals 
ure preferably used i n n finely divided stnte . Oxides of Ni or Fe 
or Ni nitrute may be used to~ether with ccustic soda or potnsh 
solutions or milk of lime . Solvents used comprise benzines, middle 
oils, t ars, cyclic org~nic compounds, e .g., tetrahydronuphthn1eno . 
The extraction is curried out Lt 200-500 C nnd 20- 200 atm. Finely 
ground pec.t is dried (:nd mixed with milk of lime nnd nickel nitre.te 
nnd an equal qunntity of middl e oil obtained by destructive hydrogenu­
tion. The mixture is heat ed for 3 hr . c.t 380 C under 90 utm pres sure , 
88;~ of the: pont is extracted. In c. s imila r tre r. tment brown conl is 
impregnated with solutions of ccustic sol a. and ferric chloride. 

99. J ohna on, G.vr., (to I G Fa rbonindustrio A-G), "Pre~sure extrncti on 
of sol.id c(~rbon ceous substances," 

~rit 469,914 (Aug 5, 1937); C A 32, 1076. 

The pressure extraction of coal, peut, bituminous ~hales , etc , in 
presence of solvents is conducted in pr3sence of cnt nlysts com­
prising hoavy met uls (s pecific gravity of 5 or more) or their 
compounds plus ~cids or subst noes thnt split off a cids undor the 
reaction conditions. Tho matorin1s may be proheated with the acids 
and thon extracted in tho prese nce of the metnls or their compounds. 
Metals apecified ure Sn, Pb, Ge , Fe , Ni, Co, Zn, V, Cr, Mo , W, Ti, 
c.nd _m, and compounds nr e oxides, sulfide s, s Its, ha lides or orgc.nic 
compounds, e.g. , oxul c.tes . Organic or inorganic Ilcids may be used. 
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Wetting agonts, e.g., s nIts of sulfonic ncids, nd volntile S com­
pounds, e . g ., H2S, CS2 , nr:d (:ffi~).~S . may als o be c.dded. As o.n 
example, go.s c or...l is impregna.teo. ..... 'ith n solution of Sn oxalD.te in 

(COCNR4 ) scbtion r.'1d nixed with n equnl (.mount of tetrnh;\,dro" 
no.phthr ~ e:l~ exl the n;.Jf·;~ l.lra j.3 heated to 400 C for 3 hr under 85 
atm pro 8 sur ~ i n pr ~ G~ce of 1% NH401A 

100. Johnson) J."f., (to I G?a benindustrie A-G), lIPressure and chemical 
dec Jl'rucr; l tiol! of coals , oil.-shales and other carbonaceous sol ids," 
~2.li .,~~~ (dar 1, 1928); 0 A 24, 714. 

Tel'lperatures above 21)0 C e.l;1 pressure of preferably over 30 attn are 
used i ~ the treatnent of coal, oil shales , e t c, with solvents in 
the presf.j;~ct) of haloGens, hydrogen halide;; , or compounds which set 
free the halog~n or halide~ Numerous details and modifications of 
procednre a re gi van. 

101. Krauch , C., Pier, ., and Anthes , E., (to I G Farbenindustrie A-G), 
"Extractint; otls such as lubricating oils from materials such as 
coal or shale ," 

U S 1,904 ,477 (Apr 18, 1933); 0 A 27 , 3599 . 

Solid, non- llsphfJ.ltic pyrobi tu:n.inous material such as brown conl is 
paGsed through a reaction zone while trented with a hydroco.rbon 
liquid, the l"le.jor constituents of which boil between 100 und 300 0, 
and under a pressure of at le ~ll;t 75 atm until at least 50% of the 
oil conto.ined in the initihl c.to.te rial is extructed f rom it, but only 
for so long that substuntially no low-boiling hydrocarbons nre 
pr oduced (tho hydrocnrbon liqu~d be ing kopt in liquid s tnte during 
process), and the liquid extract is sepnrated fram the solid r es idue. 
A catalyst muy be used , consisting of un ulknli or alkaline earth 
sulfide. Apparntus described. 

102. i"Tinkler , K.,undWissel, K., (to I G Fo::-benindustrie A-G), "C onve raio' l 
of carbonuoeous solids into y uluabl.e liquid products," 

U S 1 , 904 , 586 (Apr 18, 1933). 

Solid bi twninous r1o.t e ri als are treated with a liquid hydrocarbon, 
which c.ontains no mater ial boiling below 300 C, ut t emper tures 
higher than 250 0 und prossures greater thun 10 atm, until at least 
5510 of tho solid is extracted . Catalysts ~~y or may not be usod. 
These 0atu1ysts are sulfides of the alkali fi nd o.lkaline. earth motals. 

D. Hydroge nation of the mixtu r e . 

103. Berl, E., " Obtaining extr acts from oil sha l e ," 
Ger 411,540 (Mar 31, lS25); Oil Shale , Literaturo ani Patent Surv~, 
The TOXUSCo (1948). 

The ;natorial is flxtracted with hydrogenated naphthalene, especio,lly 
tetr nhy<:! ronaphthalene , at hie;t. te I pe atur e and pressure . In o.n 
example , oil shale gnve an ext ract yield of 19.910 on treating with 
tetrnlin at 250 0, 0 .9% at 100 C, and 2% with benzene at 240 C. 
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104. Egloff, G., (to UOP) , "Treatment of hydrooarbons," 
~,091,354 (Aug 31, 1937). 

105. 

1. A prooess for reo overing hydrooarbon liquids of motor f uel-like 
character from hydrocarbon-containing solids and liquids, comprising 
mixing with a relatively heavy hydrocarbon liquid suitcble proportions 
of a finely comminuted hydrocarbon-containing solid to form a free­
flowing fluid mixture, subjecting the mixture to a cracking tempera­
turt) while flowing in a stream through a heating zone, discharging 
the heated mixture into an elongated rotary ooking zone, introducing 
H2 to tl.e mixture in the ooking zone, keeping the mixture and the H2 
a~ conversion temperature for needed time to complete conversion, 
coking the mixture, fraotionating the vapors and recycling the heavy 
oil. 

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

Lubricating oils and other high-boiling hydrocarbons are obtained by 
extraoting coal, shale or othe r solid car b onaceous material with an 
organic solvent and reducing the extracted matter under such oondi­
tions that little decomposition i nto lower boiling products takes 
place; e.g., a paste of brown coal and a 300-350 C oil obtained by 
destructuve hydrogenation of coal is forced throu~h a reaction 
vessel at about 200 atm and 380-400 C until about 6010 of the coal 
is dissolved Lnd the entire mass is pas sed over a Ho-Zn catulyst 
at 200 atm and about 400 C in presence of H2; a condensate containing 
about 25% luoricating oil is thus obtained. Other examples are also 
given. 

106. I G Farbenindustrie A-G, "Hydrocarbons," 
Fr 675,073 (H<.y 1 5 , 1929); C A 24 , 28 74. 

l07~ 

Hydrocarbons of high boiling point , particularly l ubricuting Oils, 
are mude by treating coal, lignite, schist, peat, etc, by solvents 
under pressure and tre::..ting tho extracted products with H2 o.t 0. 

higher tempero.ture but not suffi ciently high to caus e un appreciable 
dissociation. 

I G Farb onindustri e A-G, (as s ignee of 1. Pier), "High boiling point 
hydr oca.r bons , " 

~tra.li~ 19,771/29 (April 29, 1929) . 

See Brit 31~~ und F'r 675,073. 
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108. I G Farbenindustrie A-G, "Hard and soft parn.ffins," 
Gar 709,022 (June 26, 1941); C A 37, 3929. 

Coal, slate or other bituminous substanoes are extracted with 
suitable solvents at elevated temperatures below 800 C a nd under 
pressure. The ex~raction continues only until the bitumen is 
diJsolved but not the asphaltic nor phonolic constituents nor 
the humic ucids . The extracts ore hydrogenated at below 300 C 
with fixed cC'.tc.lysts or above 300 C with c. finely divided catalyst. 
Tho hydrogenation 1s in the liquid phaso nnd cracking is avoidod. 

109. InterJ1('.tiono.l Hydrogenation Patents Co, Ltd, "Bi tuminou8 solid 
carbona ceous material extraction," 

Australia 105,039 (Jan 5, 1938). 

To extract bituminous solid carbonaceous mo.terials under pressure 
and at elevated temp er C\turcs for soluble produots, a fraction 
boiling betwoen 170 and 260 C of the products resulting from the 
dastructive hydrogenation of a previous extract and contnining 
an amount of cr0s01s betweon 5 and 4~/o by weight is made into a 
paste with the carbonaceous mat or ia1s ('."'Xl subjected to nn 
oxtrc.ction process at a tempe r~ture of between 250 and '70 C 
at a pressure ef 50-300 atm . Tho r osu1tc.nt extraction agent , 
extract , cnd pasting oil nr e subj ected to destructive hydrogena­
tion ut from 250-600 C c.nd 200-1000 o.tm in the presence of a 
metnl of groups V to VIII , of tho ,?eriodic tablo, especially 
fino1y divided iron or compounds f iron to regenerato tho 
extraction agent and to hydrogeIl..".to the pressure oxtract . 

110. Intornationa1 HydroGenc~tion PC\tonts Co, Ltd, "Dostru~tive hydro­
genation, " 

Fr 833.773 (Oct 31, 1938); Fr 833 ,774; Fr 833,775; C A 33, 3366. 

Pastes of carbo~ceous mC\teria1s mixe d vrith middle oil and mud 
from n provious operation er o hydrogenc.ted, tho composition of 
tho products which escape us gcs nd vapor from the r enction 
space or c neighboring separator being r ogulated so that tho 
products cont a in at l oast the whole of the heavy oil fr eshly 
formed in the dostructivo h)drogon~tion. The mud from tho opera­
tion is used at the sumo time as the middle oil us diluent for tho 
fresh mo.terial. In Fr 833,775, lignito, peut or schist~ arc sub­
jected to hydrogen~tion under pressuro undor moderato conditions 
along Vlith oils contnining middle oil, or ext raoted with solvonts, 
tho produot is freed from solid substances ... nd fraction boiling 
below about 325 C, fr actionctod with a selective solvent, e .g., a 
liquid aliphatic hydrocarbon. to obtain a fr o.ction rich in hydro!en 
nnd another poor in hydrogen :'o nd asphaltic . The first is hydrogeroted 
under pressuro withrut upprec iuble cracking in tho prosonce of 
cata lysts nt 250-400 C, t.nd the second is hydrogenated to produco 
gasoline and combustiole oil. 
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111. Johnson, G.V/., (to I G Farbonindustrie A-G), "Destruotive 
hydrogcnat ion, extracting oils," 

~~5.496 (nov 8, 1937). 

In the destructive hydroge nation or pr~ssure extraction of solid 
cnrbonncQou .. materials with solvents, while flowing tho renct.ing 
ma.tcrials through n towor-like ronotion vossel, from which tho 
main portioh of the products is removed into cn ~djacont hot 
sopar ator, C\ portion of tho roacti~ m.:: t ori l.ls is removed from tho 
laHor part of the reection space before tho end of the ref.ction 
end the roa.ction products. (.ftor lonvinr; tho sopa.retor, nrc frood 
from solid constituonts. Tho proooss is a.ppliceble to tho limited 
hydrogena.tion of c~rbonnceous mat~rials i r.. which a. maximum of 5% 
H2 is consumed in tho renction. 

112. Krauch, C., nnd Pier, M., (to I G Fnrbenindustrio A-G), "Conversion 
of fuel int." liquid organic prociucts ," 

Austra.lian 1217/26 (Mar 29 , 1926); U S Bureau Minos Bull 467, 194 (1948). 

A process for the convorsion of solid fuols or minor~ l oils or their 
products of distilla.t ion or oxt r action or r.llied prot t;cts . which 
consists of employing H2 under olevated prossure nnd un udded 
ca.talyst immune to sulfur poisoning :..nd hec.t. The use of va.riou8 
ca.talysts, g~.s mixtures, r. nd pressuros aro describod and claimod. 

• 113. Krauch. e., 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 ther~from with H2 at pressure above 20 atm 
and temperature of 300-700 C with solid c~~4iysts of compounds from 
the .Ag am Cu group . Suggest H2 flow rate in excess of 600 liters 
per kg of carbonaceous material. Solid materials are preferably 
treated dispersed in a liquid oil . 

114. ICrauch , C., and Pier, ~ ., (to Standard I G Co), "Conversion of 
solid fuels, etc ," 

~,890,434 (Dec 6, 1932) . 

Destructive hydrogenation of solid nnd liquid carbonaceous substanoes 
wi th H2 at pressure above 20 atm and sufficient temperatur e, in 
presence of a catalyst immune to S poisoning . 

115. Krauch, C., and Pier , M., (to Stan -ard I G Co), "Conversion of 
solid fuels, etc," 

U S 1,904,476 (Apr 18, 1933). 

Similar to U S 1,876,009, temperat ure of 300-500 C, sulfur-resisting 
catalysts, 20 atm, vessels oper ating above 300 C to be Al alloy 
lined for prevention of corrosion. 
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116. Krauch, C., and Pier, }~., (to Standard I G Co), "Conversion of 
solid fuels and products derived theref~om or other materials 
i nt o valuable liquids," 

) 

~ 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 
temperfltures of 300-700 C and pressures in excess of ~O atm. The 
catalyst that is e11Jl1oyed is tlH3 , ammoniuTll sulfide, or inorganic 
nitrides of, e.g., 81 or Ti. 

117. Krauch, C., a.nd Pier, M., (to Standard I G Co), "Conversion of 
solid fuels, etc,1I 

U S 1,931,550 (Oot 24, 1933). 

Same as U S 1,876,009, exoept that oatalyst is a solid inorganio 
nitride. .' . 

118. Krlluch, C., and Pier, 1!., (to Standard I G Co), "Conversion of 
solid fue ls, etc," 

U 8 1,983,234 (Dec 4, 1934). 

Same as U S 1,876,009, exoept that the cat alyst is a sulfide of a 
metal of Group VI. Use of catalyst in finely dispersed statej 

• suggests only 0.02% MoS as being needed .. 

119. Krauch, C., nnd Pier, H" (to Standard I C· Co), "Conversion of 
solid fuels, eto," 

U S 1,994,075 (Mar J.2, 1935). 

Same as U S 1,876,009, exoept that the cnto.l~rst is a henvy metal 
sulfide as sooiated with a substance seleoted from the g roup con-

, sisting of free heavy metnls, the oxides of which are difficultly 
redur.ible , and diffiou1tly r educible metal oxide s. 

120. Krauch, C., and Pier, M., (to St andard I G Co), "Conversion of 
solid fuels, etc," 

U S 1,996,009 (K.l. r 26 , 1935). 

Sume as U S 1,876,009, exc ept that the catnlyst is tho oxide of a 
metal of Group IV. 

121. Kr auch, Co, and Pie r, ~ ., (to Standard I G Co) , "Conversion of 
solid fuels, eto," 

U S 2, 005,192 (June 18 , 1935). 

S~e as U S 1,876,009, exc ept that the catalyst contains uranium. 
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122. Krnuch, C., and Pier, t1 ., (to Standa.rd I G Co), "Conv:Jrsion of 
solid fuels, etc ," 

U S 2,006,996 ( July 2 , 1935). 

Sume us U S 1,876,009, except that the c ntdyst consists of a he,a.vy 
metul sulfide mixed with u substance from the group consisting of 
ZnO, ZnCO:5' A1203 , NgO, Co.C03 , c,nd MnC03 • 

123. Pier, H., (to Sta nda rd I G Co), "Produotion of valuable liquid 
products from solid distillable ca rbona ce ous mntorials by 
destructi vo hydrogenc.t ion," 

124. 

U S 1, 920 , 88 7 (Aug 1, 1933) . 

Destnlctiv0 hydrogenation of s olid distillable carbonnceous materi a ls 
ut 300-600 e a m c.t least 20 E.tm pressure. with H2 , a m with or 
without S-r e sistant cc.talysts, under conditions for minimum production 
of benzines. The ben~ines ur e removed~ und the h igh-boiling oils~ 
with the a s phalt in emuls ified form, o.re extra cted with an orgunic 
solvent tha t does not p r e cipitut e uspho.l t . 

Pie r, H., (to St o.ndnrd I G Co), "Produ cti on of hydrocarbons of 
high boiling point r o.ngo ," 

U S 1,988 ,019 (Jo.n 15, 1935). 

1. . A process for p roduc ing lubricnting oils which comprises subjecting 
solid pyrobituminous mo.t e r io.l t o n oxtro.::tion at 0. temporature below 
400 C c nd o.t un el ev ated pr essur e with un orgunic liquid having 
subs tuntiully tho Sl~O solvent act ion on the initio. l mo.terio.l us 
benzeno h e,s o.t 0. tcmpor utur e below 400 e for such 0. time o.s to 
e ff ect 0. substantial extruction of soluble constituents und the n 
subj ecting t he extruct to hyd r ogel'1.'\tion ut t ompe r ature bolm ... 400 C 
o.nd e l ev ut od p r essure for such u time us to so.turo.to the co~stituents 
without upp r eciuble formo.tion of low boiling prod1' ,ts o 

125 . Pier, U., and Kroe nig, n., (to Stnnda rd I G Co), "D estructive 
l:ydrogeno.t ion, " 
~ 1,984,596 (Dec 18 , 1934). 

I yd rogonution of d i st ill ab 10 c<lr bonaceous mr.. t ori a l ut 300-600 e, 
with H2 p r essur e , s e~)(.r ntion of b enzine and middle oil, nnd hydro­
genati on of r os idue agui n ,~t 300-500 C without coke formation. 
First stage: 4 to 20 cu rn H2/kg carbonaceous mntcrio.l. Throughput 
of ove r 0 .5 kg initial cc(rbonaceous materiul/lite r r oaction volume 
pe r hour. Cat r.lysts I ('.mounting to 0 . 01-2 we i ght po rccnt of material 
in f irs t step Lnd 10-30 'lCight perc ent of mat ori ul in second ste p, 
may b e destructive hydrogon;.~tion type. 
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126. Potts, H.E., (to Internationn1 Hydrogenation Pute~ts Co, Ltd), 
"Puruffin, II 

Brit 450,721 (July 23, 1936); C a 31, 244. 

Paraffin is obtained by treating coul, shale or othe r bituminous 
material with such organic solvents ~d under such mild conditions 
that only waxes, resins or other bituminous meterials a r e dissolved, 
the c sphultic U1U phenolic substances and humic ac ids being 
prectically neithe r extracted nor deccmposed, {,nd hydrogonating, 
Vii thout substa nt ial crc.cking, the extruct at 20-500 dm end eith er 
below or c.b ove 300 C. The r esiduc.l coc.l, etc , mny be destructively 
hydrogonuted. The extra ction is pr eforubly carried out be low 300 C, 
ut 5-200 a tm, usually wi th 1-10 parts by weight of solvent for 
0.25-4.0 hr; it may b o in stages, e .g., with rising tomporut1.lI'os 
~nd/or pressuro nnd successive amounts of solvent. Solvonts 
specified a r e benzone, toluene, T.fhme, tetrc.hydronaphtho.lene, 
a lcohols, ethers, amyl ncetuto , a cetone, CS 2 , CEC13 and CC1

4
• 

127. Potts, H.E., (to Inte rn~tional Hydrogena tion Patents Co, Ltd), 
"Destructi ve hydroge!l['.ticn," 

Brit 498,300 (Jan 2 , 1939); C ~ 33 , 4770 . 

In destructivo hydr o~enation of solid , infusible ca rbonace ous mutcrials , 
e .g., coaL, shule or peat , to produce hydroc[~rbons of low, middle, 
and high boiling ranges, ~ ll th0 r eaction products r emuining a fter 
sepurution of gasolino and gases ure divided into pa rts of sub­
scuntially the sume composition nnd one of the purts, on which the 
pre ssure h us been rele~sod prior to or subsequent to division, is 
us ed us p asting medium for fr esh ini tinl rnuteriul while one or moro 
of the othe r purts are worked up to fuel oil, lubricuting oil or 
motor fuels . Sepn r ,·tion of the r eact ion products is pre f or ably 
conducted in hot and col d catchpots, tho sludge a nd mujor part of 
the heuvy const ituent b e ing colle cted in the hot cutchpot while 
the g c.soline a nd pa rt of the middle and houvy oil is collected in 
tho cold catchpot. The ga soline is distilled off a nd the middlo 
und heavy oil n:ixed with the s ludgo withdrawn fr om the hot c utchpot. 
Pr. rt of the sludge may be r ecycled to tho rec.ction chamber. The 
mixture is th')n divided into parts of the s ome ccmposit ion, one of 
Y/hieh is used t . S the pusting medium, while the othe r(s) is ( u re) 
fre ed from solid constituent by centrifuginS und used directly a s 
fue l oi 1. Pre f e r ably , hO\,l()vc r, the materials ur e further 'worked 
up by limited hydro[,o n~tion to obtain nn improve d fuel oil or diosol 
oil nd gasol ine. Hyd rogenations t: r e condu cted u p to 700 atm, known 
c at ,~lysts, limited H2 , so only 2- 4% H2 is used. 
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128. Potts, H~ E., (to International H:rdrog enation Patents Co, Ltd), 
"Destructive hydrogenation of carbonaceous materials; diesel fuels," 
~ 500,282 U~ay 6, 1937). 

Diesel fuel is made by suejecting solid or liquid carbonaceous 
materials to destructive hydrogeuation in the liquid phase, separating 
from the product gasoline, middle oil and heavy oil. The hydrogena­
tion is carried out at 300-550 C and above 2,) atm, preferably 200-750 
atm, in the presence of catalysts consisting of elements of Group VI 
or c ompounds thereof or of Fe, Zn, or Sn. Sulfuric acid halogens 
or H halides or compounds formi ng these may be present, e.g., 
ammonium chloride, CC14 or CRC1

3
• Liddle oil is further hydrogenated. 

129. Szes zich, L. von, (to Deutsche Gold-und-Silber-Scheideanstalt), 
"Destructi ve hydrogenati on of carbonaceous materials," 

130. 

131. 

U S 1,946,341 (Feb 6, 1934). 

Hyd ro::;enation of a mixture of two carbonaceous materials containing 
high and low quantities of S, res pectively, at 350-600 C and pressure 
above 100 atm with H2 in presence of a cat alyst inc luding ll. metal 
from Fe, Ni, and Co f:,l" oup. The continuou s presence of H2S in the 
p.'ocess increases the activity of the catalyst. 

Vp.rga, J., (to Deutsche Gol d-und-Silber-Sche idce.nstalt), "Process 
for the destructive hydrogenation of carbonaceous substances," 

U S 1,852,988 (Apr 5, 1932). 

The method of destructive hydrogenation of carbonaceous substancos 
which cO:'1sists of s4bj ecting the substancos to temperatures of 
250-700 C and ?ressure of 100-500 atm and treating the substances in 
the prosonce of Ho catalyst and H2~ wi t~, II , s~ that H S is continu­
ously present in optimum amounts 01' 1-6;'0 b~ wel.g:ht of the carbonacoous 
substance, so that t ho action of the 110 catalyst is improved ovor the 
action of ~ 0 catalysts , including HoS, when usod alone J thoro being 
continuously proscnt a quantity of H2 in minimum amount twice the 
quantity needed for dest ructive h~rdrogeTl£i.tion. 

Varga, J., (to Deuts che Gold-und -Silbc r-Schoideanstal t), "}'rocoss 
for th:> destructive hydro~onat iC'n of carbonacoous substo.nccs," 

U S 1,894,926 (Jan 17, 1933). 

Sarno a s U S 1,852,988 , oxcept tho.t vr catalysts o.ro used instead of 
Mo catalysts. 

V. ' ' iscellunoous procoss es. 

132. l<'is her, A., (to UOP), "Proc ess of t r e:..t:!.ng hyd rocarbon oil and 
bituminous materials," 

~~-.!:. 010 ,357 (Aug 6, 1935). 

1. A procoss for treating a subst£..ntially solid comminuted pyro­
biturr.on, which consists of mixing said PJTobitumon with an emulsion 
of wat~r and oil containing ZnC12 and an emulsifying uGont, and then 
subjecting such mixturo to temIC r ature sufficient to decomposo the 
sumo and produce rolati voly low boiling hyd rocurbons. 
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l33. Hotmann, F., nnd WUlff, e., (to I G Fc.rbenindultrie A-G), "Oil from 
shale, etc," 

Brit 283,159 (Jan 5, 1927), C A 22, 3985. 

LiqUid 802 (with or without admixturo of benzone or othor solvents) 
is used for oxtraoting 011 from shale or similar materials such as 
rosiduos fram tho dostruotive hydrogenation of coal. 

134. I G Fo.rbonindustrie A-G, "De-ashing liquid nnd somisolid hydrogenation 
nnd oxtraction products of ooal, oil shale, and peat," 

Ger 722,406 (May 28, 1942); C A 37, 5224. 

~heso products are treated with CO2 or (NH4)2C03 in the presonoe of 
wat~r nt an elevated temp~ratur~ and undor prossuro. The ash is 
theroby convertod to 0. coarse aggrogate which is subsequently 
removed by m.'Jchanico.l monns. 

135. Intornational Hydrogenation Patents Co, Ltd, "Hydrogenating bitumlnous 
materials, n 

Fr 827,600 (Apr 28, 1938); C A 32, 8749. 

Bitunrl.nous coals, purticu1o.rly lignites nnd coals of recent formatio~ 
ns well ns petroleum schists, peat, wood, etc, are subjected to 0. 

prelimino.~J extraction with, e.g., benzene, under moderate conditions. 
The residue from this extraction is subjected to a more vigorous 
extraction, e.g., with deca- or tetrahydronaphthalene or hydrogenated 
o.nthracenIJ at above 300 C and at 150 kg/sq cm. Tho product fram tho 
second extraction is hydrogono.tod to obtain gasoline, middle oil, 
and hellvy oil. 

136. Nast, H., (to Borgbauunternehmung "Corona," G.m.b.h.), "Extracting 
bituminous coal and shale," 

Ger 541,829 (Dec 7, 1928); C A 26, 2579. 

Small amounts of hydrogenated cyclic hydrocarbons or their derivatives 
or amine s or e. so 1ut i on of NH4 OR or a. mixtu:, e of the s e is added to 
the extracting agent , e.g., C6H

6
• Thus , cruc. e 1ign5.te is extra.oted 

with C6H6 containing If. cycloFiexc.no~. , at 95 C. The :rield is 12,,4% 
bitumen against 10 , 2% by benzene alone~ 

137. Pie ... , M., and J neckh, VI .. , (to I G Farbenindustr::'e .A-G), "Removing 
SJlids from Oi '~S ,ll 

GeE.. 7l2 J 2l£ (Sept 18, 1941); C A 37 ,4553. 

The oils are first centrifu~ed, then filt~re~. to remove solids 
p:'oduced by distillation, extraction 01' hydrogenat ion of coal, peat, 
s 'lale, eto. 
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138. Pie r, M., Kroenig, Vi .. , and Jae ckh, 'i'., (to Hm.E . Currie) . "Horking 
up liquefaction products of c oal s, shales or p eat r -

U. S 2,223,184 ( Nov 26, 1940); C A 34 , 1971_ 

A process employed involves 6xtracting'mineral coals," brown co~ls, 
sha l e s or peat with a solvent such as tetrahydronaphthalene contain­
ing 1010 naphthalene at temperat ures above 370 C to dissolve both 
as phal t ic a nd waxy const i tuents, sepa r a ting the undissolved portion 
from the resulting solution, -emoving at lea st 0. portion of the 
so lvent from the solution. then slowly chilling the remainder 
s olution of a sphaltic and waxy oonstitue nts to 0. temperature 
sufficient to cause separ ~tion of the asphaltic constituent as a 
relatively heavier luyer frrnn 0. r e latively lighter liquid wax 
l ayer and mechunicully sepurating the two layers, 

139 . Say e r, Vim. F.; "Extracting 00 0.1 or oil shule," 
Cun 444,408 (Oct 7, 1947); C a 42; 2420. 

Coal, l ignit~ , shale, eto, u r e dig ested in No.OH s olution, the 
soluble ucids ur e romoved, the r e sidue is dried, und the oily 
constituents ure extr o.cted from t he r esidue by solvents ~onsisting 
of one or more ucids, suoh us p ropionic, butyric, isobutyric, 
2-ethyl butyric, va leric, or i sova l oric und a n orgo.nic liquid" 
having a mole cular weight of 85-400 ; e. g ., phenol 4 2-6510 a nd 
ethylbut yric a cid 59-35% by v olume cons titute the solvent. 

140 . Ulke, T., "Li quid hydroca. rbons from peat," 
U S 1,445,423 (Fe b 13, 1923); C A 17, 1 543. 

Poat is hydrogenat e d with Nu f ormate under a pre ssure of about 100 
utm at a temp~ ratur e of a bout 400 C. NaOH in solid form und CO ure 
obtai ned f rom t h e pr oduct s and ur e used t o r egene rc.te l,u formate 
f or tre ati ng n new charge of peat . Tho liquid hydrogenation products 
formed from t he peat or o sepf'.r ...ttod. Oil sha l e , lignite , coal, and 
s awdust mQ~' be simil ur ly t r e:1ted" 

VI. Ri"j.10 rts of expe riment".l investigations. 

141. 1erl, E., t'. nd ~ 'J \ .r, i. d ; H., "Ext r . ction of oil sha l e t.ne. b '~ C N~l c ou ls 
' i til J,e tru:1. i , 1 : 

B !-o:~~~o!~_~h. !l .. ,~ .• :'4 9-·53 , 181- 5 (1926 ) ; C A 20, 3231. 

Ext r act ', ' -.'. '. I; '·;~ l " ', t :-:::.lin at 14: o.tm nd 270 C yield ed 19. 9!~ s o)uble 
mute r i nl 1'. ' (":1.: 'l ~ i. l shc. l e compur ed wi t h 2 .l ~~. with C6HS c.t 2, 5 ( t m 
and 240 C3 DCCt:""'i-l roit:' cm took place o.t 2? 'l·· . T~ : , n'~ 280 C with t e t r l in. 
The t ct Y'C' . . I.i.ll ' )xtruct wa s distille d '}: i~h S ,,~V) . .r 'J: .t'1 d s 'ce 'lm to 320 J , 
yie lding ::;:J . 7i~ ', iqu ids , 19 8;; c. sph c.J t, ':". n rl ·~(j . S>~ g; •• s " Dh'cct distilla­
tion of oil sh 10 y i e lded ?3% (.s m.:ch oi l t.G by (' ·'{~ · l · ct:i.':':l wi th 
t etr a lin; 2 b r own co(, l s yieldod 2 . ;'7 ..md , ? . 07 U .moz .1., much and one 
rich in bi t ume n y ie l ded 1. 27 t i me s c s rou el: . C'Ot1pos i ~:' ')r. of sUbstunc os 
extracted f rom brown coo. l was , 1l.2/o vlo.x·· like plo.s t iJ Il'c.t erl al" 40.510 

t r e s in, 20 .87; pitch, 12.3% ph e nols a nd uCids, end 15. 2% u!ld 3tormined. 
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Cunninghnm-Crnig, E.H., "The origin and constitution of oil shnle, 
with a prnctico.l npplicntion," 

Proc rfCirld E Cong Tokyo 1929, 32, 1-25 (1931); C A 25, 5546. 

Discusses origin of kerogen in oil sho.le. Proposes pnssing finely 
orushed shclo through un ngitated bnth of heo.vy stable oil (boiling 
point 662 F) nt 572 F, followed by distilling to drynoss in a 
seoond retort. Oil from the lutter is roturned to the former as 
oo.rrier oil. The throughput of such 0. still is ft.r greet~r thnn 
tho.t of nny othor of tho Sf.x1e sizo. Horo oil is recoverod than by 
other mothods. Tho quo.lity of tho oil is high, prnctico.lly no 
non-condenso.ble gus, little or no cracking, no C deposition nnd 
no dust. Excmplos nro given. 

143. Dulhunty, J.A., "Solvent extraotion of torbanite," 
Proc Linneo.n Soo N SWales 67, Pt 3-4, 238-48 (1942); C A 37, 1033. 

A 250-g snmple of powdered torbauite was preheo.ted at tempero.ture 
intervals of 20 e from 300 to 420 C. After oach hoat troo.tmont it 
was oxtracted with 1 lit~r C6H6 at 270 C cnd 560 psi for 8 hr. 
Tho residue cfter the extrnction was rohentod for n total poriod 
4 hr longer than at tho previous t empc r nture. Tho yield of 
products is small up to 340 C. Thore is a sudden increase in 
form~~tion of soluble products a s the result of heating o.t 3S0 C, 
and tho amounts full off r epidly above 380 e. The qunlity of 
products fanned by hoat ing above 400 C is negligiblo . Upon pre­
ho nting torbanito at 360 e nnd 840 psi of e6HS vapors for vo.rying 
periods of time, ~bout 50% of the totnl oxtractable mntorial is 
formod during tho first half hour, aft er which the rate f alls off. 
Tho last 10% requires about 24 hr. 

144. Dulhunty, J .1.., "The action of solvents on torbanite and the nature 
of extracted products," 

J Proc Roy Soo N S Vides 76.268-74 (1943); C A 37, 6859 . 

Aromatic compounds are more efficient s olvents for torbanite than 
aliphatic. Oil can be produced by solvent extraction by preheating 
torbanite at 350-450 C to make oT3anic matter soluble, followed by 
extraction with C6HS or by extracting with its own oily extract at 
350-450 e and 150-300 ps i. The product consists largely of very 
heavy paraffin compounds. No soluble ulmins or tar ~cids are 
present • 

145. Dulhunty, J .A., "Preliminary notes on solution-cracking treatment 
of torbanite," 

J Froc Roy Soc N S Hales 77, 24-32 (1943); c A 38, 1097. 

Solution cracking of torbanite in 7 oycles with temperature increasing 
from 375-400 e, pressure from 126-230 psi and time from 15-60 min 
reduced the volatile content of the solid residue to 151-. 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 basoline boiling below 180 C is 301- of light products boiling below 
230 C. 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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,I 146. }I'ranks, A.J o , and Goodier, B.D., "Preliminary study ot the organic 

matter of Colorado oil I'ha1efl," 
Quart Colo School ~~ines 17, #4, Supp1 A, 16 pp (Oct 1922). 

By successive heating at 300 to 350 C for periods of 8 hr and 
extracti:m, extracted heavy bitumen without prc::-ducing oil. Concludes 
transformation of kerogen to bitumen not a depolymerizat1on, does not 
take place at definite temperature. Rate greater at higher tempera­
tures • Bitumen fonned at different temperr.tures apparently not the 
same. 

147. Guvin, MoJo, ani Aydelotte, JoT., "Solubility of oil shales ir. 
solvents for petroleum," 

U S Bur Mines RI 2313, 3 pp (1922); C A 16, 1500. 

The common statement that oil shales contain little or no 011 as 
such, but contain organic matter from which oil is produced by 
distillation was investigated by extracting sample& of unheated 
shales in a soxh1 et apparatus. Tho samples were ground to minus 
20-mcsh, and all mate rial minus 60-mesh was rejected. The extracts 
from CC14 , CS

2
, He2CO, Et20, C6H6 , and CHCl3 were similar in 

appearance, being dark brown or olack, and more or le ss fluid. 
They wer e not appr'3ciubly affected by cold, concentrated H2S04 'or 
HN03 , woro insoluble in cold EtOH C1nd slightly soluble in not. The 
amounts extracted variod f rom traces to 10.98% of the weight of the 
shale, and up to 55.8% of the distillation yield. The largest 
amounts were extracted by Mo2CO o.nd CHC13.• The percent of extraotion 
from solvents is no criterion of the distillation yield. 

148. Gillot, Ao, and Haquet, A. , "Experimental studies on the bituminous 
. 'schist of Bolgian Luxemburg, II 

Bull soc ohim Belg 50,173-84 (1941); C.A 36,3939. 

The bituminous schist contains 73.~;' nsh, 17.3% C and 2.16% H. At 
340 C, 13.5% of the sohist is soluble (keroben) in anthraoene oil; 
of this soluble portion 7 .66/~ (basod on w0ight of schist) is pre­
oipitated by aoetone and is oalled ke rogen a. Praotioally all the 
organic mo.tt 0r oan be dissolved in oleio acId during 2 hr o.t tempera­
turos above 320 C. Below this temperature the extraotion is inoom­
plete. Tho orgC1nic matter in the schist can bo divided into three 
portions; I, substances (hydrocarbons, Sand N oompounds) soluble 
in acetone; 2, nonncidio SUbstances Vlhich oan be esterifiod readily 
with oleic acid; . nd 3, more nc idic subst~noos (such as kerogen~) 
which still combined with oloio ncid but with only a small nmount 
of tho I e. ttor. Oloic r . .:id nls 0 attacks the mineral oonstituents 
of tho schist to un extent depending upon tho tumpornture and 
duration of the treutmont. 
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Klosky, S., Thermal Solution of Kerogen, 
U S Bureau of Mines Intrn-BUrenu Report, viashin~ton, D. C. (1946). 

A review of the literature relating to the effect of heut on the 
solubility of kerogen nnd its extraction with liquid solvents. 
Translations nre given of severa l foreign publications. Tw~nty­
ono r eferonces are included. 

Luts, K., "Disintegration of kukkersite in organic liquids," 
Brennstoff-Chem 11, l48-S0 (1930); C A 2S, 196. 

This and other oil shales exhibit swelling tendencies, gas evolution, 
and subsequent disintegration of structure upon immersion in various 
organic solvents. Gas pressure produced by penetration i rlto oapil­
laries, the size of which has been oa1culated, is believed~ponsib1e. 
The composition of sieved residue fractions is gi~en. The speed of 
disintegration is proportional to heat of wetting and also depends on 
the surface tension. Russian, Estlandish and Scottish shales and 
bituminous limestone have been investigated with ether, acetone, 
m~C13' C6HsN, CS2' EtOAo, MeOH, EtGH, aniline, benzine, petroleum, 
acetoph~none, nitrobenzene, and C6H6. 

Luts, K., The Estonian Combustibl e Shal e Kukarsite - Its Chem1stEY, 
Technology and Analysis, 

Reva1 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 i ncluded. Eleven references are given on these subjects. 

McKinney, J .Vi. J "Constitution of kerogen, \I 
J Am Chem Soc 46, 968-79 (1924); C A 18, 2244. 

Kerogen is the organio matt er in pyrobituminous shale. A New 
Brunswick shale was used, containing 19.44 C, 2.18 H, 1.3 N, 1.1810 S, 
and which yielded 30.1 gpt oil. The percent axtracted by various 
s olvents was. EtCH, 1.S; Et20, 2.2; C S2' 2.8; Mo 2CO, 2.6; CHC13 , 
2.2; CC14 , 2.6; C6H6, 3.2; CSHSN, 2.6; and AcOH, 6.9. On the large 
scale He2CO was used and the extract ed oil separated into asphaltenes 
(10%), resins (55:), and hydrocarbons (8S%). The oil, filtered through 
fuller's 3arth had a density of 0.833,c:(.D 0.76, ar..d did not react 
with dilu te KHn04 or bromine water. The yield was 1.36% (£ the 
orig i nal shale or ub out 4% of th e kerog en. This product was then 
sepo ed by distillat ion al~ crystallization ~ntil 28 compounds 
bel onging to the paraffin, naththalene, and hydr')nnphthalene series 
were isolated, for which the density, index of refrnction and 
mol ecul ar weight were observed and calculated, and unalyses given. 
These compounds, with the exception of two, are probably identi~al 
with compounds which have been isolated fram varied sources. By the 
action of CSH6 in a sealed tUbe at 200 C th& flIl ount of extrnct 
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153. 

obtainable frore pyrobituminous shale i s more than tripled. AB 
this amounts to more than 20% of the kerogen it should be investi­
gated in the same way as the Me CO extract. The kerogen mny be 
oompletely removed fran the I!h a~e by HN03 , though in a highly 
altered oondition, the products obtained being humins. 

Neppe, S.L., "A teohnical study of Transvaal torbllnite," 
J Inst Petroleum 28, 104-8 (1942); C. 36. 6332. 

Fine ly-gro\lnd Transvaal torbanite was extrnoted with Shell gasoline 
under pressure nt temper~ture8 up to 335 C. The yie ld of blaok, 
fairly viscous oil increased nearly four-fold when the finenees of 
of the sample was increased from minus 20 mesh to minus 60 mesh. 
Not only did the yield of extract i ncrease with inoreasing time, 
t emperature, pressure, but more decomposition of the torbanite 
took plnoo, 80 that at tempe ratures above 310 C, NZ formed a large 
part of t ho gas production. 

154. Petrick. A.J., "Tho hydrogenntion of Ermelo (S Afr) oil shales nod 
shale 01. 1," 

Bronnstoff-C~ 18, 221-4 (1937); C A 31. 8171. 

Five sampl os of shale have been treat ed in a 5-liter Bergius rotating 
autoclave pr~viously described (C A 31, 5140). Charges of Z50 g 
mixed with 176 g heavy t ar oil, 20 g (NH4) ~Ho04 and 7 g S (to give 
5% )(oSZ) wer e t r ep.t ed unde r follalling conditions I 95-100 atm initial 
pressure of H I 4 deg/ min t o 450-460 C, hel d 1 hr, and then cooled. 
Gas and liqui8 products r ecover ed. Oil and vmt e r r emoved from solid 
residue first by distillation to 350 C, then by sexhlet extraction 
with bonzene. Yields of crude oi 1 we re Gr eeter than by diroct 
distill ation vf tho shal o to 570- 80 C in every case , the difference 
be ing greater with shal e s whioh wor e l ean on distill~tion. Residues 
after hydrogenation st i ll conta i ned orga nic matter. Shale oil 
fractions boiling abovo 220 C,obtained by dire ot distillation, wore 
hydrogenat ed under simila r but varying conditions. Dotailed exruminn­
tion of th~ r esulting 150, Z30 nnd 300 C fr nctions showed that, with 
increased r e[1.ction t emperature from 400 t o 500 C, absorption of HZ 
also increased. ~t 400 C for 1 hr the product contained 98% of 
original eil. At 450 C oil oontent Wat; 89% with 1l.7% gaS. At 500 
C (momont ar y) 011 content was only 49% with 55.6% g~s and loss. Ve ry 
l ittle low-boiling oil was r ecovered at 400 C but the color improved, 
S nd N we r e decreased, a nd density incrocsed. At 450 C, Sand N 
wer e r emoved, I number decreased, content of 150 C light oil WaS 1910, 
oils boiling to 230 C total ed 41%. At 500 C th0 oil became aromatio 
in nature . The i~luence of i noreased ttmo at r eaction t ampe rature 
was groator nt h igh~r t empor atures, inoreased gas be ing at cost of 
oil. Contents of S a nd puraffines and the I number were also decreased 
th ereby. One -hour trentment at 400 C is enough to improv~ heavy shale 
oils for lubricant ma nufacture. Tr eatmont at 450 C suffioes for light 
oil production. Further studJ, s t owed that l arge exoess of H2 wo.s n:Jt 
necess fry for highest yiolds of light oil. hddition of 210 H2S to pro­
vide exce ss S, also increasod oil yield but not light oils. Rosults 
were improved and yie lds increr.s ed by usc of activated C as onrriel' 
for preoipi t ated MoS 2• 
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155. Pezold, E. von, "The distillation of oil shale from a liquid phnse, 
I c.nd II," 

Cham-Ztg 52, 541-2, 562-4 (1928); C A 22, 4238. 

153. 

157. 

Reviews previous work in which oil shale was heated in the presence 
of a solvont. In his oxperiments, Pe,old uses shnle oil nnd concludes 
that this increases tho yield materially. 

Popham, F.J., "Shale - some naw roactions," 
Ind Chemist 5, 269-72 (1929); C A 23, 5035. 

A diDcussion of the charaoter of tho organio matter in eil shalo is 
followed by u dotniled account ef oxperiments carried out on 
Estenian shale. Th e ground shalo was heated under pressuro with 
vurious reagents in an uutocluvo of 3-liter capacity. Conclusions. 
the orgnnic matter can bo decomposod to liquid hydrocarbons by hent 
and prossure, giving n higher yield ~f low boiling point hydrocarbons 
than by ordinary r etorting. Similr.r treatment with superhented steam 
in absence of catalysts is ineffective. Tho pr~sonce of H is a 
distinct advantage. The presenco ef u cracking eil (lnrgo1y assisted 
by tho inorganic muttor in tho shulo) is n distinct advantage . For 
this purpose, the hoavier portions ef the 0il produced by the process 
oan be advantageously used~ Tho shn 10 ~hould be heated as rapidly 
as pess iblo (preferably grcund in a liquB medium). The products 
should be r emoved rapidly frem ~;he re~ctien, or if this .LS not 
pessiblo, the r etarding effect vf supo rhc~ted steam mny be used te 
advc.ntage. 

Smith, G.H., and Stewart, D., "Extractien of eil shale with selvents 
at relatively high temp erat.ures .• " 
Scettish Oils Ltd, Central Laboratory, Repert SO. [/168/40 (July 16, 1940). 

Review ef three previeus reperts, SO/42/38, 50/66/38, and sol 24/38 . 
In the first, tests en funnet shale (v/estweed pit) showed the enzele hAd 
ne appreciable selvent action at 250 C, heavy aromatic ke.~sine gave 
slight extraction at 350 Cj the initial decompesitien temperature of 
raw shal~ was 350-360 C. The secend report compared repeated extrac· 
tien ef V'iestweod s hale with jleavy ar ematic kerea ine ~t 400 C with dry 
assay at 7·50-800 C. Extractien at 400 C, 320 psi maximum, reduced 
the erganio C content ef shale by 63.3% as compared with 55~8% by dry 
heating at 750-800 C; the H centent was reduced by 71.9% ~nd 9l.~ 
respectively. Dry heating ef the selvent-extracted shale did not 
further reduce the C ~entent but r~~ved H in the ferm of water. The 
third shewed similar results en extrac.tien ef a rich Australinn shale 
at 400 C; pyridine was unsuccessful as a selvent; the extract ebtained 
with cresel, in which the cresel was removed with beiHng caustic 
sodn, was a soft bitumineus substance ef high spec~fic gravity and 
high c/R ratio. The present :epert describes the results ebtained 
frem extraction ef 'jestweed shale with a heavy aromatic kerosine in 
a 250-cc rotating auteclave, heated in a lead bath, and helding SO-g 
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.. batches of shale. So lon~ as the shale was thoroughly wetted with 
the solvent, the solvent/shale ratio had no effect on percent 
~xtraction. Studies ever temperature range of 330-420 C showed I 
no extraction at 330 C. mnxinum extraction (one extraction) at 
380-400 C of 11.810 of shale, extraction at 420 C fell to 8.3%. 
Exhaustive extro.ction (9 times with fresh solvent) nt 350 C re!\loved 
13,2% of shnle; o.dditional extraction at 400 U showed this to be 
o.lmost complete removal. Th~ gus was shown to be derived from the 
thermal decompositio~ of ~le solvent only. 

158. Swinnerton, A. A. , "Treatment of oil shale from New Brunswick by 
the Rynn oil digestion prooess," 

Co.n Dept Mines, Summo.ry Report 1922, #605, 210-8; C A 18, 1563. 

Several runs mo.de on D. l~boratory scule resulted in no definite 
oonclusions, owing mainly to excessive hundling losses, principally 
in the centrifuging operation~ The prooess is not recommended for 
treating New Brunswiok shules. 
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, Table l.--Batch thermal solution of oil shale in small aut oe 1 ave!! 

Time held tlt/ Operating Conversion Of.y 
I nun opere temp~ tE. .. lpe rat' .. re organic matter:4 

Solven0 no. ~mln. ~ ( I"l (%2 
Petroleum kerosin8§( 17 1 773 63 

16 799 77 
19 799 66 
23 810 73 
14 834 86 
24 850 88 
21 869 83. 

Petroleum kerosina§! 26 60 740 63 
25 760 81 
22 780 86 
113 800 87 
20 800 86 
15 838 76 

Petroleum kerosin~ 29 180 740 87 
28 760 86 
27 760 84 

Quinol ine21 30 60 740 77 
31 790 90. 
32 840 84 

Anthracene oilZ! 35 60 740 80 

y 
3/ 
4/ 
5/ 

~ 

33 790 84 
34 840 71 

Oil shale No . 44L-69, from DeBeque , Colorado; assay value - 41 gpt; 
analysis - 23 .3% organic content, 17.2% mineral CO2 , and 59.5% ash; 
crushed to approximately 7% plus 48 mesh, 18~~ 48-100 mesh , 25% 100-
200 mesh, and 50% minus 200 me sh; and dried at 220 F. 
Raw shale to solvent weight ratio in charge: 2.0 for runs 14-18, 
1.33 for runs 19-29, and 1.0 for runs 30-35. 
Preceded by a heating up p~riod of 15 to 30 minutes. 
Organic matters total organic mutter in Loe raw shale. 
Supplied by Standard Oil Company of Indiana. 
Supplied by Koppers Company, pure compound, b 458 F. 
Supplied by Fisher Scientific Company. 
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Table 2.--8mall-scale batch thermal ,solution tests at higher temperature&!! 

Shale to JltlX. Total Time at 'Conversion or Rax. . FiDtl.l cold 
Run solvent ' kmrp. time mox. · tamp. orgcu1io matter pRS8ure pressure 
~no~.~ __ ~S~o~lv~e~n~t~ __ ~wt~.~,p~n~ti~o~~(~F~) __ ,~(J~d~n~ •• ) ____ ~(DU=·=n~.~) ______ ~(~%~) ______ ~(~p~s~l)~ ____ ~(p~siL __ 

B 

c 

D 

E 

F 

G 

H 

ResiduuDil 1.00 860 13 5 43 280 200 

Residu~ 1.00 

Hae.vy gas oil!! 1.00 

Heavy gas oilY 1.00 

Light gas oit!! 1.64 

Light gas oU!! 1.64 

Light gas oi~ 1.64 

895 7 

900 7 

905 10 

905 10 

950 8 

1 

1 

1 

2 

30 400 230 

62 375 166 

66 400 150 

74 190 40 

70 184 45 

65 300 

Raw shale No. RRS-47-77, from Anvil Points Mine, Rifle. Colorado; ground t\) pass 65"11lesh sieve; 
Fischer assay - about 26 gpt; analysis - 15.8% organic content, 16.7,% mineral C02' ~nd 67.5% ash. 
Residue after distillation of the heavy gas oil frvm a sample of Parry shalo oil. 
Fraction of Farry shale oil taken fran 445 F at 2 mm P-:: to cracking temporature (approximately 
650 .. 700 F at 2 rom Hg). 
Fraction of Parry shale oil taken fran 380 F at 585 mm Hg to 445 F at 2 mm Hg • 
• ~toclave bath temperature was 950 F, so tho avorage temporature of the slurry was probably 
higher than 875 F. 



Run 
no. -
l~ 

14 

15 

16 

17 

Table 3.--Semi-continuous thormal solution of oil shale 
petroleum korosine~ 

Mea:n shale Conversion of T otnl durati on Period of 
tempeyture organic rtter of run oonstant temp. 

(F)2 ("'l.~ (min.) (min. ) 
670 28 ·. 192 157 

720 86 245 185 

740 92 "' 240 185 

775 93· 249 204 

81i) 89 245 210 

Oil shale No. RRS-45-30, from Parachute Creek, Colorado; nssny 
value of 53 gpt; nnalysis - 31.010 org~nic contont, 12.4% minern1 
C02, nnd 56.6% ash; ~round and screoned to 4 to 8 mesh and dried 
at 220 F. Petroloum lro r osino was supplied by Stc.ndard Oil Cc:mpnny 
of Indiana. 
~.!e nn tempero.ture of the cho.rge of shale during the oonstant 
temperature poriod of tho run. 
Opornting prossuro of 400 psi, solvont pumping rate of 11-20 
cc/min. 
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Run 
no. 

21 

18 

24 

23 

22 

Tnbl~ 4.--Sami-oontinuouB thernat,eolution of oil shale 
shalo-oil gas oil!( 

1tban shal0 Cc.avcrsion of Total duration Period of 
tvmpoIlturo orgnnic ittor of run constant temp. 

(F)2 (%)3 (min.) (min. ) 

720 93 273 240 

740 87 240 180 

750 ' 95 . 220 190 

760 . 95 ' 210 180 

780 ' 92 210 160 

Oil shale No. RRS-45-30, from Parachute Creek, Colorado, assay 
value of 53 gpt; analysis - 31.0% organic content, 12.4% mineral 
C02' and 56.6% ash; ground and screened to 4 +.~ R mesh , and dried 
at 220 F; solvent was [as oil cut of Pumpherston shale oil, 
fractionated between 305 and 380 F at 3 rom Hg. 
Mean temperature of the charge of shale during ~he c~nstaot 
temperature part of the rQ~. 
Operating pressure of 400 psi, solvent pumping rate of 13 cc/min. 
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Table 5.--Effect of particle size of oil shale and heating tune on 
oonversion of organic matter and on_ dpgrea of 

disintegration of the shale!! 

Conversion of Degree of 
Particle 

size 

"ROqa!!i 
tim 2 
(hr.) 

organic mat;ter disintegration 
(%) of the sho.le 

8-14 mesh 0.5 88 5/ 
1.0 "89 " Y, 
2.0 84 1/ 

4-8 mesh 0.25 26 3/ 

y 
y 

!I 
s/ 
!I 

O.s "71 ~ 1.0 "87 
2.0 82 !I 
0.5 83 ~ 1.0 90 i; 2.0 86 

0.5 88 ~ 1.0 92 i; 2.0 87 

Sho.le sampl es pre pared fr om a Para chuto Creek, Colorado, oil shale. 
assaying 53 gptj extracted in a s nall batch autocl~ve at 775 F, 
with a Pumpherston shale-oil gas oil fraction distilling between 
305 and 380 F at 3 mm Hg; raw s hal o to solvent woight ratio of 0.8. 
Pe riod of heating at 775 F afte r init i al heating up period of 
approximate ly 10 minutes. 
Ve ry little visua l disintegrat i on, particlos rubbery and easily 
pulverized. 
Same sludg e formed, considerable particle s l eft intact, the so were 
ve ry rl..bbor:r nnd ver y easily broke n down. 
VO~J f ew of tho particles l eft int act, vary much sludge formod. 
No pa rticlos l oft int o.ct. 
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Tablo 6.--Effect of oil shale-richness cnd heating tim~ on convorsion 
of organic mattor and on dogro~/of disintegration 

of tho shala!t 

Assay value 
of shale 

(gpt) 

React~9Il 
tim.6' 
(hr.) 

Conversion of 
organic matter Do@;ree of d1elntegration 

(%) 

il 

11 0.5 

1.0 

2.0 

27 0 .5 

2.0 

53 0.5 

1.0 

86 Ve'!"'.' little visual change, 
particles retained sharp 
corne rs and were broken d ,.wn 
only with difficulty. 

'99 Srone as above, except particles 
were more easily broken down 
into laminations. 

· 62 ' No sludge,particles retained 

81 

75 

64 

83 

90 

€6 

sharp corners and were quite 
e asily broken down into 
laminations. 

SOOle s ll\dge, numerous particles 
which were left intact were 
br('~en down with difficulty 
int o lnminations. 

Much sludge, also considerable 
particles were left intact 
vrhich were spongy and eas:i.ly 
broken dovm. 

Very few particles left intaot. 

Some sludge. numerous partioles 
wh5ch were left intact were 
very easily broken down. 

Much sludge, very few partioles 
left intact. 

No particles left intact. 

Oil shal es from Green Rivor formntion, near Rifle, Colorado} 
crushod and soroe ned to 1/4"-1/2", extracted in a small batch 
D.utoclave at 775 F, with a Pumphersto~ shale-oil gas oil fr action 
distilling between 305 ~nd 380 Ii' at 3 m:n Bg; raw shale to solvont 
",eight r atio of 0.8. 
Period of ho ating ut 775 F afte r i nitial hCl uting up perid of 
approximately 10 mi nutes. 



L 

Table 7.--Semi-continu~~s thennal solution of oil shaleJi 

Light bas 0'1 Heavy gas 1 3 heavy gas ctl and 2 3 residuum 
solvent 2 oil sol vent3 as solvent4 

Run DUJIlber 34 35 37 :58 39 41 42 44 45 46 47 

Temperature (F) 

Pressure (psi) 

800 

300 

800 800 

300 ~OO 

... 

800 800 800 800 

300 300 300 300 

Size of shala used ...................... Lumps npproximately 2" x 2~ x 4" in size 

Heating time (min.) 
To temperature 
While pumping ,t temp. 
After pumpi~ 

Total time 

60 
45 

Apprax. pumping rate 
(cc./min.) 30 

Organic matter converted (%) 47 

~o ~o 

48 50 

108 110 

30 30 
67 76 

eo 70 63 80 
45 0 15 75 

105 70 7s rss 

30 30 30 30 
81 75 85 -4:9 

800 800 800 

300 300 to 0 0 

..............•. ~ ... ~ .. 
70 
17 
60 

147 

30 
64 

50 
130 

I80 

23 
75 

60 
90 

21 
72 

Oil shale of the Green River formetion fram the Anvil Points Mine near Rifle, Colorado; see table 8 for anAlyses. 
Parry shale-oil fraction between 380 F at 585 IIliI1 Hg and 445 F at 2 mm Hg. 
Parry shale-oil frnction between 445 F nt 2 mm Bg and cracking temperature (apprax. 650-TOO F at 2 rom Hg). 
!fixture ot Parry shale-oil heavy go.s oil nnd distillation residuum. 
Steam, preheated in preheating section of column to 800 F. 
PE'riod oolumn was left in heater at 800 F after stopping the pumping and blowing down the prelSSure. 

800 

o 

-in 

60 
60 

16 
82 
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Table 8.--1faterial balance and analyses of raw and spent shales for the semi-continuous 

the~al solution runa 

Run number 
34 35 37 38 39 41 42 44 45 46 47 

Material balanoe ~Wt. %. raw shale basis~ 
Input. Raw shale 100 100 100 100 1.00 100 100 100 100 100 100 

Solvent 177 ' ge 148 115 74 125 199 126 192 192 96 
Total input 27f 190 248 m m- m 299 226 m m 196 

Output. Spent shale (unwashed) 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 tic leas 14 17 17 18 7 20 15 8 6 11 4 

Total output m 190 248 m ill m 2'99' 226 m m I96 
Avera~e gas d~nsity (~lcu ~t at 

585 mm Hg. 76 r) 30.5 30,2 30.0 26.2 28.2 29.8 26.2 24.0 

Ana1lses (Wt. %~ 
Ra1' shale. 

Organic content 21.0 13.5 21.0 21.9 13.9 23.7 17.1 17.4 13.6 21.0 18.1 
Mine ral CO2 15.0 18.8 15.4 18.8 21.1 13.6 17.2 20.1 19.7 ' 9.3 16.4 
Ash 64.0 67.7 63.6 59.3 65.0 62.7 65.7 62.5 66.7 6S.7 65.5 

Total too:'O IOO:O roo.o 'i'5o.O 'i'5Q.O roo:o roo:o 100.0 roo:o 100.0 roo:o 
b~nzene-washed spent shales 

Residual organic oO:ltent 12.4 5.0 6.0 5.0 4.1 4.6 9.5 7.0 3.9 7.1 3.8 
Mineral CO2 16.2 19.3 17.4 22.9 19.0 15.9 19.0 22.7 G~ " I.. • oJ 10.7 IS.7 
Ash 71.4 75.7 76.6 72.1 76.9 79.5 71.5 70.3 75.3 82.2 77.5 

Total IOO:O uro:o ~ ~ mo.o ~ too:O roo:o TO'O":O TOO";l5' roo.o 
U mruhed spent shale. 

Residual organic content 11.8 4.8 5.5 4.1 3.7 3.9 8.4 6.2 3.9 7.1 :5.8 
Benzene-soluble oil 6.0 4.1 8.6 11.'1 10.3 20.0 11.8 10.6 0.3 0.0 0.0 
Kineral CO2 15.4 18.5 15.9 18.9 17.0 12.7 16.7 20.3 20.8 10.7 18.7 
Alh 67.8 ',2.6 70.0 59.3 69.0 63.4 63.1 62,9 75.0 82.2 77.5 

Total too.o mr.o roo:o nro.o roo:o nxr:o IOO:'O 100.0 roo:o 100.0 100.0 

L 
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Table 9.--Semi··oontinuous thermal solution of mi1'lJs i-inch shale.!! 

Conversion of 
Heating time Pumping time organic matter 

Run no. (min.) .....l( __ mi~n~.f-) _____ ~(i<.;.c;) __ _ 

With petroleum kerosineY at 800 F 
62 70 45 71 

With li§ht ~as oitY r.t 800 F 
53 GO 45 67 

With hea!l l5as oil!! at 760 F 
67 75 0 75 

79 
81 
73 

70 75 30 
69 75 60 
68 75 120 

With hea~ ISas oil.!! o.t 800 F 

65 55 45 69 

With 1/3 heavy ~as oil plus 2/3 resic.u~ at 800 F 
51 o 41 
49 

65 
50 
65 
65 
60 

15 38 
52 15 38 
48 30 42 
50 40 54 

Raw shale No . RRS-46-l68, from Anvil Points Mine , Rifle, Colorado; 
Fischer assay - 26.5 gptj analysis - 18.1% organic content, 16.7% 
mineral CO2, and 65.5% ash:) Operati~ pressure for all r-uns wna 
300 psi. 
Petroleum kerosine supplied by Stundard Oil Company of Indiana. 
Parry shale-oil fraction between 380 F at 585 mm Hg and 445 F at 
2 rom Hg. 
Parry shale-oil fraction between 445 F at 2 rom Hg and crackins 
temperature (approximately 650-700 F at 2 mm Hg). 
Afixture of Parry shale-oil heavy gas oil nnd distillation residuum. 
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unitll Tabie 10. --Products from treatment of various thermal solution solvents in semi-continuous 

_F.etro~e:!7 '. -' 
Shal-e-oi~ ~ht . 1/3 .he~ -gas 1~!1 ( -- - . . --...... . -. -- ' -

'Shal~-oil hea~' ~as oi~ Kerornn gas oJ. and 2/3 residu 6 
Run wmber 62 66 56 58 66 64 63 66 59-

Solid material charged 

Heating period (min.) 
Time between 700 & 800 F 
Time after reaching 800 F 
Total heating time above 

700 F 

Pumping p9riod (min.)Y 

Tot al solvent used (as wt. % 
of solid material charged) 

Coke depos ited on solids 
(as wt. % of solids) 
(as wt. % of solvent) 

400 F, EP naphtha produoed 
(as wt. % of solvent) 

Raw 
sha~e~ 

.. --

45 

129 

Grave l!.! 
Raw 

shale!!! Gravel!.! 

27 -16 36 
33 10 0 

60 T6 36 

45 405 45 

95 203 104 

0 5.3 0 
0 2.6 0 

Raw Rnw 
Gravel!! 

Raw / 
shale§! shale!! shale! GravelY 

31 27 31 38 36 
0 11 8 0 0 

3I 38 39 38 36 

45 40 45 45 45 

137 190 113 192 S8 

2.7 0.5 1.3 0.2 
1.4 0.4 0.7 0.2 

While heating 5 . 7 7 4 10 . 5 8 6 
While pumping 4 3 10 10 12 14 10 10 11 

1/ Operc.·tiing pressure - 300 psi; mean temperature during pumping pe riod 796 to 805 F. 
1r/ Petroleum ke rosine supplied by. Standard Oil Company of Indiana. 
~I Parry shale-oil fraotion between 380 F at 585 mm Hg and 445 F at 2 rom Hg. 
!/. Parry shale-oil fraction between 445 F at 2 DIn Hg and cracking temperature (approximately 650-700 F at 2 mm Hg). 
S/Mixture of Parry shale-oil heavy gas oil and distillation residuum. 
6/Raw shale No. RRS-46-l68, from Anvil Points Mine, Rifle, Colorado; Fischer assay - 26.5 gpt; analysis - 18_1% 
- organio oontent, 16.7% mineral CO2 , and 65.S7. ash; orushed to minus ~ inch. 
7/ Fine gravel, analysis - 0.1% volatile material, l.~ mineral CO2, and 98.8% ash , 
sf Spent shale fran steam extraction runs containing no ben~ene-solnble oil or oil by Fischer assay. 21 All of the pW!lping periods were at temperatures abow 800 F, except r.m 65 in which 6 minutes of the period 

was at temperatures below 800 F. 
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Table ll.--Continuous thenno.l 801ut~oJl runs with recycli~ 
of the slurry.!! 

CUIllU\ at iva Cumulative Conversion 01' 
Cycle residence time time o.t tompero.ture orgo.nic mutter 
_n_o_. ________ -1~~i_n_ •• ) ______________ ~(m~i~n~.~) ______________ ~(~%~) __ ___ 

1 
2 
3 

1 
2 
3 
4 
5 

1 
2 
3 
4 

1 
2 
3 
4 

1 

19 
34 
51 

19 
32 
58 
80 

107 

6 
11 
:33 
50 

6 
15 
30 
45 

10 

Run Ho. 5; te Ji1poro.ture 750 F 
14 
25 
39 

Run No. 2J tempero.turo 780 F 
14 
23 
45 
63 
85 

RUn No. ,~; temperature 810 F 

4 
lJ 
26 
40 

Run No.3; tempornture 850 F 
4 

10 
23 
36 

R,:n 1 0. 6; tomperuture 850 F 

4 

44 
52 
64 

57 
72 
82 
80 
79 

55 
76 
85 
81 

76 
8f 
';6 

68 

76 

Ruw shul0 No. R~S-~7-f2 , from Anvil Points Nine, Rifle, Coloro.do; 
Fiscb-'3 r asso.y ,. 27 gpt; c no.1ysis - 15.8% ort~ o.ni(; content, 16,710 
mine .... 1 CO2 , fi nd 67 . 5~ (( sh ; crushed to minus 65 mosh. Solvont Wo.s 
Po.l'::-Y shu e - ·)il h ou .... y be.s oil distilling from ~45 F nt 2 mm Hg to 
cracki.::Jg t omp";) r utu.·o ' C'.pproximntoly 650-700 F a t 2 mm Hg). Sh a.le 
to s ol ve nt wCJight r nt i o of 1.15. Opc r o.t i ng pressuro of 300 psi. 
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Table 12.--Calculation ot t;as productiOil tran continuous run &lI 
!y spent ahale alur X analy~ 

(Snail, Ash. 1.000) 

Total ignition 10 .. 
Mineral C02 

Organic matter plus oil 
Solid organio matter 

Oil in slurry 

Raw Ihale 
SlUr? 
1.76 

-0.247 

1.516 
-0.234 

1.282 

Org~10 matter extraoted : 0.234 - 0.059 • 0.175 
Oil produced = 1.404 - 1.282 • -0.122 
Gas produced from organio matter ~ 

Organic matt~r extrQo~d (wt. %) 
Oil produced (wt. %) 
Oil produced from organie matter (wt. %) .. ', ..... 

~~5'T.5~~ntity of ges co~l~c~~ 

74.8 
-52.1 
22.7 

Spent shale 
slurri 

1.463 
-0.059 

1.404 

V/eight of organic nmttpr in r aw slurry used Hi 'rull : (7,345 g raw slurry) 
(37.1% ash in 51 ;') /) (2: .410 OU on ash basis ) : 638 8 OM) 

Weight of miner((l C02 ... r. as = (7,345 g rc,w slurry) (37.1% ash) 
(J. . 8% C02 lost fr ';,T ~!Line r al matter on ash b~sis) = 49 g CO

2
• 

Haight of gus from or gnni matter and oil = (Tot ul weight of gus 
co) l E:cted) - (pr-: '3s c!·~ iz.ing NZ) - (mi nera l CO

2 
in gus) = 188 - 18 

- ~9 ~ 121 g gus . 

Percen~ VIC i.ght of r, ns :'r):n organic mutter nnd oil I: .l12~~~ ;)01. = 18.9% 
(orgU'"1~,0 :nnt-t~(; J' ',):2 ..... ) , 

lTSl,; ;:~~t; :~f=!~: ;."; .... ;:--.. -r-c-.t-i-o-of-'·-ol.-· l-s-h-e,'-l-e-t-o-s-h-u i;':~ilt:;;--
- gu.~ oi l VI D. S h eoi.cll 2:'~ 850 F for 4 min. 



T~ble 13.--Therm~1 cr~cking products from shale-oil light gas oil!! 
(Basisl Cha rge stock to each cycle) 

Loss or 
gain or 

Cycle 
. no. 

GasY 
(wt. %) 

Napnth~ 
(wt. m Polymer!! Light gas oil product 

(wt. C) (wt. %) (wt. !) 
1 

2 

3 

4 

5 

il 

2/ 
"'S/ 
Y 

2.8 12.,8 70.3 14.3 .. 0.2 

1.8 10.1 80.5 7.3 - 0.3 

2.4 7.2 87.7 3.0 + 0.3 

1.8 5.6 85.9 6.3 - 0.4 

1.3 4.4 91.2 3.4 t- 0.3 

Parry shale oil, cut betv/een 400 nnd 675 F (760 mm Hg), recycled 
through continuous thermal s olution unit nt 850 F, and 300 psi, 
t otal retention tin e in unit of 10 minutes p ~r p~8i, approximate 
time at 850 F of 7 .t o 8 .minutes per pass. 
Includes light ends fr om distill ati on. 
400 F e nd point (760 mm Hg ). 
Residue afte r distillntion of light gns oil. 
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To.ble l4.--Peroentage o~nvorsion of sho.le!! organio mat~~ 
for runs 9 to 12 in oontinuous thennal solution uni~ 

Run 9jJ Run lOY Run llY Run 12!l 

Conversion to gas and benlene-
soluble oil 9sE1 93 91 91 

Oil shale No. RRS-48-329, analysis: 14.2% organic mntter, 0.5% 
wo.ter (by Fischer assay), 20.4% CO2, and 64.9% alh. Minu. 66 melh. 
Oporating tomperature ~ 850 F, opornting pressure - 300 pli, 
retention time (based on speoific volume of slurry nt 70 F) -
10 minutes, sho.le to solvent Vleight ratio - 1.15 approx. 
Solvent \"as the distillnble porti on of H-T-U shale oil with the 
400 F EP naphtho. removod. 
Solvont wc.s too distillable ~ortion of oro.okad N-T-U shale oil, 
with tho 400 F EP n:-,ph bho. removed, after seven oycles of thermal 
craoking at 850 F lend 300 psi with 10-minuto retention time based 
an speoifio volumo at 70 F. 
This value may bo slightly high, e.s conve rsion onloulated on the 
basis of C a nd H det~rmination of the raw and spont shale gavo 
only 94%. 



• 

Table 15.--Camposition of charge and produot materia!~ 
for runs 9 to 12 in oontinuous thermal solution unit=! 

Run 9 Run 10 Run 11 Run 12 

Shal:Y. 
Solvent weight ratio in charge 
slurry 1.15 1.12 1.15 1.14 

Comeosition of char~e s 1urrl ~ wt. %) 
Organio matter in shale 7.56 7.49 7.57 7.54 
Solvent oil 46.54 47.17 46.59 46.82 
'later (by F~.soher assay) 0.27 0.26 0.27 0.27 
Mineral CO2 10.92 10.80 10.92 10.87 
Ash 34.69 34.28 34.65 34.50 

Total 100.00 100.00 100.00 1'0'0.00 
Com~osition of total eroducts ~wt. %) 

Gu 1 .33 0.92 2.00 1.59 
Naphtha (400 F EP) 3.29 1.82 7.26 7.21 
Solvent oil 41.25 43.04 37.85 36.78 
Nondisti1lable oil produced 8.17 8.47 6.48 8.22 
Coke on spent shale 0.31 0.49 0.41 0.71 
Water (by distillation) 0.29 0.16 0.25 0.25 
Mineral CO2 in spent shale 11.03 10.79 10.SO 10.74 
Ash in spent shale 34.33 34.31 34.65 34.50 

Total 100.00 100.00 'iOO";5'c5 100.00 

1/ See ta.ble 14 for ope rating conditions and raw shale analysis. 
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Table 16.--Yield of organic products from r~?S 9 to 12 in 
continuous thermul solution unit!! 

Run Run RUll Avg. of r\.\os Run 
9 11 12 9, 11, &: 12 10 

CornEos i ti on of total or~anic Eroducts (wt. ~l 
Gas 2.4 3.7 2.9 3.0 1.7 
Naphtha (400 F EP) 6.1 13.4 13.2 10.9 3.3 
Solvent oil 75.9 69.7 67.5 71.0 78.6 
Nondistillnble oil 15.0 11.9 15.1 14.0 15.6 
Coke 0.6 1.3 1.3 1.1 0.9 

Total 1150':0 Tc5O;O '!OO:O ~ roo:o 
Ne t ~ields of 0!:Sanic Eroducts (wt. ~ orl,';ianic mntterfY 

Gas 17 26 21 21 12 
Naphtha. (400 F EP ) 4 2 96 95 78 24 
Solvent oil (lost during 

process) -68 -116 -134 -107 -55 
Nondistill able oil 105 85 109 100 112 
Coke 4 9 9 8 7 

Total iOO 100 100 roo roo 
1/ 
Y 

See t able 14 for ope rating conditions and raw shalo analysis. 
Calculated from composition of totul organic products, of which 
14 . 0% was from shale orgnnic matter and 86% from the original 
solvente 



Tuble 17.-Canposition ot gas trom ru~ to 12 in continuous 
thermal solution uni 1 

Gus o.nnll;ais (vol. !2!! G0.8 Avg. ot runs cOtneonont Run 9 Run 11 Run 12 91 111 &: 12 Run 10 
CH, 48 48 48 48 43 

C~6 11 11 13 11 10 

C:sH8 5 4 5 5 4 

C4HIO+ 2 2 2 2 2 

CnH2n 5 5 5 5 4 

H2sY .1 1 1 -
N2 2 3 2 6 

CO 7 5 5 6 5 

• c02Y 8 10 9 9 11 

H2 14 12 9 11 15 - -Total 100 100 100 100 100 
1/ See tabla 14 tor operating oonditiona. 

~ Co.louluted helium-tree. 
Valuos mny be law due to samples being oollected over water. 

) -

L 
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Run 
no. 

19 

20 

17 

18 

22 

23 

1/ 
!I 

-
Table l8.--Bntch hydrogenntianbl of oil shnle and shnle-oil gas oil slurryS! 

with various maximum temperatures 

Hydrogen conaum~an 
Illximum Maximum Timo above Conve rsion of 

pressur~ 
b;l the shal 

temperature 650 F organic mutter (Std cu ft H2 (wt. % 
(F) (psi) (min.) (~) per ton shale) organic lI\1ltter) 

750 3925 65 . 63 440 0.73 

766 3935 72 71 590 1.00 

780 4620 '18 83 510 0.85 

603 3990 89 93 680 1.13 

830 3975 100 100 750 1.27 

843 3965 110 100 800 1.34 

In 4-3/8 inch series hydrogenation unit. 
Slurry. 1.15 wt. ratio of raw shale to solvent. 

HJdrocarban 
gas producticn6/ 

(Std cu rt H2-
per ton shale) 

260 

370 

590 

780 

1030 

1400 

Raw shale. No. RRS-48-l08; 15.2% organic content, 0.5% water by Fischer assay. 20.2% mineral CO2, and 64.1% 
aah; ~round to minus 65 mesh. 
Solvent, No. P.RS-48-105J N-T-U gas oil. 
Cold initial hy~ rogen pressure - 2000 psi. no hydrogen added during the run. 
Converted to gas and benzene-soluble material. 
Calculated on assumption of proportional hydrogen consumption by organic matter in shale and by solvent. 
Gas production fran both shale and solvent. 
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Tabla 19.--Analyse~ of ~ases from sl~rry and solvent oil 
batoh hydrogenati~ 

Oil shal~ and shale-oil gas oil slurry 
Run 19 Run 20 Run 17 Run 18 Run 22 Run 23 

Maximum temperat~re (F) 750 766 780 803 830 843 

Analysis (vol. %, H2 -free). 
CH4 43 

C2HS 

C:sH8 

C
4

H
IO 

C6~2 

Olefine 

Total 

H2 in total sample (%) 

20 

10 

7 

o 

' 7 

o 

o 

13 -100 

97.0 

37 

16 

8 

o 

3 

3 

10 

20 
100 

94.1 

38 

26 

11 

4 

1 

1 

5 

4 

10 - -100 

52 

20 

9 

4 

2 

3 

5 

5 

a 
100 

50 

17 

9 

4 

o 

1 

4 

15 

o 
100 

85.7 

50 

18 

10 

5 

o 

1 

4 

12 

o 
100 

80.8 

Solvent 
only 

Run 21 

775 

56 

23 

12 

5 

o 

1 

1 

1 

1 
100 

y' Due to high dilution of gas sanple with hydrogen the possible error of 
these peroentage values is about ~ 2. 
Gas passed through acetone anJ dry ice trap, cau.tio sorubber for H2S 
removal, and wet test meter, and collected over water. See table 18 for 
other operating details. 



Run 
no. 

23 

26 

27 

25 

28 

31 

29 

30 

32 

1/ 
Y 

3/ 
Y 
Y 

Table 20.--Batch thormal solution1!of oil shale!/with various 
pressures of hydrogon and helium 

Initial 
cold 

presauraY 
(psi) 

2005 

1490 

1000 

1000 

510 

1400 

1000 

1000 

650 

Maximum 
hot 

pressure 
(psi) 

Maximum Tima above 
temp. 650 F 

(F) (min.) 

'11th hr<!rogen pressure 
3695 843 110 

3045 842 110 

2185 840 110 

2100 840 108 

1595 839 112 

With helium pressure 

4180 840 113 

3600 837 110 

3170 838 112 

2530 841 113 

Conversion 
of orgo.;rl,c 
matter'!! 

(%) 

100 

96 

93 

93 

75 

51 

63 

57 

50 

In 4-3/8 inch series batch hydrogenation unit. 

Gna AI 
produotion!! 

(wt. " or.gnnic 
matter 

36 

36 

36 

38 

43 

49 

47 

48 

46 

Shale No. RRS-48-108, minus 65 mesh; 15.2% organic matter, 0.5% 
wnter (by Fischer ass~), 20.2% CO2, nnd 64.1% ash. 

Oil N~. RRS-48-105, N-T-U shale -oil gus oil. 
Slurry 1.15 weight ratio of shale to oil~ 

Cold pressure meusured in tempe ratur~ rungo of 70 to 90 F. 
To gns and benzono-soluble products. 
Includos only gns pussing through an ncetoneand dry ice tro.pe 
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Table 21.--Batch hydrogemtion of oil shale!! in mic~o reactors( at various 
pressures and with various sol vert oila 

2ressure (2Si~ 
Maximum Gas 

Reactor operating Convers ion of §/ made 
Cold Maximum Cold temp. organic matteJ'l5 (wt. % Run 

no. Initial Final Solvent;}! 10' anic matter: 
50 
51 
52 

53 
54 
55 

59 
60 
61 

500 
500 
500 

1000 
1015 

990 

2015 
2000 
1990 

1390 395 
1210 375 
1150 370 

2230 .835 
2080 810 
2060 775 

4400 1780 
4100 1720 
4000 1635 

Light 845 91 0.04 11 
Medium 845 97 0.05 10 
Heavy 845 97 0.05 14 

Light 845 84 0.04 10 
Medium 850 95 0.07 15 
Heavy 855 95 0.07 15 

Light 875 79 0.11 7 
Medium 860 81 0.08 11 
Heavy 865 84 0.20 8 

5s11 1000 2600 1000 Light 860 85 0.00 6 
571/ 1000 2630 1005 Medium 865 88 0.00 10 

.&81/ 1000 2500 980 Heavy 868 83 0.00 4 

jJ Raw shale RRS-4.8-329; analysis - 14.21u organic mai:;ter (by ignition loss method), 0.5% water (by 
Fisoher assay), 20.410 mineral CO2 , and 64.910 ash. Shale to solvent weight ratio of 1.15, with 
slurry charge of about 100 g for each run. Shale ground to pass 65-mesh sieve. Y Runs made in 183-00 reactor . with shaking except for runs 56, 57 J and 58; average heating time -
15 to 20 minutes to heat to 825 F, 15 to 20 minutes above 825 F, and 2 to 3 minutes to 0001 tram 
825 to 650 F by quenching. 

Y Cold initial pressure measured at 75 to 79 F, cold final pressure measured at 72 to 77 F. except 
run 56 which was at 69 F. !I Solvents were fractions of a non-catalytically hydrogenated N-T-U shale oil; light fraction RRS-48-417-17. 
boiling range 446-530 F at 760 mm Kg; medium fraction RRS-48-417-18~ bOiling r~e 530-608F at 760 DIll He; 
heavy fraction RRS-48-417-19. boiling range 608 F at 760 mm Kg to 490 F at 1 mm Kg. 

5/ Conversion to gas and benzene-soluble produots. 
£7 Includes CO2 from shale mineral natter. 
~ Runs made without shaking. 

~=-
-' • ',~ • I ",' • 
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Table Z2.--Canposition of produot gas from ba~ hydrogenation of oil ahale 
in micro reactorl 

Run en-free gaa!i 
no. CR4 CZH6 C3Ha S CO CO Total 

50 39 12 7 2 7 1 7 24 100 
51 46 12 5 2 4 3 5 21 100 
52 43 14 7 3 5 2 S 22 100 

Avg. 44 13 6 2 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 tr. 3 5 0 30 14 100 
60 45 11 5 2 tr. 4 tr. 21 12 100 
61 46 12 6 2 0 5 0 16 13 100 

Avg. 43 10 5 1 1 5 0 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 0 25 100 

Avg. 41 15 8 3 3 4 1 0 25 100 

iJ See table 21 for operating coxnitiona. 
2/ Gas was collected in evacuated stainless steel holder. 
~I Includes CO2 produced from mineral matter of shale. -

L 
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Run 
no. 

84 

85 
86 
95 

93 
87 
88 

94 
89 
90 

Table 23.--Batch hydrogenation of oil shale!! in micro reactorYat various 
temperatures and heating periods 

Average Organic products (~ or~anic matter' 
slurry Time at MaxiIllllll !I Convarsion of Non-
temp. av~. temp.;u' pressure4 organi c matter 

GasY 
Disti~le distill~e 

(F) (lid"" ) (psi) (%) oi 6 oil7 Coke Total 
753 120 1175 73 9 -19 83 27!V 100 

814 30 1175 86 10 -33 109 1& 100 
814 60 1150 97 (75)21 3 
814 6(.1 1090 97 11 19 67 3 100 

862 6 1200 92 7 1 84 aY 100 
865 11 1180 97 21 2 14 3 100 
867 30 1360 91 28 -a 71 9 100 

920 3 1450 94 22 . 9 63 6 100 
917 5 1550 92 21 -5 76 8 100 
922 15 2160 71 56 -54 75 23 100 

Raw shale RRS-48-329; analysis - 1402% organic matter, 0.5% watflr (by Fischer assay). 20.4% mineral CO2 , 
and 64.9% ash; miJUls 65 mesh. Solvent oil RRS-48-551, non-catalytically hyd rogene.t'3d shale-oil gas oil, 
distillation range - 350 F at 40 mm Hg to 500 F at 1 mm F~. contain~d 1.7% nondi sti11ab1e oil. Shale 
to solvent weight ratio of 1.15, with slurry charge of aboot 100 g for each run. 
l83-cc micro reaction vessel, heated in shaker unit. 
11 to 18 minutes additional time was required to heat fran 650 F to run temperature fiIld 3 minutes to cool 
baok to 650 F. 
Initial oold hydrogen pressure was 500 psi at 70 to 78 F. 
Inoludes gas measured when pressure was relea&ed on reactor and gas liberated fram the slurry on staodiDg 
at room tempe rature for 8 hours. 
Determined by differenoe. 
Residue fram micro distillation of 2 mm Hg to the cracking temperature. 
Inoludes unoonverted shale or~anio matter. 
An approximation. 



Table 24.--Batch hydrogenati~ of oil Shale~/ with flash separation of the 011 

Time at 
)faJli.mUm: ' JlaxiDum I pressure CO!lVe rs i on of Rx:. -:J~.: rJ-" 

Run temperature preS8ul'i above 650 FY organic matter~/ by flashingY 
no .. ~Fl ~Esil~ ~min.~ (r-~ ~~l 

35 851 4225 40 83 65 

37 851 4140 , 42 82 74 

34 850 4325 98 B7 --1/ 
38 631 4280 93 90 --V 

1/ In 4-3/8 inch series reaction vessel. 
!I Raw shale No. RRS-48-108; minus 65 ' Desh; 15.2% organic matter, 0.5~ water (by 

Fischer assay), 20.2% CO2, and 64.1% ash. 
011" Bo.imS-48-275, N-T:-:U shale-oil kerosine. 
Slurrys 1.15 weight ratio of shale to oil. 

3/ Cold pressure of 2000 psi measured b the temperature range of 70 to 90 F. 
Y Time meas'llrod to blow-dOl'm for runs 35 and 37. Run 37 heated to 920 F during 

blow-down. 
§! To gas and benz~na-soluble material. 
]'/, Removal of organic matter as gas and oil distilled fran shale during flashing. 
7/ Reactor cooled to roan temperature before discharging. 



Tnb10 25.--Mnterinl ba lanco for lO,Ooo-bpd thormal solution plant, 
Yrithout hydrogonntion. 

---------------------------------------------------------------Input 

Rnw shnlo (Fisch0r nssny--30 gpt, 
17.0% orgnnic matt~r) 

.£.!.rcu1o.ting 

Orgnnic mo.tter 
Minoro.l mnttor 

Tota l 

2,380 tpd 
11,620 
14,005 tpd 

Solvent oil (66.7 wt % of ro.w shnl e ) 

output 

From OM 
(tpd) 

Dry go.s 238 
Light onds 28 
No.phthn 163 
Solvont 1,116 

Rosiduum 571 
Coke 264 

Totnl ~ 

Minernl matt ~r in spent shale 

Toto.l output 

14,000 tpd 

9,300 tpd 

From s clvont Totnl 
(tl!d l (tpd) (% OM) 

9:5 331 13.9 
65 93 3.9 

4tl3 656 27.6 
( 0.271) 93 3.9 ( .. 9,300) 

279 850 35.7 
9:5 357 15.0 
0 ~ roo.o 

11,620 tpd 

14,000 tpd 



Table 26.-Not yiold of liquid produots 
from lO,OOO-bpd pl~nt. 

Sp g Bbl/ton TPD Bbl/da;{ 

Light onds 0.60 9.5 93 884 

Naphthll 0.75 7.6 62aY 4,760 

Solvont1:! 0.92 6.2 93 576 

Rosiduum 1.00 5.7 7S&Y 4 1300 

Totals 1,567 10,520 

output of 656 tpd, loss 30 tpd lost in wnst~ng spent 
shalo. 

Consisting of ~ll di ~tillato honvicr than nnphthn. 

Output of 850 tpd, loss 95 tpd used in plllnt as fuel. 
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Ta.blo 27.-S~.ry ot olLrc..t~ ooc '~:; for 10,OOO-Opd p1curt" 
v ithout hyd.rog ozr.ticn. 

Plant axpen!e 

Pavrer 
Water (2,400,000 gal/day a.t ~0.25 per M gal) 
Operating labor 
Maintonance, materia.ls and la.bor 

(4% of equipment cost) 
Works oxpense (olarica.l" a.ooounting a.nd 

la.bora.tory oosts, extra. pay" enginooring, 
superintendent's expenso, plant proteotion 
and sa.fety, storehouso a.nd 6hipping expense, 
10~ of opernting la.bor) 

Proocss mnteria1s 
Total plo.nt axpens e 

Ra.w mnteria.l oxponse 

Mining, orushing to minus 2-inch" nnd trans­
porting ~o.w shale to plant sito 

Ovorh~d expanso 

Amortiza.tion of ca.pital investmont 
(1~ of invostment) 

Insuranoe a.nd ta.xes 
(2% of invostment) 

Exeoutivo a.nd a.dmini~tro.t ive oosta 
(1% of investment) 

Tota.1 overhand oxpenso 

Tota.1 opera.ting cost 

Operating cost for 10,520 bpd of liquid product~ 

-----,.-=-+ ....... ~-.... • $4.74 par bbl. 

1,,288,000 

5,862,000 

1,172 ,000 

686,000 

Costl per ton" whon calculatod from a.nnual charges .. a. ro basod on 
14,000 tpd a.nd 300 operating days por yoar. 

$/ton 1/ 
ra.w shn1..=t 

0.17 
0.04 
0.16 

0.31 

O.lS 
0.05 

$0.89 

$0.85 

1.40 

0.28 

0.14 
rr.sr 
03 .56 



Table 2e.--!stimation af equipnent ooats and power requiremente 
for thennal solution plant, with hydrogenation 

HyO.rogen plar.t 
Hydrogen requirement estimated on basis of experimental work. 800.td 

cu ft per ton ruw shale or 1l,2UO H std cu 1't per day. 

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

Slurry prepnration 
Equipment cost (data from Estimated Cost of Shale Oil by the Thermal 

Solution Process on a 10,000 - BPD Basis, by W. I. Barnet, May 7, 
1948) including installation, foundations, piping, etc. : 
$2,300,000. 

Power requirement = 13,600 hp. 

4 = $390 per tpd slurry capacity. 

of Utah Coal 
• (5S0oo,OOO~ 

( 35) (24 

Equipment cost for 23,300 tpd slurry = (23,300)(390) = $9,100,000. 

Power requirement • (4,000 ) (23,300) = 7,300 hp. 
e 535) (24) 

Stal ls, converte rs, and eXChangers 
Unit cost (fram J. A. Markovits, et 0.1) = (124000,000) = $2,830 per cu 

( )(1066) 
ft converter cnpo.cH;y. (Assume lS-min. retnetion time, based on 
specific volume of slurry at 70 F). 

Converter volume required for 95,000 bpd slurry = (95~000~ ~42) ~15) 
e .48 1440 

= 5,560 au ft. 

Equipment cost: (5,560) (2,830) = ~ 15,7oo,000. 
Gns scrubbing 

Unit cost (from J. A. Mnrkovits, et 0.1) = (4!OOO,OOO~ = $310 per tpd 
e 35) (24 

slurry 

Equipment oost = (23,300) (230) = ~5,4oo,OOO. 



Tnble 28.--Estimnticm of equiJ.lllcnt costs a.nd power requirements 
for thermnl solution plant, with hydrogenntion--Conttnued 

Power requirement • (1,600! (23,300) • 2,900 hp. 
(53) (24) 

Gas recycle 
Unit caRt (fram J. A. Markovits, et al) - ..!.,.-,!~~..",....~ = $230 per tpd 

slurry. 

Equipment cost = (23,300) (230) = $5,400,000. 

Power requirement • +=~":'"':"~!'lf"lm~+ = 14,600 hp. 

Oil r ecovery and distillation 
Equipment cost for oil recover; systom, not including distillation 

unit (from thormal solution cost estimate) but including installa­
tion, foundations, piping, etc. = $12,400,000. 

Distillation equipment fOl' topping naphtha from o.pproximately 115,000 
bpd of oil at unit cost of ~ 50 pe r vpd = ~5 ,800,000. 

Tota.l cost of oil r e cove ry and distillati on equipment = $18,200,000. 

P ovler re quiremc nt • 2, 100 h p. 

Mis ce 11 ane ous 
Instruments, laborntory nnd offico equipment, nnd furni.ture, tools, 

etc. = $2,000,000. 

Summary of oquipment cost 

Hydrogen pl o.nt 
Slurry pr eparation 
High-pressure clurry pumps 
Stalls, converters a nd exchangers 
Gns scrubbing 
Go.s recycle 
Oil re covery und distillation 
Miscollane ous 

Tot o. l 

nnd power r equiremont 
$ 

1,900,000 
2,300,000 
9,,100,000 

15,700,000 
7,200,000 
5,400,000 

18,200,000 
2,000,000 

61,800,,000 

HP 

17 
13,600 

7,300 

2,900 
14,600 

2,100 

40,,500 

Estimated total plant cost (at 182% of equipment cost) = (61,800,,000) 
(1.82) = ~ 112,000,ooO. 

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

per ton of raw shnle. 

y Included in hydrogen unit cost. 
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T~blo 29.--Hydrogon cost. 

Hydrogon unit cost (from J. A. :,brkovits, ot ~l) scrubbed and 
oompressod • a;0.25 por 1.4 std cu ft. 

Hydrogon cost (including hydrogon phnt mnintono.nco and overhoa.d 
exponso) • (0.25) (o.aOo) • $0.20 per ton of r aw shalo. 

c.nd mnintona.ncc cost of hydrogen pl:.\nt 
(0.17) • ~o.oa per ton of ra.w sha.1c. ---"""'7-::-:--=:-T-"'3~O:!"::0~ 

Hydrogen cost (not including hydrog~n plant ma.intcno.nco a.nd 
overhoa.d expenso) 
• 0.20 - o.oa • (;>0.12 por ton of r~,w shalo • 



Table 30.--Summury of operating costs for 13,600-bpd plnnt, 
wi th hydrogenation 

Plo.nt expenso 
Power (not including hydrogen plant) 
Water (not including hydrogen plant) 
Operating labor (not including hydrogen 

plant 
Maintenance, materials and labor 

(4% of oquipment cost) 
Works exponse (not including hydrogen 

plant.) 
Hydrogen (scrubbed and compressed, 

not including maintenance and 
overhead expense) 

Process mat~rials other ~hp.n hydrogen 
Total plant expens~ 

Raw material eXpense 
Hining, crushing to minus 2-inch, and 

transporting raw shale te plant site 

Overhead expense 
Amortization of capital invostment (10% 

of investmont) 
Insurnnce and taxes (2% of investment) 
Executive and administrative costs (110 

of inves tment) 
Total overhead expense 

$/yea: 

~2,470,OOO 

011,200,000 
2,240,000 

1,120,000 

t/tOl\il 
raw shale 

$0.41 
0.04 

0.16 

0.16 

0.12 
0.05 
~ 

Total operating cost ~ 
(Assuming 85% conversion of the organic content of the shale to oil 
with average specific gravity of 0.85, production of oil = 13,600 bpd.) 

Cost of oil = (5.85) (14,000) = ~6.00 per bbl. 
(13,600 

Costs per ton, when calculated from ulUlual charges, aro based an 
14,000 tpd and 300 operating days per yeur. 
No charge is included for fuol as it is assumod tho.t the go.s and 
coke will provide sufficient fuel for the plant. Tho hydrogen 
cost includes a churge for ro.w material. 



, Figure I. - Batch thermal solution apparatus. 
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!'igure 3 
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Figure ~. - Semi-continuous thermal solution unit No. I. 
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Figure 10. - Stall for hydrogenation equipment. 
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Figure II. - Control panel for hydrogenation unit. 
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Figure 13. - Micro reaction vessel and shaker used in hydrogenation studies. 
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