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RETORTING OIL SHALE AT HIGH TEi: PERATURES 

4., Incl1ned-8urtace Retort 

INTRODOCTION 

t78e ~t the inol1ned- surface retort as a means of produc:lng aromatics 
1. th. last 1n a aer1es oC tour methods invcstigated for h1gh- temparat 
retortinl ot oil shale " '!he first three methods he • been d..sC1'ibed in 
Intra-Bureau ReppMul OSRD- 4B j} 49 , end ;0:1 11.u8<1 l' the Larami. Station . 
Ttle puJ1)08e -of these inva:stigatioJl8, a" well as a cost estimte at a 
coamero1al-.!H plant ba~ed on the inolined- aurface retort, haa been 
pr.Mnted in Intra- Bureau Report 0SRD---46" "Pr~uct1on of Benseae. Ethyl 
Aloohol, and other Products froin Oil Shale l " by W~lter 1 ~ Rn Murphy and 
tI. I o samet, dated Auguet 12, 19$1 

The' inclined- surface reto~ appoaro to haye several advantas. 0 

Baaed OD a '1milar retort or ~arbon1zatiQn or coa ; the mater1ala ot 
construction would be lar&el1 ceramics ~ Thus l~ge amoun~. ~j ateel 
nec •• a&r,y in lome of the other types at retort3 ,ould nDt be neee'sar.r ~ 
Mus 4hal. ratea a:te high for thil type or retortD nt\ \lSe ot a gftYity 
teed 'impliti., handling ot ~8 sh~e " Estima.te of heat requi.relDeftw 
bav. i~dic.ted that autficient he.t r~r the process can be obtained tr~ 
the catbon ree1du. an the spent sbale and the ga ma1ning after NIDOV 1 
ot .\byl ene " The retorting Zlyatem d s nat requ1.N introduction or tlui ds; 
there tore , the probleM ot product di ution by stesm or other subst·ances 1. 
not .ncountltrod . 

Attempts were made in this seriea or xperu3nts to ret.ort i n th 
same temperature range used in th vortical-tuba retort oxperiment s 
(1200--1700- Fo) ~ and to Obt&1n conditions favorao 0 to maximum b~nzen. 
pr4duct1ooo 

Several variations in opernting proced were u&ed ~ Fo~ omo runo 
inert sweep gases were used to rGciure v por resi.,o time i n the retor'lo~ 
while 1n othe runs; an extGnsion of the ratort 1n the t om of a reacto~. 
heated eleetri~ally ~ W&3 us d to increaee residonce tim of the vapor3 
at the retorting temperat\U'es n ~bis actor was ls sed to study th 
p08s1b11i~ ot reto~ing at Q 1 tc~pcrDtu~ nd then 8ubjGct1ng ~he 
vapore to higher ternpor8tu~s betore C0r~ naation had taken plac 0 

APPARAlUS AND METHOD 

Tne .xpor1men+~l re rt used in this 1nvcet1~nt1on a shown by th 
dia~ammatic 8ket~ i n tt 1. A photograph ~t the apparatus 18 e1v n 
in figure 20 The .'8 rt wa con tn!ct.ed from a ~ !> .. toot l er:gth of 10..-1 eh 
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.teel pipe) whlch was diYidAd into two longitudinal :so~t ons by 11leana or 
" pW a 1/2 .. inch ateel plate ~ The upper section, or retorting chamber. had a 

.ax1mam ha1&ht ot J inche, and the lower oection, or t box, had a maxi­
mum he1iht or about 9 l.nchea " The curved a.ction ot the firebox was lined 
rita tire 0181 aIXl the rezna1nins ,pac. wae packec:l with bl-olam fire br1cko 
'l'hrM natval gaa-air burner. weN installed at intervale on the bottom 
ot the tirebox to euPP17 the neceasary heat n H1&h-tomperatu~ insulating 
IUter:lal wa. U8e~ to cover the entire assembly 1n or dor t ,? prewnt e:xee. ­
a1_ heat 10;8.. .. The Ntort was mounted in such mA1Ulet'" as to allcw the 
~le ot the retort plat4 to be varied from JO· t 55· with the hort.ontaL 
Thi. was done by .~epending the lower end on ~ivote end the othur on an 
ACljuatabJ. Icrew ~ support». which could be turn to gi va the dell1red 
&nile .. An angle ot 45·, which had beion prey10ualy determined as the mini­
mum that .oul~ giv. a eatisfactQry flow of raw shale» was uaed for me.t 
of the runa o Crushed shale was fod to the ratort f rom a raw .hale hopper 
by meana at • yutabl.- spead .tar feeder and allo d to flow contir.uously 
by trav1v o'ltir the entire length ot the retort.ing plate . The shale used 
wal J ~ta1nec:l from the Bureau of Mines Anvil Point · nine near Rifle. Colo o, 
anlJ a .. rased 30 gal n/ton by F1.scher assay methods. It 8 crushed and 
.... reened t o the following sis at 26/100 me b ;, 20/100 mesh , and l..4/100 
DUsh . Fis .r aesa,y8 of the shales used are sholln in tablo l~ Feed rat48 
r anged train 109 to 1361 gr am" per minute 0 FrOll the retorting zone the 
·,·.pors and spent ahale passed into a spent shale ~po eeparator" The 
.pent shale was retained and collected at this pcint ~ uhlle the vapors 
pas8ed into the conciel18ing 81ot&m ~ Thi system c ndoted ot a w ter­
cooled condeneer. a condenser perated at 150 Fo, 8 condense~ cooled by 
dry iee g and two tr PI cooled by dry ice - ceton mixtUJ'9 r The n~ on" 
denaible ~a8es were filtered through a glas8-wool f1 to to ~o~~ ny 
"mainin& oil fof. > then metered and. compr eed into !Si:.orago cy11fi era 
trom 1IItlich nmple8 were uk no Spent shale Clampl l'J '!'lOre colleeted and 
anal1sed tor C02 and organi!': m tter contento Th retort. was operated 
at a pressure ot 1 to 2 1n~ Hg belOlf atmospher1c o Th18 a oomplish 
by withdrawing the vapore by mOMS of a gas Coruprc8!10r contro l ed y a 
mananetric mtch ~ '1'emperatur meuuremGnts nte m by m ane ot ehrorn l~ 
alumel thermocouples connee d to ind! tine d recoIi'ding pyro.'1> terso 
T.mperatures of the retort plate wer kept as ne ly constant 8 po. sib) 
b1 manual regul ation ot the g e burners . The avcrage ot the plato tompora·~ 
tures wae taken as the run ter;;peratun . 

Initial rur..s were made to d ternin the a!llcunt 0" bcn:one that co d 
be obtained by means or high-temperatura retortinr, uoing an i nclined .. 
surface type of rctort ~ Fo.!' these runs, retortinr, tompel'atures wore 
maintained in tho range which produc:od maximum aromat: c yiel in the 
vertical tube retort (1400 0 ~1600 · F.) 

A modit1cation to allow uee of <1 st:eep gas Trf'.S install ed tor ~everal 
runs i n order to determine ~10 effect ot reducing vapor residence time i n 
the hot zone of the ~tort o 0 "1/4- inch stninlers 0 el l~nes were con­
nected to sOUl'cas of helium and natural g&8o Each canpommt was metored 
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Tablo 1. -=Fi:Jchar es says and ana~sea or ro abwa 

Orauic Idneral 
Oil Watei' matter, C~, Aah, 

Run No" Ileah 0.1.1 oZton ft c E!resnt. , Gi.1 ~Zton ~, E!n en\ E!rcent 2!rceM I!!rcen~ 

~ 28/100 9,6 ,,4 2,,4 100 604 1101 6$.; 
J Ih/1 ,0 lie 2 ~ 1& 0 16,, ) 1636 66 ~1 
4SSI 6j 7 ~O/l~ 2704 100S 3.1 1 ~3 lS ,,) 1700 66~4 
8 ,9~10.12,13 ,14,16r17,18 'lO/lOO ~6 1 04 2-4 00 l 6.4 1.7 . 0- 6S,6 
2) 241 26,2 ~28g29s)O 2 

\AI 3J,)4.3S Woo 28.) 1O~~ 3 -6 loS 1$ .3 20.0 6J ~ 2 
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and tht tWQ miDc1 1n a s1~le line 0 The m1xe<1 gG.s was passec1 thx-oueh a 
pnheater where 1.\ attainocl a temperature ot 1000·-1200· F ~ anci ... then 
lntroclU08c1 into the upper end ot the vapor chamber ot the retorto 

Abotber iAUditioation wae made tor ;: fe" run8 by addition of a reaotolr 
~ taM ofttake end or the vapor ch8Dlber, wil1e'} oWGc1 adc11tional high 
~\uft treatment or the vapo:'8 atter they Mc1 been formec11ft the 
Nt.one 'l'h1s reaotorp coneistina of a angth of 2-1nch atainlesa ItHl 
pipe, ... he.ted 9Yet" a 2 .S- foot Hction by lDeant! 0 an electnc actor 
lurftaoe convoUecl by rb.oatat. ~ Vapors passed ldthout oondeneat1on f rom 
the retcH to the reactor while the spent shale llected in the epent­
ehal. reGei vel" 0 Proril1on 11'.. also made to withdraw part of tho vapor.:s 
tbtooqh the re~lar vapor offtake and at the lame t1.'I\e t8ke the r emainder 
ott throUgh th~ reactor .. Tomperatures at the roactor, which were ~aried 
tram 1200· to 1700· F", nre measured by means of thermocoupJ ... atta~cd 
to the reactor wall at intervale and \;;onnected to L"l indicating pyrofl."'ter ~ 
Att.et" paae1ng through tho reactor the products ro collected in a oor,'­
dane1n& aftc1 colleat1llfl ~Yllt.em 51.'1\1181' to tho one PA~ vioual1 de8cr1bed ~ 

DISCUSSION OF RESULTS 

Operating data 'tor retorting Under v rying condJt10na nre giYen 1n 
table 2 .. Removal ot ..rganie. matter ranged from Sl tot. 89 peroent ~ Tbis 
variation, as with the vertioo.l-tubo ratort, was due largely to ch~go.e 
in temperature » and in a l_Dser degreo to chrulges 1n feed rQ~e and shale 
abeo Remoyal ot C~ varied from 0 to 55 percent; howover, it was not 
condltent with the organic removal , One run at 1500· F. showed 89 per­
cent orianic matter removal and 2 percont CO, rem val, whereas another 
run at the samo te.uperature ehond 88 percent. or wc removal and 22 
percent. CO2 removal . Operat1ng conditions were epprox1mate~ t.he eame 
in both oa •• a n Another run mad at 1450" rith an exceptionally h1Bh fe d 
r ate ot 1361 g ~ /III1n , and an organic removal of 8, percent, showed a C~ 
relnOyal ot 0 percent" This run i ndicatAd that hiJh throughput with h1gh 
percentage ot orianic matt I' remov 1 1s possible ,nth tha inclined- surf 
t1P8 or retort" No cORcl.uaions can be dra1m from th~ disc pane1eB 1n C~ 
reMoval, although it is pose1ble that tho foed r ~. in sorno irl.stnnces mny 
have b.en irregular due to raw 8hale holdup in til f _ del', or th plate 
tempera'ure mey hay been uneven ,. Elth I' of thes} f etors could have 
caua*<t the vuiations . Air leakQge into tho "1st.m lao ms-y have occur d 
and ~au .. d autotherm1.c actions to tc.ko place ~ 4'empcrature control 
not aat1stactory at 1700· , . and above; consequon ,11 ~ 1700'" was the 
h1gh.st retorting temper ture attomp d .> 

Seven rune 'Were mac! using a mixture of nat u .. ·al gas and holium to 
reduce residence time of vapors 1n the retort. o Tl1e pparently had • 
beneficial efrect on liquid yields in cases .«h°l e htgh~r liq id 
yields were obtainec1 trom GaIlt! runs not using 1ner'" Eas, yiolds for tho • 
runs in which the gas was used were all above avo~ ago o Toti41 1 oiling 
aromatic yields var1ed g and in the tomperatul~ rar ge of hi£hss t benzeno 
and toluene formation (l 'OO·- l600- ) , th best ra t lt nre about evenly 
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Table 2e--()perat1n§ data tor retorting oll 8bale with inoliaed-nrta .. Ntort. 

iMoftl ot 
Raw abel. analysts orsWC JUttel" a..oftl ot 

Run ATOr!8C tem~r t.uro -,. Feed rate Feed s1 0 erg&iiIc utter CO2 percent. IliMftl C~ 
Ho c §itort plato Ro&ctOr Se/mine mesh per cent. per cer&t (lI..) (!L) peroent. 

28 1200 3.32 ll!/loo l Sn3 20 .0 61.1 2..0 
29 1200 34.3 1.4/100 1503 2000 S6.5 6hc6 0.0 
26 1200 1200 )84 14/100 15.) 20.0 $6 ,.5 650 0.0 
.31 1200 1200 S18 lb/ 00 15 • .3 2000 67 3 15.1 100 
27 1200 lSOO hbl lb/1OO 1S,,3 20.0 63.0 17.li 1)00 
30 1200 1700 176 14/1.00 15.3 20. 0 81 3 3.7 
32 1200 1700 - 465 14/100 15.3 2000 6.3 .4 72.8 2.0 
33 1200 1700 565 14/100 lS.3 20,0 7S .1 2 9 
18 1250 1500 338 20/100 16.4 17.0 77 .3 81 1 00 
12 13S0 sea 20/100 16 ~ u 1700 840u 84J, 601 , lhoo 2S2 14/1.00 1.6 ~ 16~6 50.6 59,,9 lOcO 

\1\ 16 lWX> u90 20/100 16.4 17.0 6h.4 64.8 1200 
13 1450 1361 20/100 1.6.4 170 0 84J~ 85 .6 000 

2 1475 123 261100 160u 17.1 81.-.3 82 ~ 1 3S ~ 2 
34 1500 655 U/100 150 20.0 8709 86 ,.3 .3 .0 

}SOO "8" I 16 4 17 ~0 66,h 89 2 21.7 . 
14 lSOO 254 ';.0/ .... 16 ' 700 9.2 89 . 2 ~6 

7 lSSO UB 20/100 503 17 0 8605 88 .2 55014 
9 550 95 ~OJ100 16,4 1.0 8604 65 ... 6 19 .. 4 
5 550 202 Oil00 . 5,,3 17~0 83.0 81. 2 3101 

1 1600 109 20/100 >.6-u 17 0 86.0 )6~8 

6 1600 169 20/100 15.3 17~0 83 00 82 -5 33e6 .. 3; ).700 6B5 lb/100 15 .. ,3 20< 81.9 Ba .. ,) - 12,0 

!I () atr :tion . 
Y A!tor benzeno extract1on~ 



diYlded bet.non the runa ue1nc "inert sweep gas and thoae 1n which it was 
not. uHCi. Caloulated yieldl of products for runs carried out. uncier vnry­
ina operat.ing condi tiona are 8i ven in 'liable ) . Tne opt.imum retort.ina 
temperat.ure for aromatic producticn leeml t.o be 1SOO·· 16OO· Fa EthIlen 
yields ... re al8(.' h4helt. 1n tide temperature range . Run 7, with a ret.o t.-
1n& temperat.~ ot lSSO·, produced the maximum yield ot 2u91 ballonl ot 
benaene per ton ot shale . An unusually large part. ot this bensene wu 
recovered 1n the gas o Small amounts ot acetone and methyl alcobol we" 
alao preeent in this gas sample but since theee compounde have not been 
obeerftd in eamplea trom 8ll1' othor run, it 18 poeslble that. the),,, as we 
.. part. of th __ benzene, may have reeult.d trom a oontaminat6d sample 
bottle . A tfoaae of acetono was present. among th.,,, r-.ol ubl .. compoun a 
"porteci tor one run although IOOthyl alcohol 88 n t. .. Bonzene was usual 

·pre.ent. in lmall perc.ntlge~ 1n the g~s sA~pled though i t was above 
average 10 run 7. The highest ethylen yield was a1 0 obtained wi t.h a 
retorting temperature ot 15~.o· P\, Foed rate. tor l'\ln~ haTing maxi.'1IWII 
yield. ot aromatica were 100 to "00 g./min ., ~ althoue,h one of the hlghea't 
to\al 011 yields wae obtained in run 1), with Do f od rate ot 1)61 g . ./m111. 
S.naelH 11eld tor th18 run i n wht.~h a1ft) p gas was UG d was 0 9 gal lton 

The angle of the retorting J..late tor nll runs reported, except t.wo ~ 
was set at 45· with the horizonta;., which gave an ostlmated retention 
time of the shale 1n paL'lS8ge over the plate 01' 1, $ oeonda , nuns 6 and 
7 we" made with the plate at. ),. and )0· reGpectiva'.y ~ Sooie holdup an 
the retort plate was conside\-able in both ot the 7.'\lM .' Run 7 ga thl3 
highest benzene y1c.ld ot the .erie.; 1 0 we1.ght rcent. on '1 rD.W s al 
.basta or 21 .,0 ua1ght !o4rcent on :1 dry crude b Bie , De~""UBe a condderable 
amount ot spent ahale WIl8 ret.a1.nod on tho plate in I un 7. a cataly't1c 
action by the spent shale at high temp r ture8 may he indica d . 

au formation tor th inclined uurt&t.8 ret.ort rune increu d with 
increase 10 rotort.ini tGmporatur and , based on qui valent organic con­
tent" ... comparable in moot caeoe to the rti 1 tub retort lie de" 
HOW'ftIr, paas1na tho vapo '8 tormed at A 10 r retort. ttt:npor ture through 
the auxUiary react.or at elev ted te.:nptU'ature3 did roc ~ r ~u). in a hig' 
a ias T1eld as did en equivalent l'etort1ng telllper. tun. Tn vapor spn .. 
of the retort waD not mni.nt&.1n d at tho same tempor turo al the retorting 
plate beeaus heat was supplied onl.,y to tho retorting rJlate~ and. once 
tht. ft. o4verod by the shale dUl"log he rur. # the q anti tl' of he! t radi .. 
ated to the vapor pace wao reduc.d. Tho top of the vapor chamber was 
appraxwtAly 00· to 200· F" ooo1&r than the retortlng plat ~ Tn 
maximum ethylene Tield with th inc ined aurta r i ort was 44 lba o/t nco 
Thie comparee with a caloulated I!'.t1X1rrum ot 1U 4 bo /tCJn obtained fran 
a shale of equi vAlent organic content by us of th vertical t b 
retort . 

Material bAlances tor the var10u~ run9 ar given 1n tabl 4n 
The.e balances 1"8 loulated on an I)ver 11" nc< l(lo!)s bade" Md on 
an organic bas!sp the latter comparing favorabl y ~th similar balance 
on runs made with the v ~ticnl-tube r tori. 
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It' e 30-~Yielda of "Ol'OOUCliS urcior .,, - Ii., g 0 I~t1r.g cor.ciitions .. ...___ ~_______ ____ ___ -..s.-. -

11 19ht percent Pounds 
'Weep gas , egh rc ny, 0 raw a.'lue, 0 ~on 0" per ~ 0 

T m~ratUI'c.. 2 .. F <! lw cu ortjm1n ~ org 1c ba 1 d.rz crude hale ota1 gaD 
TO. Retort Reacto Helium 1Iethane Dry crude Benzene!] ToluoneY Ethylene Benzeu Ethylene cu ~rt,,/tol1 

25 1200 6,1 0 058 1106 U90 
'9 1200 6 0 00 23 0, ] 0,,56 3S5 1 0 82 .64 -30 1 02 1350 
26 1200 1200 U08 0, 53 10, 7 1240 
~ 1200 ?'Y) 507 0~35 0, '3 Or 2 5 19 7 ei 8 <97 cl9 1 ,4 820 '" 27 200 500 11 03 Oc35 o 2' 1,06 1.$9 6 .. 12 96 73 21,,3 1140 
30 200 700 476 4 9 0.56 Oe 6 ,)1 9 93 3 <67 l c 5~ 0·50 26 ,, 2 1Bho 
-; 1200 ] 1\ J hoI) 5,1 .. 66 '( ,,2 1920 

.>3 1200 17 565 5.9 l r55 ,)300 20uO 
.I. li!~O J .;o lo.4 ,,0)1 uot}S J 4' 4.,J J.O ., 4 olf YoU ~LUo 
8 12,0 1,00 l e 8 Oc.34 0.13 0,,96 19.1 7c.u 009.3 0036 19 02 2880 
- 13,0 ,08 DrS 0 508 0. 24 Or18 11,2 30 0.67 0050 

19 1360 .350 401 0025 0014 501 304 0069 0,,39 
9 1.360 :1.500 102 0.11 0006 1101 $62 0.,4', 0017 

20 137, 285 205 0015 0010 601 4el 00u1 0 ., 28 
'0 137, 1500 1.1 0.38 OolU 1, .1 505 1004 0 ~3? 

.3 1400 252 201 0037 0 0 09 1014 1409 4<3 1001 0 0 25 22 08 2050 
16 1400 u90 006 5 0 00.34 6,,7 009.3 
1) 1450 1361 0004 002 5.8 0034 0022 ' e8 30 8 0092 0061 

2 1450-1500 123 20 8 0.,29 100 6 0081 
34 1500 655 7e5 Oe36 0032 1.2.3 4065 4.,24 1007 0087 24~6 2520 
4 1$00 205 4<2 0066 0027 2020 1309 SoO 1081 0.,14 4400 hooo 
8 1500 282 002 10 ' GO 00.36 0018 700 ) ,,6 0096 0050 

14 1SOO 254 002 007 405 0045 0022 909 u08 1 ,,22 0060 
9 1550 195 004 102 5 ~ S 0053 906 1045 
5 1550 202 .305 0044 0010 ~,c 98 709 30 0 1 ., 24 0029 .39 <16 1106.3 
7 1550 118 3 .. 0 1 ,,06 0009 1 .. 66 210 0 .301 2S7 0026 3302 4SOO 

10 1600 109 0 .,6 008 406 0079 0023 1605 4,, 7 2010 0059 
6 1600 169 0 .. 8 0 0 9 o .. B.3 50 8 l ob 0 ,,48 1606 4SSO 

j5 1700 685 4 • .3 0058 0018 1.,71, 11012 1,020 1060 00S<> .31. 08 1U75 

Y Includ1.Dg material recOftred trom Bae with exception or run. 10, 12, 1), lb, 19 .. and 200 



, 
Table h.--Yal!r1al balances ot !'UD8 with 1Del1Mcl-nl'iac. n~ 

Run llo o 28 29 31 26 27 )C 32 18 12 3 16 

T . rature, ·F .. , plate 1200 1200 1200 1200 1200 UOO 1200 12SO uSC l!aOO lbOO 

T per. t'Jre, ·F 0, reactor 1200 1200 IS00 1700 1700 lSOO - -
12\ d rate, g o/min. 33 31U 516 3Bh 441 h76 b6S 336 S08 2S2 Ia90 
Shu ize, maab lh/lOO lh/loo 14/100 l4/l00 1.4/100 lla/loo lh/l00 20/100 20/100 l1V1OO 20/100 

r m terial balance I 
no 10 s b 1.8, pere~nt 

Oil 6~ 6 80 508 ho9 5.3 4 ~9 h~7 309 S08 2.0 6,,2 

Gas 400 h"o 503 307 S.l 6 1 5.0 8016 lIl07- 6<9 lO o2~ 

tor 0. 7 009 0,9 0.7 1 ,1 02 100 0 ., 2 006 0.,8 0,,6 

Spent e 87 ,,1 8607 87 .4 89.7 81 5 86~8 67 07 8leS 78 09 9003 81.6 

Coke .1. 003 "06 1·0 1 ,0 100 106 102 

Orge.nic balon~ r ,. G e 
=-' b i , porccn 

Oil 6.1 6.0 Sc7 4 .. 8 403 S,,4 hS 309 S08 201 500 

!'taD 2.3 )00 4 2 3 6 403 409 3.8 9·0 60 S ~ S 6,6 

Eonz n s lub on spent 
aha 2 10 1. ) 103 1 ~8 I S .. 4 0 ,,6 000 1 ,,7 Ocl 

Co!::o on spent. s e 5.7 Se3 4,1 5 6 409 3 .. 5 5,,6 209 2,5 700 h.7 

C'rgm'.1c butt J ... rgaru.: 
b ai , p rcent 3S 24 35 Oil 0 39 37 31 28 30 1) 30 

G 15 20 27 24 28 32 2h SS h9 JL J,o 

e::.~~:l;j -ol.ubc..C ~n CP::1· 
8 7 9 8 12 10 9 Is 0 10 1 

ale 37 Jb 27 7 )2 23 31 17 16 k3 29 

-=--
.... ;:uu . ad~ . 

L. 
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Table S.~QleulAted liQl~1'Iitb and without ~ ot roacto,! 

tVt... po cent or nun ~raturei -F. 
dry crude No" to Reactor 

BGuzcna ToIucno 
U18 12S0 J! .6 4,3 1,,0 VI8 12S0 1S00 3.3 19 ~ 1 70b U19 1360 607 S.7 304 

'?/19 1)60 1SOo uoB 140 ' S.2 
Y 20 137S - 6.1 60 1 4 .. 1 
2/20 131$ lSOO b.b 1S01 S.s 

!I Yields recalculated far n~ Yapol'8 passing through reactor. 
y Y1elde reC4lcul.atod tur All vapors pusin« thrOUgh nactor. 

Gals 0 ,E!r ton 
Ben:one roIuona 

0 ·$5 0.38 

1075' Oc67 

1006 00 63 

108a 0069 

100b 0069 

l oBS C,66 

~ ) 

Ethyl.no 
lb o ton 

20~a 

35'. 

-
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Anal1a:~ at water- soluble compounds present in the inclined ~ia a 
retort oU t1"CIl ran 34 (lSOO·) wu made by the Research and Anal7a18 Sec­
tion. !fo quantitatiw .. tiMtes were attempted due to the small amount 
inft1wd. lfTdrocen ~an1de and carbon dioxide were present in ,reatest. 
qUDtlt7, with minor amounts at acetone» H2S, and hydrocarbona . Tracea 
or •• tio and proplon.1c acid were ob.enedo No other compounds .... re 
NPOrtacS .. 

'or three rune, 16$ 19, and 20R the retort as arranged eo that. t 0 

w.por at.re .. _re withdrawn s1mul~eou8ly" On stream palJeecl through 
tbe Ngular condenltng Iystem whUe the other pafleed throUih tne reactor 
.t 1SOO· aDd then throUGh a condensing SYltem. Liquid prC4ucts fran the 
n.ctor atream 8hanc1 a cona1derabl.1 higher porcentage or bonzene and 
tal_ne '(.ban the products from the stream paaeed directly to the con­
denalna aystem .. T.ble S give8 yields ot these runs which Ere ea culated 
to ocmpaN ... aulta or passing all vapora through the reacto).· wi h those 
ot condeu1n& the yapore di.rect.ly without pase r'f. I.~ MI¥ ot the products 
tbl'Oqb tn. re.ctoll"v Higher benune and tolueno yi lds resulted in a.U 
C&Ha with u •• at the reactor. A higher ethyleoo yield WIlS alao obtA d 
1Iben tne reactor .. ueed, aa indicated by ~ l€ ~ nnich the gas wae 
~.c:SQ In acldit1011. to t.h Qbovop G runs r:c: _ ~do us1 G the !'eac or 
and in .aeb caee where analyse, were obta1l'.ed th nzene and toluene 
yl.1d was increased, at. correaponding ret rt1ng temperatures, over ~ 
without the reactor .. For purpo!3ee of campar!e 'n" oInr196 rune we mAd 
D7 ... t.ornnc .... l. a" .Ld!W· ana pas Illi We lapon tome Ulll'Ough til 
.... ctor at 1200·, l$OO·, IT·~, s ot·; .1.:;' . -;;OQ i ..... ~~ A' 
"rftd .... ntia1lJr aa an extension to the ret-ort f by reana ot I" hi ' I 
additional iklat at ,,",rvi..n~ temco Qt co, d boa 0 ' i d t. 
vapors h '.por I"3tGnt1on times in the reactor fer the v8!'io e rur. .. 
we... .atimated to range tro:n one to two aecontls ap nJing on reactoi" 
telnI'8ratare h Th .... addltJ.onal runs, without u e of th rca~~or, Ql 

made at 1200·, lSOO·, ann 1700· Fo, other operlltj.ng conditi ns being 
kept aa nearly cOMtant as poes1b1e c Vapor retol.tion timos for theae 
runa were calculated to be approximately five., tv 0 , nnd one ae nd, 
reapecUw13 0 Moditied Hempel analyses ot the o!. l' om tho six run'g 
)1, 27, 30, 29, 34, and 35, are given in tab s 6, 1r 8, 9) 109 and , 
reapectiw17r Sul.1'ur and nitrogen analys(ls weI made on individ 
d1et1l1ation traction from runs 30 and 35 , Thct.e lalysoe are i eluded 
in table. 8 and ll r Benzene and toluene content.s 0" the fra.::t.ions trcn 
each ot the runs were obtained by mass epa t r ouo ' r rwlysi " Distribu­
tion at these two contpounds in the v rioue £ral:.:.o.,o i s shown in table 
12" In anal.y2ing rellults of runs 29., 34» and 35s. se ral c anges 118 
noted ln propert1e~ of the crude oil as tho re~o~ti~ temp~rature was 
increased" The specific gravit..y and nitrogen ont~l1t increased while 
vi.cosity and sulfur content decreased with incl~ 8 operating tempera-
ture" Pour points in all cases were below 50 1" Tho voluma ot nQphtha 
and specUic gravities of all fractions or the 0'·1 i ncreased us r()tort 
temperature was rabed e> carbon resid.ues ot: tile residuum and of the cru 
increaeed in a like mannerp heraas the asn dec a9ad o 

n 



Distillation SUMmarz 

8peCU10 INnt,-. _ .. s.au.ar, peroent--____ _ 
"1~" peroent-.. - ___ _ 
POUI' point, .p'&-, __ _ 

V1eOO81tQ, Set1 .. s.eonda at 100- ,. _____ _ 
.. ater ftmoftd, wt. % ___ _ 
API IftnV"- h __ _ 

Ben._~ wt. % .. _____ • 
'l'ol\18ne. wtn • _____ _ 

0 .. 998 
0 ,,93 
2 ae 

e:low 5 

64.2 
1300 
10,,3 
So 79 
7048 

N~tha 
tractions 1-7)--~_ Lint dieUUate 
traOtiona B-10}_._ 

Heav,y dist1 a 
(tractions 11~14j--Res1duum _________ • ___ 

Loa.----___________ ~ 

ANALrl'lCAL DATA 

DiatU1ation at 760 lIImo H~ P1"8!!sure 
(li ... t #OJ) at §[o -F 0 ! 

Granty" "'action ~u~ a~ Swa .pec1tle No o ~o .,'! Percent 2!rcent ~/60· F .. 1 50 122 J, ,,5 J,.,s 00692 2 7S 167 J, .,2 6.7 ,,736 J 100 212 5 ~8 US ,.803 J, 125 257 707 2202 .. 837 " 5 150 302 6~J, 28 ,,6 0851 
I) 

6 175 3J,7 J,07 3303 ,,8n 7 200 392 Sol 38~4 .,906 

DistiUation lOt llO JDIIIo !!8 pretl~ 

C &7.1ty" Fraction Cut a~ 
Sum specific No .. ·C . ·F,. Pei"Cen~ Eorcent ~Looo F" 

• 8 150 302 201 40 oS O ~958 9 175 347 6,,1 46 6 ,977 10 aoo 392 4v3 50 ,,9 1 ,003 U 225 437 3.7 54,,6 1 ,026 12 250 462 4nj 58 ~9 1 OS4 lJ a75 527 5.3 64.2 1.07) 14 300 572 B ~ 6 7208 1,094 
a.eiduWD 24,,4 97 ,,2 

Sp" gr .. 
Percent at 60· F" 

38e4 0 0819 

l2,s C 98;,' 

21 ~ 9 1,01 
21,0 1 , ~69 
208 

~olt vlscoaity 
S" t1" Seconds 

100- I> 

7 oj 
184 , 
S9S 

277S 

1: 269 --Carbon l"8a1due ot reSiduum, 60 0 $ porcent, carbon residue ot crude, 18 ,,8 psrCf)n~ ~ 
Ash on reeiduum, 7031 percent; ash on crudo, 2.27 porcentn 



SpeoUic snYit¥-- - ---
S~. ~,~-.------­
litzoopn, pe~nt--------
Pour point, -,. --------___ _ 
Viaco~l~, s.u • • econda 

1.070 
.875 

3 aO) 
Below 5 

at 100· , . -----~--------- 109 02 
·"tel' NIIlOftd, wt. , - ----- 18 ~0 
API Iran.t.7---- ---- O ~ 7 
Benzene, n . I· u______ 7059 
TolueM, wt.& J.... ... 6~12 

Dist i l l at ion .~ 
Sp gr 

Pert:ent !! 60° F 
Naphtha 

(traot 1ons 1 r 7)---- )2 .,; 0 .872 
IJ,ght dist ill te 

(tractions B-IO}--- 15n2 1, 
Raay'y di~illntB 

(tractions Al-14)-- 2) ~ 2 1 086 
Realduum-----~------- 27 .. 7 1 .S) 
Lo.8------~--------~ 104 

ANALrrrCAL DATA 

DiatUlatl on at 760 Dlmo Hi 
(f1i'8t droP at ru- F 0 

l'ea"ure 

GraY1tyj) 
Fraotl on Cut p Sum speciflc 

Noo 'Co , Percont 2!rcent 6OL60- ~ 
1 SO 122 
2 75 167 1.1 1,,1 00773 
3 100 212 900 1001 .8b9 
1. US 2S7 6.9' 1700 .86) 
5 150 )02 5.9 22.9 .871 
6 175 3b7 4.6 27 "s ., 692 
7 200 392 S.O 32 .5 ,9.31 

Distillation at bo mm. HI 21'866 .. __ 

GrDv1ty~ 
Practlon Cut at Sum specific 

No . ·It I'. Percent E!l'Cant lA)/J:JJ. F.:. 
8 iSO 302 403 )6 .. 0 o 98) 
9 17S 347 602 43uo 1,,003 

10 200 392 4.7 47.7 10024 
U 22S 437 2.9 S006 1,.044 
12 250 482 4.7 55 .. 3 1 066 
1.3 27S 527 S.7 6100 1,,09:1 

lb 300 572 909 7009 l.n . J 

S1bolt visco,,! 
S U. seconde Vi coe1t..y 

roo" P' ~ 210' ~'. index 

73 rb )3 "8 M1nu. 176 
. 66 4 .'37 ,. 2 Mi nus 362 
$:lS 
1-J 

Residua 2707. 96 n6 1,,353 .f. 

Cuban resldua or residuulI, 6706 percent; carbon ro81due of crude 23<>7 percent. 
lab on 1"88lclUWll, 6,,60 porccnt;,.. h on crude ll 3001 pore nt , 

au eyobecl durins the cSr.Yini procedure • 8h61 m10 (SoT.Po) laa from 8L2 8 0 _t cndf­
(671 , ,, cb7 cnade J 627 11\1 . dry crude) " 



~ oparti.e ot dT crode ehale 0 

Speoifi c grav1~----------­
Sulfur, percent-- -----­
N1tropn, ptrcent-------Pour point. . , .-____ _ 

V1acoeity, 50Uo .. conde 

1.lh1 
0 0 840 
3.03 

Bel ow S 

!2!!!lllation BW1Jn .: 

Naphtha 
Perean 

(fractions 1·7) 2601 
Light distill 8 

(f'r ct10ns 9 11' -.' lS ,,9 
Heavy dlstUlat.e 

(t ractions 11-14)-- 2S,7 at 100· Fo-------------__ 2S7 
*Water ramoftCl, n o %---- 1.8 e. 6 
API graY1ty- --------_____ .• Be1~ 0.1 
Bensene, wto ~-------- 9.93 
T01~, ...t . ~--------- 3.69 

Ro8iduum--------- .• __ 32 2 
Lo 8-------~-~~~_~__ Dnl 

ANALn'ICAL DATA 

Distillation at 700 mm HS p rE! J. \11'8 

rnr,i dr2E ai t7~1 ':1 -
G1"8 t.¥, Fn-,t1on Cut at 5111 epec~ f1c Sul.fur No. 'e ., Percent percent 60 60· Fn E!rcent .. g -1 5'0 122 

2 75 167 
, .3 100 212 12.1 12 .. 1 o '1S 0.60 · 4 125 2S7 4.S 6,,6 CBl ~B7 S 1SO .302 .3 .9 20"S 894 . 97 6 175 .31&7 206 23 1 921 n84 1 200 .392 lnO 26,1 964 82 

Dieti l l ation at 49 ~, Jig preQL-, 

Gravity, Saybol to visco:si ty J FJoaction Cut at Sum specific 5 . U" I..conde Su tar NO n ·C o I;., Percent reent 60L60- Fo 100 Fo Eercent 8 -is<> 302 -s:o- ) , 1 1 <,02S 1.OS 9 17S 347 60S 3706 1 0)3 0~90 10 200 392 1., 1, 1.2 ~0 1,OSl 9S 11 22S 437 1,01 46 ,,1 1.07S .96 12 2S0 1&82 Sn3 SL4 l ~l06 .. 96 1) 275 527 60 0 S7 .4 1,124 , 90 1h 300 572 10 • .3 67.7 1.1)6 75 
ReeiduWl 32 ~ 2 99 09 1 ~JS1 ,h) ... _---
Carbon reaidue ot residuum, 7B ~ 1 per cent; carbon ree1due r clMld. , 29 ,,9 p rC8nt~ 
Aeh -on reaiduum l 7,,93 per cent; ash on crude, )~04 percent. . 

-
"" 14 

O .. B, 

1.03S 

1 .11'1 
1 )57 

o 31 
o 99 

S 
J08 
) 3 

3 ... 3 



1..:. 

Tobla 9. 

rudo ohole oil Distillation a 

SpecUla gradty- ----_ 
Sultur, percent- -___ _ 
Nitrogen, parcent--------­
Pour point, -'0----­
Viscosity, S"Uo seconda 

at 100- F 0-----------..-.. .. *Water removed, wt •• ___ _ 
API gravity-----~ __ _ 
Ben.ene, wt,,, .-----__ _ 
Toluene, wt ~---___ _ 

00968 
~ 890 

2057 
Belcr.r 5 

86.7 
9,,6 

lbo7 
3055 
1.,82 

Naphtha 
(fractions 1 7)----

Light distillate 
(tractions 8-10)---

He v.r d1etillate 
(fr otions U ··14)--

Re81duum-------______ 
Lo88------------_____ 

ANALYTICAL DATA 

Fraction 
No .. 
1 
2 
.3 
1& 
S 
6 
7 

Fraction 
No. 
8 
9 

10 
11 
12 
13 
14 

RealdUUII 

Diat1l1ation at 760 l1li. !!8. ~red8uro 
~llrat drof at rJ~1 Fo 

ara.lt : 
Cut at Sum apecUic 
-~o -'0 Percent E.Elrccnt ~L&J- Pc 

SO 122 
75 167 104 104 00732 

100 212 404 5,,8 0782 
125 257 509 110'( .811 
150 302 501 1608 ,826 
175 347 406 2104 ,,6U 
200 392 S.,5 26 .. 9 872 

Dbtillation at 40 

o avitw. 
Cu~ at S\!m apecific 

-C o -'0 l'ercclit rc nt 6OL60e F..:, 
150 302 306 30r 00908 
175 347 6.$ 37 ,,0 ,,928 
200 392 5vJ 42 .3 .950 225 !U7 403 46.6 965 250 482 S,,7 52 .3 .. 982 
275 527 703 5906 10000 
300 572 9,,6 69.2 1 013 

a8 .. 9 9801 1015.3 

3ure 

6,),,8 
120,,9 
291 
93J 

Percent 

26.9 

15,,4 

26,,9 
28 ,,9 
l (. ~ 

Sp , g." 
~t 60- Po 

0,,82' 

0 ,, 93: 

0 ,, 995 
L15.:' 

Vleco i t y 
i :: 
-~~ 

Januo 140 

Carbon .... ldue of n.lduum, .3406 porc.nt; cm'bon "Bid or crude» 1109 percan H . 

Alb on ree1duUll, 5048 percent ; aeh en endo» 1.,ti9 percont" 

au eYolftd during tne dr;vlJ1i PJ'lOC.cmr. • 18p 400 i4ld (SoToPo) ,U from 1242 I~ .. 
~, (1031 1 0 d.r;y enacle; 1065 mlv ~ crudoe) o 

..J 



~ ,pRie. ot ~ crude shale 011 

~cwo &nri.ty-----_ 0099S 
0071 
2068 

Naphtba 

D1!£i 11;\,ll.on--!WWIIa!Z 

PQjrc nt 
Sultur, peroent- ___ _ 
Nitroaen, pvoent· . _ . _ 
Pour point, ·Fo--' __ _ 
VlSC08iV, S" U 0 .. conde at 100- F. __ . __ •. 
OWat.r ra.oved, wto ,~ __ 
API IftY1t.7 __ _ 

BlDMne, wt.o J..------__ Toluene, wt~ • _____ _ 

Below S 

600S 
Uo6 
10,,7 
406~ 
4o~4 

(tractions 1~7)---­
Light dbt11 Q 

err tiona 6.10}--­
Heav,y distil tc 

etr ctiona 1.~14)--Resid ____ __ _____ _ 

~s.--· .... ___....IZ>_ .. ~ ___ ~_ 

ANALYTICAL DATA 

pres sura 

Gra\oitYI> Fract,i_ Cut at, Sum 8p c1ti~ Noo -': . -Po Percent Eercen~ ~&Jo . • 1 SO 122 1 ~ 6 1 ~6 On692 2 7S l67 ) ,, 4 S ~O ,. 42 1 100 212 6.7 1307 0614 II 12S 2$7 S09 1,90 6 ,, 63$ S 150 )02 Sol 215 . 7 n84J 6 175 347 306 2B a3 861 7 200 392 503 33 u6 .899 

Distillation - £C4-oo4~. 

01'" v1t), Fract,ion Cut at Sum apaci'lc Boo ·Cu ey: Pelrcent r.:ent 60/60° F e> 8 l S0 302 3,.6 37 ,,2 -0:94S 9 175 347 60 1 43.3 0960 10 200 392 4S 47.6 n977 U 225 437 40:; S203 0994 12 250 482 ~oo S7.) lo0:L9 1l 275 S27 " 08 6)01 C. O 7 14 300 572 U.s 71 .. 6 L050 
Redduum 26.7 98 n3 1. , 2).$ 

~.-

..... -.-..-

33 ,,6 

14,,2 

2.3 08 
2607 
1·.7 

0.627 

0,96' 

1,0.30 
'.~ 21S 

S ybolt viscO's' 
SoU" eecnG'! 

),00· Fu 
~---.s... ~"''' ..s~ 

62,,2 
1.9~7 
):~9 

12 7 

Carbon residue or residuwa, 1602 polrcent; carbon re81 u of crude
p 

,7 i= rec t~ 
Ash on residuum, 4 066 percen; sn on crudo, lS2 POll'C8nt ., 

)'6 



• .t-opert1es ot dry- crud. shale 011 
D1~11atlon ~ummar,r. 

Specitic grav1t7---__ 
Sulfur, .Percent----__ _ 1.049 

00690 
2092 

Nllphth 
Nitropn, percent-___ _ 
Pour pOint, ·F

o
- ----____ _ 

Viac08ity, SuU .. eeconds 
at 100° F.---___ _ 

-Water ramo_d, . wt .. . ___ _ 
API 81"aY1tT-----____ _ 
Ban .. ,.~ wt., • ______ _ 
tol.,., wt.. ._____ _ . _ 

Pftct.ion Cut. at. 
No" -C o . ., " -1 $0 122 2 7$ 167 
3 100 212 
4 12$ 2$7 
$ lSo 302 
6 17$ 347 
7 200 392 

Bo1 $ 

62,,9 
190$ 
3.4 

lln12 
4020 

(tractions 1-7)---­
L.1.gbt distills 

(tr 'tiOIl3 ..... Ole _ .• 
H04Y,Y dleti) 1 at 

(tr~ctione 1 -14) Roe1duum--_______ ____ 
LoS8---~ ________ _ 

ANALYTICAL DATA 

Sum 
Fet"Cent .. . rcent -
1$ .. 4 lS04 o 862 h 9 20,,3 96 303 23 ,,6 S73 )04 27 ,,0 391 
Sr 2 32 .2 ~38 

Distillation at 40 rom .. H 

Gra ~ aybo1t \ 8coeity, 1/ Fraction Cut at Sum spec ' i~ S.Uo eco a No ~ ~., I~,; Percent lZ'cont f!Y.. 60" !::. l(\)~..!o -8 1$0 302 7.3 39 ,,$ l~OOl 9 17$ 347 60 1 4$,,6 1.013 10 200 392 4.,4 50 .. 0 1,,029 U 22$ 437 407 $4. 7 1 052 6>,,9 12 2$0 482 6,,3 6100 1 .. 082 14 c 13 27$ $27 603 6703 1.,10) S:} lh 300 572 7.9 7502 10 2l~ 
Ree1Quua 2202 97 4 1 299 -==- v-:a "'-
Carbon raa1du. ot reaic1uum, 67 ~ 8 percentj OoiIrbon N idu.o 
Aab on redciuum, 2 .. 45 percent; {l h on crudo, 0067 p rcen crud., 

.12~2 

17 8 

2$,,2 
22,. 2 
2 ~6 

o $2 
,,79 
"B56 
,,786 
.,67 

5 ltur 
paIrc~ 

o 5$ 
,19 
, 79 
. 34 
~ 4 . , 
,,02 

Sp. g " 
l\ • 60· ~,' 

0 .. 679 

1 ~012 

10092 
l r 299 

o 32 
o 90 

, .1 
:?ua 
2 9 

.,5 
3 

3S6 -



. . 
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fable 12 c -~r1but1on of bensene and toluene in d1n1llatlan tn.ctlO1l. 

Spec1tlc 
gravity 

of 

29 100 00 B --- OolO 1044 1.,40 0 .. 08 0 •. 08 0 2S 30SS 0 .. 02 0,1$ 0060 0 SS 0-)) 0.17 1 82 

34 1500 00995 0.16 0.88 J~13 0 ~06 00 22 0 0 0 00 465 0.37 l~SS Oc9l 1~o4 Oc21 0.16 4~24 

35 1700 1,049 ---= ---- 9h32 1~24 0.33 0.22 00 01 11012 1040 ~hl Oo9S 0~39 O~OS h~20 

31 1200 ]200 0.918 O.S o 93 1.,86 1~8J OJ.8 0.10 OC 8 $. 79 ~ S 00 Oe89 3.ll 2,99 0~28 0<11 ItS 

2:7 1200 1,00 10070 -- 0 36 4. 71 74 0.$2 0019 0 07 7cS? 00002 0,% 089 2 16 100) OeOa 6.12 

0 12 1700 1.lU ---- -~- 7~28 1067 0 0 6 00 20 ~ 20 9 ~ 93 ~ O~ 1,44 0090 0.26 O.lJ ) ,,69 

L 
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AnalTBes ot oils trom rune 3l .. 27, and 30, w.lerein the shale was 
retorted at l2oo·, and the vapors passed through the reactor at 1200· , 
lSOO-" and 1100·, respectively, when compared nth result obtained by 
nton1na at 1200· F to without the reacto~ ehcm th the naphth contf!nt, 
specUla ;;rant¥, vUCDI1typ and carbon re8idue ot the oils increaMel 
with reactur temperature wh11e lulfur content was r duced and nitrogen 
content remained about the same . Sulfur mel nitrogen anal.ya 21 ot 1nd1· 
Vidual traction8 ot oi18 from runs 30 and 3S t ollowad e acme gener.al 
pattAlrn, the lower boiling tractions having t.h lo ost rdtro£cn content, 
and tr"!ltion 11 (boiling range 392·-4.31· F.)~ th rna.x1mwn nitrogen content. n 
Curve~ tor both sultur and n1trogen contents ot tractions or these t~~ 
oUa are 1negular ae shown in £1gw'S .3 " This pr bab)'y indicates the 
pre .. nee ot 8pec1t1c nitrogen and sultur ompounde . Th 8 i' conten1':. 
at the ftrioue tractions ot the oils trom tne two ne onowd a decidsd 
d1tterence in fraction 8; the traction tram th run retorted dire tly at 
1700- baYing approximately oM-halt the sulfur contont ot the correepond -
1rlc traction tram tbe run using the rea:tor .. 

Bena_ and toluene percentagee an a dry cnad b 81e, ot tile aiX 
oUa an 1Iblab Hempel analysee .... re made, are pre entad in figure 4" 
Ratorttna at. 1200· produced low yiel de of benzene and toluene with 8 
benHDe toluene ratio or about two to cae 0 As the temperature wu 
i.ncreuecl to lSOO· the total percentage at ba1zene and toluene increased 
&beNt oM- th1rcl and the ratio at benHM to toluene decreued to OD~ 0 

~et incre.. in te!'!lperature to 1700· almost. doubled the total ;. 1"­
o.awa- 01 the two areaatica 0 This increase waa due almost. entirel¥ 
to 1Dcre .. ed t.sene ,ield.. Retorting at. 1200· and then subjecting the 
YapOl"8 to the ... and higher reactor temperature. showed tnat the aum 
peroentaae at bensene and toluene tended to remain onstant ,. Ae the 
reactor temperature was raieed, benzene yield increa.od with a corPea­
poDd1na deaNa.. in toluene .. This indi.cate8 a dealkyl ation or toluene c­

It. would IHIIl trom the analys •• t.hat retorting at 1200· resulta in a 
oonatant, percentai',e at low 0111.1'1& arOlllatics jj wh1~h can be converted ll 
wltb1n l1m1ta, to either bensen. or to uene b, temporature control" On 
the otber hand, direct. retartutg at increased temperat ure 1eveb ahowed 
1noreuecl percent,qea or both benaene and toluene, with 4 toluene peak 
at about. lSOO--l600· n The Danaene yield ehowed a marked incn .. e at 
1700-'0 Addit10nal increa .. might be expected at lanewhat hiah" 
t..peNtuNa ll tNt becauH or apparatu8 lWtationa 1700 0 wall' tba max1-
mua t...perature at which aatisract.or.y control was possible n 

IIore ,.. and alao more ethylene waa produced when the snale w" 
retorted at. lSOO- and 1700· than when it was retorted at 1200· F 0 with 
subsequent sO&klnc ot ftpora 1n the reactoU" at lS00· all" 1700· F ,. 
hb7lene, on a pertentage oapoeition bae18 g ... highest tor the 
reac~ l"UftI with the reactor at lSOO· and 1700· " Mass epe trOlletel" 
ana.'-1 .. a at the retort Basel tor the various rune ar given in table 
13 0 No attempt .. a made to analyse the gase8 trom the rune in which 
8Wep ... ... uaKo 
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Spent ellale analyses for the runa are Eivan in table 14 ~ Gensral4t
i orl&D1c and C~ removal increased with retorting temperatures

D 
although 

tMd rates &.ffeeted resl,lts to some extent" 

SUMMARY 

'!'hese results must be conddered as a prelim1.nary evaluation of the 
pertormance of an inclined- surrace type of retort " Optimum eOlY-1iticne 
baYe been e.tablished only over a broad range for most of t .e variables; ade~uate temporature control and dlfficultiea in ruaintaining constant 
teed rates being limiting fact re in carr,yin& out t he expor .~ents n 

Or'anic matter removal rr..nged from 51 percent to 89 percent» tbe 
IIIX1mu.m ntmoval being obtained Wit.Iot temperatures a. t or abo 1500. and With teed rates belO'" .300 g ft /minu 

Rellloval ot carbon diOxide ranged rran 0 perc nt to 55 per-eent ... t.he 
highelt peroentage being removed at the higher retort ing to~poratureG and With low teed ratoe

Q 

Oil )'ielde; on an organic bas1s s ranged f lonl,) to So percont!) the 
higheat 1ield being obtained With a ratort:\.ng t r.-pe 'sture ot 1S00. F ~ 

au y ,! ,)1ds generally increased with increa e in retorti ng tempera. , 
ture., but \;he ~ ethylene yield was obtained at 1500" , 

The Use ot inert s"'.p g . , ~pp~rently 1mpro~ad liquid yields in a 1 
case., aince the yields tor tholSe runs in which tho cae was Used 1l'a nll 
aboy.. ~varage 0 Use of a 1'G4ctor to tnat vapors furtbGr imraedi&teq 
atter retorting resulted 1n product s having higher benzene, toluene, and e~lene content than those of untroated vapor s

o 

The highost benzene yield was obtained by direct plate retorting t 
1550· F •• Wh1lo ~~. ~ toluene yield ~ obt a. n.d ~ P ••• ing vapor . 
formed by retorting at 1200

0 
thrOugh the reactor a t tho ~amo tomperatu 

Benzone and tolueM yields for the inclilled-sur.r~ :la retort :,ore found to 
compare favorably With those obtained by the verUcabtube retort when calculated on an equal organic bas1 
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Table ,~ o- 2e!~t shale analyses tor h~. t a 
lratlW! rwtL 

-~ 

Ignltlon ioil 
e 0 

RWl Temperature, sF. Feod rat4) perce t No ~ PIa te Roseto; 0 min ,, __ 
~a~ basbl 

28 1200 JJ2 39 S 29 . lJ,O '1,,( 
29 1200 34J 42 .B 3.1.,,( 11, 2 70~ 
23 1200 .l23 35 ,0 .30 e .2 74n) 
24 1200 321 46"9 32,5 6 .. 4 -S7 2 
26 1200 1200 3Bu k2 ,9 3l.. ' 1).,1 ;0 0 
31 1200 1200 51B .36 ~J 29 6 0 4 12 2 
27 1200 1500 U4 412 ., .? 9.,$ 70,7 

, 30 1200 1700 476 J3 6 29 .fl t .,B 14. ',' 
J2 1200 1700 465 3B 06 29"! ~. 4 720JL 
3.3 1200 1700 $65 35.1 29. I 6 7 7J 
1B 1250 1500 J3B J5,,9 )0 $, 1u-l. 
12 1350 508 27, 7 23 .=, 3 ,8 16 ,"<' 

3 1400 252 .34 08 22 (; 1:::.2 74 2 
16 Uoo 490 31,6 22 7 8,9 76.0 
13 1450 1361 )0 .. 2 26~~ J . 9 16,0 
2 11 7S 23 21,6 16~' \4 I 82 ;; 

34 )'500 655 32,,8 29 , I J 1 n~:; 
8 1500 28~ 23 .. 1 cOo~ ~ 9 31~2' 

lh 1S00 254 28 ,,1 2501.. 2,.,7 7B ,~ 
9 1550 195 24.2 20 . ~ u 80 £, 
7 1550 UB 1405 11 ' .- , ). 87 4 
5 1550 202 20 0 16 3·9 63 3 

10 X600 109 19.,8 16 J.S 83 ~5 
6 600 169 20 .9 16 •. i&r.O 62 ,, 7 

35 1700 685 29.6 26 .. 
3·} 15.0 . J 
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