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A FHO'.OOD!RIC BmOD FOR THE ESTD!A!It>:N 

OF THE OIL YIEI,D OF OIL SRAl& 

by 

Frank Cutti tta. 

A method is presented for the distillation and photometric 

estimation ot tb.e oil yield of ()il-bearing shales" The oil shaJ.e 

is distilled in a. elosed test tube and the oil extra.eted with tol

uene,. The optical deui ty ~f the toluen.e extract is used in the 

estimation of oil content and is ~onverted to percentage of oil by 

reference to a standard e~eo· ~his curve is obtained by relating 

the oil yields dete:r1l!dned by the Fiscller assay method to tile optical 

de:nsi ty of the toluene extraet ID)f' the oil eval ved by the new pro

cedure. !!:he new method give~ re$lt~ts similar to those obtained by 

the Fischer assay method in a much ~horter :time" The applieabili ty 

of' the new method tfJ oil..,bear:ing iihal.e an,d phosphatic shale has 

been teeted .. 

As thousands of oil shale s~les have been assayed in the Trace 

Elements laboratory~ Geoehemis~ry and Petrology Braneh1 the purpose 

of the .investigatien was to t13ltudy the applicability of pllotometric 

procedures to the e~tim ti(Q)n of ~il :yi.eld of oil-bearil'.\g shales in 
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an effort to develop a simple and rapid method for the determination 

of oil content of aha.les and phosphatic ~hales .. 

The resul.ts of the dete:t"'m..'iDati.on $J,Muld have a direct correlation 

with the resul.ts obtained by the Fi~C';her aas~ay method so that Fischer 

detenninations could ~till be u~edo 

The analysis of oil rshale~S is usually made by the Modified Fischer 

Retort Method ~3/ (he~einafter re:f1rred to as the Fischer method or 

Fi.seher assay)o In this method the $llhale is retorted in a speciaJ. 

cast-aluminum retortp and the oil yield is determined by condensing 

ap.d measuring the vo1atil:lzed. oil , Using one still~ an assay by the 

Fischer method require~ approximately two hours for completion. The 

Fischer method also requires rather elaborate apparatus a.nd is not a 

• convenient method for fast routine work where~ in many cases, the 

• 

primary object i.s to screen large numbers of' sanu>les o 

For quali ta·ti""'e detern:d.nations closed= tube distillation of oil 

has been used by Trask!!:,/ a.nd TakB,bashi o~/ When a rock rich in bitumens 

1/ StanfieldJ> K, Eo» and Frost~ co I o $ Method of assaying oil shale 
by a Modified Fischer Retort g U o S" Bur" Mines Re:pt o Inv.o 39771 1946; . 
4477, 1949 0 ' 

2/ Karrick7 Lo Co , Manual of testing methods for oil shale and 
shale~ oil: · U ~ S o Bur o Mines Bull o 249, 1.926 o 

3/ Gutra .. ie, B" , Studles of certain properties of oil shale and 
shale-oil: U $ S " B'nr, Miner.5\ Bull., 41.5 ~ 1938 o 

4/ Trask, Parker DoJ Origin and environment of source sediments 
of petroleum.? Houston, Te~a~ J> .fun., Petroleum !:D.St. 1 1932. 

5/ Takaba~hi 9 Jtmi~hi» The marine kerogen shales from the oil 
fieldS of Ja:paxu Tohoku Imp . Univ . Sci. Repts .. p 3d ser. 9 vol. lJI 
PP• 63~156, 1923o 



6 • is aubJeeted to de~t:ruc.tive di~ti.llatitQ>n$ the ail formed by the dis-

t1J..1atian ac~atetS in the horizontal test tube Just behind the 

water. Generally, the lightest constituents of th.e oil are partly 

mixed with tl.te w.ter ~ and the heavier an.d darker :fractions are found 
~· 

toward the b.ot end of the tube" :By 1(f)eki:n.g ~w:n the tUbe durillg the 

heating, droplets of oil ~be ~een issuing as a f'ine mist from the 

sample and condensing on the ~li,de~ " The vol:ume of oil produced by 

distillation varie$ greatly and may be 80 sli~t that no distillate 

is visible and Qruy the odor ~f' OJil can be detected .. 

In atte!l{Pting t~ est:i.mate the oil content of oil-bearing sha.l.e, 

no correlation could be e~tabli~hed ·oetween the Fischer assay and a 

gra.vim.etri~ deter.m.i.nation tf}Jf the oil. ev<OJlved in the clot?ed-tu.be dis-

• tillationo Roweverp volumetric dete~t:ien. of the oil. evolved in 

the elo~ed-tube di$tillatio~ l~S ~bo~ twiee as rapid as the FiSeher 

assay method and gave~ l"'e~ul t~ e@51mp!U;"able to those obtained by the 

Fischer methodo Detail~ of the vol.umetrirct determi:naticon. wiU be 

published i.n ~ forthcoming ~ace Elements report, now in preparation, 

and entit1ed !IRA v~lumetric method for the estination of the oil. yielq 

of oil shale, ~a by Frank C~:tti tta and F o So Grimaldi o 

The fol~orlng report &ihow th.e f'easibility e>f' using the op:tiea.l 

density of a ·toluene ~olu:tion cwf' the oi.l ev()lved in a closed-tube 

distillation as a rapid and quantitative method for the estimation 

o:t the oil. yieldo The Ethod c:on.sists of dee~truetivel.y distilling 

oil evo.lved with wluenep a.nd mea~tn"ing the optieal density of the • 
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solution with a filter photometer& The amount of oil is read from a 

curve (fig .. 1) :re:L.."'l.ting the oil yields by Fiscller assay to the optical. 

density of the toluene extra!!t of' the oil distilled by the new pro

cedure. To obtain this eut"Ve the optical densit:te$ (x ~~, tt$C. ,,~;,~ 

obtained by the new procedure were pl~tted against the percentage of 

oil as given by the Fischer methodo A ~catter diagram was obtained 

and a mean straight cu.:rve wa~ f•i tted. visually through the points. 

The estimated oil yields u oibta.ined by using the stand.S.rd ewve 

(figo 1) differed r.t"'oo.t. the Fischer oil yields by an average of 0.37 

percent absoluteo The maximum difference between the determined 

(Fischer as~Sa.y) and the e~ti:me.ted tOil yields was 0.94 p~rcent. Figure 

2 is the same curve exprea'jsed in terms of' the relatio:nship of optical 

density (x 1.0) to Fischer oil yield in gallons per ton of shale. 

This linear relationship (f'igo 1) 'WaS established from a study 

of 75 sa:arpl.es of' Cb.attanooga shal.e :from TeMessee chosen to represent 

the different grades of $hale like:Ly to be encountered in that area., 

Montana.~ :from repre~en:tative ~~le~.. However, a study of 10 sa.m;ples 

:from the Phosphoria fo~ti~n in l~ntana and Idaho showed that :figure 1 

(established for sa...~les of' Ch.~ttanooga shale) 'WaS applicable also for 

assay of these sa.mpl.es o This simi~i ty in rela~ionship o:f optical 
:, 

density ·to oil yield f~:r the 'two areas gives Bom.e hope that the same 

curve can be applied t~ the \l~e of thi~ method for oil shal.es from 

other area.so 
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The method is simple, rapid~ and accurate, and 8 to 10 dete~

'tions ean be made in the same length of time required for the complet.ion 

of one Fischer assay .. 

Pre:pa,rati~:n of the sample 

) 

A re:preaenta;ti ve .,8() mef>lh portion of the sample i$ dried in an 

oven at llO"C for a:o.e h~uro Oven drying may be omitted for samples 

to be assayed on the "as re~e:l;vedii ba.si~.. A -&> mesh sa.m;ple size was 

selected because this ~ize 1~ ~ed generally in the Geo~~gical Survey 

for chemica.l analysis o Io attempt wa~ made to determine the effeet of 

• part.iele size upon oil. yi.eldo 

The test tube employed in the cl.osed.-tube distillation of the 

shale is a pyrex, glas.s-s.t()ppered test ·tube; 16 x 150 mm.; no. J-2345; 

ma.nufaetured by the Scientific Gl.BJ$s Appa.ratu Co., Bloomfield1 lV. J.; 

Vi th a no o 16 stand.a.:r.d taper g,l.as1s . st~pper o 

~e tube :f'\u"naee 1.1$ed ~ made by winding a coil of nichrome 

(no. 26 B and S) 9 the coils ~pa,@ed about 1/8-ineh apart, em an iroll 

tube that has been covered with a piece of a.sbestos (or miea) to ahid 

short eireui ting the rindi:ng o The in'Eter tube a.ud its resistance wire 

are covered 'W1 th several la:>rrer~ of asbestos and finally coated With 

alundum ( alum.i.:oa lJi th elay binaer) o The deta.il.s of this fUrnace are 

• s ·hown in f'igure 3 o ':fhe embeddi.:ng of ·the niehr()Ifle element in asbestos 
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and alundum offers pro'tecti.on. from physical ooma.ge; minimizes oxid.a.tiqn, 

and assures a uniform distribution of heat. 

A cr.l!'omel-alu.mel thermocouple (Temco, Emil Greiner no .. G 9752) is 

used for the temperat'U.l"e measurement. Such couples, matched to giV.e · 

the temperature to .± 5°C, are obtainable from various manufacturers. 

The ~.ndicating pyrometer (Temco.l' Emil Greiner no. G 9751) is calibrated 

in both Fahrenheit and centigrad.e scales in 50° increments up to 2000°F 

a.;nd ll00°Co 

Temperatures are regula;ted by an inpu.t conti~ol (Powerstat).. The 

powerstat variable transformer used i~S type 116 (Superior Electric Co,, 

Bristol, Conno) for 115~volt linep frequency 50/6o, output voltage of 

0·135, and a maximum output amperage of 7.5. A fixed setting of the 

powerstat permitted a rea~onably constant t emperature in spite of the 

usual line .... voltage fluctu.a.tion.s .. 

The furnace i~ de~igned to p:rovide a fast rate of heat~ with 

accurate control of temperat1.u-e o It 'Will stand nearly continuous use 

at temperatures up to 6o0°C and Jnay be used for short intermittent 

periods up to a maximum of 900°C. 

Recommended procedure 

A 0.,500-g sample of the d.ry shale crushed to pass an 80-mesh

per .. inch sie-ve is weighed, into ~:-t 25-mlji pyrex 2 glass -stoppered test 

t\J,be o The lov1er one ... third of the glass-stoppered test tube is heated 

in the specially constructed small tube furnace at 48oo to 500°C for 

11 to 14 minuteso It is essential that strict adherence to the pre-
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determined time and tempera;ture c;~nditiol'lS be observedo The exposed 

upper two-th:tr·ds of the stoppered test tube a.ets as an air condenser o 

When the distillation period is complete~ the closed t~t tube is 

re•oved from the tube fU.'r.n:ace and is then allowed to air cool to room 

temperature. 

Then lO m.l ef toluene are add~1d.9 the tube is stoppered, and vigor

ously shaken for 20 s.eccon~,. The oil ev-olved by the destructive dis

tillation and extracted by the toluene is filtered through ~ 9-cm, 

white~ noo 589 s and s paper» and th~ f':Llter paper and residue are 

washed with two 5.,.!d portioM of' toluene o The combined extract and 

washings are diluted t~ a final volum.e of 25 :ml with toluene. The 

optical density (x 10) of the ~olution of toluene and oil is measured 

at 420 ~ (blue f:llter) on a filter photometer with pure toluene set 

~t 100-percen:t tra:n.smission.., The instrument used in this investigation 

was the Lumetron Colorimeter M~del 4co A (Photovolt Corp.) 

The oil yield of the shale is then determined. by reference to the 

standard curve e~rtabl.i~hed for tb.a t particular @il-sbal.e deposito The 

standard curve ~~~ obtained from a study of 8o shale samples assayed 

in the na®er described above o Tlle optical densi·ties {x 10) of oil 

obtained by the new procedure were plotted against the percentage of 

oil as given by the Modi:f'ied Fi~cher Retort Method (f'igo J.). A scatter 

diagram was obtained and a mean ~tr<l>ight line was dra'Wll through the 

pointso (See ~eetion on relation of optica~ density (x 10) to Fischer 

oil yield. tmder EJs.-perimen.tal da;ta. for further details o) 
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To a:void the effect of regional differences in oil yield the re

co~ended procefuxre is to establish ~tandard e~~es, as in figure 1, 

for specific areas " A .~tu.dy of the$e :particula,xo samples from Tennessee, 

Montana, and Idaho showed the applicability of' the same optical density -

oil yield. z~ela.tionship (figo 1) to the two deposits. It is possible 

tba t the same ~ta.nda.rd cm-ve may be applicab;te to oi~ shal.es from other 

areas. 

In order t~ obtain reproducible re~nuts, the following precautions 

must be observedg 

lo The s~le must be mixed t,hot"oughly and be representative 

of the material $Ubmitted for assayo 

2., The elo~ed""tube aystem nru.st be gas tight o As a precaution 

against lo~sening of the st~pperp it is advisable to stopper the test 

tube after heating has begun f'.tD.d prior to the evolution of vapors from 

the sampleo 

3o The proper heating ll'li:l.St be ma.inta~ed within the prescribed 

limits of time and te~~ra.tm,e" To insure correct temperature measure

ments~ the pyrometer mast be c...l'tecked or ata:o.dardizeq periodically. 

The graph relating the optical density (x 10) to the percentage of 

oil yield l)y the Fischer method is shown in figure 1.. The relationship 

of optical. density (x 10) to ©il yield in gallons per ton (Fischer) is 

illustrated in figure 2o Figure 2 was derived from figure .1 by taking 

an average specific g!~vity of oil a~ Oo903o For oil shale samples 
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from Tennessee~ the sta.ndarct dev:Lation of the specific gravity of the 

oil (table 1) is 0., 013 o The followi:o.g formula is l,l.Sed to convert 

percentage of oil to gallons per tong 

Gallons of oil/ton shale = 2o65 x percentage of oil yieldo 

EXPERIMENTAL DATA AND DISCUSSION 

The initial work in the development of a n~w method to determine 

the oil content of oil shales was to ascertain the effects of different 

experimenta~ conditions upon the oil yieldo 

Effect of sample weight upon oil yield 

Samples of Chattanooga shale h . .,.q,ving a Fiseher assay oil yield of 

3 percent rangii~ from Oo250 g to 2o000 g~ in 0.25Q=g wei~t intervals, 

w~re heated at 48oo ·to 500°C f'or ll to 14 minutes.. The oil evolved 

was extracted with toluene$ fil tered.,p and diluted to a final volume of 

25 ml., 

The results of these test~ are shown in table 2. Within l.imi ts 

of experimental error~ ·th.eJ."'e ~'15J~ no significant difference in the oil 

yiel~s for the different weight~ of sampleo The oil yield of th~ ~hale 

was determined by usi.IJ.g the s-tandard (;;u...,-ve (figo 1.) and interpolated 

to a percent~by~weig~t yieldo 

The 0 o 500a.g sample was ~9-0Jtted . primarily beca;ase this size sampl.e 

gives f"avorable .de:rl6i ty re?.a.di:ags for the range of ().X · percent to X oX 

percent oilo 
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Table 1, .. -=S:peeifi.c gra:vitie~ of oil distil.J..a,tes (60° /6o°F) 

Samp~e no. 

LC-15-12 
15 
31 
33 

I£•15-52 
LC•l0-32 

33 
34 

LC.,-l(f .. 35 
LC-1.1 ... 13 

15 
21 
22 
31 

L<;!-ll-52·~· ·~ · 
l7R~ .... 1 

2 
3 
4 
5 
6 
7 
8 
9 

lO 
ll 
13 
14 
15 
16 
17 
18 

l'"(R-6-19 

Specific gravity 

0.,92lJ. 
0 .. 920 
0 .. 9()2 
0 .. 910 
0 .. 895 
0 .. 915 
0 .. 926 
0 .. 915 
0 .. 926 
0 .. 903 
0 .. 918 
0.920 
9 .. 921 
0 .. 923 
CL888 
0 .. 899 
Ou906 
0 .. 9C5 
0 .. 904 
0,903 
0 .. 889 
0 .. 896 
0 .. 891 
0 .. 89:1 
0 .. 886 
0~88:; 
0 .. 897 
0.,899 
0 .. 903 
0 .. 914 
0 .. 922 
0 .. 916 
0 .. 916 

Deviation 
from mean 

+0"021. 
+0 .. 01'7 
-O .. QOl 
+0 .. 007 
-o .. oo8 
+0 .. 012 
+0 .. 023 
+0.012 
+9 .. 023 

0 .. 000 
+(} .. 015 
+0 .. 017 
+0."18 
+0.020 
-0 .. 015 
-o .. oo4 
+e .. oo:; 
+0.002. 
+0 .. 001 

0 .. ~00 
-0.014 
~ .. 007 
..,;()o0l2 
-Q .. Ol2 
-o .. e17 
... () .. 020 
e.().,Q06 
-o .. oo4 

OoOOO 
+O .. Oll 
+0.019 
+0 .. 013 
+0 .. 013 

n g 33 
mean ~ 0 .. 903 

:fd ~ 0 .. 367. 
~d2 ~ (} o005777 

Average deviation ~ O.Oll 
Standard d~viati~n = 0 .. 013 

441 
289 

1 
49 
64 

144 
529 
144 
529 

() 

225 
289 
324 
4oo 
225 
16 

9 
4 
1 
() 

196 
49 

l44 
144 
289 
4oo 
;6 
16 

0 
121 
:;61 
169 
169 
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Table 2. -·Effect ~:r sample weight 'ttpon ej.l yi.el.d 

Sample weight (in ~) 

0.250 
0.500 
0.750 
1..000 
1.250 
1.500 
1.750 
2.000 

Opti~!ll density (x 10) Percent-by-weight 
oil yield 

1 .. 55 
30';5® 
5.,55 
7,70 

1~.,4(} 
12 .. 00 
l4o50 
1.7 .. 1.0 

3 .. 10 
2 .. 95 
2.86 
2 .. 9<;) 
3 .. 10 
2 .. 92 
:;.oo 
3 .. 09 

Effect ~f heating temperature qn oil yield 

A study w.s mode o:f the eff'e~t of te~era.ture on the oil yield. 

A he~ting time of 13 minu:te~ i.ira.B ch!Jsen arbitrarily. A 0. 500-g aliquot 

pf a Chattanooga. sbal.e ~:~le ~ontaining 4.5 percent oil (determined by 

the modified Fis~b.er a~say) wa~ heated in . the manner prescribed under 

Proeed;ure at the temperat'UJ':'e$ indicated in table :;. Th~ ail evol.ved 

by t:q.e disti.llati®n ~ extre~ted with toluene, filtered, and diluted 

to a filla.l volume of 25 ml.o Me~e~ltrement.s of the optical densities 

(x 10) were 118de wi tll. a Lu:metr~n Colorimeter a. t 420 ~ (blue filter) • 

ifhe results showed that the oil yield is dependent upon th.e tem-

per~ture Qf heatingo Bfab.le 3 !!!how that the best temperature range 

tor obtaining reproducible oil yields is :f:rom 4&>0 to 5t}0°C o ~he 

average optical density (x 19) lQ)f the toluene sol.ution of the oU 

distilled a.t this temperature range (48o 0 to 50{)°C) was 5.950 By 

consulting the standard curve (fig., l) j' it w.s determined that an 

• optical density o:f 5 .95 ~~)incide~ with a 4 .. 65•percent oiJ. y:lel.d1 which 

is very near the oi1 e~ntent ~f the ~bale by Fischer assayo 
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Table :; .. --Effect ~f' heating temperature on oil yield 

26o 
335 . 
4oo 
420 
44o 
46o 
48o 1/ 
400 I/ 
48o I/ 
500 I/ 
520 -· 
5~ 
575 
600 
ol=iO 
675 
705 

Opti~ deMity (x 10) 

0.10 
o .. 4o 
2 .. 95 
3 .. 8o 
4.90 
5.60 
5 .. 90 
6.00 
5.90 
6 .. 00 
6 .. 20 
6 .. 90 
7 .. 30 
7.6o 
8 .. 10 
8o50 
9o25 

1/ Average e»ptical detlSi ty (x 10) in the 
t~~erature range J~o - 500°C is .5o95. 

Effect of heating time on yield 

The effect of heating time on the oil yield w.s studied. A Oo500•g 

s~le of a Chattanooga shale ~ample containing 4 .. 5 percent oil was 

heated at 48<> 0 to 500"C for the time~ in(licated in table 4. The oil 

evQlved by destructive distilla:ti·on vms extracted with tolueme, tUtered, 

and diluted to a. final. vol:wne of 25 m.l.. Measurements of the optical 

det;LSi ti¢s (x 10) were made ~rl th a Lwnetron Colorimeter at 420 .Iaf {blue 

filter. 

The resu.l.ts of these tests are shewn in table 4. It should be noted 
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that two apparently opt:i..'mum. heati:ng times exis·tp one from 8 to 10 minutes 

~~ the other from 11 to 14 mint.tte~., A series of tests with low-grade 

oil sbaJ,.es showed that a greater degree of reproducibility w.s attained 

when th~ samples were· heated from Ll to 1.4 minutes than if heated from 

8 to 10 minutes. !fhu.e, it waE~ eonel.uded that heating at 48oo to 500°C 

foz.o 11 to 14 minutes gives the most ~atiefactory and reproducible oil 

yie~Q.s. The average Qptics.l· deuity (x 10) of the toluene soluti~n of 

the oil. distilled at 480° to 5(}0°C for 11 to 14 minutes was 6.11. Using 

the sta.ndaxd ~e (:fig., 1)~ the oil yield I"elated to an optical density 

of Q.ll is 4. 72 percent., It ~houJ.d be ;noted that these conditioiUJ 

results that are in agr.oeemen.t with the Fiseher method., 

Table 4.,--E::t~:fect of heating time on oil yield 

2 
4 
6 
7 
8 
9 

10 
ll 
l2 
13 
l ·q. 
15 
16 
:18 
20 
22 
24 
30 
35 
~0 

Optical density (x ·lo) 

1.35 
4.,89 
5.,00 
5 .. 7<> 
5 .. 85 
5.8o 
5 .. 82 
5 .. 90 
6 ... 15 
6 .. 20 
6.28 
6.35 
6.6o 
6o70 
6 .. 9() 
6 .. 70 
6 .. &> 
6 .. 90 
7o00 
5 .. 38 
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Selection of suitable fi~te~ 

The folloving tests were mde to detertldne . the b~st filter for 

~nsity meas~ements. A com.posite oil was made by combining 1 ml of' 

e~crh of the oil distillates secureQ. by the Fischer method from l9 sa.m;p1es 

of ~hatt~ooge. shaJ.e" Series of 0.50-ml aliquots of t,he coll@Osite oil 

wer~ diluted to 50 ml with the solvents indicated in table 5 to form 

stock &Qlutions,. A ~~ml aliquot of ~a.ch Qf the stock solutio~ was 

~her <U.luted to 2? ml with the r~specti ve ~ol vents. The optica,l 

densities (x 10) were measu-red with a ;r.,·u.metro~ Colorimeter Model 4oe A 

(PllotovoJ.t Co., New York, N. Y.) ~ A n~ber of filters were available 

with the filter photometer used. The one which gave the greatest op

tical ~naity nth the oil solution (~eferred to pl;\re toluene as a 

bl..aJUt) i,s the blue filter (420 1If). '.;t'a.ble 5 shows the variation of 

the optiqa.l denstty measured witP, the variolle filters. The blue filter 

( 420 rrp) ~ found to be b~st fqr all t~e sol vents tried and was thus 

eeleqted tor the :f'~l ;p~~oeedure. 

Table 5.--Selection of suitable tilter 

I' 

filt~r Opt;J.ea.l density {x 10) 
I 

Wave CaJ:>bon 
CCS>lor length CbJ.orofo:t-m tetra- Ethyl Carbon Benzene Diethyl Toluene 

acetate d,isulfide ~ther • cb~eride 
I 

Red 650 o.4o 0.70 0.15 o.4o 0 .. 25 ().15 0.25 
Orenae 56o 0.53 0.95 Q.20 0.56 0~34 0.16 0.34 
Yellow p-een 530 1..05 1.54 0.50 l..04 0 .• 68 0.54 0.70 
Blue green 490, 1.25 1 .. 75 o.6o 1 .. 28 o •. 87 e.68 o.85 
ilue 420 ;.29 3.57 2.59 3.62 3.02 2.!)8 3.00 
Violet ,70 1 .. 14 1.50 0-~72 I l.O~ 0 .. 90 0.70 0,88 
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~e ef'f'ect; of sol vent ©n. col.or and the Btabili ty With time w.s 

studied. A composite oi.l. wa,e made by ccmibining l ml of each of the 

oil dis~illates secured by the Fi~cher method from 19 samples of 

Chattanooga shale o A 0., 50 .... :m1. aliquot of the composite oil was diluted 

to 50 m;L Wit;h the SJolvents indic;ated. in table 6 to form stock solutions. 

· Two millili tera of' this s.toek ~ol.ution were f'urther diluted at once to 

a final volume of 25 ml with eaeh of' the different sol vents. <>ptieal 

densities (x 10) were measu-red at 42G Hf' (blue filter) with a Lumetron 

Color~eter after varian$ interval$ of time. The results are given 

in t(tble 6o 

Table 6o--Effect of solvent on color 

Mea~'m:"e of optical density (x 1.0) 
--

Solvent Af·ter After After After Immediately 
1 day 2 days 5 days 1. days 

Chloroform 3o29 3o70 4.25 4.75 5.8o 
Carbon 

tetrach'l,orid.e 3.57 4o25 4 .. 8o 5.0() 5.90 
Ethyl acetate 2o59 2o63 2.58 2o58 2.61 
Carl;>on 
disultide 3o62 3o65 3o72 3.75 3.72 

Benzene 3o02 )o08 3o02 ) .. 04 3.03 
llte~l .e~ 2o58 2o59 2o64 2 .. 69 2.68 
Toluen~ 3o00 3oCJO 2.99 2 .. 99 2.99 

. 

'fhe color of the oil $©Jluti®>n ws foWld to be dependent on the 

solvent used. For the ~ame oil coneentrati~n, the colors i~ chloroform, 

carbon tetrac;hlG)ride 9 ethyl acetate P ca:rbon disu~fide 1 benzene, diethyl 

ether, and toluene ranged f'ram. pal.e yell~w to reddish amber. Some ef 
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the solvents yielded ~table col~r ~yste:tt\8; the color intensities 

increased with time" Benzene 1J toluene 1J and ethyl acetate gave stable 

~eproducible eolor ~ystems., ~ol,uene w,s chosen as the solvent because 

it tS chemically more mcri tl'lan ethyl acetate and is somewhat less of 

Color stability of the toluene system. 

Table 7 ahovs that the toluene s~tem is exceptionally stable in 

CQlor o Appro:xiinatel.y the same optical de:t'lSi ty readings. were obtained 

whether the de~ities Wt'=!re measured. within 5 minutes or 3 months. The 

data in table 7 were obtained on '~ious concentrations of the composite 

oil in tol.uene .. 

Mea~~~e of optical density _{x 10) 
Aliquot (m1) ~~-=~~~~~=-~~~=-~------------------

1 
2 
3 
4 
5 
6 
7 
8 
1 
2 
3 
4 
5 
6 
7 
8 

J~o07 
1,9) 
2 .. 71. 
3 .. 50 
4 .. 22 
4o87 
5o55 
6 .. 18 
1 .. 1~ 
:L.96 
2 .. 71~ 
3 .. 51 
'-L20 
4o9{J 

5.,55 
6 .. 18 

1 .. 08 
1 .. 92 
2 .. r; 
3 .. 49 
4.,2]. 
·4.,90 
5 .. 58· 
6o25 
lq10 
1 .. 90 
2o77 
3 .. 53 
4o2~ 
4.,89 
5.(>0 
6,20 

After 3 months 

1 .. 10 
1 .. 97 
2 .. 75 
3.52 
4.,18 
4o75 
5 .. 50 
6 .. 15 
1 .. 10 
1.98 
2.,78 
3.,52 
4 .. 12 
4 .. 74 
5o 55 
6ol3 
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~eats were ~de to determine if ~amples from one formation but 

~en at different locations wou.ld yield. oil having about the same 

color characteristics. A limited number 0f tests .were also made to 

d~termine if' the .relationship of ;f"igttre 1 would hold for oil.s from 

different forDJ;ttions and loc:ati~ns o 

Fifteell S8Jr,f;.Ple~ of Ghatta.uooga shale :f.rom Tennessee picked at 

;-a.ndom were checked for PQ~le>ible deviations in the color of' the oil. 

Table 8 gives the opti~al densities (:x 10) of solutions of the same 

concentration of the varioU$ oil~ in t(!)luene o The results indicate 

that oils from tlo.e same fo:rmati©n btlt differe~t locations wou1d yield 

essentially the sa:me densi tieal " T.he range err the optieaJ. densities 

Lab. number 

32J.5 
321.3 
2027 
2029 
3207 
3208 
3219 
3212 
2053 
3209 
2052 
?050 
2051 
2054 
2Q46 

Optieal de:rJJJi ty (x 10) 

9.,9G 
10.00 
10 .. 00 
10 .. 00 
lOolO 
1o.;o 
lS .. )Q 
.10o4o 
lOo4o 
10o60 
10o70 
lOo&J 
lOo&>. 
10o80 
10.90 

n ~ 1.5 
Mean= 1CL17 

Average deviati~n :s @.,34 

Deviation from mean 

-0 .. 27 
-0o~7 
-o.l7 
-0.17 
...() .. 07 
+0.13 
+0.13 
+0.23 
+0.23 
+0 .. 43 
+0.5:5 
+0.6; 
+0.63 
+() .. 63 
+0.73 
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In additien~ it should be noted t11a·t the 8o samples studied in 

the d.eter:mi.M.tion of the opticu density .... oil yield rel.a.tion.ehip 

(fig. 1) showed from the linear :m.a,ture of the scatter diagram that 

Qils from different formations and localities we~e similar. 

This relationship wa~ u~ed a~ the ba~is tor correlating the pro-

posed photometric procedure to 'the M~dified Fi&$c:her Retort Method. 

Relation of opt~ical de~ity to Fis~her oil yield 

Seventy-five s~les @f Chattanooga oil shale were distilled in 

the ma.:rmer de$cribed unda" Prozcedittt"eo ~l.''he oil evolved was extracted 

with tol.u~,.ne~ fil.teredp and diluted to a final volume of 25 ml. Meas

urement$ of the o:rrtieal deMitie~ (x 10) were :made with a Lume~on 

• Colorimeter a.t 42e ~ (blue :t'il:ter) o The opl;ieal deuities (x 1.0) 

were plotted againSt the perce~tage of oil yield as given by a Fischer 

• 

assay. A ~eatt.er diagra:m -wa~ obtainedp and a mean straight line was 

drawn through the points o The ave:raJge o.ifferenee of the ~ischer assays 

from the curve is 0 o 37 per~ent absolute. The maxi.um.m. difference between 

the determined (Fi~eher as~ay) and the curve is 0 ~ 94 percent o 'fhe per

cen~a of oil y-leld a.nd the optical. den.si ties (x 10) of the toluene-

oj,l solutions axe given in tabl.e 9o 

The choice (visu..al fit'ting) of the staudard curve is based upon 

the assumption that ~sitive and negative deviations of the same magnitude 

are equally probab~e o 6fhis ~$umpti@JJn i~ verified by the f'aet that a 

visual inspection show the . pattern of the scatter diagram to be essen

tia.l.J.y symmetrical with respe~t t10 the ~tanc'laJ:d curve o Thus, the standard 
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Table 9(a.)o.,.,=Relation of opti~al density to Fischer oil yield 
C~~t't;aJ:looga $hal.e (Tennessee) Lo·t 1001 

Sanr.ple 

LC-15..,.11 
51. 
21 
53 
31 
12 
52 
13 
15 
14 

LC-15~33 

Percen:tage oil 
(Fi~cb.er) 

Oo2 
Oo8 
1 .. 7 
l. o8 
lo9 
2)i-
2)., 
2o7 
2o8 
;Jt. 
4.,J. 

Opti~al 

cleMity 
(x 10) 

0 (> 40 
Oo85 
Oo85 
l o35 
2ol8 
l o90 
2o25 
2o25 
2o70 
3o00 
4a8o 

n ~ 11 
Zd g 4o59 

DiffereD.;ee of Fischer a.ssa.y 
from standard curve 

...Oo)5 
-() .. 3() 
+0 .. 62 
+0 .. 38 
~Ool.O 

+Oo60 
+Oo36 
+0 .. 44 
+O)j-4 
+Oo70 
+0 .. 30 

. I 

Table 9(b).,.,..,=Relation of optical del'J.Sit;y to Fischer oil yield 
Cluattanoog,'a ~hale (Tennessee!) Lot lOQ2 

Percenta.ge oil Opti~C;al [ Difference of Fischer assay 

_samp_. _· _1_,e~--(~F~i=~,...,ch=e"""'r_)_~-· ~f;;,;;·~~""'1=· __ -~--fr_om_. · .. _s_·tan_._._dar_d_curv_· _e __ 

LC-10-14 
15 
31 

LC-llc.l4 
LC-10•l3 
LC-ll-13 
LC-10-32 
LC-ll-15 

51 
LC-1()-34 

3:5 
LC-ll-52 

3J~ 
LC-10 ... 35 
LC-ll•32 
LC-11.-22 

Oo8 
loO 
1)+ 
l oB 
1 .. 8 
2ol 
2o7 
2o9 
3.0 
3 o0 
3o5 
4 o2 
4o) 
4o5 
4o9 
5 .. 0 

CL95 
lo28 
2 o@O 
lo80 
2 o15 
2o15 
3)+5 
2o70 
2o2.5 
3o71J 
4.,60 
4o90 c ,._. 
o , oO 
6o25 
6o70 
6)K> 

n ~ 16 
~d ~ 5 ol0 

-Oo36 
-Oo38 
-0.48 
+() .. 06 
....0 .. 16 
+0.12 
-0.18 
+0.52 
+0.94 
.... e.o6 
m().l6 
+0 .. 32 
-0.74 
e0.32 
-0.22 
+Oo08 
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Tab+e 9(c) ..... =Relation of optical density to Fischer oil yield 
Chla.ttanooga shale (Te:nne~see) Lot 1005 (sample LC-105A-x) 

Sample 

43 
42 
45 
41 
15 
2J. 
12 
31 
1.4 

. 1.3 
33-# 2 
;; ... # 1 
;4 
35 # 1 
35-# 2 
32 

Pere~ntage oil 
(Fi~cb.e:r) 

0 .. 9 
1 .. 0 
l oO 
1 .. 3 
2ol 
2c4 
:; .. 8 
4oO 
4 ., 1 
4 , 2 
4o2 
4 o2 
4)+ 
1~ ., 5 
4o5 
4o6 

Optical 
de:rwity 

(x 10 ) 

Oo65 
o .. oo 
0 ., 50 
OolO 
2 o90 
2 o90 
5o4o 
4)t.O 
5 .. 80 
J;toOO 
6o30 
6o50 
6 .,10 
5etAJ 
6 .. 20 
6o60 

n ~ 16 
'£ d. ~ 6 .. 18 

Difference of Fischer assay 
from standard curve 

... o .. o4 
+0 .. 50 
+0.,18 
+0 .. 74 
... o .. Jw 
-GL10 
-o .. 4o 
+0 .. 46 
.... o .. 4o 
+0 .. 4o 
-0 .. 64 
.;,.() .. 78 
-0 .. 30 
+0 .. 12 
·...0 .. 28 
-0 .. 44 

Table 9(d) .. ==Relation of opti©al density to Fischer oil ~eld 
CbattanoO>ga shale (Tenne~alee) Lot 1012 (sa.nv?le l3M=7-x) 

Sample 

22 
11 
31 
52 
21. 
33 
16 
15 
1.4 
32 
51 
12 
13 

Percentage oil 
(FifSlcher) 

l oJ 
2o:; 
2 .. 5 
2 ., 8 
3.,2 
3o3 
:J ., 6 
3o7 
4)~ 

4 .. 5 
~ . .,6 
4 .. 9 
5ob 

Opt :teal 
deMity 
L~ 10) 

1 , 2() 
) olO 
3o55 
3)+5 
) .. 30 
5., 25 
4.,60 
5o25 
6., 4o 
6 .. 70 
5 ., 20 
5 ., 9() 
7 ol0 

n z;; 13 
~d ~ 4o76 

Difference of Fischer assay 
from standard curve 

-0 .. 02 
-o.:;4 
-o .. 44 
- 0 .. 10 
+0 .. 42 
... oo8o 
-Oo06 
""'Oo42 
... Qo50 
-0 .. 62 
+0 .. 52 
+Oo32 
+Oo2(l 



• 

• 

27 

Table 9{e) 9-~He.l.s.tion. ef optical denzity to Fischer oil yiel.d 
Chattanooga Bbale (~exm.esaee) l,ot 1052 (sam.ple 17R .. 6-x) 

Sample 
Percentage oil Opti~al D:i.f.ferenee of Fischer assay 

(lt,i!jc}'l...er) den~i ty from standard cttt"Ve 

--------~~~----~~~~0~>~~---------------------
J.O 

9 
8 
ll 

7 
15 
12 
18 

6 
J.3 
1'+ 
16 
17 
4 
5 

19 
3 
2 
1 

2.,3 
2 .. 5 
2 o5 
297 
2.,8 
2 .. 9 
2.9 
2,9 
2o9 
330 
3 .. 2 
)o2 
4o3 
4 .. 3 
}4·o5 
i+ ., 6 
") 2 
6:o 
bo7 

1 .. 60 
2 . 60 
2.,20 
2 .. 15 
3)~0 
2 .. 50 
2 .. 8o 
3 ~70 
3e00 
2.95 
) .. 50 
4<;20 
5olV 
6 .. ?0 
6)~o 
6 .. 00 
6 . 20 
6o(:(} 

9 .. 00 

Il ~ 19 
2.d :~ 7 o38 

+0.70 
+0.20 
+0.50 
+0 .. 10 
-o .. o4 
+0 .. 68 
+0 .. 48 
n0.14 
... o.22 
+0.42 
+0.28 
-0 .. 18 
+0.30 
'*0.70 
es0 .. 4.o 
..0.02 
+0.4o 
+0.92 
-0.10 

curve cs~ be co~~ed to a di$tribntion fttnction of a random sequenee • 

.Z. a ~ 29 .82 

z d2 ~ 15 .. 1vo7 

Average difference of the Fi~~her assays from the curve: 

\ d~ \ + .J d2 \ ;:· .. o.,., + \ dnJ g ~9 .. 8_1 = (;) .. 37 pereent. absolute 
n 8o 

t~t the oil content of ~b?~les may be dete1~ed by the photometric 

• procedu,re 'With e~~entially the lffia:me a<et:na.1'"8.ey as by other methods now 

in use. 
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To show whether thEl:t>e are 1J"ariati(i)ll$ in the optical properties of 

the oil. from widely separated a.t;eas (Phosphoria formation and Cba.tta.nooga 

shaJ.e) a closecl-tuoe disti:tJ.ation W&$ :made <.>f 10 samples of mudstone f'rom 

the Phosphoria. f'o:t:1!lation in .Montana, a:n.d Idaho (indicated on fig" 1 by the 

symbol A ) • 'The percentage of oil yield and the optical densities of the 

toluene-oiJ . . sol.ut:lon.s are given i.n t-able 9(f) c F~igure 1 show that the 

data ~or the Pho~phoria formation fit the ctu~e that ~s drawn for the 

~~ble 9(f).-=BeJati on o£ optical de~1Bity to Fischer oil yield 
1~td..st;one from i;he Phosphoria f"or:mation· 

oi' Mon:~~na a..n.d IdahoJ Lot 124:? 

-------------~---~---·--~--------~~----------------------------------
p J,. 

9 1 Optical D·J.·..Pf .. eren-c.e o· f FisAh.er oe~_ ay· 
Sample _ e:rce!t'wage Ol.... ,.::1 •t .a.__ ... ~-

fw.g~ _('>'t..o.,.,.) uens:t y ~om· sto·n.::l .... _. - .d· "'"'"11'1"fP.e ,_ .. ..!..t:;,)-._.J,:.I,....,J. . ( "'! ) .I. ..I." ~·l,...Q,J.~ '-w.l. v 

-----·-----~-.-..-------=.,..._.'"""'.....,._'~"'"'-~Y._~ _,. ~1...;,.0..:..-----------------
FCA-.l5Q-47 
:F'CA·l81~4 7 
RAG .... 57..,.4r7 
RAli·25()91~ 7 
RA:ff-253-)+7 
lJAB· .. 39 
ERc ... :;6 
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• 
A photometric method f'o:r the determination of the oil content of 

oil sba.J.e is presentec'L The :propo~ed method., which utilizes distil.l.ation 

in a closed test tube foLlowed by mea$ttring the density of a toluene 

solution of the oil, provitles a me~ of determining arbitrarily the 

oil content of' Qil shale -oy the de~t:t"'Ucti·ve d.i~till.ation of its organic 

matter., This method.J> l.ike the FiSicher methodJI does not determine the 

total organic m.atte1" in ~:bale thej~; rr:ay pe converted more completely to 

oil under more favorab1e condition~o The proposed m~thod has several 

immediate advan:tage~ over the l~od.ified Fischer Retort Method and is 

•• by the Fischer n1ethod 1-.equ:.tre approximately 2 hours for completion, 

whereas by the propo$ed ~ethod 8 to 10 determinations can be completed 

in the same length of: time. 

Fischer assa~ whereas a Oo500-g sample is u~ed L~ the proposed method. 
I 

In addition, the $ame representative sample (-So mesh) can be used for 

:;. The oper8tion i~ le~13 d.if':fic."Ult and can be controlled 

more precisely .. 

The effect~ S.J."e ~hown· of d.ifferent experimental conditions upon 

the oil yieJ..d by the pro:p~~t~d method: effec·t of heating time on yie~d, 

effect of' heating tem:pei,attu:'e on yielt.lJ.\ effect of' solvent on color, 

• 



• stability of col~r in toluene, col(§;ilr sim:ila:rity of oils 1 and the relation 

of opt;lca.l den.si·ty to the :£i'~i~eher yield. 

The proposed methodp like the Modified Fischer Retort Method, is 

an empirical mea~u.re~ and :i.t m.~ been directly correl.S.ted with the 

Fischer m.ethod.o The esrtimateil oil yields are considered as ;J:"eliable 

a.s the values obtained directly by the Fischer asaa.y of the samples. 

The method. i~ fast eneru.gh for e{;:r'tain ~o~.trpl. purposes in mining and 

processing oil sba,le for lfil.a:leh r.apid an.d aeettrate results are desired, 

This inve~tigation has been greatly aided by discussions with my 

• colleagues at the Geol~gictti fhJ:r'Vey& F .. So Gr:t:ma.J.di, C .. A. Kinser; a.nd 

Robert Meyrorl tz" J" C. Rabbitt, !fiehael Fleischer P and F. S.. Grimaldi 

reviewed. the marw~~ript which vag erlited by Jane Titcomb, 

• ... 
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