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A PHOTOMETRIC METECD -FCR TEE ESTIMATIOFN

OF THE OIL YIELD OF OIL SHALE
by
Frank Cuttittas
ABSTRACT

A method is presented for the distillatiicre axd photometric
egtimation of the 611 yield of oil-bearing shales. The oil shale
iz distilled in & clcsed test tube =nd the cil extracted with teol-
vere. The opfic&l den=ity cof the toluene extract is used in the
egtimation of 0il content amnd is couverted to percentage of oil by
relerence te a standard curve., This curve i2 cobtaired by relating
tke 01l ylelds determined by the Fiscker eszay method to the optical
density of the tcluene extract c¢f the oil evolved by the new pro=
cedure, The mew method gives results similar to those obtained by
the Fischer assay methed in a much shorter timg. The spplicability
of the new method to oil-bearing zhale and prosphatic shele ha.s.

kaen tesmted.
INTRODUCTION

As thousands of oil shale ssnples have been aszayed in the Trace
Eiements laboratory, Geochemistry snd Petrolegy Brarch, the purpcae
of the inpvestigation waz to study the epplicsbility of phetometric

rrocedures to the estimmticr of oil yield of oll-hesring shaleg in
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an efforf to develop a 3imple and rapid wmethod for the determinaticn
of oil! conten® of shales ard phosphaiic zhales.

The results of the determinztion should bave a direct correlation
with the results obtained by the Fischer assay method so that Fischer
determinations could still be used.

The analysis of o0il znales is useslly made by the Mcdified Fiacher
Retért Method 1,2,3/ (hereinafter referred tc &s the Fischer method or
Fischer assay). In this method the shale is retorted in a special
cagt=aluminum retort, and the oil yield iz determined by condensing
and measuring the volatilized oil. Using ome still, an assay by the
Fischer method requires aprroximately two hours for completion. The
Fischer method also requires rather elaborate apparatus and is nct a
convenient method for fast routine work where, in many cases, the
primery object is to screen large aumbers of samples.

For qualitative determirations closed-tube diztillsation of oil
baz been used by Trask 4/ and Takahashi.5/ Whea a rock rich in bitumens

1/ sStanfield, K. E., and Frost, C. I., Methcd of assaying oil shale
by & Modified Fischer Retort: U. S. Bur. Minez Rept. Inv. 3977, 1946;
LLTT, 1949.

2/ "Karrick, L. C., Manual of testing methcds for oil shale aud
shale oil: U. S. Bur. Mines Bull. 249, 1926,

é/ Guthrie, B., Studies of certain properties of oil shale and
shale oil: U. S. Bur. Minez Bull. 415, 1938.

E/ Trask, Parker D., Origin and enviromment cf 3curce sediments
of petroleum, Houston, Texas, Am. Petroleum Inst., 1932.

Takahashi, Junichi, The marine kerogen shales from the oil
fields of Japan: Tohoku Imp. Univ. Sci. Repta., 34 zer., vol. 1,
pp. 63-156, 1923.



is subjected to destructive diati;laticn, the oil formed by the dis-
tillstion accumilstes in the horizontal test tube just behird the
water. Generslly, the lightest constituents of the oil are partly
mixed with the water, and the tesvier and darker fractions are found
toward the hot end of the tube. By locking down the tube during the
heating, drcpl=te of oil can be seen issuing as a fire mist from the
saxple and ccrdensing cn the sides. The volume of oil produced by
diztillation varies greatly and may be sc slight that no distillate
iz vizible and only the odor of cil can be dstected.

In attempting to estimate the oil content of oil-bearing shale,
Lo correlation could be established betweer the Fischer assay and a
gravimetric determination of the cil evolved in the closed-tube dis-
tillatior. However, volumetric determination of the oil eveolved in
the closed=-tube distillisticn was about twice as rapid as the Fischer
eszay method and gave results comparsbie to those obtained by the
Figcner method. Details of the veolvmetric determination will be
published in a forthcoming Trace Elemsnts report, now ir rreparation,
&nd entitled "A volumetric methcd for the eztimation of the oil yield
of oil shale," by Frank Cuttitta and F. S. Grimaldi.

Tke following report shows the feasibility of using the cptical
dersity of a toluene gclution of the oil evolved in a closed-tube
aixtillation 28 o rapid snd quantitative methoed for the estimation
of the oil yield. The method consists of destructively distililing
a 0.5=-g gample of oil shale in a closed test tube, extracting the

oil evolved with toluene; and measuring the cptizal density of the



soluticnm with a filter photometer. The amount of o0il is read from a
cxve (fig. 1) relating the oil yieldz by Fischer assay to the optical
density of the toluere extract of the oil distilled by the new pro-
cedure. To obtain this curve the optical denzities (x 10) of thc—c'\il
obtalned by the new procedure were plotted sgeinst the percentage of
oil as given by the Fischer method. A scatter diagram waz obtaired
.and a mean straight curve was fitted visuslly thrcugh the poirnts,

The estimated oll yields ss cbtained by using the standard curve
(f1g.l) differed from the Fischer oil yields ty an averzge of 0.37
percent absolute. The maxinram difference between the determined
{Fischer assay) and the estimated oil yields waz 0.94 percent. Figure
2 is the same curve expressed in terms of the relaticuship of coptiecal
density (x 10) to Fischer oil yield in gallcus per ton of shale.

This linear relationship (fig. 1) wus established from a study
of 75 samples cf Chattanooga zhale from Tenncsssee chosen to represent
the. differ=r{ grades of zhale likely to be encountered in that area.
The recommended procsdure is to establish gimilar optical dersity -
oil yield relationzships for other specific areas, such as Idabo.and
Montana, from representative samples. However, & study of 10 aamplee
from the Phosphoria formation in Montana and Idako showed that figure 1
(established for samples of Chattanocoga shale) was applicable also for
assay of these samples. This similarity in relationship of optical
density to oil yield for the twc areas gives sotlx;e hope that the same
curve can be applied to the use of this methed for oil shales from

cther aress.
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The method is eimple, rapid, and sccurate, and 8 to 10 determina-
tions can be made in tke same length of time required for the coupletion

of one Fischer assay.
PROCEDURE FOR ESTIMATING THE GIL YIELD
Preparaticp of the zarple

A representative -80 mesh portion of the sampie i# dried in an
cver &t 110°C for ome hour. Oven drying may be cmitted for zamples
to be aswayed on the "sz received" basis. A -850 mezh ssmple size was
sslected becanse this =ize iz used generally in the Geslogical Survey
for chemical emalyzis. No atteampt was mede to determine the effect of

rarticzle size upon cil yield.
Apperatus

The test tube employed in the clozed-tube distillation of the
shale is a pyrex, glass-stoppered test tubey 16 x 150 mm3 ne. J-2345;
wxufsctured by the Scientific Glass Apparatus Co.p, Bleomfield; K. J.}
witk & no. 16 =tandard taper glass stopper.

The tube finrnace used was made by vinding & ec2il of nichrome
(4. 26 B and S), the coils spuced about 1/8-inch apart, on as irorz
tubs that bhas been covered with a piece of asbestos (or mica) to adcid
soxrt eircaiting the winding. The inper tube ard its resistauce wire
gre covered with eeveral‘layers of acsbestos and finally costed with
m (a.‘.:m.im wvith clay binder). The det=ils of this furnzce ere

zhowve in Tiguwre 3. The etbedding of the richreowe element in azbestos
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and alundum offers protection from phy;ica} damnge, minimizes oxidation,
snd assures a uniform distribution of hecat.

A chromel-alumel thermocouple (Temco; Emil Greiner mo. G 9752) is
uged for the temperature measurement. Such couples; matched to give
the temperature to + 5°C, are obtainable from various manufacturers.

The indicating pyrometer (Temco, Emil Greiner no. G 9751) is calibrated
in both Fehrenheit and centigrade scales in 50° increments up to 2000°F
and 1100°C.

Temperatures are regulated by an input ceatrol (Powerstat). The
powerstat variable transformer used was type 116 (Superior Electric Co,,
Bristol, Comn.) for 115-volt line, freguency 50/60, cutput voltage of
C=135, and a maximum output amperage of 7.5. A fixed setting of the
powerstat permitted a reasonably constant temperature in spite of the
wsual line=vcltage fluctuatiocns.

The furnace iz dezigned to provide a fast rate of heating with
accurate control of temperature. It will stand meariy continuous use
at temperatures up to 600°C and may be used for short intermittent

periods up to a maximum of 900°C.
Recomended procedure

A 0.500-g sample of the dry shale crushed to pass an 80-mesh-

yrex, glass-stoppered test

&
i /¢

pereinch sieve is weighad anuc el
tube The lower one-third of the glass-stoppered test tube is heated
in the specislly constructed smzll tube furnace at 480° to 500°C for

11 to 14 minutes. It is essential that strict adherence tc the pre-
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determined time ard temperature conditiorns bte cbssrved. The exposed
upper two-thirds of the stoppered teat turke acts es an alr ccndenser.
When the distillation period is complete, the closed test tube is
removed from the tube furnace and is ther sllcwed to air éool o room
temperature.

Then 10 ml of toluene are added, the tube is stoppered, and vigor-
ously shaken for 20 seconds. The oil evolved by the destructive dis-
tillation and extracted by the toluene is fil.ered through a 9-cm,
white, no. 589 S and S paper, and the filter paper and residue are
washed with two 5-ml portions of toluene. The combined extract and
washings_are diluted to a firal volume of 25 ml with toluene. The
optical demsity (x 10) of the sclutiocn of toluene and oil i3 measured
at 420 gu (blue filter) om a filter photometer with pure toluene set
at 100=-percent transmission. The instrumen®t used in this investigation
was the Lumetron Colcrimeter Modsl 400 A (Photovolt C )

The o0il yield of the shale is ther determined by reference to the
standard carve established for that particular oil-shale deposit. The
standard curve was cbtained from a study of 80 shale samples assayed
in the marmer described above. The opticsl densities (x 10) of oil
obtained by the new procedure vere.plotted against the percentage of
cil as given by the Modified Fischer Retort Method (fig. 1). A scatter
disgram was obtained and a mean atraight line was drawn through the
points. (See section on relation cof sptical density (x 10) to Fischer

0il yield under Experimental data for further detsils.)
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To avoid the effect of regioral differences in oil yleld itke re=-
commended procedure it to establish standard curves, as in figure 1,
for specific areas. A study of these particular samples from Tenresses,
Montana, and Idaho showed the spplicability of the same optical denzity ‘-
oil yleld relationship (fig. 1) to the twe deposits. It is posaible
that the same standard curve may be applicable to oil shales from other
el 28,

In crder to cbtain reproducible resulis, the folleowing p':ecauti‘ona
mist be cbserveds:

1. The sample mist be mixed thorsughly and be representstive
of tke materisl submitted for assay.

2. The closed-tube system mst be gas tight. As a precaution
szziust looserning of the stopper, it is advicable to stopper the test
tube after heating has begun and prior to the evolution of vapors from
the sample.

3. The proper heating mmst be maiztained within the pregcribed
limits of time and tempsrature. To insvre correct temperature weasure-

ments, the pyrometer mst be checked cor standardized pericdically.
Calcuiztions

The graph relating the optical dersity (x 1C) to the percentage of
0ii yield by the Fischer methcd is showm ir figure 1. The relationship
of optiecal density (x 10) to oil yield in gallons per ton (Fischer) is
1lluvstrated ir figure 2. Figure 2 was derived from figure 1 by taking

an aversge speciiic gravity of coil az 0.9C3. Fcr cil zhale samples
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from Tennessee, the standard deviaticn of the specific gravity of the
oil (table 1) is 0.013. The following formla is used to convert
percentage of oil to gallons per ton:

Gallons of oil/ton shale = 2.65 x percentage of oil yield.
EXPERIMENTAL DATA AND DISCUSSION

The initial work in the development of a new method to determine
the oil content of oil shales was to ascertain the effects of different

experimental conditions upcn the oil yield.
Effect of sample weight wpon oil yield

Samples of Chattanooga shalé having a Fischer assay oil yield of
3 percent ranging from 0.250 g to 2.009 g, in 0.250-g weight intervals,
were heated at 480° to 500°C for 11 to 14 minutes. The oil evolved
was extracted with toluene, filtered, and diluted to a final volume of
25 ml.

The results of these tests are shown ir table 2., Within limits
of experimental error, there was no significant difference in the oil
yields for the different weights of sample. The oil yield of the shale
was determined by using the standard curve (fig. 1) and interpolated
to a percent-by-weight yield.

The 0.50)~g sample was adcpted primerily because this size sample
glves favoréble density readings for the range of 0.X percent to X.X

percent oil.
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Table l.--Specific gravities of cil distillates (60°/60°F)

Sample no. Specific gravity ?regiaxtr;i-;i Dew'ria.tione b'd 106
LC=15-12 0.924 +0.021. 4y
15 0.920 +0.017 289
31 0.902 =0.00L 1
=5 0.91C +0.007 1]
1Cel5=52 0.895 =0.008 64
1Cel0=32 0.915 +0.012 14
33 0.926 +0,023 529
0.915 +0,012 14k
LCel0=35 0.926 +0.023 529
LCwll=1l3 0.903 0.000 0
15 0.918 +0.015 225
21 0.920 +0.017 289
20 * 0.921 +0,018 324
31 0.923 +0.020 koo
ICelles2 - 0.888 -0.015 225
17R=b= 1 0.899 =0.004 16
2 0.906 +0.003 9
3 0.905 +0.002 L
I 0.904 +0.001 1
5 0.903% 0.000 0
6 0.889 =0.01k 196
T 0.896 0 .GOT 49
8 0.891 ~0.012 14k
9 0.891 <0.012 14k
10 0.88¢ =0.017 289
1 0.883 «~0.020 400
13 0.897 «0.005 36
1k 0.899 ~0.004 16
15 0.903 0.000 0
16 0.91k4 +0.011 121
37 0.922 +0.019 361
18 0.916 +0.013 169
L TR=Ee19 €.916 +0.013 169
r =33
mean = 0.903
£4 = 0.367
£d° = 0.005777
Average dariation = 0.CLL
Standard deviatien = 0.013



Table 2.«-Effect of gample weight upon oll yield

Somple weight (in grsme) Cptical density (x 10) | Percent-by-weight
= oil yield
0.250 1.55 3.10
0.509 50§0 2‘95
0.759 555 2.86
1.000 7.70 2.90
1.2%0 20.450 3.10
1.70C ; 12.00 2.92
1.0 ‘ 14,50 3.00
2,000 B Iy O | 3,09

Effect of heating temperature on oll yleld

A study was mede of the effect of temperature on the oll yield.
A hesting tims of 13 minutes waz chosen arbltrarily. A 0.500-g aliquot
ef & Chattanocoga shale sample comtaining 4.5 percent oill (determined by
the modified Fischer assay) was heated in the menner prescribed under
Procedure at the temperatures indicated in table 3, The oil evolved
by the distillaticon was extracted with toluene, filtered, and dilnted
to & fipal volume of 25 ml. Meesurements of the coptical densities
(x 10) wera made with a Lumetron Colorimeter at 420 A (blue filter).
| The results showed that the oil yield 1is dependent upon the tem=
perature of heating. Table 3 shows that the bsst tewmperature range
for obtaining reproducible oil yields is from 430° to 500°C. The
wverage optlcal dsnsity (x 10) of the toluene &olution of the oil
diatilled at this tewperature range (480° to 500°C) was 5.95. By
consulting the standsrd curve (fig. 1), it wes determined that an
optical denmity of 5.95 coincides with a 4.65-percent oil yleld, which

48 very unear the oil conteut «f the zhale by Fiacber assay.
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Table 3.--Effect cof heating temperature on oil yleld

Temperature (centigrade) Optical demzity (x 10)
260 0.10
595 0.%0
400 2.95
k20 3.80
Lko 4,90
460 5.60
480 1/ 5.90
480 1/ 6.00
k8o 1/ 5.90
500 1/ 6.00
520 €.20
540 6.90
515 7.30
600 7.60
650 8.10
675 8.50
705 9.25

1/ Average opticzl density (x 10) in the
temperature range 480° - 500°C is 5.95.

Effect of heating time on yield

The effect of heating time on the oil yield wag studied. A 0.500-g
sample of a Chattanooga shale sample containing 4.5 percent oil was
heated at 480° to 500°C for the times indicated in table 4. The oil
evolved by destructive distillation was extracted with tclueme, filtered,
and diluted to & final volume of 25 ml., Measuremente of the optical
densities (x 10) were made with a Lumetron Colorimeter at 420 gp (blue
filtex.

The resuvlte of thesze tests are shown in table 4. It should be noted
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that two srparently optimm heating +imes exizt, one from 8 to 10 minutes
and the other from 11 to ik minutes. A series of tests with low-grade
oil shales showed that a greater degre= of reproducibility was attained
when the samples were heated from 11 teo 14 minutes than if Lested from
8 to 10 mimites, Thus, it wes concluviad that heating at 480° to 500°C
for 11 to 14 mimtes gives the most satisfactory and reproducible eil
yields. The average cptical demsity (x 10) of the toluene solution of
the o1l distilled at 480° to 500°C for 11 %o 14 minutes was 6.11. Using
the standard curve (fig. 1), the oil yield related to an optical demsity
of 6.11 is 4.72 percent, It should be noted that these conditions
(heating a 0.500-g sample at 480° to 500°C for 11 to 1lh minutes) give

r=sults that are in agreement with the Fischer method.

Table 4 ,=--Effect of heating time on oil yield

= —

Time of heating (minutes) Cptical density (x 10)
2 1.35
4 L 80
6 5.00
7 5«70
8 5.85
9 5.80

10 5.82
11 5.90
12 6.15
I3 6.20
14 6,28
15 £.35
16 6.60
18 6.70
20 6.90
22 5.70
2 6.80
30 6.90
35 7.00
4o .38
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Selecziicon of suitable f£ilter

The following tesis were made to determine the best filter for
density messurements. A composite cil was made by combining 1 ml of
esch of the oill distillates secured by the Fischer method from 19 samples
of Chattanooga shale. Seriez of 0.50-ml aliquots of the composite oil
were diluted to 50 ml with the solvents indicated in table 5 to form
stock eolutions. A 2-ml sliguot of each of the stock solutions was
further diluted to 25 ml with the respective solvents. The:optical
densities (x 10) were measured with a Lumetron Colcrimeter Model 400 A
(Pnotovolt Co., New York, N. Y.). A number of filters were available
with the filter photometer used. The one which gave the greatest op=-
tical demsity with the oil solution (referred to pure toluene as a
biank) ie the blue filter (420 qp). Table 5 shows the variation of
the optical density measured with the various filters. The blue filter
(420 mu) was found to be best for all the solvents tried and was thus

gelected for the final procedure.

Table 5.-~Selection of suitable filter

Filter Optiecsl density (x 10)

Wave Caxbon 5
Color length|Chloroform| tetra~ | EtRYL | Carbon ipo),onefDiethyl| poivene

m chloridel &cetate disulfide ether

650 0.ko 0.70 0.15 0.40 0.25 0.15 0.25
Orsnge 580 0.53 0.95 0.20 0.56 0.3k 0.16 0.3k
Yellow green| 530 1.05 1.54 | 0.50 1.04 [0.68 | 0.54 [ 0.70
Blue green k9o 1.25 1.75 0.60 1,28 0.87 0.68 0.85
Blue 420 3.29 i 2.59 3.62 3.02 2.58 3.0C
Viclet 370 1.14 1.50 0.72 | 21.08 0.90 0.70 0.8¢
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Effect of solvent on cclor

Trhe effect of solvent on color and the stability with time was
studied. A composite oil was made by combining 1 ml of each of the
oll distillates secured by the Fischer method from 19 samples of
Chattanooga shnale. A 0.50-ml aliquot of the composite oil was diluted
to 50 ml with the solvents indicated in table 6 to form stock solutions.
Two milliliters of this stock solution were further diluted at once to
a firal volume of 25 ml with each of the different solvents. Opticsl
densities (x 10) were measured at 420 T (blue filter) with a Lumetron

Colorimeter after various irntervals of time. The results are given

in table 6.
Table 6.--Effect of solvent on color
Measure of optical demsity (x 10)
Solvent After After After After
Immediately 1 dey 5 days 5 days 7 days
Chloroform’ 3.29 3.T0 L. .25 L.75 5.80
Carbon
tetrachloride 3T L. 25 4 .80 5.00 5.90
Etbyl zcetate 2.59 2.63 2.58 2.58 2.61
Carbon
disulfide 3.62 3.65 Be T2 e D 5. T2
Benzene 3,02 3.08 3,02 3.0k4 3.03
Diethyl ether 2.58 2.59 2.64 2.69 2.68
Toluene 3.00 3.00 2.99 2.99 2.99
| b

The color of the oil solution was found to be dependent on the
solvent used. For the same oil concentration, the colors in chloroform,
carbon tetrachloride, ethyl acetate, carbon disulfide, btenzene, diethyl

ether, and toluene ranged from pale yellow to reddish amber. Some of



the solvents ylelded unctable cclor zystems; the color intensities

increazed with time. Benzene, tolueuve, and elhyl acetate gave stable
reprodncible co]Tor systems. Toluene wss chosen as the solvent because
it is chemicslly more irvert than ethyl acetate and is somewhat less of

a flre huzard and less toxic than benzene.
Color stability of the toluene system

Table T shows that the toluene system is exceptionally stable in
color. Approximately the same optical density readings were obtained
whether the densities were measured within 5 minutes or 3 months. The
dats in table 7 were cbtaired on various concentrations of the composite

oil in tcluene.

Tatle T.-=Color stabllity of the toluene system

Measure of cptical density (x 10)
Immedistely After 3 dsys After 3 monthe

Aldquet (ml)

1.08
1.92
2,72
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Coior similarity of various oils

Tests were wade to determine if ssumpl=as from one formation but
taken at different locations would yield oil having about the ssme
color characteristics. A limited number of tests were also made to
determine if the relationship of figure 1 would hold for cils from
different formations and locati-ns.

Fifteen samples of Chattancogz shale from Tennessee picked at
random were checked for possible deviations in th= color of the oil.
Table 8 gives the optical dersities (x 10) of szolutions of the same
eoncentration of the varisus oils in toluene. The results indicate
that oils from the same feormation but different locations would yield
e3sentially the same densities. The range of the optical densities

(x 10) 18 from 9.90 to 10.90.

Table 8.--Color similarity of various oils

Lab. number _ Optical density (x 10) Deviation from mean
3215 9.90 «0,27
3213 10.C0 =0,17
2027 10.00 0,17
2029 10.00 0,17
3207 10.10 =0.07
3208 10.30 +0.13
3216 10.30 +0.13
2212 10.k0 +0.23
2053 10.4%0 +0.23
3209 10.60 +0.,U43
2052 10.70 +0.53
2050 10.80 +0.63
2051 10.80 +0.63
2054 10.%0 +0.63
2046 10.90. +0.73

n=15

Mean = 10.17
Average deviation = Q.34
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In additicn; it should be moted that the 80 samples studied in
the determinatiocn cf the optical density - oil yield relationship
{fig. 1) showed from the linear nature of the scatter diagram that
oils from dirfferent formations and locelities were similar,

This relationship wes usec ag the basis for correlating tke pro-

posed pactometric procedure to the Modified Fischer Retort Methed.
Relation of optical density to Fischer oil yield

Seventy-five samples of Chattanocoga ¢il shale were distilled in
the menner described under Procedur<. The oll evolved was extracted
with {toiunene, filiered, and diluted to & final vclume of 25 ml. Meas-
uremerte of the optical densities (x 10) were mde with a Lumetron
Colerimeter at 420 A (blue filter). The optical dersities (x 10)
were plotted sgainst the percentage of oil yield as given ty a Fischer
assay. A scatter diegram was obtained, and a mean straight line was
drawn through the points. The aversge differerce of the Fischer assays
Trom the curve is 0.37 percent absgclute. The maximum difference between
the determined (Fischer assay) and the curve is 0.S4 percent. The per=-
centages of oil yield and the optical densities (x 10) cf the toluene-
oll @olutions are given in table 9.

The cheice (visual fitting) of the standard curve ie based upoa
the assumption that positive end negative devietions of the same magrnitude
ere equaily probable. This assumption is verified by thne fact that a
visval inspecticn shows the pattern of the scatter diagram to be essens

tielly eymmetrical with respect to the siandsxrd curve. Thus, the stardard



Table 9{a).~-Relation of optic
Chattanooga shale (

2l density tc Fischer oil yield
Ternessee) Lot 1001

Perwzentage oil Optical Difference of Fischer assay

Sample (Fischer) d‘?is 'i’:g}{ from standard curve
IC=15=11 0.2 0.40 =0,35
5] 0.8 0.85 =0.30
21 LT 0.85 +0.62
53 1.8 135 +0.38
A1 1.9 2,18 =0.10
12 2.4 1.90 +0.60
52 2.4 2.25 +0.35
13 2.7 2.25 +0.14
15 2.8 2.7 +0 bl
1k 3.4 3.20 +0.70
IC=15~33 e | 4.80 +0.30

M
2T}

o
FE
1
O

Table 9(b).=-~Reletion of optizal density to Fischer oil yield
Chattanocgn shale (Tennessee) Lot 1002

Opticsl
Percentage cil A Difference of Fiacher assay

Sauple (Fischer) dzisi 3{ from standerd curve
LC-10~14 0.8 0.95 -0,36

15 1.0 g W2 =0,38

1 1. 2.00 -0.43
IC=11l-1k 1.8 1.80 +0.06
IC=10=13 1.8 2.15 -0.16
1C=11=13 - | 2.15 +0.12
LC=10a32 2T 3.45 =0,18
IC=11=15 2.9 2.70 +2.52

o 3.0 2.25 +0.94
1C=10=34 3.0 3.70 -0 .06

33 3.5 4,60 <G,16
IC~11.52 4.2 4,20 +0.32

31 4.3 6.60 =0.T4
1C=10-35 4,5 h.25 0,32
LCelle32 4.9 5.70 0,22
IC=11-22 5.0 €.ko +0.08

n = 16
$d = 5.10
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Table 9(e).--Relation of optical density to Fischer oil yleld
Chattanooga shale (Termesszee) Lot 1005 (sample LC=-105A-x)

Sample Percentage oil gﬁgi{; Difference of Fischer assey
(Fischer) (x 10) from standard curve
43 0.9 0.65 =0.04
Lo 1.0 c.00 +0.50
45 1.0 - 0.50 +0.18
1.3 0.10 +0.Th
15 - % | 2.90 ~0.140
2] 2.4 2.90 =0.10
12 3.8 5.L0 =0.40
31 4.0 Ty +0.46
1 4.1 5.80 =0.40 °
13 k.2 4,80 +0.40
33-4 2 4.2 6.30 -0 .64
3341 4 2 6.50 ~0.78
34 b L 6.10 =0.30
3B #l 4.5 5.60 4+0.12
Fef 2 4.5 6.20 ~0.28
32 ) 6.60 0. 44
n = 16
< d= 6,18
Table 9(d).--Relation of optical dersity to Fischer cil yleld
Chattawnga shale (Tenmessee) Lot 1012 (zample 13M-T~x)
. Optical : ;
Percentage oil Difference of Fischer assay

Bexple (Fischer) df(:sf g.’{ from standsrd curve
£2 1.5 A.20 =0,.02
i 2.5 3.10 =0.34
3. 2.5 555 0. k4
52 2.8 3.k5 -C.10
22 Bl 3.30 +0.k2
B o 5.89 «0.80
16 3.6 4 .60 «0.06
i BT 5.25 =042
3 b Yy 6.40 =0.50
z2 k.5 6.70 =0.62
51 4.6 5,20 4+0.52
12 k.9 5.90 +0.32
135 5.5 T.10 +C.20
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Table 9(e).--Relation of optical demsity to Fischer oil yileld
Chattancoga shale (Tenunessee) Lot 1052 {sample 1TR=H=X)

Percentage oil Uptical Differencs of Fischer assay
Samrl= (Fischer) density Prom stendsrd curve
(x 10)
ko) 2.3 1.60 +0.70
9 2.5 2.60 +0.20
8 2.5 2,20 +0.50
o 2.7 2.15 +0.70
i 2.8 3.h0 0.0k
15 2.9 2.50 +0.68
12 2.9 2.20 +0.,48
18 2.9 3.T0 -0.14
& 2.9 3.80 ~),22
13 3.0 2.95 +0.h2
14 3.2 3.50 +0.28
16 3.2 k.20 -0.18
2T 4.3 5.10 4+0.30
L 4.3 6.50 =0, T0
5 4.5 6.%0 0.0
19 4.6 6.09 =0.02
3 5.2 6.20 40.40
2 6.0 6.60 +0,62
1 6.7 9.00 «0.20
n=19
zd = 17.38

cwrve can be compared teo s distributicon Humetion of a random sequence.
a =80
<2d = 29.82

£3d2 = 15.1007

i

Average difference of th= Fischer assays from the curve:

|dy| + [d2| + ... + [dn] = 29.81 = 0.37 percent absolute
n 30

From appearances of the scatier diagram (fig. 1), it is believed
that the oil content of shales may he determined by the photometric
procedura with essentially the same accuracy as by other methods now

in use,
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To show whether there are variations ir the cptical properiies of
the o1l from wldely separated ereas (Phosphoria formation and Chattanooge
shrle) a closed-tube distillation was msde of 10 samples of mdstone from
the Phosphoria formation in Montana and Idaho (indicated on fig. 1 by the
gymbol A ). The percentage of oil yield and the optical densities of the
tcluene-~oll solutions are giver in table 9(f). Filgure 1 chows that the
data for the Phosphoria formation fit the curve that was drawn for the
Chattanocge shale. |

Table 9(f).--Relation of optical density to Fischer oil yileld

Mudstone from the Phosphoria formation
of Montana ard Idshec, Lot 1243

Optical
- Percentage oil Iifference of Fischer assay
Sample (Fischer) d?§s§g§ from standard curve
FCA=15C~4T none 0.00
FCA»181=47 none 0.05
RAG 5T7=4T none 0.00
RARL250e47 none 0.00
RARw253=l7 none 0.05
DAB-59 2,8 )P (5) «0.%0
ERC~36 3.6 5.00 =0,35
TAT22 1 4.5 5.40 +0.30
ERCe26 1/ 5.2 6.60 +0.15
LAT-2k 5.5 6.20 +0.70

n = 5 (samples conteininrg no oil
were not considered)
2d = 1.80

l/ 0.250~g sarmples of ERC-2f and LAT-22 were used.

The recommended procedure in moking a standard ciurve is to base
1t on those samples under study. TFor cther samples, & new curve should

be made.



SUMMART

A photometric method for the determinstica of the oil content of
0il shale is rresented, The propcsged method, which utilizes distillation
in a clesed test tube followed by measurirg the density of a toluene
solution of the oil, provides a mezrs of determinizg arbitrarily the
0il content of oil shale by the destructive diztlllation of its orgarie
mitter. This method, like th: Fischer method, does not determire the
total organic matter in shsle that may be converted wmere completely to
0il under more favorable conditicns. The proposed method has several
imrediate adventages over the Modified Fischer Retort Method and is
recommended for oil-shale assays. Tke advantages sres

i. Less time 18 required for the assay. 01l shale asssys
by the Fischer method require avproximately 2 hours for completion,
whereas by the proposed methcd 3 to 10 determinations can be completed
in the same length of time.

2. Less sample is required. A 100-g sample is used in the
Fischer sagay whereas & 0.500-g sample is used in the propesed method.
In addition, the same representative ssmple (=30 mesh) can be used for
oiher analyses.

3, The operation is less difficiit and can be controlled
more precisely.

The effects are shown of different experimental cornditions upon
the o0il yield by the proposed method: effect of heating time on yleld,

effect of heating temperature on yield, effect of sclve on color,
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stabllity of color in toluene, coler similarity of oils, and the relation
of optical density to the Fischer yield.

The proposed method, like the Modified Fischer Retort Method, is
en empirical measure, and it has been directly correlated with the
Fischer method. The estimated oll ylelds are comsidered as reliable
as the values obtained directly by the Fischer assay of the samples.
The method is fast encugh for certain control purposes in mining and
processing oil shale for which rapid and accurate results are desired,

suck as in the assay of thousands of samples.
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