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SUMMARY

-.-This report presents the results of analytical studies made on two
series of oil-shale samples from the Mahogany ledge of the Green River .
formation neer Rifle, Colo, "It was made to determine the character of the
various grades of oil shale that are being mined and:processed into shale
0il and refinéd products at the Bureau. of Mines Oil-Shale Demonstration
Plant at Rifle, Colo. The analytical work was part of a synthetic liquid
Tuels program being conducted at the Potroléum and 0il-Shale Experiment
Station, Iaramie, Wyo. I L ' o

. The 16 oil shales renged in color from & gray brown for a sample that
assayed 10.5 gallons of oil per ton to a very dark brown for a sample that
assayed 75.0 gallons of oil per ton. In general, the samples were similar
as to the types of organic and inorganic matter that they contained but
varied widely in the amounts of thcse constituents.. The principal con-
stituents were calcite, dolomite,. illite, and yellow organic material,
while the minor constituents were quartz, feldspar and plagioclase -feldspar,
pyrite, marcesite, analcite, opal, black organic material, and small woody
{ragments, - Some micro-fessils, sporce and pollen grains were found also,

. The elements carbon, hydrogen, sulfur,. oxygen, and nitrogen may be
present in raw shale in both.organic and inorganic forms. Accordingly,
ultimate analyses of the organic portions of the oil shales presented a |
difficult analytical problem, which wae not solved. The most reliable o
values for the ultimate compositions of the organic materials in the oil

shales were obtained by correcting ultimate analyses of the raw ghales
Tor the elements present in the mineral constituents. |

. The mineral portions of the ghales consisted essentially of compounds
of silicon, iron, aluminum, calcium, megnesium, sulfur, sodium, and potas-
sim, In addition, many other elements detected amounted to a trace or
only a few tenths of a percent. These minor elements did not appear to be
of potential value as byproducts of an oil-shale indvstry.

" -The yields of the gifferent assay ‘products = oil, gas, and residual
organic material in the spent shale - were related to the total organic
content or richness of the shale, The degree of conversion of this organic
material to the assay products was not greatly affected by the richness of
‘the shale. Also, the compositions of the assay gases were quite similar
and indicated that differences in the amounts of organic end inorpanic
constituents in the oil shales had no jronounced effect upon the gas
compositions‘-;Specific-gravities,,bulk;d@nsitiés, and gross heating
values of the shales were related to their oil yields and may be used as a
rapid means of estimating the oil yields of similar shales. ’
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Natural weathering caused no significant reductions in the olil yields
of the shales for periods up to 6 months, but longer weathering periods
"~ resulted in decreased o0il yilelds and increased water yields by the modified
Fischer assay, ‘

- INTRODUCTION

O:Ll shale can be gimply defined as a compact, laminated, sedmuantary

rock containing organic material (usually called kerogen) from which appre-
ciable amounts of oil can be obtained by +the application of heat but not by
extraction with solvents for oil. In other words, oil shale does not con~"
tain appreciable amounts of o0il; 'bhe oil is :E‘ormed by the thermal decompo-
sition of solid organic material derived from pre-existent plant and snimal
life. According to a general class:Lflcatlon of bituminous materials, which
is used widely in the United States and Burope ond is dlscussed. by Abrah 3/
and by Pfeiffer ,_lk/ oil shale is a pyrobitumen. 4 _

The oil shales described in 'bﬂlS report were tough, strong rocks re- -
ferred to by Bradleyi/ as marlstone. They were obtained from the Green
River formation, which is the largest lnown oil-shale deposit in the
United States. Accord.lng to Belser ,_/ this formation covers an area of -
about 16,500 squere miles in adwo:Ln.Lng portions of the States of Colorado,
Utah and- Wyom_ng. One of the- richest and most easily accessible portions
of this formation is located in western Colorado near the town of Rifle. .
Most of the ex*olorauory and evaluation work has been dene on oil shales
of ‘this area, particularly in the U. S. Neval 0il-Shale Reserve No. 1.

In this resefve the Parachute Creek member of the Green River formation
is divided into three zomes: A main zone, 460 to 630 feet thick; a middle
zone, 230 to 270 feet thick; and a lower zone 205 to 220 feet thick,
These oil-shale zones are separated generallj bv 50 to 150 feet of tronsi-
tional beds, which yield little or no oil, In some areas, however, these
. zones are contmuous form_.ng an 01" -shale measure an*;rozcmatel,f 1,300 feet
thick.

The Mahogany ledge from which the samples described in this report
were obtained, is the richest portlon of the Green River formation and is
considered 'to be the most suitable sechbion for commercial exploitation at
the present time, The ledge was go. named because of the mahogaqy-llkc
color of the freshly broken shale. It represents aprroximately the bottom
73 feet of the top, or main, oil-shale measure and has an aVErage oil yleld.

3/ Abrahan, Herbert Asphalts and Allied Substences: D. Von I\Iostrand Co.,
Inc., New Iork, 5th ed., vol., 1, 1945, p. 56. A o

E_/ Pfeiffer, J., Ph,, The Propertles of Asphaltic Bitumen: Elsev1er
Publishing Co.,, Inc., New York, 1950, PP. 1-T. -

2/ Bradley, Wilmot H., Origin and Mlcrofossﬂs of the 0il Shale of ’c.he
Green River Formation of Colorado a.nd TUtah: Geol. Smey Prof
Paper 168, 1931, 58 pp. ‘

6/ Belser, Carl 0il-Shale Resources of Colorado, Utah , and Wyoming:
. Petrol. Technol., vol. 11, No. 3, 1948; 15 pp. ; Green River 01 1-Shale
Reserves of Northwestern Cclorudo Bureau of Mines Rept. of '
Investigations 4769, 1951, 13 pp.
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of about 30 gallons per ton. According to Cattell and Dohertyl/ this oil-
shale bed covers an area of 1,000 square miles and represents an oil resgerve
of 100 billion 'barrels or ap‘_pmxmtely three times. the petroleum in the
Nation's proved.oil fzelds thmt 1s recoverable from wells by ;oresent methods

, Standa.rd analytica,l methods ha.ve not been ad.opted for the amlysis of
0il shale. Accordingly, new analJtlcul methods we:r__'e developed or existlng
methods, particularly those used for the analysis of petroleum and coal,
were adanted to o1l shale. Determination of ‘the ultimate composition of the
orgonic material proved to be the most. di:f‘flcult problem because the elements

carbon, hydrogen, nitrogen, sulfu.r and oxygen m..y emst in 0il shale in both
organic and Jnorganic fov'ms : , o -

. Most of the detalled e&perlmantal da.ta obtained. in th:.s study are tabu- '
lated in the anpendlx. Summaries and d.lscuss:Lons oJ:" the dc:ba are glven in
the text. : : e . 4 . e
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SOURCE UF SABIEIES . s
Sixteen oil shales Were e*«:ammed in this study. Ths,f were obtoined
from the Mohogeny ledge of the Green River formation near Rifle, Colo,,. and
represent shale that is being mined and processed into shale 011 and refined
products. ot the Bureau of Mines Demonstration Plant at Rifle, Colo. Two
groups of samples were cbtained, The first group, d_esn.gn‘.,ted_ "Six Selected
Colorado 0il Sholes," re mresents different grades of material having oil
yields of approximately 10 to 75 gollons of oll per ton of shale. Samples
weighing approximately 200 pounds each were obtained, About 5 pounds of
each sample were secled in air-tight ccns at the mine and were used later
for moisture determinctions. Selected specimens were reserved for petro-
graphic examinations. The remaining portion of each sample was. crushed to.

T/ Cattell, R. &,, cnd Doherty, J. D., Synthetic Liquid Fieis: Producers
Monthly, vol. 12, No. 11, 1948, pp. 21-29. ' . '
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’ minus-2-mesh (to poss a Q—mesh-jper—lnch s:Leve) s then quuz'tered by a rlffle
sampler-to a 25-pound. sample, which was further crushed to minus-8-mesh.

‘The samples were crushed with a “jaw-typé crusher, For mineral analyses and
certain other tests requiring finely-pulverized shale, portions of the minus-
G-mesh mrterial were ground to minus-100-mesh in o Mullite mortar a.nd dx ied
to constant weight at 221° F.ina curren'b of dry helium. ' ~

'The secord group of samples is d.es.lgmted the "Mlneable-Bed So.mples.
~ These were prepared from two diamond-drill cores about 7/8 inch o.d., and™
- represent the nine constituent beds and a composite of the entire 73 -foot
Mohogany ledge. The nine bed samples were designated as A, B, C, D, EF,
G, H, I, and J to corresporid with the bed designations used. in mmmg..@/
"T‘hey were crushed and prepared for the various tests in the same manner as
the six Colorado oil shales’ selected. - In addition, a somple representing
the entire 73-foot Mchogany .ledge wag prepared by compositing the individual
beds (the minus-8-mesh material) in proportions corresponding to their
volumes in the Mahogony ledge. All of the somples ussd for mineral anclyses
and for similor tests were treated with o moagnet to, remove ony free iron
that’ mlght h'J.VG been 1n‘broduced into 'th samples 'by cr'ushm and grinding.

Figure 1 shows the ml—yleld log of the M'lhonc.ny ledge zlnd the sources
of the somples wz'bh respect to a reference bed }cnown a8 the Mohogany marker,

’ EXPERIMENTAL

Petrographlc Char cterlstlcs .

Six selected oil ‘she les. The visual features of the six selected oil
shales are given in table .1, - They rmged in color from gray brown for the
10, 5 gollon per ton sample to a very dark brown for the 75,0 gallon per ton
sample, The former sample had a conchoidal fracture, vhile the remaining -
gamples had irregular, hackly fractures, All of the shales were finely .
leminoted. Structurally, the sumple,s varied considerably; the two leaner
shales, 8 and 9, contained mmerous bands of dolomitic sandstone. In ‘the
lutter sample, the shale lominoe adjacent to the sandstone bonds were folded
as 1f from slumping., The richer samples, 7 and 2, shown in figures 2 and 3,
contained elongated analcite concretions and fractured calcite concretions,
respectively. The latter sample also showed the characteristic loop bedc'L:Lné,
deseribed by Bradley. 9 / Four of the six shales contained visible mineral
Mtlcles which ranged from mica flakes to grains of analcite and calcite.
Shale 7. (flgure ?) contained elongated concretions of analcite up ¢ 1 inch
long by 3/8 inch thick, while shales 2 and 10 contained Flattened calcite
grains, 'I‘he .calcite grulns 111 sample 2 (figure 3) were - up to 1/2 inch-across.

8/ .Gardner, E, D., Mining. Program, Bureau of Mines Oll-Shule Project, Rifle,
Colo.. Bureau of Mines Rept, of Investlgatlons 2+2269 : 19)48 19 pp.
9/ See footnote 5.
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Figure 1. - Source of oil-shale samples with reference to Mahogany marker
at Bureau of Mines Oil-Shale mine, Rifle, Colo.




SCALE—MOHES
I —— S oa—non 2
! o ;

Figure 2, - Sample of 36.3 gallon per fon oil shale.
This is a dark-brown finely laminated
sandy oil shale. Notice the two elon-
gated analcite concretions in the upper
half of the specimen.

Figure 3. - Samples of 57.1 gallon per ton oil shale.
Samples are dark-gray and brown finely
laminated platy oil shales. Notice the
looped bedding and the flattened calcite
grains (short white lines parallel to the
laminae)., The calcite is clearly seen in
the upper sample, showing a flattened
grain lying on the laminae.




brown

TABLE 1, - Visual features of six selected Colorado oil shales
o1l | |
yield, o Vizgible
Sample|gallons , ‘ (Lomi- mineral
nunber| per tcn Color | Fracture mation Structure gl*&ins Compositicn
Geesee| 10,5 |Groy and |Concholdel: Fine |Banded with None (Shole and
brown dolomitic gandstone
sandstone bonding
Brenes| 26,7 do, Parallel | do. |Dolomitic Mica - |Sandy
‘o laminae gandstone and] flakes | shole and -
S folded shale ' sandstone
le .mmae '
Teeess| 36.3 |Dark brown do, do, Elongate_d 7 Analcite|Sandy shale
concretionsg ' '
2¢eees| 57T.1 |Dark gray do. d6, |Concretions Calcite Uniform
and brown | and loop gshale
‘bedding o
l- s 8@ 61'8 d.O. do L) . d.O [ ] P,l.t:.‘t;y &I’ld ) NOI’IE‘ DO;
‘ B ‘ loop bedding -
10.¢..| 75.0 [Rich dark | do, do. | do, Calcite | Do.
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uents were calcite,
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the section,

the leaner shales,
described by other investigators.l0/1l/ Naboolite (natural sodium bicar-

bonate) has also been found in concretions up to 5 feet across and in :
layers up to 4 inches thick in cil shales of the Mshogany ledge. 12/ :
However, no nahcolite was detected in the particular oil shale samples

examlned. in this study.

Mineable-bed samples,

mineable-ped samples.
- due to variations
‘as gquartz,

bed G.

dolomite, calcite, analcite,

illite, T eld.spar

Microfossils and macrofossils were present, particularly in
These fossils of the Green River formation have been -

X-ray diffraction patterns were made on the
These patterns were similar except for differences
in the amounts of the minerals, which were 1dent1fled.

and plagioclase.
The relatlve intensities of the d_lffraction lines corresponding to these

minerals in the mineable-bed samples are summarized in table 2,
intensities indicate qualitatively the amounts of a particular mineral in .
the different beds,
rresent in beds A and B but a smaller amount of dolomite was present in

Thesge

For example, a considerable amount of dolomite was

On the other hand, bed G contained a considerable amount of calcite

but only minor amounts of calcite were present in “beds ¢, D, and H,
Approximately the same amount of illite was present in cach of the beds,

TABLE 2, - Intensity of X~ray diffraction lines for minerals in
the mineable-bed oil shales
Mineral. - )
' Feldspar and
Bed Quartz Dolcmite Calcite |Analcites [Tllite | plagioclase
Acavsese | Very weak |Very strong Weak Strong |Medium Faint
Besesvas do, do. do, do, 1 do. Do,
Coencace Weak Strong = |Very weak Medium do. Medium
Divieeses | Very weak do, do, Faint - do, Do.

CEF e eenes do. do. Faint None do, Do.
Geesense Faint Medium Strong do. do. . Do,
Heeoseso | Very weak { Strong {Very weak do. do. Very weak
Tesoeane do. do, Medium |Very weak do, Faint
Jeeecass do, do. -do, ‘Weak “do, - Do.

Mzhogany merker. Located within the Parachute Creek member of the
Green River shale in Colorado is & thin bed approximately U4 to 6 inches
thick, which serves as a convenient reference point for the rich Mahogany

10/ Winchester, Dean E'., 0il Shale of the Rocky Mountain Region: Geol,

Survey Bull 729, 1923, pp. 23-33,

11/ See footnote 5.

12/ Ertl, Tell, Sodium Bicarbonate (Naheolite) from Colorado Oil Shale:
Am, Mineral., vol. 32, 1947, pp, 117-20.
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Figure 4.

- Hand specimen of Mahogany marker look-
ing parallel to bedding. The large and
small circular light-gray areas are grains
of analcite - notice the large grains in
the upper portion of the photograph. The
finely laminated material in the left-cen-
ter and lower-right portions of the speci-
men is oil shq?e. The black material
filling the fractures and voids is
bitumen,




Figure 5. - Photomicrograph of Mahogany marker - 100X. The white
rounded areas are trapezohedrons of analcite. Notice their
speckled surfaces, which are due to dust-like inclusions.
The gray area is chalcedony matrix, which also contains
dust-like inclusions. The dense black spots are pyrite.




Figure 6. - Photomicrograph of Mahogany marker under crossed nicols -
100X. The black areas are analcite in a gray-white matrix

of chalcedony. The white spots in the analcite are

inclusions,




oil shale. is reference bed was formerly referred to as the Smdstone
marker _j/ 14/ put it is now commonly known as the Mahogany marker.__i/l /

In hand specimens from the Bureau of Minee oil-shale mine, the
Mahogany marker was o groy fine-grained massive rock, which contained
black tacky asphalt or bitumen. The rock might easily be mistaken for
sandstone, since it contained rounded analcite grains that resembled
send grains, Some of the larger grains may be seen in figure 4,

Microscopic examination of thin sections showed that the marker con-
sisted, chiefly, of analcite grains in a matrix of chalcedony., Analcite
occa“red as evhedral trapezohedrons, which were a fractiom of a millimeter
to 2 millimeters across (see Tigure 5)., Most of the analcite was isotropic
(sce figure 6), however, scme of ‘the large crystals showed a slight bire-
fringence about their edges, Within the analc:Lte crys’cals were abundant
gray- to brownish-gray dust-like ihclusions, which appeared to be isotropic,
however, this could not be conclusively determined owing to their small size.
Fragments of quartz, feldspar, plagioclase, pyrite, apatite, and zircon,
and minute crystals of apophyllite alse were included in the analcite. Many
of the larger analcite grains contained abundant compression cracks, which
were £illed with clear analcite free from inclusions, This indicated that
two stages had been involved in the formation of the analcite.

The matrix of the Mahogany marker was composed of micx ocrvstalllne
chalcedony. Like the analcite, the chalcedony contained gray dust-like
inclusions, as well as angular f ragments of quartz, feldspar, and plagio-
clase, laths of biotlte, ethedral crystals of zircon, apatite , Pyrite, and
apoph*rll'be and flakes 01 calcite. In soms cases, b.anula.r pyrite lined
the boundarv es of the analclte crystals. '

Modificd Fischer Assays

The modified Fischer assay method}l/ wag used in this study as a con-
venient basis for comparing the different oil shales and thelr products.
However, the yields and characteristics of the products by this arbitrary
method may not be comparable to those of products obtained under different
retorting conditions or derived from commercial-size unite,

13/ Gavin, Martin J., and Desmond, John S., Construction and Operation of
the Bureau of Mines Experimental O:Ll-Snale, Plant 1925-102”: Bureau
of Mines Bull, 315, 1930, pp. 31 to 3L,

1/ Bradley, Wilmot H., The Occurrence and Origin of Analnlte ahd Meerschaum
Beds 1n the Green River Formation of Utah, Colorado, and Wyommb
Gecl, Survey Prof, Paper 158, 1929, pp. 2 and 3.

12/ Guthrie, Boyd, Studies of Certain Properties of 0il Shale and Shale Oil:

. Burean of Mines Bull, 415, 1938, p. 107.

}_@/ Belser, Carl, Green River OlJ_-Shale Reserves of Northwestern Colorado:
Bureau of Mines Rept. of Investigations 4769, 1951, p. 3.

17/ Stanfield, K. E., and Frost, I. C., Method of Assa;,-ing 011 Shale by a
Modified Fischer Retort: Bureaun of Mines Rept. of Investigations

L7, 1949, 13 pp.
Lugo ' -7 -
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The oil yields of the 16 semples (table 3) ranged from 10.5 to 75.0

gallons per ton, or 4,0 to 26,7 percent by weight.

assay products based on the raw shales were as follows:

The yields of the other
Water 0.4 to 1.6

percent; spent shale 63,6 to 9h.4 percent; and gas 0.9 to 4,6 percent.

TABLE 3« = Physical and chemlcal propertles of Colerado oil- uhalal/

' Minimum Maximum
Modified Fischer assay
O1levuveeasersoenorsensscnsrsesnenassesZ@ls/ton 10.5 7540
011y eeeeacnssasssnsuscsssnnnsssaWoight percent L,o 28,7
Wa.‘bel‘..;...-.........-..-..-......-.. Doo ssasve O)+ 1'6
SPent Shale,esesescssassocesosavsanes DOs ssses 63.6 oh. L
Gas.v.t--.-ccllo.uotcnahtcuo---o.onac DO. seaves 9 2‘[’-6
LSS, vaenceessencsosssnnsssvsssncscns DOu suvns .0 1.6
011 from assay
Specific gravity at 600/60 Fe sivearesnnsenson 905 .920
Kinematic viscosity at 100° F, .....centistokes 17,10 23,72
Gross heating Valhe.............,....B tou. /1b.9 18,270 118,680
POUY DPOINtY o encsvnncoasnasssinossvsnncnence 75 : 85
Sulfur...-......................._......,.cpﬁl”cen'b a)+6 -76
NitrOgENees s evsasssosssnsasassanassanse DO 1.70 2.13
C/H PAEI0seceensasoccsosareosercossosransnanrasunes 7-2 7.5
Spent shale from assay e
Residual organic material2/.eeeesues. .. porCEnt 2. 11k
Gross heating valu€.essssesenssss asaBot.u./1b. 80 1,250
COKINg tendenCYveesassccccacrensesnassccssascce Wone Heavy
Coke fracture strength,.....es......1bs./5q.in. 0 180
Raw shale o
As mined
Moisture...........................Perceﬁt‘ .38 2.93
Air dried
Specific gravity of -8 mth material at :
600 /60% s wevarassosnevenanansonsassanss 1.673 2,50k
Bulk densityeeecass. ...........lbs Jcu.ft. 60.4 98.8
Oven dried ’
 CGross heating valuG.esessesesossBobatia /b | 1,020 7,000 _
Average specific heat (70 to POO° F. ..... 227 .296
, 77° to LOOP F. eceae 2kh 334
4F'~UlfUr... .-ou.noon-.-c--o-nc;etnv'lpe‘-cent '25 1'99
NitrogeNessssnsee-vsasonssenencasne 10, .28 81
Mineral COoeeeessasecrascasesssssas DO 9.9 257
Watcr-soluble material.seesseesssss DO, A7 2.96
Benzenc-soluble material.eecesssess DO .70 3.20
ASHuesenasavneseeascanessonasanarssssDO. 46,6 T6.7
Fusion point of 88h.se.scacssescssncsssFa | 2,050 2,275
1/ Based upon data for 6 to 16 samples given in the appendix. '

g/ Approximated as ignition loss minus minersl CQO,.
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Physical and Chemical Properties
Raw Shalcs '

Some of the properties of the raw shales, particularly thelr specific
gravities,k / bulk densities, and heating values were related to the ofl
yiclds of thc shalcs and may be used to estimate tho oil yields of gimilar
shalcs from the same arca, This 1is _llaubfatpd by flgurc 7, which shows
the straight-line relationship between the gross- heating values of the raw
shales and their assay oil yields., [The heaumg v'mlues were determined by
the Parr oxygen-bomb calorimeter.i9/

~ Tield moisture determinntions were made only on the six selected oil
shales, These contained 0,38 to 2.93 percent moisture, which was lower then
values reported for a number of foreign oll shales, No consistent relation-
ship was observed between the moisture in Colorado oil shale ond its oil -
yield, although the highest moisture content was obtained for the richest
- shale. The specific heates of the samples wers calculated by the formule of
Shaw,20/ These values increased slightly with increasing oil yield of the -
shale and ranged from 0,227 for temperatures between 770 and 200¢ F. for
the leanest shale to 0,334 for temperatures between 770 and 400° F. for
the richest shole,

The oil shales contained 0,28 to 0.81 percent nitrogen and 0.25 to 1,99
percent sulfur, Nitrogen was proporiional to the richness of the oil shale
and appeared to be derived entirely from organic material, Sulfur was not .
rolated t6 the richness of the shale but was present in both the crganic
and inorganic portions of the shale., The shales contained 0.70 to 3,20
percent benzenc-soluble miterial (native bitumen or oil) and 0.17 to 2.96
percent watcr-salub_m material, In these determinations, 5- gram samples
(-100 mesh) of the oil shalc werc extracted in a Soxhlet anparatus with
benzene for 24 hours and with water for 120 hours. The solvent was dis-
tilled from the benzone- or water-soluble material, which was thon dried
at 221° F, for 1 hour. :

Shale 0ils

The propertics of the assay oils varied only slightly for different
grodes of shale and wcre ag follows: specific gravity 0.905 to 0,930 at
60°/60° F,, gross heating value 18,270 to 18,680 B,t.u. per 1b., pour
pomu 75° to 85° F., kinemntic v15c031ty 17 lO te 23,72 centistokes at
100° 7., sulfur content 0.46 to 0,76 percent, and nitwrogen content 1,70 to
2.13 percent. The pour-point and viscosity determinations were made only -
cn oile from the six sclected shales, while the nitrogen detomnat1 ans
were made only on oils from the mncablc-bcd shales.

18/ TFrost, I, C., and Stenficld, K. E,, Estimating 0il Yicld of 0il Shale
‘ from its Spccific Gravity: Anal. Chem,, vol. 22, 1950, pp. 491-2.
;L_g/ Amcrican Socicty for Testing Materiale, Laboratory S'Lm_pllnrf and
Analysis of Coal and Coke: (A,S.T.M. Designation D 271 -48), A.S.T.M,
Standords, 1949, pt. 5, p. 605.
gg/ Shaw, R, J., Spocific Heat of Colorado 0il Shales: Buroau_of Mincs
P\Cpt. of Investigetions 4151, 1947, 9 vp. -
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Gases

The assay gases were collected at room temperature and atmospheric -
pressure in a calibrated gas holder containing a liquid seal consisting
of an acmdlfled saturated solutﬁon of sodium sulfate. GSome ammonia from
the assay gases was retained in this liquid seal, also armonia salts,
particularly ammonium carbonate, were collected occaplonally in the. cooled
condéenser of the assay unit, After mixing, the compositions of the collected
gases were determined by the mass spectrometer and their "181@&, by voltms
were calculated to an air-free basis at 60° F. and 760 mm, mercury pres sure.
In this regard, the assay gases from the S¢Y selected oil shales and an’
enriched oil shale were ccntamlnated'w1th air normally present in the re-
torting system. The COMDOSLtlonS for these gases were calculated to an air-
free basis by excluding all nltrogen and oxygen, The oomDQSWtwons werc
accordingly, in error by the small amounts of nitrogen that were actually
derived from the retorted samples, However, before retorting. the mineable-
bed ghales, the rntovt;ng'SJ bem was 1 ashe&‘Wﬂth neliwm, The cqmnoultlcqs
of these retortlng gases were calculated to an air-free basis by correcting
for helium and oxygen and for the portion of the nltvogun.tbat was der;ved
from air, - The latter correction for nitrogen was bascd upon the aLgcn in
the assay gas in comparison with the argon content of air,

The yields and propertics of the assay gases are summarized in teble L.
‘The gas yields were proportional to the richness of the shales and ranged
from 66 to 1 ,207 cu., ft. per ton of shale. The gross heating values of the:
gases, calculated from their compositions, were 737 to 1,018 B.t.u. per
cu., ft.; the gases from the richest oil shales hav1ng thc hi bh«ust heatlng
values., The assay gases consisted of n¢trogen hydrogen, carbon monoxide
and hydrocarbon gases derived from organic material togctbor with carbon
dioxide, -and hydrogen sulfide, whlch were derived from organic wna.mlneral
matter. :

The right-hand colunn in table 4 shows the yields and properties of the
assay gas from an enriched organic material, This matbrial was prepared by
removing most of the minerals from one of the oil shales (sample 1) by
leaching with: (1) dilute hydrochloric acid and (2) with a mixture of . ,
hydrochloric and hydrofluoric acids. The resululnﬁ enriched sample assayeﬂ
155 gallons of oil per ton and contained only 8.1 pcrccnt ash, The com-
position of the assay gas from the enriched oil shale differed from that
of the other assay gascs rrincipally with respect to a lowor content of
carbon dioxide (partly due to prior-removal of mineral carbonates from
the enriched shale) and hlgher contents of carbon monoxide and hydrogen
sulfide, As mentioned above, the nitrogen in the gas from the enriched
shale was not determined. In general, the compositions of the assay
gases were relatively uniform and were not grcatlf af”ected by tuo ‘richness
of thc 01l—shale samples. :
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" TABIE 4. - Compos1t10n and ‘properties. of assay gases from
o ‘ Colorado owl sha'le B

16 Colorado oil shales " Enriched

. - TMinimm | Maximum | Average | materiall

Gas, dry, air. free at 60° F,, [ T .

760 mm. Hg. pressure = T P S o C
Percent -by Weig:h.tooﬁlltoo"QQO.‘OCOG 009 ’ 4?6 ) - ) JO 9

Cu- fL./‘tOIl Of Llale..QQOOQI'lQ..O.‘ ,. 66 1)207 516 . 091
Gross hesting value, B.t.u./eu.t.2/ 737 | 1,08 | 832 1l0k0

Gross heating value, Rt o S ,
1,000 B,t. u./tonw/............‘.. ho 1 1,214 51 2,175

Compositwon, percent by volumaé/
Me’thane..........n..-.........'
EtthSUDOOOOQUOIQDCQQ..U.0-..0.
PI\Opane'lllll'.n.'Qﬂl‘C’Oli'l‘h
Butane (n- and iscbutane)....ee |
Pen‘tane-..........-u....--.--..
'He“‘{anes............-.......-...

’ E‘thylene.........,.-....-..-..-.
Propylene‘..........,-g..-...‘.....
ButeneSeeeeivsecosescssacccarsne
Pentenes and higher homologues. ...
Carbon Ai0X10C e s evvsvncroasonse
Carbon MONOXiGe, seesesescoesnss | °
Nltrogenﬁ/................,....‘
Hydrogenieessessosessecosesvens
Hydrogen sulfidC.sseesscranense’

o
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1/ Sample prepared by lsaching oil shale Semple Wo. L with dilute HCL end
with HCI + HF ‘acids; ash content, 8.1 percent; assdy oil yleld 155
gal /uOIl. ‘

2/ Calculated from the comnos¢tlon of gas.

%/ Determined by mass spectrometer.

Valuesrpar tain only to gaaes from the mineable-bed shales.

Spent Shales

The spent shales from the assays were principally minerals with small, but
varying amounts, of residual organic matter (also designated organic residue).
This residual organ1c matter which, generally, increased in proportion to
the richness of the raw c'ho.]_e; was dctermlned Dby two different methods.
Values were determined Tor all the shales by the ignition-loss method (par-
cent ignition loss minus percent of mineral carbon dﬁoxldo) while values -
for the minsable-bed samples were obtained also as the sum of the organic
carbon, hydrogen, and nitrogen, The latter method was the more reliable
as results by the ignition-loss mcthoc.were occasionally in error because
the mineral oxides formed by ignition welghed more than the original minerals
in the shale, WNo significant amount of organic sulfur was found in the spent
shale; therefore, sulfur did not contribute to the residual organic matter. -
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Petrographic and X-ray diffraction analyses showed the .presence of the
minoral carbenates, dolomite. (MgCO .0aC0y), and calcite (CaC0z) in the raw
and spent oil shalcs.‘v‘l‘he ¢alculated ambunts of carbon. leXlé.G rcqulrcrl to
form carbonates of all, the calcium and magnesitm in the raw shales vere

- essentially the same as the determined carbomatcs in the samples, This -

~ showed that sssentially all of the calcium and ‘magnesium wis present as-
carbonate, By the assay, part of the carbonates in the shales was decom-‘
rosed and yielded carbon dioxide which was collected, together with ca arbon
dioxide derived from ‘organic material, in ‘the ‘assay g”tS. The mineral corbon
dioxide volatilfzed in this manner ranged up t6 10.2 porcent by weight of
the mineral carbon dioxide in the original oil shales and averaged 2.? por-
ce.1t for the 16 01l-shale samples. ' : .

Mineral annlyses were iade on the ashes from each of the spent shales,
The results were then calculated to the raw shale basias.as shown in toble 5,
The ash \consutuen"cs were principally ox:uies of s:J.lcon , calcium, aluminum,
and m&gnr“s:mm with emnller amownts of the ox:Ldes of . 11*‘0*1 sulfur sodium,
and potassium, There was 1i ’ttle r'orrelauon be,tween the comnr»nents of the
ash and the richness of the shale, al’chou gh the sulfﬁr trioxide contents
vere generally higher for the- rlcher shales. In addltlon to the common
oxides, the following minor elements were detected by. spec’trograbl ic and
chemical methods in different sample« i.L om thf: Mahogany ledg.,e :

Minor elemen'bs in raw Colorarlo 0il cslﬂale (ma L mum ;peL cen't)

AS-&-;-.- 0-005 Ba-..uqn-cc 0 03 . ,‘ Bco-c-oo. 0.003
Clsereees 008 Cryssases ..007 AlUseeeess 001
Pb-o..o---A 309 »Li'-..r'.’.“‘ CD -> Mooo-onco -OOl
Mlievenee o008 ‘Puveseows o4 Seuiiui.. ..00L
B quo o'.o. -OOl “ .Sri'toou-r 908 “ Tldoo-uoa‘ ‘7
Tleaseens -06 ‘ Vc-_-lnn‘-o. .06 Nesesses ol
Gold assays were made also (l one-foot core samples representing the

Mehogany ledge. The samples yielded an average of 0,00056 ounce of gold
per ton, which, based upon gold at $35.00 per ounce, gave a gold value of
only $0.02 per ton of shale, From these data, the recovery of valuable
rare elements from Colorado oil shale was not indicated,

C cking T enden cy

The spent shale obtained by retortlng certain oil shales frequently
conslsts of residual minecral frugmentg ceménted tog,ether by carbonized
organlc matter. The carbonized mass is called oil -shale coke and the
inclination tc form this coke is termcd coking tendency. The tendency to
form oil-ghale coke did not seem to bear any direct relatlon hip to the
yleld or quantity of the oil produced. 21/ However, rich, rather than lean,
Colorado oil shales were more likely te form troublesome cokes that were
difficult to remove from the retorts. Figure 8 shows a sample of oil-shale
coke obtained by retorting 4 l+8-gaJ.lcm—pel"-uon Ceolorado oll chala in an
expcrlmentul retart, :

] 21/ Finley, W. L,, and Bauer, A, D., Coking of 0il Shales 'Buroau of Mines

Tech. Paper, 398, 1926 10 pp.
482 - 12 -
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Figure 8. - Sample of cok ed Colorado oil shale.
This sample of retorted oil shale shows
particles representing all stages of
coking. Notice the sharp angular frag-
ments that were unchanged by retort-
ing, the slight-to-medium-coking frag-
ments that retained their general shape
but were partially disintegrated by re-
torting, and the heavy-coking particles
(upper right corner) that were com-
pletely altered by retorting.




TABLE 5. -~ Mineral compositlon of Colorado oil shale= /

. . Minimum | Maximum Average
Ash content of raw shale...............percent . 46,6 76.7 | 63.0
Composition of 88N.eeeeeccansscsvcs Do., S _ S R
Bi00esesesercassarcsscsnsosons 35.1 53.3 43.8
P8203u.a:----.c-a---.a-.o--oou 3-7 : 509 Ll--6
Alp032/saesevecarsnanasecaseds - 98 13.8 12.2
Caol.tll.io.nocoto-a.cl-ocooo. ) lh’ta 33‘9 . 22,1
MEZ0uesvasessannasoasecassavens © 7.0 13.4 9.3
SO:).'.:-.;-cno‘-.u,---pu--..;‘--o -lA 5.0 2.2
NaQO...._.'qua.-‘-‘-.--a'.--..-po..o_ 1.6 L“-LI' 3'11'
KED----tno-tdooyto---_n-oo’c;qo,§ 1.6 . 11".5 2.)-]-
Tota]“..Q....-.a'.....-......;‘....-. - - lOOIO
Ash composition calculated to raw~shale
baS¢S............-...................p&rcent . -
5102.......................... 21,1 40.9 27.6
Fep03suecriosatnsennsarasanace 2.3 4.3 2.9
Al 03_. YR I EXEEERE NN T RPN R NS 503 905 ' 707
CaOauls-n.uc-colnt--'so.colaoc 8'2 21‘2" 13’9
MgO.--c.-.-.u....‘..---...oo. 308 8.7 5-9
SO o-o--o‘-cnvoton‘cl-o--oooc--- V ol ' 206 ‘ loL}'
Iq‘a"éost‘éllcﬁno;.--.l}'.onl‘..lbciﬁti l.O 2-7 - 201
KoDeveovesocscannaveanscsnsnas e 3.4 1.5
TOta)eenonsoonsesvoaosancgssnoes - - 63.0
Mineral 002 in raw 1ale...........nercent 9.9 257 17 4
- Mineral COp in spent shale '
calculated to raw-shale basis.... Do. 9.7 25 17.0
Mineral CO, in raw shale that was
volatilized by the 28587 esearsces DO el 10.2 2.3
1/ Based upcn analyses of 1C semples, = ' S B
2/ Determined as the difference between the RQO3 and FeEOJ -

A standard quunt‘tative method for measuring. the coking tendency of oil
shale has not been adopted. However, this pronerty of o0il shale was evalu-
ated in the ¢cl_GW¢ng manner acﬁcrdxng to the &pp€urance of ﬁhe assay spent

shale:
Coklng tendency ,Condition‘pf spent shale from assay

The spent shale poured from the retort similar to
"sanu without any evidence of conglomeration,

None

The spent shale adhered but could be removed com=-
- pletely from the retort by gtirring with a 1lght
spatula or rod. , :

Slight

. The soent shale was partlally fused bvt contalned
- gome unfused pultlclcs. It was dlffvcult to TEmove
from the retort.
The spent shale was. completely'iused and the orlglnal
form of all visible particles was camnletely altered.
' The residue was very difficult to remove from the
retort.

- 13 -

Moderate

Heavy -
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~-An arbitrary quantitative methed for measuring coking tendency of .oll
shale, which waz based upon the pressure required to fracture cylinders of -
the coked samplcs, was used to obtain the coke .fracture strengths of the
six selected -oil shales, These values were determined in.the following
memmer: Thirty grams of the minus-8-mesh. shale were placed dn a cylindrical
motal mold 1-1/2 inches i.d. by 2 inches.long.that had. remova‘ble end platos.
The charged mold was plaoed in a muffle. furnace at 572° F,., and the temperas
ture was ircreased to ‘932¢ 7, .over a period of 30 minutes, then maintained

 at-this temperature for 30 minutes, The unit was taken from the furnace,
cooled to room tempera‘wre ‘and the end plates were removed, - The mold was
-inverted and a cylindrical metal plunger having a.cross section of 1 square
inch was then centered on the. smooth .¢coke surface. . By means cf a hydraulic
rress, the pressure, in pounds per square inch, required to fracturs the coke
was de’cermlnea. T"le coke fracture strengths o:f‘ the six selected shales were
proportional to the richness of the shales and ranged from 0 to 180 p.s. i.

(}ross Heéjci'n_ig'.Value . ._ -

- The gross heatlng values of the 011 Shwl@a 3 tﬁe.;r asaay oils and spent
qha" es, and  two enriched shales, Were de'l,emﬂnod oy the Parr oxygen-bomb
calormeter , and ‘the heating valvas of 'bhe assay gases were calculated from
their compositions as determined by the me.ss spectromctar. The determined
gross heating values of the raw shales and sr)on‘t‘, shales verc not corrected
‘for heat-absorbed by the partial decomposwtmn of miheral carbonates during
the test. This partilal deccmposltlon “together with -differences in the
mineral carbonate contents, caused same V&I‘l&‘blono in the determined gross

heatlng values of the samples,

To.ble 12 (in appendix) shows the digtridbution of the. total gross heat-
ing value of the assay products in gach of the respective products from the
-gix selected Colorado oil shaled. -For theése particular samples, the totel.
. gross heating valve of the assay proclucts wag distributed, on the uverage, .

- as follows; 81 percent in the oil, 7 percent in the gas, anﬂ 12 percent in
the spent shale. . Two enriched s'-vmnles prepared from these shales had gross
heating values of 14,550 and 15,3 360 B. t.u, per 1b. and contained 8 1 and
L7 percent ach, respectively. Their average heatmn vuluo on an ash-frec
basis was 15, 075 B.t.U. per 1b. "

The distribution of the gross heating values of the mincable~bed shales
in their assay products is shown in teble 18 (in appendix), On thé average,
R vercent of the gross heating value of. the shale was distributed in the
assay oll product, 6.4 percent in the ges, and 14,2 percent in the spent
shale, - Inn-these calculations, the heating values of the spent shales wore
obtained by difference (gross heating valuve of rew shale minus the sum of
the heating valuese of the assay oil and gas) and include the heat requircd
to retort the shale. f-2/ Accordingly, these calculated heating values for
the .:,pen‘c shales were higher in most instances than values bascd upon the
dctermined gross hesting values of tbe spent shales.

22/ ‘Sohns; H., W., Mitchell, L, E., COA, R. J., Barnet, W, I., and Murphy,
L W, I R, , Heat chuiremen ts for Retortmg 01l Shelcs Ind, Bng. Chem.
vol. k3, 1951, p. 33.
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- Orga.nic Content and Ultimate Composrblon of 0il Shale

The determlna.‘blon o:I':‘ the total organic content of 011 shale ancl 1ts
ultimate composition presented the most éifficult part of this study because
the elemente carborn;, hydrogen, nitregen, sulfur, and oxygen may be present .
in both organic and inorganic constituents. Attempts to separate, or remove,
completely, either of these fractions without changing . 148 composition were
not entirely successful. Therefore, to determine the ultimate composition
of the. orgenic matter, it was necessary to.correct the ulbimate compositions
of the raw shales for ’che amounts of the elements presen't in the minerals,

. The difficulties inherent in this procedure have been dlscussed. by various
writers __3_/2h/_2/26/ who point out the extént and variety of the necessary
. correctlons but do not oi'fer a complete solution to the problem. .

Carbon-hydrogcn ratlos were detarmned for the six selec ted oil shalcs
their assay oils, and the cnriched shales. (appendix, table 13). Exluding
. the leanest shale , the average carbon:hydrogen ratio of. the organic material
in the shales, shale oils, and the hydrochloric acid leached shalcs was T.l.
The carbon:hydrogen ratio -of -the hydrochloric and hydr of lucric acid leached
shales was slightly higher, 7 7, presuma‘bly due to the removal of mineral
hydrates, chiefly clafs. : : . . :

This mitlal work on 'the organlc material in ‘che s:uc selected 0il
shales was preliminary and indicated a need for further refinements. Several
refinements were wtilized in subsequent analyses of the minesble-bed shales
* (appendix, tables 15 and 19). Their total organic contents and the ultimate
compositions of the organic consmtuents were calculated from ultimate
analyses of the shales by meking the :Collowing corrections: total carbon
was corret¢ted for carbon present in mineral’ carbonates; total hydrogen was
corrected for hydrogen equlvalen'b o the assay water; and total sulfur was
corrected for the mineral sulfur (pyrite and sulfatc sulfur)., Total nitrogen
was considered 1o be entirely organic nltrogen smce mineral nltrogen was
ot dotocted in any of thé il shales.

_ The corrcctlon for mneral hyarogen bascd upon the assay wa’cer may havo
becn slightly in crror duc to water derived from organic matcrlal. However, _
this error was believed to bu small :E'o; Colorado Oll sha.le as J.'ts assa:y‘ wa.ter

25/ Down, A, L., The Analyms oi‘ Kerogen of 011 Shales~ Jour. Inst. Petrol.,
Wlo 25, 1959, PP. 230"‘7'

24/ Himus, G. W., and Basak, G. C., Analysis of (oals end Carbonaceous’
Materials Containing ngh Percenta.ges of Inhorent M:an,ral Matter:

o Fucl, wol. 28, 1949, pp. 57-6k.:

25/ King, J. Gey -Maries, M. B., and Crossby, H. E., Formules for the Caléu=" -
lation of Oosl Analysis to & Besis of Coal Substance Free from Mineral
Matter: dJour. Soc. Chem. Ind., vol. 55, 1936, pp. 277-8T.

26/ Mertin, R. M., Les:Complemonts Necossalres de l'Analyse Elementelre de
Oombustlbles Solidss  Chelcur et 1nd.., vol. 28, No. 26k, 1947 ;.

Pp. 167-73.
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appeared to be derived largely from.mlnorals 2"/;w$hisﬁmgﬁgbasc@;upon the

~assay of enriched meterials prepared by lumchlng two of the selected oll

shales (samples 1 and 8) with di;].uté" hydroghloric’ acid and: then with 4
mixturc of hydrochloric and hydrofluoric acids, These cmriched samplos .
contained less than 10 percent ash and dvd not yleld aeueciable amoupts

of water by assaylng. ’

No method is known for dlrectlz dete*mlning the oxygen in oil shalc.

'AccqrdLngly, the organic oxygent contents of the mineable beds were calcu-

lated from analyses of  their enriched materials, which contained less than -
10 percent ash. The average organic oxygen content, determined by difference,
for the enriched oil shalés (anpendlx table 19) was 9.5 percent.. This value
was used to calculate the organic oOxygen contents of the individual mineable-
bed shales, The resulting organic contents of the sheles, based upon the sun
of organic carbon, hydrogen, nitrogen, sulfur and oxygen, were directly pro-
portional to the oil yilelds of the shales and rangsd from 10.24 percent for
a 17.8-gallon-per-ton shale to 27,50 percent for a 51.8-gallon-per-ton shale,
"These organic contents are compared in table 6 w1t§ values obtained by two
other methods, which are believed to be less ‘dccurate but are fredusntly
used since they are more easily determined, . By the ignition-loss method,

the total organic content is approximated as the ignition loss of the raw
shale minus its mineral carbon dioxide content. ' Based upon. the assay prod-
‘ucts, the total organlc contént is approglmated as the sum of the assay oil,
gas, and organic residue (dstermxncd ag organic C + H + ) on spent shalc."
The orwanlc contents by the. 13n1t1an-loss method were the most erratic, while
the organlc contents calculated from the dssay. oroducts were cans*Sﬁ&ntly
lower than’ values obtained by the ultxmaxc analysis method. With two excep-
tione’ (bcdﬁ B and d) the org&nlc coatents ‘based upon the assay groducts
could be converted, w1th1n exper 1mcqtal error to vwlucs ootained by ultxmate
analy61s bJ mnlilplylng with, tho factor l OT& :

Table 6 also shows tho ultimate CompOSlulOﬂS of ﬁhe or;&n“c matorvals f
in the different mineable-bed samr]cs.' ThHese compogitions were calculafcd
ag, descrlbcd above, from analyscs of the raw shales on the aqsumpt“on that
the crganic mdteilal contained an average of O./ perceﬂt [o ygen. ‘The data
show that the compogition of the organic material dld pat vary qreutly for
“differsnt grades of ghalé and avecraged 76.1 percent cmfbjn 10.5 percent
hydrogen, 2.6 percent nitrogen, 1,3 percent sulfur, and 9. 5 percent oxyger
This composition corresponds to an empirical formula of C6H9 860, 1850. OuCO 56
for the organic material in Colorado oil shale, The ultimate analyses .for
_the orgenic materizl in thé rey shales (table 6) wers.in fair-asreement with
ultimate analyses determined directly on €nr1ched ornanlc producta nrcnared
from the mineable beds (appeqdlh, table 19) : :

_(/ Ceorge . Mapstone (VII. Dlstrlbutﬂon - Ke“ogen hltrogun > Carbon: z8-
~'tion, Nvtrcgen in O0il Shale and Shale Oil: - Jour,. and Proc. Royal
Soc. of New South Wales, vol, LXXXTT, 1948, pp. 1h5-149), reported
" 'that the carbonization water. fram,toroanltes~of Tew. Soxih'Waleq was
derived from organic and inorganic constituents. but” mnos t of Lhe water
was from inorganic material,

g - 16 -
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The 'botal orgonic contents and the amounts -of organlc ‘carbon,. hydrogen,
nitrogen, sulfur, and oxygen in similar oil shales from Colorado can be
‘estimated from the oll yields of the shales by using the curves in figure 9
and the above average composition of the.organic material, . -For example,.a
30-gallon—per-'bon oil shale will contein 17.2 percent organic material,
which, on the raw-shale bagis, consists of 13.16 percent carbon, 177
percen‘b hydrogen, 0.43 percent m.trogen, 0.21 percent sulfur, and 1.63
bercent oxygen. . . . o .

By the modified Fischer assays, the orgenic material in the ni'inea'ble-.."
bed sheles (sece appendix, table 19): yieldsd, on the average, 66.3 pe"‘cen‘t
0il, 9.1 percent gas and 2L, 6 percent organic residue, In other words’,
apwoxmtely three-fourths of the organic material in the shale was cpn- ;
verted to oil and gas while one-fourth-of the organic material was cmvei:'ted.
to a cerbonaccous residue, which remamed on the spent shale,

Sulfur and Nitrogen in il Shale

Sulfur occurred in both the organ*c and inorganic constituents of the
Colorado oil shale, and by retarting the shale, the sulfur was distributed
among ‘the products - oil, gas, and spent shale. This study was limited to
the forms of sulfur in the mineable-bed shales and their assay products..
Chemical and petrographic examlnatlons ghowed that the raw shales contained
three principel types of sulfur: pyrite sulfur; sulfate sulfur, and organic
sulfur, These forms of sulfur are also present in coal; accordingly, methods
developed for their determination ih coal____/ were adapted to oil shale. and
wore used to obtain these data. Himus and Basak,_ﬁ/also ‘uged the Powell me'thod
for the determination of pyrite and found that the organic matter in some " -
shales was nitrated by the nitric acid treatment. However, in the work:
described below, nitration of organic metter was not ObSGI‘VGd..

Pyrite was found to be the *ore‘dominc.n‘c form of. sulfwr in Colorado oil
shale, It occurred as minute grains throughout the entire shale mass, or
as occasional nodules. According to Thisssen 3_9/ pyrite in coal was formed
from hydrogen sulfide prod.uced by deceying organic matter, and this hydrogen -
sulfide reacted with scluble iron compounds to form fevﬂrous sulfides that was
transformed subsequently to pyrite. Pyrlte in Colorado oil shale may ha.ve
been formed in a similar manner, o

By retorting, or assaying, Colorado oll shale at 932° F., the p,,rrlte
(or marcasite) constituent may undergo a numbér 'of the reactions mentioned
in Mellor's treatise 3__/ In the presenee “of oxy(ren, the p,}ri'be may 'be ’

28/ Powell, Alfred R,, The Analysls of Sulfur Forms in Coal- .Bw:eau Qf‘
Mmes Tech, Paper 254, 1921, 21 pp.

29/ Himus, G. W., and Basak, G, C., Analysis of Coals and Cax'bonaceous
Maﬁerlals Containing High Percentages of Inherem, Minex "al Ma‘i:ter
Fuel, vol, 28, 1949, pp. 57-6k. Co

30/ National Research Council, Comittee on Chemical Utlllzatlon 0£ Coal
Chenistry of Coal Utllizat10n~ J ohn W:Uey and Sons Inc. > New Yprk
vol, 1, 191+5, pp. 425-49,

31/ Mellor, I, ,"A Comprehensive Treatise on Inorganic a.nd_ '_Theore-bical
Chemstr' Longmais , Green and Co., New York, vol. XIV, 1935,

- FPa 221"8c B ’
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converted to iron oxide and sulfur dioxide. A portion of tho latier material
may then react with calcium ond mognesium corbonates, when present, to form
sulfates, These reactions are generally of miinor importance o8 oxygen is .
present in only small amounts in most ml-shale retorting, However, if the
oil shale is ignited in the presence of oxygen, to onalytically determine
its ash con'cent most of the pyrrbe sulf‘ur 15 converted to sulfate sul'f‘ur. '

- Normally, cil-shale retortlng is conducted. wnder reducing cond.i'blons
as the retort guses contaln hydrogen, carbon monoxide, and corbon dioxide.
Under these conditions, the pyrite may be reduced -to ferrous sulfide, iron,
end hydrogen sulfide; the pyrite may also react wi ca,rbon monoxide to
form carbonyl sullide as- detec*bed by Jean Ba,rlot:i_ in the- dlstlllate from
French oil shale. . .

, Lissner and T\Iemcs_,gj_/ v'eporteu that four. 'prmclpa.l types of ‘orgenic
sulfur compounds ~ phenolic-type mercapm -disulfides, alkene mercepians,
md sulfides - were present in coal. Simll'xr sulfur compounds moy be present
in 0il shale; however, nc attempt was made in thls study to 1cLent:Lfv or to
separate 'them into 'bypes of conmounds. ‘ .

The amounts of three genera.l types -of sulfur in the o:r.l sha7es and.
their assay products, namely pyrite, sulfate and organlc sulfur are given
in tables 1% and 20 in the appendix., The-individual determinations are.
believed to be accurate to 10,02 percent sulfwr. Howéver, the organic
sulfur values were obtained by difference and may contain the accumulated

errors of several determinations. For this reeson, the values.for organic
sulfur, as percent of total sulfur, show wide variations, ESPCClull}’ for
samples of low sulfwr content, The total sul;f‘ur con-bents of the shales
ranged from 0.25 to 1.99 percent. . .

... .. The average values for 'bhe 'bypes of sulfur in the mineable-bed shales
are g:wan in table 7. It will be noted that the sulfur in the raw shale .
was prlnclpally iron sulfide (pyrite and marcasite) and organic sulfur, '
which were 67 and 33 percent of the total sulfur, respectively. Less than
1 percent of the total sulfur was sulfate sulfur, According to the assay,

. 66 percent of the totel sulfur in the raw shale remained in the spent shale,
11 percent was in the oil, and 23 percent was in the gas and water., The
sulfur in the sssay oil represented only 33 percent of the organic sulfur . .
in the shale; the remaining 67 percent of the organic sulfur was retained
in the spent shale or was collected in the assay gas and water. In other

words, the 0il obtoined by retorting contained considerably less sulfur
than u\e orgonic mterml from Wh"ch 1t was derlvsd.

The data (appendix, table 20) show ‘thot ignition of oil shale under
oxidizing conditions yilelded an ash that contained 83 percent of the total
sulfur in the original shale; whereas, the ash from spent shale, on the
same basis, contained only 56 percent of the total sulfur in the original
chale, This difference in the recovewy of sulfur is reupons:Lble partly for
discrepancies obscrved in determinations of the total orgg.nlc con‘ben'bs of
raw and spent oil shales by the ignition-loss method, : '
i_/ Barlot, Jeon, (The Formation of Sulfur Compounds in the Dismllatlon of
Bltumlrgous Rocks): Compt. rend,, 13e, Congr. chim. ind., 1933 ,
P_Qu )4-2 "7 7

33/ Lissner, A., and Nemes, A,, (Anulysis of Forms of Sulfur in Coal,):
Brennstoff-Chem., vol 16, 1935, Pp. 101-7,
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TABIE 7. '- Average d.lS'tI'.LbU.‘thIl of sulfw:' and nltrogen in- the mlneable-bed
: Coil shales a.nd. their assay prod.uctsl/ : -

~ : Percent?_ R Remarks
Type of sulfd:r:' compound in raw shale| =
SUlfide SULTUTseessssensoneenas| 67 AS pyrite and marcasite, FCSQ
© Organic sulfUr.eseesseesssssees| 33~
Sul’f'c»te C'ul‘ful‘...-.-a.oo-.. ll'l ! Tl‘ace _AS CaSOL{_, FGSO)_{', an.d MgSO)_I_
TO'tal.......-............. lOO - »

Distribution of raw-shale sulfur in
assay product .. T O CI T :
. Spent shale.................... . 66 |As TFeSy, FeS CaS, a‘nangs
. , e with minor amc mts o.E‘ organic
and sulfate sulfur

Oil.o--c-aaouptnc--“thobtﬁ'-o- ll ) .AS HQS and. -)Cssl.bldr some SOE
Gas plus water by difference,,.{ 23 |jor SOD
Totall.'-.‘.l"l'.‘..l"l“ . lOO %
Organic nitrpgen in ‘rav shale_..;.,_. . 100 I*Tbtjnorga;iic_ ni’r;’i‘ogen yr_as:fqi_md '

Disﬁributibn of _I"aw—shalé' nitr:ogen. |
j-ll assay pI‘Od-llG‘t.. [EE RN N TN ERENNE RN

Spent shale.eieeessssnsssnneass| 38

011-.'.a.ooni"t.'.l...!;;.ll.'; DO - » L . .

Gas plus water by difference.,. 12 |As I\TQ, 1\1{3, and’ armonium salts
TOW-..---...c-.-;v-o---c - lOO

l/ Bésed. upon 9 oil shales from Mehogany ledge 2t Rli‘le Colo,
2/ Based upon ‘botal sulf'ur or nitrogcn in oil shale, . - - L

As mentloned prev:.ousaw, the Dltrogen contents of the 16 oil shales ~

. ranged from 0.28 to 0,81 percent and appsared to be entirely organic nitrogen.
r the assay (see table 7), an average of 50 percent of the nitrogen in. the

m.\neable-bcd shales was distributed in the assay oil, 38 percent in the spent

shale and 12 percent (by difference) in the agsay go.S and water. No attempt

was mede Iin this study to determine t‘ne nltrogen compomds in the raw or

spent shales. » L

Weatnerlng of OWl ch’*l@

An exncnded weathermg study was made of the six sele c*ced oil sheles,
Samples of the shales were ground to pass a -2-mesh sieve ang_l were exposed
to natural weathering at Leramie, Wyo. At the end of 1 month, -the exposed-
particles were white to gray in coler, The samples were mixed again, gtcnd
after an additional month, most of the material had a g;m,;ish appearance.,
which was not changed appremably by :C‘urther weathering. Representative
portions of the weathered shales were assayed after exposure _perlod.s of
and 6 months, and 1, 2, 3, and 5 years., As shown in teble 8, the oil leldS
of oil shales that hc.«d. been weathered for 5 years wer e, on the average , Sk
gallons per ton (11.4 percent) less, and the asoay,water vields averaged

4 e2 .o -



2,h gallons per ton (87.8 percent) mare than those obtained for the original
unweathered shales, None of the shales showed a significant reduction in
oil yield by weathering for nerlo?s up to 6 months, Similar results were
reported previously by‘Guthrle._ﬂ '

"DISCUSSION

Two series of samples were examined in this study of the Mehogany ledge
0il shales in the vicinity of Rifle, Colo. The first series consisted of
six samples that were selected to represent different grades of shale ranging
from a lean shale assaying only 10.5 galqus of oil per ton to a rich shale
assaying 75.0 gallons of oil per ton. The methods used in analyzing these
semples were in the process of development and a nwiber of improvements
were incorporated in later analyses of the mineable-bed samples. Accordingly,
the experimental data for the six selected shales are less extensive and, to’
a certain extent, they are less reliable than those obtained by subsequenx
analyses of the mlncable-bcd shales, The second series of samples represents
the oil shales that are obtained by mining and consists of samples of the
nine constituent beds and a compositc of the cntire 73-foot lodge.

Most of the bas¢c eJPOmeMntal data obtained in these analyses are
tabulated in the appendix, which constitutes the most important part of tho
report, Except for the results of petrographic examinations, the text of
the report, together with several tables and illustrations, serves primarily
to describe the analytical methods used and to explain the significance of
the experimental data given in the appendix., These data are particularly
useful for estimating the properties and comppsitions of different grades
of similar Colorado oil shales -and their assay products, or for estimating
the characteristics of mined oil shale, which consists of one, or more, beds
of the Mahogany ledge in the v;c1n1ty o? Rifle, Colo,

34/ See footnote 15, pp. 100-105.
482 | | -2l -
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APPERDIX

TABLE Q. - Physical and chemical properties of six selected Colorado oil shales

0il-shale sample number

9 8 T 2 1 10
Modified Fischer assay oil yield ............28l./ton 10.5 26.7 36.3 57.1 61.8 75.0
01l iiuernvennsrnsenanesonssnssss .Neight percent 4.0 104 13.8 21.9 23.6 28.7
WAEET e e vvvscocssnnororanannbanannnn Do. 5 1.k 1.5 1.2 1.1 1.5
Spent ShRle....eccerrennsasannacsns Do. 9k 4 85,7 82.1 72.3 T0.4 63.6
GBS .eeeareennssnnarsocssassaansnces Do. 1.1 2.0 2.2 3.9 k.2 4.6
LoSS..u.. cereneen teeseesteservrunne Do. - .5 R T .1 1.6
TobALeuseesrnnuensarnsnsvonars Do. 100.0 100.0 100.0 100.0 100.0 100.0
0il from Fischer assay
Specific gravity at 60°/60° F. «.veeveeeenenenean 925 .930 911 .918 919 .918
Kinematic viscosity at 100° F. ....... centistokes 20.71 23,72 18.19 17.10 17.12 17.28
Gross heating value.......seeeese......Botn./Ib. [ 18,510 18,330 18,680 18,580 18,510 18,40
Pour Poilt.eccuiciessecarscarsescncasnsorasensOF, ' ¥i) 85 80 75
SULTUT . ssensivnsranrsncsnonns erseeseessecpercent 67 .62 46 .62 Real .72
Spent shale from Fischer assay
Orgenic residue2/....civeeveceeesseeenasapercent 2.9 4.2 4.8 9.9 8.9 11k
Gross heating valu€......evesescesecn..Botou./1b, 80 250 330 1,160 1,090 1,250
Coking tendency.eesavssenecesvnnvicoasananas ieens None None Slight Moderate Heavy Heavy
# Coke fracture strength.......es.......1b./sq.in.. 0 0 3 20 90 180
Mineral COp.uueensns DR o <% f 1= N 15.9 23.2 21.7 L 1lh 14.9 15.3
SULTUT . cisvarmersssasscasansnsssnsnnasssra DO. .61 .51 .65 2.02 1.92 2.1
Raw shale &s mined
Total MOISHUTE. .. e iesveencnnsranssnanesss DO, .96 .38 e 1.30 1.05 2.93
Rev shale air-dried to constant weight ’
Specific gravity of -8 mesh material at 60°/60°F. 2.50h 2.204 2,116 1.817 1.788 1.673
Bulk density of -8 mesh material.....lbs./eu. ft. 98.8 8.3 8.2 6%.6 61.6 60,4
Raw shale dried at 221° F, for 1 hour i '
Gross heating valu€......T.eseeesessn..Batoua/Ib. [ 1,020 2,340 3,080 5,510 6,010 7,000
Average specific heat .
TTO F. 0 20002 Fu wevernneannnrasasasnsnanes 227 .25 .255 277 .282 .296
TIOF. to BOOP F. tueriinnernerenrannsanenn .o 267 .280 .309 .316 .33%
Total SULPUT.csereenensnsesasannneeessassDETCENE .62 .56 .73 1.96 1.99 1.86
Total nitrogen.i...e.u. Do. .28 54 i .58 66 81
Mineral COp.eeuvesaveannssresasssnsansssess Dou 16.7 20.0 18.9 10.9 9.9 10.0
Water-soluble material.iceceeescasrecvssss Do W17 .29 2 - 63 .60 .79
Benzene-soluble materiBl....eeveswssescaes DO, N 1.3 1.3 2.6 2.2 2.1
T : s 76.7 62.2 60.3 5k.7 53.6 46.6
Fusion pollt..cceeeevaceeaanasscansesnnnas W 0F. | 2,275 2,275 2,225 2,050 2,050 2,225
1/ Made on air-dried samples. ‘ 2/ Approximated as ignition loss minus mineral CO,,

TABLE 10. - Composition and properties of assay gases from six selected Colorado oil shales and an enriched oil shale

0il-shale sample mumber Enriched
9 T 2 1 10 Average |oil shaley
Gas, dry, air-free2/, at -60° F., 760 mu, Hg pressure. ’
Y1€1GsuuueracaonansvonnsnsssCl. Tt./ton of shale| 66 | 337 Ms | 1,051 | 1,073 1,207 696 2,091
Gross heating valu€.............B.t.u./cu. £t. 739 | 758 |1,018 926 897 1,006 891 1,040
Gross heating value..l,000 B.t.u./ton of shaled/| ko [ 255 453 973 962 | 1,21k 651 2,175
Cmnposition&/... ..... csesessssanssesss.VOlume percent
Methane. s veeaeseanaenn eereadtenceianiaaranes 15.9] 17.0 21.6 19.7 19.k 19.1 18.8 21.6
Ethane. ccveeeeeneeneraenns 5.3 6.5 9.3 7.5 7.9 8.4 7.5 8.5
Propane.,...... creeeennean 25| 2.7 3.7 3.0 3.9 3.4 3.2 3.7
n-Butane...... teseivesennsransenasanasasnonrnins 1.8 1.3 2.0 1.6 1.2 2.1 1.7 1.9
ISObUbANE . s et vernnceenscreevrssnasneannssnansnnn - .2 - .2 - - .1 l
Pentanes. . 1.3 .8 1.k 1.1 T 1.5 1.1 1.1
Hexanes.... 6 R .6 .3 .3 A b .3
Ethylene......... 1.6 1.7 3.3 2.2 2.2 3.0 2.3 2.2
PrODYLlene,sveceissrnassrnnsasssasssassanssncsoan 1.0 1.1 2.2 1.8 y1 2.2 2.1 2.8
Butenes...oeeiraneacerncannenes Cemarnesnes venaes 2.7 2.6 3.1} 3.4 1.9 R 2.8 2.2
Pentenes and higher homOLOBUES . coueereeearosanen 1.6 1.3 1.9 1.5 1.2 2.2 1.6 2.1
Carbon G1oXIGE . ccveumonnoensoannnnssenrrasnons b5.8| 36.5 2.5 21.8 23.3 2h.6 9.4 8.k
Carbon MONOXIAC . e eseuerrensenenssseonnrnoranses 5.2 5.5 2.5 k.5 6.8 3.6 ko k.9
Hydrogen...... Ce e e st tesneseraasanoennnannan 13.7] 18.7 21.8 23.7 21.5 20.0 19.9 18.8
Hydrogen sulfide...csevsssencesasearnennns Creees 1.0 3.7 2.1 7.7 5.6 6.1 b 1.4
TOLaLusueeeencesonsaaeassanaroncanansaceness | 100.0] 100.0 100.0 100.0 100.0 100.0 100.0 100.

17 Sample prepared by leaching oll-shale sample 1 with HC1 and HC1 + HF acids; ash content 8.1 percent; sssay oll yield 155

gal. /ton.

?J By correcting for oxygen and nitrogen in the collected gas.

%/ Calculated from composition of gas.
Y/ Determinea by mass spectrometer.
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TABLE 11. - Minersl composition of ash from six selected Colorado oil shales

0il-shale ssmple number
9 8 T 2 1 10 Average

Ash content of TaW SHB1E....eessescsscasssensssaneess peYCENE 6.7 62.2 60.3 54,7 53.6 46.6 59.0
Composition Of B8h...ussessnosesssncsaveasasenaancnass Do.
510 e eseecesonarsossnennrsesanssasnsusasrssacaansssnans 53.27 41.90 h2.36 | k7.32 49.19 k5,00
Fe B 5.6 1 ho | 47k | 577 | 5.87 | 5.01

32 ssesassssvsssassescdcentaT RIS RACEsReRL TR TR EReT

Aisog;/................................................. 12.28 | 10.53 | 1086 | 12.99 | 13.13 | 11.ho
e
Mg0

a . e

b3

8!’\)0\1[’\)0)\0 A\ g\
.
O\ O & oA

1h.82 28,11 23.54 16.22 15.%0 18.12

e eesesearinssanssasanvetenuanaunssseastnusnaansoananas 7.00 8.53 9.30 6.98 8.35 8.91
T T LR R LR T PR IT T R RALEERERRE .09 .93 2,00 b 5h 2.59 5.03
NED0 4 e mauunneennannasisrsasnssnsasssessnotsssnnsenasese 2.37 4.18 b Lk 3.93 3.54 b.31
Ep0uennasennnnrsonssonssnscasssssnasssanssnnonrsncsnnons h.53 1.57 | 3.1% 2,24 1.92 1.99

mecsencavSvREssesassENdsseNIRTRESYUSIRPRRTRTFOCRT RS RRNE

BOLAL e s eevevsveensennenssnnsessasassansesesasanss | 100,00 | 99.85 | 99.98 1 99.99 [ 99.99 | 99.99 | 100. %
Composition of ash calculated to raw shale basis..... .percent
5100 scuanancunsassessransrassonrerssncsacassrsonsssioes ho.9 26.1 25.5 25.9 26.k 21,1 27.5 b
Fp03 1 pecnranssersnrenisnarssaannansssasensnuaniissnanes h.3 2.6 2.9 3.2 3.1 2.3 3.1 %
e T CELTTERTEPRPET YRR 9.4 6.5 6.3 7.1 T 7] 5.3 7.0 E
T T R B 17.5 4.2 8.9 8.3 8.5 114 ;
MED e e veeensnsnnesnsesnsnnesssasnsasasenncsassnsenssresns 5.4 5.3 5.6 3.8 k.5 k.2 4.8 «
T T LT LY LT ST T LR LA ELLELREERETRLY: .1 .6 1.2 2.5 L.k 2.3 1.5 5
oS04 evvaonassnsnensraensssancasessnannassesnsasainsanes 1.8 2.6 g7 2.1 1.9 2,0 2.2 :
xﬁ%..................................................... 3.4 1.0 1.9 1.2 1.0 .9 1.5 ;
OEAL. e e essennraeernsssessssansnasannonasssvnsrases | 0.7 62.2 60.3 54.7 53.6 | 16.6 59.0°
Minor constituents determined on raw shale............percent
o T T L T ALLETETEIFTEELE W11 .35 .23 .56 .25 Rt} .32 3
L2 R R L Rt .010 .003 .010 .029 .031 L,031 .019 5
1/ Determined as difference between 3203 and Fe203 .
PABLE 12. - Distribution of the organic materisls and gross hesting velues in the assay products from
six selected Colorado oll shales and from enriched cll shales
HC1 and HCL + HF ;
0il-shale semple number enriched materlal i
9 1 8 T 2 1 10 1/ 2] Average
Distribution of organic material i
Total organic content of shale3./. veesassopercent] 7.8 16,0 19.9 33.0 34,1 40.6] 90.0 gk.2 o
Conversion of orgenic material to:
031.eeeecesnannsccinansannsnseassasspercent] 51 65 69 66 69 71 67 T0 66
OBEueeeescennsapesasrassonnacancnsans DO. 1h 12 11 12 12 11 12 11 12
Organic residue...eeircassanacansens DO 35 23 20 22 19 18 21 19 22 :
Total..eesnseoenss vervasssansess DO, 100 100 100 100 100 100 100 100 100
Distribution of gross heating value 1 '
Grose heating value of assay productsy cnsancaise ’ -
eeseesavasesessessensenssBo.tiu./Ib. of shale.|840 |2,248 |3,076 [5,395 {5,616 |6,69% 3,978 ;
Percentage of heating value of assay products asj E
O3lueuneesensennseenssnnsaassnsusnaiocnrans| 88 8L 8h ™ 78 T9 81
GBB.avetsnesnescnsasrcansenscasnonasenssonal 3 6 T 9 8 9 7
Spent shale...suvvessssncssanrsennssnasnonnl 9 10 9 16 1 12 12 5
. TObBL.essssveessasecasannanansassasses|1l00 100 100 100 100 100 | 100 :
1/ Residue obtained by leaching oll-shale semple 1 with HC1l and HC1 + AF ecids; esh content 8.1 percent, assay oil yleld 155 .
gal./ton, gross heating value 14,550 B.t.u./lb.
2/ Residue obtained by leaching oil-shale sample 8 with HCl and HCl + HF acids; ash content I.7 percent, assay oil yleld 165 4
gal./ton, gross heating velue 15,360 B.t.u./Ib. !
3_/ Approximated as the sum of oil, gas, and organic residue on spent shale; the organic residue was determined as total 4
volatile minus mineral (O, of spent shale corrected to original raw-shale basis, 3
_lt/ Sum of the heating values of the assay oil, gas, and spent shale, i
TABLE 13. - Carbon-hydrogen anslyses of six selected Colorado oil shales, ‘their assay oils end enriched shales E
. Oil-shale sample number
9 8 7 2 1 10 Average
Camposition of raw shale . :
Carbon (organic)d/.u.eeeeessereaenssasnanenas-percent | 4.59 11.51 1445 26.21 27.85 33.00
) HyQrOZEN. s ccnsusansnsnssssasne sossssesasssans DoO. .81 1.64 2.04 3.35 3.66 4. 33
Carbon /hydrogen ratio2/ _
BAW SHALE.ursesussnnannnransescssmiesssnssasnannnones | 9o 7.0 7.1 7.8 7.6 7.6 374
HCL 1e8Ched SBALE...rsssrersonasssssersasserssvoncas | 5B 7.3 7.0 7.7 7.6 T.b 3/7.k
HCL + HF leached ShALe.......eeesessesssennesssanness - 4/7.8 - - k/7.6 - 7.7
01l from 8SSAY Of BHBLE...cccessrornrsossoacsranansas | [a2 7. 7.4 7.3 7.3 7.4 7.4

1/ Orgenic carbon calculated as totel carbon minus mineral carbon in carbonstes.
g/ Ratioc of organic carbon to hydrogen.
Average does not include sample 9. - ' -
_/ The enriched shales from samples 8 and 1 assayed 165 and 155 gal. oil per ton, respectively. No water was cbtalned in
these assays.
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TABL? 1%. - Distribution of sulfur in six selected Colorado oil shales and thelr assay productsl/

0il-shale sample number
9 8 7 2 1 10 Average
Total sulfur in raw shale®/........... eteresaaneiieieereriaans v....veight percent | 0.62 | 0.561 0.73 196 | 1.99 | 1.8
Distribution of total sulfur of raw shale into types of sulfur comppunds
Pyrite sUlfuT...,..... cerevanen vermmaas iesessesenavesssesesnisineass.peETCENt 1 TL 73 63 19 7 T2 72
Sulfate sulfur,..... tesaseenans . . M 2 Trace Trace 2 2 b 2
Organic sulfur (by QIPTETENCE)....esessssssnnecnsssrroacnssnsassns wv.- Do. 27 27 37 19 21 24 26
TotBl..ueensvesssncsnsvnnraranooaryssnaassnsnnsnnn wsersnawanssers DOo” 100 100 100 100 100 leO 100 y
Distribution of total sulfur of raw shale in the assay produéts. : . o
Spent S8hAle...evsncnvsseocensarsonnns tensessacencnsseassssspeErCEnt 93 T8 73 - 75 68 83 79
Forh R .. Do. L 1 9 7 8 11 8
Gas (by difference) ........ vechvaemaase . . . Do. 3 11 18 18 - 13
Totel.vnmensvsnannnsansnaaavasnsasencansanns Weveesavsenensessensa DO. 100 100 100 100 100 100 100

1/ Determined on sauples dried at 2219 ¥, for 1 hour.
2/ Determined by Eschka method.

TABLE 15, - Physicsel and chemical properties of mineable-bed sampleg from the Mahogeny ledge, Rifle, Colo.

Bed designation
"H"

ncn ‘I|Jﬂ "A“ _ N 'HDII 'HBn llIIl MGH HEFH Average c@osite
Thickness of bed....fee 8 L T - 10 11 T [ 12 8 - T3
Modified Fischer assayl .
01l yield....gal./ton 17.8 18.8 19.5 21.4 22.3 29.8 36.6 38.0 |. 518 28.% 27.7
01il....weight percent 6.9 7.2 7.5 8.2 8.5 11.4 13.8 1.5 19.7 10.9 10.6
e 1.2: .6 1.5 .6 R 1.6 .5 . .7 .8 T
Spent shale Do....... 90.2 91.0 89.5 89.5. 89.8 8.4 83.3 82.6 76.2 86.3 86.6
(77 DA ) TR .9 1.0 1.1 1.0° 1.2, 1.6 1.8 2.0 2.8 1.5 1.6
LOBB.serasssDOuaesons .8 .2 R .1 .1 1.0 .6 .5 .6 5 5
Total..Dowenuese 100.0 100.0 100.0 100.0 100.0 160.0 100.0 100.0 100.0 100.0 100.0
0il from assay
Carbon...... DOucansia 8h,54 8. 8k 83.77 84,32 8412 84.80 84.26 85.26 84.82 8,59 84 .62
Hydrogen....Doeeesee. 11.32 11.38 11,17 11.ho 11.72 11.60 11.76 11.76 11.68 11,53 11,48
Nitrogen....D0.eeauss : 2.01 2.00 2.13 2.03 1.86 1.96 1.91 1.70 2.05 1.96 1.96
SUlfUTs.eee s DOuaesans .58 51 kg .76 .58 .60 .58 .69 .71 .61 .59
C/H ratio...Do...c... 7.5 7.5 7.5 T4 1.2 7:3 7.2 7.2 7.3 7.3 Tk
Gross heating value,, ¢ .
vesvmess.Bot.ul/Ib. |18,270 18,510 18,310 18,480 = [18,500 18,410 18,540 18,640 18,470 18,460 18,510
Specific gravity at ’
60°/60° F. vevennes .926 .920 922 .920 912 .918 .905 905 912 916 . .916
Spent shale frcm assay
Mineral 00p...percent 19.97 28.07 21.73 20.67 22,24 18.87 2k.59 21.51 | © 19.53 21,91 21.67
Carbon (total) ..Do.. 7.26 9.67 7.62 8.11 8.56 8.12 10.27 10.07 10.32 8.89 8.95
Carbon (organic) Do... 1.8 2,01 1.69 247 2.hg 2.97 13.53 4,20 L.99 2.91 3.03
26 .20 .22 .2k 15 W2 27 22 .26 23 | - .22
A1 .13 .10 .16 .16 .21 2k .27 .33 .19 .19
37 .17 29 146 .50 .61 . 4 .66 1,06 _51 .50
Organic residue
As C+H+N....percent 2.18 2.34 2.01 2.87 2.80 3.42 Lok 4.69 5.58 3.33 3.4k
By ignition-loss
method., . . .percent 2.39 2.71 2.30 2.81 2.32 3.02 3.91 401 k.53 3.12 2.89
Gross heating wvalue..
......... B.t.u./1b. 89 58 87 70 . 210 320 360 600 780 286 250
Col tendency..e... None None None None - Slight Slight Slight Blight Moderate - Slight
Ask2/ . ..uiu..s percent 78.38. 69.24 75.67 77.72 75.76 79.15 72.23 75.24 78.27 75.T4 75.84
Raw shaele air-dried to ‘
constant weight
Specific gravity of
minus 8-mesh shale )
at 60°/60° F. ..... 2.303 2,307 2.287 2,264 2.254 2,111 2,061 2,032 1.869) 2,165 2.160
Raw shale dried at 2210F, ‘ :
for 1 hour
Mineral CO,...percent 18.21 25.72 20.08 18.36 20.26 15.87 20.71 18.29 15.28 19.20 18.90
Carbon (total)..Do... 12,62 15.48 14,1k 14,54 15.56 17.9% 21.k2 21.63 25.28 17.62 17.59
Carbon (organic)Do... 7.65 8.46 8.66 9.53 10,03 13.61 15.77 16.64 21.11 12.38 12,43
Hydrogen...... Do, 1.32 1.21 1.ko 1.48 1.3% 2.06 2,21 2,24 2.86 1.79 L1.77
Nitrogen...... .Do... .28 .29 .32 .33 .32 46 .52 .52 .70 R Ja
Sulfur.vie... S . Y Ao .25 .29 .53 .67 15 .72 .86 ‘1.31 .64 .63
Gross heating value.
(R . Y /lb 1,6k0 1,600 1,730 1,940 1,990 | 2,780 3,160 3,360 4,480 2,520 2,590
Water soluhle mate- |
rial.e.uee.. percent 2.01 2.56 2.52 2.08 2.71 1.86 2.35 2.96 2.61 2,41 . 2.50
Benzene-soluble
mgterial....percent 1.11 1.hh .95 1.21 1,74 1.47 2.02 3.20 2,27 1,71 1.72
AsH.iieennaaen Do. 70.70 63.01 67.73 69.56 68.03 66.80 60.17 62.15 59,64 65.31 65.68
_/ Assaystmade)on alr-dried samples, then calculated to s moisture-free besis. (The air-dried samples contained only 0.17 to 0.33 percent
moisture

) _/ Calculated from the ash comtent of the rew shale,
Lugp ¢ -25 -




‘

TABLE 16. - Composition and properties of assay gases of the mineable-bed semples from the Mahogany ledge, Rifle, Colo.

Bed designetion
ncr i AT il E" i "G FEF"__| Average | Composite
Gas, dry, sir-freel/ at 600 F., 760 wn. Hg :
Yieldevuerivanonnansqas venas cu. £t./ton of shale| 232 26 286 290 347 436 193 577 758 ko7 k2o
Gross heating velue2/......coeevenes B.t.u./cu. £t.| 763 83 37 839 761 57 861 839 895 8ok 739
Gross heating value2/..... sueeeesl,000 Bubou, /tan| 177 193 211 243 264 330 hoh | 48k 678 334 310
Compusitionf?j aesrravicenmas v «es.percent by volume - )
Methane, ..ovene. 15.5| 18.0] 5.2 ] 18.1| 16,6 | 16.5]| Wk | 206 17.9] -17.5 16.6
Ethene........ . 6.3 6.9 6.2 7.3 6.3 6.7 7.8 75 7.5 7.0 6.5
3.0 3. 3.0 3.6 b6 3.0 3.6 3.2 3.4 3 2.9
n-Butane ) 18| 18| 17| 17| 13 ) 16] 20| 17| 20| L7 1.6
Iscbutane )
Pentanes........ i -7 N T T T .8 -7 .8 N .8
HeXBNeS v gnnnna .3 2 1 s 2 .3 .2 R L .3 .2
Ethylene...... 2.3 2.4 2,5 2.4 1.8 2.3 2.2 1.9 22| .2.2 1.8
Propylene...:. 2.9 2.6 2.5 3.0 2.2 j 2.5 2.7 2.4 2.8 2.6 2.2
Butenes....... 1.8 1.9 2.0 1.9 1.6 ¢ 1.7 2.0 2.0 2.1 1.9 1.8
Pentenes...... 1.0 1.1 1.3 1.1 .9 1.0 1.1 1.1 1.1 1.1 1.1
HEXeNeS . uuvreses 1.0 N 1.0 .9 i .9 8 1.0 1.3 .9 .6
HepteneB..uerveneavnnaoncn . .2 .2 2 3 .2 .2 .2 .1 & .2 1
Carbon dioxide... . 33.4 | 30.1| 37.1{ 31.7| 31.0 | 31.1| 246 | 26.7 | 26.6 | 30.3 26.5
Carbon MONOXIA€...vesesassoncansensnaacnsune 1,1 ‘5.3 1.9 .2 L. T 3.5 .0 .5 2.0 k.0
3.8 3.8 6 .0 1.8 k.1 1.6 1.9 N 2.0 6.7
228 | 209 | 240 | 23.8 | 241 | 25.7 | 246 | 25.1 | 23.7 23.9 23.0
2.1 .0 .0 2.9 1.6 1.0 2.9 3.7 6.6 2.3 3.6
Total..suen. iieess T ‘e 100.0 | 100.0 | 100.0_]100.0 | 100.0 |100.0 | 100.0 |100.0 | 100.0 | 100.0 100.0
1/ Based upon the oxygen and argon in the collected gas.
g/ Calculeted from composition of gas.
3/ Determined by mass spectrometer.
TABLE 17. - Mineral composition of minesble-bed ssmples fram the Mahogany ledge, Rifle, Colo,
. Bed designation
ncll hJﬂ |1Al| nDn nH" IIBII nIh llGn "EF" AVEI'E Se c Osite
Ash content of raw shale....... heaseaenean ...percemt| 170.70| 63.01] 67.73| 69.56| 68.03 | 66.80 | 60.17 | 62.15 [ 59.64] €5.31 25.68
Composition of ash
Bi05wentresnananaans 4641 | 35.12 h2.63| 45.86 ke.si | h6.ok | 39.18 | 39.71  M.93| 42.15 hah
FepOzuueensinrnnnnnas 4.36] 3.67] 3.1 b.ab] kos| k78 k35| 53| k.82 h.30 k.56
13.08} 10.21| 13.66| 13.65| 12.42 | 12,18 | 9.78 | 13.56 | 13.81] 12.48 13.15 -
20.3%] 33.90] 20.63] 20.17] 23.66 | 2041 | 29.26 | 25.50 | 20.44| 23.81, 23.27
8.80] 13.43] 12.82] 9.15| 9.84| 8.10 | 10.27 | 8.58 8.62| 9.96 9.97
1.21] .85 BT 1.58 2.17 2.11 2.50 2.90 k.35 2.06 1.81
©3.00f 1.65f 3.12| 2.35 3.73 3.92 | 2.k2| 3.8 3.96 3.1 | 3.09
2,911 2.11f 2.35] 3.03| =243 1.73 | 2.19 2.05 1.81] 2.29 2.33
) TOtALupeeannsssannannas eevesnesrenas wieeese.| 100.111{7100.94] 99.99] 100.03 | 100.81 | 99.27 | 99.95 [100.68 | 99.74] 100.16 | 100.92
Ash composition calculated to raw-shale basis..percent '
810p..00ene P, eememrsanine [ 32.8 21.9 28.9 31.9 28.7 31,0 23.6 24,5 25.1 27.5 7.8
Nesaananee Gevpesserrionnn . 3.1 2.3 2.6 3.0 2.7 3.2 2.6 2.8 2.9 2.8 3.0
ALOZL i, eebeneenanraeaaie . Z.z 6.4 9.2 9.5 8.k 8.2 5.9 8.4 8.2 8.2 8.6
freeeen cnasen . ceesns Ih & 21.2 | 140 14,0 16.0 13.7 17.6 15.7 12.2 15.5 15.1
e teeteesateatsesusansnenanrnons 6.2 8.4 8.7 6.4 6.6 5.5 6.2 5.3 5.1 6.5 6.5
rranaanes PR hrrerasesranaans .8 5 .6 1.1 1.5 1.4 1.5 1.8 2.6 1.3 1.2
PPN 2.1 1.0 2.1 1.6 2.5 2.6 1.5 2.4 2.4 2.0 2.0
. 2,11 1.3 1.6 2.1 1.6 1.2 1.3 1.3 1.1 1.5 1.5
veaseanaens wresees=ee] 70,7 | 63.0 | B7.7 | 69.6 | 68.0 [ 66.8 | 60.2 [62.2 | 59.6 | 65.3 65.7
1/ Determined as the difference between the 11203 and Fe203.
TABLE 18. - Gross heating values of rew ghales and some assay products of the minesble-bed samples from the Mahogany ledge, Rifle, Colo.
Bed designation
"cll IIJ« IIA—'I lan IIHI’I "Bn IIIII nG" ‘hmﬁf AVEI'BEE Cu‘mposi‘be
Gross heating value of raw shalel/.......... B.t.u./Ib. | 1,680 [ 1,600 [ 1,730 | 1,980 1,990 | 2,7 3,160 | 3,360} &%,k80 | 2,520 2,590
Gross heating value of assay oill/..........B.t.u./lb. | 18,270 [18,510 18,310 {18,480 | 18,500 |18,410 |18,540 | 18,640 | 18,470 | 18,460 18,510
Gross heating value of assay gas2/......B.t.u./cu. ot. 631 7183 | 3r| 8| 71| 57| 8er| 839 895 | son 739
Distribution of gross heating value of rav shale in -
the assay products as:
O0il...u.. Cknrimravraanevane ernis . ..percent | 76.9 83.3 { T9.4| 78.1] T79.0 75.5 | 8.0 8o.4 8.2 79.4 75.8
GBS uinaneanss ieeenaseciarnaras . Da. 5.k 6.0 6.1 6.3 6.6 5.9 6.7 7.2 7.6 6.4 6.0
. Spent shale, by difference3/..... .. Do. 7. 10.7 1.5 15.6 pUR 18.6 12.3 12.4 11.2 1.2 -18.2
' TOLA) e eesenrancunneroninonasssossssss Do, 100.0_| 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0] 100.0 | 100.0 100.0

1/ Determined by Parr oxygen-bomb calorimeter.
2/ -Calculated from composition of ges.
These values are greater then velues bassed upon the determined heating values of the spent shales,
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