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The oil shale used in this study is a sedimentary rock containing various ~
amounts of organic material -(commonly called kerogen), which was derived from de~
cemposition of aguatic organisms, Associated with the kerogen are large gquaniities
of calcite and dolcmite, with smaller amounts of clay minerals, quartz, pyrite, etc.
The kerogen is a light~brown mixture of solids having no appearance of oil and is
only partly soluble in organic solvents at room temperature. At present, it has not
been possible tc separate the organic and inorganic phases completely, consequently,
most kerogen constitutional studies have been conducted on degradation products.

Cne method of degradation consists of heating kerogen at various temperatures
tc obtain soluble products. %hen retorted at about 500° C. (932° F.), kerogen can
be converted to crude shale oil, gases and carbon residue. A4s approximately 35
percent of the kerogen is cracked to gases and carbon residue by retorting, this
method of degradation is not suitable for constitution studies. Kerogen can also be
converted to soluble products at temperatures from 200° to 350° C. (352° to 662° F.),
hovever, at a much slower rate. Extensive cracking of kerogen does not occur at
these termeratures; consequently, the soluble products obtained by this thermal
degradation should contain many of the structures present in the original kerogen.

_ Samples of raw oil shale were extracted with tetralin at 25° to 350° C. for
2L to 1L hours. 4s a result, kerogen was degraded to a soluble material, with
production of no or very little pyrolytic gases at 300° C., and only about 6% of
the kerogen vias degradsd to gases at 350° C, There was no evidence of the forma-
tion of carbon residue at any temperature. The crude extracts were fractionated
into oils, waxes, resins, and pentane-inscluble material and characterized by

ultimate analyses, ring analyses, x-ray diffraction, mass and infrared spectra, and
chemicel treatment. '

This study showed that the composition of the extracts depended-upon the time
and temperature of extraction. At constant time of extraction, the pentane-insoluble
material increased with increase in temperature of extraction,. while the percentage
of resins decreased with increase in temperature over the range studied. The per-
centaze of oil remained nearly the same, while the wax content ‘increased slightly
at the higher temperatures. The composition of the extracts indicated that kerogen
is composed predominantly of saturated heterocyclic structures and smaller amounts
of straight-chain paraffins, cyclic paraffins, and aromatic structures.. These

conclusions agree with and supplement those reported earlier (6,7) from oxidation
studies, : ’

Information concerning the constitution of the kerogen present in oil shale,
the processes by which it is degraded to useful products, and the composition. of its
degradation products is needed for developing new and more economical methods of
processing this natural resource. It wes the purpose of this study to obtain informa-

tion concerning the nature of kerogen and the low-temperature pyrolytic products
obtained from it.
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EXPERIMENT AL PROCETURE

Materials. Alwnina XF2l grade, 80-200 mesh b(Alum':ia. Company of 4imerica),
preheated at 700° C. (1292° F.) for tio nours before use, '

Silica gel, analytical grade, 28-200 mesh (Devidson).

Tetralin, CigHyps B. p. (205° - 208° C.), Matheson, Coleman, and 3ell, con:
tained 0.0L7 residue after steam ‘distillation. .hen heatsd to 350° C. for L2 hours
in absence of air, the purified tetralin cont._.lnoci an additional 0.057 residus after
steam distillation.

ipparatus. Reaction vessel, 2000-ml. pressure apparatus (Parr Tnstrument
- e S R . . . - 5 . = P . N . .
“Company, Series L500) equipped with stirring mechanism to stir contents ons-minute
of each 30 minutes of extracticn. °

Chromatographic columns, glass cclums having three sections (lower section
1.0 cme x 85 cm., middle section 1.5 cm. x 42 cm,, and top szction 3.5 cm. x 22 cm.),
water-jacketed, and fitted with adapter so 10 %o 15 D.o-l.b. nitrogen oressure could
be applied to the column.

0il-Shale Sample, The oil shale was obtained from the ilahcgany zone of the
Green River Iformation at the Bureau of Hines Experimental Mine nsar Rifle, Colo.
The sample contained approximately 353 or"am.c material (28.5% organic caroon) and
assayed & gallons of oil per ton of shale by the modified-Fischer-retort Zethod ({).
For use in this study the o0il shale was crushed and screened to pass a sieve of 100

meshes per inch,

i

Preparation of Extracts. Successive batches of 350 grems of 011 s‘.ale rere
placed in the reaction vessel with 810 ml. of tetralin (2.3 =l tetral 1 per gram of
shale), and each batch was extracted L8 hours at 25° to 350° C. (’I‘To series of

Q

D+

extractions were made using tetralin as solvent for 48 to 1l heurs at 200° C. and
24, L8, 96, and 1L} hours at 350° C.) After cooling to room femperature, ihe 7ess
was opened and the contents removed. The shale residue was centrifuzed from th
extract and solvent, then extracted with benzene until frees of tetralin and solubdle
material, The shale residue was air-dried and retained for analysis., The tetralin
and denzene extracts were comdined and then stean-distilled to remove the solvents.
After removal of the tetralin, the extract was recovered from the - o
solution in benzene., Most of the water was removed from the benzene sol of ine
soluble extract vy means of a separatory funnel and the last trace oy azeotropic cis-
tillation. Benzene was removed from the extract oy atmospheric distillation and the
final traces by drying at 80° C. under reduced pressure. (41l extrasts were dried
under these conditions.) By treating several batches of oil shale at different
temperatures in the presence of tetralin for L8 hcurs, the following total amounts of
extracis were obtained: 77 grams of extract at 25° C., 138 grams at 200° C., 185 grams
at 250° C., 165 grams at 300° C., and 106 grams at 350° C.

The percentage of kerogen extracted from the raw shale was determined from ccm-
parison of the kerogen-to-ash ratios obtained before and after the oil shale was
extracted., Following is an expression of tinis relationship:

Kerogen after. extraction, & » Kerogen before extraction, ¥ % 100 = Unextracted
Ash after extraction, % 4sh vefore extraction, % kerogen, 3
The percentage of kerogen T'.ras deternined from an ash and mineral C0, analyse:z
and equaled 100 minus the sum of the ash and mineral CC;. This method of computing
the percentage of kerogen decomposed was based upon the a2sswiption that the mineral
portion of the raw oil shale was unaltered by the thermal solution treatment.
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The extractions were made at the pressure ger\erated by the solvent plus pyro-
wed at the temperature of extraction. Hot pressures re.nged from
30 p.s.i.ge at SO“ C. to 700 p.s.i.g. at 350° C., while ccld pressures ranged {rom
40 p.S.i.g. for the 250° C. extraction to 200 D.s.i.g. for the 350° C. extractlon

{p }TO ytic gases).

The dried extracts were fractionated by a procedure outlined in figure 1. The
purpcse of these fractionations was to obtain materials of similar properties for
Turther analyses and study. Becausé of the complex nature of the material, the
methed of fractionation employed was not expected to separ2te individual components.

E‘”a tionation of Extracts Into Qils, Waxes, Resins, and Pentane-Insoluble
Ten-gram patencs of the crude extracts were dissolved in a IC : 1 volume
'Fa—tlo of pentane and allowed to stand overnight at C® C. and then filtered, The
nent_ne—_“ao*uole material was washed with a s'nall,quantlty of cold pentane (0° C.)
a:u‘ then dried, weighed, and designated 2s pentane-insoluole materizl, The soluble

aterial was stripped free of pentane, dried, and weighed. Five-grem batches of the
pe:zmr\e—soluole material were placed on a nrexretued colum of alumina (25 : 1 weight
ratio of 2lumina to sample) and eluted with pentane follocwed by benzene-methanol
mixtures and acetone. The pentane-eluted material (oil plus wax) was stripped free
of pentane, dried, and weighed. The material remaining.cp the column was removed
by tenzene-methanol mixtures and acetone. This material, referred to as resins, was
stripped free of solvent, dried, and weighed. Five-gram batches of the oil and wax
fraction vere dissolved in a 40 : 1 volume ratio of methyl ethyl ketone (WEK) to
extract and ellowed to stand at =5° C. for 1 hour. The wax was filtered from the
iB¥-soluble material, dried, and weighed. 'The MEK was removed from the oil by dis-
tillation and the latter was dried and weighed.

Fractionztion of Waxes., Urea adducts were prepared by reacting each gram of wax
with 21 ml, of 2 saturated solubion of urea in methanol. Excess urea amounting to
1.5 grams per gram ¢f wax plus 6 or 7 drops of benzene was added. This mixture was
stirred at rcom temperature for 1 to 2} hours. The adduct and non-adduct waxes
were separated by filtration; the final traces of non-adduct material were removed
by washing with 100 ml. each of pentane and isooctane. The adduct was then decom-
vosed with hot water and, after cooling, extracted from the water phase by ether. ~~

The adduct wax was freed from ether, dried, and weighed. The pentane-isooctane-
m=thanol solution of the non-adduct was frﬂed from urea by washing with water. The
non-adduct wax was freed of solvent by distillation, dried, =nd weighed.

Fractionation of Oils. The oil vas fractionated by a method similar to that
reported by Hair et al. (3). Four-gram batches of the oil fraction were placed on
2 prevetted column of silica gel (25 : 1 weight ratio of silica gel to '=a.mple) and
elut,e successively with isooctane, benzene, and 2-propanol. The three fractions
were Ireed of solvent, dried, and weighed., The isooctane-eluted material was called
paraffin oil, the benzene-eluted material was cdl led aromatic oil, and the 2-pro-
panol-eluted material was called polar oil., The paraffin oil was further fraction~
ated into paraffin-oil adduct and paraffin-oil non-adduct by the technique used for
waxes, Additicnal fractionation of the aromatic oil was obtained on a prewetted
columx of alumina (25 : 1 weight ratio of alumina +to sample) by using iso-octenes,

benzene, and 2-propanol as eluting solvents. The solvent was removed from each of
the fractions, and the oil was dried and weighed.

Physical Proverties. The ultimate composition of the crude extracts and the
various fractions was determined by conventional methods of analysis: Carbon and
hydrogen vere determined by a combustion train, niirogen by Kjeldahl digestion,

sulfur oy ignition in a Parr oxygen bomb, and oxygen by difference. Densities were
deterpined using oycnometers at 20° or e.t LO° €. and convegtlr:g to d + Refrac-

tive indices viere determined using the sodium D line (589 4) and the mercury g line
(136 4 % and were used to calculate specific dispersion for the aromatic fractions.
ilolecular weights were determined by the rise-in-boiling-point method using benzens
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as the solvent, Infrared, ultraviolet, and mass spectra, as well as x-ray diffrac-
tion, were used to characterize the various fractions,

Chemical Propertiss. The fractions were oxidized by a method describved oy
Robinson et al. (7) with an excess of alkaline potassium permenganate at the toiling
temperature of the solution for 100 hours, Concentrated hydriodic acid (70%) was
used to reduce the resin and pentane-insolubls fracticns oy a method described by
Raudsepp (5) in which the fraction plus HI was sealed in a glass tube and heated 2L
hours at 200° C,. Basic nitrogen was determined for the resin and pentane-insoluble

ractions by a method described by Deal et al. (1), in which total tasic nitrogen
was determined by titration with perchloric acid. ieutral nitrogen comgounds were
determined as the difference between the basic nitrogen and the total nitrogen,

EXPERIMENTAL RESULTS AND DISCUSSION

Rate of Product Formation. The amcunt of conversion of kercgen itc degrada
products oy thermal solution in tetralin was dependent upon the temperature and iime
of extraction, TFor constant periods of extracticn of L8 hours, the conversion of
kerogen to degradation products ranged from L.LZ 259 C. to F“J.,Z at 330° e
(table 1), By maintaining the temperaiure const at 2C0° C. arnd varyin
of extraction, the yield of prcducts ranged from 8.8% for L8 ncurs to 9.33
hours of extraction., A comparavle series of exiractions a2t a constant terperature
of 350° C. showed an increase in procduct yield of 75.8% fer 2L hours of artraction
to $L.5% for 1), hours of extraction. This showed that most of the product was ou-
tained during the first part of the extraction, as 6% of the total (for 1l
was obtained after 24 hours. 4n additional 109 was formed in a subsegusn® 2L
period with the final 10% requiring 96 more heurs of extraction. This
that at lcwer temperztures, where low yields of product were ootained,
impossible in finite time to odtain 100% cenversion of kerogen to :o'" nle products,
Landau and Asbury (2) showed that a straight-line relationship existed
of extraction and itime of extracticn divided by percentage yield oI sxiract ans
the slope of the line showed the ultimate yield of ract which could ve obteined
from coal, The calculated ultimate yield from a similar plot of data cttained from
0il shale in this study was 9. 6% at 200° C. and 100% at 250° C.
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TABIE 1. - Tetralin extraction of kerozen from raw shale

Time of : Temperature

extraction, of extraction, Kerogen
hours : °C. . sxtracted, 3
L8 25 1
L8 200 8.5
Lk 200 9.3
L8 250 10,2
L8 300 28,7
2l 350 75.8
L8 350 8L.9
96 350 | 87.9
bl 350 9h.S

~

The influence of temperature on the conversion of kercgen to soluble material
is shovm in figure 2. A gradual increase in yield of product per degree rise in
temperature was obtained from 25° to 250° C., while from 300° to 350° C. 2 rapid
increase in yield per degree rise in temperature was obtained. The tresk in the
curve suggested that a change in the thermal solution process took place at approx-
imately 275° C.
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son and Prien (9) repeorted a similar relationship at 300° Q. and sug-

t the reaction taidng place below 300° C. was the desorption of macro-
of k en in which bond energies comparable to van der Waals forces
ove 300° C. other secondary oonds were oroken, Similar reason-
indicate that the composition of the products obtained below 300° C.
hould cdiffer from those oCtained above 30C° C. Likewise, the molecular weights
he crude extracts cbtained at the two tempersture renges prooably weuld be
cdifferent. Data presented later in this paper only partly confirm these findings.

Compesition of Crude Zxtracts. The sulfur and oxygen contents
he extracts decreased with increase in temperature and time of
his showed that structures which contained these elements were
usceptidle to thermal degradation. 3y contrast, the nitrogen structures,
n were difficualt to degrade and only a small amount of the kerogen nitro—
velved in the form of gases. In tesis (fig. 3) where the time of extrac-—
" constant at L3 hours and temperature increased, loss of oxygen (probably
decarboxylzaticn and dehydration) from the extracts occurred between 200° and 250° C.
to 350° ., where only a small portion of the kerozen oxyzen remained
Sulfur contents remained high urtil 2 temperature of 350° C. was
css of sulfur (orobably as HpS) became rapid. Hydrogen contents.
eouzl to that of the original kerogen over the temmerature rancge.

contents of the extracts increased very rapidly at 300° C. with
ature of extraction and nearly equaled that of kerogen in the

In the tests where temperature remained constant at 350° C. and

wime acticn wvaried, similar trends for oxygen and sulfur were obtained
Tige LY. Overall oxygen and sulfur contents decreased with time of extraction,
n centents ained nearly constant, and the hydrogen contents decreased

er L5 hours of evtraction. Mo significant differences were found in the riolec—

© welghts of the crude extracts which were prepared at 350° C. and 4§ hours of
: acuion time, However, molecular weights of the extracts decreased with increase
in vime of extraction at constant temperature of 350° C.

composition and molecular weight of crude tetralin extracts

Time of
extraction, stomic ratios x 10° Holecular

hours c u_ oY w s ®/C o/c w/c S/c weight

s L8 80.4 11.1 6.5 0.9 1.1 159 5.8 0.9 0.5 580
200 L8 80.8 10.7 6.6 0.9 1.0 159 6.1 0.9 0.5° 595
250 LS 82.2 10.9 L.9 1.0 1.0 159 4.5 1.0 0.5 555
300 L8 82.L 10.5 L.2 1.6 1.3 153 3.8 1.7 0.6 580
350 2l 82.7 10.3 3.5 2.4 0.6 157 3.2 2.5 0.3 625
350 48 84.1 11.3 1.0 2.6 1.0 151 0.9 2.7 0.4 535
350 - 96 85,1 11,0 1,0 2.6 0.3 155 0.9 2.6 0.1 405
350 b 8L.7 10.6 1.7 2.6 0.4 150 1,5 2.6 0.2 410

gy/ :yzen was determined by difference.

rolytic Gases. Aporoximately 603 of the pyrolytic gas was hydrogen, some
oI whica may have resulted from the dehydrogenation of the tetralin used-as solvent.
At 350° C. approximately 28% of the cxygen and 19% of the sulfur present in kerogen
was removad as pyrolytic gases (table 3) compared to about 3% of the total carbon.
This suggested that at this temperature oxygenated zroups such as carbtoxyl or others
were degraded to CO2 and -Co, while sulfur groups such as sulfides or others were
degraded to HpS. Iy contrast, only a small portion of the kerogen was degraded to
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gases at 25° £o 300° C, Based on the total kerogen, aporoximately 47 of the kercgen
was degraded to gases at 350° C., 0.2% at 300° C.; and 0,097 at 250° C. fThis shows
that very little of the kerogen was cracked to final degradation prod\jcts at 320° C.
and below, only a small amcunt of kercgen being converted to gas 2t 350° C. ilso,
there was no evidence of the formation of carbon residue at any temperaturs. Con-
sequently, extracts prepared a2t these temperatures should contain many of the struc-

tures present in the original erogen.

TABLE 3. - Gases produced by degradation of cne kilcgram of “erogen

Ges produced, noles
Degradation temperature, <.

250 3C0 350
Methane 0,003 0.005. . .0.578
Ethane ’ - - 0.153
Propane A 0.004 0.008 0.578
n-Butane plus isobutane - - 0.020
n-Pentane plus isopentane - - 0.007
Carbon dioxide 0,007 0.013 0.537
Carbon monoxide 0.011 0.221 0.013
Eydrogen 0.0L0 0,081 2477
Hydrogen sulfide - - 0.065
Nitrogen - - 0.203
Total gas produced 0.065 0.128 i b
Product Distribution. The percentage of pentane-inscluble material rresent in
the extracts increased with increasa in temperature of extraction zi 250° tc 350° C.
(fig.s 5), while the wax content of the extracts incresased at 300° and 350° C.,
ts da-

where time of extraction was constant at L8 hours. 3y centrast, resin conten
creased continuously with increase in temperature over the temperature range. Cil
content increased at 200° C. and decreased slightly at 350° C. This showsd that %he
composition of the extracts was dependent upon the temperasture of extraction. Uilii-
mate compositions and molecular weights of these fractions are shovm in table L.

In the series of tests at 350° (., Wwhere time of extraction was varied from
2L, to 1LL hours, pentane~insoluble material decreased from L3 to 21% with increass
in time of extraction. On the other hand, resins increased from 1§ to 29%, ocils
from 27 to 377, and wax from 7 to 13%. This showed that approximately half of the
pentane~insoluble material was degraded into oil, wax, and resins at 350° C. after
1y hours of extraction.

Constitution of ¥Waxes. The constitution of the wax fractions produced at the
temperatures studied showed limited variation. The percentzge of adduct (pre-
dominantly straight chain structures) obtained from the wax tended to decrease wizh
increase in temperature of extraction as the 25° C. wax produced 72% wax adduct
compared to 51% for the 350° C. wax (see tadole 5). Also, the nén-adduct wax was
predominantly naphthenic. ¥ass spectra showed that the straight-chain vorvion of
the waxes tended to decrease in carbon chain length as the temperature of extrac-
tion increase, for example: The average chain length was 30 for the 25° ¢. wax
adduct, 28 for 250° C. wax adduct, and 25 for 350° G. wax adduct. X-ray diffrac-
tion showed that the non-adduct wax fractions had an average chain length less
than 16 carvon atoms. The wax adduct fractions contained an average of 2.0 to 2.I
methyl groups per molecule, which indicated little or no vranching. The cyclic
pertion of the wax contained 1 to 6 rings with 3 to L rings predominating. Tre
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average molecular weight of the crude-wax fraction (before fractionation uy the
formation of urea adducts) ranged from 355 tec L50-and tended to decrease with in-
crease in temperature of extraction from 25° to 350° C. Ultimate composition of
the unfractionated wax showed minor variations and averaged 84.3% carbon, 13.23
hydrogen, 1.0Z oxygen (by difference), 0.2% nitrogen, and 0.2% sulfur.

TABLE 5. - Carbon distribution of wax fractions

ot . .
Temperature of Carbon-type composition Percentzze of

; °0m - % Cy % Cp : 9 o
extraction, °C. i total wax
Yiax (adduct)i/
25 9 91 71.5
250 ’ 12 a8 . 55.5
350 12 83 5C.5
j Wax (non-adduct )/

25 70 22 284
250 66 3 LL.i
350 78 22 L9.5

1/ Determined from mass spectra.

Constitution of Qils. The composition of the-oil fractions tended to becoxze
more aromatic and less paraffinic with increase in temperature of extraction (sse
fig., 6). 1In general, the percentage of paraffin oil non-adduct decreased wita i
crease in temperature of extraction, the aromatic and polar oil fracticns increzsed
with increase in temperature, while the paraffin ¢il adduct remained nsariy tas
same, Utilizing physical property data, ring analyses were determined Tor the
paraffin oil non-adduct fraction by the n-d-ii method (10) and for the aromatic oil
by the Martin method (L). Mass spectra were used to determine the amcunt of
straight—chain and cyclic paraffins present in the parafiin oil adduei. The resulis
of these analyses are shown in table 6. Based on these data aporoximately 3337 of
the 25° C. oil consisted of straight-chein paraffins, 43% cyelic pare’fins, 153
aromatics, and 3% polar ocil. The 350° C. oil was more eromatic as it contained
18% straight-chain paraffins, 26 cyclic paraffins, 36% arometics, and 20% polar
0il,

TASIE 6. - Ring analysis and molecular weight of oil fractions

Carbon-type composition

Temperature of B = = Yolecular
extraction, °C. » Cy » Cy » Cp weight
Paraffin oil (adduct)y/
25 § 72 23 Lo
250 0 8o 20 380
350 0 32 185, 285
Parafiin oil (non-adduct)s/
25 6 57 37 42
250 0 75 2% k15
300 1 58 42 345
350 3 L7 .50 370
Aromatic oil (0-2-1)3/
2 L5 25 30 300
250 L6 37 17 290
350 81 12 7 305

1/  Determined from mass spectra.
2/ Determined by n-d-if method.
3/ Determined by Martin method.
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The percentage of aromatic compounds in the 350° C. 0il may be too high because

of extrancous materials that were obtained from the tetralin used as solvent. Based
upen the amount of extract produced and the amount of tetralin residue obitained at
350° G, aperoximately 0.7% of the total extract may have been derived from the
tetralin, Recause of small yields, as much as 5% of the total 25° C. extract may
have core from this source., The composition of the 350° C. oil was corrected for an
assumed amount of 5% (based on total oil) of aromatic oil which may have been derived
from the solvent. After this correction the 350° C. oil contained spproximately 19%
straight-chain paraffins, 27% cyclic paraffins, 33% aromatics, and 21% polar 011.

The paraffin-cil adduct fraction had an average of 2 6 to 3. u rings per molecule,
the paraffin-oil non-adduct had 2.8 to 5.1 rings per molecule, and the aromatic oil
eluted with isooctenes had an average of 3.0 to L.0 rings per molecule. (The latter
fraction represented 95% -of the aromatic cil.) The aromatic—cil fraction (isooctene
eluted) had an average of 22 carbon atoms per molecule and a determined molecular
weight of 305. Iass spectra of this fraction showed that every homologous series
was present in percentages ranging from 10 to 19%.

The molecular weights of the oil fraction before fractiomation ranged from
340 to 375 and showed no correlation to temperature of extraction. Likewise, the
elemental composition of the o0il fractions showed very little variation and averased
carbon, 12.0% hydrogen, 0.5% oxygen, 0.2% nitrogen, and 0.4% sulfur.

Constitution of Resins, Significant differences in the elemental composition

of the resin fractions were found (fig, 7). In general, oxygen, aydregen, and sul-
fur contents of the resin fractions decrease with increase in temperature of extrac-
tion. The oxygen content of the resins decreased at tomperatures from 25° to 200° C.,
reached 2 maximum at 300° C., and decreased very rapidly at 350° C. This showed that
rapid degradation of oxyzenated structures occurred vetween 300° and 350° C., prob-
2bly resulting in the formation of 20 and CC,. Hydrogen-to-carben ratios gradually
decreaczed over the temperature range indicating the ﬁresence of an easily dehydro-
genated material, while sulfur contents tended teo decrease only at the higher temper-
atures. 3y contrast, nitrogen-to-carhon ratios increased with increase in tempera-—
ture over the temperature range. These results suggested the follewing: (1) Oxygen
structures present in resins are readily made soluble and are easily degraded fur-
ther to 00y, CO, and perhaps water. (2) Nitrogen structures present in resins are
difficult to make soluble and are quite stable to further degradation. From bond
enerzies it appears that kerogen contains more C=N structures, which have higher .
bonding energies, than C-il structures. (3) Loss of hydrogen from the resins at

all temperatures indicated that easily dehydrogenated structures suck as partly
unsaturated cyclic structures, isoprenocid, steroid, or similar structures are

present in kerogen. (l) Ioss of sulfur at 300° and 350° C. indicated the presence

of some unstable sulfur compounds,

The molecular weights o: the resin fractions ranged from 570 to 650 and did
not appear to be related to the temperature of extraction.

The resin fraction obtained from the 350° C. extract was subjected to oxidation
by an agueous soluticn of alkaline potassium permanganate and approximately 753 of
the resin was unoxidized. Zomparable tests on the oil fraction from this extract
showed that 71% of the oil remained unoxidized, also, comparable ratios of kng), to
carbon were consumed in both tests. This shows that approximately the same amount
of structures, which are resistait to oxidation, are present in the resins.as are
present in the oils. The resin contained 3.0% nitrozen, however, this did not
alter the oxidation appreciably frem that of the oil which contained only 0.4%
nitrogen. This suggested the presence of cyclic nitrogen structures which may be
stable 10 XinQj oxidation,
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The 350° C. resin fraction was subjected to reduction Gty hydriodic acid;
avnroximately 387 of the resin was reduced o oil, 2% to wax, and 607 remained
wnchanged. This indizated that approximately LOZ of the resin had structures
similar to that rresent ir the oil and wax fractions.

Infrared spectra of the resin fractions indicated {he presence of nydrozyl
and carbonyl zroups and that the amount of hydroxzyl groups tendzd to increass with
increase in temperature of extraction. The band indicating the presence oI four
or more methylene groups appeared to oe weak which showed the presence of only
small smounts of large side chains. Carboxyl zroups, in addition to hydroxyl
groups, appeared to be present in the extracts prepared at hizher temperatures.

Basic nitrogen determinations on the resin fractions showed that the ratio
of basic nitrogen to total nitrogen ranged from O.4h for the 25° C. resinsz to
0.34 for the 350° C. resins. Thus, the neutral nitrozen present in the resins
tended to increase with increase in temperature of extraction and represented Ifrom
56 to 663 of the total nitrogen.

Censtitution of Pentane-Insoluble }iaterial. The compositien of the pertane-
insoluble fractions (fig. 3) shcwed trends similar %o thoss of the resin fractions,
In general, oxygen, hydrogen, and sulfur contents desreased with increase in
temperature of extraction, while nitrogen contents increased wita temperature of
extraction. The same general conclusions concerning hetero structures can oe made
for the pentane-insoluble material as were made for ths resin fractions in the pre-
ceding section., There was, nowever, one difference in that the loss of oxygen
fron the pentane-insoluble material occurred tetween 200° to 350° C. compared 1o
300° to 350° C. for the resin fraction.. This suggested differences in ithe type of
oxyzenated structures present in the two materials, Also, the pentane-insolubls
material produced at nigher temperaturss appeared to contain less hydrogen and
more nitrogen than the resins. The molecular weights of the pentare-insoluble
naterial ranged from 1210 to 1320 and showsd no relationship to temperaturs of
extraction,. :

Oxidation of the 350° C. pentane-insoluble material in a mamner similar to
that used for resins showed that 259 of this fracticn was resistant to oxication
compared to 70 to 90% for resins, oils, and waxes and only 5% for kercgen. Tnis
showed that the pentane-insoluble fraction contained less structures which were
resistant to oxidation than the o0il, wax, or resin fractions, About 407 of the
pentane~insoluble material was oxidized to non-volatile non-oxalic acid compared
to 1% for kerogen, 9% for resins, 17% for oil, and 0F for waxes. This suggested
the presence of benzenoid acids that may have teen derived from benzenoid struc—
tures present in the pentane-insoluble material. These structures probadbly were
not in the kerogen as such but were formed during the thermal solution by dehydro-—
genation of partly unsaturated cyclic structures present in kerogen.

A comparable reduction test to that used for the resin fraction was made on
the pentane-~insoluble material. Approximately 25% of the material was reduced %o
0il, wax, and resins and 75% remained unchanged. These data showed that the
pentane~insoluble material contained approximately 25% structures similar to oils,
waxes, and resins.

Infrared spectra of the pentane-insoluble fraction indicated the presence of
hydroxyl, carboxyl, and aromatic groups., The structure appeared to be predominantly
cyclic but may contain considerable chain branching end substitution at the higher
temperatures of extraction.

Basic nitrogen determinations on_the pentane-insoluble fractions showed that
the ratio of basic nitrogen to total nitrogen ranged from 0.29 +o 0,356 and was not
related to the temperature of extraction, Therefore, the amount of neutral nitrogen
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ranged from 54 to 718 of the total nitrogen and was slightly higher than that
present in the resin fractions.

SUKELARY AD CONCLUSIONS

Based upon the weight-percent of total extract obtained at constant periods
of extraction time, the amount of wav and pentane-inscluble material increased with
increase in temperature of extraction, the percentage of resins decreased with in-
crease in temperature, and the percentage of oil remazired nearly the same. At
ccnstant temperature of extraction (350° C.), the percentage of pentaneg-insoluble
naterial decreased with increase in time of extractionyand the percentage of oil,
wax, and resins increased with increase in the period of extraction.

. The elemental composition,of the oil and wax produced over the temperaturs
range remained nearly the same. By contrast, the composition of the resin and
ventane~insoluole fractions depended upon temperature of extraction; however, no
correlation was established between the composition of extracts and the increased
rate of cernversion to degradation products obtained at about 275° C. Oxygen con-
tent of the resin and pentane-insoluole fractions decreased with. increase in
terperature of extracticn and indicated that oxyzen structures present in kerogen
are readily degraded., Mitrogen content of the resin and pentane-~insoluole frac-
tions increased with increase in temperature of extraction and indicated that
nitrogen structures present in kerogen are gquite stable and are not readily made
scluole, ilthough differences were found in.the composition of the extract frac-
ticus, the average molecular weights of the oil, wax, resin, and pentane-insoluble

fractions did not change appreciabvly with increase in temperature of extractiou.

. &t 350° C. kerogen was degraded to approximztely 10 to 15% straight-chain
paraffins containing 25 to 30 carbon atems, 20 to 25% naphthenic and 10 to 15%
a tic structures having an average of 3 to 5 rings per molecule, and LS to 60%
heterocyclic material. These materials are probably representative of structures
present in the original kerogen and suggest that kerogen is predominantly a
heterocyclic material connected to or associated with smallsr amounts of hydro-
carvon material consisting of straight-chain, cyclic paraffin, and aromatic
ErCups «
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