


We have compared Thoraten bitumen with scveral familiar bitumens in
various respects (Marschner 1973), At 257, 1L has a specific gravity of
0,068 and 2 viscosiry ol 7.2 log poiscs, values that are larger than
thosce of typical natwral lars or petreleun residues., Also, the specific
gravicy at a given viscosily is higher rhan other bitumens, suggesting
that its composilion is distinguishably dillorent,

ABALYSES OF BITUMENS

Elemental analvses confirm an wnusual commosiiion, Table T com-
pares Thornten bitumen with a naturzl bitumen From Creen River shale of
Colurado, which is of Eocene age and much vounger than lhornten RecE.
Because the kerogen in that shale is a likely future source for liquid
fuels, its bitumen las been repeatedly studied. Thoraton bitumern has
about 6% sulfur, which is Five times as much as Crecn River, but only
0.6% nitrogen, which is barely hali as much, Both are high in oxvgen
content; as estimated by Jdifferonce, Green Wiver has about &7 and
Thornten has &4 to 8%.

Bltumens conlLain a minimum of three distinguishable componenis:
Hiquid bydrocarben oils with lsss than 50 carbon atows, viscous poly-
cyclic resins with heterccyelic as well as arene rings and averaring
rerhaps 50 carbon atoms, and solid asphaltenes with 100 or more carbon
atoms in the molecule, Resins usually predominate and act as solwvent
for the other components, the dissolved liquid oils thinning the solu-

Lion, and the dissolved solid asphaltencs thickening it (Evans 1971).

The chree componerts wers determined by a siandavdized liquid-phase
chromatographic procedure usiop sllica gel as adsorbent and n-hexane as
eluant (Pufly 971 Table LT presents values for three samples of
Thornten bitumea that average about 17% oils, 46% resins, and 33%
asphaltenes, The avevages total only 9G% because a small amount of
finely divided minerals remains disperscd in the bitumen; for this
reason, compositions are given bolh 2s actually defermined and as
adjusted to ICDLOE bBitumen. A Green River shale extract, analyzed hy
the same metlhod, was richer in resins and poorer in asphaltenes.
Analyses from the literaturve were obtained by other methods and are not
comparable.

Once the bitumen had been sepuarated into components, mass spectro-
metyy was applicd to begin to identify the constitusnts, Nonvelatility
provents obtaining a conventional mass spectrum of the asphaltenes, and
Llack of background prohibits iuterpreting the spectrum that can be ob-
tained for the tesins, bui expericnce with petroleum permits resolution
of the complex specirum shown by the hydrocarbon oils, vTable TII pre-
sents the compositism of the oils from Thornton bitumen as computed from
Lthe mass spectsrum, using recently improved programs (Rebinson 1971).
Hydrocarbons with uo rings are absent, in distinet conirast to petroleum
residucs, in which chain hydrocarbens ordinarily predominate, Arcnes
with as many as four or five rings, and cycloalkanes with as many as six
rings occcur, intermediate hydrocarbons with a total of three rings being




most abundant. Although some thiophenes were present in the oils frac-
tion, most of the heteroeyclic compounds would be expected to oecur in
the resing and asphaltenes fractions.

CAS CHROMATOGRAMS OF ITIORNTON BITUMEN

Bitumen extracied from Thornton dolomite provided the interesting
chromatogram shown in Figure 2. Tt was obtained in a Hewlett-Packard
5730 research chromatograph temperature-programmed to 4009 at a rate of
10° per minute. The dual columns were 6-meter lengths of 3-millimeter
tubing, packed wich 3% OV-1 on Chromosorb G-HP, Each column was provided
with a hydrogen-flame ionization detector, the nonsample contribution of
the idlc column being subtracted from the total contribution of the
active column to provide a sample chromategram corrected for extraneous
ionization., In cbtaining this and subsequent chromatograms, a crude-oil
standard was run daily to establish a n-alkane scale by which to express
the positions of other substances.

The chromatogram shows a dozen or so prominent peaks that are num-
bered in the Figure, plus at least another sixty smaller onca. Major
oncs extend from below twenty to above forty carbon atems, and hence
represent oil constituents primarily, but are superimposed on a rising
curve that represents an unrcsolved background of resin comstituents,
Asphaltenes and any minerals remain on the packing at the front of the
column and do not contribute to the patrern. Peaks are irrcgularly
spaced and clearly do not correspond to the successive n-alkanes that
dominate chromatograms for typical crude petroleums. The most prominent
peaks fall in the same range as n-alkancs with 29 te 38 carbons, which
is probably equivalent to 30 to 40 actual carbons, and some are sharp
enough to represent individual compounds,

Another chromatogram for native Thornton bitumen picked directly
from the rock rather than extracted from it is showm in Figure 3,
Columns only two meters long were used, and separation was consequently
not as good, but the pattern is almost the same.

In an attempt to concentrate any n-alkanes that might be present,
some of the native bitumen was '"dewaxed" with methylethyl ketome to give
the two fractions, one "soluble" and one "insoluble," that are comparead
in Tigurc 3. Some scparation had occurred, as the ratio of oils below
40 carbons to resins above 40 carbons was lower in the "insoluble"
fraction. Bub both compositions are otherwise indistinguishable from
that ¢f the original bitumen; evidently no n-alkanes are present,

GCAS CHROMATOGRAMS OF OILS FRACTION

Most of Lhe characler visible in total Thornton bitumen can be seen
in gas chromatograms of the oils fraction alone. An oils fraction from
Table II, given as the top curve in Figurc &, presents a pattern inter-
mediate in sharpness between Figures 2 and 3, which it matches peak-for-
peak within 0.2 carbon. In the abscnce of resins, however, the general
trend is down rather than up, indicating a decrease in the amount of
oils fraction with carbon number.

265












LITERATURE CITED

Aunders, D, E, and Robinson, W.E,, Cycloalkane Constituents of Bitumen
from Green River Shale, Geochim Cosmochim Acta 35 661 (19713.

Bretz, J Harlen, Geclogy of the Chicage Region, Bulletin 63, Part I,
State Geologlcal Survey, Urbana, Illinois, 1939 and 1953, page 62,

Duify, L, J., Liguid Chromatography of Petroleum Residues, presented at
meeting of API Rescarch Project 60, July 1971; to be published in
Analytical Chemistry.

Evans, J. V., Hepson, W, Herschel, and Marschner, Robert F. s, Gontribu-
tions of Components to Asphalt Consistency, Petroleum Preprints 16 (1)
D5 (1971).

Gallegos, E. J,, Identification of New Sterancs, Terpancs, and Branched
Paraffins in Green River Shale..., anral. Chem. 43 1151 (1971).

Marschner, Robert F., Duffy, L. J., and Winters, J. G., Composltlons of
Bitumens bv Comblnatlon of Liquid and Gas Chromatography, Petreleum
Preprints 18 (3) 572 (1974).

Robinson, €, J., Mass Spectrometric Determination of Aromatics and
Saturates in Petroleum Fractions, Anal. Chem. 43 1425 (1971).

Robingson, W, E. and Cummins, J, J,, Extracts from Colorado 0Oil Shale,
J. Chem. Eng. Data 5 74 (1960},

Robinson, W, E, and Dinneen, G, U,, Constitutional Aspects of 0il-Shale
Kerogen, Proc, Seventh World Petroleum Congress 3 669 (1967},

269









Table IIT - Mass Spectral Analysis of Oils Fraction

Weight Percent

number of number of arene rings
cycleoalkane
rings g 12 3 hdor5 total
Q 0.0 2.6 1.0 5.7 2.8 12,1
1 13.7 4.8 3.6 2,1 24,2
2 13.1 7.0 2.9 23.0
3 17.5 3.2 2.0 22.7
4 3.4 2.0 3.4
5 4,0 4.0
6 2.0 2.0
total 53.7 19.6 9.5 7.8 2.8 93.4%

* balance of 6.6% is thlophenes
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THORNTON BITUMEN

Figure 1
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FRACTION QF BITUMEN FROM GREEN RIVER SHALE

RETENTION TIME, MINUTES
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