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INTRODUCTION

Catalytic hydrocracking studies in our laboratories (1-3) have indicated
that the conversion of Athabasca bitumen is limited by diffusion in ‘thé& catalyst
pores. Since the dimensions of the diffusing species govern the optimum size of the
catalyst pores, information on the molecular weight distribution of the bitumen was
sought. For example, Hall and Herron (4) have shown that the molecules in the
maltene fraction of a petroleum resid were small enough to enter the pores of a con-
ventional catalyst whereas the molecules in the asphaltene fraction were too large.

The average molecular weight (AMW) of Athabasca bitumen asphaltenes has been
reported by a number of workers. Sawatzky and Montgomery (5) found an AMW of 6110
using chemical methods. Initially Speight (6) examined two asphaltene fractions and
reported AMW varying from 1380 to 6430. Subsequently, Speight et al(7) used the
vapour press osmometry (VPO) technique with benzene, dibromomethane, pyridene and ni-
trobenzene solvents, and reported AMW values of 4850, 3430, 2655 and 2050 respecti-
vely. When a freezing point depression (FPD) technique (8) was used, they reported
values of 8120-10910, 1780-3455, and 885-1360 with benzene, 2-methyenaphthalene and
nitrobenzene solvents respectively. Ignasiak et al(9) used VPO with benzene, dibro-
momethane and pyridive solvents and reported AMW of 5920, 5480 and 5450. They subse-
quently (10) analyzed five asphaltene fractions prepared by gel permeation chromato-
graphy (GPC) and found AMW using a benzene as a solvent to vary from 1200-17,000.
Suzuki et al(11) used benzene as a solvent and reported an AMW of 2750. Arguments
favoring the lower molecular weight values have been presented (12) on the basis of

depolymerization experiments (13).
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If high conversions are to be obtained when Athabasca bitumen is processed
using a heterogeneous hydrocracking catalyst, the catalyst pore structure must be
large enough to accomodate the largest species, not just species of average size.
Earlier work (2) has shown that diffusional limitations are present in pores up to 30
nm in diameter. Suggestions in the literature indicate that the diffusing species
may be aggregates of large molecules. Asphaltene molecules may form micelles (21).
Alternatively it has been suggested (7) that each asphaltene molecule interacts with
resin molecules rather than with other asphaltene molecules. Weinberg and Yen (22)
have shown that asphaltenes form mesophase, or liquid crystals which can be seen with
an optical microscope, at temperatures similar to that used for hydrocracking.
Therefore hydrocracking processing conditions the diffusing species may be precursors
for the formation of mesophase and therefore very much larger than either the mole-
cules measured in this study or colloidal micelles which are aggregates of these

molecules.
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TABLE 1

ATHABASCA BITUMEN MASS DISTRIBUTION FROM
PREPARATIVE SCALE GEL PERMEATION CHROMATOGRAPHY

Fraction m% Bitumen

Number in Fraction
10 4.51
11 5.46
12 6.86
13 12.20
14 19.40
15 23.14
16 16.80
17 7.82
18 2.99
19 0.48
20-25 0.34
Total 100.00
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MOLECULAR WEIGHTS OF ATHABASCA BITUMEN FRACTIONS OBTAINED

TABLE 2

BY PREPARATIVE SCALE GEL PERMEATION CHROMATOGRAPHY

MOLECULAR WEIGHTS BY VARIOUS METHODS
Fraction
Number THF -VPO B-VPO B-FPD GCMS
10 6688
1 5468 3024 3293
12 1680 1916 1892
13 1423 1386 1372
14 713 772 704
15 504 476 434
16 371 456 356
17 368 414 376
18 284 419 401 260
19 271 a44 421 270
20-25 250 556 544 250
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TABLE 3

RESPONSE FACTORS FOR BITUMEN FRACTIONS

U.V. Response R.I. Response
Fraction Factor Factor
10 1.16 1.37
11 0.97 0.97
12 0.82 0.78
13 0.87 0.92
14 1.03 0.96
15 1.31 1.09
16 1.03 1.02
17 0.90 1.07
18 0.68 ©
19 0.77 ©
20-25 5.25 o
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