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Abstract: Vacuum residue from Saudi Arabia light crude oil (ALVR) was thermally reacted at 395 C under the
atmosphere of nitrogen. Thermal reaction samples were obtained by online sampling device at different reaction
times, and the asphaltene aggregate size was determined by small-angle X-ray scattering ( SAXS) measurements.
The aggregate size of asphaltene decreases from 29 ~21 nm in the initial stage of coke induction period; during
later stage of coke induction period, the asphaltene aggregate size increases rapidly and reaches to 43 nm when
thermal reaction time reaches to 150 min. After the stage of coke induction period, the asphaltene aggregate size
changes little and is in the range of 46 ~42 nm. In the thermal reaction process of residue, the aggregate size of
asphaltene is jointly affected by the thermal cracking and association-disassociation of asphaltene, but does not
show obvious relationship with asphaltene content.
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Table 1 Main properties of a vacuum residue

made from Arabian light crude

Property ALVR
Density (20 C) p/(g-cm™) 1.0317
Viscosity (100 C) w/(mm’-s™) 2482.5
Condensation point ¢/ C 43
Cw/% 84.77
Hw/ % 10.04
S w/% 4.64
N w/% 0.32
Ni/(pg-g™) 31.0
V/(pg-g™) 59.8
Fe /(pg-g") 132
Ca/(ung-g") 21.0
Ash content w/ % 0.119
Molecular weight /(g-mol™") 1009
Saturate w/ % 9.99
Aromatics w/ % 52.12
Resin w/ % 27.78
C,-Asphalten w/% 10. 11
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Figure 1 Beam of light scattering design center
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vector relation curves of ALVR and background
H: ALVR; O: background
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Figure 4 Guinier plots of In/ versus ¢
after background correction
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content as a function of reaction time
M. coke; A: C,-asphaltene
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Table 2 Average structural parameters of asphaltene of ALVR’ s thermal reaction

Thermal reaction time t/min =~ Hw/% Cw/% f. H.x/Ch  fyu fe R, Ry Cy n BI
Before thermal reaction 6.80 83.82 0.59 0.31 0.10 0.31 53.81 9.00 64.55 2.56 0.77
50 6.31 84.33 0.66 0.43 0.03 0.31 101.37 4.56 33.86 9.10 0.51

110 6.11 84.46 0.68 0.46 0.03 0.29 78.28 2.92 29.48 8.10 0.57

150 5.90 84.57 0.67 0.36 0.09 0.23 69.44 9.60 49.04 4.33 0.56

190 5.80 84.61 0.69 0.37 0.07 0.24 93.08 9.83 44.73 6.33 0.46

220 5.33 83.83 0.71 0.34 0.12 0.17 53.52 9.53 55.61 2.96 0.53

250 5.49 84.13 0.65 0.28 0.25 0.11 45.99 18.00 80.17 1.77 0.53

280 5.40 84.09 0.71 0.36 0.10 0.19 54.93 7.65 49.30 3.42 0.65

fa: aromatic carbon ratio; H,,;/C, : condensation parameter of aromatic rings;
fx: cycloparaffin carbon ratio; f,: paraffin carbon ratio; R, : number of aromatic rings;
Ry : number of cycloparaffin rings; C, : average number of carbon in a structural module;

n: mean structural module number; BI. degree of alkyl branching
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Table 3 Aggregate size of asphaltenes change in different thermal reaction time

Thermal reaction time #/min Slope /k Radius of gyration /nm Diameter d/nm
Before thermal reaction -39.54 10. 89 28
10 -41.88 11.21 29
30 -26.64 8.94 23
50 -25.02 8.66 22
70 -24.60 8.59 22
90 -22.73 8.26 21
110 -35.01 10.25 26
130 -58.77 13.28 34
150 -94.59 16.85 43
170 -91.67 16.58 43
190 -88.53 16.30 42
220 -98.01 17.15 44
250 -98.57 17.20 44
280 -106.99 17.92 46
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