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Influence of retorting end temperature on chemical
structure of oil-sand oil

WANG Qing, GE Jianxin, JIA Chunxia, XU Xiaofei, LIU Hongpeng
(School of Energy and Power Engineering . Northeast Dianli University, Jilin 132012, Jilin, China)

Abstract: Oil samples, obtained by retorting Indonesian oil sands at different end temperatures, were
analyzed by 'H nuclear magnetic resonance spectroscopy and elemental analyzer. Based on the assignments
of hydrogen peaks, integrating each 'H NMR peak can give hydrogen distribution in oil samples. The
average structure parameters were calculated using modified Brown-Ladner method. The influence of
retorting end temperature on chemical structure of the oil-sands oil could be revealed from an analysis for
change tendency of structure parameters with retorting end temperature. The results showed that, with
increasing end temperature, the chemical structure of oil-sands oil changed significantly, i.e., the
number of aliphatic carbons C,, aromatic peripheral carbons C,., » aromatic carbons C,,,, aromatic
rings R, » naphthenic rings R, and total rings R, all decreasing, mainly due to decomposition of
alkanes, broken of alkyl side chains, condensation of aromatic and naphthenic rings and ring-
opening. Owing to the different of oil constituents produced and that of influence degree of distillation-
pyrolysis, average mass of unit structure and average relative molecular weight decrease first and then

increase with rise of retorting end temperature.
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Table 1 Proximate analysis and ultimate

analysis of oil sand/ %5

Proximate analysis Ultimate analysis

M.q Aua Vi FCu Cua Ha Ouw Nu Sad

0.935 51.11 47.96 0.00 27.79 2.61 15.81 0.00 1.75
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Table 2 Product distribution of different

retorting final temperature

Final Oil and water Semi-coke Gas
temperature/ C yield/ % yield/ % yield/ %
100 0. 10 99. 75 0.15
150 0 99.63 0. 37
200 0.79 99. 17 0. 04
250 0. 94 99. 05 0.01
300 1.77 97.55 0. 68
350 7.44 90. 9 1. 66
400 15. 83 82. 29 1. 88
450 20. 58 76. 87 2.54
500 17.70 79. 05 3.25
550 19.72 76. 21 4.08
600 19. 66 75.39 4.95
650 18. 67 73. 81 7.52
700 19. 18 69.29 11.53
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Fig. 1 'H NMR spectrum and integration curve

of oil sample at final temperature of 350°C
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Table 3  Assignment of hydrogen types in ' H NMR

Symbol Type of hydrogens Chemical shift
H, methyl hydrogen y or further from §=0.5—1. 05
aromatic ring
Hg aliphatic hydrogen f8 or further 6=1.05—2.0
from aromatic ring
H, aliphatic hydrogen « to 0=2.0—4.5
aromatic ring
Hou phenolic hydrogen 0=4.5—6.0
H.. aromatic hydrogen 0=6.0—9.0
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Table 4 Distribution of various types of hydrogens
from 'H NMR

Final
. H./H Hou/H H,/H Hy/H H,/H
temperature/ C

350 0. 05 0.01 0.18 0.73 0.01
400 0. 06 0.01 0.21 0.7 0.01
450 0.07 0.01 0. 25 0. 66 0.01
500 0.08 0.01 0.21 0.68 0.02
550 0. 08 0. 01 0.21 0.68 0.03
600 0.07 0 0.21 0. 69 0.02
650 0.07 0 0.21 0.7 0.02
700 0.08 0 0.22 0.68 0. 03
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Table 5 Elemental analysis of oil samples

Final
e /% H/% 0/% C/H  O/H

temperature/ C

350 83.18 10. 11 3.04 0. 686 0.019
400 84. 85 11. 22 1. 13 0. 630 0. 006
450 84.79 10. 42 1. 39 0.678 0.008
500 84.02 10. 40 1.82 0.673 0.011
550 83.93 10. 48 1.93 0. 668 0.012
600 84. 04 9.99 2.31 0. 701 0.014
650 84.28  10.47 1. 35 0.671 0. 008
700 84. 36 10. 35 1.52 0.679 0.009
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Table 6 Nomenclature and equations of structural parameters
No Symbol Structural parameter Equation
~H— . _ .
1 Ja aromaticity fa:L’ Hol/z- (H, +‘H'3)/H 1/3 - Hy/H
C/H
< L . Ha H./H+1/2 - H,/H+O/H
2 H../C. degree of aromatic ring condensation C. ~Cc/a—1i/z- /0 -1/2- H,g/H*l/S TH, /0
. . . . R A .
3-1 Cacus) number of aromatic carbons per unit structure Cacus) *Wfl(pcrrtypc)d
N . . N 3 )
3-2 Cacus number of aromatic carbons per unit structure Cacue) :m(cataftypc)@
4 Chtue number of aromatic peripheral carbons Cpus) = Hau/Ca * Cucus)
p atic rings _ Catwo —Chaun
5 Racus number of aromatic rings Racus = 2 +1
. . L . B H,/H-+1/2
6-1 Oal degree of aliphatic substitution of aromatic ring Cal = OO 1/20 0, /0 C0/1
6-2 | f ren substituti = O/H
Go degree of oxygen substitution % = /- 1/2  IL/HT0/H
6-3 Ototal degree of total subtitution Grotal = 0al TG0
7 N chainsCus) number of aliphatic substitutions in unit structure N ehainscus) = Cpcue) 0al

10

11

13

16

17

Ru( us)

Chcus

Sa

My s

R\(m)

Mw

number of carbons per aliphatic substitution

number of aliphatic carbons

atomic H/C ratio of aliphatic substitution

number of naphthenic rings

naphthenicity

naphthenic carbons in unit structure

fraction of alkyl carbon to total carbon

average unit structural weight

total number of rings per unit structure

number of units per molecule

average molecular weight
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Table 7 Results of structural parameters calculation
Parameter Final temperature/C
350 400 450 500 550 600 650 700
fa 0.332 0.273 0.324 0.329 0.319 0. 349 0.312 0.323
H../C. 0.699 0.997 0. 925 0. 881 0.922 0. 775 0. 871 0. 909
Cacus) (peri-type) 13. 34 6.04 7.18 8.03 7.24 10. 65 8.22 7.48
Cacus) Ccata-type) 15. 10 6.03 7.06 7.88 7.11 10. 90 8.08 7.34
Couo 9.32 6.02 6. 64 7.07 6.67 8. 25 7.16 6. 80
Racus 3.01 1.01 1.27 1. 48 1. 28 2.20 1.53 1. 34
Cal 0. 57 0.61 0.62 0. 54 0. 54 0. 55 0. 58 0. 55
Oo 0.12 0. 04 0. 04 0. 05 0. 06 0.08 0. 04 0. 05
Giotal 0. 69 0. 65 0. 66 0.59 0.59 0.63 0.62 0. 60
N chainsus) 5. 28 3.69 1. 09 3. 80 3.57 4.58 4.13 3.75
n 5.09 4. 37 3.67 4. 30 4. 33 4.35 4. 40 4.18
Cacus) 26.90 16.11 14.99 16. 35 15. 48 19. 90 18. 15 15. 70
A 2.01 2.01 2.01 2.02 2.02 2.02 2.01 2.02
Rucus) 2.54 1.79 1. 99 1.78 1.62 2.14 1. 93 1.71
fn 0.243 0. 384 0.321 0. 333 0.352 0. 266 0. 314 0. 331
Cacus 9.79 8.50 7.12 8.12 7.99 8.12 8. 27 7.68
Sfal 0.425 0. 344 0. 355 0. 338 0. 330 0. 386 0. 375 0. 346
Mwus) 557.29 303.71 302. 58 334.08 312. 26 419. 42 359. 94 317. 22
Ricus 5.55 2. 80 3. 26 3. 26 2.90 4. 34 3. 46 3.05
n’ 0.753 0. 806 0.971 1. 005 1.233 1. 107 1. 164 1. 485
Mw 419. 43 244.70 293. 69 335. 77 384. 96 464. 46 418. 80 471. 00
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