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Fig.1 Bond-line molecular structure diagrams of

adamantane and diamantane
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Fig.2 Well location distribution of the study area
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Table 1 Well name and physical properties of the oil samples in the study area
e =4 R R ’ BB SRR WER S Skh BEREDS %fm tg i
/m /(g/em®)  /(mPa-s) /% /% /% /% /% /°C /(m*/m*)
i 39 AR 5784 0.884 4 31.07 12.1 1.4 0.44  0.366 — 14 12197 11.04
391 MR 5927 0.821 6 2.007 11.08 — 0 0.28 2.01 28 9760 7.44
7 38 HEgHR 5725 0.8253 2.234 5.6 0.13 0 0.19 0 11.16 9 300 12.82
1l WEFR 5229  0.8499 7.643 14.9 0.8 0.17 0177 — 24 5 386 6.75
kB 2 WEFR 5423 0.8856 19.25 18.3 2.4 1.2 0.54 16 20 3526 4.27
M 10 WM R 5283 0.853 6 7.93 16.6 0.02 0.33 — 0 22 3227 10.08
B 101 WHZR 5447 0.8405 4.09 14 4 0.53  0.223 — — 2361 5.69
il 4 WPR 5278 0.778 9 8 0.1 0 0.31 0 — — 108 8.50
By 7-5-1 WHR 5258 1.014 5 1005 3.2 1.11 8.19 1.35 — — 95 —

T <l 00 % R 0 o B A 20 °C 5 86 B2 Sy 50 “Cl 0 BB s 1 07 Lo A RIS B ik /05 K A i — O B S A A BOR A
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443 R FH AR €83 — T 1% 56T B2 R (GC-MS) Ml 2
JEAH Y Cog aca 20R B S e A M br W) . N T X R
T 4 W R B4 A W B E R 2 o AT, O R
O3 A B W ot A5 AR Wk 4 A3 R AR SCRIF 5 X
AW AL G AT TR 3 — S — T 4 AT (GC-
MS-MS) 7 LA (18 52 56 46 00 2% 14 43 0 A F

(D)4 35 40 o 1 A9 2 HPE6S9ON X 44§ |
Bt % HP-PONA #F (#145 19091S-001, £ 50 m, H.1%
0.2 mm, B 0.5 pm) o 43 B F% 44 < HE B 113 B o
300 °C, & KK 2% (FID) 38 B 4y 320 °C., FH i 2
JF B UR R 40 °C L, H IR 12 min, 485 LA 3.5 °C/min
Y 2 TE 2 310 °C,H AR 47 25.86 min. 2N A
AL AR R 1.0 mL/min,
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Table2 Calculated parameters of aromatic hydrocarbon

maturity in oil samples from the Lungu area

e MPDF RJ1/% MPI-1 R2/% MDR R3/%
BH39 051 0.99 098 099 1087  0.95
B 391 047 0.88  0.80 0.8 532 075
A3 0.50 096 085 091 685 081
BE 1l 052 099 092 095 1319  1.03
il 2 0.50 0.95 097 098  6.64 080
W10 0.51 098 078  0.87 679  0.80
101 048 092 089 094 784 084
4 0.47 089 081 0.8 829 086
By 7-5-1 043 0.80 0.65 0.79 3.93 0.70

T MPDF=(3-+2)H1 3£ 46 /(1-+2-+9-+3) P #3F; R1=
2.242XF1—0.166; MPI-1= 1.5 (2-+3-)H 33k /G + 1-HF 34k +
9-HIJLFE); R 2= 0.6 X MPI-1+0.4; MDR=4-H1 3 — 3 JF-mE ) /1-H

TR IFEWY; R.3=0.036 X MDR+0.56
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Fig.3 GC-MS-MS spectrums of adamantane compounds in oil samples from Well Lungu 39
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Table 3 Identification results of diamondoid series

compounds in oil samples from the Lungu area

=
e
qao

m/z /min
1 ARl C,H,;, 136~93 6.11
2 1-FP 5 20 4 M o C,H,, 150~135  6.40
3 13- P o 4 W g C,H, 164~149  7.62
4 1,3,5- = F 0 4 Rl e CpH, 178~163  6.64
5 1,3,5,7-PO B4Rl C L H,, 192~177  7.82
6 2-F 3k 2p 4 W ot C,H, 150~135  7.93
7 1L 4-THERENEE(RE)  C,H, 164~149  8.52
8 1 A-“HILRENILE () C,H, 164~149  8.89
9 1,3, 6-= F B 50 4 W A C,H,, 178~163  9.30
10 1,2- 1 L P 4 Wil ot C,H, 164~149  9.85

11 1,3, 4-=HFHEPERILE L) C3H, 178~163  6.82
12 1,3, 4-=HHEPHERAILE () CH, 178~163  8.06
13 1,2,5,7-WW GRS C H, 192~177  8.67
14 1-ZHE 54 Wt C,H,, 164~135  8.78
15 2,6+2,4-"HERENIE  C,H, 164~149  9.38
16 1-23E-3- LB A WbE  CLH,, 178~149  9.48
17 1,2,3- = F 00 4 Rl e CH,, 178~163  6.95
18 1-Z3E-3,5-“HEER &L C,H, 192~163  8.86
19 2-Z 530 4 W e CpH,, 164~135  9.56
20 1,3,5,6-WH LM ENILE  CL,H, 192~177  9.79
21 1,2,3,5- BB AN C,H, 192~177  10.29
22 1-Z0-3,5,7- WA ARG C Hyy 192~177 1043

23 X4z Wil C,H, 188~131  17.39
24 4-FT 34 W o C.H,, 202~187 17.82
25 4,9~ R U4 M b CH, 216~201  18.94
26 1- P56 04 M o C,H,, 202~187  20.00
27 1,442, 4-ZHIEXERIBE CyH,, 216~201  18.21
28 4, 8- B4 WA CH,, 216~201  19.21
29 1,4, 9- = T B304 Wil e C,H,; 230~215  19.39
30 3- F B T 42 W e CH,, 202~187  20.38
31 3, 4- XA W45 CH,y 216~201  19.43
32 3,4,9-= HIAL R4 Wl e CHyy 230~215 2170
LS.-1 D - 24 W ot C,Dy 152~102  5.96
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Fig.4 The calculation method of mass depletion by gas washing in the Lungu area
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Table 4 Effect of gas washing on quantitative model

parameters of crude oil composition change

5 r a5 0 AL R’ LR (Q) /%
il 39 28 0.992 4 0.799 2
#7391 27 0.997 4 0.8338
k7l 38 27 0.998 2 0.792 9
iy 11 22 0.986 4 0.787 2
410 19 0.994 4 0.753 7

LI 19 0.988 8 0.657 8
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Table 5 Proportion of diamondoids homologues in oil samples from the Lungu area

e S WIBER 2 &L/ % As Ds (As+Ds)
A MAs DMAs TMAs TeMAs D MDs DMDs TMDs /(pg/g)  /(pg/g)  /(pg/g)

il 39 3.84 33.59 27.86 11.07 2.12 2.44 6.62 3.36 1.03 1112.11 172.75 1284.86
il 391 3.45 34.38 30.17 11.97 2.26 1.84 4.88 2.23 0.65 1421.20 151.02 1572.22
1l 38 2.72 32.15 31.21 13.88 2.69 0.89 4.72 2.80 0.95 2515.33 260.16 2775.49
b1l 3.44 34.15 30.86 12.74 2.32 1.29 4.36 2.60 0.85 2405.39 241.14 2 646.53
2 2.55 30.39 29.64 12.84 2.45 1.76 7.07 3.86 1.25 943.60 152.85 1096.45
10 2.53 31.74 31.43 13.67 2.52 0.76 4.90 2.85 1.01 2546.12 267.54 2 813.66
ety 4 2.47 30.93 31.20 14.43 2.66 2.25 4.15 2.23 0.75 1299.70 134.47 1434.17

ey 7-5-1 1.52 24.24 27.07 13.39 2.69 3.69 10.44 4.50 1.39 655.54 164.10 819.65
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ZHSEEO B 4 W s TeM A : DU F LB 842 Wil oe s MDs :
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Table 6 Percentage content of each isodiamondoid compounds in different oil samples
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Fig.7 Partial mass chromatograms of diamondoid series isomers in the oil samples with different maturity
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Table 7 Activation energy increments for adding
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Abundance difference and influence mechanism of different diamondoid isomers in crude oil:

Taking Lungu area of Tarim Basin as an example

WANG Ruilin', WANG Ting"*,ZHU Guangyou’, WANG Meng’,ZHANG Zhiyao', WEN Zhigang'
(1. Hubei Key Laboratory of Petroleum Geochemisiry and Environment (Yangtze University), Wuhan 430100, China;
2. State Key Laboratory of Organic Geochemistry, Guangzhou 510640, China;

3. Research Institute of Petroleum Exploration and Development, PetroChina, Beijing 100083, China;

4. School of Earth Resources, China University of Geosciences(Wuhan), Wuhan 430074, China)

Abstract: Crude oil from the Lungu area of the Tarim Basin is mainly affected by gas washing and thermal
cracking, which makes the oil enriched in diamondoids. This study applied GC-MS-MS on the whole oil sam~-
ples for quantitative analysis of diamondoids. It was found that, either among the diamondoid isomers or the ho-
mologs, the oils at relatively low thermal maturity show the dominant abundance of secondary-substituted dia-
mondoid isomers, while oils with higher thermal maturity show the dominance of tertiary-substituted isomers.
The abundance difference of diamondoid structural isomers from the oils with a range of thermal maturity can be
potentially used as a qualitative scale for oil maturity, especially at high thermal stage. The valence bond theory
is used to figure out the chemical mechanism behind the aforementioned phenomena. Compared with that one
sp® hybrid orbital is occupied by C-H single bond in the secondary-substituted isomer, the four sp® hybrid orbit-
als in the tertiary-substituted diamondoid isomer are occupied by C-C single bond making the whole molecule
more stable. The coincidence degree of the atomic orbits in the tertiary-substituted isomers is higher with a great-
er bond dissociation energy than the secondary-substituted, which could be attributed to the observation that the
thermal stability of diamondoid isomer with methyl substitution at bridgehead (tertiary-substituted) is higher than
that of secondary-substituted methyl isomer. At the same time, the physical trait of decreasing saturated vapor
pressure of compounds with increasing diamondoid carbon number explains the phenomena of differential enrich-
ment of diamondoid series compounds by gas washing.
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