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Effect of pretreatment methods on determination of diamondoids in crude oils
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Abstract; The content of diamondoids in crude oils of different density from the Junggar Basin was analyzed by
gaschromatography—mass spectrometry—mass spectrometry to investigate the effect of group component separation
and direct injection on the determination of diamondoids in crude oils. The group component separation method
will result in the loss of adamantane from crude oils, especially a large loss of single adamantanes with relatively
lower density. However, the group component separation method is conducive to the enrichment of low-mass
adamantane compounds in low-maturity crude oils, especially the diadamantane compounds which are less affected
by volatilization, and thus more favorable for detection. The group component separation process has little effect
on the isomerization index of adamantane, but has a great influence on the concentration index. Therefore, in
order to reduce the loss of diamondoids during preparation, complex pretreatment should be avoided as much as
possible. The direct injection method is the best pretreatment method for the determination of adamantane
compounds in normal oils, light oils and condensates. For some low-maturity crude oil samples, the group
component separation method can be considered.
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Table 1 Physical properties of crude oil samples of different density in Junggar Basi
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Fig.1 Comparison of repeating experimental chromatograms of diamondoids in crude oils
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DMAI-2=1,3-DMA/ (1,3-DMA+1,4-DMA)

TMAI-1=1,3,5-TMA/ (1,3,5-TMA+1,3,4-TMA)
TMAI-2=1,3,5-TMA/ (1,3,5-TMA+1,3,6-TMA)
MDI=4-MD/ (4-MD+1-MD+3-MD)
DMDI-1=4,9-DMD/ (4,9-DMD+3,4-DMD)
DMDI-2=4,9-DMD/ (4,9-DMD+4,8-DMD)
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Table 2 Comparison of repeating experimental data of diamondoid content in crude oils

sty {REE R/ s I TR
45 TR/ %
HFR 45 I I I Jii
1 EALlPS A 1490 1490 16675420 16 163 048 3.20
2 1 - B4 R 1-MA 15.74 1574 87 169 491 84 891 727 2.70
3 1,3-Z 4Rk 1,3-DMA 16.50  16.50 114 146 164 111 334 378 2.50
4 1,3,5- = H ARk 1,3,5-TMA 17.06 17.06 15802 698 15419 298 2.50
5 1,3,5,7-D4 4 Wi 1,3,5,7-TeMA  17.49 17.49 1 650 336 1 602 025 3.00
6 2- B4Rt 2-MA 18.57 18.56 63455111 61 442 665 3.30
7 14— 34 Wil (i) 1,4-DMA ( cis) 19.19  19.19 33263 885 32246 621 3.20
8 1,4-Z R4 NI () 1,4-DMA(trans)  19.43  19.43 32443 427 31 798 565 2.00
9 1,3,6-=H 34Nk 1,3,6-TMA 19.88 19.88 19 586 417 19 015 655 3.00
10 1,2-Z 4 Nk 1,2-DMA 20.69  20.69 28924 675 28 027 048 3.20
11 1,3,4- = H 34Nk (i) 1,3,4-TMA(cis) 21.15  21.15 19710 104 19 183 067 2.70
12 1,3,4-=HEENILE () 1,3,4-TMA(tans) 21.38  21.38 19 126 821 18 773 589 1.90
13 1,2,5,7-DYH L4 Fl ke 1,2,5,7-TeMA  21.66  21.67 8 194 503 7992 695 2.50
14 1-Z 34Nk 1-EA 21.86  21.86 7553953 7283 981 3.70
15 2,6-+2,4- " HI Z 4 Wl 2,6-+2,4-DMA  22.18  22.19 19163 747 18 601 130 3.00
16 1- 2,3 -3-H F 4 NIl 1-E-3-MA 22.54  22.54 9061392 8666 767 4.60
17 1,2,3-=H R4 NIk 1,2,3-TMA 22,72 2273 21947 174 21299 672 3.00
18 1-2.3-3,5- e Rk 1-E-3,5-DMA  23.06  23.05 2720856 2690 683 1.10
19 2-Z KA R 2-EA 23.23 2323 19677778 19 076 017 3.20
20 1,3,5,6- 10 54 NIl 1,3,5,6-TeMA  23.42  23.42 2249 487 2222377 1.20
21 1,2,3,5- P4 F 54 Wil 1,2,3,5-TeMA  24.40  24.41 6538226 6451 992 1.30
22 1-2.3£-3,5,7- = H L R%E 1-E-3,5,7-TMA  24.60  24.60 8 765205 8 709 664 0.60
23 W4z Wil D 35.07  35.08 4168032 3973283 4.90
24 4— R R4 W e 4-MD 35.83  35.83 20334095 19 636 778 3.60
25 4,9 H H X4 Wt 4,9-DMD 36.51  36.52 5730016 5516490 3.90
26 1 004 Wil 1-MD 37.56  37.56 9510263 9387 863 1.30
27 1,4-+2,4- " H I 4Rt 1,4+1,2-DMD  37.84  37.84 3391234 3321998 2.10
28 4,8- " H XL Wt 4,8-DMD 38.05  38.05 3595470 3476 310 3.40
29 1,4,9- = FF B4 Nl ke 1,4,9-TMD 38.27  38.29 2177 884 2142075 1.70
30 3— B4 WA 3-MD 38.68  38.69 19970373 19 549 491 2.20
31 3,4- " H WL &R 3,4-DMD 3934 39.35 10895911 10 719 764 1.60
32 3,4,9- = H W4 Wk 3,4,9-TMD 39.86  39.87 535 120 526 203 1.70
Rl AN PSR R M e e
x3 FEHPFENREESYRBLEREREERESESHEITL
Table 3 Comparison of the isomerization index and concentration
index repeatability of diamondoids in crude oils
BRI S =AM
L7 — /% izt — /%
I I I I
MAI 0.66 0.66 0.20 As/Ds 1232 12.25 0.60
FAI 0.53 0.53 0.30 A/D 4.46 4.50 0.80
{[ﬂiTJ DMAI-1 0.80 0.80 0.10 4 A/1-MA 0.45 0.45 0.50
éf DMAI-2 0.64 0.64 0.00 N}ﬂ 1-MA/1,3-DMA 0.73 0.73 0.20
% TMAI-1 0.29 0.29 0.10 r{i?_ 1-MA/4-MD 0.29 0.29 0.30
ﬂé TMAI-2 0.45 0.45 0.30 % MAs/DMAs 7.74 7.74 0.00
,f% MDI 0.41 0.40 1.00 b A/MAs 0.56 0.56 0.20
DMDI-1 0.35 0.34 1.40 MAs/MDs 4.82 4.76 1.20
DMDI-2 0.61 0.61 0.20 DMAs/MDs 8.64 8.56 0.90
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Fig.2 Comparison of diamondoid content in crude oils obtained by two pretreatment method
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Table 4 Comparison of diamondoid content in crude oils obtained by two pretreatment methods
HAEH R/ 1070 W5y 53 B/ 107 BIRH/ %
I AR
MNOO1  HI101 XY22 J30 MNOO1  H101 XY22 J30 MNOO1  HI101 XY22 130

1 A 193.37  34.26 13.15 0.76 171.99  25.40 10.90 0.62 11.10 25.90 17.20 18.70
2 1-MA 382.10 61.98 27.65 0.81 332,12 46.20 23.91 0.77 13.10 25.50 13.50 4.70
3 1,3-DMA 241.33  37.16 20.88 0.39 199.31  29.26 17.76 0.39 17.40 21.30 14.90 0.70
4 1,3,5-TMA 87.67 11.75 7.83 0.04 72.58  10.10 6.84 0.07 17.20 14.10 12.60 -70.80
5 1,3,5,7-TeMA 8.64 1.37 0.73 0.02 8.38 1.32 0.67 0.01 3.00 3.30 8.30 20.30
6 2-MA 320.62  59.81 25.03 1.18 255.14 4494 21.80 1 20.40 24.90 12.90 15.90
7 1,4-DMA(cis) 206.67 34.12 17.54 0.40 155.27  26.17 15.21 0.39 24.90 23.30 13.30 2.80
8 1,4-DMA(trans) 198.67 32.96 16.84 0.45 155.49  26.17 14.62 0.36 21.70 20.60 13.20 19.60
9 1,3,6-TMA 165.34  25.34 15.37 0.21 133.38  22.53 13.67 0.28 19.30 11.10 11.10 -31.60
10 1,2-DMA 143.34  31.54 18.78 0.60 103.70  18.97 14.79 0.47 27.70 39.90 21.20 22.00
11 1,3,4-TMA(cis) 126.01 18.38 14.47 0.21 107.22  16.90 12.72 0.25 14.90 8.00 12.10 -21.40
12 1,3,4-TMA(trans) 125.16  19.25 14.95 0.29 77.95 16.20 12.65 0.27 37.70 15.90 15.40 4.90
13 1,2,5,7-TeMA 61.48 8.08 7.21 0.06 52.71 8.05 6.75 0.06 14.30 0.30 6.30  -8.60
14 1-EA 50.98 9.61 4.90 0.95 34.91 6.85 4.30 0.87 31.50 28.70 12.30 8.60
15 2,6-+2,4-DMA 117.58 23.50 14.00 0.85 83.02 18.02 12.22 0.77 29.40 23.30 12.70 9.50
16 1-E-3-MA 57.91 9.75 6.79 0.84 45.00 7.76 5.46 0.43 22.30 20.40 19.60 48.30
17 1,2,3-TMA 196.46  29.83 22.95 0.61 152.94  27.06 21.20 0.49 22.20 9.30 7.60 19.50
18 1-E-3,5-DMA  21.28 3.19 2.44 0.21 17.84 2.92 2.30 0.14 16.20 8.70 5.70 35.40
19 2-EA 114.23  23.06 14.66 1.57 76.53  16.94 12.47 1.44 33.00 26.50 15.00 8.30
20 1,3,5,6-TeMA 19.78 1.93 3.47 0 16.78 1.87 3.33 0.04 15.10 3.50 4.10 -
21 1,2,3,5-TeMA 7497 12.67 7.58 0.53 65.59 12.23 7.19 0.56 12.50 3.40 5.10  -4.80
22 1-E-3,5,7-TMA 117.40 19.31 14.12 0.42 96.78  18.61 12.92 0.31 17.60 3.60 8.50 24.90
23 D 13.14 5.91 3.92 2.82 15.76 3.74 3.13 0.84  -20.00 36.80 20.00 70.40
24 4-MD 24.18 4.94 3.98 4.36 18.70 4.74 3.48 3.03 22.70 4.00 12.60 30.60
25 4,9-DMD 6.83 1.09 1.72 0 6.48 0.98 1.72 0 5.10 10.40  -0.10 -
26 1-MD 7.81 1.75 1.68 0 7.34 2.15 1.36 1.61 6.10 -23.00 19.10 -
27 1,4+1,2-DMD 4.02 0.69 0.79 0.46 3.88 0.70 1 0.33 3.40 -1.90 -26.80 27.40
28 4,8-DMD 3.97 0.96 1.04 0.38 3.89 0.99 0.79 0.59 2.10 -2.90 2420 -54.30
29 1,4,9-TMD 1.68 0.50 0.50 0 1.98 0.47 0.48 0.07  -17.30 5.50 4.80 -
30 3-MD 36.92 9.04 6.58 0 31.26 9.54 5.29 0.56 1530 -5.50 19.60 -
31 3,4-DMD 18.07 3.45 5.26 0.81 18.17 3.60 4.93 0.79 -0.50 -4.20 6.40 2.40
32 3,4,9-TMD - - - - - - - - - - - -
33 As 3031.01 508.88 291.35 11.40 2 414.65 404.47 253.69 9.99 20.30 20.50 12.90 12.40
34 Ds 116.63  28.34 25.48 8.83 107.46  26.91 22.18 7.82 7.90 5.10 12.90 11.50
35 Total 3 147.64 537.22  316.83 20.23  2522.11 431.38 275.87 17.81 19.90 19.70 12.90 12.00
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Fig.3 Comparison of isomerization index and concentration index of diamondoids obtained by two pretreatment methods
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Table S5 Comparison of isomerization index and concentration index of diamondoids obtained by two pretreatment methods
JEEE3R A TR 5343 B 22/ %
Ei= AN E A
MNOO1  H101 XY22 J30 MNOO1  HI101 XY22 J30 MNOO1  HI101 XY22 J30
MAI 0.54 0.51 0.52 0.41 0.57 0.51 0.52 0.44 4.00 0.40 0.30 7.50
EAI 0.31 0.29 0.25 0.38 0.31 0.29 0.26 0.38 1.50 2.10 2.40 0.20
;JTJ DMAI-1 0.63 0.54 0.53 0.39 0.66 0.61 0.55 0.45 4.80 12.20 3.60 15.00
FiE DMAI-2 0.37 0.36 0.38 0.31 0.39 0.36 0.37 0.34 4.70 0.60 1.20 8.20
55 TMAI-1 0.26 0.24 0.21 0.07 0.28 0.23 0.21 0.11 8.80 1.80 1.00 54.20
ﬂé TMAI-2 0.35 0.32 0.34 0.16 0.35 0.31 0.33 0.20 1.70 2.30 1.20 24.00
?F/% MDI 0.35 0.31 0.32 1.00 0.33 0.29 0.34 0.58 7.00 8.10 5.60 41.80
DMDI-1 0.27 0.24 0.25 0.26 0.21 0.26 4.10 11.10 5.20
DMDI-2 0.63 0.53 0.62 0.62 0.50 0.69 1.10 6.50 10.10
As/Ds 25.99 17.95 11.44 1.28 22.47 15.03 10.44 1.28 13.50 16.30 8.70 0.40
A/D 14.72 5.80 3.36 0.27 10.91 6.79 3.48 0.51 25.90 17.20 3.60 174.30
4 A/1-MA 0.51 0.55 0.48 0.94 0.52 0.55 0.46 0.88 2.30 0.50 4.20 6.40
E]% 1-MA/1,3-DMA 1.58 1.67 1.32 2.09 1.67 1.58 1.35 2.01 5.20 5.30 1.70 4.00
w 1-MA/4-MD 15.80 12.54 6.95 0.19 17.76 9.74 6.88 0.26 6.40 0.90 4.50 8.30
% MAs/DMAs 0.77 0.76 0.60 0.74 0.84 0.77 0.61 0.74 12.40 22.30 1.10 37.30
b A/MAs 0.28 0.28 0.25 0.38 0.29 0.28 0.24 0.35 3.60 0.50 2.40 0.40
MAs/MDs 10.20 7.74 4.30 0.46 10.25 5.55 4.51 0.34 0.50 28.30 4.80 25.70
DMAs/MDs 13.17 10.12 7.19 0.62 12.16 7.22 7.37 0.46 7.70 28.70 2.40 26.00
T R AR R R 27-31.
[6] Wingert W S.G.C.—M.S. analysis of diamondoid hydrocarbons

(2) 38 32 X U 2 73 o 8 06 R ELIR R AR U5 2
b S AL B V5 R BUG A o3 oy BV 2 U
TR/ B TR WA S Wk o
THRRM SN G EE, TR R
PRAF RO (i 22 , i AT B M be A 5 o b
HT%FHE%&#E’D?&E TR AER S A >R FH e 2
Oy oy B LA TRTAL HE

S 3k

(17 % LR, 7% 5 W] R X WIS R AR 2 oty 26 ST AR B R

A ISAEEL )] T R fh 27, 1998,26(3) : 16-20.
ZENG Fangang, CHENG Keming. Thermal maturity of Lower
Palaeozoic marine carbonate rocks:a double adamantane index
study[ J].Geology—Geochemistry 1998 ,26(3) :16-20.

[2] STOUT S A,DOUGLAS G S.Diamondoid hydrocarbons : applica-
tion in the chemical fingerprinting of natural gas condensate and
gasoline[ J ] .Environmental Forensics,2004,5(4) :225-235.

[3] DAHL J E,MOLDOWAN J M,PETERS K E,et al.Diamondoid
hydrocarbons as indicators of natural oil cracking[ J]. Nature,
1999,399(6731) :54-57.

[4] GRICE K,ALEXANDER R,KAGI R I.Diamondoid hydrocarbon
ratios as indicators of biodegradation in Australian crude oils[J].
Organic Geochemistry,2000,31(1) :67-73.

[5] fERES, B0, B Hhsg, 5 RBE5T IRim S Nkl a4 KO
FEM SR R[] ] IR, 2012(2) 27-31.
REN Kangxu, HUANG Guanghui,XIAO Zhongyao, et al. Appli-
cation of diamondoids to hydrocarbon migration in Dawangi oil-

field, Tarim Basin[ J].China Petroleum Exploration,2012(2) .

[7]

[8]

[9]

[10]

[11]

[12]

in Smackover petroleums[ J|.Fuel ,1992,71(1) ;37-43.

WEI Zhibin, MOLDOWAN J M,PETERS K E, et al.The abun-
dance and distribution of diamondoids in biodegraded oils from
the San Joaquin Valley: implications for biodegradation of dia-
mondoids in petroleum reservoirs [ J ]. Organic Geochemistry,
2007,38(11) :1910-1926.

CHEN Junhong, FU Jiamo,SHENG Guoying, et al. Diamondoid
hydrocarbon ratios: novel maturity indices for highly mature
crude oils[ J ].Organic Geochemistry,1996,25(3/4) ;:179-190.
SCHULZ L K, WILHELMS A ,REIN E, et al. Application of dia-
mondoids to distinguish source rock facies[ J]. Organic Geo-
chemistry,2001,32(3) :365-375.

ZHANG Shuichang, HUANG Haiping, XIAO Zhongyao, et al.
Geochemistry of Palaeozoic marine petroleum from the Tarim
Basin,NW China.Part 2:maturity assessment[ J].Organic Geo-
chemistry,2005,36(8) :1215-1225.

SRITIE RIS ARAR S T T 4 W Al B R S8 A
TPk [I] AT S s 3, 2015,37(6) :796-801.

ZHANG Wanfeng, TONG Ting, LI Donghao,et al. A novel method
for the determination of diamondoids in crude oils[ J ]. Petro-
leum Geology & Experiment,2015,37(6) :796-801.

SRS AR HRSL A5 R T Rt v A W e g B0k 2 B
Hrib AT R A A )] 4k, 2011,39(4) :496-500.
ZHANG Kuiying, YANG Baijuan,ZHENG Li,et al.Crude oil iden-
tification based on diamondoid fingerprinting concentrations by
semiquantitative method [ J ].Chinese Journal of Analytical Che-

mistry,2011,39(4) :496-500.
(F3% 930 W)



- 930 - & & B

B C RS

[14]

[16]

[17]

[19]

[20]

REAS IRAL, 3RS , 5578 WM 4t T L IR A O IX
SGIRAR DX A R 2 S BT SR A [ 0] T 3 B 5 U 22 b
Ji,2015,35(4) :49-61.

LIU Zhijie ,LU Zhenquan ,ZHANG Wei, et al.Assessment of accu-
mulation conditions for medium-deep oil in Ledong area of the cen-
tral diaper belt, Yinggehai Basin[J].Marine Geology & Quaternary
Geology,2015,35(4) :49-61.

ZEVK.SEC FRUER E A FUE M ST ST ] A i S0 b
J5,2014,36(3) :381-384.

LI Bing.Determination of parameters for volumetric method based
on SEC rules [ J]. Petroleum Geology & Experiment, 2014,
36(3) :381-384.

sk, 2= B R A B EHEAE KRR P BT [T ).
RIRSHAR ,2009,13(6) :20-21.

YANG Lin, LI Xiaoping, TANG Ling, et al.New application of
material balance method to water-encroached gas reservoir[ J .
Natural Gas Technology,2009,13(6) ;20-21.

TN TP IR R, S5 B IE AU B0 ) B R S R
BB J] ARl R, 2018,25(2) :95-98.

XIN Cuiping, WANG Yongke ,XU Yunlin,et al.Tight gas reser-
voir dynamic reserve calculation with modified flowing material
balance[ J ].Special Oil & Gas Reservoirs,2018,25(2) ;95-98.
TR, IS MR, A5 T B S S T A R[]
Wi e < 1 ,2017,24(3) :396-400.

ZHANG Maolin, YUAN En, MEI Haiyan, et al. New material
balance equation for shale gas reservoir[ J].Fault-Block Oil and
Gas Field,2017,24(3) :396-400.

R X258 AR LA ST T e i B BT A R [ T].
FERI I, 2018 ,25(3) : 170-176.

LU Jiang, DENG Xiaoliang. Application of nonlinear statistics in
hydrocarbon resource assessment[ J].Special Oil & Gas Reser-
voirs,2018,25(3) :170-176.

LV, ERIE, BRfd, 45 B 13- 1 R S ROT R SR 5 52
BE[ )] P EHT,2017,29(1) :52-58.

(E#% 922 )

[13]

[14]

[15]

LIANG Qianyong, XIONG Yonggiang, FANG Chenchen, et al.
Quantitative analysis of diamondoids in crude oils using Gas
Chromatography — Triple Quadrupole Mass Spectrometry [ J].
OrganicGeochemistry ,2012,43:83-91.

GETI5E , ARk, PR PRI, A5 PRI RE I Hh g Ml L &
P77k 9% RIS [ )] e ERA S, 2012,41(5) :433-441.
LIANG Qianyong, XIONG Yonggiang, FANG Chenchen, et al.
Comparison of two methods for the determination of diamondoids
in crude oils[ J].Geochimica,2012,41(5) :433-441.

WRBOM, XUBE , b8, 8. R T4 W bt 38 AR 15 U FH34) B
SRERT I A A AN ST [T ] TR S 4, 2008, 26 (4) -
705-708.

CHEN Zhilin, LIU Xuan, JIN Hongrui, et al.Study on conden-

[21]

[22]

[23]

[24]

[25]

[16]

[17]

JIANG Ping, WANG Wenjuan, CHEN Jian, et al.Strategies and
practices of efficient development in YC13-1 gas field[ J ].China
Offshore Oil and Gas,2017,29(1) ;:52-58.

W, XA kXU, A I 13- 1 S BEFT K ™ AR
PEHUEERFTEL )] AT TR ,2016,35(6) :40-44.

TANG Mingguang, LIU Qinghua, ZHANG Fengho, et al. Study
on the condensate water-producing law in the Yacheng 13-1
gasfield[ J].Petrochemical Industry Application,2016,35(6) :
40-44.

FRARIIR , AR, AR I, 45 R B AR A 13 -1 U
L FR I K 2 VB Il R el OBV AR B A [ T ] ol B
#2,2014,16(3) :385-400.

ZHAO Dongna,ZHU Xiaomin, LIN Jincheng, et al.Sedimentary
characteristics and evolution of transitional belt of the Paleogene
Lingshui Formation in YA13-1 gasfield of Qiongdongnan Basin,
South China Sea[ J].Journal of Palaeogeography,2014,16(3) :
385-400.

BB, 2B, K SCHR , A5 R A LR R SR e B 4 A
G35 R SEL T ] TN, 2015,22(6) :837-840.
GENG Xinzhong, LIU Xuekai,ZHANG Wenjuan, et al.Pressure
loss analysis and compatibility research on compressor depres-
surized gas production system [ J].Fault—Block Oil and Gas
Field,2015,22(6) :837-840.

FV, T2 AR AR AR TE A T 1- 1 R
RYRLFH[ )] 22 RT2%,2012,19(2) :87-94.

JIANG Ping, YU Xinghe, HUANG Yueyin, et al. Application of
reservoir characterization techniques in DF1-1 gas field [ J].
Earth Science Frontiers,2012,19(2) :87-94.

FH R, ERE AT -1 THRAIA A — M558
XA ] A WRSGTT A ,1999,26(2) :15-18.

DONG Weiliang, HUANG Baojia. Heterogeneity of natural gases
and the episodic charging process:a case study for Dongfang 1-1
gas field, Yinggehai Basin[ J].Petroleum Exploration and Deve-
lopment, 1999 ,26(2) :15-18.

sate maturity and type using methyl diamantane parameter[ J].
Acta Sedimentologica Sinica,2008,26(4) .705-708.
FR/ANSC AT A REL L. TP X4 1 e 228 2 8 R 138 15 6
FALI] MR 1 4R ,2007,26 (1) :71-76.

GUO Xiaowen,HE Sheng,CHEN Honghan.Discussion and applica-
tion of the maturity indicators of methyl double diamantane hydro-
carbons [ ] ]. Geological Science and Technology Information,
2007,26(1) :71-76.

ek N G WA DLHR AL # T B BRI [T ]. R
RRIbEREF,2016,27(5) :851-860.

MA Anlai. New advancement in application of diamondoids on
organic geochemistry [ J ]. Natural Gas Geoscience, 2016,
27(5) :851-860.

(w8 W)



