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Analysis of polar compounds in biodegraded heavy oil by negative ion
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Abstract; To study the effect of biodegradation on the polar compounds in crude oil, the molecular composition
of polar compounds in heavy biodegraded oils from Santai—Beisantai area in the Junggar Basin were analyzed by
Fourier transform ion cyclotron resonance mass spectrometry ( FT—ICRMS). Results show that the heteroatomic
compounds in heavy biodegraded oils are mainly N,, N,0,, N,0,, O,, O0,S,, 0,, 0,S,, O,, 0,5, and O,.
With the increasing of degree of biodegradation, the relative abundances of O, class species in heavy oil increase
significantly, while N,, O,S,, 0,S,, O,, 0,8, and O, class species show a gradual decreasing trend. The
analysis of N, and O, class species with relative higher abundance in polar compounds show that as the degree of
biodegradation increase, the degree of condensation of N, and O, class species increase as well, indicating that
the polar compounds with higher degree of condensation have stronger ability of resistance for biodegradation and
consequently they can easier to be enriched, long alkyl branch-chain substituted compounds, on the other hand,
are easier to be consumed. For those seriously biodegraded oils, the relative abundance of O, class species is

the highest, and the acidic components are mainly monocyclic to tetracyclic naphthenic acids ( DBE of 2-5).
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FT-ICRMS has ultra-high mass resolution, which can study the chemical composition of polar macromolecular

compounds in crude oil from the molecular level, and provides a new technical means for the study of petroleum

geochemistry.

Key words: polar compound; Fourier transform ion cyclotron resonance mass spectrometry; biodegradation;

heavy oil; Junggar Basin

AR AR FH AR S5 1 R TR R R A o
RS, B AL B AAE AR A A R X
TN SRR R AR K, B RE AR B, AR 2%
SN e MERE (AR 40 ok gk AR ity 7t 90 T A £ o
TarE I, B, A 4 R e A e e — b 4y
AT TR Y E IR 3k i A g AR fige B 43 A
o3k, L A E U AL G A 2 I | e hr
A EE R XUSA I DL R AR = A —db = A i
X070 E A A R A B i A 2 o A R A T
TR ZWEE, FE XTI UCM 8840 1 40 1Y fif
Bt B Z AT T B IR, X K P fe A
N R IR | D NGEE 1 187 s - I
Bt SRS 2 ST A A T2 0 A7 A D 3l e S R )
FTH R R I B R R R, R A
AT TR 58 A W e figp ook A% T B AL LB B
IR & KA R B AR L,

PEAER TR SR P A P o3 A U v o
K S B S F T H I B — g 37 7 48 2 - [ g 4
PRI (ESI FT-ICR MS) (9% """, ESI HLE
TEIE 25 AT AT DA B8 e 5 oty v sl R
R, MAE B TR N Bk i B A vl rhrp
RS MamBgRAsY" . BF BN
HOP0R FT-ICR MS £ AR B T S b sk 1k 2
WEFT A0, BIFFE T DA AR B e R v B B )
WAL S A

AR SR A8 A 5§ 5 — (e 57 I A8 48 2 1 [m]
TR B3 A AR AR WFAE T B IR 2 AN [F) A= 9
ok e 2 2 e AR PR Ak B T 2 I B o AT AT

1 S S,

11 #miER
VNS R R — 5 — L =R X 4 A

*1

(] A5 A A R R ot | Bt A W B A A RS
JEH AR K, M #E 0.887 1~0.966 8 g/cm’ ; %
AS K50 °C R AMARTE 79.32~10 175.00 mPa - s; %8
R oy BB AR, AR+ B = T, o A A
13.64% ~28.30% (1) ,
1.2 EIMTHREFEELRRIES

A #8 R € [ Bruker /A F) Apex—Ultra {857
A B i SR PR BT % X (FT-ICR MS) , Bt 45
W% %5 HL B R (EST) o D A o SR T F R % At i) ok
10 mg/mLAYE TR, BUH 20 WL 7 3% H A/ H s
(1: DEWRWBEE 1 mL, Bl 0.2 mg/mL RS
£F ESI FT-ICR MS 43 , I3k i FH 423 3510 ok 4
B8l 283k Z IR 2518 5 43 BLAR O 1 WL 275 SOk
(237, i %o f A ok AL 1IE 5 (19 TUPAC Jit &
B 40 N Kendrick T 5 400, BLAAR T 30 R $5 405 i b
WS ER (23]

2 RS

2.1 AEEYIPEFEETRHPREL ST
HENE IR 45 b 2R3 = 5 —db = &5 ML IXOR [R) 2R
YRR P R AR AR K (1 1) TR AT LA
T1 B3 EAS e 8 3R 910 434 56 3% (H B e ik & 4 b
AELR TG, BLRH T1 383 ] 52 A R im
AR s T2 BN IE A e ke R 91 o A AR SE L (H
T R AT, A e LR T REE, S rh
JEE R At St s T3 AR IR G e e R 90 B A A %
JOEE ) I e o0 A e K IR B 5 9 R R T4
R AR ot J 2R 9] R R B 1) A ot S AR T FE
RIS, B ul i 5 T3 BEOR, Uk AH T4 B il A7 A=
YR AR R T ™ 5
MBI 18T ESI FT-ICR MS E (& 2) Hr]
VI ), AR A W e A B Bty s M Ak 4 o0 A

FEIBREM = 5 —1b = &t X T b BR UL F4F1E

Table 1 Geochemical characteristics of heavy oil
in Santai—Beisantai area, Junggar Basin
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Fig.1 Chromatogram of heavy oil in Santai—Beisantai area, Junggar Basin
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Fig.2 Negative ion ESI FT-ICR MS mass spectrum of heavy oil in Santai—Beisantai area, Junggar Basin
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Fig.3 Distribution of polar compound types of heavy oil in Santai—Beisantai area, Junggar Basin
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Fig.5 Relative abundance of N, compounds with different DBE in heavy oil of Santai—Beisantai area, Junggar Basin
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