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L, ©A Mk I m—K B R B R, K&
SRR L B R PR L D e K A o S
Wy, i HX R oA 25 5 BB R T A2 4 BT
M S A A B, AR MR AR, )
AAESE T e W 1 T —7K 3 BC R EORTI 5 i &
B2 ot ST AR ) s M 3K, BV RE 2 () 38 40 o i
i B BEI, J—oK 43 B 2 B 0 ( Taylor et

al., 1997) ; [AlFE , a7 () 2H s Rn Tl FE K A 3 B A 5
MWyl —7K 43 B 2 82 ( Dale et al., 1997; Bennet et
al. , 2003; Uddin et al. , 2016; Wang Shengbo et
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R, IR, SRR LA R B S DDA 3 i il 7K E
FESE SR AT B v By A & W o A LA, DR i
NAIFFEHENE T — bR FH e 2 3 4 S 7/ 3 BE 3R PR AR
,

1 HMEER

SCH T R AR R TR T2 v 36-1 T, %
JEr IR St A2 7 TV VS 3 M 1Y I ZR VS YR 4L (sub-basin )
AYILPE ik A3 o U AE [ B TS R, AR I L
H MR (L 1) PR PG MR (ZREYTAE, 20075 F
FE4E, 2011; Cheng Xiong et al. , 2016) , 2% 36-1
iR P I R WS 1) ety = N o T e W o
BN Jry B DXl R B 52 B PR A S e, FE
[i) R[] D A7 AE 2T SOK R GE R0 Aa 1 2 R0
(IkEE T, 2018 XIME4E, 2021 ; FHEARAE 2021 58X

R4 2021)

2 36-1 7 FH A D 3 3k 1 A7 T [ R B Y
HYIREfAVE T (I 1) . Cheng Xiong %5 (2016 ) % 4%
1 36-1 Y A AR A R AT 5% & B, 12 kb DX D v
TE o e AR i R 2050 v, 0 it Tt %) 8 e e i A 2
B Wb, FEHE S o M = FRmE e AL B B R i A
JEAAR, AR SZER A FH Y D34 J50Ih 1E A8 i ke S 2
S IR IS T AR R AR R R
I IR T 5 D34 R IHAE R I 2] 25 -7 e 1) A7
e, 2% B JIHT I A 4 % Ao R Ol T (R VR A
2021 ; 4 F45 5, 2021 ) 5 I T B ik K PR A,
A= I A A PR 35T Tl v R e ) AR R A, R
IYRENE RIS W ORAF 78 1 =i R0 S S e
FIMEAWORAESERE . BT 5 DX R A A s 4
B, Forh D34 T i e SR iR Hobe R
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Fig. 1 Location map and crude oil quality chromatogram of SZ 36-1 oilfield in Liaodong Bay depression
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L) 5 D34 JE il aEF T A R AR FR IR A BC H 325, K
WL E 9 :1.8:27:36:45:54:
6.3:7.2: 8.1 9, FARBULLAELEE 43 BB AE A ER
JKFEAL T 100 mL T5 25 B BE 48 C b o 4 C B 4
MiEAT 1 h B IR S, 205 PRI RE A BCE R IR T, RR
HF A RGIRA 3 d JFBUH K ke B 2 0 o
Sh i A2 5 o e b2 S AR J2 K EURE ) X
A 4 D SR R R A o R T 114 4 5 5 A

AR S22 Fi N BRI 7 v (AL 55, 1998 )
KR GC—MS F 3 B kil be Fe 25 590
a3 S BT R HP-7890B AU A (4,15 ; £4, %
i HP-5MS it A 88 B AAE AR K 30 m, WFEHN
0.25 mm, 5K 0. 25 wm; THEFEF K 35C #4455
min, J5 LA 2°C/min FZ 120C J9RJE DL 4°C/min FF
% 310°C,310°C fH . 13 min; FEi% 518 TR N
HP-5977 Bt A%, 25 77 X EL, BB 70 eV; K
28707 e
2.2 FEilHBSBERED

ASEG BT A0 B A R LR A W A ) 3 mL
C, FMIAEBUE, WA C o ARHPEIR B, S256
PR A 6 T 0 1 e A0 G e, A S S
ZEA AT AW J7 % (Li Maowen et al. , 1992; fu gt
SEAE 1998 Peters et al. , 2018) FR45 & SLbrIE
PLei it HAARE IR by . OBR I 75 5
FRIUSIAE & 100 mg, A TE C %%
5 mlL ¥ i, TR BN N b (K -

(Taylor et al. , 1997) Jf-XfiZ J ka4 1 oot , HiE
AT . OFE SR Ik FREBUKFE 10 ¢ FFid 44
TS A 20% B R KK pH JE 2= 2, BEJS A
PR (ORE-dg) 1 pgo QR AEWC AT A F 5. &
FROMR=2 « 1 IRGAE AR, F KRR 74 5 53
Wlw =k, 4 3 YOMAZERGRI 3L 15~20 mL, &40
AZ GR35 53 W 2 I BT T B 38 SE R, 2
3 URAE IR 7K AH 1 Jo8 J2E B 8 0 2 ORI A5 HLAH
W, ARG 2 5 R oK, R A HLAHTE T 2,
BEHAT I, (0 R A P R, 3
BRIK M4 - 4 2 AT 53 B A HILAF I TR 1) 8 L 32 42 e
RR A, 47°C/AKIRHFFTHEZR 2 2 mL, ITA Y
200 mg MY TC/KBRIRBERF R 258 B K, Z 5 ¥ e 4
WEERS 2 5 mL ARSI 8 G0 e b gk — 1k e
SRR W R L A AR SO, e B R A
Frueds  FR R AR I RS 2 1. 5 mL ) GC—MS 434
PN A BSTFA #E4T6ELEAL

3 ZER518
3.1 IREBTLYSE
EHEAG C o /NVEXT D34 T A G g R 0E

A7 7 ERHAE R, B BRI H 2 20 Ble ZE w3, Sl
FE AR A BESE B AL S W 5 i S (5 B 1 T

* 1 D34 FmHERIEEBESE (pg/g)
Table 1 Concentration of alkylphenol in the crude oil sample D34

do) 1 pe, Bk R LAUTIE IS R, %5 ¥ ST YLAFR(FE) Fit(ng/s)
U FH 58 JIE AR 2 208 0 5 o, IR K ; , wmﬁﬁwgm 19(;‘8 - lf}llhl(f( ‘;’ o) ; (7)2
. . - A Rl 3 -Methylpheno. - .
N 7 ». 4 . —
AR IAT T — 2, QB AHAENR. 3| 3-WIEEMy ([T JEmy) | 108 3-Methylphenol ( 3-MPh) 0.09
i 3 mL IECReliE C /MVEE, FE 4 | a-mstm o mm) | 108 4-Methylphenol (4-MPh) 0.04
HIFESERA G,y MRS B S 8 s | 13 | 2 ometmmenosnu | ot
N N , S5-I IR g ,5-Dimethylpheno(2,5- .
2z vy 5 (=] Vi KA
mL ECBE e, SR A 2,47 WU 122 2,4-Dimethylphenol (2,4-DMPh) 0.80
FHEREMEAM IR A (E s 3,5- %M | 122 | 3,5-Dimethylphenol(3,5-DMPh) 0.22
YKL ) B OE O By R ok, PRl 9 2,6-— 2%3% 122 2,6-Dimethylphenol (2,6-DMPh) 0.13
_ e N 10 4,23 122 4-Ethylphenol (4-EPh) 0.25
} S = e \ S
'S5 ml Eﬁ*s’i& U ML o A 5 1 2- SR A 136 2-Isopropylphenol (2-IPPh) 0.03
CEY ISR ARSI B 12 | 2 maem 122 2,3-Dimethylphenol (2, 3-DMPh) 0.14
AN ZE 0.5 mL J55%E 13 3,4-ZHUEERE 122 3,4-Dimethylphenol (3,4-DMPh) 0.38
\ 11 2-S N BT 136 2-Tsopropylphenol ( 2-IPPh) 0.03
3 —MS 4 7
;1?;(53%6% Xi\’a;g\ ETL % 14 2-IN Ry 136 2-Propylphenol ( 2-PPh) 0.26
A A e G ¢ 0] %6 22 Bn 1 i HHOIN 15 3-SR 136 3-Isopropylphenol ( 3-IPPh) 0. 04
100pL 1Y BSTFA ( & 1% TMCS) i&k 16 4-FTHEA 136 4-Isopropylphenol (4-IPPh) 0.10
¥ W RE T i VR 4 2,4,6-=HEIR W+ 2,4 ,6-Trimethylphenol (2,4 ,6-TMPh ) +
APPSR A GOCHIRAR T 1715 2,3,5-= AR 136 2,3,5-Trimethylphenol (2,3 ,5-TMPh) 0-77
B2 h [T R, 19 | 2,3,6-=HEAEM | 136 | 2,3,6-Trimethylphenol(2,3,6-TMPh) |  0.04
2.3 KN EIREE 20 | 3,4,5-=HIEEE | 136 | 3,4,5-Trimethylphenol (3,4,5-TMPh) 0.04

EHEEFESHE ATk
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o FHT D34 JEh b R B B AR 3 B R OK B
Fr K FR A BEIN 2R Wy 5 At dor 5 B 22 [ A A X =
AR IEANIH 5 PRI I B AN 2 R g R A J B 1y o
FERIAR G . 1 2 38 A X SRR A b v A e S B ) I
(O R E & BB 2 S KR BN, 4 L Y
AR =F BE AR 2/ NF HA P A F 368, (B2 e AT 2 18]
()= B 22 B M/ ] BRI ARGT B R 5 F A G =
J&E KIS K R ELAT B 8 AR G R 4R B o
Ti) P35 i ) =2 88 v %o P Sy, Bt 5 /KR 75
TSR T V) P 5 AR GT R R B ) AR T = 2 % T
AN IFHE S KRB GE 80% I & AR WA 3155 7R
TR 80% F1 90% -, Xif FF 35 iy fr A XoF = 8 82 5 [
HILRr , 76 C, BESEm b, BRI (R ILAB 045 —
ANGEIE) SRR 2, 6-F RL By 55 A R A (R I AR
WA e ) SERIAR 3, 5- 1 L 2 [a] AR = BE I
VA FRIN A 5 ) A Ak, Al S R 4R 22 ] ) AF X
JESEACRWIC I B A SC M, B & K R 3
T, C JE 3 Wy 1 o A A EARFEAAE . I,
Bt 25 7 7K R W T e ) P66 g R el P66 7y 10 A 6 =
JEAR A 5 R B
3.2 IREBR—KOE REITLISE

TEIZ B AR (iE 86 A1) L HoAh T 3l A9 3L 1A

A CHEEB m/z180 C, e Z B m/z194

(7K) FiiE A 2R 1 (B W E T IR AT ) Z 18], %
(53 A Al IS E D B 5 G 0 Bk R, T fE
LR TR LAS 4 B 23 e B B R P RS
iR (Bear et al. , 1991; Luckner et al. , 1991) , %
JE R PR A, Larter 25 (1995 ) i H — i 1k (4
SPAEPIRAS SR, F Db B — P AR 2 = 155
B B S E AR

AR o it < 1 Mo I AUK LA KoK RS £
( BP—Fh A B 2K IR AL R A 50 ) 1] A~ AR 2 7
LRGN — T2 o B W) BP0 531

pOVn+pw V\\'+wrmr :inn ( 1 )
K= (2)

Py

w,
K =~ (3)

pw
A, — W00 St o I 2 23 B R kg/m
p,—/KUEJF J5 3 v e & 1y 20 73 Jot 42 9 ¥ kg/m’;

w,— A1 W B B e S By 2 0 T i O B, ke kg s, —
JK PGB 1 2 53 B WK R kg/m? V, — K B R R,
m’; V,— AR B, m? s K —I0 R 2Z 8] /9 23 it 3R
B K~ A FIOK Z 18] B 73 B 2880 m— £
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Fig. 2 Distribution characteristics of C,—C; alkylphenol in the crude oil sample D34 at different water content
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Fig. 3 Concentration and distribution of alkylphenols in

water samples (‘moisture content is 50%, peak number is

shown in Table 1)
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Fig. 4 D34 oil water partition coefficient of alkylphenols in

crude oil (water content 50%, peak number is shown in

Table 1)

RIS BUH — 1 (p, = 1) W p, T FRAZ T -
K

p0=y+K (9)

XK/ 1 2 1 RE SR AP A5 1R K RE
AT e MR I , 45 20 (4 e 3 3 1 & ANl 3 T,
KA L C, BE S R SRR IR, 2,
4-HIEEY A 3, 4-HIEE S C, BE S B
SRR, AR 3 AR A dod S B RHRE Y
PR i A (2) AR T D34 5l
H e LI I — K S e R (B 4) o R B Bih—oK
SYBCRECH 1. 98, J& e S M S A A il —oK 43 Bl R
B/ NE, C, BESEm b, X 3 193 (4 3l —7K 43 fid
FEWAE (2. 50) FHXT fre/)N , [a] FRSE 0 A 43 BE R 500
{EL(6. 00) AT A, C, Jo B AYF- 590 —7K 70 Bid
BRI N4.60, C, BeFEmh, 2, 6-— H 31 1) il —
IR HE R BN K, A 23,30, ik 4-2 3L Y
T—7K A e 8 13. 82, 1M HAM C, Se KB 1l —oK
Sy BRI MET | C, Jot e By F- 29 —K 43 Tt 2R 4L
H12.82, Cy BESEEY Y, Jh—oK 23 e 2R B/ N 2
4-S W KN 35,26, T—7K 43Tt 22K i
S 3-SR (N 92. 16, C, BRI —/K /3B £
B AE A, 41 R 54. 69, e LT () H—K 43
Ft R A5 BE S B 2 0 IR A DG, BB
SRR T — K e R BOE K
3.3 REMAMKSERRE

A E A 2R G, EATE R KR i
Z I BN TR FE A AR IS LT, 6 )2
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K BER A (18] 5) , A
JEZR T 3 BE 28 K05 I s o3
KRR S PR IR — 1 &
Lk (WItRAe D 1) , P il
LIEM TR 9 Ay Ih—IK
oyl R AL, Al DL
K/ EE AR MINE 3l —ok 23 i
EY 1G4 (NIbEN R/ F s S
K/ EE A AN W8 4% 7R
ERPI R A S RICHEIE T 0,
ARl — R IR B (] 4)
KT A ihis B ad Fe Y
KM, AR IEALBR Tk
PAAHTE]AH LA A BEAEAR B

4 &g

ok Bl I R L 52 9 2
P LB 1 4 B2 7 K
ST 5 7T, D34 )5
i 6 AL 5 0 PR A 5

(8 B3 A T B S T B AR A B E K
FE ARG RS g, 2R EieBEr—
gt | PRLH AT LI 38 5 it 22 A it A 22 7K b iy
KA E Y B AT 3 B R AL 12 B & (Larter et al. |
1995) ., A THEIEX PR Later ¥ 42 ) id —Fp 1F
ORI Y 3 PO AL | — 35 AN 2 4 4 [ 1) R B 7
W B 2 R RSB TOK T i B
R B4R, IE Ot/ AR 0 A8 A W Sl 1) S 7K 22 []
BCAE I . e By 2L E W il —oK 43 e R AL
BRI ARG 22 | 15 b B 2K A S I T K FE
FRARA T 1 (Co—C, ) Jor JE 15 5 AT AH 0T A8 5 1Y 2
KV, T8 i s B 5 U0 W R T AR A RE
(Isaacson et al. , 1984; Laquer et al. , 1987) , W5
S B K Fe A A B 1B S % 1 R R
177 L R BB AT IR &R A7 L At 8 A
1= [ —7K 73 e R X (Taylor et al. , 1997) . K453+
IR —K—% A Z B e, A B T T i
FEHP AR BRIV 43 R A A AL B RN SR IR AICR
U () AR L o I Y i R R, 1O TR B b R
YRR 7 VAT AR AT AL B ARSI R Bl A Ay fiE
FZP% U Rustamov ( Rustamov, 1989 ) 42 H4 ) FH Jil
FH 7K H B e S T 1) 2 s i -5 S B
EHESGINMI T T — P T e

IR W B A S, B

RERS ] T4E 8 D34 Jl iy &5
IKARBPELERL P . RIS AR S RS 1 e S 1 14
Tl—7K 73 e 28 8055 B S B BOA 3 35 B S e
BEW B 7315 G0, e KL 1 ) il —K o3 TE 2R 0%
HEOR, I EL5F i 2 S R A A i — K o T R BOR T %%
S BRI R Y R L 40 AL A — b5 ) S M i
I —R M E R B, B LS B A AT S T —
Mkl 2 51 AL 5 W0 1 73 BOASE Y 2R 0 A N PR T
T TR AR (B A B A P A ARV 0 T e 2ol 4G I D i
Hh e S By fe 4 AN 3 T B RGeS s B ad R v
FRI7K /3 HE 3R BE S % BT R AL 27 A T 58 U, A
SOV T e v s S 30 ity ) 67 v A A
H.
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Study on alkylphenol distribution model in oil and water: Based on
oil—water gradient ratio experiment

PENG Xiaobo' * | SUN Yanze'"* , WEN Zhigang" , HE Wenxiang" , LIU Yan" , WANG Ning",
YAN Gang" , LIU Xu" , ZHONG Ming” , GAO Yongliang”
1) Hubei Key Laboratory of Petroleum Geochemistry and Environment, Yangize University, Wuhan, 430100 ;
2) Key Laboratory of Exploration Technologies for Oil and Gas Resources, Yangtze University,
Minisiry of Education, Wuhan, 430100;
3) Exploration and Development Research Institute of Jidong Oilfield Company, PetroChina, Tangshan, Hebei, 063000

Objectives: Expand the research field of phenolic compounds in reservoir geochemistry in order to play an
important role in oilfield water injection development.

Methods: To establish a separation and identification method for alkylphenol, the partition coefficient of
phenolic compounds are calculated to establish the water oil ratio model.

Results; The oil / water partition coefficient of phenol is 1. 98, and the average oil / water partition coefficient
of C, alkylphenol is 4. 60; The average oil / water partition coefficient of C, alkylphenol is 12. 82; The average
value of C; alkylphenol oil / water partition coefficient is 54. 69.

Conclusions; The oil—water gradient ratio experiment shows that the concentration of alkylphenol in crude oil
gradually decreases with the increase of water content, and the concentration of C, alkylphenol in D34 crude oil is
low, which makes them more sensitive to water content than other alkylphenols, and there is an obvious correlation
between m-cresol and p-cresol and water content, which has the potential application to indicate the water content
in D34 crude oil. At the same time, this experiment also confirmed that there was a significant correlation between
the oil / water partition coefficient of alkylphenol and the number of alkyl carbon; As the molecular weight of
alkylphenol increases, the oil / water partition coefficient of alkylphenol increases gradually. Based on previous
studies, a distribution model of alkylphenol series compounds was established. Under the ideal condition that the
model is limited to the interaction between oil and water, the water oil ratio in the process of crude oil migration can
be calculated by detecting the concentration and partition coefficient of alkylphenol.

Keywords: alkylphenol; water oil ratio; oil water partition coefficient;oil water gradient ratio
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