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Study on influencing factors of oil-water partition coefficient of phenolic compounds

Abstract. Alkylphenols are a kind of compounds produced by alkylation of phenolic compounds. Compared with
other non-hydrocarbon compounds, alkylphenols are more soluble in water. In this paper, through three groups of
oil-water distribution experiments at different temperatures (25 °C, 45 °C and 65 °C ), different brine concentrations
(4000 mg/L, 6000 mg/L and 8000 mg/L) and different crude oil types (X37, X45 and X61), the distribution
characteristics of alkylphenols between oil and water were studied, and the variation law of alkylphenol distribution
coefficient was determined. The results show that the oil-water partition coefficient increases with the increase of
alkyl molecular weight of homologues; The oil-water partition coefficient of alkylphenols decreases with the increase
of temperature, and alkyl homologues with higher molecular weights are more sensitive to temperature ; The partition
coefficient of alkylphenol in oil-water system increases with the increase of water salinity. According to the
experimental results, temperature and salinity of water phase will cause the difference of oil-water partition
coefficient of alkylphenol, and the influence of temperature is greater than that of salinity. The distribution behavior
of alkylphenols between oil and water can provide more reference for the secondary migration of crude oil and the
direction of water drive front in reservoir development.

Key words: alkylphenol; oil-water partition coefficient; oil-water ratio; moisture content

HOE: REMA-KEBARAMEECE AN AN, SREEELENEL, EFETA, X
FRAFFERE (25°C, 45 CA 65 C) . F R EAKE (4000 mg/L, 6000 mg/L 5 8000 mg/L) 1 7F
Fh %A (X37, X45 fn X61) WA AL WRELR, ARTREREBKFAHEANSEBEME, HLT K
EBoWAKNE AR, AREREZN: MAERRUEES> T ENE I, BASE R K40,
HEBNHE RS RAKMERL G TR, BAURESTFEAGNER E w8, KEBREH A
BRATHAWMARMERMEERENE T AT, NERERKE, BEMAME®EEH 2% K%L 5 H

EE£TE.: EBRAKF¥IES (41872144) ; P EAMEAIH 34 (2020D-5007-0101)

This research is financially supported by the National Natural Science Foundation of China ( Grant No. 41872144 ) , and the CNPC Innovation Foundation
(No. 2020D-5007-0101)

FE—IEFEE M ARE (1993—), FB, L, EEALMAERAEIR . E-mail; 632885418@ qq. com

BWAEE: LW (1976—), B, BIEER, TR0 SR, 204 TAE, E-mail: pxben@ 126. com

R B 2021-07-27; fEEEH: 2021-12-24; BEHE: LT



218 W FFR https ; //journal. geomech. ac. c¢n 2022

AKomAfzR, HREWYHEATER, REREBRKFHAGSBRATHTUNE BN = REH

TR AR IRRT G AR B SR

KR REB; wAARAH, BAEL; $AF

hE4S%ES. TE19; P618.13 XERFRIRAD: A
DOI: 10.12090/j. issn. 1006-6616. 2021176

0 3=

Iy RS M E TR K b R 1 2 2 AT I 2R AL
B Y IRAL A O TR B, 1R 2 E R R C o
FAZEIURE , T LARA 4 195 2 AL & W) I3 op 3k 47
B E (Li et al., 1992 A1 & Fl 522 3k |
1998; Peters et al. , 2018) . & & M /& — 2l By 28
BeREAL G 7 A AL G W, SROK J1 s, X il R S
eI I R b i 1y B BE ST R WY, B T A D o i i
JEFN 5340 0] BE 23 5 b R 7K B ik & A il oK o B AE
M A (Larter and Aplin, 1995; Li et al. , 1995),
FAAE T 2 AL B b B0 i 2 2 il B9 3 R 7K 7T RE
VL M5 i L BRI e B ol T e B 1
HA w2y i R BUIR (73 B R BOE L
BRI ¢,/ K BRI ¢, HLh ¢, A C,
S 45 8 T BUTE Il A AR A K T RSB R ), BT
S3BCAT R 0T 3R il AR AR AR o, — 285
LRV, R X LA BAE I E A AL, ATfES
REF ks R AT 40 iR (Larter and
Aplin, 1995; Taylor et al. , 1997) . AHE2%H C1E
Jil (Toppolo et al. , 1992; Taylor et al. , 1997) |
T H H 2 7K A3 A2 72K H o (Dale et al. , 1997)
ME T F (C—Cy) kel (Hrh c,—C, &
ANFEE B RIS BB R T8O B o A TR, K
R LR (C,) FIHB (C) NE, 2Dk
Ay C, (ZWEEMmMOERE) FC, ke
R e BEARO B AR, A B, 55 B A LG A O i R
C,—C, By i & 8 A0 X B, 25 B A 5 0 9k
KA RBART C,—C, b F AW,

FH T8 5 K 43 TE AR EORY 8 B O iR 0 T 4 O
£ (loppolo-Armanios et al. , 1995; Taylor et al. ,
1997) , {HZAHE AL BIRE 52 50 %o dls A T 3 T A9 5
Je4, Taylor et al. (1997) 7EZ iR Fl 80 C %
fEr, Mok e U Sk 2R AT I /R K (I K 3 BE Y
—2) Bk HC S E , 3E iR il b % 2 o) T
v B I LA AT K Vb 0 9 J3E R T B e s 1 1)

XEHS: 1006-6616 (2022) 02-0217-09

Bl 28, @5REW, B RE M T, b 3L m
e R BOR /DN, IEIRGE T 20 B C,—C, ke LY
A3 TC R BB R T e 5RO R B RN A G e
SEER W RE B 2 dot B Ak 1 B 2 R 2L A 4 AR
1 o 25 L TR) 4 S 4 AR sl A D i e B AR W) R B A
WA R R, AR, LA b o RS 4 D
RBCBE AT RE 5 E 24 0 b R S U A G S B R
HoORT TN R EAT N, BB
AN TR R E T RN IE XY R A K b AT 43 E AR AR
i, TEAHRS Y, AR R B R KUk B R R 2
R A AL, THET A SRR B KOE T Y e R 19 43 T
R vhe TIRBE . R K vk BE RN i ik 28 Y o I
13 43 TiC 22 B5 1 52 00

1 R &EER

2 36-1 Y F A T30 AR VS g B, 30 ARV Vg B
i A el v e S AR AL BB, 2 T S A M ) — IR
KA H I, Xl AR AR —rE P R
WRHGE B ou A &, P ] 2R 43 ) R A P MR
PG AR MG AR AR R ARG, 27
i 36-1 y A FILvE R B, MiEIEE R
JCAE 1] 0 W7 2455 R, AR5 [T RE AE 4R, P
MR IZ VG MRE (B 1) 2 — A v Ll Rl A
(ZEIT A8, 2007; E#E 4, 2011; Cheng et al.,
2016; HHPLEESE ) 2019), 2 36-1 9 H H AT 2K
SPARZE, BHAEE e R e, B BN A
WAHEA . WAL (Nm) | HFFZH (Ng) . 7R
BHH (Ed) M4 (Bs) (K1), REHID
F=B, MHEFESMZERNEREHAR T,
PIPEMEIR -1175 m~-1605 m, (BT 245, 2006;
S5y, 2017; SR E D55 2018 BEAKL S, 2021)

Cheng et al. (2016) XF2Z 36-1 i H H (13
Sy ROMAIE T 2 B, 9% M DX R0 R 43 1E K b 4R
R A P e, 8 A o o I e R R R AR R,
Pt RS e S = IR B Ak G W Y B i R R A
ik, SCHh = A8 36-1 3 2R — BE Y D i B i 2
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Fig. 1 Location and stratigraphic information of the Suizhong 36-1 Oilfield in the Liaodong Bay depression
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Mass chromatograms of X37, X45 and X61 crude oil from the Suizhong 36-1 Oilfield
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2.1 HAKFEEHELWF GC-MS £4

LT, AR T 25°C, 45°C, 65 C=
AR, HWREMT C,—C, b W 76 A 8] 3R E
THRC2E S A 405 & T 4000 mg/L, 6000
mg/L Al 8000 mg/L = Ff &y B i R K, B R I 3L )y
AR ER KM BE N 1 43 e 22 55 o JE B X337, X45
FX61 J I #E AT 55 45 (8 BT K B LL 52 5%, AR
) E e 4 43 5 2 10 RS X e 5 W 43 i B4 B IR, S
WAL BRI .

(1) 4yl H X37 JE il F1 R 7K (4000 mg/L)
% 20 g A 100 mL T 7S 82 O, R & =44
[l K BT & L AR G W, % =K IR & R
AR ARG 4 A LA 25 C L 45 °C, 65 C#
PR 2 /NI B S TE IR S5 IR RE A5 1R A e Bl
RARZ 3 K, A R SE B 50T 0y 1E A
W, EE T R, U R AUK SR 4 IR A R B P

(2) i1 X37 JEAlh 43 1 4000 mg/L, 6000
mg/L 1 8000 mg/L ¥ JE Y £h /K AT A, Jaiah AN
oK EB A 20 g, FEREHR 65 CHMAFTER
(1) HryiR AP BR

(3) 4% %I X37. X45 #l X61 =FhJ5h 5
4000 mg/L MY LK AT S L HIIR &, ERE R
65 CAMTHEE (1) THRGFHLEK,

5. @35k HP-7890B S AH €5, 1% 1%
THEFRF M 35 CH-4F 5 min, ZJ5LL 2 C/min T+ &
120 °C, SRJ5HLL 4 °C/min F+ &2 310 C, 310 CJ&
13 min, BT A BG4 HP-5977 iYL ;
KM 281 ki,

2.2 FEHHBREBNSE

S T Ay A O RS A W AE TR 3 mL
C,y BAHFEROH:, WHLA C, JEMCHEM R, 505
FAAE2ER 0 o 3 e p I 2 ke Al A H e (B
FEFIB IR, 1998; BXEME, 2003; 2477k ffd
&, 2005), RS RLES A BT 7 O
G54 PR G DAtk iy, B BRANR .

(1) BRI B, FREUSIHAE S 100 mg, JIA
IECBE S mL & f#, BN BR (K B-d6)
1 pg, FRIESRLAUTIE W T FH IR AR o g
WE W, IR T —2

(2) FEAHEER, H 3 mL iECFEEE C, /D

B, PR MEERE A C, NP, i 5 mL IEC
PEvh Pk, bt B i AR L 57 A R R At — st
BAGY (BRI ) #iE BB Tk,
JH 5 mL ) & W Be e e BBy 2K Ak G0, BB TR
P AREMOR R, A WALHR 4 2 0.5 mL 55 %
% 1.5 mL 1 GC-MS 43 ;

(3) REShAFAAL, nA 100 pL i) BSTFA (&
1%TMCS) 5, FHFE A 60 C 8 IR 48 i
B2 /N TSR RO
2.3 KEFEHEEBNSH

L 2% Taylor et al. (1997) ffi A i IF
XTI AT T ek, AP TR .

(1) FEMER AL, BRI K OF i 5250 19 T 2 K
FE10 g i RFEM SRS, A 20% 5 F K 7K PH
22, MFEMANIE (KB-d6) 1 pg;

(2) WA, HH & W 2RO =
2 VR VR R ZEBUA R, B K B 5% 35 3 4 Wl
S UOMA R BGR 3E 15~20 mL, BKIMAZ
J& 48 5 43 WU 8 O BB AT O 36 R, 4ad =
YR B IS 7K AR T b T R 4 B A R A AL
A

(3) BRAKH 4R, KA 5 B A DA 7 W e
e R kA, M 47 COAKIRIEATIERE =
2 mL, A% 200 mg 1) JC /K it R 85 1 77 i 25 5% 7
K, ZIEHWEAERERE 5 mL BESH D, 8 —
SR BE ok = R BE I IR v R R B S 2 RE R,
e i A WA SR AT W 4R, PSR AR R L R =
1.5 mL 9 GC-MS 43 #7 i o Jf in A BSTFA 3 17
A4k,

3 L ER

3.1 REBHEE

PR B —Fh & R A, iR X
A R A M S A S B AT
i€ R R 2 4 (6 RE Y RE sk R ™ R I
(Bowler et al. , 1997; S AX5, 1999) , DX IHFEXT 1
BRI AT GC-MS 2t 2w, % H kA7 i A b 4
Y. IARTA AR BSTFA+1%TMCS J&, By2&ik
B S Rk B AR AR AR B Y RE e AR AT AR (K
3), XFYRERE, AF TR (RES,
2009) , bEdk By 28 5 ik b Ak S T ms/z 166, m/:z
180, m/z 194 Fl m/z208 (& 4) & c,—C, B



Rk e Ak B 25 R B 5 RE e AR 19 BE 5 1K A P 1Y
Jo R P M -15 R B T R e LR R R
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ALK € —C, B i Rk B AL A A W e 3
B3 B4 S 3 P o ok B sz 73 A, m/z 73 2
P e B B T BT T R B . AR ot i ) R B
I TR e T 9Hh A i e 4 o i M 0 AT R U, R
rh 20 Fe BB 19 S A AR 24 Bk A2 2 RRE 0 g
M IWLE 1,

C‘HJ CH,
. |
%% — O +CH3—S‘i—X4>$ﬂ<—O Si — CH,+ HX
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H CH, CH,
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(6]
B3 B ke ek iy KB AL (s, 2000)
Figure. 3 Reaction formula of alkylphenol and BSTFA (Zhang
et al. , 2009)
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Fig. 4 Mass chromatogram of phenolic compounds after silanization

(peak number is shown in Table 1)

3.2 MAKSERE
St 193 (13 7K 43 TE 3R BCHR I K- FS b 5
FE S T e B oK s R EE 2 L, BIASEE (1) .
P=C, /Cy (1)
N P—il R Z 8] B 43 BE R A C,—K RS
JEIH T B SE B A AR B, kg/m’ 5 € — K BE S B
HowE, kg/m’,

R1 20MBMELEWHES, 2FX, FFESFREXEREETS

Table 1  Information table of 20 phenolic compounds ( peak number, molecular formula, molecular weight, Chinese and English
names and abbreviations)
257 3T oy T T34 R YXHRRET
1 C¢HO 94 g Phenol (Ph)
2 C,H,,0 108 2-F1 3 1y 2-Methylphenol/2-Cresol (2-MPh)
3 C,H,,0 108 3-H 3 1y 3-Methylphenol (3-MPh)
4 C7Hy0 108 4-F 1 4-Methylphenol (4-MPh)
5 CyH,, 0 122 2-Z W 2-Ethylphenol (2-EPh)
6 CgH;,0 122 2, 5- ALy 2, 5-Dimethylpheno (2, 5-DMPh)
7 CgH3, 0 122 2, 4-Z W 2, 4-Dimethylphenol (2, 4-DMPh)
8 CgH,,0 122 3, 5-ZH 3, 5-Dimethylphenol (3, 5-DMPh)
9 C4H,, 0 122 2, 6-— I K 2, 6-Dimethylphenol (2, 6-DMPh)
10 C¢H4,0 122 4-2, 3 4-Ethylphenol (4-EPh)
11 CyH, O 136 2-5E N FE 2-Isopropylphenol (2-IPPh)
12 CgH,,0 122 2, 3-ZHIHEE 2, 3-Dimethylphenol (2, 3-DMPh)
13 CgH;,0 122 3, 4-H Ry 3, 4-Dimethylphenol (3, 4-DMPh)
14 CoH,50 136 2-7 5 2-Propylphenol (2-PPh)
15 CoHyO 136 3 N S 3-Isopropylphenol (3-IPPh)
16 CoHy O 136 4-5 TN 1y 4-Isopropylphenol (4-IPPh)
17418 CyH0 136 2, 4, 6-5@%@% 2, 4, 6—Tr?methylpheno] (2, 4, 6-TMPh) +
2, 3, 5-= WA 2, 3, 5-Trimethylphenol (2, 3, 5-TMPh)
19 CyH, 0 136 2, 3, 6-=H A 2, 3, 6-Trimethylphenol (2, 3, 6-TMPh)
20 CyH,,0 136 3, 4, 5-= LR 3, 4, 5-Trimethylphenol (3, 4, 5-TMPh)

Je J5 Wy 1143 7K S S AR K0T LA oA Jod 2 B A il

A AT ARG o R T A TR i K o3 TS AR RR0 e Ak
M SR AT T, AR TR — A5 4 TR AR R 23 TS 2
KA A BE 1 AN TR B9 e I B il K 0 S R R

2 B v b P 35 R I A AL A 0 5 e o T Y
MK 53 B 7R BOAE AN R B RS i KN an &L S
No AEYEIMAK B RE N 2.4~3.2, C, kM
BK 2 R B R 2.3~9.2, C, BEFEm 89 3h K 5
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fid 2800 11.6~46.8, C, Je KMy 1Y i 7K 43 B 5 %L
S 31.4~104. 2, KE B i K 43 B R BRE & e
BE B 1 43I0 BI04 K, X — RRAE 7E AN ) IR
BERAS AR AE I ] — b i My 0 ol K 43 i &R
BB A TR 3G 0T R0 % B IR R B R i AR
T Jot 55 B AT A o A3 TE B K AR R AS [ o8 3 )
A A 27 R B 1 5% ) A B AN ], 2 M R 40 HE O 1 A

120

25 C A1 65 “CHEAYIK 7T FE R BAEA K, C, M
Cy e 13 1 I 7K 3 B R BB AR R, B AR OR B i
BE W TE 0 KR & b 9 43 TE R B0 BE B IR RE Y 3 g
W, I HARXHR A F 5 /9 C, A1 C e 2 1 X I
EWMBIERBEES T C, M C, nLRERY
Bennett and Larter (1997) 5Z 5 W 25 3| (Y 45 1 B
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Fig. 5 Oil-water partition coefficients of alkylphenols under different temperatures ( The water salinity is 4000 mg/L)
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e xR S SR e KB, K6 AR
AR B2 T/ | 150 R B A 5 e R X IR BE 5 e A 55

X37 JEy AR K 4L 4 % AR AR, AR 37%),
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AR R — B 5N 5 W — R KR & P S
THEAS 30 e 5 19 76 A 7] Ji 3k A K rh i 4 TG R B
b E 7 pros, =F R C,—C, BESE A9 Ih K 4
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4 i

BE A IR RE 9 T, d ik I AR K Y g3 B AR
R o3 TE AR RO A KL AP AR, SR T, X R 42
M-S KRR P I A8, B0, Carlisle and
Kapoor (1982) Hl Knaepen et al. (1990) ZEfif)Z
JEJy MR BE R AEGE 1 R SR S 8K &G h
MIAFBCAT o I 58 45t £ R £ T Y 43 TE &R
LR ARl | NTTE: ) I A VS B SR S D )
HF Leo et al. (1971) IR TAFRBHNRGFEZ
] VF 2245 o0 A0 03 10 22 B, JF 36 W1 20 0 & Ky 28 1k
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