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Study on physicochemical characteristics of heavy oil before and after
chemical viscosity reduction in typical blocks of Shengli Oilfield

SHI Zhongqing', XU Mingming™*, LIU Yunlei**, SHI Xian*?, GUAN Xin **

(1. Engineering Technology Management Center, Shengli Oilfield Company, SINOPEC, Dongying City, Shandong Province,
257000, China; 2. Technology Inspection Center, Shengli Oilfield Company, SINOPEC, Dongying City,
Shandong Province, 257000, China; 3. Testing and Evaluation Research Co., Ltd., Shengli Oilfield
Company, SINOPEC, Dongying City, Shandong Province, 257000, China)

Abstract: The application scale of chemical viscosity reduction and cold recovery technology for heavy oil in Shengli Oilfield is in-
creasing year by year. However, the influence of viscosity reducers on the physicochemical characteristics of heavy oil is not clear.
By collecting heavy oil samples from typical blocks, the four-component analysis, relative molecular mass test, interfacial rheologi-
cal property evaluation, and microscopic morphology characterization of heavy oil before and after viscosity reduction were carried
out. The results show that the asphaltene content is the main factor affecting the viscosity of heavy oil. Viscosity reducer molecules
weaken the interaction between resin and asphaltene aggregates through diffusion, penetration, and adsorption, resulting in a de-
crease in relative molecular mass. The double adsorption process of the oil-water phase under the action of viscosity reducer mole-
cules causes a decrease in interfacial film strength and increases the deformability of oil droplets. After the viscosity reducer treat-
ment, the cluster-like aggregate structure in the heavy oil sample is destroyed. The dispersed phase of resin and asphaltene changed
to the liquid phase of saturated and aromatic phenol, and the crude oil fluidity is significantly improved.

Key words: heavy oil; chemical viscosity reduction; four-component analysis; relative molecular mass; interfacial rheology; mi-

croscopic morphology

PR FH 2 S 3ot Juh e o i, R Rk R ], SRR AR )RR R R A
PR Gl R IR EE A I A 2 AR A DIZE SRR, I LL B T R T R AR T e A
A A ARR PR ITIE LB T 90% LA L MBI TR I A7 i i SOSAS FER DR s 0 B2 T AR AR
BT R, KM ZEIT R, MEX EHAZR  SRITHS, BRIt & 07 XY, ARk, AR |

Wik F 1 :2022-11-14,
PR A< AR (1973—) 3 AR BRI TR R TR T E-mail: shizhg.slyt@sinopec.com,



30 e

i S S5 J R 3 P S8 DX R ol P 2 M R i B R AE -105-

REABAR 15 e/ AL~ B Ve SR BOR 2 R i
FEB T i SO A8 i Tl R

P R v SRS Y AR i B M) 59 14
FUAAE AN 2 00 AR AT, —J7 TR I8 AR il > 73
(e i pesw R b SR BRI RINTI T PN A
TSRS 5 55— 7 TS AR SR AR AR5 4, AR
o s [ R BE RN R 7, S BRER 5 Wk , B R
RISl T A A% DXCHRAR I R 5 22 S O, R
FIFMEREZ . A KA SCRRET XS B LRI 1
PUERFIOT R TTIE T BT ST, A T 2 L AL K2
PR R0 (B2t ) Ak BT i R o ) B AL A8 AR AL
AN R Gk R AR AR A FLAR A T R
ROR, R AT 26 BT SR FR I BEAL S 0 A, WA 1 K 2
FR-E Rt (B A2 SR, , E— 2P e R R .

DA WSO T AR P TR X R A  RE fi BD 22
b e AR B oA T B, T A I 3 Rl AT 4 DU 4
G AT RS I R IR AL R E A A
WL SRAE, 0 A 58 T 28 280 iy i L AR R i 1) 22 A R0
L LU B 700 B PAN R 6 S A AR

e

1.1 KIw{ss

S0 AN A 4 5 [ 1)K 28 W] AR 7 9 Brook-
field DV-2T &I 2k B 1 78 & 3R 2 7] 4 7= 1) IKA
TI18 BRI JIHIL . H A H 3723 F) A 77 (1) S4800 A4 H HL
WA L 2 v R B w4 77 ) TRACKER #Y
ST AR AN FE N T A AR T AR T Y JFY-
1BX AU 53 i /K AN, A K b 5t AR R A B
ST PRI ET-04L TR0V (A 5% B 125
1.2 Kigdradt

SIS A RS 3 FPAR A & I ICE BRI
B i R 1,2, 355 R EEFIRE S 4R
K P 2 T P R R R ) L I O e DL AR T
BHARATL %5058 A,B,C,D,E, B HEhAL S 1
SEFFANASIE N 1-A, KK A5 L
NaCl, CaCL, I MgCL ¥R 4r#r 4l , Y0 1 E 254 A1k
2R A UK 6 EE A 8 000 mg/L, Herft NacCl,
CaCl,,MgCL W fLEE 535124 7 000, 500 & 500 mg/L,

2 LSk

21 WHMAS SR

ELR A0S OFF 3 B A0 AL 5 0 B
ARASCH R AT H B K A B, A5 B R FR AT A . @
B KRS 5 Tl Gae 285 700 2 S0 T ) B/ K V8 R, o 0 4K

P10 0.5% . Q¥ 3 FPHRIMAL 5 5 R R FIK R
Fi FEH KRR L Ry 8 : 2 1R A, I I R HLIEA T 401,
H33R 10 000 r/min, B [E] A 10 min, B4 80 51 )5
B LR A T H R K A B A5 B A IS TR . @
W A T 7 VO 2 00 2 )V R A 7 R 8 T I YA
P 53 3 AT
22 HXSFRENK

FERFIE G , Bl 7 RAERAR /N, S 20
AR o0 F- o e A el A 3k I R 28 50V i S
R AE T 23 3k 14 74 Ak, 2 17 40 B R 288 790 -5 A il
FIVEFRCR . T 39— 25 WA 8 3 A X 40 o A
R EE 285 8 A 6 I O 2R 0 R e I 6 1T S ) A X 43
T F137.8 °C R 13 SN . LR IR
ORI B AR , T 5 5% 3 4 6 r/min, 43 510
TR SR 37.8 F198.9 °C I I #F 1 3y 1 8 B R 4%
QMK i CHR 4k 2 2 000 2 (0 2 A Sk~ 240 RR X6 43 I
10 7 IR M A T R 2 RS TR R R 43T o
o
2.3 FEREEEITFEN

1 JZ 05 T T K P A 2 el e e R R 1
ST A8 P R A R il A A X ) B R 1) T A
o, S TR S P 5 B8, X LA AR T 3 3, o uf L
TE LRG>, A S g DS THI A o 55 53 1A Ao
7 T PEAY 4 80 T i R 9 Y A T 3 A R R e X L
R 60 00 A FH AT 8 ol 5 T e 5 P AR A R AIE , DA
ERRERRIAEAERR A T BVE R LA,

R IHI A 2 O2 E V2 Ab L AR 1 AR D LI )
BE i1 B sl et i T B4 s sl L A a1 S 9 55
T o X O S A 8 i S Y 2 3 R AR AL, AT
BT B0 700 X6 AS [ R T 2 o s R . L L ARD 3R
45 - OB ZNHT AR, 5L 5 0 4% AR R L
L VAT IR A L, il A I A . @15 TR
£k 25 °C, MR JE 38 20 s, A5 K 0.05 Hz, %
2 70 10 0 Rl DN e R AR AR DL K B L T AR S
Bo BRI E R 2.1 B R E R , R
FETRVRE T, 00 5 - T A A R 280 0 7K 7 b 1) B
T AR S50, SEA T B R 2 0 T A AR T RR AL o
2.4 MU RIRRA

IR AT G IR FE B RE T B L R R T
JE AT A AL B, BT A AR O 5 N T TR
R8I 5 IOV T 3R AE

3 FgRaiR S

3.1 WHEFEIEMNAS S
B 3 2 AT IS DY A5 A s SR L 1 R



5 X 20234E 11 H

e

-106- Mmoo R
1 —
00 9.31 5.19 536 8.19 6.82 8.15
15.84
ol 1724 PF 2038 &7 1791
N
=
: L 32.89
ﬁ 60 - 28.29 31.8 2964 3654 29.81
1=
R
o 40
=
E
20
0
1 1-A 1-B 1-C 1-D I-E
a—BH JH1 BF i 1
1or 5 5.15 3.41 6.82 4.66 6.18
505 1491 17.35 1460 22 14.61
80 -
X
= 29.15
2 ool P 308 2934 o .01
i)
¥
R
= 40
==
E
20
0
2 2-A 2-B 2-C 2-D 2-E
b h B 2
100 4 56 4.16 3.29 3.81 2.43 3.09
14.51 14.81 13.36 15.6 19.84 14.91
80
N
~
e 2817 30.62 3382 2749 ,00e 29.6
R 60
i:{
1=
R
= 40
Z
E
20
0
3 3-A 3-B 3-C 3-D 3-E

e i B 3
o wms [ nas [ ]R%
Bl PmEFIENASANER

Fig.1 Analysis results of four components before and
after heavy oil viscosity reduction
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Tablel Dynamic viscosity and viscosity reduction rates of heavy oil samples before and after viscosity reduction

i s H g/ i 2 JIFEE) 1 i IR/
#I;u EIPIE: )3 K20 #l: IR We 29 4{3&1—: SN 1R W g%,
s (mPass) G (mPass) G5 (mPass)

1 84 367 0 2 50395 0 3 2415 0

1-A 28 710 65.97 2-A 48 305 4.15 3-A 2133 11.68
1-B 51093 39.44 2-B 32930 34.66 3-B 1940 19.67
1-C 59 827 29.09 2-C 42 256 16.15 3-C 1693 29.90
1-D 49 038 41.88 2-D 40 195 20.24 3-D 1136 52.96
1-E 31137 63.09 2-E 38295 24.01 3-E 1438 40.46
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Fig.2 Relative molecular mass change characteristics of
heavy oil before and after viscosity reduction
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Fig.3 Interfacial rheological properties of heavy oil sample 1 before and after viscosity reduction
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Table2 Stable test results of interfacial rheological properties of heavy oil samples before and after viscosity reduction mN/m
FE ST sk Ty IS s PP b
1 25.72 26.06 20.13 16.55
1-A 11.39 12.65 10.29 7.36
1-B 15.73 14.93 12.84 7.62
1-C 13.06 20.15 16.01 12.24
1-D 11.54 18.91 15.83 10.34
1-E 16.82 21.17 16.95 12.68
2 33.10 20.06 16.74 11.05
2-A 23.59 15.05 13.48 6.69
2-B 19.88 11.73 10.73 4.74
2-C 26.50 14.91 13.52 6.29
2-D 22.14 12.84 11.41 5.89
2-E 26.19 16.19 14.02 8.10
3 26.83 27.82 22.54 16.31
3-A 15.24 21.50 19.05 9.97
3-B 18.11 18.98 16.51 9.36
3-C 17.49 20.16 17.93 9.22
3-D 15.54 14.15 12.66 6.32
3-E 16.15 20.20 18.46 8.20
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Fig.4 Microscopic morphology of heavy oil before and after viscosity reduction

AT B 73 M, O 1 2t — 20X LU R R R A T R
R ) TRV S50 A A RF A, 328 49 38 286 80 R A0
IR R Ak B IS 8O Foc o B BRI AE i, A5 B 31 i e
2 TR L R o I 2ot i i J I L R AR AR B AL
WU, AT L3 A 26t 5 g T 7 5

RN S N e D L R S T AR TN POV
R Z R AR R BR800 75 5 S B HE
B M AR R IR NS5 5% e 2
() AF LR, S B P T 250 [ 28 = 2 S AR 1
AR SRS 7 A > 4oy BA AN TR A
AP X 3B A REAT R 3L R A & 4a T 4b
AR A A S B R IR B S5 A R AL, LA B
RARVRR RS540 10 I G A IS I, ok WL 2 ]
F14 [ A PR 5 e R B 2, 3R 1 o 22 T2 T A Y
FEUDIRWAR AR LS R SR 25 AR VPR3
JIFE LIS R R X 5 R el AR 1 B T B
JEEREAS IO, R AT £ 4 2 25 286 AR DR A i T e i 4
o3, FENAFAE TG RE T B IE b [ A0 7 TR 21 03, IS o
T i SRR B L L R AR D A R i U A
TGO A L T e B B i S 2R A 4
T ORI 350 32 B DA JE R AR 144 [ AR TR 15 SR 4R
£

HE— 2L 3 M 1] 4 AT, K 2Rb i iR v A AT AR
BB B A B A, IR 2650 Ak L 1
T R FIRAARLE 5T W0 75 T 0 BIOR 2 )
FAR R gy 5 A oy iR A LR S i ik
IS 2R mT T, AN (5] 3 2ot 0 o T o) — A el A s ) 2%
LI R CRAN TR 3 R 8OR G A R PP B R 00 0

c—AH Ul K b 3

f—F 3 5 4 ol B h3-D



-110- moR M R

5 % il X

2023411 A

JIvess (A AT 45 30 7 o PR P 5 AT ol 1 5 114
S B E o WO AT BORIRGS R, B 23
PRELI 77 OB 2 57 f E B HE R Y BOARZE TR Il 2
AR BN HARX 0 O R L5 B0, R,
2 A ) 731 IR 6 2 A D0 75 5 20 B J] [ [
BT3B TR BESS AL BEAE 7 A 23 W) o7 BELF 7
AR, R B A HORHE RS A A AN B AT TP AL
REPEFFAR BEOh, BT RERET/N T 1 5 S I B 2
ol G 5 03 A U 7 o P 7 2 e ) B A B
TR A R -5 U T 2 [ ) U EE A 2
ZEAE A, > 1 sl A AN TR 2 O3 ) Y N EE R
TR WA AR ot 19 30 T R BRI

4 5w

SR DR M) i P i 258 DX B 3 A5 i, 1 B 22 b 5
PEASCE AT T B, o R i e i i 4 PR R AL A2 Al
MUAIEAT T ARG T, I B I 28 23 v 7 Y
JoHR: RO 2 RV 2 1 2 B IR b o
A D7 SO BE AR 7 R 7 T SRR, B
R T W dLor&a, H S T R RO A A 1] 114
FHELAE I, TR S B 236 ARG s A aih 2R B e 2
JRE R e 8 P 2 D PR 5 A T g P o
RV S22y, 20650 233 ok ARG 701 o
13 14 2L PAY T 3R 18T P98 2 R B T 2 E AR R 23
TR i A2 3 ) AR 25 BRI 2 0 A R A5
s, T S BRI FLAY

EWGIAGHREVEREINAE 5 T AR AT
B BERFRE R AL , B8 T a2 i dih 2K B T
PUAP s AR i Dy 3 B R ol i OB
T S MV S L P R A T 25 e 7 v e 2
TR AR AR ARSI, AR T A
By BRI il R T OULIE 2 2 B L W A PAT 7R
SRARRARAE , FErb  Rp R ok A AR A it S22 R [ 4
WIRGREMIEE . FERECR I W 1R s R B K
O T RARARES BRI , B0 7 50 o O e 7 A
(RS O s 1 i e i 2 7 e e 12
b A AR AL AU | R SO ST koA A
AR BE A Dy F2 AR , A AFAB T 15 4, AT AE 28
HAT R E B BT A RE R 0], LASE BB il v R i Ak
FRERT K

S & 30k

(1] B 55 JHAah FEB I O B AR T i Joe B o Jo D 1) (3. il < ot
5RICE, 2021, 28(6): 1-11.
YANG Yong. New progress and next development directions of
heavy oil development technologies in Shengli Oilfield [J]. Petro-

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

leum Geology and Recovery Efficiency, 2021, 28(6): 1-11.
W, XA, SR, A5 R i T A e 2 R A
HHHEARD]. AR S I &, 2012, 39(6) : 739-743.

CAO Yanbin, LIU Dongqing, ZHANG Zhongping, et al. Steam
channeling control in the steam flooding of super heavy oil reser-
voirs, Shengli Oilfield [J]. Petroleum Exploration and Develop-
ment, 2012, 39(6): 739-743.

JEIMREE, Z2uk, A4, A [ P A PR Il B RN O SR B R R 5 B
JH. i 4k, 2020,37(3) :557-563.

ZHOU Linbi, QIN Bing, LI Wei, et al. Development and appli-
cation of heavy oil viscosity reduction technology at home and
abroad [J]. Oilfield Chemistry, 2020, 37(3): 557-563.

T, LR, FERE, P E SRR G S R I
PR HORAT ). Wil U, 2022, 29(3) : 378-382.
FANG Jichao, LI Xiaoqi, JI Bingyu, et al. Prospect of replace-
ment technology for enhanced oil recovery after cyclic steam
stimulation of heavy oil in China [J]. Fault-Block Oil and Gas
Field, 2022, 29(3): 378-382.

A A8 SRR AR A 3l A ek A B 3 FHX SR (0], 45
AR, 2021, 28(2): 63-71.

LI Weizhong. Evaluation and development countermeasures for
nonproducing reserves of heavy oil reservoirs in Shengli Oilfield
[J]. Special Oil & Gas Reservoirs, 2021, 28(2): 63-71.

WL, WeLLHR, WA, S BRI REARBUIR S K5 164
ARV R, 2020, 27(6) : 30-39.

JIANG Qi, YOU Hongjuan, PAN Jingjun, et al. Preliminary
discussion on current status and development direction of heavy
oil recovery technologies [J]. Special Oil & Gas Reservoirs,
2020, 27(6) : 30-39.

ML, JEUEE, SRAHE, 45 R ETIERCRERBER )], 9
Hfk%, 2019, 36(2): 366-371.

SUN Jianghe, FAN Hongfu, ZHANG Fusheng, et al. Overview
of improving heavy oil recovery technology [J]. Oilfield Chemis-
try, 2019, 36(2): 366-371.

ZEUERE . HRI 23 O R R 0 A R R 28O S HL O SR AL B ],
WAk, 2021, 38(4): 708-713.

LI Hongyi. Viscosity reduction effect evaluation and micro-
flooding mechanism of dispersive viscosity reducer for heavy oil
[J]. Oilfield Chemistry, 2021, 38(4): 708-713.

HITHN, W46, HSCE, 55 . B B R AR YRR 42 R R ORI
[0 AT 5 oRIBCR, 2021, 28(6): 129-134.

ZHENG Wangang, CHU Wei, CUI Wenfu, et al. Enhanced oil
recovery mechanism of permeable viscosity-reducing oil dis-
placement agent [J]. Petroleum Geology and Recovery, 2021,
28(6): 129-134.

B, 2R, ROl , A5 BRIl RN R 3R R R AL
[J]. T 5 R ICE , 2020, 27(2) : 131-136.

WEI Chaoping, LI Weizhong, WU Guanghuan, et al. EOR
mechanism of viscosity reducer flooding in heavy oil reservoirs
[J]. Petroleum Geology and Recovery, 2020, 27(2): 131-136.
FEER, VT, AR, S5 TEIhFR RN Y B L BRI 0 0t
[7]. AL, 2021, 50(11): 3 069-3 073.

WANG Yanling, XU Ning, ZHANG Chuanbao, et al. Research



$305

634

Ui S S 25 JE Ay P L7 [X

DX 1 2 B A i BRAL AR

<111

[12]

[13]

[14]

[15]

[16]

[17]

[18]

progress on viscosity reduction mechanism of heavy oil viscosity
reducer [J]. Applied Chemical Industry, 2021, 50(11): 3 069-
3073.

R, A, M, A SR A il LR R 2
REM[I]. VO AR5 4 HARRLE IR, 2014, 36(1):
149.

LAI Nanjun,

PERY
145-
PENG Qin, YE Zhongbin, et al. Influence of
heavy components on the heavy oil emulsion stability [J]. Jour-
nal of Southwest Petroleum University: Science & Technology
Edition, 2014, 36(1): 145-149.
FRLL, W B AT UL 40 5E B NB/SH/T
0509—2010 [S].dt5t: EA ik it 2010.
WANG Cuihong, LUO Ailan, WANG Zijun. Test method for
separation of asphalt into four fractions: NB/SH/T 0509-2010
[S]. Beijing: China Petrochemical Press, 2010.
FRBURL, 2R, A — T, 45 AR 280 2 0 42 2 A 1 31 2494
Xty i 1 J7 75 - GB/T 17282—2012 [S]. dbat : h E bR
Jitit: , 2012.
ZHANG Shuangfeng, LI Qiuping, SONG Yiqing, et al. Test
method for estimation of mean relative molecular mass of petro-
leum oils from viscosity measurements: GB/T 17282-2012 [S].
Beijing: Standards Press of China, 2012.
BT, RIACAE, SA, A R PRISTIM A A3 8 P R ok R
AEPERT ] {thtlﬂsM 2019, 36(2): 250-255.
HU Songshuang, SI Youhua, ZHANG Lei, et al. Interfacial di-
lational rheology of Daqing crude oil fractions [J]. Oilfield
Chemistry, 2019, 36(2): 250-255.

TR, SRAET, AR KRR IR R R 2 o
KT R E D). AL, 2016, 33(3):527-531.
DING Hui, DING Li, ZONG Qianyu, et al. Effect of water-sol-
uble viscosity reducer and oil-soluble viscosity reducer on the in-
terfacial film [J]. Oilfield Chemistry, 2016, 33(3): 527-531.
ESRME, TRFEMG, SIS, A B R R HL R N R R R A
EEIEFEE R[] 2 Tk 5 TR, 2022, 39(3): 1-17.
WANG Chenhui, XU Jipeng, ZHANG Houjun, et al. Research
progress on viscosity reduction mechanism of heavy oil and syn-
thetic method of viscosity reducer [J]. Chemical Industry and En-
gineering, 2022, 39(3): 1-17.
VI A AR A
bz, 2011, 28(1): 54-57.

GAI Pingyuan. The relationship between the viscosity and frac-

S PERR I A VFSE ] I

[19]

[20]

(21]

(22]

(23]

[24]

[25]

tion characteristics of the heavy oil of Shengli Oil Field [J]. Oil-
field Chemistry, 2011, 28(1): 54-57.

S, R, skik:, S5 AR BORASEDRIE ], Bl
ARETH, 2012, 12(23): 5865-5 868.

WU Chuan, SU Jianzheng, ZHANG Rusheng, et al. Study on
the microscopic properties of extra-heavy oil [J]. Science Tech-
nology and Engineering, 2012, 12(23): 5 865-5 868.

AR, SEARHE, EARIK, S5 MEADE AR 2L AL R R AL LA
LN BREME2EEAR, 2013, 41(6) : 679-684.

LI Meirong, QI Linyan, WANG Weilin, et al. Mechanism of
viscosity reduction of super heavy oil of Shengli oil field [J].
Journal of Fuel Chemistry and Technology, 2013, 41(6) : 679-
684.

JEAE IR, B A SC, R, A5 BRI B K R Wt
iMET, 2019, 48(2): 222-226.

ZHAN Xuecheng, MA Haowen, WANG Bin, et al. Review of

(). 41

influencing factors of viscosity of heavy oil [J]. Petrochemical
Technology, 2019, 48(2): 222-226.

SRAE, T E R, MBS, A5 — A L Y kK A
SRERTRYEDFIE[I]. i AL, 2010, 27(2): 145-148.

ZHANG Zheng, MA Zijun, YANG Xiaopeng, et al. Studies on
the dilatational viscoelasticity of the interface for simulated su-
perheavy oil [J]. Oilfield Chemistry, 2010, 27(2): 145-148.
AR, Rte, AT, 55 PIIMEER CHELL A o B (0], B
SR 5 TR, 2020, 20(5): 1833-1 838.

XING Yu, WU Yanhua, GUO Jixiang, et al. Microscopic prop-
erties of viscous key components in heavy crude oils [J]. Science
Technology and Engineering, 2020, 20(5): 1 833-1 838.
ZERAE, BRI, SFEARHL, 45 OP-10 R R R R Il 2 A1
FEAR[I. AR AN L, 2014, 30(4): 730-735.

LI Meirong, HAO Qingyan, QI Linyan, et al. Relationship be-
tween viscosity reducing effect of OP-10 and heavy oil composi-
tion [J]. Acta Petrolei Sinica: Petroleum Processing Section,
2014, 30(4): 730-735.

FHEAR, KA, MR, S BRI A B R L R S O
WFSE[I]. F Al =T, 2020, 27(6) : 133-138.

WANG Xudong, ZHANG Jian, SHI Leiting, et al. Study on vis-
cosity reduction mechanism and oil displacement effect of heavy
oil activator [J]. Special Oil & Gas Reservoirs, 2020, 27(6) :
133-138.

i PR



