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PERERFSE . U Ye %513 i R [R5 1 SR G LM o 3
KL ik TN 6 TR TR 5 2- P 35 - 2- TN s Tk e 26 VA Ik T
(AMPS) iy & T BA B iRyt sy Ve 1 iy
B K265 A W) s Liang 55 5@ o 75 e O
W P9 L S AL B 5 TR R A AMPS B L R il 4% T
RIN i BB K 4 &R AW, %5 T HAEAIR]
VR DX (R] 45 e BE G R B ) A BV R R 5 Liu
LGS 1 RN R TR R W RN RS s 5T
BRI (AM) FITR M IR B0 0 L SR il 4 T R 50 PRk
ZEARAWEEER, 5T Kt R BECE,
L Ti] Bsf 55 A 2% B -4 3 P R A ot SR 0 7K 0 1)
B F AR K BR ) AMPS Fll AM 35 £ 57
K G B W I 25 5 FLIH IR A0 £ 1 A8 4 AH JC 5
WA WARIE . AR SCLA N-7K 2 3-N-~+ e 3k F TN
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5 AM LRSI 5 T =0 R Y PSA , B T RE
YIS ZEYE R TR AU AR e 1 B IR 1
8, USSR R ST R iRt S 2%

1 S5y

1.1 RS EE

P TR (AM) | 2- Y 35 - 2 P s T i 3 P 1k i
(AMPS) B FRER AR IR Z40 , Tl g, + btk
BRIREN(SDS) . & VU 1R — 41 (EDTA) .S Ak 4k
(NaCl) . 5k 88 (MgCL) S L5 (CaClL,) A A 1k
B, oy Ml , AR AL TARF)) s B K AR N-2K 2
FE-N-T Rt S LN % (PEDMAM) , A il ;4
A3 7K i B PN IS T e (HPAM)) |, 7K At JiE 25% , AH 231
Jof 2.5% 107, H LA TR RIRAR 734 7 5 BRI IR
TR , 50 32 g/L, A5 56 25 T & & 800 mg/
L; 281K BERIPZR 3 BB, 70 °CTF (%%
J¥°k 64 mPa- s; AN, $2.5%30 (cm).

Nicolet 6700 fi 37 i A% # 21 4) 6 35 A%, 3¢ [
ThermoFisher 2 ) ; Quanta 450 9 4# H, T & il e% , 56
FE FEI /A ] ; Physica MCR301 i 2843 , BL3h F] Anton
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12 LA *
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AR, I pH IR S R W pHAELIE Ry 7.2, B
T 7K 3K PEDMAM ., SDS #l EDTA, 13 H: 5543
TR E R A RO S HIAE 15 C A S alm SRR
30 min, 2R J5 A & LA B 0.05% 114 51 & 7 33 Bt
ik - U A R SN (A L oM 20 1) Al AR T e %
SN W S N A A B BT O 3 b, B AR, B4
YL, IS EALANAE 95 CCTRKA% 2 h, KBS EEE
B0 20% . K5 7K At 5 W BERLECH 76 95 °CTF T4
1 h, B G B, 75 3 R AR R A YRR PSAL

(2) K KBr & %t = o3 R ke St g1 71
ST AR B LT AT F A, DU g R AE H T 4%
¥ o AT, RA TRy R FC R BER  ZE1e]
B 3 WG LT & o AR ER K B 1 1500
mg/L = JoAE RV, R 434 f - 0 3B (ES-
EM) WL I O A TE B . T R A
Y WA W A T TR 15 min J5 B H VA R [ 5 16 4
AL DARER A R A oW S
122 = UEREHY A w5 e iE R

(D, 7830 CF, HBHUKELH S g/L 1Y
REWHRE T PE 4 BE 400 r/min, 45 8] BE 15 min W
DL S S RGO, FE R B IR IR 5 JC Ok 1Y)
i V) R A 325 A s 1]

(2)AHXS o F B e . 2 IR IE AR iE GB
12005.1—89 € 3R P4 #s ok Al e 1k 28 8800 7 7 12 ) I
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12005.10—92 R M Tk e 4311 —Zh B ) 1
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i R 28 T it W R 1 BRI, R 8 B T 1 S H BRI
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PRI RV NaCUAL, SR A B Tk R 2 H
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LB LB R Z AN ) , 75 3 NaCl s 2 % E (0~50
g/L)NFFREY BRI, R AL IR (3) i iy Jr ik
I VAR

(S)REWEREtE. R & < B
0,85 1500 mg/L 1 3R A W0V TS T LIS I 5 R 55
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UK, 0 5y I i TR IR s B K
RIS S 3 Y (i 3535 98% LA I, LAAHIF]
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IR 5 DA [F] 3 BE 2047 I SR /K O B 2 5
IR ERETE 98% LA I, 52 15256, 22 R IMCR |
AR EKCRRE A A4k
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F1 BKBEMEN = TR

. YA R AR
0.1 3202 12.3 2
0.3 3145 15.4 2
0.5 3050 16.3 2
0.8 2763 16.5 4
1.0 2237 16.2 4
1.5 1705 15.3 5

222 FEEEAR AMPS An &

AMPS 53 F-454) b5 A BEFRAR A2 8, 76 RN
WSEENZER A Y 5] A AMPS REHE B A W NI
PE, T2 2 A Y B Tt R K i AR e v T
E it 7K HLA PEDMAM A s BRI £ 11 0.5% =)
PRI K A B A 20% , AMPS e % 2547 (1500 mg/
L) A X 0 F o B & Ak P RE 1R 52 M AN 35 2 i 7 o
AMPS B T3 H0R 5% ~20% 0}, 25 Y 1 AT
I3 F R AR AR /N 5 24 AMPS f9 il 4k SE 38 K
LR AERT o B KIRREIG . AMPS (A E
Rt R R AW EE IR R, B Re A 30
HEREYEAREEN. AMPSHIIE<10%,%
BB S B R B R < 69% ;5 5 AMPS 119 i &
>25%) , R R I B AR T A, B R R >
84% , (HAL WA XS 73 B i ARG, VS VR R BRI
AMPS [N 15% 0, B A YRR ENE R 16.3
mPa- s, REYZALG IR R %0 80.37%, 4t
RPr AMPS BRI R 15%.

F2 IR S T BEYMELEIN

AMPS it X217 WIUAHE/ E1b 60 dFHIE/ LR H

8% /10* (mPa-s) (mPa-s) /%
5 3103 16.3 6.5 39.87

10 3142 16.9 11.5 68.05
15 3050 16.3 13.1 80.37
20 2980 15.7 12.9 82.16
25 2462 12.0 10.1 84.17
30 1803 9.0 7.7 85.56
50 1205 8.1 7.0 86.42

LA B K K PEDMAM FID g 4K AMPS Jii
X = eI R Y PSA PERERY 52 M 45 S, i e 2R A
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A 5 & 1L AM: AMPS: PEDMAM=83:15:2 ] =
JUHE R PSA AT G £255 5
23 =xHBRYRMERE
2.3.1 ¥FbMAR

BEEE RPN I R G0 — A E AR
S8, 1E 500~3000 mg/L i Bl N IF5E 1T =0
Yy PSA [ ZE AR AL FLE , OF 5 % FL HPAM 47 Xt
Lo, G5 SR 4 iR o RS YR E REVR B r 3 hni
B HERE YRR E N 1500 mg/L I}, PSA ¥
TRHZEE 4 16.3 mPa:- s, 1if HPAM YA 4.63 mPa- s, 1
B PSA HA Rk i B PERE . X2 T4 PSA YK
JERARES , REW 0T R ES TGS, REWIT
FEEAG N, R AR 5 17> BT vk B2 & 1500 mg/L
i, TR AW 0 TR EES R 3K TR R
HHRH 28 45 51 7S () I 28 235 4 fofT 5 0 2 1
K. 1M HPAM JC i K 46 G AF T, PR ZE B2 G /h
PSA.
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REYTHRE/(mg- L)
K4 REWRBE RN 2L
232 wEHM

R AR A R AR T R AR ™
4 HPAM M SR 2% o (RFFA RO A B S 1
) B R oA 800 mg/L (B AL A R B AN ) , %%
1500 mg/L B &7 NaCl i+l 0~50 g/L i (1 %6
JEAR ML HLEE , S5 AN S ff R . PSA Fil HPAM 5 I
(14 %8 B I NaC1 5 v B2 ) B i AR . >4 NaCU
T 04 2 50 /L A, PSA I W % H 33.5 mPa- s
R % 12.9 mPa- so ¥R 0 4 @ B vk RS K
W, 2 5 RA W5 T8E b g K 5E P & 2§k
JF , SR BRGW 53 1 AV TR PO B AR S5 4
VAR RS AR K . T HPAM IS W 26 1 15 mPa- s
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Fe2 3.6 mPa- s, FEER IR EMFI &AM T  4h 6 R A
) PSA FOE5 B i & T HPAM, U6 B PSA AYH Lt
L3/ o8
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5 NaClinfe Xt BB AW i 0 1 i 520

233 @hRk

1£ 30~85 Cl Bl I 1500 mg/L R A Wi
WFE B AR, R G it e . Bl 6 1]
U, PSA 5 HPAM 7 & 1) 286 52 I 103 5 1) 7 v 17 e
%o BYUIREE 30 CTHE 85 CHY, PSA TR &
i1 34.6 mPa- s % & 163 mPa- s, Zhi JE IR RN
47.11% ; HPAM ¥ ¥ 35 % H1 15.7 mPa- s [ % 4.6
mPa- s, B B 30N 29.30% , PSA Fh B 8 {5 B < i
T HPAM. EAHRIA S U1~ PSA ML & T
HPAM, & H By o RAPE R, UL S A B /K B4k
PEDMAM & Ifj it ik AMPS Ji7 , 58 74 M Ik e 26
AP TRE T RE I WA
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321

)
=
T

F%/(mPa- s)
I >
/
=
<

(=]

IREE/C
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234 WM
RE WV WA T AR ZHT B L Tl i) P P14

ZATAT X RS TR AW o FEEWEE , 33
FEARE YT R LR, K5 28R A Wi i 57
YIfg 1oy . 7E85 CF, 1500 mg/L AW
VW R B 3 V) R AR AL AN R 7 s . PSA R
HPAM ¥ W 1) 85 5 12 it 5 17) 382 8 (%) 184 o 1f & 1K o
B R M0 T3 200 s, PSA VBN i 20.2
mPa- s [% % 10.9 mPa- s, i & £ B K N 53.96% ;
HPAM AW 2L E 5.6 mPa- sf& % 1.5 mPa- s, Zh &
15 53 54 26.79% , 6B PSA ELA %5 I A4 T 3R e 57
Y.

25
20
st
~ PSA
E
#:P( 10
@&
5 )'\
M HPAM
0 1 1 1 1
0 50 100 150 200 250

B
B 7 By R A Y R B R
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85 C T &4k 60 d R ALK 8 i . B &
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k160 dBf, PSA AL 16.3 mPa- s Ff % 13.1
mPa- s, B 15 B %0 80.37% ; HPAM ¥ W 26 ¥ th

235

20,
B PSA

£
10
=
® ol

T—— HPAM

0 L L L
0 15 30 45 60

Ak tEl/d
K8  —InILEY PSA 5 HPAM [ b PEREXTS L

http://ythx.scu.edu.cn



322

L =

2021 4

3.6 mPa- sf# %2 1.8 mPa- s, B R KN 50%., 5
HPAM Mt , B A9 PSA HLA Bl i bk e vk, b
R FH AR IR R A P EREFR PR LR o
23.6 IRibhbEsE

TEAIEZEEE T ,0.7 PV Y PSA I HPAM 14 ¥ 1Y
KM PERE N 3 i . FHIE RN T, HPAM X B 7
TRBRBLR [ 2 5 SR % 22.70% , 111 PSA FLER Wy ml $2

T R 35 35.05%, b HPAM =5 1 12,35 71 40 45, 1
PSA i A A HPAM ) —2J- , 4 5L PSA JL R W)
IR IR W A T 358 HPAM, X R & 2 T
PSA 5| A T Il fiE B 1A AMPS il i 7K 2 /& PED-
MAM, #2555 T RA Y i Eh it iR e, (R R &
W o0 T 67 R 8, BRI /K O L AN
W BACRBE 13858, DR ISCR =

#*3 =THARYPSA 5 HPAM HIIR;M L Rttt
o v/ B mEw QB e RUCH%
e (mg-L™) (mPa-s) (107 pm*) % /% KK AR JE 5K IR HAfE
PSA 1500 16.3 207.55 31.29 83.26 35.46 25.33 9.72 35.05
HPAM 3000 14.6 202.59 33.42 84.62 36.22 14.67 8.03 22.70
oA (6] B, bR I & 0% sl L4 1 1K 5 F AL
3 én e

DA N-2K 2, - N-- e 3 F L D9 I ok Jiie (PED-
MAM) ., 2-H 5E-2- PO I I e B PR s 772 ( AMIPS) TR s
i (AM) A JEORHR 4 T =03 R PSA, PSA H
ARG R TERE 75 85 C R 32 g/L A L (4545
T 800 mg/L) 51F T, 1500 mg/L PSA I (Y %
49163 mPa- s, 51400 HPAM A Lt , PSA HA7 K
B () T L T 6 P AN BY VI . PSA VR WAE 85 CHY
TCESAE T Ak 60 d I ZH LR B 2R >80% , 1k &2
Tk 155 R 2% T O B v 2R A W AP e 4 A Y
3K o 1500 mg/L PSA 1] #E 7K Bk KL it - 45 = SR i %
35.05% , #5765 AH AT 1Y HPAM (3000 mg/L) %5 K 2
12.35 E 53 5, EA I A BRym A 3

SE A

(1] FR R, R4S, 30k, 4. KD H = UCRIM B AR 19928k 5k
WL RPAhHF S T %, 2001,20(2) £ 1-8.

(2] B, R AW ABRIE , 45, PRI H Tl AL A5 PR R &
EEMALLT ] RS 57T %, 2004,23(1) : 48-51.

[3] GUO Hu, DONG Jiayu, WANG Zhengbo, et al. 2018 EOR survey
in China: Part 1 [CJ/SPE Improved Oil Recovery Conference.
Tulsa, USA, Apr 14-18,2018.

(4] PR EREE, B, 3RS W HKTE T R T FE 30 T 4 1
FHLI]. = H R SRR, 1999, 6(2) :20-21.

[5] WU Xingcai, YANG Zhongjian, XU Hanbing, et al. Success and
lessons learned from polymerflooding a ultra high temperature
and ultra high salinity oil reservoir: A case study from West China
[CJ// SPE Improved Oil Recovery Conference. Tulsa, USA, Apr
11-13,2016.

http://ythx.scu.edu.cn

TR A W IR T A R AR e [T ] AT SR 5 T %
2012,39(5):558.

[7] WU Xingcai, CHEN Weiyu, XIONG Chunming, et al. Successful
sweeping control technology test for offshore heavy oilfield : Case
study of QHD32 reservoir in Bohai Bay [ C]//Offshore Technology
Conference. Houston, USA , May 2-5,2016.

[8] AR, IKEFE, PRI AR THIER R AW TEM TS [ ]
RPATMM BT % ,2005,24(4) : 72-74.

[9] Tk, B, N, 55, MREPTEL VIR B 2 2R G ki
oI REL) . RSAIiE T, 2012,29(5) :6-13.

[10] HAN Ming, XIANG Wentao, ZHANG Jian, et al. Application of

EOR technology by means of polymer flooding in Bohai Oilfields

[C)//Intemnational Oil & Gas Conference and Exhibition in

China. Beijing, China, Dec 5-6,2006.

[11] ZHOU Wei, ZHANG Jian, HAN Ming, et al. Application of

hydrophobically associating water-soluble polymer for polymer

flooding in China offshore heavy oilfield [C ]/International

Petroleum Technology Conference. Dubai, UAE, Dec 4-6,2007.

[12] GUO Yongjun,ZHANG Jian, LIU Yigang, et al. Successful scale

application of associative polymer flooding for offshore heavy

oilfield in Bohai Bay of China [C]//SPE/TATMI Asia Pacific Oil

& Gas Conference and Exhibition. Bali, Indonesia, Oct 29-31,

2019.

[13] GUO Yongjun,ZHANG Jie, ZHANG Xinmin, et al. Investigation

and application of an associative polymer- surfactant binary

system for a successful flooding pilot in a high- temperature,
high- salinity, ordinary heavy oil reservoir [C]//SPE EOR

Conference at Oil and Gas West Asia. Muscat, Oman, Mar 26—

28,2018.



%38 K% 24 BUIISC, S04, R A5 - TR DU ER K 4 2 R S P il 45 S PERETEOY 323

[14] YE Zhongbin, ZHANG Xuan, CHEN Hong, et al. Synthesis and [16] LIU Chang, HONG Bo, XU Kun, et al. Synthesis and application
evaluation of a class of sulfonic water soluble polymer with high of salt tolerance amphoteric hydrophobic associative flocculants
content of nonionic surfmer units [J]. Colloid Polym Sci, 2015, [J]. Polym Bull,2014,71(12):3051-3065.
293(8):2321-2330. [17] Ege, SBH0ZE, B30, 3. —F RGP bR A B K

[15] LIANG Yan, GUO Yongjun, YANG Xueshan, et al. Insights on 4 712 : CN201810330588.5[ P . 2018-04-13.
the interaction between sodium dodecyl sulfate and partially (18] ZREEZE, D B, 4200 0T, 55 /K PE AM/AA/AMPS 2SR W11
hydrolyzed ~ microblock  hydrophobically  associating R ARLT . B4R, 2000, 17(2) : 117-120.
polyacrylamides in different polymer concentration regimes [J]. [19]  ZEEAE. WHRDTER R DI AL IR M i 6 U M BT e (D .
Colloids Surf A : Physicochem Eng Aspects,2019,572:152-166. g« IR KA,2010:3-4.

Preparation and Performance Evaluation of Hydrophobically Associating Polymer with Temperature
Resistance and Salt Tolerance
ZHU Yangwen', GUO Yongjun®, XU Hui', PANG Xuejun', LI Huabing’
(1. Exploration and Development Research Institute , Shengli Oilfield Branch Company , Sinopec , Dongying , Shandong 257015, P R of China; 2. State
Key Laboratory of Oil and Gas Reservoir Geology and Exploitation , Southwest Petroleum University , Chengdu , Sichuan 610500, P R of China; 3. Sichuan
Guangya Polymer Chemical Company ,Ltd , Nanchong , Sichuan 637500, P R of China)

Abstract: It is very difficult for the conventional polymer flooding agent to meet the requirements of temperature resistance, salt
tolerance and long-term aging thermal stability. The water-soluble hydrophobically associating polymer (PSA) was prepared by the
copolymerization with acrylamide (AM) using N-phenethyl-N-dodecylmethacrylamide (PEDMAM) as associative monomer and 2-
acrylamide- 2- methylpropanesulfonic acid (AMPS) as functional monomer. In addition, the comprehensive properties of PSA
prepared at an optimum monomer (AM: AMPS: PEDMAM ) mass ratio of 83:15:2 were investigated. The results showed that,
compared with partially hydrolyzed polyacrylamide (HPAM) , PSA had good tackifying capacity, temperature resistance, salt
tolerance, shear resistance, aging stability and oil displacement performance. Under the condition of 85 °C and 32 g/L salinity with
800 mg/L the mass concentration of Ca>” and Mg’ the viscosity of 1500 mg/L PSA solution was 16.3 mPa- s, and the retention rate
of viscosity was more than 80% after anaerobic oxygen aging for 60 days at 85 °C . Moreover, the results of laboratory core
displacement experiment showed that 0.7 PV 1500 mg/L PSA could further enhance the oil recovery by 35.05% over water
injection, which was greater than that of 3000 mg/L HPAM with similar viscosity by 12.35 percentage points. PSA had significant
advantage in oil displacement.

Keywords: hydrophobically associating polymer; terpolymer; temperature resistance and salt tolerance; water solubility; stability;

enhanced oil recovery
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