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AT, B , T 50 A - — KR DU AR ik 2 286 790 4y o 7 S 103

ZhP 4 2.24~3 000 mPa-s, P40 & 5 19.9%, &8
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DL IR, AR SCE e S lOCRRIS 1 & Al T Sk i +
=g, BB AR 20 SRR | R R T BRI
FIK AR AMPS 5 7945 Bt e 47 S AH FLIR & I
Nl A T —FoKEETERE R 5T T ARG AR
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10# 1 IHT, 327 A B 205 Tk 25 XK — 1 (DI 3l i
PR B IR LB AR AL S5 N SR e ik R PR
7 80 HI 4k 60, Y a3 b4l SCE M ER B KA R
5 7 FH XL 8-XX |, #L 41-X FIF 37-XX H- , i i 1 FiE
70~110 C,%5F N 461~10 759 mPa-s(50 ‘C) ;5L
B KRR R 37-XX FHHLJZ R K, 04k B R 10 367
mg/L, FEE sk (B mg/L) Ky : CI 6 714,
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F]; LC-20A B AR (TSN, H A B A A
1.2 BRFE

(1) BK I RE ARG B
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DL T 0.2% 1% 2K 5 ALES B 0.7%~0.9%
AL BRR , I A DY TR R S s 65 °C,
i S0 - =R e Ak s FHE R T e < F 22 18 0 hn
SR =BT R 0.7 f5 A E R IR, W 0.5~1 h)5
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23 54 R LA 10 C/min B FHE HUE M 25 CH &
600 C, ATV AT .

(3) FA s FEAZE B

Z: W B A I R AR AT AR E SY/T 7550¢ )i
RS BT T BT A ) v I A Y A
H

(4) BB PERE I

F B84V b v Q/BGBH 0017—2020 R {11 I
TR ZLF] B 7= BHIN-01)TEU 5 B5 706 B8 i

http://ythx.scu.edu.cn



104 LA =

2023
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DU Y P 80 2 w05 SR 5 E A DXCHRR S K R )
JBT i 3 ER 1% W R 2590 7 5 T e K L 72 3
RAWA) AEER S0 CH#E 1 h JF7ER 3l 250
r/min R AR FE 2 min, TR e 4% 26 B T e T
50 °C.BYYIER 7.13 57 IR R A A B S AR v Y
BRE s 48X () THE R R BR I (0 B B 3
F=Cug—uy) /11ex 100% (2)
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B 10 g B AN A 150 mL (BEARH , SR 5 A
50 C 7K oM B s v, 3 e
BRI 51 U A TR RE I &, 51 FLrboim A 100 mL
JoT i 43R 1% B R 6 R W, A 50 C KR
i, SRES A P BE S PR L

2 RS

2.1 BEFEFIRISEAD T

(DLLAMERE it

B R B Lo Atk 1 . b, 881
cm™ 4k J& AMPS H1 S—O i 7 fiF I 5 948 em™ 4 /&
AMPS "1 S=0 AYFHF I ;1010 cm™ 40 2 i & & 4
ARIARFAEIE 5 1253 em AN R BK SRR TR R -+ —
fig 1 —C (=0) —O— Y FR1E I 5 1557 ecm ™' 4bJ& AM
rh—CONH, W E-FIE ;2816 cm ™ b2 AMPS H'N—H
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B KPR RERF ) FT-IR 35 &

http://ythx.scu.edu.cn

SRIYRRIENE o Fr 25 S T HEWT BT & BURE A O H bR
/B

(2) IR ST

FF & BB R A i L 2, E2 B/,
MR EE T 5290 CHE, BRI A B it 46 T R, Ul
HF R 0 70 FF B 23, 76 350 C B 28630 1) JB i 49 2k
25 80% , Ut W I8 266 00 43 1 A = il T O 20 ik
I B TR, PTG B R R A I BE AR T 290 C I T
PR FEAF AR RS R 1 AT

100

80

60

[

F A EU %

40 F

201

0

0 100 200 300 400 500 600
g/ C
B2 & AU R A h 2k

22 EHEWMEESH
221 BRAKBRE REAF

B 7K AR H e R - =R A RN P M 2
SUR N R AR AT A 7 L B X R e
Yo B, T XA AT ORI 0 A PR T
AR I S A IS A . PEHCE SR IR A S A
ST LG AR SO B ] SO B 44
K2R, SR BUE S 5L L 43 AT 4 T 2R 3 /KR A=
PR DB R A R AR 5 LR 1. R 1T, Bifi
R R I S 4 - S A B N S B[] 1)
SUE RS 7 IR R ) i, TR A 3R S i i G Ik
SRR 5 S SRR L 10 1.3 RSN
O SV 0.8%I , AR FR Ak A8 a5 K, IR TR T %
FHXTEAR . X2 T E R R IR e a3 e &9,
ILHTRGE M AETE AR RE 3R &, 72 40 T =R it
YT FF R AR ZE 2 AT, L, 7E— d A AL 7]
YEFF B g R e b, (H R o e R B I e g L 2E A 7
S, X ERAL R A K B E ORI 5 541
SEERTR LR 10 1.3 B S A TR G R
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AT, ZETIRIE 0 B AR A — KR R O B A 270 1) ol i B ] 105

F1 TEAHRFHTERKEEIBELE

I T T T I
Tk WE/ REC % AER% o
1:1.2 3 100 0.7 55.4 7.2
1:1.2 4 110 0.8 60.2 8.1
1:1.2 5 120 0.9 61.5 8.5
1:1.3 3 100 0.7 75.3 7.6
1:1.3 4 110 0.8 81.6 8.5
1:1.3 5 120 0.9 82.0 9.0
1:14 3 100 0.7 80.1 9.3
1:1.4 4 110 0.8 82.5 10.2
1:1.4 5 120 0.9 82.8 10.7

50 CF LA A BRI T A LR (7 3
86%~91% ) XF B (F 37-XX JFi ) i Zh  FLAk Ak
JEEE LR 3, K EES 723, BE RN i B0
1%, H1FE 3%, 24 AM AMPS | Z LM% | ok
R+ = EE R 7 1:3: 2 6, T R 2 70 )
MAFLAL R ROR BT, 7R HH 3762 mPa- s %
% 345 mPa-s, il g e 2 3Lk . AMPS & 1Y BEN%
LRI 2 Ik D S 205 BNt e 5 A () ik A v 35 AT
SR eSS RN T T i U S-S A R
S 1 HE R 25 44 1T AR S BATI L T R 254 25 [i]
e B R AIG , DA R AR AR T 28 B T R, AML
AMPS | LBk kg + = HRB i b L 7:1:3:

=P R AR EER K, SR S R R 2
0 A B B LR B, SR AR A A . LA IR
L WEREEAL R R BE K SR ) G Ak Tk
PR -5 b+ =B oA 10 1.3 AR A
JE 11 0.8% S W Bk 4 h R ETRE R 110 C
222 BKERMWFH A

PSR 1 A AR, TR B K BN
FE50 CFHBEARGK AR SRR+ =Bt T
A IR R (P75 85% ~90% ) % B (58 37-XX -
JF3, 50 “C N AN 3762 mPa-s) [ FRBERLR , 45
JEOLFE 2, WK LA 723, BRI TR B0 1%
Fe2 1, B kR =R D BB K A
R I 10 A % 2 S S FRAR I a3 . B BiK
BRI P3G, BTG B R 43T (B ) 4 i 6
VBRI ai, , T2 J 0 o [ 04 S5 9 25 44, %o 3l 4
R SU S NI A 2y €S T Y R Ny
byt Ao SR A W S M LUA AT, PRI, 5 K B
I LL0.6% MR

F2 BokBEMEX & R RS R R

N BOKIE RS

T T T VA TR
% (mPa-s) ? % (mPa-s) °
0.3 512 86.4 0.7 369 90.2
0.4 471 87.5 0.8 407 89.2
0.5 425 88.7 0.9 493 86.9

0.6 356 90.5

223 HARFEILE A
P g o T B - R N R L

2NH

®3  BKRE X G R REEEFIZLL R B R RUR M ST

AB.C.DJii FFFRRFNE  BEERR/ | A

o (mPa-s) % AR
7:1:2:2 455 87.9 seaFAL
7:1:3:2 345 90.8 seaFAL
7:1:1:2 473 87.4 FLALIE T Nk
7:1:1:3 495 86.8 FLALIETE Nk
7:2:2:2 508 86.5 N iR
7:2:3:2 404 89.3 AresEeFl b

1 : A—AM ; B—AMPS ; C—Z & BEE g ; D— sk i+ =1k,

224 LB 80 60 TE LG H ok

FEJR A A A S At b iR 2L AR R ki 80 DT Ak
60 T8 [, 7E 50 C T 4N [l it It 80 . iy % 60 T
LT A R (7 2 87% ~92% ) %t Bl (5
37-XX ) B FL AR 25 R WL R 4. K A
723, BRI R BN 1%, 2R 4T, Kt iR
80 i 4% 60 i e LR 1.5+ 1 A& kg 2 70 1 LAk sk
Reidt, B EFR e B RS . SRR LA
52 PEFLAER A HLB (BRSSP , SR AL
AT T B I SRER 22, 385 A S fin 1 4 [ Bl
TV E SRR R T WL R T — SR LA TR, i
P e [ YR PN 38, S 7K 6 B e KR, IR RS e
7K AT FLARIE o TG B 2R 50 v 1 S Tl i A
MR S5 L % 2 7K B e o sl B Sk A B 454 o
P TR A LA
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R4 MR 80T 60 RELL X & BB KR

SR &AL
-3 80 T4k 60 JE e ke FULACR
0.5:1 ARSI, 2B
1:1 FALSEH /NBURL, 3 min 5 535
1.5:1 SE4 74k, 8 minJ& 4B
2:1 SE4FLAE, 1 min 5408
2.5:1 FUALJE A /INBURL, 1 min J5 535

2.2.5 Bl KA AeB By 3T AR 0 ¥R

TEJR A WA i b R % 51 & 70 2 B bl
1650 C LA MR H] (725 88%~93% ) Xif #
T (R 37-XX ) B R FERSCR G R W3R 5 .3 6. i
KA 723, BRI BTt 40 E0R 1%, BE 51 5
G, BRSBTS IR BRAK, 25 &Rt
400 mg/L i, A& R R BRI A R B R B K. Bifl
5 BV R S R SE R e kR R R in A BE R
B G T AR A R R SR e S AR . 51k

g5 L AR BRI A AR e i S
KRR NN 0.6% , AM . AMPS | Z M FENEIE | e 5k
TSR RIS i ol 7:1:3:2, ik 3k 80 1 4% 60 Jii
Fbh 1.5:1, 51 &N 4 400 mg/L, E k5 8 )55
HMES LR Bk 1:0.5:0.8,

23 FEFFIRHEEETEM
231 @Ebkak

WAL W5 A G W) I 266 750 70 AN () 0 2
A B — R B ] S A D G )RR R A RN
1% BRI, 5 586 UG I7E 50 C R XA
37-XX JEIH PR LR 7, e 7 nl 0, B 77
F£90~180 C i [ N IN#A 8~24 h J5 , X FH i 1 &
FHRIITE 92% L) -5 7E 200 “CF fInHAS [a] s a] Ji [
BRI — R W, TR 6%, BRI & Ak
R 286 0] A T IR P REATG L, 7F 180 °C LA N I i il T X
PRI ELA B R 2 BE

R7 AEIEEHRAIERE B 5 PRI

HBIPERAZIR
011 0 S T O A R 12 e 7 453 o x5 T/ PUALFIRTR GEERRE BERR/
KEAMRBAER ., 51L& AR TR 205 | C h (mPa-s) %
(88— ST SR IR IR R TR L 1:0.5:0.8 44 ’ 102 7
Iy 400 me/L I 7 4 W B 70 % B e ” Z 1: Zz:
%%fio 8 179 95.2
£S5 SIEFIMEISE K EEFIER RN 120 12 182 95.1
SlEFINE/ (mg- L") FEFEZE/ (mPa-s) [ ZE2 /% 24 188 95.0
200 491 86.9 8 215 94.3
300 425 88.7 150 12 230 93.9
400 353 90.6 24 247 93.5
500 384 89.8 8 254 93.3
600 417 88.9 180 12 265 93.0
700 458 87.8 24 276 92.7
#6 BIRAILBIR &AM TR EN M 8 391 89.6
200 12 467 87.6
EF.GRiElt  FFEEZIE/(mPa-s) FEFR/% 2 <o G
1:0.5:0.4 477 87.3
1:0.5:0.6 421 88.8 232 WAk
1:0.5:0.8 343 908 s PRSI FEL b2 AR 5 262~55 365 mg/L
F0:l 380 8.8 Z 18], 8 TE bk . IR R AR R
1032 43 8.0 AK T T J5R 4 B0 1% 1 e 00 S R, 5 AR AE
1:0.5:1.4 464 87.7

bl B B  F— T B L G— 6 S P DRt
Witk
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FA40 %% 1

AT ZETIRIE 0 B AR AT — KRR O B A 270 P ol o B 107

T8 AEW L T BERETI X B B P R R

RO ERPERETIXT A R B it A PE R RUR

R KT/ R RIS FeFhE/
(mg-L™") (mPa-s) %
8735 159 95.8
14 302 165 95.6
22816 171 95.5
31043 182 95.1
50170 187 95.0

P/ (mPa-s)

Rtk VR
(mg-L™) WEETT WeB %

6 537 19 672 391 96.9
10415 14 624 335 96.5
24016 5891 263 95.5
30282 10 665 352 96.7
49 354 7 838 327 95.8

2 8 T A, A KR 2 S AE AN Al Ak BE T X B8 il 1)
R BB IR FFAE 95% VA I BR BB A AZ 52 ), HL
A R4t EhERe . X J& i T A R b
() S 3 Ry B ROR IR M K K A e S R , 1T 1 i3
[ 50 , 7 e A0 B K rhAT) B DR 5 A R J32, DA AT
P e XIS JBT 90 T O VR T R AN [ 2 A
AR SRR EK
233 F B4R

PEIUSR 37-XX JEIH ALk 7K AT I
FH 2R 7K TE 1 5T 3t 53 00 1% 10 B3 285 00 0 R, 7
50 CARB 435I E 7.15.22 h 5 WAL M 77
TG, SEgm B, 26 A s ) A S 4, 0 il e %1
BRI . YR 7 h i B A D R
BB, XS K AT R R 700 A T ST 20 T 40
BB BB, B DI AL K R A A SRy KA i A A 7
—FE I [H] A 22 b, BRI o8 A0k AR b,
JIBE 22 ] (1) JEE 4 50 4 T 70 Sy 7K B 22 ) ) B 482, BHL 1k 7l
TSR 4l | 328 DA 05 20 T It 5 7 48 1 98 s
TR SFETHITE W 04 53 2, U 5 U4 2500 % Aoy LA
BRI B RO VR RIAE 20 h A2 Ay o
234 MZbMak

BEHCR S T FH LS 20 5 D w5 0 AR 3, Iz IXC
ook 7K e ) 5T 8 43 B0 1% 00 B3 86 00 1 W, 7
50 CFHEEA MR RS AS [ Z BE A A B2 e
ARG, BRI AAL, AR AL B R oK
TACL 1) 140 A5 o8 526 285 700 95 V00T A T 28 5 0 9l P ok R R
Y RAT B ERIAE 95% L) I o SRR ZL R
EEA AL AR R, [T 26K RN
FE AT, T 4 50 A 0 70 A v s s AR X R e g
B TR re T AN [ 255 R el 1 o e
B RO 1 07 N 7 S| R I AP i 2 £ s = M el =
DL =7 N B 1 e 0] 8

B B 0 A R R AILEE 2 Ak = T A
—, SR IH ARSI T e A T O T S A
S M I (A1 1 43 BB B A TSR I 5 L W o A
I i S R HE ARG AL FR IR SR ARAR IR BN BR AR 5 26
LRI LA VE R R ALK AR v i AR Oy
KL I, i S 2 ] ) JEE 482 A Sy K RS 22 T Ay JEE 42
(SENTSRTH MR EAre v o [ S E3 TiTR A R K T )i
AN VM S R SR K T G S B KR, —
2 B2 e B 1B S 5T 0 7 Jo B R R D R T, M
T/ INBR I 1 38 ST BE g i B R VR
24 WiHAWHR

K 3 AT 0 B R C O AT rhs it R 2R
;AR 2 I A S RS R H 4 A
1RO, IR 3 IR R H T BT AR AR
AT R

TR R T B TR ) AT R
[RJERAY 3 A, ORISR T v o b, 25 2R
L2210, FZ 10T, 53X 3 FHH A B & 2 i
S R A W R R R M E AR R
CRTVA /IR G i B i 20w (B = 1 052
AHEAERT A A SRR T R 43 T i 3 K
W HE TN AS B . BB — R TR R A
Yy, Fh e A Jog LA — ey D B0 N B () IR B SR TS
IR A S — S0 AL AR5 A R ) B A
REE A TIT RG22 SR 1k 56 A ol I R 757 00 o

F10 KErgEbim H3 OFR AR ESITER

wEE O W VER RS R
(geem™)  HE/% SE/% B% SE% %

I

K8-XX 0.9620 2356 2681 19.12 1523  11.40
A 41-X 0.9413 16.68  21.03 1441 1045 2438

K37-XX  0.9957 3047 2425 2257  17.19 8.80

http://ythx.scu.edu.cn



108 WL

FHEAR R85 BT 73— o0 450 45 1 - I A 2R
€ = NN P B R X S N
2.4.1 AL S Bk X B0 L

20214F9 A 15 H~9 A 26 H £ X 8-XX H- &%
B RhAehit T, R ZRh 0 B i 440k 40%, TN 1%
7 dJETF 10 A 10 HFFIF, BRES = HsCR , Rl
B UL 3, A 8-XX @ F s Sl A i e, 12
BN 145.5%10° um*, 50 C R IRINZEEEE K 6407.46
mPa-s. & 3 A1, SRR A /T H =9 1.7 ¢4
A, A S H P 1.91~4.02 t, 3 7K 2 OE AR
23.2%, HEE 3 HERGEZE 1 H 21 H, Rit
49 84.48 t.

FIKAIY

|||||||||||||||||||
o e e e e o — — —

202
202
202
202
202
202
202
202
202
202
202
202
202
202
202
202
202
2022
2022

E3 R 8-XXFtFRumih4

242 FEHIFPERABERL

T B it T 2y A e A 41-X IR 37-XX I,
TN BT 2 43 B0R 1% 10 R 390 JF e I 1 b # 4 it
PR R it 5 2 AR AL I, ROR WLE 4, A 41-X
J& TGS | o i S AR T T, 1398 R 30.5%
10°~157.3x 107 pum?*, 50 °C F Ji i &5 B g 461.5
mPa-s. SEHESR AT, F K4 R 94.87 kN, i
/NERAar R 21.58 kKN, 2021 4F 10 A 10 H in A R#EZE
J B R ARART %Ay 78.28 KN, e /N ff 29.90 kN, 32748
A P 24.7 kN. 20224F 1 F 6 HE5H N2y,
Fa B e 87/21 kN, VL5 ok 88 d.

K 3T-XX @ F g AR BRI s, &
AN 82.5%x107°~170.0x107um?*, 50 ‘C T I ELE
910 759 mPa-s, St I A B BRI, S KT N
80.3 kN, fix /N 1 iy 34.3 kN, 2021 4F 10 A 26 H
ABEREG , S R AT [ h 58.5 kN, e/ Nk fir 34.5
KN, 37 45407 22 kN, DUl 5 d.
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Preparation and Application of Water-soluble Double-based Heavy Oil Viscosity-reducing Agent
SHI Yun, AN Liyuan, XIE Fuqiang, LIU Cunhui,ZHOU Chuanchen, WANG Zhihong,ZHU Lin, SUN Fengping
(Bohong il Petrochemical Company Lid. , Bingang Group , Dagang Oilfield Branch Company , PetroChina , Tianjin 300270, P R of China)

Abstract: In view of the exploitation needs of heavy oil reservoirs with high temperature, high mineralization, high wax content and
low permeability in southern Dagang oilfield, lipophilic monomer vinyl pyrazine, tridecyl maleate and hydrophilic monomer AMPS
were selected for inverse emulsion copolymerization with acrylamide, and a water-soluble double base heavy oil viscosity-reducing
agent emulsion was prepared. The effect of different synthetic conditions on the esterification rate of the hydrophobic monomer was
investigated, the optimized synthesis conditions of viscosity reducer were determined through investigating the influence of the
amount of hydrophobic monomer, the mass ratio of each monomer, the mass ratio of emulsifiers and the amount of initiator on the
viscosity reduction and emulsification effect of the synthetic viscosity reducer. The temperature resistance, salt resistance, stripping
effect of heavy oil and viscosity reduction effect of several types of high viscosity heavy oil in Dagang oilfield were studied. The
field test results of 3 well times of application of synthetic viscosity reducer in Dagang South Oilfield were reported. The optimum
synthesis conditions of the viscosity reducer was as follows, the tridecyl maleate dosage was 0.6%,the mass ratio of the AM, AMPS,
vinyl pyrazine, tridecyl maleate was 7:1:3:2, mass ratio of Tween 80 and Span 60 was 1.5: 1, initiator dosage was 400 mg/L, and
mass ratio of oxidant, reducing agent and azo initiator was 1:0.5:0.8. The viscosity reducer had a temperature resistance of 180 ‘C
and a salt resistance of 50 000 mg/L. the heavy oil could be completely stripped within 22 h. after mixing in the oil-water ratio of 7:
3, the viscosity reducer solution with a mass fraction of 1%, prepared with produced water from different blocks, could make the
viscosity of the heavy oil reduce by more than 95%. The viscosity reduction tests was carried out using the viscosity reducer in block
of Dagang south oilfield, the operation of chemical huff and puff and wellbore care was adopted according to the site demand, and
the effect of increasing the oil and reducing the load was obtained.

Keywords: heavy oil; water-solubility ; viscosity reducer; temperature and salt resistance
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