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Abstract: The high viscosity and low mobility of heavy oil are the technical bottlenecks restricting its recovery.

Water—soluble polymer viscosity reducers, with their unique synergistic mechanism of reducing oil viscosity and

increasing water viscosity, provide a promising chemical flooding approach to address this problem. This article

reviews the mechanism of action of water—soluble polymer—based heavy oil viscosity reducers and explores the

progress in molecular design of polymer—based viscosity reducers. It focuses on dissecting the progress of polymer

structures from conventional long—chain alkyl and aromatic monomers to stimuli-responsive monomers. The

viscosity reduction effect and mechanism of different types of polymer—type viscosity reducers are analyzed.

Although existing polymer—based viscosity reducers have demonstrated notable success in lowering heavy oil

viscosity, they still face challenges, including unclear transport behavior in porous media, difficulty in
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demulsification, and concerns regarding economic feasibility.

Keywords: conventional heavy oil; water—soluble viscosity reducer; polymer; emulsion; viscosity
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Fig.1 Mechanism of action of long—chain alkyl monomer-related polymer viscosity reducers in heavy oil
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Table 1 Commonly used long—chain alkyl monomers for polymer viscosity reducers
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Fig.2 Synthesis route and mechanism of action of hydrogen—bonded supramolecular polymer PTVR™"
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Fig.3 The chemical structure and microscopic image of HA1"*!

[l E K AR R, ok Bt sk g 2 = BT, IR H
TEIE RS R I L8 e A K o3 s, JEALE S
K5 s o Qi AN HAT pH i A% N, N=- " 3L 2,
I 55 W M (DMAEMA) #4531 — S A rk ook I, Hisk
I A o 10 BT RE B TE M pH T AR E S
B, SR MR R PR R G |, B pH (YRR, PR
FEATRE I KB L, S EUFME B . it X
— i B, AT 10% BRI o Zhu S
108 3 2l A e B 4 T AR B T BE AN AE C e
(4 pH R SR G W . ZFLARTH AT e pH=12 I FL 4K
B8 ik - B AR il /7K BT 5K T3, A pH=5 I 7E 30 min
AL o

pH Wi 7 3R & W R 0 HAT IS R 48
A0 A, SR AE 19 pH A3 72 b on] B8 233 AR
MR MR FLARROCR AR T30 00 2 7 iy 2R ™
R SR 2R, 1 S B 07 I 5 2225 SR B R R )0
(LA

232 BEAEARESVGERF RN RS

W2 — 2 A A AR R I R AR A YR ) R T
NS 53— R ARAT R B RN iy T Bl RR 1)
i e 7 ARV XS IR G W el S T A RN A 7
R T E RN HE T . B TREWEENIMTE
PEE T EA TR R iR AR B IR & T i
VIR (UCST) I 2 32 K PR 1, 7E AR T UCST IR
BKYER) o FEARIET , 201 [ 46 G 75 2 T8 LA Bk
KR RS LA Tk YiRES T
UCST i}, (A AH BAE 25 B IR, P4 5 - X6 /g B
B TS5 HE S SEREYTE
i T EA SR

Wang 8™k Ml e ) it 75 % A h B R 5
(RATPR) & J T — il B2 B0 A 23R 6 W) o 285 )
(Si0,~PSBMA) , H: UCST iy 40~50°C , B Z % 4
96.41% , T A Fa M LI BT BB AE = IR M iEFL. 4R
JE 75 T UCST(60°C ) B}, 2R Wy I 26 741 1) 2 7Kk B
5 , X 15 Si0,~PSBMA %5 %) 75 Jl - 7K AT SR 4L 3 7
AR S, RE R AWK B EPEER (H



‘6128 - o T % R %764

H, H H, H
H,C=CH + H,C=CH + H,C=CH KSOS { HC—C " C_C%
| | ) |
C=0 C=0 HO C (0] C=0
| | \ |
NH, NH, NH, NH,

"
0 H,C — C — CH,

|
H,C — C — CH,

T T
0=S=0 0=5=0
| |

O~ Na* O™ Na*

(a) PAANFY& IR B 2

DDG/PAP/PAAN O/W emulsion

(b) PAAN 5583 A FLAL HLEE
El4 PAAN HIE BUER K 5 H8 LA HLEEE)

Fig.4 The synthesis route of PAAN and its emulsification mechanism with heavy oil®"
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