55 41 %55 10 ¥ @ 4t T Vol .41, No.10
2024 4 10 A FINE CHEMICALS Oct. 2024

Zig
LCST Bl R ERRESYHMREEE
§h i SE A N R 3t R

EPS, A E T IR, B e
(L PEAARY: (R Al TR, IR 75 266580; 2. Al M TR AT BA R
AL dEst 1022005 3. PEAHASE (R4 AR B AHE R A, IR FE 266580

TEE: G FNAMIRE (LCST ) ANE USSR AW RTE A W RE AR AR B i 2 M RIA S | MRS S
A RS RS IR G Y, HAEPRRIR AR T e A ol aima i, CAEA LT . MR
AP BEFF A T RAR R T SR 2] T T 2098 . 2RSS RIFI4 ) LCST #UREHURR Wit T T
2%, HANHTLRIVE . IRBUKEER . B . bR &AM FRRRESHIY LCST YR HUs R & i i
SRR DS T ARRZS ISR LCST ANR B BUBSR S WEMUR AR RS | IRECE e . SRR s
IR BB S N FHIIR , $2H T LCST IR FEBURER G A7 A7 1) O Bt T RN A Al I 43T %) 7 P i 5% o
KR IREREREY; B IUERAR RS B ReEYE; WMD) BilntEiR

FESES: TQ630; TE254 XERFRIAEY: A XELHS: 1003-5214 (2024) 10-2103-17

Research on L CST-type temper ature-sensitive polymers and their
application progressin drilling fluids

WANG Zhongyi*®, SUN Jinsheng***", HUANG Xianbin*®, LYU Kaihe"?

(1. School of Petroleum Engineering, China University of Petroleum, Qingdao 266580, Shandong, China; 2. China

National Petroleum Corporation Engineering Technology & Research Institute Co, Ltd., Beijing 102200, China; 3. Key
Laboratory of Unconventional Oil and Gas Development, Ministry of Education, China University of Petroleum,
Qingdao 266580, Shandong, China )

Abstract: Low critica solvation temperature (LCST) temperature-sensitive polymers are temperature-
sensitive polymers whose chains present a stretch solution state before the phase transition temperature and
a shrink aggregation state after the phase transition temperature. With intelligent and reversible response to
ambient temperature change, LCST have been widely studied in the fields of organic chemistry, materials
science, biomedicine, and oil and gas industry. In this review, LCST-type temperature-sensitive polymers
with different spatial conformations were categorized, with a focus on the research progress on LCST-type
temperature-sensitive polymers with linear structures, temperature-sensitive hydrogels, block structures,
grafted composite structures and special structures. The application status quo of LCST-type
temperature-sensitive polymers with different spatial conformations in drilling fluids, such as low-
temperature rheology control, temperature-sensitive intelligent plugging, viscosity enhancement and cutting,
and leakage prevention and plugging, were summarized. Finaly, the key problems of LCST-type
temperature-sensitive polymers and their application prospectsin the field of drilling fluids were discussed.
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Fig. 1 Schematic diagram of phase transition of linear
L CST-type temperature-sensitive polymer(?!
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Fig. 2 Linear LCST-type temperature-sensitive polymers
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Fig. 5 Schematic diagram of drug loading and release of
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Fig. 11 Sructure (a), low-temperature rheology (b) and mechanism

of low-temperature rheology modulation of P(NVCL-

co-DMAM) (c)®4
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Table 2 Performance comparison of different temperature-
sensitive polymer flow regulators
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Fig. 12 Schematic diagram of plugging property (a) and
mechanism (b) of temperature-sensitive polymer
plugging agent!®”
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Fig. 13 Blocking mechanism (&) and temperature-sensitive
response aggregation behavior (b) of GCOA®Y
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Table 3 Performance comparison of different temperature sensitive polymer blocking agents
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) e U R T R e R R A T AR TR R R TR
FI PR o H RLER B W b i 26l I 7 P T v T
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RMBRCEME T, EEBEERMT, SRk RD
A KA B E AR E AR, AR R Y)Y
W5 AU ZEEY, JIR T, RRE AR
CIRIRIEHE . AR A SR R BA AT T R
T 1 2 AR R ) R MR, A TR R B )
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BEME (N-AMPA ), &AM EHE 65~180 °CHA
I AR RO AR T R, AR SRk H) 94%, N-AMPA
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Fig. 14 Rheological properties of smart temperature sensitive
bentonite (A); Schematic diagram of structure of
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Fig. 15 Schematic diagram of PNM/SiO,-D temperature-
sensitive tackifying mechanism!®®
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Table4 Comparison of different temperature sensitive polymers for viscosity enhancement and cutting enhancement
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NIPAm-B IR A PR A i i 40~60 °CP AV $2£7} 50%, PV #27} 33% EER (95]
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ESEM (98]

PNIPAM/SiO,-D J5,130 °CIYERE A2 0.1 Pas




« 2114 -

# 2w L T FINE CHEMICALS

5 41 %

2.4 BriRER

HIRAE A —Fp i S, R M
AR A ], WS 5IRE . RS TR
Fik, ELEME T RE, R E R LEERK,
FEE I T AR &2 R, Hoh, )2
AN]SR B IR EE B A TR) % 0 BT s 1 s A ek
FIPEREEE T BT BRAR, H BL B U3 T A R T A
B RS SH2 28 TF AT, AR RE SIAIC, it
WEET1 2, TCIETE A SR B G JeAr e by, B
BEAE AL AR AR IO, X Sz ), R A A AA S |
A B ¥a Iw ARk R g v, il P B — R IR
TEARAE AN A S N, R A e AT e S MR S BRI T
BRI TR O T ) 22 o0 TR SRR I B T )
T B 7k % B I 3 U 700 RN IR BB IR IE 12 R A W 3 T
Ao

T SRR S AR P YR R A 0 A ) O 3R T S )
SR KAE A SR A B AR 1, 45 R AR T 11
J2 05 R DX ) - LA T BB I ) R P i B, {0 L Al
JB 3 U 70 EL A B A R RUR R fE o ka5 00d
il & T — R iR s i 3 7 BZ-WNJ, BZ-WNJ f
P FE 5 P AR A T I B PR T Ry 137%,120 °Crey
BIRZ 16 h 5, Jimsr40h 7% BZ-WNJIJE J iy
A HERC R B R 1.324 N, S8 EERCEAL T T B
15.6% . 34 ] 5 HABORCIR | £F 4Ek 3w 70 2 Al

T Z AR R RE ST, INA &R 5340 7% BZ-WNJ B
N [ 25 e ZE X 3 mm Z& B AR K K 0.9 MPa, JiTA
JFER YRR 2% 45 2T 4 F 2% 58 76 B BC I I 1 1 245
eI 3, AR R A5 2.2 MPa, A 8ph e B i 40 B0k
2% N LT YE TN 2% 5¢ B R R RE 1425 T 0.9 MPa,
T BOE JB 3B IR AR S — P BE B AT B, I
W R & R T — e T AT

LEI 25 POSh po o A I 51 AL 4 58 35 44 )
LCM (£F4etk . Aok, BURDREGR A MR ) H, &t
T — i R e B g I A R ( TALCM ), R &
TR B % TALCM (355 PE e FAL B i3k
T THI9E. K 16 B T TALCM [R5t fE 5 5115
LB, W& 16a i, TALCM 7E 160 °C#1L)5,
NPBRBETERE R 1 mm B 24450 (14 11 3% 7K K BE 71 18 3
14 MPa, [FIFETE 160 CE4LE, 5 LCM #lL,
TALCM ] A& #iddi A 1~4 mm FEioF% (& 16b ),
T P 75 54 4% B B2 15 K, 5 A LCM 9 7K R e 7 i
TR, 5155 LCM M EL, TALCM AIA ZUh R #b
DR N 16¢ s, 4k AT T, B TALCM
TS5 S foh st Z B Y LCM ] 5 Ko 11
Pl 5 HMPRZE G, 5 T RENE 2K SZ WL RN 2
fai ) TALCM JE % £, 5% ME LCM MLk,
TALCM 7E 335 24 25 Pk b 2 i HLA O @ A 7R R RE
T

|2 —=— TALCM
—*— Conventional LCM

7N

—_
(=)
—_
[=))
T

._.
N
T
—
N
T

—_
N

Pressure bearing capacity/MPa
oo

Pressure bearing capacity/MPa

.

L3

10 / :
L3

.

8t 4r :
*—e oo o :

6 ) ; . : ; 0 e
100 120 140 160 180 200 1 2 3 4 H
Temperature/°C Fracture width/mm e

b m TALCM
m Conventional LCM

e Adhesive LCM e Bridging LCM @ Activated adhesive LCM

Kl 16 TALCM X 8e4% 55 0 1 mm Wi 2B R (g S5 K R MERE (@); TALCM F LCM X B 4% T8 5 1~4 mm W 244 (1) £

HOREEREMT . (b); TALCM fyEHEHLEE (¢ ) 1103

Fig. 16 Pressure-bearing performance of TALCM on a fracture model with a slit width of 1 mm (&); Comparison of
pressure-bearing performance of TALCM and LCM on a fracture model with a slit width of 1~4 mm (b); Blocking

mechanism of TALCM (c)[2%%
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Table5 Characteristics of different types of temperature-sensitive polymers in leak prevention and plugging
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