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Research Progress and Prospect of Key Treatment Agents for Intelligent Water
-Based Drilling Fluids
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Abstract: Compared with traditional water-based drilling fluids, intelligent water-based drilling fluids possess intelligent features
such as "self-recognition, self-regulation, and self-adaptation", and are expected to fundamentally break through the technical
bottlenecks currently faced in the drilling fluid field. They represent a more promising direction for future development. Based on a
literature review, this paper systematically summarizes research progress on key additives for intelligent water-based drilling fluids:
including flow - type modifiers, loss reducers, shale inhibitors, viscosity enhancers, and leak - sealing materials: across three
dimensions: molecular design, response mechanisms, and performance evaluation. Furthermore, addressing critical technical
challenges associated with various intelligent additives, it outlines future development directions to provide theoretical guidance for
constructing intelligent drilling fluid systems.
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4, 2026). TEZAEIE T P ik 0 Bl I i S LS O
P i ] 95 Ao A7 7 M L 5¢ 42 DR TC 09 1) R, 38 B BE R
FE R IFIRE VRN B4 I R TG Yy A IR)
KOl B AF, 2022; Fha A AF, 2025). 100 H HIE TG
DUERA RO T T, WA S D /R H A
REINIE B VA UK = K L S R NS R e RN KT B 5 a
A, BB AS AR T AR BRI 43 F RE XTI L
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S FEE T, 2023).
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A8 A Sy ] A i 1 7 T i R AT A 4k
W & T Z Fh R BE UK R B O W b B R (9 — 5,
2020; FEJE AR FIGK K, 20235 2 M5 & U5 R, 2024
Cheng et al., 2025; Wang et al., 2026) , 114§ i 51
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HRe LR oY 2 R AE T e e 5w AL, £
HCRE 750 AL T B by LB ) I A 1) B DR EEOR W S T AT

PRI, AR SC R e i B0 7 8 8 7K 5 Al O W OC B b
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AEJE AT, O T S, s T4
FIAT R (0 A]  A SE BN A% F I RE Y A A
1.1 FRETUEHIHIF

00 5] 3R] 2 7K R Al e 9 i A BT 2 — L

A\
/,

=

=X
o5
i

AR 0% K AR KRR A 2 L A R A
HRERE (R m %, 2025; BEMEL%, 2025). 4K
M, VEN A7 4 2 S AL G bR A S il L R R A AR A
BN G WM R R S, B SRR W I BE ) R 4
i P [0 AR P %) 0 e A0 o 500 Sk W 9 B L R e A
T, RREHIIE T R A I RS AT L
15 K A 4 T B, 38 AT £R B R U8 Ok 4 2 T Rg L $R T
Xof 52 2% b 2 1) 3 O 1
1.1.1 BETUEIE R X S E R R L T
Ho o 4 b & A TR TT B8 LUK & I AR I P
fiff 1 BE (LCST) R JF 56, 78 IR B2 fish & & & A S i K
BEAR 5| R ARG AR A K S 2 WAT O S BT T
K AR I B4 )

Tchameni ez al.(2024) %3 T —F B Janus 2%
A A1 i 00 TRIN, H DA sk v 9 A5 5 IR AR ) 98 K
Si0, K MR, 1 2= B A 3R (N s Bk — — 2 3L N I
ik iz ) (P (AM-co-DEAAM) ) L R Y iR L B Y
(LCST Jy 55.5 °C)/E Jy i i 5. 56, TRIN (14 4 HIHL
il an e 1R . A RE PR R BLAE < 22 U R I e A
VS IR EE I L AN )2 A W R SR KB i KO K HE R
B K TR P R R A A Tl A )
fili H7E 90 °C R ¥ I i 4 I K R 5 i 7E 30.47 %,
130 ‘CE 4L 16 hm 2 8 1) mIICR 53k 95.23% , B A
A S B v B . TRINAE FIHLE 41 17

Lai et al.(2023) B & B BUR G5 %) SNAS DL
PE YK S0, 8% R AR, N-5 174 3 15 0 Bt i NTPAM
(LCST i Fl & 32~35 °C)AFE ki e 2h oo, JIf 4 LA
AM 5 SSS iy B B LCST % % 88 °C.
BORE ARk B2 0 PG B KN < IR R it LCST
J& oy FEEBL K 46 G R RN EE T [ s ASURL 7E DT
L B Ak HE B B B I R 2B i B b
BE W58 b OB A BB NTA & B £, 2o
SNAS i A8 K 40 ok B 55 NTA 78 DU £ 1 B %
BFIE R, 3 B R AR 120 °CTF & 45 1 S i 0 i
PEfiE - 2R P K R AL R 10.99% L A JE [l i R Gk
96.87% . SNASEH#LE W &l 2 fr s
1.1.2 ZIEETUEMAIF o290 5 A KT
b S BRI N TR A I W 4y T A R,
¥ 22 PR E AL Canm gl B B K B ) B KT
Mgy TR R B R M BE

Zhang et al.(2022) 3 it FLW R A 7% , UL Span 80
H Tween 80 4 FLALF , 15 75 9 Ik i FHY 35 D9 945 1 4
O3 = W 3 G Ak e B PR AR S 20 B e St
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Fig.1 Mechanism of action of double-sided structural composites(after Tchameni ez al., 2024)
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Fig.2 Mechanism of action of the thermosensitive inhibitor SNAS(after Lai ez al., 2023)
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PR EARE 27 mL, SEEL T 30 5 8 K D) REAE
T — R AR A

ARt K - 3 ) T 4 (2025) 36 2K 206 VA
TR T TR VN- A i T Jiig R0 2- D AR Tk i Bk -2- PR R
T o i 2 5 B Ry SRR, SR FHFLWROR B A LT i
ELm 5 uE e e R A . A AR R B T
2 J0F 8 1B PR [R]AE T < 25 7K i 1R 2k 141 3 o % o W
Bt A% o b b T, 5 UK B B G AR T S 5 T K
ik g ik A i b J50R 8] 79 58 106 45 440 , P [ 40+ 7K b -
Pl 2 . 4150 ‘CEAL 16 hm , WA R 30 I R &
iK97Y B I APTIE R 24X Ry 2.2 mL, N 3&E 0
2R K T B A 1.55 mm, R S £s A b

S 2 I B R e S o Nl I RO N X
NEEL R FHER AW LCST filh % 5% 55 K 56745, 5290
XF UL 2A K AR B IS N 35 R T IR AR AR B W
)2 . QZ I fe4E A . T BRI (R
IR R B K B W AR 2 Re AR S T R — A 45 R
oA D IR VE R AR R T PR R R AR R . AR T X
R 2 Ak 347 T I T 5k 1 AN RS ) S e T R L
i 7E 150 “CZe A7, ME LA 2 U8 J2 R VR J2 4 T e T2
sk (=>200°C).
1.2 EeeEREF

Ref 08 2K RV I AE 1 4 ) 0 2 o, 38 2o 7E O BE SR
52 9 17 350 % 1 e D BEL Lk DR R AR A M R (A DA
2025; Tk 45, 20255 ®ZANAE, 2025). JUH A
B RN, 2 S AR AR, B 5 B
S R R I, 1 51 S BE AR RS IR
Fll i KA, 2025) . 1% Gt [ 0l 2 590 e 46 1if 3 1
AR, E DATE R e AR AR 4R BT AR AR
PESPRERR 1 . b I BF 9 T S R ) A SRR
i o7 A %) A 0 2 R0, L B AR 4l 1 B R B 7 ik Bk pH
AR Al I gy T R R G 0 AT P R AR T 2 TR A
FH ST il L R A A R R A R R R AT H
T N R
1.2.1  EREEREIRKT X IR R R E i o A
1 P I B i PN R R B R B TR AR A
9K B 4 G A il ) A R B AR R A 3G R
A FR AR R M IR TR R B B R E, S B
SRR P fE

Sun et al.(2021) LA 1H £ s 5 D) e Ak 10 il il AR
Ji 2R N K R R 3R, 5 2 3R TR 0 R (N3 TN 3
NON-ZH IR B IR e N- i B O
T e 3 2R il £ 1 R 7 3 A 4 EHL-ASN, H B 5

AR E EC,, o 51 900 mg /L, I, £5 4 B4 HEL
P 3 v B T P S 5 A T T S SR e B K
24 NaClifk BE#8 i 0.8 mol/LJ& , 431 PN i B it i
VE FH 5% 4 52 b 066 400 7 O A T8, A 3R 2 B K 4
T TRV e R 14 i B ok o R R | 2 e I B T e 3
53+ ORLE BB e B — VR R 5 00 ] R
REE U BEBUR Y. SLIe R W %R A Y] iR A
b4 LB EE HETF 500% , 150 CEALIG Ik R IE 2
13.8 mL, P ik 28 #8535 93.5% , Se B0 T v 0 4k B BR 5%
T Y R Uk k. EHL-ASN /E H ML &I an & 3
FiR

BB (2024) DL 2-F LY M 2 (N-3-Be P 56N,
N-Z IR B ) TR TN M Tk e B 28T 2E-N-(3-( 281
TS5 LR AR ) T G ) DR 0 T M Ay TR 2R A
£ 7 R WA A Y PAMN. HER w5 IR T PR B 1
25 K R AR 5 2R A SE AT - 2 NaClLVk | 3
1% B, 568 #F A G BE o T N w5 AR L Sk 3l A
G ol 3 it e 1) R Il R e N 3.8 A 12,5 AL
B 7K PR TT A R T R 1 BE (R 4R A R R
2% foT 0 RN R 3 R LG 4R T 542,900 . [A] I sk R
B 7 i e T Tk e i T o U — B R R O
R I EL AR SR R B eV S as R R
W], 2 150 ‘CEALJG R R UE K i DL 194 mL B % 4.8
mL, FEUE R FIK 97.5%.

Lier al.(2024) 38 1f 3 5 N, N-Z 1 JE 9 4
Jiie . g T R R SR A L2 DY M T e Bk -2-FR SR T
BRI+ b 3 -3- L S ke S 3h AL T R A
P DADC. HEh mi fi7 o U5 F 43 b o8 £ 4 5 i K K
U R VE FH AL 24 NaClk B 4% )5 L $h 58 7
Ji WA T DA PN R S ] ERF g 7K DK e 5 K i 1) 48
B o, A8 2 B AR T IR B = 4 S e R 4%, R B
SRR AL . W, 27 b ) Fe e A R R
5 T e 32 3 2oL e — SRR W R 8 - R A
WORE 43, DADC 1 A 3¢ 28 200 "CE AL IS 9 &
REEERE N 12 mL, #MEE# T+ E 17 mPass,
FH S B PR RV BE . DADC 7E AL 1 P
4R .
1.2.2 pHMRZBEIEEF MM BHK S BRI E]
B0 B A B BT A6 T me 1 pH AR AR I & A2 ]
TR FEURE e ol R DA O R AT R

3K 5 (2024 ) 3 N I Tk B 2- D3 A T e Bk -2-
FETN R R TN 0 R e B 2 T AR R 45 T pH i
BAWHLER . pH 7R T IR N R i B P R
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Fig. 3 Mechanism of action of salt-responsive fluid loss reducer EHL.-ASN(after Sun ez al., 2021)
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Fig. 4 Mechanism of action of salt-responsive fluid loss reducer DADC(after Li ez al., 2024)

B RT3 5T 1Ak - pH /N T 6 IR K 1 Ak, o i
hRCER WA R /N s pH R T 6 R 2 T Ak

Bi (pH 8~11) A58 42 H A, H 3 1& 4 T 0 % R 1 it
TRAR A S JR 3 pH SR A 1 T30

T FELHE R P 3 58, BE B R BB WK R AIK L B
WK I AT A R TE R DAL IR, 28 150 T AL
Jo g B 6.5 mL, I B I B R R M L R
I, AMPS 950 38 2o 5 i R /R T3 9 A R B9 Tt I
PE BRI B (pH>>6) 55 8 HLGE B I R

FI TR RE R 08 2% 0] 32 2203 S SR OB S pH i )i
BY P2 7 A5 B PP S 1 el N R SR A A T T
SRV ifp 5T 280N T RO S BUBE R R A R 5 1R R
S 5 e U0 R R e 45 AT Y T A A 8
pH A2 Ak AT 396 45 5 5 1 K R A B L9 Y g Ok AT
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T 4 < B K O B b R T 50 T 5053

Sy BRI, A A S B AT T I B A - R Ok R
XFCa® Mg™ & Z M BT Rt TP aE 714859 5 pH
N B4R T X pH KT 6 BT BT, HLAE B R h
Bl TR R JE R BTG, LR R B IR A B
il S e 7 M B 5 B R BE M RHAE 150~200 °C A PE g
K4 H# 5 200 “Cla 5 5% .
1.3 EEEEFHH

55 b 2 AL SRR R G T e A B Ik AR T
W OCHE PR Y . AL GE B e bR R TR L e A
EL 5 U N T B R VG T VA 2 N A T
R, B 58 5 AT T &t — 2R 910 LA A 5 0w 2 RE T 19
Wlm vk, ok BRENR B N T SRR SRR R, &2
N R E A B A B ST, LT
AN TR RUBE Y 2R 30 38 1 g A T 8
1.3.1 EaeEE A AR B N 3 B A X E
B 2 TR K L B B a2 4 3 ok 4 oK R SE RN
TR W% B0 R ek BB AH 7 45 22 20U () HIL R B 3
W2 A BAE IR R e IR RE

Xu et al.(2024) Lk KH-570 gk ¥ 40 >k — A AL Gk
R WIPE %, 5 3 B A N- 5 D TN 0 B e NTPAM
(LCST i [l 2k 32~35 °C) K 2-%8 £, 3k H JE 9 445 TR B
HEMA 25, & 5L 1 — B0l B2 me 7 5 409 K 35 34 5]
PKSHN. i 8FF M I8 T NIPAM 5 Bt , 7 15 NI-
PAM 5 HEMA L3, W] 52 38R L 2% /8 7K A 78 1
TE49~82 CH AT . M iz A it , R A
Yy H 2% K A R B Sy gk W 4, HE R ST O 5 NI
PE 94 K A W [T 1 850 % B 36 2, DN A 28 150 °C
AL G A AR 47 185 nm (R4S, BEAR R B K i &
17.2 mL, HA 84 0 BH 35 68

Zhou et al.(2023) ¥4 V4 # Tt i F1 TS 0 R #42 R T
FAEAGK SO, F 10, Hil 15 4 BB 35 5 16 M hE ny
YK E A MR ZY -1 R AR IR T — 3R 2 &b R AL
il : 442K SO, W PE A% 5 T Mg 5 3 3 40 5 RN L A
W B T 2% T TP B2 [ 8 3 ) 4% [ B R 1R 46 5k 1A
I R )RR R R A BB E L TR K iR AR
+ JZ 18] 30 KA K . 4150 CEAk I, ZY -1 4%
F§ 248.7 nm [ - B ki 42, 0] A8 $0CEE U A R AL
M, o0 B BRI 90%6 DL b, Il 0T I Ik R R =
5.6% , 4 8 [l F 3k 91.6%, B B I S 1Y 25 A
PERE .

FL B (2021) 3 T 5 T B 28 — A5 P,
I R A R W T I BE A PR IR
BTE K F B B Ay BOR B 2 4 D ), A R T IR AR AR

. $ @
s e .
@ m v - W

®s

5 REUEIE AR bR O SE SE 0] B3 (R L5, 2021)
Fig.5 Directional sealing of micro-fractures by temperature-

sensitive deformation materials(after Kong, 2021)

T3 % 7 SMSHIELD-2. H: I 80 107 I8 T 4% 443 1Y
P IR 5 43 P 38 106 B g 1) 3 [ 3R 2 < A5 B R 2R
JC IR i FE AR Ak filh & M ORHE AR | R B AR 4R i S
PR L0 Tk B TR A8 B3 5 8 B 43 O
Hefp ik RAa . W, 40450 P9 3038 o i R R
1) 5k A2 TR 2 0L 32 0 S A A0 E TR X, 8 A8 iR
JEE 0 LA 98 2 50 °C, e 252 AR 100~150 CI 3%
Bl I AR — R 25 — Zh e ik A, DA K e Tk o3 g
Je B PR 43.7 % ~45.5% . SMSHIELD-2 /£ F HL 1
LUIE YN

T 4 (2015) 4 N-52 75 35 15 045 BE e NIPAM
(LCST yu Fl A 32~35 “C) . T M R AA Bl 4 K
SiO, A B T — Fh iR SR AT A BHIE R L
NIPAM 5 AA L], 4% A1 B B9 LCST 8 2 78 57~
92 “CPN . H: ik w7 AL P = B2 40 5 S0k 5 i K AR
1) 3h A7 AR T LCST WF, 8 Pk 3L 5 K 4y 7
B, o7 HERT R OK s & T LCST J& |, U ol i
WL B K g G B RO AR AR S A 3R TP B
WK )Z G5 Ak SO, /Y W) B S AE T, % b R
FE LB S J5 5 h P AT A RIRH 1k A0 1 R T AR 3k
FERE 5O NE I A A 387 HE T 2 1207, I 251G 5 U v
IFRERREE

B K £145 (2024) LA 279 # B Jile - 2- HY 366 79 Ak R
B0 M o TR L PR R R TR R G A A R it
K SIO, Ry JFR, A BT —Fh L [ I8 N B R XZ-
APA. [ 3E AL )L i R 8 9 AU — B KO
i 5 A% R T (25 °C) o F 8k ol R Sk 5 K OE
ISR B RO R 21 K O BOAS 5 B R R T (25~
65 °C) , AU W ik IN , K 4 A e, MR R AR TR
I SRR K . TRL R e R 1 gk — 20 5 Ak R AR 0N
CESIEIPSSE L& S N A = B = oo e s
FW,3%XZ-APA 7] fifi 40~80 H b Ji I 2% & & &=
25~29 mL, /R RE I 42T+ 2 6 MPald I,k Iy 1% i
R FEARRIL 72.2%, BB R 00 [ 8 BB 5
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132 FeEERHN SR GEE RN E MR, R 6
W TN T B oK D R A S e Ak
T RACAZ WK SR T A R R Ak I R 42 A
SEAL AE T % 8 PN T B R o B L I N A B8
ES

(1) JBRICIZZE 3k Ie3h U 7 0 G B 7F T RE e 4T
WILRTE AR, 76 5 e IR fk & F L 38 i B IRk 2 5 1A
FRURZ ik e [l /8 HT, S B0 /I RS #6281 K AR R 4 3%
55 AE

Cui et al.(2021) UM E IR E-51 .4, 47 - Kk
TR T o ] Ak 7 R S 0 B B TR BR R TR0 DR
i ok e T 22 I TR Ak R N SR A BT TR AT R TR R
LA s R SMP-LCM. H A8 G847 4 I8 F 38 A4 B
I 2 14 T BRI A2 8500 5 Bk AR K 1) W [0 4 < IR
T B AL 6 (84.11 “C) i, b4k} 2 B B 4%, UKL {4
For e 4 0 /NAR BUIR S (5 T 8% 5 o5 17 w1 3l B S
O T4 B AR AR AS R T AR 5 5 Tk I Tk P )
TR K (B I R =>109%0 ) , 52 B M % 2% 3]
F B B R AR 3B IR A AE 95 C R X = B b
#(3~6 D) A1 40~60 H #> K5 2 B 1 5 5 35 Ak
71, K4y 5% 6.89 MPa i1 5.52 MPa.

X R AR AF (2025) DL IR AW g B ik L = 2 0
Jiie | 3R Tk fHie B D9 A T2 T k3R 0 1k o DR A
ek 51 A ] 45— i 3 TR R IR I 12 & T B T
B g SMEFM. HIE AR E A2 300 I3 R T K A9 36 48058
HK ) 4% 5 23 1 8 Tk e % B A L) B A HE AR, O 3R
G W R R AL IR Bk 2 T . AT RO IR E 130 °CHY,
WAL 5 R R S 5 ek O A4S, A 2% N 4
IR B B R S MR & AR B e N, W A T R
TCAZ N PR A R ORI 2 | 6] B 2 i Bl sk 2 402 ik

NI BRI, 3t [A) 52 B A8 — 2 ik — 20 19 2 e
B R AT R 20~40 H WP R R 5%, K R g

4134 10.3 MPa.

Quan ez al.(2025) FTH K G 73 4 BE#E N, N'-

V. P 0P o TE O R AA B B T XU IR GE I R A
Yy SMH. H WU 1a] JE AR 32 A2 85 AR 8 T A 27 S BR B
I = 2 0 4 5l P 2 R K B B 1 T RE P ) < 52
R A5 A A S I8 1 R T R AC R, K PR T
0 TBE 1z 15 L K TN I B e B i K AR
F14 9 B Wi R A2 AL, 3R Bl b REAE 64.61~97.84 ‘CHL
DA A T IR B S HE K ML AT R, AT S B
Xof Y 2% J= 1) 3 3

Magzoub er al. (2021) ¥ £ R i 12 & & W
(SMP) 5 S EHcHl & T2 A6 HkER . Hh
SMP DL ¥ B i EPON 826 F1 53 /K B — iz hy 5
B, 2R Ak (150 °C) K — Bl 40 7R E 45
(160 °C,45% N2 ) J5 il i i o 45 2] . LB 5847 M IR
F SMP I AR 2 12 R0 - K F 3% 385 Ak T B (150 °C)
R JURE PR R /N A B F 2 355 5 3k 9 g 7 3R B S A R
%, ) BsF £ 2k 320 50 JURE (8] B, O BUB0% B )2 . 1
150 CEBHKMET ¥R R T AE 1 000 pm 24
S 500 psi & 37, U Rk fE > 95% DL E
(2)  BERCZE B RBBEMCHE IR A 2 2 A HE A A G
Ji 5 Y SO I T R S, T A A B 3l A AT 3 Y Dy
HE4, Zh)E 72 mARBE LR EE S
3 R O T R A A R M 2 R T
fi 5 A0 3R AT P A8 Bk TR AR A E

TR AF (2024) 45 58 RME V9 M I Bl N M TR
KW NI R T A\ BB IR R T —FEA £
HASHNARAEKERSN . HAabmeh R
WA 53 v BH B 1 2 5L R R AR T e R R A e SR
B P [ g A 0 RT3 B R K I 4% O i R L AU
5K 4G LB sh A Wi 24 5 m o, 5 44 k) 7E U 2k
TE PR A A S R A A I SR B E A S
TE R p B g R SR R R B 90 C T HAL S
Ji i AEASE 2 3K 3 500 Pa &5 MK & % 83% ;120 ‘CF
AT f A . 2% %E R Uk N & v] A sk B 0.18~
0.25 mm # JK , 7 120~150 °C . 3.5 MPa £ 4 F 30
min Ji 2% BN 42~86 mL, i £ 20 H LA _F L B U
% ML 9 B B 3 T oK

A T TN 45 (2023 ) 38 1 651 K B A 47K 20 ik
T 4N ER R I RS R AR 2 Kk = PP Sk A
# T —MABEKE R . R B R T b TR
A s vmT i 4R H A B (R R VE R L AU B BH B
T @) SISEARE T, ARG ox
MHEAEM 90 CF 1hNEEABA . ME-T Bk
K JE AT RK 1.3~ 1.5 4% , i 1 & &2 VB FH 5¢ W 908 (8]
JE 45, T A SV A0 25 ] JE AR ) K B B 9 . SE e 3
WY, IZBE AT 180 D b 4 B 1 245238 900 , B34 27K
JE 5 MPa, 75 40~60 H P K Hh Z R B8 R0OR 3

258 (2024 ) LA 4 Bk e . HY S5 V9 9 T2 1 7S o
Flg T e SRR Al AR O E AR A T
X 28 358 Jie 1 U 7). L A A e IR T oK g A A
FH v e o EE A R AR B 5 R 2 )G A AE Y
HH L ETOCTEIAABA , MMERE R 430, W H
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Fig.6 CK-D self-healing mechanism(after Sang, 2023)

N F10.58 MPa, Wi 24 1 48 35 2 080% , H 120 ‘CF Xf
1 mm 487K g 773k 5 MPa.

F T (2023) DLSR DY &0 5 06 2Rk B 59
PR T SR B 4% 550 R IR B T — Rl R T B A 4k
SRR H A BRI IR N CK-D. A @5 R vk R
T XUBL B ) T 3 B 5 A A A LA B IRD 60 °C
TS 12 h, PR B A A 2638 96.20 %, B Ak
FAA F128.10% . OB i = T IR 140 °C L, 7E 20%
NaClak 8% CaClL" &4k 5l L& . B &
W], CK-D i i “ et — 7 — @47, % 1~6 mm 2
B8R 3K 7.30 MPa, 515 e 35 I A4 8} 52 1E I 7K s Al
% 10 MPald | . CK-D H &4 HL ik i &l 6 577w .

XI5 W 25 (2018) LA 43 7K fif BN I Bk e L 2 TR
B R M BER R 1788 X I 4 B R 4 Sk SRR
i A5 LA R 8 o s AR 1 A R I I e ) L
T BB R T BB A £ T A% 7 45 0 55 I w1 1 B [
YER IR 3SR Cr' 350 40 7K Mgk 58 VR s o e e
B T G R I A% A, A1 J2 o i M SR 2 M AR i 1788
2. HF A 60~90 CHbJZ J5 , 72 )2 X 80 i 0T 22
RS , fik & A8 3R A P 32 Bk, 55 30 Bk 3h J iy 3]
F B Al P AR B N R B 6 R R 80 JF
12 h NI 2 0.3 m®/h, 16 B 33 HF 7 9 h 58 i
HE R AZ IR I S50 4 B A RO D T A% GEEE IR AR
JBE AN AT 45 (18 M A
(3) AL BRULZAb, A — ST 58 8 o A
g o F 5 Mt T MR sh &k Fm A
T I S T S 2 F e N RE ), iF— 2B R T T 3 T
b RS o 5 AT S

HEAE(2025) B AW R LT R . £t
VAR B K A ) AR < R ) v T T AL A T 2R Bk

e A . A S AR TR A Zn® i T
) AT 3 i 52 e 2 R L, 78 180 °CF 25 min P52 BE 100 %
SEAS AL, N S AR B 1] 2 000~6 000 s N AT 3, B
B AL AR R 60~80 °C, BWR 16 h i & i 2k R/ F
1.6%. iZMBHE1.5% NaOH 180 ‘CF 1 h N 5¢ & F%
filt . BHIE SIS F A OB 180 ‘CF #4% 5 mm X4 mm
2445 7K JE 3K 10 MPa.

Xu et al.(2023) LLYY K SiO, 0 WIER , B (T4 45
Tk e -co-N- M Sk s e i ) ok et 5, B L T 4 &
PR 3 O R PANS. L8 Re M R B0 O B AR — 4l
[ — 7 7 U [ ML - 32 1 58 2 T [ IS R I 5T S R
W) B4 4 | I 38 Jk SR IR B T A 3R W N A AR
By 25 Y R B B IE )2 %M R T
26 180 “C Ak Ja i i = FE UK 2k i B AIK 66.9%0, XF
100~120 H b K 1 2 35 A8 4l 44 2k Si0, 14 & $2 7t
T1.4% , B0 AR 5 0 1 3% 1 g

Bai et al.(2025) % i 8007 B ik Bk ok B 5 W)
TR AR A2 B [ Ak Ry B AT IR S0P 0 B IR AR I 5
AR . R SR A WL VR T A% e 45 R T R 1 T B
AR 55 1 9K Bh 85N < A Rk e R R B Ry 105.1 °C L AR
I ek B S AURE R /N RUST R T i Al W A T 2
I ;105,10 °CJF L ek o8 R 2 A AR SO S
KRR RN R IR S B S 1 Ah 5 & A IR R
i, #E 100~120 “C N g ik tb i 10, i ik J5 Bt 5
JE ik 34.3 MPa. iZ M B A A7 &3 357 B 4142 400 pm
AP £, % 600 pm B 2L 48 7K s 35 8.26 MPa.

H i, 2 68 36 I A ORI 4l 1 R EE 7T 43 R
25 78 B A 00 T 1) o K AL IR 3 A T EORE AR L8
DK 38 A5 22 FBIL ) 4% D8 G 5 Re A R R 0 20
25 RFCILARICAZ B B A SELH S B o B
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o e R B R M LR R AR BB I R E .
I, AR 2 2 5 K TR R R 5 T e R R SR R B R
— R ELA R N R SR, R i iR AR
b B ERTT TSRS % GRES LB B B0
ARFT R IS N R B B DR A A A TR B

Tchameni ez a/.(2021) @i R A N, N-—
LV Bk e DEAM (il 545 4535 B2 R 43 °C) e 2-
VAL Tk e i — PP L Y 8 1R AMIPS TN, N'-3IF FF X
N M TR Jie AR MBA L B & T TRBUR & CGBA. H
T W AL T DEAM H = 2 BE Bk B BE 7E 43 °C
A A 55 B K B AR L ARCT G I R I R SR SRR,
HEET e B RERE T i B R B 43 °CJF , HE A B K
S i e IR A T T ) e
90~150 “C ik 2| I {8 JF & T A2 € . [l I AMPS fiff
17 1) 50 HEL B S AR FH 5 MIBA {2 28 56 0 2% 14 45+
YA CGBA 1E 4~75 “C N5 4l Wi 48 2 80k
B B R AE 30% LLIN . CGBA E F ML 4n &1 7
Jis

B JF AT A5 (2021) 8 N-53 79 28 9 M B Jie (LCST

Bk

ROy T HAKBA

MBAZZEL
7 iR AR R Y ¥ CGBA/E ML (P& Tchameni ez al., 2021)

Fig.7 Mechanism of action of temperature-sensitive flow pattern regulator CGBA (after Tchameni ez al., 2021)

0l 32~35 °C) P M Mgk i o K 5 5 ) A5 A0 U I B
R4 PNAAM, HiLCST Ny 39 °C. H: % BE i 248 #
P BE B S 5 5N SR U R R A AR LCST
B, I i 56 3 o S B 2 457 0 B IR R OT TR
5 KR 3 80, 35 T LCST 5, 5 4 5L 3K 3l i K 45
G 5B A5 W 4%, S B0 i T 3 8 E 4~65 CINE I
SRR E PR T R

Ding ez al.(2022) LA N, N 2, 3 7 B iz (1
AR AR E R 43 C)MN-Z M & N B (LCST
0 Ry 30~32 °C) Rl ok, MR G L T R BALR A
P9 PNVDE. H LCST B #h B pH S B2 3 Jn iy B
i, 4K 29k 32~35 °C. i KT LCST B, i i
S TRUNER s ks 1P R R Tl o T
R R UM s 5 T LCST Ja |, B K A5 F 9K 3h 8 BE 35
il IR R R 454 T4 . % HLH 6 PNVDE 78 4~
60 “C P fa o W 4% W A8, H Al 32 20%NaCl K&
1% CaCl,, BB R 4 (4 T L bt 3k 5 o A8 fae 1

Wang er al. (2024a) 3£ 5 N-5 15 2 9 B BE e
(LCST i #l 32~35°C) N, N- " HI 5 75 4 Bt % \N-
s M 1 o T TR TR TR BA BRI i R R
WA Y PYNA, HHLCST Jy 33 °C. H fig i 45 5t
F 25 BT i AL [ AR F IR AR T LCST, il 5k 2 nik
e ot T A 45 2 7K ik AL 48 55 43 150, BA B 7K B B I 55
Btk b ik LCST i, RN R Bk 4 & £ 5,5
5 BA BiK BB FE Bl A = 4E M4, S B A
LA PYNA TE 4~75 “CIN &l 7 B RS B — T8 2 i
LR R 0.84 K8 % 017,180 ‘CE 4L 16 h J5 i &
Bk Sl B s i AE 3020 AP, JE B R S A 1 O AR
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Xleelal(2019)l_ RN M 56 O DN I
NVCL(LCST {5 [l 2l 30~32 °C) A M Bt AM K% 2
-9 M B e 5 — W R DY R AMIPS, il 48 1 i B 2R
Y PANA, H. LCST &y 33 °C. H: il B wa i 1k 5 T
NVCL v fy #AR & N Bk e B 141 - IR T LCST B, &2
FOKHE 4EFRIA R 2 B & T LCST 5 W) & A= i K
g G T8 B = A W 25 25 A 5 A A R AL N . [R)
AM 250 755 2 Ve, AMPS (0 filf 112 56 A1 42 it # i
FaE 5k . =3 Pr At PANA 7E 4~75 “CHE [H]
P S BRI AR R L 28 150 CE AR R 15 BE B Bl
FEW A A8 2 B0k 3l i BE 4 R AE 1506 LAY

£13(2023) FI NVCL . AMPS | — H 3 — 5 4 56
S DMDAAC (N-Z, i 3 W Jo Fid NV P F A4 6l
#& T UCST BY LB m i7 5R &%) PADN. A48 3 42 AL
il V5 T UCST ARG Wy i 2 1w it 80 3% 0z« IR
NVCL Bi 7K £ B & A= i 48 40 i o B2 26 Ak = 1R ) 43
FHEMH R, 456 AMPS /K & 1EH & DMDAAC i)
T LR BRE VR L 5T b A R T A 1
i S VR IAE 7 T X ek B AR P 32 S T i ABCATL o
PADN 7£ 4~65 °C Py 55 Bl AR 2 801E i A8 I 1, &
120 CH#Ak 16 h G A S 502 g B /NTF 12 %.

Cheng ez al.(2022) ¥ N-5 5 3 4 5 Bk e NT-
PAM(LCST i [l 32~35 °C) 5 ek P44k Sio, &2 &,
il & T — iR B K e A R Gl A 2 R Dy
35 “C. AR T MM IR P Ml o ok S A A 43 B e
I W BOE R 9 A T, B0 A RS BB = T35 Ca
NIPAM % Bt & 1 2% Bi K ¥ 745 | 5K 45 5 T8 i = 4
R4, 5 40k STO R 4% D[] 52 80 $ 086 B . %
MORHFE 4~65 “C P 22 B IR I 4 3 | e T 38 7 9]
FEVEH L 28 150 “C& AL G B W 22 2 80728 b e &
INF17%.

B Al R AR R T 2 R RO SR A W, K T
Jiie S TN 3 O P T AR IR BB T AE LOST Ab
FY 5% i 7K A 30 A A S A A5 AT LCST I 28K A
FH 44553 80, /= T LCST R i /K 46 4 T8 il = 4 N
2% A EE S A5 MR AL . S MORHAE 4~T75 CIN R
WA MERE B I, 120~150 “CE AL G i 72 S B0k sh %
Hl7E 3026 LA . R, A i i (=180 °C) Fil i
W AR T 1 K R e M 5 1 ML 75 TR AR ST
1.5 HeeEHF

HEORG R) E BERT HR VRR EE A

SER SR
e Fsf A A7 Bl A R I A2 P R Al Bl 9 ) 3 2k (32 XL

KT —— T Elie BtEET o AT

K18 Ehm p B KGR 50 FPOD VE ML (i Wang er al., 2024c¢)
Fig.8 Mechanism of action of salt-responsive tackifier FPOD
(after Wang et al., 2024c¢)

FHAE 20125 WO HE, 2018). 4% 45 8ok 0 78 &5 T
AR SE I i B AR R ) R A B A s 0, HE DA R TR 2
R R 2 A T 5 oKL D b, FL A R kO G R R
T A7 B OCT, HEAT  ao JE T B b R vk B
AL B S W R R 5AE M D), dERR B E TR
R MR 5 a5 e
(1) FREUERGR X EBERS 0 i 8  HL ) 32 ZEAK
Wy Fas TR IR AL (F 8 1) 5 e L (P&
) R LR T PR B T, T R AR PR T G
Ji W55 8 K 45 A T AR 1 43 - A R 5 58 Bk I 4%
T I, e 2 SRR A

Wang er al.(2024b) ¥4 N, N- H 5L 79 I 1ok e
DMAA | 4 9 = G4k B DMDAAC 5 Ptk
B K SBMA (2 58 H fife 5T &4 0 fioh & 6 ok 2 =
5% ) LB A A W FPOD. HEhuw i M £ 2k 5
T SBMA R i 5 R $h L A1 AR PR B L,
Pt TR, PR s S AT BT
J5 W50 U 55 T R AR LA, 0 B R O 1 o
B K G A T RSB W 2% 25 40 . [, DMAA 324
AL E R A, DMDAAC 1 iy 2= 5 £ 3% P 186 5 %
+- W5 KA AR e R . = E B EE A FPOD midh
i AR R 24 150 ‘CEALIG M R 10 3 B AR FE 45
ik 87.8% . FPOD fE ML 4n &l 8 fir 7 .

Sun ez al.(2020) % F A 2 R 4 1206 79 4 Bt
fig [2-CH LM BE R 3L ) 3 ] I - (3R N %5)
A SBMA N-C M-« C NI R A IE I 1
5w 7 20 7 B 2R A PAMNL. H 3 i o7 1 )5 R
F SBMA it iy 2= i 35 BH 25+ 5 il 2 AR B 25 44 1
F) 2 B HL i S R0 24 NaCle B 1% )5, 3h e
5B 4y 1 N VR, O Bl 4 7 B b 4 5 R A
Ji& A Ty 2 R3S K TR, NV CL PR 45 44 1 5
FENIE , AM 38 2o S0 — 551 B 0 B G - R, B )
T Il G2 = e 2% SEIE B R A W4 150 °C
ARG 1R R I R B R4 %838 8320 PAMN 43
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Fig.9 Molecular simulation of salt response mechanism(after Sun ez al., 2020)
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Fig. 10 Salt-response thickening mechanism of polymer PAADS(after Wang ez al., 2024b)

TR UL R ) 1 M3 G 1B 9 TR

Wang er al.(2024a) 38 i B¢ o0 5R A 15 L RN
T i AM. | 2- TN Js Tk Jiie i — Y 6 PN it iR AMIPS | 0
TR 3 B 3RSk DMDAAC K B 3 7 065 1% i g e
fis SMA , il 75 3 mi B 8 2 4 4 PAADS. H 3 i jij
R b 32 A B AMPS W i iR 25 5 DMDAAC H %
B R L VIR BB 5 S KBS X 2 Y NaCl ik B 88 o
0.1 mol/L J& , % ¥ B i -SO, 5-RN"Z [H] i i i
W51 T, 43 F P G U 55, i 4 B A R TR 1 2R R
SR AR, SMA K 8% Je 2 5 /K 5 A 7 385
SN RAEB K G TE B B AE B 2%, DA T il
PAADS 1 Fl£E /Kl H W 48 180 “C Ak e , b B - 5
FATE 47.5% . PAADS 3 mi i A1 1 40 & 10 7w
(2)  WRBOERGR XEIGRLF FEEA Bh oy T A5

O EROIR O PN R e S AT A TR BB T A LCST b & AR
(9 AT 3 R K e AR T A A IR R R e R S )R
AT 1 5 L R R T B Ak o7/ P 28 B T 245 1y A [
W5, SN B JEWRAA FR TR R R SRR R A
HEMERE .

Tchameni ez al.(2025) F) JFH F A7 A 35 R A1k
W5 2-TN M L e 3 — L TN B R AMPS N-Z 0 3 e
C N EENE NVCL(LCST i [l 2 30~32 °C) N, N'-
V. P U TR 2 B B MIBA 5 40K SiO, 3L R IE Il T —
Tl 2 G A WA K 22 AL B RE TAP-S(LCST
62.5 “C ). Ho R B P 3 AR NVCL H Y 3R
O PN B 35 A1 - 38 B R 0t LCST, 3% A & A= i K 4
A PRI B S I S L A, MBA A S Ak 2 52 B
522K S10, 19 W £ E IR B = 4k 9y 3558 16 1) 4%
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Table 1 Comprehensive comparison of key additives for intelligent water-based drilling fluids
B HE AL B Wi 7 1L ) [NV F 2R R s T4 T Uit b PR iiif £ RE
T Ok 325 34 A ok
R/ Zohie  ABmiKE 5
BBl 150 “C, A3 FH PR U b )2 150 °C /
e e e S s
o )2
[k RN E R By ] o
e 0 25 711 /pHIAR, R BRIEACRATE ZME RTINS REE&AEmZ 150~200C 11 #1 NaCl
90% LA I
N TRUFL B / o 2 4 b )22 (3
\ AR/ Al ARSI, KA TR - D
i bR A R 2 e e pr— CSIDEE 2 SN 180 °C #8431t 20 % NaCl
o/ i LIIN eV e AR TR 3 1
! HeE . 4% /AL 2 R )
7 i (> 180 C) Je 5
: 25 TR T 2 :Eu i /‘\‘ T“‘ %E\Eh,‘cb,r‘uq 7. ‘§’4N
WL RBCRA AT kf’“%jﬁ BT KRR E IR I 150~180°C  #43i 20 % NaCl
il Ll 75 CPEBh<<30% .
PEARGF
B it <<
\ o N T AR B o \ e
B R /IR 180 °C, i i %0 it 35 Ei A TN 150~230°C  5%~20%NaCl
FR>60%
<<20%NaCl

T 435 4 1) 8 TR R R 1 . AE 230 °C .20 % NaCl & 14
T, TAP-S B MR R B R R AR T 6020

Djouonkep ez al.(2024) % F B H 3£ R & 5% 2-
VA H T Jhe 32 — PP L T B R AMIPS | 1 56 R T 4
AL # DMDAAC  N-Z J5 #-e- & W BE I NVCL
(LCST {E[2h 30~32 “C) fl & 4 B se b 44 >k Si0,
(VMS) G il i & & Mk VMS-ATA. VMS fE
R SURME A R G W EE Y AR & R B i VMS-
ATA ) LCST 1 K ¢ 16 ATA #y 105°C 4 8 &
120 °C. #3 LCST &7 ,NVCL B & /K 4 & . AMPS/
DMDAAC K i HL RS R J2 S10, Ay I 52 56 B3 7] #4) 578
SR VMS-ATA 1E 100~200 “CE Fl Py 2 Bl
SLFRE 1 R B S, B CAE 220 °CL20% NaCl
AT AL S B R R R KT 60%.

B RE 1RG0 E L 7E A B RE B AR Bk
BROBE AT, S BT o Tl R R PR A e R, 8 AR R R
3 7E 60 %0 LA L. B ET A o BRSO 2 .
I A0 0 % 1 35 5 2 i 1) R R — KPR TR M
FER A B pPERE R e L (H I 2K T 180 °C 5 # i
By AR O N I e 55 2.0 /Y AT 3 5% A8 L 7F 180~230 °C
TR E AT (EUT M R AN B AT 200 NaCl A
TR A5 A P 2 B R A, () M LA e I o L
5 A T, 2 T AR )R B A )=
SRNIVAER

SR A T X b 4% S g Ak BN A 38 = S R
B, 3 1N B AL AR R T R
BRI B S R B 0 A5 I AT T LR A AN

SRR R T, 45 268 BE Bl I W Ak B O AR Ak S
PR TS G a2 RE B AN (I BC A S O TP R 3
[Fi) 24 5 Al R R B AR . BT R RE B
il 770 DIC 5 Wb B T = R, 30K AR I K S
S a8 R R HE S e o B A R G A T A A 5 R A
AR R R S EORS RMAE r TRRRE S A S AT R
(R & IR, DI [ B B Bl A B A% R T R AE 1
5 B R 5 B RE S T BT RE T 4 o ) | R D
FRUAE I BE DX IOR 1B 47 R &, it — 20 4 T 3 5
5 IFRERRE MR . BB BOM S 2 4R v T — b B
5§ BT = AR RE AN, X Ak B ] £ P[]
PLERBI A7) LAE PR 3R O &, s = B R ML L B Al
Wl 55 B BT R S AR Z O E AT R PR
R 5 A RO ML AT i ot — 2P BRAE

2 B BEIK IR IF AL B e

FUR & RE A4 R0 BIF 58 B A5 1 2 ik e {3 %)
i (=200 °C) T We B S AT i B 0GR AR AL |
1o B B R IE P 1A G A B B R OO TR
IR T 2R A W S K Y- A i RS B 4 OC B B 2
AR W A TR 5 00 R i, B AR 2 41 X iR
JE R B pH A5 B — PRI AR S BEAT B, Mk LATE B
HFWE IR — 22 GG = A9 bR T
O, Bk R = 8 RE AT 00 A R A W i R
5 O B PR IR AR R VAN A S WF K N R A T R T 2
P 22 R N iR IR BR B AU SR I R REASRL , i i
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P 0 A0V FH 0 T B, S B B B 3 8 DF 2l
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P R R 2 SR Z BRI X BE RS E i T oK
22 HEERRIEKFA

BB A U R AT LR T R B A S N
G (1) IF e 22t B - W O b4 ) 3 2o 75 0 7 25 4
ta] A GeE AR D I A B R R R U BT o X
Ca” \Mg* I8 3 T 5% 1k 3= 3w 1 A% 5 (43
T WNE G BREGE > T A3, w IR A L8 Hob R
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THEE . (M &SRS TER ARG TEIA
I 55 2% 30 8 AL AN K 2 Ak BT IR 45 & il g
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TN B S5 T ARFE R R D8 O 5 AT A 45 it
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LR AR T 30 U8 2K AL
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J B BRAE T2 180 “CLL E . (2) % AE&E B 34 T 77 ol 7E
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