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Abstract

Deep to ultra-deep oil/gas wells, geothermal boreholes, and extended-reach horizontal sections ex-
pose water-based drilling fluids to a formidable combination of elevated temperature, high salinity,
high density, and complex shearing histories. Aiming at the “low-viscosity, high-gel-strength” para-
digm, this review critically evaluates progress across four interrelated dimensions—thermal rheo-
logical failure mechanisms, functional material design, representative experimental evidence, and
engineering applicability. Technical routes examined include natural/bio-based polymers, ther-
mally stable synthetic polymers, polymer-nanocomposite systems, and mixed metal hydroxides,
with deliberate discrimination between direct rheological contributions from dedicated flow con-
ditioners and synergistic effects from multifunctional additives (e.g., fluid-loss reducers and shale
inhibitors). The findings suggest that high-temperature rheological stability hinges not on boosting
apparent viscosity per se, but on establishing a reversible low-shear network that keeps plastic vis-
cosity and circulation pressure losses within acceptable bounds. Current strategies revolve around
rigid-chain/hydration-enhanced segments, hydrophobic or thermosensitive association, mild mi-
cro-crosslinking, and particulate interfacial junctions. Nonetheless, unresolved issues persist—in-
consistent testing protocols, scarcity of in-situ HTHP and long-term cyclic data, weak full-formula-
tion compatibility checks, and insufficient field-scale validation. Advancing this field thus calls for
integrated studies bridging structure-property relationships, dynamic evaluation techniques, and
realistic downhole constraints, so that laboratory conclusions become more reliably translatable to
subsurface operations.

Keywords

High-Temperature Water-Based Drilling Fluid, Flow Conditioner, Low-Viscosity and High-Gel-
Strength, Hydrophobic Association, Nanocomposite

Copyright © 2026 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 51§

BEHBURIESE S . BIEINEADRL, EElI AR S BEAE ThRE, A i B OR R B IR T
T PRI EARANS I 5 DT RRE » BEETRIZ - R Z I A GRS KA BUF T A, FFRIREE
F A3 ERIG RN AR DT STt i, AR BY D) DRI N 8 i Bk — 2P TBORCE 8 PR -5 3 A DR XU
HARERIR SR T FUR W, o T et T P TR0 Bl H R A4 1) ey 2t T R e 1 % e R iR TS 2
PER e PE S IR R 1]

i K FERHRR A B A R 12 BARZAR . BUREEIERT (P V) A R T BRI B A 2 B A
FE, TR BN Y] F1(YP) . ARBYDIHE AR R B 5 B SR T IE M . INE A RS SE RIS E B
TRIE. G KSR O A T ), AR S E W St sl L 515 A RE DR & 7Y, i ASRER] #LE
REFL2]. B, HUEER T 5750 TRE B RN ARBUONE R0 w8y DR AU T 4R AR BT DR B0

DOI: 10.12677/ms.2026.1610192 74 ey PR


https://doi.org/10.12677/ms.2026.1610192
http://creativecommons.org/licenses/by/4.0/

ERM 25

Sk, B “ARFEY17 .

G RIRZHER = T REREAY B ERKEERKI BEE A TR E T At (E i 2 oK g
Wik A a AL, mEh G Ca? /Mg o R4 7KALJ= 1 51 AL B fig B i B8 k. AR, MHOCH RHIZ AP i
SRR L . PITES T BKARBEE & BIRMCEEEANL - THLE S, DA Bt e v i
KA [3]. HUCFEIE, R REES AN SR X 4K AR RO AR I, SRR R 7 ) S AR 24035 52 5L b il e
AT A [4]

WA FEANRET: ARMERAN. SN SWE., B SR &Rk 2= R EOR,
YN HEAME DA EL R LR B0 DUARE IR . RS EIR A BUR — R fe s B AU TR T RE: Lt
Ab, FEIES . FH BT A AR R AN A IR B R A R AL TR T REE 2 5 iE o L) R
TR . DRI, ZRR PPN 75 B[R I OCVE R FORt B R AR SR AR SRS &

ASCCAATF IR SO FEARYE, RN ER A B R BRI & . ZAIRET . R A/ EhRE L
AR BYTREFRAR AT IT . &R “RASHLEE - MRHST - RGeS - TRERD” RIT, IR L HmA
VA 700 B AR RS 5 22 D REAL B I U [FRIE 4 70 JF 0T i, DLEA MR 0GR A LARA PN 2 T B
Pt AL 2 R 1 70 PR R SR Ik 4% 5 O B ) 7
2. SRR EENES TR

IKEER S HEE LA . R INEADRL. SRR 22 285 70 TR U S 2R B 2R o I YR T
(IR R AE 5 BY VD B MEAMIC BT ) B v 2 (R AR P47 o SRR S i X ), #vig 5 i & SR & it
F O AR I B AR A g P A 1R ORIl B UE 17 i B R AR Y A% IR T AT 1 (5] [6]

2.1. REERIEXESY

Bingham 5 8Y, EHAYFI Herschel-Bulkley A3 82 &5 H- i 7t 413 A AR ¢ &R - Bingham 2 8L{§
T PR T, Herschel-Bulkley #5278 Il i 55 4 438 B AT i RS ) A BT DIRG BERFAE (AR« HAEATE 20
agiIVSE

T=Ty+ 1, )]
r=1, +Kj" ?)

Kb, ¢ NETVIN A7, 1088 o NIEIRN A, w WYBTERGEE, K AW REL o AT AR, 7 oNETY)
R, W E R T HEEGTE AV. PV AL YP:
AV =0.56,,: PV = 06, — 0,5, YP = 0.511(8,, — PV) (3)

ST IR KB, TENRAARGE RE AV M PV, BN &SRB E . SR TRE . fil 3k & L
K # AT « Bingham HERUE T II7 B 5, Herschel-Bulkley 157 B8 i & Hiik B A i IS /7 F1 874
FRALERE AR £ o

2.2. EimEhRERRRLE]

i S R S BV > T RS . AEICE R ST RE R KR BRI EAL, R
IR WE M 2R B T T B . SR AR SN AT T RN, VR TEIRR A W I T — i AR
PTERS T REMZATTNRY], REWRERU DS F R [7] .

F e M Ca?' /Mg et — IR R A WHEM S 5 J TR RS o Lin 55450 Pyt 5 1 B4 PRk ok
REWAEER/ I R RIS K S IR AR E v, HwE S R BARR R AL A7, (Hr ypie g

DOI: 10.12677/ms.2026.1610192 75 FHER2


https://doi.org/10.12677/ms.2026.1610192

BN 5%

HE ) 0 S LA S BRI (8] Gao %5 I 7359l IS S FELARR IS R0 5 /K 4 5 R BE s I el vt 5 2% 1 T i
PG WP Bt I ] AR AR [9]. IXERE KRR, PIVEES T 5 BUK SR & (A7 L 52 B 75 B AN J i
WEILFERIL), ASRERS I —HKE R IEE R EIEIMER A i A T i R

WARGHA S RIE S SR L, BE A SRR ER K R A2 SRR o 3 VR B AT AT 3846 1) T 7%
BARTT IR 45, (EIR Bl 5 s R ROk AE e Eh b 158, AT RESG & PV IR FRIRES M T RS . (R, i
i CREEET R NAE A TR IR . RIAR/C R AT Ak AR P SR I HL 1 T R R A

2.3, REMREVFN

e, U2 T R R RE VAN B A D A B SE SR AR ER IR . 2R S, RSk
IR S ) R BT I DI s o UK AR BE v 2D SR S I, T e R AL AR . AR AAN ]
WAERAAL s SRR R B INIE ST - 15 - BRIRIRAS . S AR,

3. MRUERSHFANE

MM EHRIFA R, PUERARR I AR — 1) “RIREGH” o AFHEREHRRAF T
FEHAR: fEmld mERA R AR S 1F T 4R R R BT DI S5 M, (RN R BRI LA R . I SiX —
HbR, BUAEMRIRAIE R =R R R AE R 0 1 Ik AL 5 PR S BE D AT MR ook s g i
AL YRR T UK G A PRSI 2 & BCR S SRR E M 5T R 465 DU A Bh g oK o B¢
MMH F4J 5t 157 RUFH 5 S50 P D % o — SIS 2 (0 22 01) T2 EAE T I 4 oy 70 1B 7 I 2 “ TR B Il 7 2,
PR TR < T AR AN BT 1) D S A U

3.1. RASEMEREY

PRI TURME VR LP4ERMAT R AT A R A BIFKLRE ), B A . S AL
WRERFRBTVISE M . Sl RV A FALBEFIBT TR oR, B - RBUREREL . Ayt ie s M
il — SR IR A S AT AR R RE T T RO v iR (AR B R B[10]0 SR SRRRHIK I [ R il A& R AR 1 28
(AR JRURHE RS ZE 5 B e Je PR RE A — ELHE

RIRFEHO DI RE AL 22 BOR . Tk - I B AR R BT TR SR TERE, AR EMmATAE
YO RN R SRR AR BUERI[11]. & KA 4 R RSV TR KB O 552
T 0°'C~160CYEH A KR REE SIMRITERE; E4 TR EF i 1 Z T DUE KA, ZEmr 772 0 3
By el PR R I R 4R 5 AR AR [12]. 4t ZnO HoKIORL L AT At 2438 fi S T Ak - 7 el e
FAF TR YO 7 iAR SREUETERE13]. Kk, AEVREAP RO FEUE S I X 7 BRI I 19 1 A5 1]
A UESERCT P FEAE R -

3.2. THREMREEY

TRt i 5 S R 14 ) S0 L A R vt B BT vl e BR AR A T HROKAR AR E M, I S B AR e 0 1 i
W%, AMPS, NVP. DMAA. W{E & 7MKL R 23 B SR ek BENITE . FLar 1T 5 T 04 15
i AR 7 R B DGR IRV 78 T 210 10 KK SR B H RO BE RS 2 SRR R %, 5 WD At /) T 45 7 T D e
M, (HIEEGURAE BN MR RPERERYE [ 14]. XHRASIZIN &, RS XPER 2
e BHEAE R S e B, SR A IR T B S I BT DI ROA S AR

FE R R AN, AT BRI . B TR A PRSI AT M2 IE S AT R S s S5 M R R
HORBE R MR AE R BT UL N BERG AR A, FEARBY V1Bt 5 EB G 5 4 A s 9, U] et Al
VA ARAR T IR 285 P i e s T A

DOI: 10.12677/ms.2026.1610192 76 FHER2


https://doi.org/10.12677/ms.2026.1610192

ERM 25

3.3. PHARESHES MMH BAFHALH]

REW) - KSR Z OB S i T F el TS . AR S R EMNKE S
MBLZERTR ], Si0y RIREERRER . &R A SR IE QKPP BT 8 1 S m R M BRIk s [l iz BELAN
FLBRIETE SR BRI AL S PEAT [15]0 BEXKIEREH L, Huang 55 RZEWTFE T Laponite 7£ i V5 BE /K2
B BRI 77, i AR GOK S5 R AT L 2R T A R 4 2R 1 RE 1Y R 16

MMH 38 5 15 HJZ PR A 55 i 0 P 28 E R TR Bl St o R PR A 22 BT 2% . Mg/AL B MMH 2 2 2
MMH W% Y], SRAR. FURGE MR i it B 20 B S AT u(17]; 531 1E s R A AR F 7
UER T BESRURL X 2% BAT W12 (R 45 A ST S BT DI RFAE[ 18] H BB TR S B 7 A BRI 132
eI B e ORHIR PP SR o

3.4. WYRASETHREN

e LRI, SRR E IR R — R g, TR “CHEARSE - TR - ST =K
PERTROAR S 45 o oK A3 TR AP 5 B P T 0 veili 6 1 OB MACAA 55 Pl /K /L B0 5 A PR
WAS SR AL AT AE BT )5 B VD FRS A ORI, EAREERR £5 &% MMH UL ie e 5 18 W5 B 0 57 57 F A
TR REZG S . AR — VR I 5, 257 RE 51 kSt T 285 8 i i TR RIRR L #R V8 3 M SR B 2
R -

DIk, MRS “PEmRh i B “ R IA AR, BIfERI352 PV YuH A BB YP.
R OIREE . BEUR/ SR E AR E, JFES SR SR, A A BT VI s A R AR o . 1%
R B NAFIR B E PR RE BL R A 1 SEFIVPAN 4B L

4. BEMBMERESHHXR

AFEM R SEIG A R 2R A R e R I E) Ak B S 25 5 . AT DA 9 A i
AETE KSR, X0 PRI R R 1 0 1 B AR TR 5 e o . RIS 22 ThRE A ISRl (M by (R s e &
SRR R SCTOLARRE, ASCLER— “frmiiti ™ st B T s e s HE -

4.1. RASEMERTH

FARIEHA RO S L BARIUAEAR BT VI R R . BRI T FRAE I Sl O BC 5 e o, (B
i B DR B S B R e TTRRT e b, BT X IR AL A T R E AR A IR, S 2 AR R
BEUAR TIE WS BOERE . AL, X BRI N e EAREUE VA B B 1 TR AR R
SIS IR AT PR AR — Bk

AR T Y20 48 v (AR B AR W FURURE T AE BRI & NI S E M 2%, IF ST R sl i 2 & .
2R CAENIEEE I - THESEBY I R B A TR AR BTG RCR, BRI MR E R ik
RSB~ FNBEAR =) At IR — B S5 i R

4.2. R, FESHRKGSEREY

AMPS ZEREFRIE AR BAT BRKALRE ), RPURTIELR SN H AR BT, DI 7 g K Ak
W Rr I A ] S AT A T BEA R o SERRRCR IR THEKERE . SR LE BRI 2% 95, AN REAX
H1 B — B e

DIREREWIERAIE LR IR . 3R AR E SRR AR D) Al 5K S e e B b s W
BrY L s thn] BES & ZREERT PV T, & 1Rt 7 IhRER &5 IR + i S R AR 75 2K 19]

DOI: 10.12677/ms.2026.1610192 77 FHER2


https://doi.org/10.12677/ms.2026.1610192

EEFEM 5

©
©
©

o°°

%~

AMPS BA MBA

AMS
~\\ ~ -’ ‘,‘\‘-
N \
n N

o

JRIRANARL T

(a) AMS-CGBAE &1 H1 & Bk 2% (b) AMS-CGBABTE/E FINLE

Figure 1. Mechanism of interaction between functional polymers and bentonite
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Figure 2. Construction and rheological regulation mechanism of AMS-CGBA composites
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Figure 3. Mechanism of action of the heterogeneous nanoparticle composite network
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Table 1. Research on flow pattern regulating materials
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