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Abstract

With the increasing depth and complexity of shale oil and gas well drilling, wellbore stability has
become a critical focus in the study of water-based drilling fluids. This review systematically summa-
rizes the research progress and current applications of wellbore-stabilizing agents in water-based
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drilling fluids, with particular emphasis on the mechanisms and performance characteristics of dif-
ferent types of stabilizers, including water activity reduction agents, fluid viscosity enhancers, pore
and fracture sealing agents, wettability modifiers, and bridging and encapsulating polymers. Typi-
cal stabilizers’ molecular structures and their effects on clay hydration, swelling, and filtration loss
are analyzed. The development trends of environmentally friendly drilling fluids, such as organic
salt-based fluids, synthetic-based fluids, polyol-based fluids, and reversible emulsion fluids, are
also discussed. Cationic polyacrylamide polymers are highlighted for their significant contributions
to wellbore stabilization. Studies indicate that stabilizers improve wellbore stability and protect
the formation through multiple mechanisms, including reducing fluid water activity, enhancing fil-
ter cake compactness, sealing microfractures, modifying wettability, and bridging/encapsulating
clay particles. Environmentally friendly wellbore stabilizers are gradually becoming the develop-
ment trend for water-based drilling fluid systems. These findings provide a theoretical basis and
technical support for drilling operations under deep-well, high-temperature, and high-pressure
conditions.
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Figure 1. Synthetic molecular formula of Urea-Gyl-DES [4]-[6]
& 1. Urea-Gyl-DES & B 5 F3[4]-[6]

TR [7]-[9] LASA AT i AN BE R, ARIEHNHIF] C-DBY S AbHRF, FIEE TRIG FE i K SR R A
Ry ZERNAT SR, ST RN 3.44%, HeE 7 HEE. C-DBY & AMPS,
NVP 1 DMAM &5 SRS 5T sl Hri e sh il 7, Fo o7 2540 b ] NRIPERL s AR s fvtzse 1, R
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WARR: SR RIEL L TUESUKP IR SRS, RBh R 95%, A 4 7B . KPEAR
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Figure 2. Schematic diagram of the mechanism by which carboxylated cellulose nanocrystals inhibit clay hydration, swelling

and dispersion [14]
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Cui S5 [15] [16]4 bx %01 5 S BRI P M 2%, 8 200°C i E Ak 16 /MG, HERERERCR B3, 1%
TR R RV PEORHF R 68.6%, AEA RUAR 2 HEE . SIS A4 U [A) I 48 58 1 SR S W ) 2 RV ARG E 1k e AE K
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Figure 3. Schematic diagram of the in-situ crosslinking mechanism [15] [16]
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Ni Z5£[17] [18]Ks b 57 5 S eI B [R5 Y, £E 205°C i 261 R, i HE VR IURS B R R 42.7%,
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7R = AL S R 4% BRI 7K 2318 7% A& 3 B SR BE RS 700 A 4R LR o DL L A1 R I B B o 19«
B IR N TUE LS, RIRRYERG SR, AI(OH), SEE T RNV A R Al(OH)s BEHEfL; Btoh, R
BRI 5 38 S A o ] 2 R AR R SR AN B K S, XU BB IE RN

Chang ZF[19JTEQUK AT 3= - Hebl =Fh ifk: N N-ZHEE 5 B2 (DMAM). AMPS FlI —f Ak — H
FeG R, T BAE K DO B R AL B R AN AE v 5| A9, il 2% T i AL 14 554 Nano-LS-g-DAD.
2.0% Nano-LS-g-DAD {4k H & WUk M 6.8 mPa-s 4 in% 30.0 mPa-s, [RINEHEG i E 2% B M 10 mL
(R LA KRR ) P2 22 4 mL (260°C/16 h). ML VR FEL 2 MEREIRTII EH: Eo5E, Ramanrh
(0 ER PH B0 - A I e v P 56 A AR s 2 - 25 AT B AT 8 B M W R, A R 3R T T i i
W B J2 I AE e = A PR 2 285, 35 SR R TR R I A P R AR A I RE s Ik, 9K RST IR G R
545 2 P P R AL, 383 7 B 2 R 3 TR R B U AL 1) PR D O i, TR S BT i 25 ) £
(15 4).
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Figure 4. Schematic diagram of the filtration suppression mechanism of Nano-LS-g-DAD [19]
4. Nano-LS-g-DAD il e M IR IR [ 19]

JEIEZE 2010 K T APL R R A Y B8 057 HT-FL. {4 [E BE5R GBI, #BHi/K 7 CSSI Alih & 15
FR-1 A% QMEIFRIA R, 78 200°CHER T, mimmEIEREMRT 8 mL, M s LRSS M &Ik
62.44%, AR T IR EME . 1T HT-FL 2 —Fhiiid 5] NRIPEFR AR (TG RIS JCIR) & U SR &
Y, Hr FEEAERIR(200°C) T RE IR R e, AT M. [ CSSY Re iR ZUNL PHE S A 2RI, K FLRVR
MR AR R B 7K (Fefik /3 A\ 17.78° 3 K %8 154.69°).

FE B[220 T 054K TR ALEE T TA-PVA H1 DAAT FhBERE 27, it S5 A e T &
ER KA EERR E M, FE-10°C NPUR RS- B ik 58.33%. DAAT Jy &Ik — My ik [ i)
HETREY, 5 NHE T 514 (DMDAAC) MR EE AI(AMPS), & H(E (GRS LR g b fl, 2
[IEEZE /)N, AT K A2 K (K 5).

Azeem Rana %5[2206 KR AW TG IR RGN 5 28 Fa A 23 3 B 1 46 AR BRA 1 SR IR AR 25 6, i
T FhGKREEAE, RIS B A SR R BRI o 1% H A 7 3 B A SR S e e P R AN e e
BiIFRIER BN 112 mL PEE 7.0 mL, KN ER I S 2R MEIZIK 2 119.2%F# (K2 76.6%. X —MEfEdE
FHET Z H b RIS SRR LS M AR T 2% )5 i8I n-n HERRN fLar 3% S A P 5 K5 e T 7= A ik
FHEAER: RN, 8806 2R W) BEE SEGIR LR, i Bl i R T A R 3R TR B /K R 2= o X
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Figure 5. Wellbore stabilization mechanism of TA-PVA [21]
5. TA-PVA HEEFZEHIE[21]
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Figure 6. Mechanism of electrochemically exfoliated graphene-modified gum Arabic inhibiting hydration swelling and reduc-
ing drilling fluid filtration loss
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Zhang 5 [23] A& 7> T B GINKIEILEE,  FIR UK TUA MR SIAY, £ 10 g/L & F il
RANCR S 7 4 Heflifik 118.2°, WM 7 IFEERREVE . SIAY thAZEk R 1 B T 22 e AR
SR F Tt SRR IR DU L E R 8 H )R, A e e W (14 7).
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Figure 7. Superhydrophobic agents regulate the wettability and microstructure of rock surfaces [23]
7. BRERFEE S AR EAER M RE R M ER[23]

BB [24] [25)FIH SiO, Al CNT A4 B i g KR s &5 44 T 8 SRR e e, W) HH B XL 771, 76 30
o/L IN& N A A RIM/KEAAIE 165°, A5 RUCRIEE 80%, &I se | HEEf e Bk ae.

25, HrEREHE

MR ) A R 201 B0t 7 S 6 BRI, BEL L 7K ot 1 K 4k« Kor TR AW 7 FE K
BN, RETER: LR Z SIS, BAWOKSF LMER . RN, B8R s AR, K
PP I RERRE

TR IREF[26]KH AM. AMPS K 5aIK B AR M & R 7 IR EY R 3R] QFT, 3% &, ZeikiZka T
F% 44.56%, RANFEIE T+ 34.1%, HyERMEEHRIET. QFT /1 ilid HeE b HIBE L (-CONH,) FI2 5L
(-OH)ZFammy L], 526 ERA A, S agim AP BLAIEE, SEBLZ )42 IR XA
HUPHRE T K THRHEANF HEE, MRSk B3] 7 & Kk, S8 TUA MK B 41K 44.56%.

3. MMRBIEEH R FTIRIR
3.1. BithhHirk

B0 SR B EAE R, A HEOME LABH I Nats Ca? BENA R, 1 iR AL 5 K MEfE 51k, SR & .
AN AR s R 8, H R & . K8 RTINS, R 2. SR R IEH
JEHER AN IR E A E, B AR, SRR AEIRRS RN, MEERE R E T
W, SN BTER AAE E R [27].

DR AN EE[28] [291 R AR AN WL iR W-2 5 FREP R AL A i BG H W, 2L E 120°C~180°CH,
FIBERANE T 95%, R H EINHIES SR AR e . HIRE S W-2 4 5 & A HLERE K R
B R E R T, WA R . Al R, PR A Bt 2 AR R R B IE . TR S
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T WRKPIRNEEHRL AR RUKEAM R, B R A e VUA L2, S0 TUA KA,
A3 B IR B AR AR E T 95%.

UHESE [0 A HLEL & E 52 TH % 50%, RECHPKEIEDIIRFEMEL, W i a A R 2K R
£ GTL NG, PR KL 2.81%, FHEERE MERO LEH RE 52Tt HoJ7 Hds A 9K 5 Bl
B, HRUR RIS, BERS A RUR N IFEIE LR T IOROK - GUORGILIBEMEREE, BT IR
BRI

FHEPN[3LTA LRSS H B AR AT B B 1 5 #e S A XU R S AL, A2 DU 1 s U rh se BT 3
Y KFALT 10%, FHEERERCRYIE . AHUIRIRAE T (W IRIR-COO-) il MK SERF E M T, B
Ee QU e NG N i o Ao TP 2 R M EN GBI 2 B S AT R VAW LGl DRy €

32. EREHAR

BRI R L . REORPE A U I, (RS Y E . MR ZE, 12 E RS A A R
BAR. BRGNS B (R D RE B i) SRS . SRS, 4L
KA B BT BEIE RS R A WIESA £ N C14~C22 HILPEA A 77, 6. BeR(h
FERE AR K AR TS R T IR S B S R)  BESR(PUEhpias . K FesE), AT M) el . XL
HESEAH V(K. BOD/COD fH/), fE7EU/IRE KA~ 5 EMREAR[32] [33]. H 1 P 76 BE B Il 2 EX
B—E RS, FHE gD ok LA fE

RS %S [341E 1L 5] N 2%:$ 157 PE-MOSHIELD 14k BIODRILL-S £ RHEEL i, T8 S
HFRIRY KRN 9.9%, FBEFE R T,

XI5 AR S5 N [35]5K H F AL PO IR FR R A 8, A R T "R B2 IK B s B2 3 3 70) OBR-1, fEINEAN 2%
I AT A I B HERON 20~80 H Wb R K E 1735 20 MPa, KRR s FBE B 1 38 . OBR-1 i & KBk ket
FeESRh LA, AU A SR IR R AHZS, B RTR SRS AR T, BRI 2 S22 M4 &
73, Biibd AR i, AT R s e T (] 8).

______________________________________________________________________________________________

BB

BB n2ur O HEHOR

Figure 8. Plugging mechanism of OBR-1 [35]
& 8. 57 OBR-1 BYEfHEHIR[35]

JE JE A5 [36] [37] LA Fsbs i Bee i 2 7]« A0k 700 Bl 7R A%, R T Bt i T e 4 B A D ot
BRI R, SR RTE 200°C R & RN UL ZRIA 94.3%, WEIYHE T IRERG E .

LA [38] [B9K SR BR AT 4 . B 4H CaCOs 5 H R IR BRI EIT, 7£ 200°C i T, il s R 8k &
2 3.0mL, XJ 4mm ZL88(0 KR fE /175 2.758 MPa, &35 08 | HEBE R s 2 on . BEsLT 4R 8 2y
PEAERMr i B R, Jise, WnENREEL AP0 “HE7 , sRik T SRR R, B kAR A
MR R, Y CaCOs MURLEE— P T 78 F Z2 N B IO B INFLIR, s B Z AR 13 SN BUs .

DOI: 10.12677/me.2026.144102 1028 ol TAE


https://doi.org/10.12677/me.2026.144102

LR, Fi

33. REEHMHR

RA TR B A e . AR AT SR, FE AR 4 /K. 4 REhE
i th & KCI-PHPA-Z —BEKIEK R, CFESBPEERS. 0. ESH 2N .. HERPES =
RN ——REBNFEE FRINETER], i TR ARE AT, B ica LB, FEikKa N,
FREIEE, PRIEE—— R AR MR UK B, DRSS K i h Z IR a3 WR PR — Rl LB b 2R
G, TEHBE AR, $0HI KA 3 =i L [40]-[43]

IS AT ks A, TEKIRES IR NN 3% LIILX EREIR, B > 80%, JETE
FAERRIE 50% LA L, B REEhF Kb, [RS8 RER 2 [44]. LILX 20 FH & £ A 25 (-0OH)
GO KEEA, REAR SR T B TUA P IR LR, TR — ERE K. X ERAEHETIK ST 5
FEA i, A AR IR LB 12 KA AR K 23

2R A [AB ) IR L SR A T I, 7RI S A 49°CIF A O Bh [l R ik 81.26%, HIZN FEAL [4 % -9.4
mV, RSN S S B AR v V3SR AT HY R SR A BRI R 2, R gy T R R
B S5 LR B RN, E B A AN R UL T T i — J2 B /K PR oG 125 M

3.4. WA LI

AN HERAR RIREERF RS IV, Gl 38 pH T UGS /K S 8 79, A i RAE I oK
SR R AT A e B R ELIOIRAS USSR id e, SEBlPusBhgt, sedbmy, BTl e
DHERRNME B &, 8 R AR R N, RS IR, R AR RS, 58
VENVARLARRIEEAT o ZAR RIS JERTEREIR, KI5 0 (RAA, CfEL R, JLigaSHh ) B F [46]-[50]

FEINEE[SLIHEA T 5T UL A sh A WA ) pH WM R FLAL 7] RE-HT F1 TA-CBA, FHHygk 1Al
WAACE AR R, RE-HT ik 220°C. FLALFRE MR R, TA-CBA AL T Span-80 FHAH i F2
B, BT pH =4 B, TR RIE R ATIA 98% L F (5] 9).

W/OE. K& O/WE K&

RE-HT 2\~ v RE-HTHIBZEEPHE F AV
W/ORZ 1k 77 O/WEIZ 1k 51

Figure 9. Mechanism of RE-HT and emulsion stimulation response [51]
[E 9. RE-HT SZIRHRIZ N0 S AL ERE[51]
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X TREE[52] LA 0.8% it et g K Jvkar 45 Sy LA 75 e 2 ] FL AL B R (1] 10), TRk 180°Cs £ 180°C
HIE 16 h 5, BEFLHEERT 1000V, SiEEEREET 8 mL, H & imelE AT 5 h 55208

R
—
OH~
2
pH A 8B 1 i AL K FLAR B pH } 6-7 BHE ik A i F LR
e®%@ 000,
® (J
@ @ [ v | @ ®
@® xu ® *a;— @® s »
‘C O‘ ‘C C‘
(1) 090
AR KA

Figure 10. Reversible phase transition process of reversible emulsion prepared by modified nanoparticle emulsifier
B 10. BBMEARERLFL TS A AT R R AT AR T 72

PR )NZ5[53] [541% Bk Ak e N A HLER 5 ik 2.3 2 & AL 7 EMUL-GP, 1T 5 5 ke 3 2K
TERREN L 3:2 I & ELIR A, N Tl S IR, ek L 7:3 AT & 4%HT, fF0 H ik 1652
V, H5FN0.11us/em, 200C EHiRZME SR EERAEMRT 6 mL, "TRHIEEHREAME, M4
R EERE e o

35. MMERFEIKESHR

I il F A R 1 B AR AR M o RUK AR RN KCI SRIRAFHMEI 1, (5 K E R
ik, SEHHE BRI ZMEE T, EENEE. RGN, SECRIERS . IBEITRINE
M FIfR R MR ROR S, B3R EPUE . B (REEIRMRE S, CAEE WA 2 N FH[55] [56]

BAEZESE[57]R F R AR PETOR A EHS 9K St AL S 1 B ORI 8877 GS, Bl &g 7 GL 541
#1771 GG, f#f GREEN-DRILL i OSBRI ZHd 90%, XI5 #IERE 72 h LHBRIKREERT
60,000 mg/L, BODs/COD tt{E ik 67.5%, i i F e — 2 HE bR 1E -

B /NGEE[S8] LAEDI M NG i A 2 JCRE A ON/K A, R A HLB BN 6~7 FIE &R IS MEFIE
FUALF, 15K LTS ) GreenLube, 3 BODs/COD fEik 0.95, 96 h FE ALk & A 35 981 mg/L, 1% 30
kg/m3 N, AIAEVR KIS F /D 69%, JlHH REFZE 0.14~0.16, L ilg I —RHBR .

FINIRAE[591K FH B i K IR 07 e G AR B8 ik 1 1 41l 71 GGD, {01 16 h ZRIH: I K 28 B 59% % %
34%, &JEESECRIE 97.38%, FEILKE KT 32,000 mo/L, EhifEEE 21 1300 m #EAR B EE 12
K, FHEEREMER L.

4. FBETRAKERERSOWRIER

I T RNIGILICR SYIAIEYELF . 22, W SRINE 7 4 = Fh[60]-[62]: O AN
HOH: =P H(DMC, 4T3 CH=C(CHs)COOCH,CHoN(CHa)sCl), HIErf N ¥ IE . 7%
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[EALREAN, GE s T 2K, A FEK. KB MR, HHEZRET); @ WEBE o HE=
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