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Abstract

The settlement stability of drilling fluid is critical for downhole safety. To meet the operational require-
ments of polysulfonated water-based drilling fluids, this study evaluated their settlement stability
through comprehensive testing of rheological properties, fluid loss, lubricity, and settlement stability.
The investigation focused on the influence patterns of temperature, viscosifiers, fluid loss reducers, and
weighting materials on the settlement stability of polysulfonated water-based drilling fluids. The results
indicated that the settlement factor of field polysulfonated water-based drilling fluids exceeded 0.52
after aging and increased with rising aging temperature. The addition of viscosifiers and fluid loss re-
ducers reduced the settlement factor of the experimental fluid, improving settlement stability. The use
of iron ore powder as a weighting material resulted in better settlement stability of the polysulfonated
water-based drilling fluid. Furthermore, encapsulating and flocculating agents enhanced stability by
adsorbing onto particle surfaces and forming bridges, thereby preventing particle aggregation and set-
tlement. Based on the optimization of the types and dosages of viscosifiers, fluid loss reducers, weighting
materials, and encapsulating and flocculating agents, the settlement stability and control methods for
polysulfonated water-based drilling fluids were effectively optimized.
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B A A BRI SN BRI R AN I ) R 2 ﬁ%ﬁ#%ﬁﬁ%mﬂﬁﬁ%#mﬁﬁ TR KA,
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THURAE Sy, (ARAESERIAE T ITERER N, IR R M5 R 2 IR (8] [9].

MHTER R SRR I UA R CISE 2t e . TRIBEIESE A (10175 SERERS IR &R B 26l I NS T,
M TR A R . SR REIRAE . BE RIFMInGIp7 5t A A, ARk 7K
FEEG IO RE R AR . Tk AR N[ 1106 LEER B ORI KCL SR BRI 4 e s B, 453K
B, KCl MRS H AR R B A R0 R B o )R 55 58 N[ 12)7E KRB A H R R oI\ T 25 & 18
£, 2R BA R ERtE. AERErE, RIFMECANE. M SE R ER . 280, A
FEAAFAE W L SR BR M SN RIE O . B AT SR BE RS H AR R IO 78 3 B v T AR 1 15 8 R 1k 55
reln P BE A, HAG DG R SRR AL VR A R DR R E PR R G MR FEARN AN 2 [13]-[16].

BT b, FEANHEFU A T 3 B R X PR FH 0 SRR A RO R, B ZIX R
T 7K B B A vl o2 0 I U o TR i 38 O 70 ) 8, 3 B il P35 0T e e A PR S M LB R Rl L,
ik SR R IE IR R BRI RN INEADRE. GO R 2R, T SRR K B R R T R AR E
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2. SR A5
2.1. SRR

i -0y 9 T M e AR BR A W], oR il B rh 3 7 2 R A TA IR AR, B Rk
IR £h 3L W) DSP-1 14 E L ZR AR A RS A IR A R, ARKG SR B 7214 PAC-LV W B fHIA SR K
JEAAZEIN A PR 7], T IR e SMP 2R 540 TR M 22 5, #E BT FiE SPNH T B B2 9 & AL B A
RITEAT, WiERPIRA FT-1A WEF AR 2 TGO TARA, BB 185 2 R BRI S
(2000 FDAE B 2 TG TAWRA R, B5HBMIETE T LH-LUBE W B BN A M BRI
FAHMRAT, S E BN IS A SRR S A RA A, 38—V XC LAEM RS HXC 18 B 2 H i
A BNFIRHEATBR A =], AT IO EE AR 250 1 L2 i e A AT B =D

2.2. MR E

2.2.1. RITBMEMR
S E KA “GB 16783.1-2014 A7 KSR LAV IR IIA IR 1 35 AR , %
WURERE « EYERERE . s AU /0 i (D ) (3)s (5

1
AV = E(Déoo (1)
PV =Dg — Dy (2)
1
YP:E((Daoo _PV) (€))
. |
GlOngGlomin:_q)3 4

VR
PV——YAM K5, mPa-s;
YP——3Y] /7, Pa;
AV——EIUIREE, mPas;
Gios B8 Giomin——10 s 5% 10 min ¥17) /7, Pa;
®g00~ D300——600 r/min. 300 r/min i {J1E € E1H 5
O;——F# 1k 10 s 5% 10 min )5 3 r/min i KEE{HE .

2.2.2. FEHMRGEBEMIR

WU R APL 98 2% B SR = R IR R R R - APL 98 2R SORT il = R I8 R AN, e R
EP-B BUMR LM AR, 5% “GB 16783.1-2014 A KRS TALEH I MRES 1 #4y: /KHEEES
FERR” .
2.2.3. FFERR E MM

B AU A 2 T A B B RO A R A AN (60 mm x 60 mm x 200 mm)H, 7245 5 IELE R BT
BB E) 5 FHAS VA 2 B A OB, T YM=2 FRGE H V% B Bl VR R L 0 R AN S v
IR, SRIEXT AR AT E 0T, BEAT IR . SEERD IR BRI R AR SR 4 NIR
s 16h, BTAHNEREOBEFANE I 24 0 )5, WEFHRBE_ L3 B R S % i, REXR
FASFERO DR R T SF YN IR B S DT R . SF N 0.50 1, &5tk R R R AEESUI%, SF
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SF= Phottom (5)
Prottom T Prop
A
SF——8i R UTIER 17, RN
Protiom— B T RBAT G H L, g/em’;
pop——FIFIRIBAE B H % FE (i B UA R Z), glem’.

3. SEHHR
3.1. BEUKEMSHFRNEREE TN RSRORE I

T2 8N IR e ) R K SE RS H, EON THFT SERH: 4% i+ 5657 400 mL + 0.3%5808 +
0.5% %k H- 100 FH P08 2K 7 R 2 3L SR W DSP-1 + 0.5% AN R B & F4F4E R PAC-LV + 3%fiff F Iy i bl
SMP-3 + 3% B IE SPNH + 3% 5 2B 3577 FT-1A + 3%E5 0 T 188 B 77 B R 452000 H) + 2%55
FEW A ETE 7 LH-LUBE + 5% S8 + mai E A InES 1.50 g/em?),

I3k THFT SRIR2RAEE T 160°C 1HIR 180°C 1HIE 200°C . fHIR 220 CIR BT[] 16 h, 5 iE#HE 24
ho W AL HTAIAS [R] 22 A0 5L RE J5 B HB0ORRT: 13028 BE AN B VRO IR 3 e, X s AT b 31 A

B2 1. BRI ES T, A A RS AR R TR R I KT 0.52, Uikt B E . BB
EACHR B T TR R AR, R T A IR R R e A 2

R SRR R SR AW PAC-LV. SMP-3 S5 TS50, FRARIL AL BEER , S8 A1
FORLI B HE R 71055, 5 TREDIE. RN il 74 Bz s, ek 7Bk 5, ILRTE

Table 1. Settlement stability test data before and after aging
= 1. ZURIETERE A ERE

P ZALTT 160°CZAL S5 180°C &4k )5 200CZ k)5 220°C MG
pr(g/em®) 1.07 1.05 0.98 1.05 1.06
pb (g/em®) 1.41 1.46 1.69 1.66 2.2
SF 0.57 0.58 0.61 0.63 0.67
ik
0.68
0.66

0.64

0.62
0.6
0.58
0.56
0.54 l
0.52

ZALRT 160°CEAfL 180°CE{L 200°CEAL 220°CE AL

Figure 1. Change diagram of settlement factor before and after aging
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3.2. SRS BRER B IRK B H TR E M RO R N
LLTHFT BoJ7 MR, SIS [ BRI S % 23698 200°C/16h HUR A Ja ARSI . B8R i

PEL PTREREF .
SEHGHK 1-1:
S 1-2:
SHHK 1-3:
SR 1-4:
SE K 1-5:

H7 2 A5,

JHFT 2363 + 0.3%32 V)7 XC;
JHFT SZ563¢ + 0.3%4 MR A4 HXC;
JHFT SEE09K + 0.3% sk SR B 1474 % PAC-HV;
JHFT SZE% + 0.3% FA368;
JHFT SE363K + 0.3% 80AS51.
IINHGRE R 5 & S50 K 2 AT R (V) A8 K, 2% SEEe 3 2 AT J5 IR R 13738 /),

FEWPINNIE RG] 2> SR B0 R DT R AR E R AR 4 s B SRIGIR 200°C AL Ja MIPTFE R TR T2 40RT, ik
SRR IVTRERR E PR %

SRS TR 1L I IR HR KR B RSN Y) Fy, K 1T [ AHRORE (K S RE T, IR, AT G
BRI TTRERREVE . FA368 7 i N IR ROR e lf DRI LB H T P ARUE MR RCR AR B

Table 2. Comparison of various properties of experimental pulp after adding different tackifiers

= 2. AT EEREF E SR80 R B I REXTEL

PV YP AV FLap1 FLutnp RN % T
(NN %A (mPas)  (Pa) (mPa-s) (mL) (mL) T R VLR R+
ZALHT 58 32 90 2 10.4 23.78 0.50
SERH 1-1
W 30 17.5 475 5.4 61.2 11.64 0.55
ZALHET 37 5.5 425 1.2 9.2 14.91 0.50
SRIGH 12
ZE 25 6.5 31.5 1.4 91.2 13.2 0.59
- ZALTHT 76 32.5 109.5 1.4 12.4 21.95 0.50
AR 1-3
- A 45 8.5 53.5 1.2 62 14.18 0.57
S FALRT 56 7 63 1 12.8 13.17 0.50
SCEGHR 1-4
- A 51 0.5 51.5 1.6 54 12.48 0.53
ZALHT 43 45 475 1.6 15.6 17.53 0.50
SEIGHK 1-5
ZE 36 0.5 32.5 1.8 86 12.65 0.56

3.3. BEISETIx SRRk B FH TR B MR R M
LA JHFT FieJ5 A, U0 AN ] B 5 U #6523 0 200°C/16h 4GRS B AR VR L 8 bt i

. VIR
SEEGHK 2-1:
S 2-2:
G 2-3:
SEIHK 2-4.
SEIG I 2-5:
WK 2-6:

JHFT SE3GH + 3% H i iU By B i SMP-2 (HUE LL AR 1)s

JHFT SEEGH + 3% H- i AL i A g SMP-3 (B FBTaE 1);

JHFT SE3H + 3% H A i AL A i SMP-3 (B LL 4R 2)s

JHFT SE303 + 3% F ALy A i SMP-3 (B & 7L

JHFT SEERIE + 3% 00 B i 2R 0 A A B g TSH-2 (X H B 2):
JHFT S50 + 3% mt iE SPNH (HXUH = /).
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M1 3 AR, NN B3 SR e 8 S0 S A AT e B0 R TR DB SR AT e T vt TR DR B A, SRR Y
PO IR Ty, % SE80 3% 200°C 240G FIVTRE R T K T2 A0 HT .

REE 08 SR )G MR P R 2R - R T, 5 KA S E R Bk, 3R B R AR e b, TR o
BRIFAE ST o e BRI B D RN UM E RS R i TSH-2 B — e IR RCR, Wl ik — DM i F .

Table 3. Comparison of various properties of experimental pulp after adding different filtrate reducers

= 3. MATREFEE LTI ESER B B REXTEE

PV YP AV FLapt FLurue SV Z K Yk
(NN %A (mPa-s) (Pa) (mPa-s) (mL) (mL) T R VU7

o ZALHT 38 3.5 415 0.9 14 0.2125 0.50
SEERIK 2-1

Z)E 29 1 30 0.9 20.5 0.2005 0.56

e ZALHT 40 1 41 0.9 17.2 0.1998 0.50
SERRIK 2-2

G 24 3.5 275 1.1 18.55 0.1855 0.57

s EALHT 33 12 45 1 17.6 0.2018 0.50
SEIRIK 2-3

G 31 1.5 325 1.4 19.63 0.1963 0.55

i ZAGTHT 36 5.5 415 1 16.8 0.1860 0.50
SEERIK 2-4

G 34 6 40 1.2 17.35 0.1735 0.60

o ZALHT 42 7 49 1 13.6 0.1735 0.50
SLIGHK 2-5

Z)E 38 8.5 46.5 1.1 16.01 0.1601 0.51

o ZALHT 38 4 42 0.9 12 0.1944 0.50
SEERIK 2-6

Z)E 36 4 40 1 19.21 0.1921 0.58

3.4. MEMBRERAESEHRTIERE LRI

PLRIR THET Bo 5 3, R s286:4 200°C/16h HIR TG FIRAMECE V) /1) sk, DiRER 1.

SEERIE 3-1: JHFT SEIRK + maiE S A(INEZR 1.50 g/em’);

SEERHK 3-2: JHFT SEE0K + A KAR(INE 2 1.50 g/em®);

SEGH 3-3: JHFT SEiedk + DU =HR(INE = 1.50 g/em®);

SEEGH 3-4: JHFT SR + BR B (OINE 2 1.50 glem®);

SEEGIK 3-5: JHFT SEIRIK + BB OINEZE 1.50 g/em?).

B2 4 A%, 3 FAS ) n sEAA R HRC ) 1) SR 06 2R TR DR AN TR], 350 B0 3R ARk 9 ok 28} SR K SR
I TT AR A o . LA siat oY 3-4 78 200°C 2405 HIUTRE R AR G e/, 18 B 3% PR BRm k0 1 i
FRRHN, B KRR DT e e MR

AR N E AR 2 FERURLAR A AN R, o SR K ISR H R M T B e e MR e K . ey R L%
W, BURLEAS RO, PR AR e M.
3.5. BREKESHRMERENRIZESEMR

PRAE PRSI Rl A, JHFT B &b e vl As e e 22, DRI tox Lyt e A e e AT TR 42
PLJHFT B 7 285, MR DL R IS R B 236670 5 1 S8R 2% 200°C/16h ZALHTf& BT FE T

SEERHK 4-1: JHFT SEE0JK + 0.3% 4% 224E 51 HDN-1;

SEGH 4-2: JHFT SEIRIE + 0.3% B4 £ 5T IND30;
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SEESAY 4-3. JHFT S2Ee3¢ + 0.3% A4 2047 K-PAM;

SEIGH 4-4: JHFT SEERIE + 0.3% M R EHR & FALBRR L 5

SEEGIK 4-5: JHFT SEIRIK + 0.3% G4 2U4E57 PF-PLUS.

B2 5 AT, SEEGHK 4-1 ZARTUIRE AR It R i, ZWEUTRER T 0.53, VikEfs e iy, Fithik
F HDN-1 1E g4 225000t oyt b AR e PR HEAT 4%

L ZBRE S R R E 2 AN BORLR T, B “BE)E7 , BRAERORI i Ee i 5 B 4, B kil

Table 4. Comparison of various properties of experimental slurry with different weighting materials

F 4. KRANEMEMRI LRSI RERTEE

(i %A PV (mPa's)  YP (Pa) AV (mPas) FLapi(mL) FLurwe (mL) JEWERE  JUREHEF
o ZALHT 10.4 18.75 29.15 2 14.4 0.1719 0.50
SEE K 3-1

25 3.5 1 1.5 9.4 66 0.1841 0.58
o ZALHT 26 8 34 2.8 272 0.1764 0.50
SEHH 3-2

ZE 16 29.5 455 7.2 178.8 0.1625 0.59
o AL 21 8.5 29.5 3.1 61.2 0.17 0.50
SHH 3-3

2 E 22 7.5 295 20.4 154.4 0.1615 0.58
o A 27 1.5 28.5 22 14.4 0.1619 0.50
SEIRIK 3-4

ZiE 19 13 32 3.0 60 0.1531 0.55
o ZALHT 32 0.5 325 3 14.8 0.1780 0.50
SEIRIK 3-5

WG 16 17 33 42 74 0.16 0.57

Table 5. Comparison of settlement stability of experimental pulp after adding different encapsulating and flocculating agents

F 5. MARE B EEE LI RITFERE X EE

el %A% DR AT
21T 0.50
SR 41 "
Z)E 0.53
21T 0.50
SR 4.2 "
G 0.69
ZALTT 0.50
SEG I 4-3
G 0.58
ZALHT 0.50
SEIGHK 4-4
W 0.59
ZALHT 0.50
SR 4-5 "
2t 0.62

4. &g

AR SRR BT ES B FE R X Bt 7 o T PR 0 R TR R o e 2 1 1 B, S R B 4
VT 7 LU R M R HLEE, (IR MRS, PRI AN BRIl R S DA R K
ER IR e . R E R RIE B

DOI: 10.12677/me.2026.142026 242 i AR


https://doi.org/10.12677/me.2026.142026

ERp VAR

1) BEERE S, REOKEEIRIERE 2K, i RerE.

2) iR KT R AW 0 TR AR M FEAR, 55 ARG L B0RL R 0 YW 5
2 AL BELAE s TR i 2 I e G2 B I E IR 4 L 2, M58 F R, SEUBRIE 5 B4R
Gb, RFEREEEYI T, BIRREIRAR, IRESEITREE TR, fe AR .

3) ALERFIPLE LS R, X R I B A A HSE RGN FA368. FRUE RN MRS R IE TSH-2,
I 205N HDN-1. s AR A ) .

4) X LLAL I 0 BEVR T R K 2 1 A S BTE RIPE, FA368 S WIE T P4 5 o B RE 4],
R N PR E, A RO S I 4G TSH-2 it 5] NBRERIL S0 /KA L, 385 7 il i Bt
L3P icae 71; HDN-1 BAE RIS 755 50 TR, erERs RN R I B sUs apt 2 2t
RIMGH . AT, WD T RORLa] A 5 R UTiE 3
& H

ERARESTH “5 NaTFEMEEIRH R ZHMETUS ) - 6 - 3 - 29 R et = s ks

HUEL” (WUH 95 52374026); 1R BARIEGITH “ BT TUE S ARMBANRFAE (1 1 BE PR AR 4 4 15 SR
(T H 4w ZR2024ME125).
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