Journal of Oil and Gas Technology 7 Vi1 RARS 4], 2025, 47(1), 31-39 Hans XM
Published Online March 2025 in Hans. https://www.hanspub.org/journal/jogt
https://doi.org/10.12677/jogt.2025.471004

—MHEREFRSACA- 1SS T REVEM

X =
P Ede A TREA R A, AR BN

Wk B . 20244F12H25H; FHEM: 20254F2H24H; KA H: 20254F3H11H

R

EAMS RRSEFTREF, AR E R E —ER_RREHTBN — KBRS . BT
B E AR, S53F IR T 30% LA HIFHBE R R AEBREE . EWNIEEN-ZIFEME b7
B 2- A BRI 2- F L N BEER (AMPS) . —HFE BN EENE. r- WIBRIENE = F R EERS R,
MG kA, BRRE4:2:1:1, BEIREN30%, REEEN4h, RMNEEAN60T, 3 KAGIH
R/ TR EW)INEN0.5%, RKNpHAN8~9, &R T —FiEA THREENHERER . SHI>TF
ST TRAE, 207 TEFAVIE. ST ERRE, HERERISACA-13TRIEF220C, WHEE
F£3% SACA-1A W H AR B ZE ~80.03%; EZFZS5/KPBEEEHBITIRE S H80.301 MPafll
0.206 MPa, i ERE N8.47 MPa, 3% SACA-1II A& REEGEHBAKC-BEWEHB)E, Haefk
E, PIREESHH85.8%M88.7%, Xt T EEBIFHRERE.

XK ia
WRVER, HEESIR, DI, HEREN, S8

Synthesis and Performance Evaluation of a
Borehole Stabilizer SACA-1

Kun Ai

Technical Service Company, Sinopec North China Petroleum Engineering Co., Ltd., Zhengzhou Henan

Received: Dec. 25, 2024; accepted: Feb. 24, 2025; published: Mar. 11, 2025

Abstract

In the process of oil and gas drilling, how to ensure the stability of fractured formations has al-
ways been a major technical difficulty in the drilling field. Due to the particularity of fractured
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formations, about 30% of the borehole instability problems occur in fractured formations during
the drilling process. N-vinylpyrrolidone, 2-acrylamide 2-methylpropanesulfonic acid (AMPS), dime-
thyldiallylammonium chloride, r-acrylate propyltrimethoxysilane and other monomers were se-
lected indoors, and the synthesis conditions were optimized, the monomer mass ratio was 4:2:1:1,
the monomer concentration was 30%, the reaction time was 4 h, the reaction temperature was 60°C,
the initiator (potassium persulfate/sodium bisulfite) was 0.5%, and the reaction pH was 8~9, and a
borehole stabilizer suitable for fractured formations was synthesized. Its molecular structure was
characterized and the mechanism of action was analyzed. The performance evaluation results show
that the temperature resistance of the borehole stabilizer SACA-1 reaches 220°C, and the thermal
recovery rate of on-site cuttings in 3% SACA-1 solution is 80.03%. After the connection between air
and water, the shear strength is 0.301 MPa and 0.206 MPa, the uniaxial compressive strength is 8.47
MPa, and the performance is stable after 3% SACA-1 is added to the polysulfur drilling fluid and KCI-
polymer drilling fluid, and the recovery rate of thermal roll is 85.8% and 88.7%, respectively, which
has a good stability effect on the fractured formation.
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1. 3]

TR 2 e R B (1 — RSRIEAR B A TR S B BRR, 2 2 E ™ AR - 4Lk
WEFERH] 90% A ERH IR R A TUE R, AP i rE e vUa R 20 5 =22 —, FREHIZ) 7R
BT R R R . WP PE 2 B2 . SO A A B RE 0 BT I i 2% H IR S il R BEA
R MINLER . FERIEVEIZ RASHT ST, AATTIA T DU B e A T B th TR UUs 3 A 5 Ik
PERIRT L TEG BEA 20 thAD 80 SEARLLR AMTIZHT IR 1 6 B TUA BIWETE, DR EIREREERIY 3K
RN B R RAZRA TR, YLk 17 LR AR, Sl 1 —Mod & T R S BEAR E T, 1Y
SRR R IR G RE 0, DASIR /D DI E Ik I 2 O 1, S i BRI 2 [1]-[6]

2. HEERRET SACA-1 &R ERIE

IEPE N- 5 FEME S BTl OB A, g1 2- TN BE AR E 2- A U R (AMPS) . BHES 7 B0k —
HIE RN Gk B . A HURERAR - RR A T 36 = W S ek e, 3R & O™ I PTIE . Pdh ik e fase
FHEERIRE S R BREA IR IR R B EREY - WRER SN E NAS R & R 51 R FI7]-[11].

T e SR IR E N 30% 545, pH = 8~9, SRAIIEASSRIG Jrik, JREL LT PRl AR A i H bR
Y, BARFUE L A{m (N- 207 EE R B2 ER):m (AMPS):m (= FF3E 4% DY SE S8R ):m (r-T5 )7 R I P 3 = 1
ASERERD) Y} RS E B (h)9 2+ 4. 6 h; IR C ('C)A 60°C. 80°C. 90°C; 5l A FfIImaE (AR
Ji B N FEAE) D (%) 9 0.5%- 1.0%. 1.5%. FEEVY AR = /K T IR S0 38, JH: i DU 2 7 5 DR 2% S0 ) Al
T EEME, DUE T RIR B TR bR T A B R R E R B SR, K1~K3 &K 3K
PR BRI ME .
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Table 1. Optimal orthogonal experiments for synthesis conditions

F 1 BERFHMEERIRER

FiE .
TS PR IR (%)
A B B D
1 8:4:1:1 6 90 15 825
2 8:4:1:1 4 80 1.0 85.3
3 8:4:1:1 2 60 0.5 84.9
4 8:6:2:1 6 80 0.5 83.6
5 8:6:2:1 4 60 15 87.1
6 8:6:2:1 2 90 1.0 85.5
7 4:2:1:1 6 60 1.0 86.4
8 4:2:1:1 4 90 0.5 89.8
9 4:2:1:1 2 80 15 84.9
Ki 84.233 84.167 85.933 84.833
K2 85.400 87.400 84.600 85.733
Ks 87.033 85.100 86.133 86.100
R 2.800 3.233 1.533 1.267

M 1 AT LR, PR B R R 12 e A3. B2, C3 K D3, MARZERTLAE H, POAN PR &0 iR
SR I T 9 B > A>C > D, B &sZli FRER E FIMEREM EZE A 3.tk e st & kA N
B R L 4:2:1:1, BARIREE N 30%, SN TRIA 4h, [OOSR N 60°C, 5l &G i ERAR/ IV B IR L 4H)
hn& N 0.5%, XM pH g 8~9.

K H Nicolet 2> &[] Magna-IR 560 ZY{d B AR e 21 #8615 (FT-IR) X HBE A2 e FRIHEAT RAE . K1) & 4T
M EERR E I G, A5 KBrika WS, T fr, AR 2/ 6iS A0 Fak Tk, 45
Rl 1R, B2 A RUERE
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Figure 1. Infrared spectra of borehole stabilizer SACA-1
B 1. HEFRET SACA-1 BLIsM i E
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Figure 2. Samples synthesized in the chamber

E 2. ZEREMRRIE®

P 1 A1, 3405 cm ™t bR ARZE AR T N-H HR4EIRENE, 2929 cmt Ak -CH,- I 45 4R 5
I, 1669 cm™ 4bly C=0 fHZiRaNIE, 1456 cm ™ AbXt R F C-N B 4adRsh M licig; 1351 cm™ Abs& C-N
R ZN 0%, 1104 em™ Ak -SOs- [ A K FR IR AF R 206, 1037 cm ™ AbJ& % J37-Si-O-C- i 4 iR sl i g i,
946 cm 42 —OH M AiRBNE, &S5 BHisr=Y—2.

K H Versa ThermHm TGA L) 43 Bt # T (SCGH BHRF M b 2 - BE A 2 77 SACA-L1 HEAT RAF /047, &R
JEVE R 25°C~450°C, Jn#ERE Y 15°Cimin, MR EC Y maiE <.

¢
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Figure 3. TG-DTG curve of borehole stabilizer SACA-1
3. HEERRZEF SACA-1 By TG-DTG HhZk

H & 3 AT %, 48N 220°C, XTI DTG B £k Il — ANficlg, 2< B 24N 8.2%, 7F 220°C~300°C
JUFEN, FEEFRER) SACA-1 i U NI, 1ZB B BB BRI SCBERINT Y, fELLBYEY, CONH,,
—SO03-, —CO0—Z55mtl kLA, KLasiEG/KFTEL, HAERN 23.4%, £ 300°C~410°CyulH N, EERNE
BEWTZY, LR CE RN 56.8%, FIAMEHI A FHEERR I PUIRAE J1IAE] 220°C, i BRI IR AR .
3. HEEFAET SACA-1 BItEREITEM
3.1. RHFE R Rk IS

FE WA R RIGEVI T T SACA-1 Fifz e BRI MERE, 15— eI H i BE RS e 77k
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17 T X E . HOTIE R SRR J58PAT JHHIILIA S FEAE 105°C + 2°C M, JFM#E, i 200 HIW it
i, FREX 1.00 g 7Bk, BT EAHN 20.0 mm £kFAH, 7E 20.0 MPa J& /7 FEE 3 min, DL SCHE I ) U
P [12]-[18]. WIGET, K /ANRURE T B T AR, g/ NEDHE R EARIR ZI N K R d, I
HHEAMZIK S DW. R0 25 51 W% 2.

Table 2. The results of swelling after 24 hours of soaking in the treatment solution
7 2. LEFERZIE 24 AR

e 1.5% Kb FE A IR 3% Ab B VA IR IR

d/mm Dw/% d/mm Dw/%

NHsPAN 28.4 42.0 245 22.5
FA-367 30.3 51.5 26.9 345
K-PAM 24.7 235 235 17.5
Kcl 34.3 715 33.4 67.0
K2SiO3 33.8 69.0 30.5 52.5
MMH IE R fig 29.5 475 28.3 415
SACA-1 23.1 155 22.6 13.0

i 2 mgn, EMENRET, =NESHIERDHE 1%F1 3% SACA-1 HHIRIE 24 h 4 A K 245 5
N 23.1%. 13.0%, HUERT LIl b WRE SR TN EhHBERR E 57

3.2. FREUALE

F 25 A FH DS 2R R 20 B 023 — BRI T SACA-1 IR e PERE . RIGRT, ST A FEAN OHIERE,
WAL 20 HI s, B TH — MK TSR &R, DORFEAFES/KER — 8. SR 561 &1
JN: FE 200°C, HFA] 16 h, HAEHE S 30.009, #WRJEH 40 H o REGRIH L ARE S S, KRR BT A e v
Wa, BTHM P 105C £2°C4&H LT 4h, FRE, (HEARERPGR R, RIGLE B 0% 3 (3L,
WR NEICAFEE, R ONHIERICEK).

Table 3. Evaluation results of on-site rock chip hot roll recovery
= 3. HnERBHREIERITMNER

, 1.5%IE R EI i % %A IR R EI i 2
AbFRF
Wr/g R/% Wr/g R/%
NHsPAN 17.87 59.56 20.32 67.67
FA-367 18.11 60.36 21.01 70.03
K-PAM 18.97 62.23 21.64 72.13
SAS 15.32 51.06 17.97 59.90
KCl 11.43 38.10 12.34 41.13
K2SiO3 12.12 40.40 13.69 45.63
MMH 1 H i 14.24 47.46 18.69 62.30
SACA-1 20.15 67.17 24.01 80.03

e 3 W%, EE5EAREKE 1.5%F 3% AFEFIER T, BigaEAE SACA-1L IEH I HGE R
Wk, 43 7h 67.17%. 80.03%, HH KPAM, HE[EILZE N 62.23. 72.13%, = HIHFHI ) HEEFa
SEFF SACA-1 Faie HEE I RUR R I
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33. MIFAERBESS. KPRKERHYIEE

TR 0 T EERS E ) SACA-L IRTE T4 AR b, HRMBHEAFEE T 5 MPa 1 /7 T il
2h, SRJE 5 RITCELE 20°C IS, 90°CHIKA, FHE 24h, e e BT it ok mbifi 7y, oF
MR 2 S PRI K R BE AR S H B R B g, R L FR~ T35 B N 7 A SIZ s R B B 588 B2 [3] [19]-[22]

& A4 AR ERFIVE F S R BCEE BB SR A A R . S5 KB, SACA-1. SAS. FA-367 fil KPAM
FE S IR DT BT 9 L85, SACA-L FE/K R EE DU BY S B f &, 1831 0.206 MPa, AN /. &

4 NI AL SACA-1 BRE5 1T 5 RS LA .

Table 4. Shear strength test of core connection after the action of different treatment agents
= 4. FELIEFMER RAE OB SR AN

s BEHET BT 5 5 /MPa s BB 5 5 /MPa
G — i A
Eaiaiadl A KA
3% SACA-1 0.301 3% KPAM 0.173 0.122
3% FA-367 0.228 3% SAS 0.218 0.163
3% NH4PAN 0.190 3% iR E IR 0.144 0.107

.'i""r

(The left image is the unconnected photo, the right image is the photo after the connection)
e (EBDARIRES R R, A BB 5 IR )

Figure 4. Comparison of the on-site core before and after using SACA-1

4. IIFECER SACA-1 BELERIBEHIXT LB

3.4. FHil gk EEE R

BRI J58P47 JEAEFEE T AR BRI 24 h, ANOEUH, FRAMSTEARTE, BT =55

TR G 2R, MAHGURSRE, SR IE 5 Frs.
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Table 5. Compressive strength of cores after soaking in different media for 24 h
5. HILEAENFRPIRE 24 h [FHHUERE

FRERBUR SRS PURSRIE N

ARG PURMRE TR

il IMPa L% il IMPa 1%
J58PAT FEFE 11.63 3% FA367 7.11 38.87
7K 4.23 63.63 3% R EE A LS 6.25 46.26
1.5% SACA-1 6.34 45.49 3% KPAM 7.39 36.46
3% SACA-1 8.98 22.79 3% E 7.87 32.33
3% MMH IF £ 6.15 47.12 3% NH4PAN 6.03 48.15

P 5 A, THERAFER A EPUEGRE N 11.6 MPa, TE/KIRIEEPUESRE FFEE 423 MPa, N [#IREE
9 63.63%. LI ANFEMAFERIMEE, SFEMBURRE A ARTEER R, Hr 3% SACA-1 IEHERL
R, PUEREEIAE] 8.98 MPa, iU kimAL T FElR AN 22.79%, HIK N 3% SAS, HiEimEE T F%F
A 32.33%, FBH SACA-L1 [ R i A FEE /K G I PUESREE ,  RENS (RAE A et HhZ I Fa e .

3.5. FMEEHRHEMAMEITMN

F 2 PN 4l G ) SRR X T B TR R, SRR T TE K+ 3%~5% 211+ +0.5% NazCOs + 2%~3%
SPNH + 1.5%~3.0% SMP + 0.3%~0.5% CaO + 2%~3% KCI + 3%~5% FRH (JH1E 7)) + $FHE A + 1%
HAY + 1% CJD-1 + 3% NFA-25 + 4% YRZ-1; KCI-ZEWEiHM: K + 3%~5%[ZiH 1 + 10% KCL +
0.8%~1% FA367 + 1%~2% JIFD-120 (K& MFEIEH) + 1%~2% NFA-25 (HiTH) + 2% FRH (JETg7]) +
0.2% Span-80 + &t A7 o I 5E HINAS [R1R 2 1) SACA-1 J& (AL it RE, PR IREG 194614 IR 180°C,
mFa] 16 h, HpAEFEE R 30.009. 455K N4 6-8 Fin. WRFPATLLEH, #RATERAZMERERE, HpE
# SACA-1 UK JEZ H 1%38 N % 3%, AR HR BIWCR A — e R E, Jertaeiae, &Y
SACA-1 5 P Al HE i AR 28 b (0 A 3877 O AT R 3o

Table 6. Compatibility performance of 1% borehole stabilizer SACA-1 with drilling fluid
7= 6. 1%FEEREE | SACA-1 5t iREL A 1% &8

. SEIG % AV/ PV/ YP/ GelL/  FLAPI/  FLHTHP/ IR
LRI 14 mPa's  mPa-s Pa Pa/Pa ml ml ph KR 1%
HIEHT 22 17 5 1/2 3.7 12,5 10
Bx N
R R G 28 20 8 1/2 4.8 13.6 10 61.2
BRI+ PEEr 23.0 17.0 6.0 1/2 3.7 12.4 10
1% H-BEFa e 57 .
#“‘/\
SACA.1 PRE 310 225 8.5 213 4.7 15.9 9.5 72.6
KCI-R&WEsd  #aEmr 245 19.0 55 1/2 4.8 135 10
W+ 1%Fa5E 5 .
#“‘/\
SACA.1 iR 315 225 9.5 214 7.1 17.8 9 74.4

Table 7. Compatibility performance of 2% borehole stabilizer SACA-1 with drilling fluid
7. 2%HEEFRE T SACA-1 SHhF R A MEAE

. SEIG 2% AV/ PV/ YP/ GeL/  FLAPI/ FLHTHP/ PR A
GIERLUS 1 mPa-s mPa-s Pa Pa/Pa ml ml ph /%
REEESIF + PR 235 18.0 55 1/2 34 10.8 10
2% BERSE 7 -
o
SACA-1 PR 5 31.5 22.5 9.0 2/3.5 3.9 14.6 9.5 79.9
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gk
KCI-R&EMEIE  AdRal  26.0 195 6.5 12 43 12,6 10
W+ 2% E T ;
Fh oz
SACA-1 HiRfE 330 225 105 2/40 6.1 16.4 9 80.4

Table 8. Compatibility performance of 3% borehole stabilizer SACA-1 with drilling fluid
7 8. 3NFHEEFRE T SACA-1 ShFFRECA M8

“T\_,’“/\ %‘\‘:
R 2 SEIG % AV/ PV/ YP/ GelL/  FLAPl/  FLHTHP/ bl

1 mPa-s mPa-s Pa Pa/Pa ml ml ph 1%
FWEH + R 245 19 55 1/2 3.1 9.8 10
3%HEERSE .
ﬂh‘ N
SACAL MR G 32,5 24 8.5 2135 35 142 9.5 85.8
KCI-R&MehH  #IRHT 26.5 20 6.5 1/2 3.9 11.7 10
T+ 3%k E .
ﬂh‘ N
SACA1 HRIE 340 235 105 2/45 5.8 15.3 9 88.7

N T BT BERS RE 7 SACA-1 IIARE HBE R/ FIHLEL, 37 R S 4314 A B0 - B A2 7€ 77 3% SACA-1
TN B SRR I B H R TR (TR DFEEAT T EE M HT, SR 5.

@ (b)

Figure 5. SEM images of polysulfur drilling fluid mud cake before (a) and after (b) action of borehole stabilizer SACA-1
[ 5. HEEFEET SACA-1 {EATHI(R). Ja(b)BEhHREFHIFHERER

HiP 5 ATEAE . RESIN SACA-1 I SRBE B HRA R TB s DER I B A VF 2 FLIF, XA SLIF K
ARG ERZR, RURERZE, KEMFBIERSIEANE, B RRREE: mn
A SACA-1 MRS H IR RIE IR BRR DG . 208, AT RIES IR BB BHE A2, ik 3]
R H

4. &R 5IARA

(1) FHEEREF SACA-1 HfHE & A A FAR(N- 207 LML M e 2- D I B i 3 2- P K T R
(AMPS). —HEE R AL . r-TRER IR T2 = A ) R b 4:2:1:1, BRI N 30%, S JBiF
A4 4 h, JNREERN 60°C, 5 EFIGTA BRI ERZ89) &~ 0.5%, B pH A 8~9.

(2) FrBERaSET SACA-1 HIHLIE T LLIAF] 220°C, 3% SACA-1 HIVA TR I & 18 P el i ik 3|
80.03%; 7 HBCEEPIBI V)R A F] 0.301 MPa, TE/KHEBCEEPUBY 51 % v 0.206 MPa;  HfliHT e 55 fE 1A )
8.98 MPa.
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(3) FHFEERSET SACA-1 X R H W L KCI-RE MBI RERCMA B, AR IE R, s

3%, SRR AN KCI-ZE Sl H I IR Bl i R 25t 85%, KM SACA-1 BATT i i L Tl 5% o

E&UWH
o L A A A PR 2w B K 15 (P22097) .
SE WK
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