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Preparation and properties of composite nano film-forming
sealing agent for water-based drilling fluid
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Abstract: A organic/inorganic composite nano film-forming sealing agent was synthesized using modified
nano SiO, as rigid particles, acrylamide, 2-acrylamido-2-methylpropane sulfonic acid, styrene, and vinyl
acetate as polymerization monomers, nonylphenol polyoxyethylene ether (10) and sodium dodecyl
sulfonate as emulsifying agents, and ammonium persulfate and sodium bisulfite as initiators, and then
characterized by FTIR, SEM, dynamic light scattering (DLS) and TGA. The effects of mass fraction of
composite nano film-forming sealing agent on rheological properties, filtration properties, and sealing
performance of water-based drilling fluids were studied. The results indicated that the composite nano
film-forming sealing agent was spherical in morphology and maintained a nanoscale distribution with a
median particle size of 325 nm, while showed a mass loss rate of 14% at 340 °C and increment in apparent
viscosity and plastic viscosity after aging at 120 °C for 16 h. When the mass fraction of composite nano
film-forming sealing agent was 3%, the static filtration loss of water-based drilling fluid was 10 mL; When
that was =2%, the filtration loss of the sand bed was 0, when that increased from 0 to 4%, the
high-temperature and high-pressure filtration loss was reduced from 104 mL to 29 mL, the permeability
was 1.56x10? mD, and the sealing rate was 90.7%.

Key words: water-based drilling fluids; film-forming sealing agents; nano; stable wellbore; oil field
chemicals

i BEHEE: 2023-09-06; EABEHI: 2023-11-10; DOI: 10.13550/j.jxhg.20230744

BEQWH: WRAMKAHFTAQH 5 TERAEIEFRIH (YCS22213092)

{EE® M BER (1999—), B, #i+4:, E-mail: 2395826154@qq.com, BEE A: TUIT (1965—), B, # 4%, E-mail:
yhjhx@xsyu.edu.cn,



© 2032 ¢

A% 4m 4 T FINE CHEMICALS

41 4%

BEE MR &, A2 W06 B AR s R5 5
TR AR A mMN, BRT, B2 AR
DA s K [P B Seip B  (ER B Seip B P da
BAR TR R A TR R ) 75 G b 2 A i T A
FLAR S, KIS RE A 23 EE . R IR
I BSOS (B R K IR A R A e T
FEEHH AT SR —RIA R0, e
SUTEMMEELLBRIZ A TUE N, 00U KAk,
MR TUA AR B RIS, IR SBORERRRFT, W
I, B E KRG TR T FLER A g 1 B % e T 2
Bij 1E - BE L R i E B i — . B AW R R4 Fh
WIF, Ly MBS YSE, g TR
KRR B T RE B R B A A
FREFR L 82, MELUA RCE 3% A R 5
QkALE;, RAEWEEF SR . WRAL, T
P R R AR, WFSE R, Tl N
K Si0, K H AL A A RO AR AR S B 8 T D4R
EA R ERE, SR AL R R RE R, &
TR, MDA RUE B A LYY HEE, Sio,
YENRIERRE, R R ATEAE, JokxtfLB = AR 5L
WEE

AR SCHLE I A B —Fh R B AL/ LR &
BB EFIER B RPERE R A YA AR R JE 4K
MIPE Si0, ki T2 T, (34570 AT LAZE 00 A e - 3%
T 77 A i A7 W BRI T B, AR d i 4ok Sio,
TR RGN TRl b FE 284k, RVERE R AT LA
i a3 A I HUFTBH W 00 A 4 K i fL . @it FTIR .
SEM . zhZAJGHSH (DLS) AU 43 %t Hok 47 3
FERNIAR , DA UF b by AR e v s i AR Tk
SEHG | U S SIS RN PR b S8 DA X Bl TR
REAYRZ I LA KX TUA FLIBR A BT RE 7, AT 45 9
BHEFIERRE I EE | (RY K2 % A R

1 SCIGERSy

11 KFENE

gk Sio, . KM (St), BERR L EHE (Vac ),
PR ( AM ). 2- TN M BB e 3k -2- 1 35 1 il iR
( AMPS ), AR, ¥ 2 5o bR AE AL R B0 A BR 23 ) 5
Na,CO;. NaHCO;. NaHSO;, AR, KRRk

\ —_
(0] o:| o

s L0 A s

NH, HsC CH;

l\SO

3

FRAFA R AT AR EE (APS), AR, KHET
KA RA R AR s + Zhe iR 4 (SLS ).
T3 R ALl (10) (OP-10), AR, &EEHT
RAPFHAT IR A 5 3-(FF LRI ) N 2k = 41
Fenkke (KH570), AR, Urpg>4 CREA T AHRAFR;
B £, G A AR TR BR A E] [
AT BRRE A, JCQ-1. YCS-2, ATl

Nexus470 BVE B 208G (FTIR ), 3£
JE = AL AR T s Omni KU Z2 £ JBEkE B K S U Zeta
FLAL A BTAN, S A 6 eI SO #R A F] 5 FEINOVA
Nano450 B4 HL + B fld( SEM ), 3 FEI A H];
TGA-DSC 1 BU[EE AT AL, B DR AR 2 8
Al ; ZNN-D12 BV et 7 B it . GGS42-Z A il
FRIERAL, S EHA MR E A RA R SD
RIZIerh IR U8R AN, 5 S EZ AL A PR A F]
MK-FA BRI AP R TG B IR JANL , 1L AR EBHMUER AT
FRA T
1.2 SEGKBESERH &

1.2.1 oty Em

PLIGK S BERI 28 F /KR GO R (W4
Bk 3 1), mHEFmA GBS 4%0)
KH570 fHECH], #dEys), HOmMT pH=4,
INA R B R 2%90Kk Si0,, 75 °CF R
4h, B0, BHTOK RT3 R, RET 70 °C
HETA3 21 11 R R B 4k Si0,.

HoE, ¥ 1.87 g BPEGK SiO, InFN%EA 65 mL
FEIBKABEA T, A (100 W) 48005 h I, #
BN =k ; &% 2.00 g (7.3 mmol ) SLS
F11.00 g A9 OP-10 MAEI = FUB T, (i F e i b
PP S), FARIA 5.60 g( 78 mmol )AM , 2.81 g
(13 mmol ) AMPS #11.50 g ( 17 mmol ) NaHCO; T
OB, BEFERE 350 v/min; SRJEHE 14.00 g
(0.13 mol ) St 1 5.62 g (65mmol) Vac ALERRH,
PR AR E ER =0, SRRk
40 min Ji5 R GEABE T, R KRR T2 65 °C,
A 013 g ( 1.25mmol ) NaHSO; F1 0.13 g
(0.57 mmol ) APS YE N5 &R, KA, &
N 4 h JEAF R PSR S ARSI EBE ], 2EAL
RS o BA RSN T iR :

CH,
4 CH,

5155, FLALH

C
o | oo\sl' o (lt
1 — o
é_ +M/k0/\+" I\/\/ N Ny, OH,65C
(¢}

CH, 0



559 HER, 55 KB E G99 K U B 570 A0 6 2 Bk fig ©2033 ¢
L K
CH,—CH CHZ—CHHCHZ—CHH CH,—CH CH,—C
+ 0 x | 1y | Iz | H ﬁ_n
CcC=0 C=0 (0] C=0 ?Hs
I | | |
e = I
H,C —(ll—CHs CH; CH, —CH;— CHz—Sli—O-o
ONano-SiOZ (leZ (l)
SO3H CH3
1.2.2 KK 3 Bes) Ve, M HEE . RIEAX (1) IFRREE

1E 500 g AKHIIA 20 g fZiH 1 2 g Na,COs,
A EE 60 min, HIE] T EAREE IR A B0 B
+, HATET, EHEHARESTREY 24 h,
1.3 ZHHRESMHERENIK

1.3.1 FTIR £ 4E
FHEPCBEE ] 4000~400 cm ™', 73 FEF R 4 em

1.3.2 #2H0H AIE

R 22 A1 BERLE K S U Zeta AL TR
B K S T 35 5] AR AR A A HEA T RAE
1.3.3 SEM & A4E

AT SEM MELAE G 98 K R 3 550 1) SOOI
B, NEEE 10 kV,
1.3.4 #EFNX

K )25 B85 BT 4SO 1 1 b BRI 1Y) 52 6 A K i
JEd B R R IS E R EA T RAE, TER A T E
T2 600 °C, JHEHF 10 °C/min,
135 44 RATHAPREEREZRE

[ia] 1l 4 A 9R 7K 3 PR 8 IO AN [R] J5 34K
1 52 A 9K BB BB R AR OK B3 R, R,
I 50 S e 2 288 B T A 22 B Hp e 30 RS — 25
EACTT G AN [R) 0T 5 53 505 A 9K BB 35 7] i 7K 5
RO AR M S g R PERE , ML J) 0.69 MPa, &
ARIRE 120 °C, ZALHE] 16 h,
1.3.6  @im i

R T IR A K R I R AR RE, TE
WROKFEIK P A BT8R 3% G 48 K iR £
R, a8k 22056 v e D R ASC A S 28 S ) L
Ak 16 h J5 Ry #IE i (B APL 2R &, FLyp ),
1.3.7 B ARJEME 5230

Ry it R e R BUE R MR RRE T, A
FHZZ B 8 e ASCR I 58 RO TR DR OR 81, JRAN IR e
W RGE K, AWHE 1 min, $0 5% AR B 50E
RIS IR BB K, VAR 1 T K T V& T R T
138 HBZHELH

WA ) ot 2 43 B B2 ORI 336700 7 o
JCQ-1 F1 YCS-2 43 AmERR /KIS b, R =
JEUESANAE 120 °C. 3.5 MPa £51F T ic 5% 30 min %5
FEW B8 o RS A5 3 24 9 K B e 1 3% 570 14

P ORIFARIEAS (2) HHETEBER, KT
SR,

K:Qﬂum (1)
AAp

’

K, /%= x100 (2)

A K HRUHNBEN, mD; O HEFTIELR
e, em’/s; wHIEWELE, mPas; L MIRDHRERE,
cm; A NV, 23.8 cm?; Ap NidiERRH ok
JE2%, 3.5MPa; K, HEIER, %; K WEIEFENE
#EM, mD, HA, 1mD=1x10" um* .

1.3.9 RIS X,

Rt —20 T i A AN K R 5 R ) SOWAE
LR, ¥ s TR D8 R A B R UE R T Yl R
Wi, F SEM WAHMOIES .

1.3.10 PERARITHE L T

BERNMERE RV ISR B BN, BA%
JEEN L Z AR BT, SR AP IR 8 K S B A 4L
TR LSO . AE A PR K S i AR T
57t A3 B 525 9K B B BE 7R 500 mL, A AT AR
IR TCIB 35 8 A 55 H 6T 20~40 B WP IR G £
e, HARPEER 16 cm,

WIRSCEG e, PR TS #0500, 4
W BRI EI, IEE S REZEE AWK,
R 25 A T IR B ) 8 1 X 7K A B BE e T o

2 HR5WR

2.1 FTIR &7

B 1 S22 AR BRI A FTIR 3% E . A
1 ATAE Y, 697.94 cm ™' Ab K2R3k if C—H #EA4-F i
i PRBhIE; 765.57 cm ' Abh Si—O HEFIIHGE R Sh
I 1108.34 em ' 4by Si—O—Si B B 45 IR 5l 5
1216.68 cm ™' Kb WA R HE AT S=0 4 ) (o 45 i B 5
1384.13 cm ™ 4b >l COO—4 4R 5hi 5 1350.47 cm ™!
b Sk C—N B A8 45 4R 31 5 1635.01 em ' 4b S C=0
R AEYR S5, 2810.67 em ! b y—CH,— ) fif
APRBNE; 3423.80 em ' AbIE RS ST N 4R A AR B i



© 2034 -

A% 4m 4 T FINE CHEMICALS

41 4%

i O—H HERYX RN PR BN . L5 REW], il %00
S R SRS &5 T A5 BT A R LR
AR REMT

1216.68

2810.67

. . 163501 3 FI35047
4000 3500 3000 2500 2000 1500 1000 500
PE/cm™

BT AR E SR Y FTIR 3551
FTIR spectrum of composite nano film-forming
sealing agent

Fig. 1
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Fig. 2 Particle size distribution curve of composite nano
film-forming sealing agent
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Fig. 3 SEM image of composite nano film-forming sealing
agent
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Fig. 4 TG and DTG curves of composite nano film-
forming sealing agent
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Table 1 Effects of composite nano film-forming sealing
agent mass fraction on rheological and filtration
properties of drilling fluid
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Fig 5 Effect of different aging temperatures on filtration
loss of drilling fluid
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Fig. 6 Evaluation of pressure resistance of filter cake
membranes with different mass fractions of
composite nano film-forming sealing agent
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Fig. 7 High-temperature and high-pressure filtration rate
of drilling fluids prepared with different sealing agents
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Fig. 8 Changes of permeability and sealing rate of

composite nano film-forming sealing agent with
different mass fractions
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Fig. 9 Photo (a) and SEM image (b) of filter cake after
high-temperature and high-pressure filtration test
for drilling fluid
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Table 2 Sand bed sealing performances of drilling fluids with different mass fractions of composite nano film-forming sealing agent
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