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Abstract To address the challenges of conventional temporary plugging agents in oilfield development, such as inefficient
gel breaking at later stages, prolonged degradation time, low gel strength, and significant permeability damage caused by
residues, this study developed a self-degrading nano-composite gel temporary plugging agent (PAE) based on a physicochemical
cross-linking strategy. The PAE was synthesized via free radical polymerization in aqueous solution using acrylamide (AM),
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acrylic acid (AA), polyethylene glycol diacrylate (AE), and hydrophobic monomer stearyl methacrylate (SMA), with nano-silica
(Si032) incorporated to reinforce the cross-linked network. The effects of cross-linker (MBA) dosage, hydrophobic monomer
content, initiator (APS) concentration, and temperature on gelation time and strength were systematically investigated. The
degradation behavior of PAE under varying temperatures (70-120 °C), pH (3-12), and salinity (20-50 g/L) was elucidated. Char-
acterization techniques including Scanning Electron Microscopy (SEM), Fourier-Transform Infrared Spectroscopy (FTIR), and
Thermogravimetric Analysis (TGA) were employed to analyze the microstructure, chemical composition, and thermal stability
of PAE. Experimental results demonstrated that under the optimized conditions (monomer concentration 8%, APS 0.2%, SMA
0.4%, and temperature 70 °C), PAE exhibited controllable gelation time (30-120 min) and formed a dense three-dimensional net-
work with a gel strength of grade 9 (no deformation upon inversion). The degradation time of PAE ranged from 3 to 10 h at 70-
120 °C, with post-degradation viscosity below 10 mPa-s, significantly outperforming conventional agents (>96 h). Sand-packed
tube tests revealed a breakthrough pressure gradient of 1.870 MPa/m and a plugging efficiency exceeding 90%. Core flooding
experiments confirmed a permeability recovery rate above 90% after gel breaking, indicating minimal formation damage. Mech-
anistic studies revealed that the high plugging strength of PAE originated from the synergistic enhancement of physicochemical
dual-crosslinking networks and nano-SiO,, while self-degradation was achieved through ester bond saponification under alkaline
conditions and dissociation of hydrophobic association networks. This research provides a theoretical foundation and technical

solution for developing high-performance, environmentally friendly temporary plugging agents in oilfield applications.
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Fig.1 Schematic diagram of the synthesis of PAE-type temporary plugging agent and its reaction equation



DR IZ A BERE 17 AP S0 il 26 S EREITA

593

AT WAt R HTL, XTI AR
EVESE T TR SR ERA AR T, EAA
T, LL 10 °C/ min R E TR TFE 350 °C.,

1.4 VIREfREMERERYIIK

1.4.1 8 5 70| [ AR A el 2
R RAE TS, RS, B
R R BRI IR R BUE M Vo, K RS 8 3 7
BT 70~120 °C I, BERE— A, ok
PR R, R MR, A
BIPRFRAS AR AL 1k, I Pt 588 e FsF 1] g 5 4 o fie o
], ARAARRNC R 7o Bt o (1) TR R
(n, %), PIMHIEH PAE BTSSR B REAR G I
n="1%100% (1)

I JE ot ] e A e e e

BEEFRIRIE 34 70 °C. 80 °C., 90 °C. 100 °C,
110 °C. 120 °C, BFECH G0y n] B sE R s s, oA
ANFEREE R, oy &tk B4 hEEGH, &
ZEAN Rk B X L T B ik P 52
1.4.3  pH B %t 8 3 7| s A 66 B % vl

Al AR R U S, A 10%HCL, 10%NaOH
HR A B pHE A 3, 5, 7, 9, 11, 12 WA, 4
B HEIET, 7E 70 °C FFRY, Ak 3 hEUH UEE
eI A R VR TR e 8 2 g <13] e e e S (T
1.4.4 7 A0 38 3 0| [ A M AR B v

FREL— € B NaCl, CaCl, Bl 1k A 20, 30,
40, 50 g/L IR, A5 FH . Fic HERT R M 3 ) B AR T

1.4.2

FHCH], AriE 50 mL, BTSSP TE 70 °CFHP 4
h RS IMAR R FE RE VW, AR 4 h IR AT 1
T R e T O o

1.5 PAEEEEF 5EEREEFITLL

I E 28 UB T B PR R T 20 SN 15 mL 5%
ISR B W, CETE 90 °CHY B THRAE, MR
12 h B, LR LR PRI S 70 Y e A 175 D

1.6 EiEMHEEENIRK

i AP A A T BB MERR SC 0, BT EE I A K
FER 30 em WIEEME Y, FRCA 70 °C LA 24 h, 5%
R A S, T FH 22 T BE 4 BASE $01 20 A R R
0.1 MPa, #RJG1#4#HE 77 5 min, WLEIERMS 1 O35
TR FNEREE L, 0SRPS54

1.7 FHSERRERE

o P A O 3O S 30 (DL 2) SR VP 50 8 3 SRR
EHES . SLEAP TR W3 BB A AT NG AL,
H 29K CUHAE W E O R E R K o KRR 7O
FRFR A L, BOEMMETRIE R 70 °C, ik
4 h, fEHFE . BRI IR 2 95 °C, Rl
H 2% K CUR BT /RIRSE S, DU B S50 e
OBERK. el ERPRE, KEAXQ), 1A
HLIBIBIRER (), %)o

K
;/:?ZXIOO% (2)

1

©)

£ 1% Rkgs

t
% i
L
7K T
FRE Vasil]

2 ALEEMEIETREE

>l

2

=
il
I3

Fig. 2 Schematic diagram of core blocking performance experiments
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