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Abstract: A polymer/inorganic composite retarder (PMC-180) was prepared by in-situ intercalated
polymerization method using 2-crylamido-2-methylpropanesulfonic acid (AMPS), acrylic acid (AA) and
diallyl dimethyl ammonium chloride (DMDAAC) as monomers, modified montmorillonite as active
polymerization filler. The as-prepared retarder was characterized by FTIR, XRD and TG. And its application
performance was evaluated. The results showed that PMC-180 had an intercalation and exfoliation
composite structure with an initial pyrolysis temperature of 267.27 °C. The cement paste containing
PMC-180 exhibited good retarding property, salt tolerance and temperature resistance under 90~180 °C.
The initial consistency was lower than 30 Bc and the thickening time could be regulated effectively.
Furthermore, the thickening curves of different kinds of cement paste were stable without abnormal
phenomenon such as bulging. The compressive strength of cement stone containing PM C-180 was greater
than 14 MPa at low temperature, which could be applied to long sealing and large temperature range
cementing operation. The retarding mechanism and temperature adaptation mechanism of PMC-180 were
as follows: when PMC-180 was adsorbed on the surface of cement particles, the hydration adsorption and
complexation reaction between PMC-180 and Ca®* inhibited Ca(OH), crystal nucleus or crystal growth.
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Both interlayer spacing change with temperature and competition adsorption between cations and anions in
PMC-180 could effectively decrease excessive adsorption of the retarder at low temperature, which made
PMC-180 have good adaptahility of large temperature difference.

Key words: long cementing segment; large temperature difference; temperature resistance and salt

tolerance; montmorillonite; retarder; oil-field chemicals
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Fig. 1 FTIR spectra of montmorillonite(a), modified

montmorillonite(b) and PMC-180(c)

P, I 1c AT%0, 3476 cm b BN KR O—H
(A 4 45 Sh W i 5 2946 omt b & —CH Y 45 H
B I 5 17231685 cm ™ Ab 43 Bl PN R A AMPS
i C=0 MY R sl diclé ; 1230, 1043 cm ™ 4b &
SO 45 i B W il s 1362 em ™t kb J& 2 il dh i —
CN 4 fd 45 3 s W e ; 1120, 623 Fi1 520 e &b i
WSO AN S 24 TG 3R 5 W0 P R 0 T B A M R 52
Jii 4 4 Si—O 145 4 51 LA K Al—O Fil Si—O (1725 il
JRohlle; LRsrprel A, fEEH BT 3 R R
AL LR B REH], X KRB A Y5 et
St WINE A, =Yl Bisr=9 .
2.1.2 PMC-180 # XRD & #7

St S+ . PMC-180 Y XRD llis
ZEIRIE 2,

6 7 9 10
20/(°)

K2 Zit(a). st (). PMC-180(c)i) XRD Al
Fig. 2 XRD patterns of montmorillonite(a), modified
montmorillonite(b) and PMC-180(c)
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Fig. 3 TGA and DTG curves of retarder PMC-180
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Table 1 Salt-resistance evaluation of cement paste with

PMC-180
w(NaCl)/ WIUGH R/ W)/ et ey, POHCsREE/ bk
% Bc min min MPa EiT 1
0 12 15 238 26.42 0.72
5 10 13 245 25.93 0.68
8 12 16 267 22.04 0.75
10 9 15 276 19.47 0.79
18 1 17 298 16.34 0.74
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105F « 7 470 8
s 90F 160 3
£5 s 450 §
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60 D At - | §
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0 1 1 1 1 0
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E 8 w (PMC-180)=1.4%IW/K B 120 °CF (F1b il
2¢ (w (NaCl)=8% )
Consistency curve of brine cement paste [ w
(NaCl)=8%] with w (PMC-180)=1.4% at 120 °C
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A B S AL A, B3R T /K 8 U T B ) 22 e
W, MR A E K, AR R
223 KBEEFMHAE

PM C-180 Xif A [) T0JFE ik 2 T 7K U Ay 5 32 1) 52 i)
W 2,

2 PMC-180 XA [m) T it 22 N 7K YA 5 B2 1) 52 i)
Table 2 Effect of PMC-180 on the strength of cement
stone under different temperature difference

AR 2E T SR R i a] J5
TR PP 5 IM Pa
SRIRIEEE 90°C  RIRIEE 60 °C
24 h 72 h 24 h 72h

(mc. TR s
180)/% WREE/C IMPa

12 120 27.61 17.31 26.82 1512 2344
14 135 27.83 16.20 23.63 14.89 22.72
16 150 28.42 1713 2745 1456 2213
18 180 29.35 16.84 26.28 14.32 20.82

M 20 AEH, ISR 5% PMC-180
A K PRI FE = T 120 °CRYFF IR Hr IR IR T 379 24 h
&, PUESREE YT 25 MPa, [RA) & PG 2 3240 iR
FER TS, PUESRERRE 2 E . A, A
G Bk B KU 2K K A IR B B AR A R VR
K A BKAVER, BEEIRE R TS, KK E
TR 85 3 AT, A B 22 K Al R A R A
WL BT IR PR G . R R LRI R 7R
KU BB RAF )R & B, 7 90 °C A/
T 24 h 94 EHR S 16.0 MPa, 60 °C4&FF 24 h iy
U 5E JE 35 5] 14.0 MPa,

TIN5 %0k 1.6%PMC-180 [11% K /K I3
A Z (150 °C &4 FHfkmtE 293 min) & ETE A
JG7E 60 °C. 20 MPa 454 &4 i be He i 3 & Je il
LUK 9, Hp, 1in=2.54 cm, 1psi=6894 kPa.,

ME 9 n] LI, 127K 3K 60 CCHR I AP ok
FEFE 15 h BP R iR & g, 24 h B3k 5] 14.02 MPa,
30 hJEom & Bk T 17.25 MPa, ZJE1h4A
FH#a%, DR, &4 PMC-180 7K 3K 4
REA REMRIRZEE N RS, FE—CRE
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Fig. 9 Compressive strength development curve of cement
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Fig. 10 Relationship between adsorption capacity of

PMC-180 and thickening time
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Fig. 11 XRD patterns of cement paste with or without
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Fig. 12 SEM photographs of cement paste with or without
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