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Development and performance characterization of PVA modified PLA
fiber composite geothermal temporary sealing cement
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(Chengdu University of Technology, State Key Laboratory of Geohazard Prevention and Geoenvironment Protection ,
Chengdu Sichuan 610059, China)

Abstract: Formations with developed fractures are more likely to receive better water supply, and severe leakage
during drilling requires the use of cement for sealing, but this can easily cause reservoir damage problems. In this
paper, a geothermal temporary plugging cement is developed based on degradable fibers, which has a low permeability
during drilling, plays the role of wall protection and plugging, and partially degrades to provide a channel for the output
of geothermal fluids after the completion of the well. Based on the preparation, modification and characterization of
PV A-coated PLA fibers (PVA-PLA), the effects of the modified fibers on the performance of the cement paste and
the performance of cemented cement stone before and after high-temperature hot-water immersion were investigated
and the mechanism was analyzed. The results showed that: the regulation of the degradation properties of polymer
fibers can be achieved by coating, heat treatment and silane modification; the compressive strength of PVA-PLA fiber

cementite at 60°C was 19.8MPa at maximum, and the porosity was 28.88% at maximum after immersion at 90°C ,
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which was most in line with the requirements of low-temperature plugging and high-temperature unplugging; the

coating of PVA at 60°C reduced the contact between PLA and cement matrix, and the PVA-PLA fiber cementite at

90°C was more suitable to the requirements of low-temperature plugging and high-temperature unplugging. The PVA

membrane dissolved and PLLA exposed to cement alkaline environment was hydrolyzed and consumed during hot water

immersion at 90°C, which resulted in the formation of more pores larger than 200nm in the cement stone. The PVA-

PLA fibers remain intact and plug with the cement stone at low temperature, and the fiber degradation at high

temperature forms a channel inside the cement stone and unblocking, which can support the broken pore wall and at the

same time, realize partial unblocking of geothermal wells under high temperature hydrothermal conditions.

Key words: temporary sealing cement; modified fibers; PVA; PLA; high temperature degradation; pore size

distribution; geothermal well
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Fig.1 Temperature change of wellbore during

plugging process Schematic diagram
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Table 1 Main Instrument and Equipment Information
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Table 2 Cement slurry formula

2 Y 2k b B AYEhng/ % KIKEE
PVA-PLA-1 90 ‘CH4tT 3 0.44
PVA-PLA-2 130 CHuib3 2h 3 0.44
PVA-PLA-3 )57 g s i o 1 156 571 3 0.44
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B 2 K B L 45 B[] 2 o PE RS 5 7 5 ) (GB/T
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Jn#k B o 10 kN/min, #EE 43 #r (TGA) it FHAY
28915 PerkinElmer TGA 4000, I 3% ¥ B 35 Bl Ky
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Fig.2 Thermogravimetric analysis results of polymer

raw materials and surface modification
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Table3 Cement slurry density

fic 7 KK e B /(geem™)  FBIE/mm
4fi 7K e 0.44 1.94 154
PVA-PLA-1 0.44 1.85 86
PVA-PLA-2 0.44 1.82 86
PVA-PLA-3 0.44 1.81 90
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Table 4 Setting time of cement slurry

e 7 B[] /min L BERS ] /min
a7k e 108 295
PVA-PLA-1 210 421
PVA-PLA-2 270 367
PVA-PLA-3 330 437
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e 16 7K Ak B I 2E L T8 BLRE 22 1) K Ak ke T 65 B AEC
XK UE A R AL B AT 3870, DA T 48 1 7K U 6 6 R Y
5 B AR A PE o H 90 “CIZ i 7 B 1 3 B L 60 “CRE
i 7 7.07%, J& A F 90 ‘Cig i 5= ¥, i 4 7 16
PLA KT Y PVA B fft, PLA % 58 76 K U8 09 Bk
Wy I AE Ca(OH), 5 3008 M FE AT, [H] B PLA 7K
fift 7E 7K e A7 OB BB K AL IR, 3 BOK U £ 5 B B
i HLWRBE X 58 BE 9 45 FHAE HI /I T PLA X /K e 5
JEE A R T 5 220 38 B 7K VR A 58 B 1K

[ — 724 5 F ,PVA-PLA-1 . PVA-PLA-2,
PVA-PLA-3 = 27K A1 A5 BE KR B AR . A X F
PVA-PLA-1, PVA-PLA-2 58 Jf [ 1% (4 J5 PR 2 -
130 “C4&AFF X PVA-PLA-1 AL 2 h, PV A 3 Ji&
O3 FEXT PLA A 5 M AR 25 (o 635 43 V1 6 52
K VB AK A 28 i T BOK U R AR AIK

B o A1 106 A Ay — b 3 A T RO W) R B M
e 1 A LRE L & 9, vT 5 TC ML AL R E AT Ak 2F 4
G BB S B ML—JC ML L 22 18] 9 8 B, DA T e 5
MR MERE o A2 S50 A G 5 YSIX, RoR
WY SR HLROREIG ERE A X Oh K T RE A
H 5K U A R A AL E A0 P 4 BT i o £ BB
K T BURE B, T K 48 608 BRI SR W0, O B fIK
By 5 LML R R -OH JE 45 5 18 i A i, 75—
F A T K TR B A B, Fe 2 55 7K U8 A B3R TP 1L
AP, WU ZE PVA-PLA F 4 32 1 049 ki A {8 B
F 5 A Y 32 K % B 25 0 [ I K U 3k b R
B, B0 AT 4 5 K U T AT B A . (R AR SC
PVA-PLA-3 i # 1Y ¥t & 58 FF 2 B (K T PVA-
PLA-1, 7] 68 Y5 T ik e A8 156 70 v A LB 6 141 1 1 7K
VEHIBEAS T 7K Ak 7= i 32 2, (i3 K 50 AR 5 5K
e R 422 e, B8 R T K R FURE 2 5 K Ak R ) HE
BE KU K AL R R A , 5 BOK 8 IR R R R
%, B K U LA R B B B AR
2.5 JKIRA M FLAR ST

WK 5Ca) s, B 3% PVA-PLA-1 /K I8
AEFR TP 3d, L EE 441 12.25~77.09
nm Fl 3896.74~13937.80 nm Z [ii] , 43 # 7£ 40.31 nm
F16032.88nm 77 £ IE{H ;60 ‘C& M F 4 3d, L1t
F B0 A 7E 21.10~151.05 nm 2 [ , W {f H 53.36
nm; 90 CH& M TIP3 d, fL12 EE /4 78 9.07~
283.80 nm Z [i] , 7E 23.04 nm Ab 77 16 W AH L K U8 41 1Y
A ALAR DN, i 2R 0l 2275 3 .



130 BiAR TR 20254 3 A
YSiXs+3H20
YSi(OH)3+3HX /K fift o
—
I} g
2YSi(O &
i(OH)3 =
el
Y Y =
OH—S[i—O— I—O—S]I—OH Gitr 000 ¢, ! ! ! !
| 10 100 1000 10000 100000
H EH H fL4%2/mm
(a)fLIR A
T T Y 100
ou—i—o—i—o—g—oH%m%% 25 23
80 |-
46
P L B R
H\o'_,HHKOI,H H\OI,H ; 20
g 60 + 31
7KIE H i
1 € 40l 19
—
Mo
Lol
m—w—o—g—o—“—OH%&ﬁm%
Ut - g 0
““ﬁ*“ iR 60 90
KR FEPESE/PC
B4 HEREBRFSKEMNERIE B cHEL EAEL COAHEL C2FHL
Fig.4 Mechanism of action between silane coupling (b)FLAE i bl

agent and cement

S e R S TR R B LR R Ay o - B E
fL(d<<20 nm) . FE L (20 nm<<d<<50 nm) . F F AL
(50 nm<<d=<200 nm) Fl £ F L. (d>>200 nm) , 40
5(b) Fron AR 48 FLAE A R0) 43, BRI B, K AL
I, K VA N 2 FE AL R, Bl % 0 T L K
KA SR, 7 A 8 2 KAk =, /T 20 nm i)
ToE AL e, KT 200 nm B9 2 E AL, A
TR R, 60 CR WL FR P I, FLBR 3 R 28.07% B =
23.11% BRI T 4.96% , 41k T FLBR 2544 , (1 15 4544
T 52 5 1 90 “CH T8 F AL 7 HoR  (H AR T IR
60 CIRILFFAP B AR 2 1y D FE LT EAL, H
& 5Ca) A, FLARAE KT 200 nm Bt FLAR 53 A 45 SR A7
FE I A . X JE BT 90 “CIR I IR P, 4l 40 7 A
PLA 1 () PVA B, PLA 28K JET, 5K
e iy Ca(OH), i, M FE T PLA B FACRALER,
LB 3k 28.88 %0 o URHIAE Sl T, AT FE K e A4
T B TH |, X v ek B AT A b

WE 6 i~ , N1 3% PVA-PLA-2 K £ 6%
SR 3 d, fLAR F E 4 A 7 13.74~151.06 nm Fl
3892.93~11326.55 nm Z [0] , 43 5l £ 46.55 nm Fl

El5 PVA-PLA-1KERERERE TFLEMKER
Fig.5 Pore Test Results of PVA-PLA-1 Cement Stone

6086.92 nm f77E W& {H ; 75 60 ‘CA M T #7473 d, L&
F B4 A 7E 17.11~120.80 nm = [ , W {8 & 50.51
nm. fE 90 CH& M Ty 3d, fLIE L5 M1
9.07~226.73 nm Z [u] , W& {E 2y 27.87 nm. AHXS T
% 3% PVA-PLA-1,F ¥ LRI K, B T il
b B PV A TR 43 43 il 58 43 PLA Z% 8% 1 #E K
Ve T B B T 5 | R 0 AL AR G, K e A R B —
E R BE R .

0.15
icn
2 0.10
I
&
R 0.05
Rel
-3
=
000 1 1 1 1 1
10 100 1000 10000 100000
fL4%/nm

El6 PVA-PLA-2KRAEAERE TAENRER
Fig.6 Pore Test Results of PVA-PLA-2 Cement

Stone at Different Temperatures



5245 21

0 H S5 PVA BUME PLA £ 4 5 4 b 308 3% K U 14 A ) S 1k e R 1 131

WE 7 fis , W48 3% PVA-PLA-3 K 1 16 #
SR 3 d, fLAR FE A AE 17.11~120.77 nm Fl
1317.59~11326.07 nm Z [f] , 43 5l 7E 50.39.3192.90 ,
6230.94 nm fETEWE(A . 7F 60 C& M T 397 3 d, 1L
7 E B AE 17.11~151.05 nm Z [1] , W {8 7 50.39
nm. 7E 90 CZ& M T F4 3d, L& £ 2 50 i 1
9.07~183.11 nm Z [H] , W& By 26.28 nm. 7E % i T
B IR e, A X T N B 3% PVA-PLA-L, I M
3% PVA-PLA-3 [ /K Jé A 7 FL 4% =>7000 nm B} , L
ROy AW (H AR, BT FLAR N AR /N B 7E T ik
Jot A I SR TT LA 4G 5 2F 2 5 7K U8 JE 4 RE I Bh &5 L oK
AL R FLIE D

— PVA-PLA-IF iR F-

0.20 |
—— PVA-PLA-3% iR Fe 4P
—— PVA-PLA-3 60CF#"
0.15 — PVA-PLA-3 90°CF##

0.10

LS4 /(mLeg™t)

0.05 £

0.00

1 1 1 1 1

10 100 1000 10000 100000
fL4%/nm
7 PVA-PLA-3KEBERERETRPVA-
PLA-1KREEEB THILBRMLER
Fig.7 Porosity test results of PVA-PLA-3cement
stone at different temperatures and PVA-PLA-1

cement stone at room temperature
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Fig.8 Degradation mechanism of PVA modified PLA fiber geothermal temporary plugging cement
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