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Study on cement-based materials with controllable gelation time for
wellbore protection and leakage sealing in shale gas drilling

REN Zhenglian, JIAN Liming’, WANG Sheng, CHEN Liyi, YUAN Jinke, TAN Huijing

(State Key Laboratory of Geohazard Prevention and Geoenvironment Protection, Chengdu University of Technology,
Chengdu Sichuan 610059, China)

Abstract: To address the severe mud loss and borehole wall instability encountered in deep drilling operations such as
shale gas exploration in China, this study proposes a gelation time-controlled strategy for wellbore stabilization and
leakage sealing. A corresponding gelation time-controlled cement-based wellbore protection and leakage sealing material
was successfully developed by compounding Portland cement with organic acid, sodium fluoride, triethanolamine, and
aluminum sulfate, enabling precise regulation of the slurry’s setting behavior. The formulation was optimized through
factorial design, and predictive models were established for the pumpable period (PPD) and the interval between
pumpable period and initial setting time (IST). The hydration mechanism was elucidated using thermogravimetric
(TG-DTG) analysis and scanning electron microscopy (SEM). Results demonstrate that the material exhibits
excellent gelation time-control characteristics and rapid setting response : the PPD can be precisely adjusted within 10~
60 min, with a minimum IST of 12 min; the 7-day compressive strength ranges from 18.8 to 27.5 MPa, meeting
engineering strength requirements. TG-DTG and microstructural analyses indicate that all four admixtures initially

inhibit cement clinker hydration, later transitioning into a promoting effect, with a distinct inhibition-to-acceleration
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transition point. Their dynamic synergistic interaction establishes a dual-effect control mechanism characterized by

"early inhibition and late promotion", which confers the gelation time-control property. Notably, organic acid only

temporarily retards hydration, leading to substantial formation of C-S-H gel and microstructural densification after

7 days, thereby ensuring long-term strength development. This research resolves the longstanding engineering

challenge of balancing slurry loss control and setting efficiency in conventional cement-based sealing operations,

providing a novel technical solution for wellbore stabilization and leakage sealing in deep shale gas drilling.

Key words: shale gas drilling; wellbore protection and leakage sealing; cement-based material; gelation time control;

hydration mechanism
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Table 1 Mineral composition and performance index of PC
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Table 2 Test results of factorial experiment

W/ aIRW/ WIBEME/ 7 dPURSREE/

75 FOLR/ % =M/ % wARE % TR/ %
cm min min MPa
1 0.25 0.175 0.3 1 22.5 15 30 21.3
2 0.45 0.075 0.7 1 26 25 50 23.1
3 0.25 0.175 0.3 0.6 26.5 32 59 23.4
4 0.25 0.075 0.7 1 28 15 35 23.9
5 0.35 0.125 0.5 0.8 27 25 65 23.5
6 0.25 0.175 0.7 1 28.5 19 26 23.9
7 0.35 0.125 0.5 0.8 27 25 60 23.8
8 0.25 0.075 0.7 0.6 30 7 30 24.3
9 0.45 0.175 0.3 0.6 27 51 79 19.1
10 0.35 0.125 0.5 0.8 28 26 59 22.6
11 0.25 0.075 0.3 0.6 27 40 174 24.8
12 0.45 0.075 0.7 0.6 28 26 57 18.8
13 0.25 0.175 0.7 0.6 29 13 32 20.7
14 0.25 0.075 0.3 1 24.5 48 148 24.3
15 0.45 0.175 0.7 1 27 31 47 19.0
16 0.45 0.175 0.3 1 24 38 62 22.5
17 0.45 0.175 0.7 0.6 28.5 22 45 22.9
18 0.45 0.075 0.3 0.6 27 78 203 25.6
19 0.45 0.075 0.3 1 25 56 172 27.5
20 0.35 0.125 0.5 0.8 28 26 64 24.3
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Fig.1 Validation of the rationality of the prediction model
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Table 3 Optimized formula for wellbore

protection and leakage sealing materials

[ e

s AN =B Rmdk Wi  PPD/ IST/
/Y W/ W/ % ER/% min  min
1 0.25  0.175 0.7 0.7 10 12
2 0.25  0.173 0.3 0.96 20 14
3 043  0.175 0.7 1 30 15.6
4 045  0.175 0.3 0.85 40 228
5 045  0.175 0.3 0.6 46 30.6
6 045 0127 0.3 0.6 60 76

I 7K 2K B, 400~500 CE&F F A4S (CH) 8k
HH BRI 3 3R 5] A Jo 48 G, 600~800 “CIX i) 3 2
HBRIR S (CaCO,) Z BBk . IR I8 91 3 d i,
FE 7K U8 ZORE I 11 K Ak B ok AR b, A LR | B TR
B TR A R = 2 e 3 D S T R0 6 K U 1 K Ak
Y 2 B0 H e 00 — B0, Y5 47 7 S [) 2 B2 %) 900+
KACVER o DAEELL g2 B0, 3 d SR Pl 0 45 1 1 1
i pd R AN ) 6 R 4 TG B 22 B L bR 10 BB
KBS T 1.5%.6.3% .4.1% .4.8% , th b 7l LA
F 72 AN R A0 0 7% 7K e w0 K Ak i B0 Be 0 HE
KRR R > = LR > AL > A LR .

A HLR AR R A0 I 3K 21 B9 45 7K Ak 7 ) I B 0
WA 76 AS [R5 10 1) 555, 0 ARy A WA 4 06 1) 728 £ e
RN ] 5 L 2 AR — B, X B R TR R AR
FIAT ML IR 78 7K U6 kel k7 2 1 A8 B g 4 o st HL
B R 408 I 38 T2 0 T AR BR 46 5 40 R — 45 (C:A) Z 1]
9 RN, 5 BUBE 50 R R OB AR O R
AU R SO, MR EE HE— 25 0T K AR R Y
PEAT o BEAN A SR AL B A = 20 B iz %) 3k 4 R
DTG i Z& 78 100~200 °C A ¢ IE W B 3 B0 0 I Ay
%, % EH C-S-H K& £ Z4E P 100~120 °C,
T AFt Y2k T X i) 5 105~150 °C, WA i 45 % 1 1
WEEHAE R T EZ 0 AFtH . FR L™ 4R
TR T 5 B 38 i 4 5 AR AR BE T K U8 OBk
fiff AR K AFUE LY, AR B K i AFt S C-S-
H BE e S A HILIR s e [] 0 B 7 2ORE R T P R AR
P2, ZIARTEE W, KV WA —
“ORACEE I, I L6 S ) ORE R A n] S

WE 2(b) B, Bl 7K Ak R 0 5 S 4 i, 24
FEPS IR 7 d 03R4 A B Ak i A 4 3 o 4 4%

BT 2.4% . 1.4%.0.2%.0.2% , 3% — A fb £ PR
[vi] A hin 750 78 A FH 3k 2 e 240 77 7 ol B kR 2 AR
HE K AL 00 B 48 Y A AR A AKON W 3 R R O A HL
iR > B R B > Ak~ = Z R . b A HL
i 1 I AR 100 “C BE HY G 35 3 0 174 W B e | 28 B
C-S-H iy A4 i B B3 n . i F 2 7o BHAR R 7E 1T
W WA A4 2 303 T K P KA B BE AT, T Bt 25 7K Ak
SR P KU R F I 4 R R % VA A L AL
Ca*'5O0H B FEARRIAWEE. M5 Tk
IR EIG S B (ES 1838 FE 9K Ji 0T i A b 2 5%
AR B RS B AR R 2 55 . Bk, K
AR LIS I 5 AR b AR 2k 4 434 i, DT
{45 A0 5] B9 S K AR T ERT o 9 S S A

SRy it — 25 43 AT IR B 4R K R AR R 1 K AR R
FR A 2% 328 14F 75 400~500 °C 22 ] #4 J5 41 26 314 CH
TR MFESB N 3.7 dAYIEE CH & &L 45
W 4.

ENIGIEE7AN IS NI 7 N 1111 < o N R 0|
CH A XS 55 5 3R W]« B & SR 47 0 01 9 28 Ak, 25 4R
1) CH & i ¥ 2 80 BTl 8, KA = i R 22 ik A7
AT TR Z K AR, o LR CH S & 1
0.39% , H 4 W 3 21 14 &= 4 51 oy 2.81% . 6.16% .
2.91% 5 3.58% . MW R 3 d B, TR 41
T AR A IR 4] CH A M 4 T 3 v 4
A3 AR 0.05% .4.08% ,0.9% \1.71% , 24 % 1] $2 7+
27 AT, &AL CH B 52 A X 8 28 23 0 35 1T
2.37%.1.69% .1.62% .1.48% . 1 3 d #& 7 & 4 k1
KAEE] 7 d #1004 i K IRt R B, 2 o0
KRR — A M VE I e 4005 . 28 BN A8
[] A hin 790 76 B 0 5 05 300 1 22 Sk R A L (AR K
e 1A 52 B0 AR A Sl BURD 1) Sl S AL AR AE L HOR A
BT 20 76 300 B B 5 i (R R e ol . R
Bo v = 8 NE O i G R e s I e | W R (S B N 4
VI M 5 ) AR PR A A S BHORG o 4%

3.2 IKAL WO S #G 43 H

PO B 4 9 I, A K Ak L R R AR Xk
e KAk 14 10 34 4 P e B S, K i B A K R R Y R
S, A A0 N5 2 T R 0 ) g2 R R
A HLER 2 B 55 A9 42 2R 3K 3h 7, FLUR R R R AR
Sk ik — 2 ) B A LR 5 B R 8 6 K Ui K Ak B Y
AT AL X I3 2H 4 A T AR AR AE AT OO 4 BT
SERANE 3 TR .



120 BlAR T 202643 H

< IEEATG —EEEH A HIRTG - FEMEATG — FMEA BRI TG
_EBYDTG — EA+HAHIERDTG DTG — R RIRESDTG
02 100
40
-0.2 95
-0.4 -
- —0.6 X 90t SN
< 08 & & )
2 -10 5 & gs) A
-1.2
-1.4 80+
-1.6
-1.8 750
‘ ‘ ‘ A -2.0 ‘ ‘ ‘
200 400 600 800 1000 200 400 600 800 1000
T/OC T/OC
- HEATG — HEAHRALNTG < HMEANTG B = L RITG
EORMIDTG  — M4+ E AL 4NDTG - EOHAIDTG  — HMEL = ZREDTG
100 C-S-H 10.2 100 C-S-H 0.2
10 =0
1702 951 A -0.2
1-04 H : 04
. 1-0.6 S : 0.6 =
=N 1-08 33 o) / - -08 9
E 1-10 E = 85’3 |; -1.0 A
1-12 ! i -1.2
—L4 80F ‘; ——-14
1-16 L 'CH -1.6
751 UEttringite 1718 75¢ I'\/'Ettringite -1.8
nete ‘ ‘ 2.0 20
200 400 600 800 1000 200 400 600 800 1000
T/°C T/°C
(a)3dFRI I A
- FEENTG  —FLEAAHIRTG S IRMENTG  —SRUEHHRIR TG
- EOEDTG  — EEA+HAHIERDTG - HOEIDTG — HMEL R SEDTG
; 100 0.2
0
95 -0.2
-0.4
- N o 90t 0.6
S 3 N 08 &
© g O gsl -1.0 §
-1.2
80} -1.4
\ CH -1.6
75+ Ettringite -1.8
-2.0
200 400 600 800 1000 200 400 600 800 1000
T/°C T/°C
TG —EEAHANTG - HMEATG —HEA = BTG
- FOf4IDTG — LI+ IDTG - FE4IDTG  — FEEL = ZEEDTG
100
95
o\° o\\c o\o 90+ c\\o
S 2 S 2
= [ £ 85h [
80}
| Tt o -1.8 I -1.8
75t Ettringite Iy 75 Ettringite CH 20
200 400 600 800 1000 200 400 600 800 1000
7/°C T/°C
(b)7dF% 4 I

2 RESWER

Fig.2 Results of thermogravimetric analysis
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Table 4 Content of CH
%41 /d BEWEH /% BEMEL AN/ % EUEL IR ER/ Y SRRl RALEN/ Y SEUEAL + = 2R/ %
3 12.91 12.86 8.83 12.01 11.2
7 13.3 15.67 14.99 14.92 14.78
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Fig.3 Results of SEM test
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