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Abstract: For the degradation of oil well set-cement under CO, sequestration condition, the thermodynamic conditions of pure
minerals related to hydration products degradation were determined based on the equilibrium constant theory, and the resistance
difference was investigated. The mass change of hydration products was simulated based on the Gibbs free energy minimization
principle. The results show that the order of degradation resistance of related pure minerals or end members is
4Mg(OH), - 2A1(OH), - 3H,0 , 0.83Ca0-0.67SiO, -1.83H,0 , 0.67Ca0O-SiO, -1.5H,0 , 6CaO-Al,0,-3S0,-32H,0 , 6CaO-

Al,O;- 3S0,-30H,0 , 1.33Ca0O-SiO, -2.17H,0 , 3Ca0-0.5Al1,0; -0.5Fe,05 -0.84Si0, -4.32H,0 , 3CaO-Fe,0,-0.84Si0,
4.32H,0,1.5Ca0- 0.67Si0, -2.5H,0 , Ca(OH), . The order of mass decrease in set-cement degradation process is Ca(OH),,
calcium silicate hydrate solid solution, Si-hydrogarnet solid solution, ettringite solid solution, and M,AH,,. The number of moles

and the proportion of end member minerals changes and the quality of solid solution decreases, but the change is inconsistent with its
relative degradation resistance.

Keywords: carbon dioxide sequestration; oilwell set-cement; degradation; equilibrium constant; Gibbs free energy; minimization
principle
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Table 1 Clinker composition and hydration rate of Class G

oilwell cement

Material Mass fraction w/% Hydration rate #/%
(&) 59.842 90
CsS 15.163 65
C;A 0.056 98
C,AF 16.294 98
MgO 1.360 60
Na,O 0.499 100
K,O 0.489 100
CaSO4 5.486 100
Other 0.811 0
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Table 2 Hydration products of Class G oilwell cement

Material Mass(per 100 g cement)/g Mole ratio

Calcium silicate hydrate solid solution 52.805 n(TobH): n(TobD): n(JenH): n(JenD)=0.0061: 0.1079: 0.0871: 0.1321
Si-hydrogarnet solid solution 21.009 n(C3AFS¢ 84H4 32): n(C3FSp 84Ha 32)=0.0302:0.0178

Ettringite solid solution 16.042 n(C,AS:H,, : C,AS:H,, ): n( C,AS:H,, : C,AS;H,, )=0.0088: 0.0041
Portlandite 28.983 n(CH)=0.3912

OH-hydrotalcite 2.244

n(M4AH,()=0.0051




. 1236 - CREFR Eh22 4D

J Chin Ceram Soc, 2020, 48(8): 1233-1239

2020 4F

32 WHIETEIR N ERY

PR 2 F G G I KPR, R85 h
W5 BT RE NPT H 4 BT S AR 2 2
b RGURAS AR, A A2 [ E 1,
TEA G — A5 XS B i OB, R eR
T A P iy G 2L 70 ) S 5 e 2% IR R AT IR AT #4 T
PR, AR 3 B,

MICHR[191RENER 3 H 4k 2 e M5 Bl P i g
TR E A, FIHA ﬁ(l)ﬁﬁ%fiflﬂﬁ?&%
o RTETHEAFRGT Y CO, it 4
B T Ak 7 S ST A AT AR f%?'JT
[ KAL) A 2 s S A P -3 FE AR IR, G
Fron. Hrr i 2 R R R PATIX, #IZe~A
WA SZ B R e X, Wk I A2 6
TR RREX o ERRERMET, 48 il s S~ 1l
ih 2R (R AL BRAE R /N, D FE ol g 7 Ak TP A AR S I
1 ayy A ay o R, BERIHVIRENS R i A7 E A BERS
M52 ) a,, . A o K, A B v R R AT .

S AR SR R, SEH 0 VL o 12T
SRR AR A, th B B T P A,
58 ) 4 P AT PO FE 2 B % R AP 7 A
REWSTI 2 M a, Fla, RO, Tl

HCO3

XFECIE 1 P& 2T DA Y, OH-HT Bk h 7
AN, it CO, B MERE ST, TobD i & il
AEIRZ , Z J5 TobH. Ettri. Ettri30. Si-HG-FS. JenD
i g v P REAR XA 2, CH i i RE fc 25 . JenH

A Si-HG-AFS W & it e AL, A7 T Si-HG-FS
A Ettri30 Z 8] 4i# FEACT 333 KI5, JenH T &
MR T Si-HG-AFS, &T 333 K i, Si-HG-AFS
(I JE5 v P BE LT JenH

60 —s=—TobH —e—TobD ——JenH ——JenD
55 | ——Si-HG-AFS —<— Si-HG-FS Ettri

—e— Ettri30 —+— OH-HT —=— CH
50
45 |
40
30
25
20
15 +

10 1 1 1 1 1 1
310 320 330 340 350 360

Temperature/K

Degradation

—In (@—aycos)

No degradation

BT AR YA R AR 4 i - P A P
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hydration products

WA A iR BT, HHZRAE IR, RIS il e
o7 32 B P-4l B KSR HORD HC O HITE P R )
B, B Al S R N R AN S K R . X T CSHQ
W] 25 42 (%) B e 2L 43 SR U5, TR RS e M B 25 U AR
XN TobD. TobH. JenH Fl JenD, F Ca/Si fKiX
N O1.25. 0.67. 1.33. 225, AJLAEH AT TobD
A, FE 3 M B R v RERE % Ca/Si T
IR 7

x3 BHUFRERTFEEH

Table 3 Degradation reaction and equilibrium constant

Degradation reaction

Equilibrium constant, K;

C,,SH, ,(s)+0.67H" (aq)+0.67THCO; (aq)=0.67CaCO (s)+SiO, (s,am)+2.17H,0(l) =(a Ty )
CysS0srH, (5)+0.83H" (aq)+0.83HCO; (aq)=0.83CaCO, (5)+0.67Si0, (s,am)+2.63H,0(l) K, =(ay ay )"
C,,:SH, ,(s)+1.33H" (aq)+1.33HCO; (aq)=1.33CaCO, (s)+Si0, (s,am)+3.5H,0(I) K =(a a;; )"
C, Sy H,(8)+1.5H" (aq)+1.5HCO; (aq)=1.5CaCO,(s)+0.67SiO, (s,am)+4H,0(1) —(a,'ja‘H;, )"
CA,F, S, H,, (s)+3H" (aq)+3HCO; (aq)=3CaCO (s) + Al(OH),(s,am)+Fe(OH), (s, mic) + 0.84Si0, (s,am)+4.32H,0(1) K =(a.a )"
C,FS,  H, .,(s)+3H" (aq)+3HCO; (aq)=3CaCO, (s) + 2Fe(OH), (s,mic)+0.84Si0, (s,am)+4.32H,0(1) K =@ .a,, )"
C,AS:H,,(s)+3H" (aq)+3HCO; (aq)=3CaCO,(s)+3[CaSO, - 2H,0](s) + 2AI(OH), (s,am)+26H,0(1) =(ayay,)”
C,AS:H,,(5)+3H" (aq)+3HCO; (aq)=3CaCO,(s)+3[CaSO, - 2H,0](s) + 2AI(OH), (s,am)+24H ,0(]) K, =(ay.a,,)"
M,AH (s)+4H" (aq)+4HCO; (aq)=4MgCO, (s)+2Al(OH), (s,am)+11H,0(1) =(ay.ay,)”
CH(s)+H" (aq)+HCO; (aq)=CaCO, (s)+2H,0(l) K,=(@.a,.,)"

3.3 EBihidEdICRAT T

PL 60 ‘C. 20 MPa [FHEAFZAF M6, 19 RS
BTN COL FIZKRAAUE i 72, FIH GEMS #k
PR T B it AT (B RIIAEE TR CO, /K&

BTN K AT PR AR, ik 2 KK
3 iR

HIE 2 a FTLAE H, BEE RS COzTDﬁ &,
T AV KA = VIR R 1k, R R BT



2 48 H5 8 W HREPH A

AR A SR AR N IR KR AR P A 2 A .+ 1237 -

M ARG CO, i E B /DI (W RIE BRI ), Kb~
V)R R R RS, R EELL CH W) i &
B> (R, S KA =0 i & 3 AR AN
A%, YU CH M e B i 22, 1X 5 8 ik )%
AR TG R — B RGH CO, i@ 5
g Ja, CH M/, He K=
JREMRAREARFEAL; M R5H CO, sl
15 ¢ J5, CH Fisilidm /b 2R/, CSHQ i &

160

140 | % CSHQ 72 CH S Si-HG B33 Et llll OH-HT

120

100 BRI R

80

60

40

Mass of hydration products/g

20
0

0 1 10
Mass of CO,/g

(a) Cumulative mass change of hydration products

WIFaR D, G562 IRy A A B A
R, NN CSHQ Jit & i/ /& th + M 7o 4173 JenD
I R e 22, R BB S BURE D X4
CO, it 20 g J5, CHFEAW K, HeKik™
PIBIZ T 32 25 b, FTERGE D 2 CO, FUE
if 30 g Jm, ARWEFAFTE CSHQ, HeKikr
Praiilk; 2 COy it 40 g Ja, ki
PRI K o

60

N
(=]

~
=

33
(=]

Mass of hydration products/g
W
(=]

—
(=]

510 15 20 25 30 35 40 45
Mass of CO,/g

(b) Mass change of hydration products

B2 wdRIAR - IbE RS CO, R AL
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