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Abstract
drawn, the possibility, direction and physicochemical conditions of the two chemical reaction processes of TSR

According to the principle of thermodynamics, thermodynamic phase diagrams are calculated and

reaction and dissolution of carbonate rocks by H,S are determined, and the direct reduction of CaSO, (or S0,5) to
H,S at different temperatures is obtained. It shows that when CaCO; is at the boundary between precipitation and
dissolution in geological system, a small amount of acidic fluid will make the precipitated CaCOj; dissolved, and
when the concentration of Ca’* and CO5>” increases, a new equilibrium of precipitation and dissolution will be
achieved. When the depth of dissolution of CaCOj; is about 1000 m, H,S achieves the best effect. Only long-term
and repeated TSR reactions can produce sufficient acidic fluid (H,S), which is the necessary condition for
dissolution modification of carbonate reservoirs to achieve obvious results.
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Table 1 Comparison of electrode potential and equilibrium constant (calculated by Gibbs free energy or inquired)

R g AHLE/(kT-mol ) ArSy®/(J-mol ™) AGR®/(kI-mol ™) 0% 0° s RE/%
SO, +6¢ +8H' = S+4H,0 —234.02 291.44 —204.10 0.353 0.357 -1.26
SO, +8¢ +10H = H,S+4H,0 —272.62 385.54 —231.82 0.300 0.303 -0.90
S+2¢ +2H" = H,S —38.60 94.10 —27.72 0.144 0.142 1.14
O,+4H +4¢” = 2H,0 —571.66 —65.38 —474.29 1.228 1.229 —-0.02

BN AH(kT-mol ) ASy®/(I-mol ") AGn/(J-mol ™) PK itn PK s BR%/%
HSO,” = SO, +H" —22.00 —111.70 11.30 1.98 2.00 -1.06
H,S =H'+HS~ 22.30 —58.50 39.74 6.96 6.96 0.06
HS =H'+s* 49.40 —82.10 73.88 12.94 12.89 0.42
H,CO3; =H+HCO;~ 7.65 -96.20 36.33 6.37 6.38 -0.22
HCO; =H'+COs* 16.80 —141.20 58.90 10.32 10.33 —0.11
CaCO; = CO;” +Ca** —10.40 —197.90 48.60 8.52 8.47 0.50
CaS0,-2H,0 = Ca*"+S0,> +2H,0 -1.16 -90.38 25.79 4.52 431 491
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Table 2 An enumeration of the chemical reactions in the system
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HSO, =SO +H"

CaCO; = COy* +Ca®*

HCO; +Ca®>" = CaCOs+H"
SO, +6e +8H" = S+4H,0
SO, +8¢ +10H" = H,S+4H,0

CaCO5+S0,” +8¢ +8H" = S +Ca> +CO5> +4H,0

— pK(HSO, ") = — pH+lg[SO4* ] — 1g[HSO4 ]

— pKp(CaCO3) = 1g[CO5> J+ig[Ca™]

IgK =~ pK(HCO; )+pK(CaCOs) = — pH — Ig[HCO; ] — Ig[Ca™]
Eh = 0.357+0.00985 1g[SO,* ] — 0.0788pH

Eh = 0.303+0.00739 Ig[SO,* "] — 0.00739 Ig[H,S] — 0.0739pH

Eh = 0.0681+0.00739 1g[SO,4> ] — 0.00739 1g[S* ] — 0.00739 Ig[Ca"] — 0.00739 Ig[CO5> ] — 0.0591pH
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TR BE R o TS R S PR B, ARF
5% 52 DU 1| 3 Al 6 2 8 Ho SR /K ) B 1
it

3T LUAIE, Ca® ¥k i B 5 {5 /2 0.06 mol/L,
F R AE /2 0.008 mol/L; SO4* #¢J¥ & /£0.3 mol/L, %
fIRAE J20.01 mol/L; HCO; ¥ Ji #5 i55 {8 /£ 0.07 mol/L,
ARMEZ0 mol/L. ¥, ik T CaSO. My % B X
K(CaS04) =10, J@ it T3, wr LA 3 HAp A
W FYRBE40.007 mol/L. W] LI HY, 3FP i ik i
Bk WAHEA KR, G —R W, 761153126 Eh-
pHAH BB, A SCHE 25 s 1ok B i — 2, 943001
B CaSOM A S5 AN AL . R, 5 T 2
[ B W BE R, BB Rk B Y B R E N
0.01 mol/L, FRRE 40.001 mol/L,

£3 MM CIXAT HS SEHAKNEFRE

Table 3 Ion content of water in high H,S gas reservoir of
Feixianguan formation in Sichuan Basin®**

B (mol- L7

TiH
ca* S04 HCO;~
FE 0.020 0.08 0.02
R 0.060 0.30 0.07
/M 0.008 0.01 0

3 IHERINBEERERS R

WHTRTR, T K- 4 A0 E R — e M,
B ESA A M AR . AR SO R RN,
T3 Pt NP B s e AN, — s Sk [ E A TR
JE T W5 34~ A [m) 9 1 2 8 43 0 m DA 38 i
100°C f1200°C; H: 4354~ A Fh B AL 436 S Ak i I 4%
(Eh)FI4Fh2H 43 0B U B2, AT AFETHE AN [ 52 0 ]
R, PR3 A WA, KR T RIS B
FEVE M . YA bR s AR R, KR T I
N Ok, BNAS R T gEAE . LU R B
TR, FRRETFYRNE R, B8 A 1
B UEE PSS [Ca™ ) ERILE T
WS-k B, RAL & 736 S i B T AR R .
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3.1 Eh-pH 18
3.1.1 HHEMSH

PLE 1(a) M, T = 298K, ¢(Ca*") = ¢(H,SO,) =
¢(H,S) = ¢(H,CO3) = 0.001 mol/L, {ECaCO-JLHEX,
[CO,% 145 [Ca® 1 JE CaC O 7 fift -5 11 v B AR
Fo BN EET, WAEEA BN 7 R AR K R
1) HSO, =SO,* +H', 2) HCO; +Ca*" = CaCO5s+H’, 3)
H,S = H+HS", 4 HS = H+S”; BRI EET, WA
FEAR YRR A: 5) O+4H +4e = 2H,0, 6)
HSO4 +6¢ +7H" = S+4H,0, 7) SO,* +6e +8H" = S+4H,0,
8) S+2e +2H" = H,S, 9) SO, +8¢ +10H" = H,S+4H,0,
10) SO,* +8e +9H" = HS +4H,0, 11) CaCO;+SO,* +
8¢ +10H = HS +Ca’"+HCO; +4H,0, 12) CaCO;+SO,*
+8¢ +9H" = HS +Ca’"+C0;> +4H,0, 13) CaCO; +S0,>
+8¢ +8H = S +Ca*+CO;” +4H,0, 14) H,2¢ =2H",

H5HE1@Mtk, FioMeRARERET
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TEFE 1(d)H, T=298 K, ¢(Ca’) = c(H,SO,) =
c(H,S) = ¢(H,CO3) = 0.01 mol/L, 7£CaCO;ULIE X,
[CO;* 15 [Ca® il /£ CaC O fiff V- 157 15 FE A E &
FECaSOLULTE X, [SO,% 7145 [Ca™ 1i /& CaSO, 4 it -
BB R .
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— LU, BICaCOsTaE THME S rh M EREE, CaSO,
g TEmRIE R P

X F TSR

nCaS0,+C,Ha,= nCaSOs (5 CO, )+
H,SH n—1)S+nH,0,  (15)

HA 0> J& CaSO,+6e +8H = Ca®'+S+4H,0 1 CaSO,+
8e +10H" = Ca™ +H,S+4H,OM 1~ i i . 1R
LB

ek B B MR B — s B, B R R M (R I pH)
FA i M (B AIRER) B2 Al S 07 0] HLS 7 1) A% 8y, 14
KA (T 5 pH) AR AR P (T 5 Eh) B A2 £ 52 0 )
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(a)

Eh/V
Eh/V

Lsr ()

Eh/V
Eh/V

Eh/V
Eh/V

(a) T=298 K, ¢ = 0.001 mol/L; (b) T=373 K, ¢ = 0.001 mol/L; (¢) T=473 K, ¢ = 0.001 mol/L;
(d) T=298 K, ¢ = 0.01 mol/L; (¢) T=373 K, ¢ = 0.01 mol/L; (f) T=473 K, ¢ = 0.01 mol/L

E1 AEEREFMBEFKETH Ca0-S0,-CO,-H,0 Mt Eh-pH 18
Fig. 1 Eh-pH phase diagrams of the CaO-S0,-C0O,-H,0 quaternary system
in different temperatures and different ionic concentrations

SO, B #2 M H, ST A8 (SO, /H,S) i A AL I8 JF 2% 14 A1l ANAE 3 R B HLS, I A58 A LS, SR AR AR
pHE A 1 FRR(F 4). H,S. Machel *"EF I8 B R £k 5 it 2 1) 1V T,

FERLEDL T, Fan, M R100°C, Bk HOWLEE B BB S AFTE, X2 BRI A R A — 1
J¥°470.01 M, pH<4.67, Eh>0.0315/F, SO,” f1ICaSO,  fRUFHIFIIE,
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F4 FREBET SO HER HS HI (SO, /HS) M ELE R K4 pH £ 4K L TR
Table 4 Upper and lower of the REDOX conditions and pH of the reaction that SO,*” was directly
converted to H,S (SO,*/H,S) at different temperatures

\ pH Eh
B F-HeJEE (mol L") IR /PC
TRR LBR LB TBR
i 491 7.88 -0.059 -0.277
0.001 (SO4%) 100 2.75 6.91 0.0315 —0.346
200 <0 6.04 >0.22 -0.435
gl BT YR EE ST CaSO4 ULTE, BHATF N HoS B, AU S, ANk HHE% A HaS
100 4.67 5.85 —0.143 -0.252
0.01 (CaS04) === === o - s s
2.01 (HSO4 ) 0.017 (HSO4 ")
200 5.30 —-0.357
2.96 (CaSO4) —0.085 (CaSO4)

XiF b 3 FOR AR BE R B AT AT LA B, MR
ThEr B, CaCOs MFE X IBIE A K, CaSO4 FE
X IR B4/, BIFHERT CaSO, 23 AR, Bl
T TR B0 2% R R 738 A 1 150 0 e T A AR R
CaCO;. FHEREERT S MR E X4/, HEHK,
Ve R IRAT R T CaSO, 38 SO H G KR HLS.
3.1.2 B 23 TSR & R #I S50

AR SCLLCH A 1, AR RN Y 52 56 i 18,
BB TSR H A 38 J5 0 (SR 28) 38 J5 1 . CHL Y
P A A A B Tl A, (AT TR AR AR R
iE

CH, — 8¢ +3H,0 = H,CO;+8H"; (16)
EAR:

H,-2e =2H", (17)
IFH, MR ST AR A AR B .
RS 0° (H,CO5/CHy) = —0.584 V (1), ¢° (H,COs/
CH,) = —0.655V(100°C), ¢° (H,CO3/CH,) = —0.750

V (200°C), [A)HE AT =R HAth A28 Y 38 JE e A HEL 32
S5, LI ol WA R 25 B 18 TR A HL A
130 AR T % 7 TR R SO, (CaSOy) 4 i H,S

£S5 ZREMERBRERRER

Table 5 Standard electrode potential of ethane and octane

©

. ®
Jak
B 100°C 200°C
ZhE —0.546 -0.601 -0.675
T -0.535 —0.583 —0.645
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B IX [ AER T PR (R4), UEBAREH L . JkefnE
FEAE PN 0 45 Tl ot 48 10 30 R PR AR ARG, 2 DUKE SO
(CaSO,) HL#E R M H,S . MESHE R LLF H, Mk
Ky A B 2, O R s, P AE
b, e e 5 B TSR W (1Y 38 SR . (H 2,
A — L W Bl 15 B S B A R R, Bk
ZF, Bl NS A FE 2, TSR T i
BTG ILRERFAR, T2 5 K Y,
3.2 H,S-DHHEA
FE P9 24t QAN DG ZH R Ho S R AR A h, %
(R 1 AR CO, MIH,S . ARG 6, B AHEFT 0]
B HICO, & B 1 H0%H15%, H,SH i 7E0%~30%
Z ],
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Table 6 Content of H,S and CO; in the gas with high content of H,S of Feixianguan formation in Sichuan Basin
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H,S CO, H,S CO;
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Fig. 3 Relation diagram of pH and depth (D)
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(@)pH = 5, [SO47] = 0.0l mol/L, T = 273K; (b)pH = 3, [SO,*] = 0.0l mol/L, T = 323K; (c)pH = 5, [SO47] = 0.001
mol/L, T = 323K; (d)pH = 5, [SO4>] = 0.0l mol/L, T = 323K; (e)pH = 5, [SO4>] = 0.1 mol/L, T = 323K; ()pH = 7,
[SO421=0.01 mol/L, T=323K; (g)pH = 5, [SO4> ] = 0.0l mol/L, T=373 K
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Fig. 4 Phase diagram of Ca’’-HCO;~
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Fig. 5 Relation diagram of the amount of substance

of CaCOj soluted by H,S
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