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Table 1 Equilibrium constants for reactions of H,S( g) <H,S(aq) H,S(aq) @H"* +HS"
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H,S( g) <H,S( aq) H,S(aq) oH* +HS- HS™ H* +82- H,S(g) oH* +HS"
/C /K InK, K, InK, K, InK, K, In( K* K,) K* K,
25 298. 15 -2.381 9.24E-02 -16.22204 9.013E-08 -29.522 1.509E43 —-18.603 8.332E-09
50 323.15 -2.982 5.07E-02 -15.51205 1.833E-07 -27.962 7.186E43 -18.494 9.295E-09
75 348.15 -3.496 3.03E-02 —-14.90402 3.367E07 -26.625 2.734E42 —-18.400 1.021E-68
125 398. 15 -4.331 1.32E-02 -13.91704 9.035E-07 —24.456 2.393E41 —18.248 1. 188E-08
150 423.15 -4.675 9.33E-03 -13.51102 1.356E-06 -23.564 5.841E41 —-18.186 1.265E-08
175 448.15 -4.980 6.88E-03 -13.15029 1.945E-06 -22.771 1.291E40 -18.130 1.337E-08
200 473.15 -5.253 5.23E-03 -12.82769 2.685E-06 -22.062 2.623E40 —-18.080 1.405E-068
225 498.15 -5.498 4.09E-03 —12.53746 3.59E-06 -21.424 4.963E40 -18.036 1.469E-08
250 523.15 -5.720 3.28E-03 -12.27498 4.667E-06 —-20. 847 8.837E40 -17.995 1.53E-08
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Plot chart for P, and pH values in calcite solution equilibrium under different buried depths formation pressures and
tempratures (a) and plot chart for Py, and pH values in dolomite solution equilibrium under different buried depths formation

pressures and tempratures ( b) ( suppose the formation pressure gradient is 1Mpa/100m; mole fraction of CO, is 0.02%  Ca*

is 0.05M)
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Table 2 Equilibrium constants and corresponding fluid pH when equilibrium for reactions of H,S(g) oH" + HS~
under different formation conditions
/m— 0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 6500 7000
/MPa— 0.1 5 10 15 20 25 30 35 40 45 50 55 60 65 70
Pyj,s /0. IMPa® — 107%% 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7
/C | /K] ) | pH! pH| pH| pH| pH| pH| pH! pH| pH| pH| pH| pH| pH| pH| pH!
25 298.15 8.33E09 5.79 4.69 4.54 4.45 4.39 4.34 4.30 4.27 4.24 4.21 4.19 4.17 4.15 4.13 4.12
50 323.15 9.29E09 5.77 4.67 4.52 4.43 4.37 4.32 4.28 4.24 4.21 4.19 4.17 4.15 4.13 4.11 4.09
75 348. 15 1.02E08 5.75 4.65 4.50 4.41 4.35 4.30 4.26 4.22 4.19 4.17 4.15 4.13 4.11 4.09 4.07
100 373.15 1.11E08 5.73 4.63 4.48 4.39 4.33 4.28 4.24 4.21 4.18 4.15 4.13 4.11 4.09 4.07 4.06
125 398. 15 1.19E08 5.71 4.61 4.46 4.37 4.31 4.26 4.22 4.19 4.16 4.14 4.11 4.09 4.07 4.06 4.04
150 423.15 1.26E08 5.70 4.60 4.45 4.36 4.30 4.25 4.21 4.18 4.15 4.12 4.10 4.08 4.06 4.04 4.03
175 448.15 1.34E08 5.69 4.59 4.44 4.35 4.29 4.24 4.20 4.16 4.14 4.11 4.09 4.07 4.05 4.03 4.01
200 473.15 1.41E08 5.68 4.58 4.43 4.34 4.28 4.23 4.19 4.15 4.13 4.10 4.08 4.06 4.04 4.02 4.00
225 498.15 1.47E-08 5.67 4.57 4.42 4.33 4.27 4.22 4.18 4.14 4.12 4.09 4.07 4.05 4.03 4.01 3.99
250 523.15 1.53E08 5.66 4.56 4.41 4.32 4.26 4.21 4.17 4.14 4.11 4.08 4.06 4.04 4.02 4.00 3.99
1) ( 25 ) :2) 1MPa/100m H,S
0.1% H,S 1033 CO, :3) (2009)
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Table 3 Equilibrium constants and corresponding fluid pH when equilibrium for reactions of
CO,(g) +H,0H"* + HCO; under different formation conditions

/m — 0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 6500 7000
/MPa— 0.1 5 10 15 20 25 30 35 40 45 50 55 60 65 70
Py, /0. 1MPa ™ * — 107> 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7
cl /K| !\ pH! pH| pH| pH| pH] pH] pH| pH| pH! pH| pH| pH| pH] pH] pH/
25 298.15  1.48E-08 5.66 4.56 4.41 4.33 4.26 4.22 4.18 4.14 4.11 4.09 4.06 4.04 4.03 4.01 3.99
50 323.15  9.99E09 5.75 4.65 4.50 4.41 4.35 4.30 4.26 4.23 4.20 4.17 4.15 4.13 4.11 4.09 4.08
75 348.15  7.12E09 5.82 4.72 4.57 4.49 4.42 4.37 4.34 4.30 4.27 4.25 4.22 4.20 4.18 4.17 4.15
100 373.15  5.31E09 5.89 4.79 4.64 4.55 4.49 4.44 4.40 4.37 4.34 4.31 4.29 4.27 4.25 4.23 4.22
125 398.15  4.11E09 5.94 4.84 4.69 4.61 4.54 4.49 4.45 4.42 4.39 4.37 4.34 4.32 4.30 4.29 4.27
150 423.15  3.27E09 5.99 4.89 4.74 4.65 4.59 4.54 4.50 4.47 4.44 4.42 4.39 4.37 4.35 4.34 4.32
175 448.15  2.68E09 6.04 4.94 4.79 4.70 4.64 4.59 4.55 4.51 4.49 4.46 4.44 4.42 4.40 4.38 4.36
200  473.15  2.24E09 6.08 4.98 4.83 4.74 4.67 4.63 4.59 4.55 4.52 4.50 4.48 4.46 4.44 4.42 4.40
225 498.15  1.90E09 6.11 5.01 4.86 4.77 4.71 4.66 4.62 4.59 4.56 4.53 4.51 4.49 4.47 4.45 4.44
250  523.15  1.64E09 6.14 5.04 4.89 4.80 4.74 4.69 4.65 4.62 4.59 4.57 4.54 4.52 4.50 4.49 4.47
o ( 1MPa/100m) Co, 0.1% o0, 10 73°(0.032%)
(2009) ( 25C ) ;
% %1073
4 CO,(g) +H,0=H" + HCO;, pH H,S(g) eH" +HS"
pH . ( 25°C) 1MPa/100 m

Table 4 The comparison between equilibrium constants and pH of reaction CO,(g) + H,O=H* + HCO; and reaction
H,S(g) ©H" +HS under different formation conditions. The change of temperature is 3°C/100m
(the surface temperature is 25°C) and that of pressure 1MPa/100 m

CO,(g) +H,0oH" 1 HCO, - H,S(g) oH' + HS-

/m /°C /K /MPa Pep, /0. 1MPa g+ pH Py,s(0.1MPa) g+ pH

0 25 298.15 0.1 1.48E-08 0.001 2. 17E-06 5.66 8.33E-09 0.001 1.62E-06 5.79
500 40 313.15 5 1.16E-08 0.05 2.41E-05 4.62 8.92E-09 0.05 2.11E-05 4.68
1000 55 328.15 10 9.30E-09 0.10 3.05E-05 4.52 9.48E-09 0.10 3.08E-05 4.51
1500 70 343.15 15 7.59E-09 0.15 3.37E-05 4.47 1.00E-08 0.15 3.88E-05 4.41
2000 85 358.15 20 6.30E-09 0.20 3.55E-05 4.45 1.06E-08 0.20 4.60E-05 4.34
2500 100 373.15 25 5.31E-09 0.25 3.64E-05 4.44 1.11E-08 0.25 5.26E-05 4.28
3000 115 388.15 30 4.53E-09 0.30 3.69E-05 4.43 1.16E-08 0.30 5.89E-05 4.23
3500 130 403.15 35 3.91E-09 0.35 3.70E-05 4.43 1.20E-08 0.35 6.49E-05 4.19
4000 145 418.15 40 3.42E-09 0.40 3.70E-05 4.43 1.25E-08 0.40 7.07E-05 4.15
4500 160 433.15 45 3.01E-09 0.45 3.68E-05 4.43 1.29E-08 0.45 7.63E-05 4.12
5000 175 448.15 50 2.68E-09 0.50 3.66E-05 4.44 1.34E-08 0.50 8. 18E-05 4.09
5500 190 463.15 55 2.40E-09 0.55 3.63E-05 4.44 1.38E-08 0.55 8.71E-05 4.06
6000 205 478.15 60 2.16E-09 0.60 3.60E-05 4.44 1.42E-08 0.60 9.23E-05 4.04
6500 220 493.15 65 1.96E-09 0.65 3.57E-05 4.45 1.46E-08 0.65 9.73E-05 4.01
7000 235 508. 15 70 1.79E-09 0.70 3.54E-05 4.45 1.49E-08 0.70 1.02E-04 3.99
1) CO,(g) +H,0H™ + HCO, H" +HS"

H,S(g) <H* +HS" ( 2a):

€O, H,S 3) 1 000 m
H” ( 3°C/100m ( 25°C) 1MPa/

pH ; 100m ) CO,(g) +H,0=H" +

2) CO,(g) +H,0H" +HCO; HCO; H,S(g) <H* +HS"
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Fig.2 Plot chart for the ionization constants and buried depths of reaction CO,( g) + H,0H" + HCO; (a) and plot

chart for the ionization constants and buried depths of reaction H,S( g) <H " + HS™. The change of temperature

is 3°C /100m ( the temperature of sutface is 25°C)
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Chemical Thermodynamics Foundation of Retrograde Solubility for Carbonate:
Solution Media Related to H,S and Comparing to CO,

HUANG SiH§ing HUANG Pei-pet  HUANG Ke-ke TONG Hong-peng
ZHANG Xue-hua HUAN Jindai  LIU Li-hong

( State Key Laboratory of Oil/Gas Reservoir Geology and Exploitation Institute of Sedimentary Geology
Chengdu University of Technology Chengdu 610059)

Abstract In this paper the equilibrium constant of the reactions related to the H,S (g) /H,S (aq) / HS/ H*/ S
system at various temperatures has been calculated as a foundation of increment of Gibbs free energy. The relationship
between pH fluid pressure and buried depth during the dissolution of calcite and dolomite in acetic medium are at—
tained. The different contributions of CO, and H,S to H* and different dissolution ability to carbonate of the two
media under the conditions from surface to deep buried are described as follow: 1) Temperature and ( or) P, in—
creasing will lead to the elevation of H® that need to dissolve the calcite and dolomite whether CO, or H,S as a dis—
solvent. At relatively deep burial conditions high Py, led by high fluid pressure would make the carbonate dissolu—
tion more difficult. CO, increasing may cause the precipitation of carbonate minerals instead of the dissolution if

H" was buffered; 2) The retrograde solubility model of carbonate minerals is tenable on chemistry no matter what
type of acid medium. Low temperature diagenesis environment upward migration of deep hydrothermal and the tec—
tonic uplift would result in the temperature decreasing ( -AT) and improve the solution ability of H,S and CO,( inclu-
ding other acid medium) to carbonate minerals; 3) In surface and near surface ( the depth range of several hundred
meters) the H' contributed by dissolved CO, is slightly higher than that contributed by dissolved H,S when CO,
and H,S coexist. Acid fluid related to CO, is relatively important for the dissolution of carbonate minerals however
the H" contributed by dissolved H,S is much greater than that contributed by dissolved CO, in deep burial espe-
cially when the depth is more than 4000 m. Deep dissolution of carbonate would be more developed in deep buried
condition where sulfate reduction exists which could be one of the important reasons why secondary porosity develop
in deep burial NE Sichuan.

Key words retrograde solubility; H,S and CO,; hydrothermal dissolution; formation conditions; carbonate reservoir



