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Experimental simulation of the carbonate dissolution process
under different occurrence conditions
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LIN Yun"?, REN Huaxin', WU Yazun'®, JIA Fangjian', LIU Peng', LIANG Jiale'
(1. Institute of Resources & Environment, Henan Polytechnic University, Jiaozuo, Henan 454003, China;
2. Collaborative Innovation Center of Coalbed Methane and Shale Gas for Central Plains Economic

Region, Jiaozuo, Henan 454000, China)

Abstract: At present, the researches on the dissolution process of carbonate rocks are mostly concentrated on a
single environmental equilibrium state, and the researches in different occurrence environments and at a micro
scale are relatively weak. In order to explore the dissolution process and the micro change characteristics of
carbonate rocks in different occurrence environments, with the help of the developed simulation device of water-
rock interaction in different occurrence environments of karst groundwater systems, the indoor dissolution
simulation test of the representative rock samples of karst groundwater systems is carried out in the typical open
environment, semi-closed environment and closed environment. CO, solution is used as the acid fluid medium.
The changes and control factors of characteristic components in karst groundwater are examined, and the
characteristics of the dissolution of representative minerals in different occurrence environments of karst
groundwater systems are explored from the macro and micro perspectives. The results show that the spatial

variation characteristics of the contents of Ca’ and HCO;3, saturation index and pH value are different in different
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occurrence environments, and each characteristic component presents an increasing trend with the runoff direction

and dissolution time. Under the influence of the CO, in the aqueous solution, the carbonate rock has the strongest

dissolution in the open environment of the supply area, forming the solution pores and openings with high

connectivity. The average value of the total dissolution rate of the carbonate rock is 1.43 times that of the total

dissolution rate in the semi-open environment, 2.70 times that of the total dissolution rate in the closed

environment. The microstructure in the semi closed environment is between the two forms of the isolated

micropores and the completely connected gaps. In addition, with the change of depth, the amount of dissolution

decreases gradually, and the change of shallow part is more obvious. The dissolution of carbonate rocks is also

controlled by lithology and increases with the increasing CaO/MgO ratio.

Keywords: occurrence environment; carbonate rock; corrosion characteristics; microstructure
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Fig.1 Pictures of the borehole core
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Fig.3 Diagram showing the indoor corrosion simulation device under different occurrence conditions
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Fig.5 Microscopic characteristics of some samples
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Fig. 8 Variation characteristics of saturation index
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Table 2 Thermodynamic data of the reactant products
- _up -1 - o s ) C,72HC,
SR BRHERE RS/ -mol ) ARIEEE/RAE/(J-mol ) BE/RAR (cm™mol ) IGFHEEE/K A S /Pa )
a c
CaCOg —1208.22 92.68 36.934 104.5 0.0219 2.59x10°
CO, —393.52 213.69 24 465 304.41 7.20x10° 44.22 8.79x10°  8.620x10’
Ca” ~542.6 ~56.43 18.5
H,0 —286.021 69.91 18.069 647.15 2.28x10’ 30.5 0.01030 0
H' 0 0 0 0 0 0 0 0
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Table 4 Dissolution results of the rock samples in different environments
AR E1 RS zibz B AEE
= HR S A SV %/ ey i/
(mg-cm™) (mm-a) (mg-em ) (mm-a) (mg-cm ) (mm-a)
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H 2.88 1%, 5k — 45 R E A K. B PR SOl
2% 0.61 mg/cm’(0.26 mm/a) , FF it 3R 45 2 HL 5.30 %, 4
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i nE AT AN s AN SR, H4% CaO
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PP, FE 1 AT LA 10 — A B PR PR A 4 2R

GUI e it W B P R B AR 400 % 48 9 DR it 5 A
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TR T . pH H . T | 57 S5 X3 i iy 52
g R R A R B R 25 RS R . A
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M bR, Vy AR R T R, v AR R R
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Fig. 9 Change characteristics of the total solution rate
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Fig. 10 Microscopic change characteristics before and after dissolution of micrite dolomite in the open environment, micrite limestone
in the semi-closed environment and micrite quartz-bearing dolomite in the closed environment
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