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Dissolution characteristics and meso-structure damage
evolution of limestone
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(1. Shanxi Traffic Planning Surey and Design Institute Co., Ltd., Taiyuan 030012, P. R. China; 2. Shanxi Center of
Technology Innovation for Mined-out Area Treatment Engineering, Taiyuan 030012, P. R. China; 3. State Key
Laboratory of Geo-hazard Prevention and Geo-environment Protection, Chengdu University of Technology, Chengdu
610059, P. R. China)

Abstract: Carbonate rocks, widely distributed, undergo significant alterations in their macro-scale and meso-
scale characteristics and mechanical properties due to dissolution processes, which may trigger geological
disasters. This study investigates limestone, selected as the research subject, using cylindrical thin sections
prepared for experimentation. Carbonate karst dissolution experiments were conducted at varying temperatures

(0°C, 15°C, 25°C, and 40°C) and solution pH values (pH = 1, 3, 5, 7) to assess the mass loss of carbonate
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rocks and changes in solution pH due to dissolution. Scanning electron microscopy (SEM) was utilized to
examine changes in fracture and porosity of the carbonate rock and to explore the mechanism of meso-structural
damage evolution. The results indicate that both rock mass loss and solution pH increase with dissolution time.
At pH = 1, the cumulative mass loss of the sample reaches 11% , with a maximum mass loss rate of 1.3% /h.
Both the mass loss rate and total loss are several orders of magnitude greater compared to conditions where
pH > 3. Furthermore, the rate of pH increases at pH = 1 is significantly slower than under other pH
conditions. A solution pH of 6 serves as the threshold for distinguishing mass loss characteristics during
dissolution: when pH <C 6, chemical dissolution predominates, whereas physical erosion dominates when
pH > 6. Under identical pH conditions, higher test temperatures result in greater cumulative rock mass loss and
higher post-experiment solution pH. Additionally, carbonate karst erosion exhibits beaded dissolution pores
along macro-scale fractures, cystic porosity at fracture tips, and dissolution along grain boundaries at the meso-
scale.

Keywords: limestone; dissolution effect; dissolution damage characteristics; damage evolution; mesoscopic

characteristics
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Fig.1 Characteristics of the samples before and after dissolution (temperature 25 C)

pH=3 pH=5 pH=7

B2 24 FEpHERRKRAMEGNIFIEST
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solutions with different pH values
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different dissolution conditions
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conditions
FLER fLK
B h T kT
/% /%
pH=1 . 0 22.15 pH=3 /& 40 °C 19. 10
pH=1 .1 15°C 27.48 pH=5 & 40 °C 5.65
pH=1 ik 25 C 35.89 pH=7 i 40 °C 2.90
pH=1 .1 40 C 44.97 KR 8.32
(a) —o— LB )
0.40
o/
%030 - o/
E o/
0.20
ot 1 1 1 1 L 1 1 ‘\?
pH=1 0°C pH=1 15°C pH=1 25°C pH=1 40°C R
TR

(a) AR T fLER R ARk (pH=1)

0.50
(b)e —o— fLEEE

040 -
5030
=

020

= u 9

0.10 | \ °
B e BT

0.00 | . | . 1 . A d . |
PH-140°C  pH=340°C  pH=540°C  pH=740°C Foh
T

LB

(b) A[F pH T FLBR AR 4k (40 °C)
B15 AEREIRTIABRERIEWL

Fig. 15 Change of porosity under different dissolution

conditions
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