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Abstract: Dolomite is a common type of natural soluble rock. The strength of rock decreases under 

the action of corrosion, which has a significant impact on the self-stability and long-term safety of 

the tunnel surrounding the rock. To reveal the microscopic structure evolution and strength-dam-

age law of carbonate rock caused by chemical corrosion, a series of tests such as rock chemical cor-

rosion test, rock uniaxial compression test, and electron microscope scanning test are conducted at 

different pH values on the dolomite of the Doushantuo Formation. The rock dissolution at different 

pH values exhibits four typical stages: the initial dissolution stage, secondary dissolution accelera-

tion stage, stable dissolution rate stage, and dissolution attenuation stage. During the dissolution 

process, the initial dissolution rate is 25.91 times that of the stable stage, and the maximum strength 

attenuation is 76.2% after 21 days of dissolution. For macroscopic failure, the rock is developed from 

1 to 2 external fractures to multiple internal and external fractures and penetrated, and the specimen 

transforms from brittle to flexible.  For microstructure, the sample exhibits corrosion characteristics 

along the joint surface, intensified corrosion at the edge, etc. The porosity increase rate is 0.6%/d; 

however, the length–width ratio of the pores is maintained at 1.7–1.85, indicating that the develop-

ment rate of pores in different directions is similar. The results of this study have enriched the study 

of the dolomite dissolution mechanism and have important reference value for the stability evalua-

tion of tunnel surrounding rock in karst environments.  

Keywords: dolomite; dissolution rate; time scale; quantitative analysis; microstructure; intensity at-

tenuation 

 

1. Introduction 

In engineering construction in karst development areas, all types of karst engineering 

geological problems are encountered, such as reservoir and dam karst leakage, karst dam 

foundation, and slope problems. The karst sanding of dolomite decreases the strength of 

rock mass, reduces the quality of rock mass, and significantly affects the stability of slopes 

and underground chambers as unfavorable geological boundaries [1–3]. Therefore, the 

study of various properties under the dissolution conditions of dolomite is extremely im-

portant, and Wiederhorn et al. [4] have studied the influence of pH on glass crack propa-

gation as early as 1973. Atkinson et al. [5] have experimentally studied the influence of 

HCl and NaOH solutions on the crack propagation rate, stress intensity factor, and stress 

intensity factor of quartz materials. Tang et al. [6] have discussed the methods for quanti-

tatively analyzing rock water chemical damage and proposed and analyzed the hierar-

chical zoning of rock water chemical damage. Feng et al. [7] have defined the chemical 

damage factor by considering the initial pH value and time using the chemical reaction 

rate equation and measuring the change in the pH value of the solution during the soaking 

process. Cui et al. [8] and Huang et al. [9] have pointed out that the dissolution degree 

and dissolution rate of carbonate karst increase with an increase in temperature, according 

to the experimental results of dissolution kinetics. Xie [10], Yurtdas [11], and Li et al. [12] 
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have analyzed the influence of chemical corrosion on rock strength. Wang et al. [13] have 

conducted corrosion tests on red sandstone using different chemical solutions and ob-

tained the change rule of sample relative mass and solution pH value in the soaking pro-

cess. Deng et al. [14] have used continuous damage mechanics and statistical theory to 

couple the damage effects of the immersion-drying cycle of water-rock to the damage sta-

tistical constitutive model. The influence of the compact section is emphasized, and the 

constitutive equation of the statistical damage of sandstone under the action of water-rock 

is established in segments. Chen et al. [15] have used computed tomography (CT) tech-

nology to analyze the mesoscopic mechanism of sandstone damage evolution and estab-

lished a damage variable model based on the influence of chemical corrosion and CT num-

ber. 

Additionally, the simulated dissolution tests of rocks indoors and the study of 

mesoscopic structures are important. The dissolution experiments of carbonate rocks un-

der simulated stratigraphic conditions have been carried out by domestic and foreign 

scholars [16–20]. Kuva et al. [21] have used a chemical solution to soak the rock at different 

times, with X-ray tomography and scanning electron microscopy (SEM), to determine the 

microscopic pore structure of the rock. She et al. [22], based on a quantitative comparison 

of the changes in pore volume and permeability before and after dissolution and the pore 

evolution inside the rock, have pointed out that the pore structure controls the erosion 

effect and dissolution pore evolution of carbonate karst. 

However, the qualitative and quantitative analysis of the evolution of dolomite dis-

solution  microstructure  is insufficient, and research on the characteristics and mechan-

ical strength damage in different dissolution environments are not sufficient and compre-

hensive. In this study, based on previous studies, the above problems are comprehen-

sively studied using an indoor chemical dissolution test, the SEM observation of micro-

scopic structure, pores and cracks analysis system (PCAS), the quantitative analysis of 

microscopic parameters, and a uniaxial compressive strength test. The characteristics of 

the dolomite dissolution rate are analyzed, four stages of specimen dissolution are pro-

posed, and the dissolution time scale is defined. Further, the characteristics of dissolution 

rate and pH stable acid consumption at different pH values, uniaxial compressive 

strength damage law, and strength damage process are studied. Through the study of the 

mesoscopic structure of dolomite before and after dissolution, i.e., the variation law of the 

mesoscopic parameters, the relationship between the pore development characteristics 

and dissolution time are obtained, and they correspond to the macroscopic characteristics 

of the sample. These results have important reference significance for the study of dolo-

mite and have important guiding value for engineering in karst environments.  

2. Materials and Methods 

2.1. Test materials 

The study area is located in the plateau region of Yunnan Province, in the eastern 

Yunnan platform fold belt of the Yangtze quasi-platform. Influenced by the Himalayan 

movement and neotectonic movement, the strong uplift and decline of the crust are rela-

tively large, the gully is cut deeply, and the terrain elevation difference is very large. It 

belongs to the tectonic-dissolution and denudation type of low mountain landform. The 

test sample is the silty dolomite of the Doushantuo Formation of Sinian system (Figure 1), 

which is a kind of sedimentary carbonate rock mainly composed of dolomite, and small 

amounts of with quartz, feldspar, calcite and clay minerals. The samples were mainly 

composed of two types. One was the thin-section samples with lengths, widths, and 

heights of 60 mm × 20 mm × 5 mm, respectively, used for the initial chemical corrosion 

test to obtain the preliminary corrosion law and characteristics. The other was a cylindri-

cal sample with a diameter of 50 mm and height of 100 mm, which was used for the uni-

axial compressive strength test before and after dissolution (Figure 2). Before the experi-

ment, the defective samples were removed, and rock samples with good homogeneity 

were selected using acoustic wave velocity tests. The end face of the sample was perpen-

dicular to the axis of the sample, and the flatness of the end face on both sides was less 
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than 0.05 mm, which meets the flatness requirements. The water-rock interaction of dolo-

mite in the study area was mainly due to chemical dissolution. Water quality analysis 

showed that the anions in the aqueous solution in the study area were mainly SO42−. Using 

a sulfuric acid solution with low concentration, solutions with different pH values were 

prepared for the dissolution reaction. 

 

Figure 1. Image of the thin-slice dolomite under orthogonal polarization. 

 

Figure 2. Compressive strength of the test specimen. 

2.2. Chemical dissolution test of dolomite 

First, the thin section sample was dried to measure its initial quality and added to 

different acidic solutions (pH: 1, 2, 3, 4, 5, and 7). Since the dissolution rate was high in the 

early stage, it was removed for drying every 1 h at first and washed and dried every 6 h 

after 5 h to measure its post-dissolution quality. The dissolution rate was obtained accord-

ing to equation (1). 

v� =
m� − m�

s × t
, (1) 

where m1 is the mass of the sample before the dissolution test, m2 is the mass of the 

rock sample after the dissolution test, s is the surface area of the rock sample, and t is the 

dissolution time.  

Additionally, the change in the pH of the solution was monitored to obtain a prelim-

inary dissolution environment. The small sample reduced the consumption of acid, facil-

itated the control of the test, enhanced the accuracy of the test, and provided a basis for 

the dissolution environment of the mechanical specimen. Thereafter, based on the thin-

slice dissolution test, the dissolution environment of the mechanical sample was deter-

mined according to the specific surface area of the sample, such as the volume of acid 
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solution added during dissolution. Afterward, the dissolution test of the mechanical sam-

ple was conducted with the same steps as the thin-slice sample, and the monitoring inter-

val was changed to 3, 7, 14, and 21 days. 

2.3. Uniaxial compression test 

To study the strength and deformation characteristics of dolomite under uniaxial 

compression at different pH values and soaking times, uniaxial compression tests were 

carried out on the sample that was not dissolved and the samples that were dissolved for 

3, 7, 14, and 21 days at different pH values. The loading method was adopted until the 

specimens were broken, and the loading rate was 0.1 mm/min, To reduce the test error, 

for each group of three specimens, the test results were taken as the median value (see 

Figure 3 for the test instrument). 

 

Figure 3. Uniaxial compression apparatus. 

2.4. SEM test and pore structure analysis 

To study the mesoscopic mechanism of dolomite dissolution, an SEM was used to 

scan the undissolved sample and the sample corroded for 3, 7, 14, and 21 days at different 

pH values and different magnifications (Figure 4). The scanned images were analyzed 

using PCAS [23]. 

 

Figure 4. Scanning electron microscope (SEM). 

The PCAS is based on the global threshold method and is capable of identifying a 

wide range of particles and pores. Binarization images (Yan et al. [24]) can eliminate use-

less points, segment and identify pores, and output the geometric parameters and statis-

tical data of pores. PCAS can correct the recognition of pores by corroding the image, 

eliminating the influence of small joints between pores that are mistaken for new pores, 
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and obtaining the real pores. Figure 5 introduces the specific process of pore identification 

[23]. 

 

Figure 5. Pore system identification process. 

3. Results 

3.1. Results of dolomite dissolution 

During the experiment, it was found that the dissolution of powder crystal dolomite 

at different pH values produced bubbles; the lower the pH, the denser the bubbles, and 

the more bubbles are present. A layer of argillaceous material was attached to the surface 

of the sample, and the argillaceous material filled by the sample was further widened. The 

dissolution rates of the thin-section samples at different pH values are listed in Table 1. 

Through the study of chemical reaction conditions with experimental phenomena, it was 

concluded that when pH ≤   3, chemical dissolution is mainly based on the following 

formula: 

 
CaMg(CO�)� + 4H� = Ca�� + Mg�� + 2H�O + 2CO�. (2) 
 

When pH > 3, chemical dissolution is divided into the following two steps, and the 

first step reaction is the mainstay. 

 
CaMg(CO�)� + 2H� = Ca�� + Mg�� + 2HCO�

�, (3) 
HCO�

� + H� = H�O + CO�. (4) 
 

 

Figure 6. Dissolution rates at different pH v (10−4 g/cm2·h)  
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According to the table content, under different pH conditions, the dissolution rate 

was stable after 24h, and the indoor dissolution test was divided into the initiation disso-

lution stage (T1), secondary dissolution acceleration phase (T2), dissolution equilibrium 

phase (T3), and dissolution attenuation phase (T4). The dissolution rate curve plotted by 

Hu Xiangbo [25] in his study of the characteristics and mechanism of deep dolomite karst 

sanding on the bank slope of the Meigu River Pingtou hydropower station showed a sim-

ilar trend. 

Although Feng et al. [7] proposed a pH damage formula that can predict the loss of 

acid solution during dissolution, different rocks, specimen sizes, types, and volumes of 

acid solutions affect the consumption of acid solutions. Therefore, it was necessary to ex-

plore the mechanical damage of rock under different pH values and control the pH within 

a specific range. Using the results of the chemical dissolution of the sample, the above 

influencing factors were determined, and a mechanical test was carried out. The strength 

characteristics were explored and used to determine the success of the test. Through reac-

tion equations (2), (3), and (4), the acid consumption when pH ≤ 3 was deduced as equa-

tion (5); when pH > 3, the acid consumption is equation (6). � is acid consumption, ��' is 

the mass loss rate (its value is related to lithology and sample surface area, measured by 

the test), and � is the stable time required for the test, concluded in Table 1 at different pH 

values for the acid consumption. 

 

V� =
0.942γ�

� T

10���
, (5) 

V� =
0.628γ�

� T

10���
. (6) 

 

Table 1. Acid consumption at different pH values  

pH Mass damage 

rate/(moL/h) 

Settling 

time/h 

Dosage of sulfuric 

acid/mL 

Actual pH stabilization 

range 

1 0.133 24 30 1–1.52 

2 0.088 24 200 2–2.48 

3 0.019 24 430 3–3.49 

4 0.032 1 200 4–4.34 

5 0.003 1 200 5–5.37 

3.2. Uniaxial compressive strength of dolomite 

Under the dissolution condition of pH = 1, after the uniaxial compressive strength 

test on the specimen, the specimen was found to be destroyed along several fissures after 

3 days. When the fracture was further developed after 7 days of dissolution, the specimen 

was destroyed along multiple fissures. After 14 days of dissolution, multiple fissures were 

developed through internal fissures, and the specimen was relatively broken. Further, the 

fissure was developed after 21 days of dissolution, and the specimen was considerably 

fragmented. 
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(a) 

 

(b) 

 

(c) 

 

(d) 

Figure 7. Characteristic morphology of the macroscopic destruction of rocks; (a) dissolution for 3 

days; (b) dissolution for 7 days; (c) dissolution for 14 days; (d) dissolution for 21 days. 

Figure 8 shows that the strength of the sample gradually decreases with the increase 

in dissolution time. This was because the pores of the fine sample were significantly de-

veloped by dissolution, and the crack expansion increased. Some cemented materials 

were separated from the parent rock, making the rock structure loose, thereby decreasing 

the strength. Figure 9 shows that the more acidic the rock sample, the faster the strength 

decreases. At pH = 1, under the condition of the same dissolution for 3 days, the strength 

decrease rate of the sample was 31.8%, which was 7.95 times that of the rock strength 

decrease rate at pH = 7. At 21 days of dissolution, the strength decrease rate of rock was 

76.2%, which was 2.39 times that of 3 days of dissolution. 
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Figure 8. Relationship curves between dolomite strength and soaking time at different acidity lev-

els. 

 

Figure 9. Relationship curve between dolomite intensity and acidity at different times. 

3.3. Microstructure of dolomite 

During the dissolution of dolomite, the internal structure changed, which signifi-

cantly affected the parameters, such as dolomite strength. Both the surface and fresh sec-

tion of the specimen were scanned by electron microscopy, which observed the surface 

dissolution and internal dissolution. At the end of the corrosion test, only the SEM images 

of the surface of the corrosion samples at different pH values were analyzed because of 

the lack of an obvious corrosion effect on the cross-section. (See Figure 10). 
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(a) Not dissolved  (b) pH = 1  

  

(c) pH = 3  (d) pH = 5  

Figure 10. SEM images of the samples at different pH values. 

The SEM image shows that the lower the pH, the more the pore fissures develop, and 

the weaker the adhesion between the particles, which gradually collapse into relatively 

small particles, and this is different from the result obtained by Weng [26]. The overall 

karst action of dolomite is divided into processes, such as osmosis, dissolution decompo-

sition, and mechanical disintegration, and the dolomite powder is generated on the sur-

face of the specimen during dissolution. This further confirmed that dolomite is mainly 

dissolved along the intergranular pore or crystal binding surface, and the crystal shedding 

during the dissolution process is often accompanied by the shedding of the crystals to 

form dolomite powder. However, some specimens did not contain dolomite powder, or 

dolomite powder was considerably small, because the clay minerals contained in the sam-

ple during dissolution wrapped the dolomite crystal on the surface or inside, making it 

difficult for the crystal to break away from the parent rock. According to the image, it was 

observed that the dissolution of the dolomite was more prominent in its edge dissolution 

because the amount of H+ adsorbed at the edge of the rock mass was significantly high 

and the reaction was considerably sufficient. The dolomite in the study area exhibited 

unique mesoscopic dissolution characteristics, i.e., it is dissolved along a set of joint sur-

faces to produce a mesoscopic fault structure. Thus, the strength of the dolomite in the 

study area was lower than that of the dolomites in other regions. Further, when the acidity 

was high, pores were mainly developed, and the knife-shaped surface was consistent with 

the actual situation. When the acidity was low, cracks were mainly developed. 
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4. Discussion 

4.1. Dolomite dissolution phases 

T1 occurred at the beginning of dissolution, and because the rock surface was fresh, 

the initial reaction rate was considerably high. However, as the dissolution progressed, 

the dissolution products attached to the surface, preventing the reaction from proceeding. 

T2 occurred after T1. The dissolution products attached to the surface of the specimen were 

and the newly developed pores increased the contact area, exposing more fresh rock sam-

ples and gradually washed away, showing the characteristics of secondary acceleration. 

T3 occurred after T2, that is, the newly developed pores were reattached to the dissolution 

products, and even if they were rinsed, there were almost no newly developed contact 

surfaces, and the dissolution was stable. T4 occurred after T3; the dissolution rate was sta-

ble, the fluctuation was small, and it had similar characteristics to the actual dissolution 

environment. In the dissolution environment of pH = 1, the dissolution rate images of each 

dissolution stage were drawn (see Figure. 10). 

 

Figure 11. Division of indoor dissolution stages. 

4.2. Time-dependence of dolomite dissolution 

By calculating the average dissolution rate of each of the four stages and combining 

the chemical reaction rate parameters, the dissolution time-scale relationship at different 

pH values was obtained. Short-term simulation can save time, facilitate control, and effec-

tively reduce the impact of parameter changes, such as temperature, in the process.  

Zhou [27] defined the concept of dissolution time scale from the perspective of reac-

tant consumption. This definition of the dissolution time scale λ can reflect the number of 

days of indoor dissolution, which is equivalent to on-site dissolution. Table 2 shows the 

average dissolution rates at different pH values. The experimental dissolution environ-

ment was assumed to be pH = 1, the engineering environment was pH = 7, and vr is the 

average dissolution rate. In equation 8, �1 is the time scale for starting the dissolution 

phase, T11 is the time for starting the dissolution stage when pH = 1, and the subsequent 

corner indices are the same. 

 

λ =
T�

T�

, (7) 

λ = λ�T�� + λ�T�� + λ�T�� + λ�T��.  (8) 
  

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 5 September 2022                   doi:10.20944/preprints202209.0052.v1

https://doi.org/10.20944/preprints202209.0052.v1


 

Table 2. Time scale of dissolution stages. 

Dissolution rate (Tx) pH = 1 (vr) pH = 7 (vr) Time scale of dissolution (λ) 
Dissolution 

time (T1x) 

Initiate the dissolution phase (T1) 6.603 1.328 4.972 3 

Accelerated phase of secondary 

dissolution (T2) 
3.685 0.114 32.325 1 

Dissolution equilibrium phase (T3) 0.572 0.133 4.301 14 

Dissolution attenuation phase (T4) 0.502 0.082 6.122 6 

 

From the lambda value, it was found that one day of dissolution at pH =1 was equiv-

alent to 144.187 days of dissolution at pH = 7 in the project, and this is the time scale. The 

dissolution characteristics of the study area were simulated in a short time, which pro-

vides an important basis for actual engineering.  

4.3. Macroscopic destruction of dolomite 

To further explore the mechanical strength damage characteristics of dolomite under 

the dissolution, the stress–strain curves of the various stages of dolomite dissolution at 

different pH values were plotted (Figure 12). For the undissolved dolomite, when 75%–

85% of the peak strength of the rock sample was loaded, the rock sample produced cracks 

along the compressive stress direction. When the peak strength was reached, there was a 

loud noise, and the sample strength decreased in a very short time. The sample was brittle 

and failed mainly along the cracks. When the dissolution time exceeded 7 days, the load-

ing time of the sample to the peak strength and the time from the peak strength to the loss 

of strength gradually increased. Further, the failure strain increased, which was due to the 

increased development of pore cracks in the sample and the increased distribution den-

sity; the range increased, the flexibility of the sample was enhanced, the sound at the time 

of destruction was gradually reduced, and the sample was considerably broken after the 

destruction. 
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(a) Stress–strain curve of unsolved dolomite  
(b) Stress–strain curves of dolomite after dissolution 

for 3 days  

  

(c) Stress–strain curves of dolomite during 7 days of 

the dissolution  

(d) Stress–strain curves of dolomite after 14 days of 

the dissolution  

Figure 12. Stress–strain curves of dolomite at different dissolution stages and different pH values. 

4.4. Dissolution evolution of dolomite  Microstructure  

After the sample was processed using an SEM, the microscopic changes of the sample 

before and after the dissolution was observed in the image, but only through qualitative 

analysis. Using PCAS software, the structural characteristics, such as porosity, pore size, 

shape factor, fractal dimension, and probabilistic entropy, before and after dissolution 

were quantitatively analyzed. Further, the dissolution condition of pH = 1 was used to 

study the powder dolomite dissolution characteristics (Table 3). 
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Table 3. Pore characteristics of samples at different dissolution days. 

parameter 3 days 7 days 14 days 21 days 

Total number of holes 383 908 1182 5374 

Porosity/% 8.38 12.32 14.56 19.28 

Maximum area/μm2 0.7461 0.5761 0.5660 0.5116 

Average area/μm2 0.0854 0.0751 0.0383 0.0324 

Average perimeter/nm 229.11 116.98 110.34 41.1 

shape factor 0.5463 0.3561 0.3513 0.2695 

Maximum length/nm 368.76 195.55 164.5 152.92 

Average length/nm 55.48 33.46 32.27 14.13 

Maximum width/nm 107.82 94.67 91.01 80.66 

Average width/nm 29.78 19.25 17.44 7.75 

Probabilistic entropy 0.9807 0.9754 0.9745 0.9673 

Fractal dimension 1.7366 1.3971 1.3272 1.2005 

 

As the dissolution progressed, the pore development eventually reached 19.28%, 

which was 2.3 times that of the initial dissolution, and the porosity increase rate was 

0.6%/d, the average perimeter decrease rate of pores was 10.4 nm/d, and the increase rate 

of the pore number was 277.3/d. This showed that the pores developed from a small num-

ber of large pores to a large number of micropores; however, the aspect ratio of the pores 

was maintained at approximately 1.7–1.85, indicating that the pores developed at a similar 

rate in different directions. 

  

(a) (b) 

Figure 13. Effect of dissolution time on the pore parameters of dolomite. 

5. Conclusions 

(1) The indoor dissolution characteristics of dolomite, such as dissolution rates at dif-

ferent pH values, acid consumption of samples at different pH values, four dissolution 

stages, and the approximate dissolution time scale between dolomite and the engineering 

environment were determined by experiments. 

(2) Under different pH conditions and dissolution days, with an increase in acidity 

and dissolution time, the macroscopic mechanical characteristics of the sample changed 

from brittle to flexible, and the time to reach peak strength and the time from peak 

strength to complete loss of strength increased. Additionally, the strength damage rate at 

different pH values and dissolution days was 4%–76.2%. 

(3) SEM showed that the dolomite in the study area developed more pores and frac-

tures with dissolution. Further, the bond between the particles was weak, and the particles 

gradually collapsed into relatively small particles, which was consistent with the overall 

karst process of dolomite, including osmosis, dissolution, decomposition, and mechanical 

disintegration. Additionally, it exhibited dissolution characteristics along the joint plane 

and generated a knife-shaped surface, which corresponded to macroscopic dissolution 
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characteristics. Further, the edge of the sample was more obvious, which is related to the 

enrichment of H+. 

(4) SEM images were used to analyze the microscopic structure of the samples after 

dissolution. It was found that with the dissolution process, the final pore development 

was 19.28%, which was 2.3 times more than the initial dissolution. The pore growth rate 

was 0.6%/day, the average pore circumference decrease rate was 10.4 nm/day, and the 

pore number increase rate was 277.3/day. The pores were considerably developed; how-

ever, the length to width ratio of the pores was maintained at approximately 1.7–1.85, 

indicating that the pores develop at similar rates in different directions. 

(5) The dissolution time scale of this test was based on different acidities, and the 

dissolution time scale can be defined according to the specific gravity of different disso-

lution stages under the same acidity. 

(6) The evolution of the microstructure under different acidities and dissolution times 

in the same area can be studied. 
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