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Influence of area-to-volume ratios on dissolution characteristics and mechanical
properties of acid-corroded sandstone
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Abstract: To study the effect of area-to-volume ratio on the dissolution and deterioration characteristics of sandstone in
the static acid-rock reaction system, the HCI and H,SO, solutions with pH=2 and 5 are selected as corrosion environments,

and the different area-to-volume ratios are set by changing surface areas of sandstone. The effects of area-to-volume ratios
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on the physicochemical and mechanical properties of sandstone are studied. According to the acid-rock reaction theory, the
effect of the area-to-volume ratio on the diffusion-dissolution mechanism during sandstone corrosion is analyzed. The res-
ults show that the sandstone mass loss rate and amount of substance of total cations are all related to the corrosion time as
a power function. The area-to-volume is positively correlated with the dissolution rate constant and has little effect on the
reaction order. The reaction order is less than one in different environments, indicating that the sandstone corrosion rate
decreases gradually with soaking time. In the pH=2. 5 HCIl solution and pH=2 H,SO, solution, the amount of substance of
cation shows N(Ca®") > N(Na") > N(Mg>") > N(K"), and in the pH=5 H,SO, solution, it is N(Na") > N(Ca*") > N(Mg"") =
N(K"). The acid-rock reaction can be summarized as two mechanisms: diffusion control and chemical reaction control.
The two control parameters are negatively correlated with the area-to-volume ratio and positively with the pH value of
solutions. The parameter values in the H,SO, solutions are slightly larger than the corresponding values in the HCI solu-
tions. The interaction between sandstone and acid in different conditions is dominated by the chemical reaction. The area-
to-volume ratio significantly influences diffusion more than the chemical reaction. The mechanical properties of sand-
stone are weakened after acid corrosion. The damage of sandstone under uniaxial compression can be divided into four
stages: compaction, elastic deformation, plastic yielding and post-peak. The peak strength and elastic modulus decrease,
the peak strain increases, the brittleness declines, and the ductility is enhanced. The larger the area-to-volume ratio, the
more severe the sandstone deterioration is. Overall, the smaller the pH value of solutions, the more prominent the effects
of the area-to-volume ratio on the dissolution characteristics and mechanical properties of sandstone are, which is more ob-
vious in the HCI solutions than in the H,SO, solutions. The finding can provide theoretical references for the safety assess-

ment and disaster prevention of rock mass engineering under an acidic environment.
Key words: sandstone; acid corrosion; area-to-volume ratio; diffusion-dissolution mechanism; mechanical properties
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Table 2 Area-to-volume ratios in the acid-rock system

P S/em? VimL Ofem™
TEHEERE 588.75 1811.25 0.325
ZpR AR 636.75 1811.25 0.352

x1 wENA
Table 1 Grouping of sandstone samples
SreRgS R FRERE E/(m s
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Table 3 Fitting parameters in the relation between mass loss

rate and corrosion time

TR pH O/em’! a B R?
0.325 0.095 0.422 0.989
2
0.352 0.109 0.423 0.991
HCI
0.325 0.022 0.576 0.986
5
0.352 0.031 0.558 0.970
0.325 0.078 0.449 0.987
2
0.352 0.089 0.464 0.996
H,S0,
0.325 0.023 0.565 0.975
5
0.352 0.029 0.566 0.986
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Table 4 Fitting parameters for the Kinetic equation of cation

dissolution in HCI solutions

PR Olem™! k n R
o 0.325 0.428 0.614 0.992
pH=2HCIIA
0.352 0.532 0.637 0.991
. 0.325 0.130 0.721 0.998
pH=5HCIA R
0.352 0.166 0.698 0.991
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Table 5 Fitting parameters for the Kkinetic equation of cation

dissolution in H,SO, solutions

72l Olem’™! k n R
. 0.325 0216 0.708 0.995
pH=2FYH,SO /A
0.352 0.272 0.707 0.998
. 0.325 0.124 0.694 0.996
pH=51YH,SO,i#
0.352 0.140 0.689 0.995
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Fig.8 Curves of kinetics parameters
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Fig.9 Stress-strain curves of acid-corroded sandstone
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Table 7 Mechanical parameters of acid-corroded sandstone
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