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Abstract: The complex effect of CH,COO™ and Ca**on the dissolution of calcite at different temperatures and the dissolution
process of cleavage plane of calcite were investigated. The calcite was corroded by acetic acid under static conditions. And the
Gaussian simulation software was used to calculate the binding energy of the complex reaction from the perspective of quantum
chemistry to analyze the relationship between the binding energy and the corrosion amount. The SEM as well as other character-
ization methods was conducted to observe the evolution of secondary pore-band-cone on cleavage plane. The results show that
the complex effect between acetate and calcium ion is the strongest at 100 °C , which is combined with the free diffusion of ions
in the solution and the exchange function of hydrogen protons to make acetic acid corroding calcite most intense. Increasing or
decreasing temperature reduces the binding energy of complex reaction in various extents, which weakens the complex effect and
decreases the erosion amount. The arrangement of CO,>” and Ca’" in different directions on crystal cleavage plane shows the
difference, which results in different dissolution rates of active sites in all directions and leads to corrosion cones eventually.
However, the cones were merely phased products in the dissolution process of calcite. With the progress of reaction, the scale

of crystal cone would become smaller and even disappear until new crystal plane below is exposed.
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Table 1 Ground state energy of three substances

at different temperatures

FAReR/ (K] - mol™)

I/ C
Ca’* CH;C00™  Ca(CH,;C00),
50 1777437.25 42924299 2638496.23
75 1777489.76  550882.41 2884741.87
100 1777200.95  597485.04  2978892.30
130 1777200.95  438511.01 2657977. 44
150 1777253.46  420631.36  2619881.43
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Fig.1 XRD pattern of calcite surface
D5 A0 FTH Y TR B o B E 2, DL
t, RONIHG T AT R A TR M R M Bk
JUR BB B SOV I ] B SE R 55 0 R Y
BT, AT — B B B S 18. 47 % , ¢
Ja—BrBEs 8. 86% X ULHAHI 3 h N LI fift £
VR T A JE 2 T AR S T 3R RO R RS A
Wl B i s il R o ) R, B TR
A RS H R P 2 1 Y B4 T L R A HLIR

BRI S 55 45 T BH B - B 45 00, P L A D T
SRR ERITER 135 i AT AE AN [ R E A, (EL G
XHE i i (4 SRR, Al A2 AN

BN o BN 0 EEIC EEMg CIFe

R (E] /h

0 2|0 4I0 6I0 8l0 10I0
TRBES /%
2 FRAREANTERRE
Fig.2 Element content of calcite surface
2.2 % 18
XU 3 4 B A B R ARV BE AT T
ME AR R, Mg™ (Fe™ By BT FE/RVRJE 5 Ca™
FIANTE ) — B2, L AR TR i e IR AGI R
PAZE T B R R R B2 TR IR |, Ca™ ot E JRK MR
JEFIW pH (EREMSF] A AS AL -h 2 DL 3 o o &,
key T kg 73 5310 D AN TR) B B B4~ 22 S W 33 R mmol -
kg™« h7' (LA Ca™ B BE R MR

- 10.0
" 16}
~d
=
E 12l 17.5
~

1m
oy k5=0. 085 )
¥ - 5.0 el
&8 k-0, 86 @
fm% e —— Ca? R &

—— YW pH{H |
Boat) o ket.028 i L
«
(&) " ) M 1
0o 2 4 6 8 10 12
RBLE E]/h

3 Ca"REERREMURAR pH ERER ERHEWL
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Table 2 Changes of Ca’* concentration in solution at different temperatures over time

Ca®* Jii i B R MR B/ (mmol « kg™')

L/ C
0.5h 1h 2 h 3h 4 h 5h 7h 9h 11 h
1.52 2.17 5.37 8.43 10. 65 12. 88 13.74 14.17 14. 65
50 1.47 2.09 5.22 8. 46 10. 72 12.97 13. 69 14.33 14.79
1.55 2.14 5.30 8.40 10. 58 13.02 13.70 14.36 14. 83
1.99 2.95 6.71 9.83 12. 64 13. 44 14. 59 15.08 15. 41
75 2.04 2.98 6.82 9.87 12.72 13.51 14. 62 15. 16 15.34
1.97 2.91 6. 69 9.79 12. 66 13.47 14.55 15. 09 15.42
2.67 5.11 8.92 11.91 13. 11 13.93 14. 10 14.42 15.08
130 2.65 5.13 8.97 12. 04 13.17 14. 02 14. 16 14.43 15. 09
2.71 5.12 8.91 11. 89 13. 07 13.99 14. 07 14. 45 15. 14
2.47 5.10 7.85 11.47 12.03 13.12 13.39 13.61 14.01
150 2.51 5.07 7. 86 11.52 12. 09 13. 15 13.37 13. 69 13. 87
2.49 5.14 7.79 11.45 11. 96 13.22 13. 41 13.59 13.96
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Fig.4 Dissolution of calcite and binding energy

of complexing reaction at different temperatures
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Fig.5 Microscopic morphology of calcite surface after reaction
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