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Growth of Calcite Crystal Face (10 14) in Solutions Containing Heavy Metals
and Subsequent Dissolution of the Newly Grown Crystal Face
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Abstract; Metal ions in aqueous solution could influence the growth and dissolution of calcite. However, the effects of in-
herent impurity ions in calcite on its dissolution are poorly understood at present. In this study, we have investigated the
growth process of calcite crystal face (10 14) in Mn/Cd-bearing aqueous solutions at room temperature, and then
observed the dissolution of the newly grown surface by using the in-situ time-lapse atomic force microscopy ( AFM). The
results show that Mn*" and Cd* in the aqueous solutions were involved in the growth of calcite in forms of respective solid-
solutions of (Ca,Mn) CO, and (Ca,Cd) CO,. The dissolution rate of the newly grown Mn/Cd-bearing calcite is only
14.3% ~ 60.3% of that for pure calcite, indicating that Mn and Cd ions in crystal lattice of calcite could inhibit its disso-
lution. Therefore, Mn and Cd could be immobilized in growing calcite by the formation of ( Ca,Mn)CO,/(Ca,Cd) CO,
solid-solutions during the growth of calcite (10 14) surface. Due to the dissolution rate of newly grown heavy metal-bearing
solid-solution is less than that of pure calcite, the migration of Mn and Cd ions in solutions could be retarded. Thus, the
risk of environmental pollution caused by heavy metal-bearing solutions could be reduced.
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Table 1 Compositions, pH values, saturation indexes (ST), and ionic activity coefficient ratios of calcium and

carbonate radical of the solutions studied by using the AFM

NaHCO;/(mmol/L)  CaCl,/( mmol/L) MCl,/ ( pmol/L) 11(;;,2"/0!(;0%- SI SIM(:()3 pH
Ca#0 5.10 0.23 — 0. 996 0.76 — 8.73
Mn#1 5.10 0. 225 10 0. 996 0.76 1.39 8.51
Mn#2 5.15 0.225 100 0.990 0.76 2.38 8. 44
Mn#3 5.45 0. 235 800 1. 007 0.76 3.26 8.09
Cd#1 5.10 0. 225 1 1. 000 0.76 2.32 8.68
Cd#2 5.25 0.225 10 1. 004 0.76 3.32 8. 44
Cd#3 7.15 0.235 100 0.995 0.76 4.31 8.20
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(a) (b) CaCO4 ;(c¢) (d)10 pmol/L Mn;(e) (£)100 pmol/L Mn;(g) (h) (i) 800 wmol/L Mn;(j) (k) 1 pmol/L Cd; (1) (m)
10 pmol/L Cd;(n) (o) (p) 100 wmol/L Cd,

s

1 (10 14) AFM

Fig.1 AFM images showing the deflection variation of grown calcite (10 14) surfaces in solutions containing various impurities
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Fig.2 (a) AFM image showing the grown height of calcite (10 14) surface in 10 uM Mn solution for 10 minutes.

(b) A profile of height variation along the white dashed line in Fig.a.
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Table 2 Growth rates of the calcite (10 14) surface along

with various directions

Viowop/(nm/s) — Vigy 1/ (nm/s) l/d"p,h/( nm/min)
Ca#0 0. 65 2.47 0. 01
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Mn (a) Cd (b)

Fig.3 Concentrations of Mn (a) and Cd (b) in growth solutions after reacted with calcite for various times
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Table 3 Dissolution rates of the newly grown calcite

(10 14) surfaces along with various directions

VLOIOJ/(nm/S) V742],J/( nm/s) Vd?p[h/( nm/min)
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Fig.4 SEM-EDS images of the calcite (10 14) surfaces after reacted with the CaCO, growth solutions containing impurities
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(a)(b) CaCO4 ;(c)(d) 100 wmol/L Mn; (e) (f) 800 pmol/L Mn,

5 Mn (1014) AFM (al~fl) (a2~12)
Fig.5 AFM images showing height (al~fl) and deflection (a2~f2) variations of the newly grown Mn-bearing

calcite (10 14) surface during its dissolution process
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(a)(b) 1 pmol/L;(c)(d) 10 wmol/L;(e) (f) 100 pmol/L,

6 Cd (1014)

(1014)

AFM (al~fl) (a2~12)

Fig.6 AFM images showing height (al~f1) and deflection (a2~f2) variations of the newly grown Cd-bearing calcite

(10 14) surface during its dissolution process
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