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Controls of Crystal Morphology, Size and Structure in Spontaneous
Precipitation of Calcium Carbonate

YANG Ya-Nan, ZHU Xiao-Li, KONG Xiang-Zheng

(School of Chemistry and Chemical Engineering, University of Jinan, Jinan 250022, China)

Abstract: Nano- to micron-meter CaCO; particles with different shape and crystal structures were prepared by adjust-
ing the experimental conditions, including use of crystal growth inhibitors, concentrations of CaCl, and Na,CO;, and
dispersing methods. CaCOs; particles were characterized using electronic microscope, dynamic light scattering and
X-ray diffraction. The results indicated that the nature and concentration of the crystal growth inhibitors had important
effects on the morphology and crystal structure of the product. Without inhibitor, the product was of cubic blocks of
about 4-5 pum, and cubic crystals were more uniform with ultrasonic dispersion than with mechanical stirring. How-
ever, crystal morphology and structures were easily altered by usage of crystal growth inhibitors. Using sodium
triphosphate as the inhibitor, amorphous spherulites were usually formed, except at very low amount of the inhibitor
where vaterite crystals were detected. With carboxymethylcellulose sodium (CMC) as the inhibitor, relatively uniform
ellipsoidal particles, mostly calcite with small portion of vaterite spherulites of size about 3 um, were observed, and

the size of the spherulites changed with CaCl, concentration. While using sodium polystyrene sulfonate (PSS) as the
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inhibitor, uniform crystal spherulites were easily obtained by adjusting concentration of the inhibitors and the reactants.

Opposite to the case where CMC was used, the crystalline structure was mostly vaterite with calcite in small portion.

Formation mechanism of CaCO; particles in the presence of the inhibitors was discussed.

Key words: calcium carbonate particle; crystal growth inhibitor; dispersion method; particle size; morphology
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Fig. 1 SEM images of CaCO; cubes prepared with different concentrations of CaCl, under ultrasonic dispersing
(a) 0.25 mol/L; (b) 0.5 mol/L; (c¢) 1.0 mol/L, without crystal growth inhibitor
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Fig. 2 SEM images of CaCOj3; cubes prepared with 0.5 mol/L
CaCl, under different mechanical stirring rates

(a) 100 r/min; (b) 2000 r/min, without crystal growth inhibitor
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Fig. 3 Size and size distribution of CaCOj; particles using dif-
ferent amounts of STP as inhibitor under ultrasonic dispersing

(a) 0.007wt%; (b) 0.10wt%; (c) 0.25wt%; (d) 0.50wt%; (e) 0.75wt%;
() 1.00wt%
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Fig. 4 SEM images of CaCOj particles prepared with different STP amounts
(a) 0.007wt%; (b) 0.50wt%; (c) 1.00Wt%
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Fig. 5 XRD patterns of CaCO; particles prepared with dif-
ferent STP amounts relatively to total mass of the reaction so-
lution
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Fig. 6 SEM images of CaCOj; spherulites obtained under varied CaCl, concentrations and 0.50wt% (a, b) and 0.25wt% (c) CMC
relatively to total mass of the reaction solution
CaCl, concentration: (a) 0.10 mol/L; (b) 0.50 mol/L; (¢) 0.10 mol/L
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Fig. 7 XRD patterns of CaCO; particles prepared under ul-
trasonic dispersing in absence (a) or presence of CMC (b) and
PSS (c) as the inhibitors
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Fig. 8 SEM images of CaCOj; spherulites obtained under
ultrasonic dispersing with varied CaCl, and PSS concentrations
(a) CaCl, 0.10 mol/L, PSS 0.50wt%,; (b) CaCl, 0.0125 mol/L, PSS
0.10wt%
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