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Abstract— Experimental investigation of the agitation effect on crystallization of calcium carbonate, which was pro-
duced by gas-liquid reaction of CO, and Ca(OH), in a Rushton-type MSMPR reactor, was carried out. The volume frac-
tion distribution of calcium carbonate produced was bimodal and the crystal population distribution showed two straight
lines on a semi-log plot. These phenomena on distributions of crystal volume fraction and crystal population were sup-
posed to be due to size-dependent growth process of calcium carbonate crystals. With increasing the agitation speed, the
crystal growth rate of calcium carbonate increased, but the crystal birth rate of calcium carbonate decreased. From XRD
and microscopic studies, the present calcium carbonate crystals were revealed as cubic calcite.
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Fig. 1. Mechanism of gas-liquid reaction crystallization of calcium car-
bonate.
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Fig. 2. Typical semi-log population density plots from the MSMPR
crystallizer.
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Fig. 3. Schematic diagram of the experimental apparatus.

1. Orifice flowmeter 2. Hg manometer 3. Gas mixer

4. Gas chamber 5. Nozzle 6. Crystallizer

7. Impeller 8. Motor 9. Gas exit
10. Feed tank 11. Pump 12. Liquid flowmeter

13. Liquid exit 14. Isothermal bath
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Fig. 4. Schematic diagram of the standard Rushton-type reactor.
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Fig. 5. Volume fraction distributions of calcium carbonate crystals
in the MSMPR crystallizer.
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Fig. 6. Morphology of calcium carbonate crystals produced in the
MSMPR crystallizer.
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Fig. 7. X-ray diffraction pattern of calcium carbonate crystals pro-
duced in the MSMPR crystallizer.
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Fig. 8. Crystal population distributions of calcium carbonate in the
MSMPR crystallizer. The calcium ion concentration in the feed
solution was 32 mol/m’ and the flow rate of CO, gas mixture
was 1x 10 m’/s.
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Fig. 9. Effect of the impeller speed on mean particle size in the
MSMPR crystallizer. The calcium ion concentration in the feed
solution was 16 mol/m’ and the flow rate of CO, gas mixture
was 1x 10 m’/s.
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B’ : birth rate [#/m’s]

G :linear growth rate [m/s]

k, :volume shape factor [-]

L : characteristic length of crystal [m]

M; : magma density [mol/m’]

N : total number of crystals in unit volume of solution [#/m’]
n :population density of particles [#/m’m)]
n’ : nucleation (=B%G) [#/m’m]

t  :time [s]

V; :volume faction distribution of crystal [-]
V; : total volume of crystals [m’]

Jz2joja 2t
p :density of crystal [kg/m’]
T :mean residence time of MSMPR reactor [s]

etz A48 55

AFRAL
— :mean value
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