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Precipitation of sparingly soluble crystals has been studied by
many workers, and also its application to the environmental field
has been paid much attention. To recover valuable substance as
crystals, control of crystal size, shape, and crystallinity is
considered to be important. But in the precipitation, nucleation
and growth phenomena are very complex, and they are affected by
states of solution containing fines, supersaturation, impurity and
mixing. On the other hand, some living things were reported to
form controlled crystals of narrow size distribution and high
crystallinity inside or outside their bodies for protéction from
enemies, under normal temperature and pressure. On these stand
points, experiments for reactive crystallization of sparinly
soluble carbonate were carried out to reserach crystallization
phenomena and crystal size and shape, and also to investigate the
possibility of application to the fixation of carbon dioxide. In
1991, studies on biomineralization of calcium carbonate were
investigated, and some kinds of organic membrane containing acid
protein were reported to affect crystal shape and size. And also
reactive crystallization tests were done batchwisely, to examine
the effect of |—aspartic acid and I—glycine on the crystallization
rate. From the results, effect of them was recognized not to be
significant in comparison to the effect of crystal lization
operation factors. Then studies on reactijve crystall ization were
carried out to obtain the effect of supersaturation, the rate of
its formation, temperature and mixing on the shape of calcium
carbonate crystals. Based on the results of above studies, direct
mixing of calcium salt and carbonate sol lution was applied to
calcium carbonate crystallization under normal temperature and
pressure, to recognize that solid sodium chloride addition was
effecive to form calcite selectively, althogh vaterite
crystallized much without its addition. And also method of
addition, reactant concentration affected crystal shape and size
distribution. Consequently new phenomena that unstale microfines
were transformed selectively to calcite by dissolution of sodium
chloride surface, was found, and growth rate of calcite was

obtained. This study could be located as a germic reserach, and it



will contribute not only to the new process development of carbon
dioxide fixation by calcium carbonate crystallization, but also to
the proposal of new operational conditions to control crystal

shape and size.
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Experimental Objectives, results Reference
OCa(NO,),+Na,CO,; calcite formed; calcite and Sarig et al. (1978)
25° vaterite when 40 ppm of

SG;25°, C, X, EL, P

OCa(Cl, Br,
NO,;), + (Na, K),CO,;
25°, N, C

®Call, +Na,CO,; 25°

OCaCl,+(NH,),CO;;
semibatch pptn.

(1) ©Ca(OH),+CO,,
(2) ©CaSO, +Na,CO,,
(3)
OCaCl, + (NH,),CO,;
20°; MSMPR; CSD, X,
_v

OCall +NH,;+CO,;
20

S0°; pH 10; SC

SG;25%, P

OCa(NO;), +Na,CO;y;
30-70"; pH 11

uo3*

CaCO,.6H,0 formed at 15°
when PO, is present

eq. (5) with a=1 and g=1 for
caleite, k, independent of seed

conecn and 1; eq. (5) with a= 1

and g =2 for aragonite, k,
depends on seed concn and ¢,;
albumine retards growth of
aragonite and not calcite

S.x 100, g=2; infl. of Mn2*,
NaF, Mg2*, Cr**, Ni?* on ¢
and crystal habit

calcite formed, calcite and
vaterite when anionic or
cationic SAA present, only
vaterite when non-ionic SAA
UO2* favours formation of
vaterite

calcite at <30°, aragonite at
70°; Mg?* favours aragonite

(1) calcite, (2)
vaterite + calcite + aragonite,
(3) vaterite + calcite formed;
size-independent crystal
growth

initially formed vaterite
transforms into calcite
infl. of org. polymers on pptn

mathematic simulation of
react. in gas=liquid system

eq. (5) with a=1 and g=1; k,
mdependent of seed conen and
stirring intensity, depends on
pH, T and kind of seed;

E, . (growth)=43

vaterite (30°), calcite (40°),
and aragonite (> 50”) formed;
Sr2*, Ba?* and Pb?* favour

Slack (1980)

Smallwood (1977b)

Séhnel and Mullin
(1982)

Suhara et al. (1983)

Tandy et al. (1981)

Togari and Togari
(1959)

Tsuge et al. (1987)

Turnbull (1973)
Verdoes et al. (1990)

Wachi and Jones
(1990)

Wiechers et al.
(1975)

Wray and Daniels
(1957)

Experimental Objectives, results Reference
aragonite at high pH, at low
pH have no infl.

©CaCl, +NaHCO,; calcite formed; phosphonates Xyla and

25° pH 8.5; CA

©CaCl, + Na,COy;
25-60°

©Ca(OH),+CO,; 20°;
MSMPR

OCa(OH), +CO,; 25°

increase f;,, and decrease F

formation of polymorphs at
spont. pptn; infl. of
phosphonates
size-independent growth for
SC<1pum, vaterite at ¢, 0.4,
rhombs of calcite at ¢, 0.5-1, 7
decreases with increasing t,
with semibatch pptn CSD is
increased, aggs are formed

Koutsoukos (1987)

Xyla and
Koutsoukos (1989)

Yagi er al. (1984)

Yagi et al. (1988)

CaC,0,

©CalCl, +Na,C,0, +
0.3 mol/l NaCl; pH 6.5;
25°

SG;37°, pH 6; R

SG; 37°; R

OCaCl, +Na,C,0,;
25°; MSMPR; CSD

OCaCl, +Na,C,0,;
25°, pH 6; CSD, LM, X

OCa(ClO,, OH), + (K,
H),C,0,;30%; C

OCaCl, +K,C,0,; LM

OCaCl, +K,C,0,, pH
6; CA

pptn diagram; mono- and
dihydrate formed, the latter
when excess of Ca2*;infl. of §
on crystal shape

g =2 for monohydrate; 7 is a
function of seed concn, I and
[Ca)/[C,0,] ratio
monohydrate formed, no
secondary nucl., aggn active
t,=2.5-4.9 min, crystals

<5 um grow 5x slower than
crystals > 5pm

infl. of stirring on different
hydrate formation;
monohydrate with g=2;
transformation of higher
hydrates to monohydrate is
slow

polyacrylic acid, heparin and
org. copolymers increase 1,
and retard pptn

i increases with increasing
soln flow rate until a
maximum is reached, then
const.; size-independent
growth for > 10 um

mono-, di- and trihydrate
formed at 20°; trihydrate
prevails at 10°
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Babic¢-Ivanéi¢ (1985)

Bijvoet et al. {1983)

Blomen et al. (1983)

Bredevi¢ and Garside
(1981)

Bregevic er al. (1986)

Crawford et al.
(1968)

de Long and Briedis
(1985)

Djarova and
Kovandjiev (1984)
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1. INHIBITION

A. Adsorption B. Adsorption and dispersion
@ Intibltor
.“..‘ Q_.'.'.’ _.".
e m e &8 Crystal K. e "e
L @ +~—— "@ @ "«Repulsion»_@
e o ¢ "® 4 e
@ _0_@_0_ Q.0
C. Adsorption, dispersion, and exclusion o
032 + Ca“ - D. Secondary adsorption
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Ca

Co2- Ca‘“ 0321- Col* Caz+ Matrix
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co, -

2. PROMOTION

Stabillization, nucleation, and localization
&4 Crystal nucleus

%] &) £ ] f Matrix

mzéz%ﬂzzﬁ'gﬂuﬁm vSo!ld support

Mechanisms of crystal {ormation
1A, A small anlonlc Inhibltor such as a simple phosphonale adsorbs to a crystal surface and blocks further ¢
18, An inhiblior such as polyacrylale has exira negative charges thal do not Interact directly with the crystal
fmpart a nel negative charge to the crystal. This negative {leld creales a repuision befween adjacent crystal:
them and preventing thelr aggregation
1C, Inhiblilon by a polyanlonic-hydrophobic malerlal such as matrix Is due {o adsorption and dispersion attrl
polyanlonic reglon and also to the presence of the hydrophobic reglon in the zone around the crysial, which
movement of the lattice lons to the crystal surface
10, Another way that a polyanlonic polymer might inhiblt crystal growth. In this case, a segment of the polyn
bind to the crystal inltially, perhaps for sterlc reasons, Is able lo stop secondary crystal growth later when a
crystal becomes avallable to the inhibttor
2, Possible stimulatory effect on crystallization of an immobliized matrix molecule. When attached 1o an {nsc
support, the malrix does not surround and tolally inhibit crystal formation. Ralher, It may bind lo a single fact
crystal nucleus. This stabliizes and localizes the crystal nucleus and thus promotes ils {urther growlh
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