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Abstract — Crystallization of calcium carbonate was performed by using aqueous calcium chloride and sodium car-
bonate for operational simplicity. Reaction time, solute concentrations, pH, and organic additive were varied to get calcium
carbonate crystals. Silk fibroin was used as the additive to understand the change of morphology of calcium carbonate crystal.
The crystals were analyzed by FE-SEM, XRD, and FT-IR. Reaction time, and pH mainly affected the morphology of crystals.

Besides, it was found that silk fibroin inhibited the formation of vaterite and promoted the calcite forms.
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B (CaCO5)e: ApAolA dlsh= 718 F4st 3= Ak
—5—]—14-0]131[1] A AskA 1l JEetd o] e AR )
ITH2]. o] 9} 28 'S 1 3441 a7t A 4 3F
of| A& Z7VsH= A0l Gtk 1 o] 9= 71E BakaE 2 )
o] wel7] sk 5/do] Holupr] wiitoltt. Fol, #l
E, JZA, 78] B 50 A8E vhldel B Ile B
o|aL QIT}3]. e FEES Ao EE N, s, Al o
2hA Aot 1% g F(limestone powder), o2 BHAFZ &

mrS,Ea;OO{N
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(ground calcium carbonate), 3744 ©H:F24(precipitated calcium
carbonate)© & F-F3l1l Qlth. HE vy SE shabge
ARt FrlZF g A] eEANE, I 'S 4Ake] 717} o}
T 2o, 1Ake] e qiFAo]aL ﬂ% Hkgoll ofsf Alzert
[4]. S5l F7d @ SAA), 5, <k, EHAeA, A2
Al, 3, AR A Selld g AREE AR AlREelaL, A
7oA Tl 2291tk oA veket e} 7]=e] e
upeh, dskar At Ar]ef Beke Ad Ae] etH A St

CaO(aq)+CO,(gas) > CaCO;(solid) €))
CaCl,(aq)+Na,COs(aq) >CaCOj;(solid) +2NaCl,(byproduct)
@
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Fig. 1. Crystallization batch reactor.

CaCl, Na,CO,
300 mL 700 mL

Table 1. Experimental conditions for crystallization

Experiment pH °C Silk fibroin (g)
1 5.5 25 0
2 7.0 25 0
3 10.5 25 0
4 55 25 5
5 7.0 25 5
6 10.5 25 5
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Fig. 2. Morphological changes of CaCO; with time, crystallized at
pH =10.5.; (A) t =2 min; (B) t =15 min; (C) t=2 hr; (D) t=
24 hr [Exp. 3 in Table 1].

Fig. 3. Morphological changes as time lapses with silk fibroin, crys-
tallized at pH = 10.5.; (A) t =2 min; (B) t = 15 min; (C) t=2
hr; (D) t =24 hr [Exp. 6 in Table 1].
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Fig. 4. Morphological changes of CaCOj; with time, crystallized at pH
=55, (A) t=2 min; (B) t =15 min; (C) t=2 hr; (D) t =24 hr
[Exp. 1 in Table 1].

Fig. 5. Morphological changes as time lapses with silk fibroin, crys-
tallized at pH =5.5.; (A) t =2 min; (B) t =15 min; (C) t=2 hr;
(D) t =24 hr [Exp. 4 in Table 1].

Aot A3 39 s F I3 vaterite A7 2 A7 o] 5o
= ARA L 24 AJ71o] HE QFg3 caleitedt WAl T

pH7}F & 55004 silk fibroin®] H71EA] ¢k A8 19 4
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Fig. 6. Morphological changes of CaCO; with time without silk fibroin,
crystallized at pH = 7.0.; (A) t =2 min; (B) t =15 min; (C) t =
2 hr; (D) t =24 hr [Exp. 2 in Table 1].
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Fig. 7. Time course of FT-IR spectra of calcium carbonate, crystal-
lized at pH = 10.5.; (A) t =2 min; (B) t = 15 min; (C) t =2 hr;
(D) t =24 hr |Exp. 3 in Table 1].
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Fig. 8. Time course of FT-IR spectra of calcium carbonate with silk
fibroin, crystallized at pH = 10.5.; (A) t =2 min; (B) t = 15 min;
(C) t =2 hr; (D) t = 24 hr [Exp. 4 in Table 1].
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Fig. 9. Time course of FT-IR spectra of calcium carbonate, crystal-
lized at pH=5.5.; (A) t =2 min; (B) t = 15 min; (C) t =2 hr; (D)
t =24 hr [Exp. 1 in Table 1].
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Fig. 10. Time course of FT-IR spectra of calcium carbonate with silk
fibroin, crystallized at pH=7.; (A) t = 2 min; (B) t = 15 min;
(C) t =2 hr; (D) t =24 hr [Exp. 5 in Table 1].
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Fig. 11. Time course of FT-IR spectra of calcium carbonate with silk
fibroin, crystallized at pH=7.; (A) t = 2 min; (B) t = 15 min;
(C) t =2 hr; (D) t =24 hr [Exp. 5 in Table 1].
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Fig. 12. The change of X-ray diffraction patterns of calcium carbon-
ate, crystallized with silk fibroin and at pH = 10.5.; (A) t =2
min; (B) t =5 min; (C) t=2hr; (D) t=24hr [Exp. 6 in Table 1].
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Fig. 3. Polymorphism of calcium carbonate according to the change
of crystallization conditions.
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