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2] Biomineralization 3-8 53817 $13) aspartic acid®} lysineS CaCl, S-Hofl H7ste] 7]-4 k302
A3k NHHCO = ARg-ste] 't ds A3 As sloinh. 73t wh-A17L, aspartic acid9} lysine®] 714,
CaClL2] %, NHHCO,;9] &= WAdsto] ehibd<y 2742 thdARl calcites} vaterite®] VIS AT A% 4%
T8517] Y3l FT-IR spectrometer(model IR Prestige-21, Shimadzu, Kyoto, Japan) g*|& AM-3}313L FT-IR AFEH
OF calcite$} vaterite 2788 RIS CaCl,e] & WS W], NH,HCO; 10 gollA] 0.15 M2] CaCl, 55 7
ToflA vaterite 782 S7PF AAaE Wt} 0.20 MollA+= THA] E7Fs1] 0.25 MOllA 7 W2 vaterite 270] &
2= T NH,HCO; 20 golA= 0.10 M2] CaCLE A3 0= 31o] vaterite A7) 7ol FHAFANE Holthrt
0.25 Mof|A ThA] S71ekes RO R UERITE 7R lysines ©]83151S wle vHSAI7H0] 245 7|8 02 vaterite%F
o] ST AR WSl aspartic acidE F713IS W= Hile] AERS RSl

Abstract — Crystallization of calcium carbonate were performed by adding aspartic acid and lysine into CaCl, solu-
tion for understanding biomineralization in gas-liquid reaction of NH,HCO; and CaCl,. Proportion between calcite and
vaterite of calcium carbonate crystals was identified by changing conditions such as reaction time, addition amount of
aspartic acid, lysine, CaCl,, and NH,HCO;. FT-IR(Fourier Transform Infrared spectroscopy) instrument was used to
perform analysis of vaterite ratio. Under the condition of NH,HCO; 10 g and no additive, an increase of vaterite crystal
changed to a decrease around 0.15 M CaCl,. Then it largely increased at 0.25 M CaCl,, after vaterite proportion was ris-
ing again at 0.20 M CaCl,. In contrast to that, vaterite crystal continuously decreased to 0.2 M CaCl,, and increased
from 0.25 M CaCl, with 20 g NH,HCO,. Vaterite crystals were observed to be a maximum after 2days with lysine addi-
tion, but CaCOj vaterite crystals showed minimum with aspartic acid.
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APES 0 7] 793 ] 'EZ<E ACC(amorphous calcium
carbonate)°l| ] calcite, aragonite, vaterite®] A 7}<] 27 ez A
Sit}, calcite?] A7 HAFE Tofol™| aragonite A7 vl
ROF, vateriters 98 BFo 7 747Fe] HES HElE YL Q).
Calcite:= th7 1ol g3 BRdolr, 2 pHe}F B 250l
ZA7go] & P}, Aragonite®} vateriter= calciteol] B3l AThZ]
07 FPYsh Y2 pHel w2 oA A7 Aol | o] F
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3+ Fig. 13} o] dAIFo1E (Bel-art products, USA, 30x40%20 cm)
= ARgsieleh. A3 2798 o1 73H7] $13l Gelman SciencesAt)]
2173 47 mme] 0.45 pm o1FERE AREBISITE A|oke] FAISAE &
©F AdventurerAle] A&-& AR oM A7) oJT1E $18) Gast
ARl R BELE ARSI
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AL AofA HI7HAR lysine?} aspartic acids ARE-SEAL
AREEHA] B2 o & LPro] AR 7T ARG EA] ok
Aol CaCl, F5E 0.05 MoIA 0.30 M7HA] 0.05 MY W3S F
oAt NH,HCOZ HAIAIOlE] Qtell a1 Adel= E71el] 10 g =
20 g0 F WIgA7]aL 10w A 2] A 2ol & BBl A
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Fig. 1. Schematic of the experimental setup. Twelve experiments
without additives by using CaCl, (0.05~0.3 M) and NH,HCO;
(10, 20 g). another twelve experiments with 0.1 M of Lys
and Asp.

Table 1. Experimental conditions for CaCO; biomineralization

Sample # Eﬁéﬁft&) Corgzaegt%tion Remark
1 10 0.05 1 day
2 " 0.10 "
3 " 0.15 "
4 " 0.20 "
5 " 0.25 "
6 " 0.30 "
7 20 0.05 "
8 " 0.10 "
9 " 0.15 "
10 " 0.20 "
11 " 0.25 "
12 " 0.30 "
13 10 0.20 Lys 0.10, 1 day
14 " " n, 2 day
15 " " n, 3 day
16 " " Asp 0.10, 1 day
17 " " n, 2 day
18 " " n, 3 day
19 20 " Lys 0.10, 1 day
20 " " n, 2 day
21 " " n, 3 day
22 " " Asp 0.10, 1 day
23 " " n, 2 day
24 " " n, 3 day

aspartic acidE 27} 0.1 M4 58 o] 38 B¢ 10g =20 g
o] NH,HCO, ) 51l Aasisict.
TAE A7 RS AR AJEE 20 mL A AHFHEA S

o 0.45 pm 9} FEIS AFRElT AFHEE o] gato] gNo g
Y A4& olstal Fejd S 2ol Yol 50 °CE AAZAR
th Azxd A4S Baste] KBra o] @Akl BAARE Al
16}°*E‘r Table 10l ¥FS- 271 W82 A)slir}. 183 ekl

& A%lA vaterite®] T&S TE3E] 218 FT-IR 9] calcite
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Vaterite peak area

Xv= , : M

Calcite + Vaterite peak area
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Fig. 2= Table 12] 1~641 A& 02 10 g2 NH,HCO,EA 3lollA
CaCLE 0.05MelA 030 MZ H3AAS v FTLIRE Y931
calcite?} vaterite?] ¥ 3ZS LJER Aot} Calcite:= 711 em™'&
E£7% 9 =7} Y, vaterite= 748 cm oA YERATE 0.05 M
oMH-E] vaterite®] ¥]A7}F LFERE] A1EFSRe] 0.20 M7HA] 015
7k 025 Mol Hdl =271 9135 Yepdct, o] A2 CaCl2l
FF e 7390l CaCl2l NHHCORA 283 co7F 27190
HEgo] Eutar, Aol AR F9e] Y ACC(amorphous
calcium carbonate)= vateriteS 7] calcite® SHJ3}FE T} CaCl,9]
FE7F AE] w00 NHHCOP 2483 co7F 943 5%
oM £ ] ghabzgro] A% o A E A BegE Q)
vaterite®} SHEE AEIQ] calcite’} ZF A & ok 1Y
CaCl,e] FE7F AU & 7-9-elli= caleite®] AAJo] F71x]o]
A S 2 vaterite®] H|-Eo] ZEA At
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Fig. 2. FT-IR spectra of calcium carbonate crystals at different con-
centrations of CaCl, with 10 g of NH;HCO;_ [Exp. 1~6 in
Table 1].
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Fig. 3. The change of vaterite proportion in different concentrations of
CaCl, and NH,HCOj; from IR spectra [Exp. 1~12 in Table 1].

NH,HCO57}F 20 g W= 10 g WlET} vaterite®] @7l 3lo] T
Fre] o] wEE | oo Wkalo] calcite?] ¥ =1 Aol NH,HCO,
7} 10 g2 w o F2l5k3ickFig. 3). ©li= NH,HCO,9] 557} #A
FOoZM AFES] CaCLELE WvateriteE €& T AUth= A&
oJn)&}, Fig. 3 Table 19] 1~1270<]¢] 43S FLIRE H43
ZOR calcite$} vaterite 3T WA|S] FAE F7sto] NHHCO,7t
10 g == 20 g2 W CaCl,7} 0.05 MellA] 0.30 M ¥ ko] wke} 4
A FH) Lx0] WsE gRlskaA) sH3itt. Calcite®} vaterite =1
o ARl vlEs ARkslr] Q18 2 (1 ARSIt

NH,HCO,7} 10 ¢ Wl CaCl7} 0.05 MellA] 0.20 M7FA] 10~30%
A9 vaterite®] FEZ UERA L, 025 Mol 65% 9] &
215 YERALE 0.25 M o) dellA= A A13] vaterite {50 7143}
Stk NH,HCO57F 20 ¢ W] CaCl,7} 0.05 MellA] 0.10 M7FA] &=
vaterite®] -8 45%1A 70%714] Z7F8FH .21 0.10 M o] Fofl=
24X8] 2F2EkiTk NHHCO7F 10gY e 32 H]E2] vaterite
= 7] 98f ¥ CaCl,e] F57F 025 Mol 03 M A2 =
& Fex|o]t}, SFAIRE NH,HCOy7} 20gd wi= 0.1 M J =8| A &
LollA 352 BIEE] vateriteS ¥ = Qlet. o] A¥R= NH,HCO,4
of| 4] WHAYst CO,8} CaCl2] RES- 22 Q13 Bk Agnuke4
= AWE 5 Qlk 0,9 WARRo] HoH CaClL9t CO,8l W45
IR a1 ACCO] Fo] AXITE, Vaterite 3| A7t =] WhoA] oF
& 7T T k9] ACCE WHE719l NH,HCO; B3= CaCle] <
o] 7] wjolt.

Fig. 494 CaCl,Z 020 M2 1793 Aol H7AZ lysineS:
0.10 M 3718t 3 10 g2] NH,HCO,°I1A 194 38784 315 3t
Aoz WA A4S FTIRS 34 #gh Ao}, o] A3t
oM calcite®] HAE A2 Zo} B 4= ¢ vaterite?] I ARF
= WA 0SS &4 AT 1Y F 7P =S vaterite®] ¥
£ Rl & o WhgATto] Hojxle] wit vaterite®] =7}
stollat FAlell caleite®] A7} viAlEkA W s Zle gl &
4= Slth. NHHCO,Z 20 g0 & AM8-319] Fig. 49 2713} FU3HA
Adste] d2 AHE FTIRS SaliA s A5 2 (1)e= 7
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Fig. 4. FT-IR spectra history of calcium carbonate crystals with lysine,
10 g NH;HCOj; and 0.2 M CaCl,. [Exp. 13~15 in Table 1].
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Fig. 5. The change of vaterite proportion with lysine, 0.2 M CacCl,
and 10/20 g NH,HCOj; from IR spectra data [Exp. 13~15, 19
~21 in Table 1].
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Aol 95%7H4] AA3] 718k vERl o™, NHHCO,7F 20 g
A w= 19lA 85%% VFERIAL AA13] S7keto] 2dellA 95%=
Ho|= sto] AA3] Fhaghe JYERIGITE ACCr o] A==
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Hlgo] ZHAgto 7 AlgFT)
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P& w10 g°] NHHCOLIA 126l 39704] 8k 2k 2= nk
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Ao M= calcite?] I A7} =4 UERSTE 39 vaterite®] I
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Fig. 6. FT-IR spectra history of calcium carbonate crystals with
aspartic acid, 0.2 M CaCl,, and 10 g NH,HCO;. [Exp. 16~18
in Table 1].
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Fig. 7. The change of vaterite proprtion with aspartic acid from IR
spectra data. [Exp. 16~18, 22~24 in Table 1].
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