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Synthesis of aragonite precipitated calcium carbonate by homogeneous
precipitate reaction of Ca(OH)2 and Na2CO3
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Abstract Formation behavior of aragonite precipitated calcium carbonate was investigated with changed the concentration of
Na2CO3 solution and addition method which added in the Ca(OH)2 slurry at 75oC. In this reaction, we found that Na+ ions
were substituted into Ca2+ ion site then disturb the growth of calcite, and while proceed the crystal growth in a certain
direction and promote the formation of aragonite. Also, a decrease of reaction rate by control the concentration of CO3

2−

ion, induce the homogeneous precipitate reaction and increase substitution ability of Na+ ions, consequently it was promote
the formation and growth of aragonite.
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º £ >wNê 75oCöB Ca(OH)2 slurry 5 NaOH~ b�Ï�ö Na2CO3 >Ï�~ ³ê 5 Î&O»j æz�Ê�B
j¢�¾�Þ �;W êÖ¢¾~ �W�ÿj &V~&
. � >wöB Na+ �Nf êÖ¢¾ Ï¶Ú~ Ca2+ �N ¶Òö ~
~>Ú ¢Ò�Þ~ WËj æ��Ê�, ß;OËb�~ Ö;WË� ê¯>Ú �ç; j¢�¾�Þ~ �Wj FÒ~² ~º
©j r > ®î
. 6�, CO3

2− �N³ê �.ö ~� >w³ê~ 6²º �¢�*>wj Fê~�, Na+ �N~ ~~ËK
j Ã&�B j¢�¾�Þ~ �W 5 WËj /ê~º ©b� 6�>î
.

1. B �

�;W êÖ¢¾f �* ;W � Ï�öB~ >w �

� ¯, Ï�~ �W, pH, Nê, "�zê, v> ³ê, �

N 5 seed~ Î&f «~ �~ 'Ëö ~� CÂ>º

ç(phase)" ;ç(morphology) 5 «¶�V& �¢ê


[1-2]. êÖ¢¾f ���'b� çN-ç{ ~öB n;

~� ¶�êöB CÂ>V �Ú calcitef ®n;ç�

aragonite, vaterite~ ÿî�ç;j &æ� ®
. �
 7,

j¢�¾�Þ �;W êÖ¢¾f aspect ratio(Ö;~ �

Vö &� ^�~ j, Ëãj)& 
Ö � �ç;b�B

�Z, 2¢Ê�, êò~ Ï*B¾ BæÏ~ nò � �ë

öò� �Ï®j r, ;ê Ãêf b� �ç;~ �Ç�

����� �� Wïê Ëç 5 ®R«ê �.� &Ë

�^ Vê'Á7�' VËWj ¦�� > ®º î�Ú

VËW ZV ªÚ�B &Ï &Ë~
.

��¾ j¢�¾�Þ �;W êÖ¢¾f &V{ 7ö

B 
Ö ®n;~� ¢Ò�Þ�~ *� ³ê& �¢ �
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W� 
Ö ÚJÚ ©b� rJ^ ®b�, �¢ ��~V

*� ��
� ô� ê¯>Ú z
. Wray �f "�z

Ï�öB &n;ç~ j¢�¾�Þf vaterite~ CaCO3

polymorph~ ��öB >wNê& R¢6ö V¢ j¢

�¾�Þ~ CÂjN� 6N Ã&�
� ��~&b�

[2], Lippman, Kojima �f "�z Ï�öB~ ¢Ò�

Þf j¢�¾�Þ~ � �W ³ê 5 Ö;WË ³ê~

jv¢ Û� &n;ç� j¢�¾�Þ~ CÂö �~º

Nê 'Ëj �V~&
[3].

�" >Ï�»j �Ï� j¢�¾�Þ �Wö &� �

� Ö"¢ �� Kitamura �� Na2CO3~ Î&³ê, >

wÏ�~ pH, v>³ê 5 scale up �� �ç; j¢�

¾�Þ �Wö �~º 'Ëj ��~&b�[4], Konno

�f [Ca2+]f [CO3
2−] �N~ 'Ë" NaOH~ Î&&

Î� Nê��öB j¢�¾�Þ �Wj /ê�Î
�

��~&
[5].

��¾ ��� �� Ö"
f ß;��öò 'Ï� &

Ë~� 
² B�'��, 
·� >w�¶& �Wçö

�~º 'Ëö &� ¢&W ®º �C" ß® Î&�N

5 >w³ê æzö ~� j¢�¾�Þ �W V� �«

ö &� �V� ¦�~&
.

� ��öBº Ca(OH)2 5 Na2CO3 >Ï�~ >wj

�Ï~� �¢~� aspect ratio& ËçB j¢�¾�Þ �

;W êÖ¢¾j �W~�¶ ~&b�, Î&>º Na2CO3

>Ï�~ ³êæz 5 NaOH >Ï�~ Î&& �Wçö

�~º 'Ëj �V~&
.

2. 
þ O»

�£b�º Ca(OH)2(95 %, Junsei chemical Co., Ltd.),

Na2CO3(99 %, Junsei Chemical Co., Ltd.) 5 NaOH

(98 %, DC Chemical Co., Ltd.)j ÒÏ~&
. >w

ö ÒÏB >wVº Pyrex FÒ� B·B çã 10 cm,

¸� 13 cm� 1.0l Ïï~ öÛ;��, >wÏ�~ N

ê¢ �.~V *� Water bath(Jeio Tech, WB02)¢ Ò

Ï~&
. >wÏ�~ b�" �¢� >wj Fæ�Ê

V *� 4 cm ^�~ impeller& ËOB stirrer¢ ÒÏ

~&
.

Fig. 1f � 
þö ÒÏB 
þË~~ BÛêf êÖ

¢¾~ �W 5 ªC";j BBê� ¾æÞ ©�
.

>wj *� b& 1 l~ ÏVö 1.5 M~ Ca(OH)2 slurry

f 1 M~ NaOH~ b�Ï�j ò� ê, �Ò B��

1.5 M~ Na2CO3 >Ï�j 3 ml/min~ ³ê� Î&~�

B 400 rpm~ ³ê� v>~&
. 6�, Na2CO3 >Ï�

~ ³ê(7.50Ü10−4~1.88Ü10−4M) 5 Nê(40~75oC)¢

æz�Ê�B � �*�ÿj &V~&
.

�WB �òº º~~º �N Wª
j B�~V *�

Ethanol� 2~3² aÚ"� �"~�, ���Î ê ê�

ç�� �&~&
. �WB ªö~ ç ªCj *� XRD

(Philips MPD)¢ ÒÏ®�, �Wç~ ;ç 5 aspect

ratioº SEM(Leo 1455VP) ªCj Û� {�~&
.

Fig. 1. Schematic diagram of experimental apparatus and ex-
perimental procedure. 1. Reactor 2. Water bath 3. pH electrode
4. pH Meter 5. Thermometer 6. Stirrer 7. Na2CO3 solution

8. regulator.

Fig. 2. XRD patterns for precipitated calcium carbonate pre-
pared by 13.2 wt% Ca(OH)2 and 1.6 M Na2CO3 (stirring rate :

400 rpm, reaction time : 2 hr, reaction temperature : 75oC).



112 Jin-Koo Park, Hyun-Seo Park, Ji-Whan Ahn, Hwan Kim and Charn-Hoon Park

3. Ö" 5 �V

Fig. 2öº 13.2 wt%~ Ca(OH)2 slurryf 1.6 M~

Na2CO3 >Ï�j 400 rpmb� v>~�B 2�* >w

�B áf �*b~ XRD ªC Ö"¢ ¾æÚî
. ¢

>'b� j¢�¾�Þº �N '�öB �W>º ©b

� rJ^ ®æò Fig. 2ö ~~� 75oC Nê ��öB

ê Ca(OH)2f Na2CO3~ b� O»ö V¢ j¢�¾�

Þ~ �W>N� *&~² æz>º ©j &V� > ®

î
. ¯, Ca(OH)2f Na2CO3 >Ï�j ÿ�ö >w�V

j r(a)º "� ¢Ò�Þ peak& &V>îæò, Na2CO3

>Ï�j 3 ml/min~ ³ê� ÂÂ® ÎÚNÒ�B >w

�Vj r(b)º ¢Ò�Þ peak& *&® *Ú
�B j

¢�¾�Þ peak& WË� ©j r > ®î
. ��¾

�f ?f >w �, �NöB Ï�ê& 6²~º Ca(OH)2
& >w~æ p� º~~º ©b� &V>Ú Ca(OH)2~

Ï�ê¢ Ã&�Ê� j¢�¾�Þ �W>Nj ¸�¢

� jºW� ®rj r > ®î
.

Fig. 3öº Ca(OH)2 5 NaOH b�Ï�ö Na2CO3

>Ï�j 3 ml/min~ ³ê� Î&~�B >w�Vj r

�WB �*bö &� XRD patternj ¾æÚî
. Fig.

3ö ~~� NaOH Ï�j Î&®j r, j¢�¾�Þ~

�W>N� �^~²¾î Ã&~º ©b� ¾æÒb�,

�º �N >ã� ·f Na+ �N� Ca2+ �N ¶Òö

~~>Ú Ï¶~ distortionj ¢bÊ�, «O;�� ¢Ò

Fig. 3. XRD patterns for precipitated calcium carbonate pre-
pared by Ca(OH)2 and Na2CO3 with addition of NaOH (a) or

not (b).

Fig. 4. XRD patterns for precipitated calcium carbonate prepared by Ca(OH)2 and various concentration of Na2CO3.
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�Þ ���~ WËj ÛB~º >�, ß;OËb�~

Ö;WË� ê¯>º �ç; j¢�¾�Þ~ �W� /

ê>º ©b� 6�B
.

Fig. 4öº Ca(OH)2 Ï�ö Î&>º Na2CO3 >Ï�

~ ³ê¢ 7.50Ü10−4~1.88Ü10−4Mræ æz�Ê� 3 ml/

min ³ê� ÎÚNÒ�B j¢�¾�Þ �W �ÿj &

V� Ö"�
. Fig. 4~ XRD patternö ¾æÂ ©"

?� Na2CO3~ ³ê& 6²�>� j¢�¾�Þ~ �W

>Nf Ã&~º >�, ¢Ò�Þ 5 �>w Ca(OH)2~

�W>Nf 6²~º ©j r > ®î
. V¢B, Ôf

³ê~ Na2CO3 Î&º Ca2+ �N" CO3
2− �N~ >w

³ê¢ 6²�B >wÏ� ÚöB �¢�* >wj Fê

�Ê�, Ca(OH)2~ Ï�ê¢ æ³'b� Ã&�B �

>w Ca(OH)2¢ ì� > ®º ©b� {�>î
. 6�,

>w³ê& 6²~�B Na+ �N� Ca2+ �N ¶Òö

~~F > ®º {�� Ã&~� ¢Ò�Þ Ö;b�~

WË�
º �ç; j¢�¾�Þ~ �W 5 WËö ��

Ú ©b� �'B
. ��¾ 2.50Ü10−4 M �
 Ôf

³ê~ Na2CO3 >Ï�j Î&~�B >w�Vj ãÖö

º J®J ¢Ò�Þ peak& Ã&~º ©b� &V>Ú

CO3
2− �N~ ³êæzö V� j¢�¾�Þ �W>N

æzöº �ê6� ®º ©b� ¾æÒ
.

Fig. 5º ' ³ê~ Na2CO3 >Ï�j >w�Vj r

�WB �*bö &� Ö;zê ªCÖ"�B Ca2+ �N

³êf CO3
2− �N³ê~ j([Ca2+]/[CO3

2−])& 104 �ç¢

Fig. 5. Crystallinites of precipitated calcium carbonate prepared
by various concentration of Na2CO3. Fig. 6. XRD patterns and SEM photographs for precipitated

calcium carbonate prepared by Ca(OH)2 and 2.50×10−4 M
Na2CO3 at the various temperatures.

Fig. 7. SEM photographs of precipitated calcium carbonate by various concentration of Na2CO3.
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r, 90 % �ç~ j¢�¾�Þ �W>Nj áj > ®

îb�, ß® 2.50Ü10−4 M~ Na2CO3 >Ï�j >w�

Vj r &Ë ¸f j¢�¾�Þ �W>N(93.0 %)j ¾

æÚî
. ��¾ Fig. 5~ XRD ªC Ö"f îR&æ

� 2.50Ü10−4 M �
 Ôf ³ê~ Na2CO3 >Ï�"~

>wöBº j¢�¾�Þ~ �WN� 6²~� ¢Ò�Þ

�WN� Ã&~&
.

6�, ��� Ö"º �N'�(75oC)öB z× Â]~

² ¾æ¾º ©j Fig. 6~ >wNêö V� �*b~

XRD ªC Ö"�¦V {�� > ®îb�, �º >wN

ê çßö V¢ j¢�¾�Þ~ CÂjN� Ã&�j ¾

æÚº ©�
[2, 5].

Fig. 7öº ' ³ê~ Na2CO3 >Ï�~ >wb�

�WB �*bö &� SEM ªC Ö"¢ ¾æÚî
.

Fig. 7ö ~~� XRD ªCöB ¾æÂ ©" ?� �ç

;�~ j¢�¾�Þ& �WB ©j {�� > ®b�,

2.50Ü10−4 Mræ Na2CO3 >Ï�~ ³ê& 6²�ö

V¢ j¢�¾�Þ~ �W>N(93 %)" �þ aspect ratio

(~40)& Ëç>º ©j {�� > ®î
.

4. Ö �

13.2 w%~ Ca(OH)2 slurry 5 1.0 M~ NaOH b�Ï

�" 1.6 M~ Na2CO3 >Ï� >wj Û� j¢�¾�Þ

�;W êÖ¢¾ �W~� 
r" ?f Ö�j áî
.

1) Ca(OH)2 slurryö Na2CO3 >Ï�j 3 ml/min~ ³

ê� ÎÚNÒ�B >w�Vj r, ¢Ò�Þ �W� *

&® 6²~�B j¢�¾�Þ �W>N� Ã&~&
.

2) >w� NaOH >Ï�~ Î&º Ca2+ �N ¶Òö

Na+ �N~ ~~j Fê~� ß;OËb�~ Ö; WË

� ê¯ >�B �ç; j¢�¾�Þ~ �W� /ê>º

©b� 6�>î
.

3) Ca2+ �N" CO3
2− �N~ >w ³ê 6²ö ~�

�¢�* >wf Na+ �N� ~~F > ®º {�j Ã

&�B j¢�¾�Þ~ �Wj /ê�Væò Na2CO3 ³

ê 6²ö V� j¢�¾�Þ �W>N æzöº �ê6

� ®º ©b� ¾æÒ
.

4) Na2CO3, 2.50Ü10−4 M~ ³êöB 93 %~ �W>

N" 6~40~ aspect ratio(Ëã : 4.54~9.28µm, �ã :

0.25~0.65µm)¢ <º �ç; j¢�¾�Þ& �W>î

b�, Nê çßö V¢ �W>N 5 aspect ratioº Ë

ç>î
.
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