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º £

Rushton; MSMPR >wVf �öÞ-r¢� >wVöB �Özê²f >Öz¢¾~ V-� >wö ~� �W>º êÖ

¢¾ Ö;zö &� Ú~�*, v>³ê, ê��WB~ «~f ?f �ëæ>& �~º 'Ëö &� 
þ'b� ��~&


. Nêf ³ê& ¢;� MSMPR >wVöBº ê��WB~ «~& ï� «¶�Vö &Ë � 'Ëj �~º ©b� ¾

æÒ�, �¢ ï� Bæ**� >~z~&
. v>³ê~ Ã&ö V� ï� «¶�Vº bî*� &�~ 6²� �� Ã&

~&
. �öÞ-r¢� >wVöB f~ vª~ Î"º V-� >wW êÖ¢¾ Ö;zö &� ëß� ßWj ¾æÚî
.

�öÞ-r¢� >wVöBº f~ö ~� �¢� b���j áj > ®î�, �� �� MSMPR >wV~ ãÖ�
 «¶

~ �Vª�& 
Ö �¢~² ¾æÒ
.

Abstract − The effect of the operating variables such as mean residence time, agitational speed and surfactant type, on the

precipitation of calcium carbonate was experimentally investigated in MSMPR and Couette-Taylor reactors. The precipitates

was produced by the gas-liquid reaction of CO2 gas and Ca(OH)2 aqueous solution. Under fixed temperature and concentration

in MSMPR reactor, it was founded that the surfactant type had the greatest influence on the mean particle size and this effect

was represented numerically by the zeta potential. With increasing the impeller speed the mean particle size increased due to

decrease of the resistance in mass transfer processes. The vortex flow in Couette-Taylor reactor affected the precipitation of

calcium carbonate complicatedly. The homogeneous mixing owing to Taylor vortex in Couette-Taylor reactor led to the more

uniform particle size distribution than that in MSMPR reactor.

Key words: Calcium Carbonate, Couette-Taylor Reactor, Gas-liquid Reaction Precipitation, MSMPR Reactor, Rhombohedral

Calcite, Surfactant

1.B �

êÖ¢¾f 2¢Ê�, RF, �Z, 7OB, êò, >¾Ò �; �~

�� ª¢öB ÒÏ>� ®bæ� � Ö;zö &� ôf ��& �

�Ú^ z
. ��� ª¢öB �Ö>º B®~ bWf Ö;~ ;�f

�Vª�ö ~� Ö;B
[1, 2]. ��¾ b���, Ú~�*, Î&B,

>wV~ ;� �~ �ëæ>& B� �&>Ú ®V r^ö êÖ¢¾

Ö;z~ z�î¾f 
Ö �Ç~� �*® ¾ rJ^ ®æ p
.

êÖ¢¾ Ö;zöB >w³ê, Ö;~ ��W³ê(nucleation rate),

WË³ê(growth rate), Ö;;�(crystal morphology) �f Ö;z �

�ö ~� Ö;B
. V¢B ' �ëæ>f Ö;z �;~ �&Wö

&� ôf ��& ��Ú^ z
. Reddyf Nancollas[3]º ²ª� >

wVöB seed Ö;z¢ Û~� calcite Ö;~ WË z�î¾ö &�

��~&
. �ö ~~� Ôf "�zêöB Ö;~ WË³êº "

�zê~ 2Nßö jf~� v>³ê �öº Z&~
� B�~&
.

Jones �[4]f MSMPR(mixed suspension and mixed product removal)

>wVöB v>³ê~ Ã&º «¶~ �V¢ Ã&�Î
� ��~&


. Chakaraborty �[5, 6]f MSPMPR >wVöB "�zêf Ï�†E-mail: wskim@nms.kyunghee.ac.kr
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~  �Njö V¢ vateritef calcite Ö;� ÿ�ö �

W 5 *�>º ©j &V~&�, �¢ �¢ 5 ®�¢ ��W~ '

Ëb� J«~&
. 6� >�' Î�j Û� MSMPR >wVöB �

W>º êÖ¢¾ Ö;~ �Vª�¢ �C~&
. Tai �[7, 8]f ²ª

� 5 MSMPR >wVöB öò~ ³êf pH& êÖ¢¾ Ö;~ ;

�f ��W, Ö;WËö �~º 'Ëö &� ��~&�, êÖ¢¾

Ö;~ ;� æz¢ "�zêf pH¢ V&b� ª~~&
. 6� ö

ò~ ³ê, Ú~�*, R« ÿKï, "«� *~ �~ �ë æ>
� ê

Ö¢¾ Ö;zö �~º 'Ëö &� Frankef Mersmann[9]� ��~

&
.

��^ êÖ¢¾f � «¶�V& ���� '�� 0.03-0.05µmö

��~�, >wb~ ³êf Nê¢ �.~�¾ Î&B¢ IÚ B�~

� ®
. ��¾ �çöBº �^� «¶� �Ò~z¢ê �"~�

��~� w÷� ¢Ú¾ w÷Ú& >� �©f 
� ªê~�ê £

² ö¾~ �^� ç�� òj&æ pº
. ��� �z *çj Oæ

~V *� æOÖ�¾ >æÖ~ ê��WB� �ã¶ ��j ¾Ò�

b�� 
j#� �^� ªÚ¢ B�� > ®
. Suhara �[10]f �

-�ê~ ²ª� >wVöB ê��WB& «¶~ ;�ö �~º 'Ë

ö &� ��~&
. �
~ 
þÖ"ö V�� ·�NW ê��WB

¢ ÒÏ� ãÖ O�C ;�~ Ö;� �W>�, r�NW ê��W

B~ ³ê& Ã&~�B O�C ;�öB Z;;b� *�>î
. 6

� j�NW ê��WBº �; «¶~ �Wjö 'Ëj ��
� �

�~&
. ��¾ �*~ ê��WB~ 'Ëö &� �� Ö"º J

ç ãþ'� Ö"òj ��"� ®
.

�f ?� Ö;z �;~ �� �ëæ>& êÖ¢¾ Ö;~ ;�,

��W, Ö; WËj BÚ~º 7º� �¶ªj r > ®
. ��¾

&¦ª~ >wW êÖ¢¾ Ö;z ��º �-� >wj �Ï~&
.

� ãÖ >wb�B êÖ¾Þ�(Na2CO3)" "z¢¾(CaCl2) _f î

Ö¢¾[Ca(NO3)2] �j ÒÏ~V r^ö êÖ¢¾ ��ö " «~

(NaCl _f NaNO3)~ ¦Öb� �W>º ©j b� > ì² B
.

��� ¦Öbf *�W bî�B Ï� 7öB �Nb� �Ò~æ�

¢«~ Î&B� ·Ï~� Ö;zö 'Ëj * > ®
. V¢B ��

� ãÖöº >wW êÖ¢¾ Ö;zö &� �ëæ>~ B>� 'Ë

j G;~V& Ú[
. �¢ *� V-� >wW êÖ¢¾ Ö;zö &

� ��& ��Úæ� ®
. êÖ¢¾ Ö;zö CO2 &Êf >Öz¢

¾ Ï�j ÒÏ� V-� >wf Yagi �[11]" Jones �[4]ö ~� �

�>î
. �
~ ��öBº CO2 &Ê¢ >Öz¢¾ Ï� *� ~J

�ÚB ï�'� V-� ãê�j Û� �>>Ú >w~ê� ~&
. �

�� ��º ¦Öb~ 'Ëj B�~&�, Î�ç �öB Ö;z ê¢

ç�® �Bz� > ®
º �6j æò
. 6� Chen �[13]f ²ª

� >wVöB CO2 &Ê¢ �¶j Û� >Öz¢¾ Ï�b� "«�

V�, «¶~ ;�f WË� pHö &7~² �&>Ú ®
� ��~

&
. ��¾ �
~ ��öBº pH¢ �.~V *� KOH¢ ÒÏ~

&bæ� Î&B~ 'Ë� j*® B�>î
� � > ì
.

V¢B � ��öBº 
B �;" FÒ~² v>j Û� V� ;

�~ V-� 7/O�j ÒÏ~&
. � ��~ "º Ï'f V-� >

wW êÖ¢¾ Ö;zöB >wV~ ;�, v>³ê, ï� Ú~�*,

ê��WB �~ �ëæ>& Ö;z z�î¾ö �~º 'Ëj �Ò

~º ©�
. Vç~ >wb�º �Özê²¢ �Ï~&� �ç~ >

wb�º >Öz¢¾[Ca(OH)2]j ÒÏ~&
. � ãÖ >w~ ¦Öb

�B b� �W>æ�, êÖ¢¾ Ö;zö &� �ëæ>~ B>�

'Ëj G;� > ®
. �WB «¶�Vö &� ê��WB~ 'Ë

j >~z� > ®ê� Bæ **¢ G;~&
. Ö;z >wVº

MSMPR >wVf �öÞ-r¢� >wV¢ ÒÏ~&�, �öÞ-r¢

� >wVöBº Â~~ r¢� f~ vªj �W~V *�B >w

V~ Ú¦ öÛj ²*�V
.

2.��' Vã

êÖ¢¾ Ö;z~ *Ú >wf 
r" ?� ¾ rJ^ ®
.

Ca(OH)2 (aq) + CO2 (g)� CaCO3 (s) + H2O (1)

Juvekarf Sharma[13]ö V�� � >wf 4B~ �ê >wb� �

�Ú^ ®�, N³ �êº 
r" ?� CO2f OH− �N Ò�~ >

w�
.

CO2 (aq) + OH− (aq)� HCO3
− (aq) (2)

� (2)öB ;>wf 2N�� �>wf 1N >w�
. � êöBº

�>B CO2& OH− �N" ¯� >w~� êÖ¢¾j �W~æ�,

*Ú >w³êº 
r" ?� CO2f OH−~ 2N >wb� *�®

�*� > ®
[14].

rA= kCACB (3)

�VB CAf CBº '' Ï�7~ CO2f OH− �N~ ³ê¢ ¾æ

Þ
. >w³êç> kº 20oCöB 12.4 m3/mol-s�
[15].

MSMPR >wVöB ��'� b�f "�z~ ª�ö 'Ëj �

~æ� �WB «¶~ �V¢ Ö;~º 7º� �¶�
[16-19]. �

�� ��b�ö &�B Beckerf Larson[17]f �* b�bö &�

j*ªÒf �& b�ö &� �� ��j Î�z~&
. ��¾ �


f v &æ~ B�' Î�~ «¶ �Vª�¢ jv~V *~� >

wV~ ê«¦öBº ?f WË³ê�j <º
� &;~&
. Po-

horeckif Baldyga[18]º Ö;z ³ê& �� >wêöB Ö;zö

�~º b�;ê~ 'Ë" �ö V� «¶ �Vª�¢ ��~&
.

Garsidef Tavare[19]º MSMPR >wVöB >wW Ö;zö &�

��vª~ �ê¢ j*ªÒf j*b�~ v Î�� ��~&
. j

*b� Î�f >wb
� >wVö F«" ÿ�ö j*® �¢~²

b�>º ©��, j*ªÒ Î�f >wb
� >wVÚöB ªÒB

ç�� ãê��¾ �ãB ²�Î êöB B�'b� >w~� Ö;

z& ¢Ú¾º ©�
. �VB MSMPRöB~ j*ªÒö &� ��

º ²ª�ê~ �Cöò jî¢ PFR~ �Cöê wÏF > ®
. 

� ��öBº Garsidef Tavare[19]~ v &æ ��b� Î�j

¦Æ~� 
þÖ"f jv~�¶ �
. 2B~ �/ vªj <º

MSMPR >wVöB � (2)f ?� ' bîö &� 1N� j&� >

w� ¢Ú¾º Ö;z êö &� v Î�~ Bv'� J«j Fig. 1

ö ¾æÚî
. j*b�~ ãÖº ?f º~�* θ¢ <º Î� vª

º²
� �/ vªö &êì� &Ë� ��² b�B
� &;�
.

�©f ¢;� Ú~�*öB � >wVö F«>º 2B~ �/ vª

� &î > ®º �&~ b�j ¾æÞ
. � ãÖ B� >wb A~

*zN xº 
r" ?� áÚê
.

(4)

�VB γº kCA0τ�B Damköhler >��, βº CB0/CA0�
. CA0f

CB0º '' Af B bî~ .V ³ê��, τº ï� Ú~�*�
.

6�, BÚ> &ê nf 
r" ?� MSMPR >wVöB~ ¢>'�

�b� ¾æÂ
.

(5)

�VB Bf Gº '' ��W³êf Ö; WË³ê��, Lf Ö;~

Ca2+[ ] CO3
2  –[ ]⁄

x = 
1 γ 1 β+( )+[ ] 1 γ 1 β+( )2

4γ2β–+{ }1 2⁄
–

2γ
----------------------------------------------------------------------------------------------

n
B
G
---- 

 exp  
L

Gτ
-------– 

 =
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�V�
.

�Þ j*ªÒ Î�öBº ?f º~�*" Úÿïj &æ� ÿ�

ö F«>º ''~ �/vª~ º²
� ¯� b�>æò ?f º

~�*j <º 
� º²
"º >wV¢ ÆÆ rræ D�æ pº


� &;�
. � ãÖ >w b�b~ ' º²º ·f ²ª� >wV

� *"� > ®bæ� rJê RTD(residence time distribution)öB

~ ï� *zN" BÚ> &êº 
r" ?� 'ª ;�� ¾æÂ
.

(6)

(7)

.V��f 
r" ?
.

x = 0, L = 0 at θ = 0 (8)

�f ?f MSMPR >wV~ j*b�" j*ªÒ Î�~ F¯ ��

Ö"öBº >w� 2N �ç� ãÖ, j*ªÒ Î�~ *zN� j*

b� Î�~ ãÖ�
 2-3% Ã&�b� �~� «¶~ �Vª�&

§jæ� ï� «¶�V& ·jê
� rJ^ ®
. 6� *~ Î�

�öB BÚ> &ê nj Ö;~�, �ö &� 3N Î~Þ m3�¦V

*' Z²ªN W¢ 
r" ?� áj > ®
.

(9)

�öÞ-r¢� >wVöB~ vªf öÛ »j V¢ "V'b� V

�>º f~ f
�B ßWz� > ®
. v B~ ÿ� öÛ Ò�ö

FÚ& v¢ r Ú¦öÛ� ²*�ö V¢ ö�Kö ~� Ú¦öÛ

¦"~ FÚ
� �;B �¦öÛ OËb� ¾&Jº ãË� ®
.

�� �� FÚ[� ®n;~² >Ú r¢� f~& ;W>º�, �

Fÿ ;�¢ Fig. 2ö BÛ'b� ¾æÚî
. ¢;� �ë ��öB

��� f~ '�f Ú¦öÛ~ ²* ³ê& ªê~ �ç¢ r ¾æ

Â
. ' vªº²º B� >&OËb� ²*~º �Ò Î·~ f~3

b� ��Ú^ ®�, ' f~ »OË ^�º Ú¦öÛ" �¦öÛ Ò

�~ �Òf �~ ?
. V¢B, �öÞ-r¢� >wVº '' ?f ¦

bf Ú~ �*j <º ¢N~ �³� �� >wV(series-CSTRs)�

�Bz� > ®
[20, 21]. 6� Kataoka �[22-24]" Pudjiono �[25]

f ' f~3j j*® b�B ²ª� >wV� �'~� �öÞ-r

¢� vªj �ç'� PFR(plug-flow reactor)� �J~&
. �f ?

� �öÞ-r¢� >wVöBº r¢� f~¢ �Ï�b�� Fÿ�


Ö ��'�� �¢� b�j áj > ®
. 6� �Û >wV~

v>V~ 'Ëj B��Ò > ®� *�wKj £² �.� > ®


º Ë6j &ê
. V¢B ç&'b� �¢� Ö;~ �Vª�¢ á

j > ®b� �WB Ö;~ �V¾ ;�~ BÚ& Ï�� ©b� .

GB
.

3.
 þ

� 
þöBº V-� >wW êÖ¢¾ Ö;z¢ *~� Rushton ;

�~ �& MSMPR >wV¢ ÒÏ~&
. >wV~ ¦bº 500 ml�

� R«� j�Ú� B·~&
. Ï�~ b�j *~� 6B~ ÆB&

�Ö Vn; v>V¢ �Ï~&b� v>Î"¢ Ëç�ÊV *~� 4

B~ O�6j J~~&
. MSMPR >wV~ Böf Lee �[27]~

��f ÿ¢~� *Ú 
þê¢ Fig. 3ö ¾æÚî
.

�öÞ-r¢� >wVº Fig. 4(a)f ?� 2B~ ÿ� öÛb� �

�Ú^ ®
. �;B �¦öÛf j�Ú� B·~&�, ²*~º Ú

¦öÛf Êr�.Ê Ê�� B·~&
. �öÞ-r¢� >wV~ B

öj Table 1ö ¾æÚî
. Ú¦öÛ~ ²*³ê& 200 rpm�
 �

'�öB �¢� «¶~ *ç" &Ê~ ªÖj áj > ®î� Â~

dx
dθ
------ xbatchexp θ–( )=

dL
dθ
------ Gτ=

W L( ) = 

n L( )L3
dL

0

L

∫
n L( )L3

dL
0

∞

∫
------------------------------- =

n L( )L3
dL

0

L

∫
m3

------------------------------

Fig. 1. Schematic representation of extremes of micromixing in MSMPR
reactor.

Fig. 2. Conceptual diagram of Taylor vortices in Couette-Taylor reactor.
1. Stationary outer cylinder 3. Rotating inner cylinder
2. Taylor vortices

Fig. 3. Schematic diagram of experimental system with MSMPR reactor.
1. Orfice flowmeter 08. Motor
2. Hg manometer 09. Gas exit
3. Gas mixer 10. Feed storage tank
4. Gas chamber 11. Pump
5. Nozzle 12. Floating flowmeter
6. Msmpr reactor 13. Liquid exit
7. Impeller 14. Isothermal bath
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~ r¢� f~& ¾æÒ
. �öÞ-r¢� >wV¢ ÒÏ� *Ú 


þêº Fig. 4(b)ö ¾æÚî
. 

' >wVöB �Özê² VÚf >Öz¢¾ >Ï�~ >wj Û

~� êÖ¢¾ Ö;j �W~&
. �Bê(99% �ç)~ �Özê²f

î² VÚ~ Fïf JÒbÊ Fïêf >f î��V¢ �Ï~� �

.>îb�, �N�f VÚ b�V¢ �~�B ¢;� Nê� j*

b�>ê� ~&
. VÚ Ú~Ë~¢ J~~� b� VÚ Fï~ º

ÿj ÛB~� ¢;� Fïj Fæ~�B >wV� "«~&
. >w

Vö "«>º VÚº �¶j �Ï~� Ï�Úö ªÖ�B �^� V

�¢ ;W~² �b�� V-� 7/j Ëç�V
. �¶j >wV~

7¦ªö J~~� V�& Î"'b� ªÖ>ê� ~&
. >wVö

"«>º �Özê² b� VÚ~ Fïf 1.0×10−6 m3/sb� ¢;~

² Fæ~&b� b� VÚ~ �Wf î²f �Özê²~ ¦bj¢

4 : 1� �;~� 
þ~&
. êÖ¢¾ Ö;z¢ *~� b�VÚ¢

ÒÏ� �Fº Ö;z ";öB >wö ^�~º �Özê²� ��

B�~º >wV Ú~ VÚ~ Ú~ ¦b 6²¢ �²z~V *� ©

�
. �ç >wbf ACS/ >Öz¢¾j Ã~>ö Ï��B B�~

&�, �/>º >Öz¢¾ >Ï�~ Fïf floating Fïê¢ �Ï

~� G;~&
. >Öz¢¾ >Ï�~ ³êº 16 mol/m3b� ¢;~

² Fæ~&
. CO2 VÚ~ Ï�ê& Nêö "6~æ� Vç" �

ç öò~ Nêº 20oC� Fæ~&
.

ï� Ú~�*f MSMPR >wVöB 10, 30, 50 minb� æz�

V�, �öÞ-r¢� >wVöBº 30 minb� �;�V
. v>³ê

º ' >wVöB 400, 700, 1,000 rpmb� æz�V
. r�NW, ·

�NW, j�NW ê��WB¢ ÒÏ~&�, � ³êº 1.68 mol/m3b

� �;�V
. �ç~ 
þ��j Table 2ö ¾æÚî
.

� 
þ� �Â ê >wVÚö Îj ®º êÖ¢¾ «¶¢ B�~

V *� 10% HCl Ï�b� >wV¢ ^¿~&
. >w �· ê ;

çç�ö ê�~ê� ï� Ú~�*~ 10V ;ê~ �*' *Ïj "

îb�, ;çç�~ ê� �¦º >wVÚ~ pH æz¢ pH-�V

(Orion, EA 940)� �³'b� G;~� {�~&
. ;çç�~ >w

VöB þ2j �~� Ï�Ú~ êÖ¢¾ Ö;j ªC~&
. ' þ2

f z �ç~ Ö;z¢ ïV *~� ¯� 5V ;ê� �C~&
. Ö

;~ �V 5 ª�º «¶�V ªCV(Malvern Co., Mastersizer/E)¢

�Ï~� G;~&b� Ö;~ ;�º SEM(scanning electronic micro-

scope; Joel Co., JSM-820)j �Ï~� &V~&
. 6�, X-F ².V

(X-ray diffraction)¢ �Ï~� �WB êÖ¢¾~ Ö;��¢ G;~

&
.

4.Ö" 5 Æ�

4-1. MSMPR >wV

MSMPR >wV¢ ÒÏ� êÖ¢¾ Ö;z 
þöBº Nêf ³

ê¢ �;�Ê� Ú~�*, v>³ê, ê��WB~ «~ �~ �ë

æ>~ 'Ëj ¦Æ~&
. Z² V&~ ï� «¶�Vº �ëæ>ö

V¢ Fig. 3" ?� æz~&� 0.2-6µm~ º*ö ®î
. *~ �ë

æ> 7 ê��WB& ï� «¶�Vö &Ë � 'Ëj ��º ©j

r > ®�, ê��WB~ «~ö V¢ ' 
þ�~ ãËj Â]�

�ª� > ®
. j�NW ê��WB¢ ÒÏ� ãÖ £ 0.2µm~ &

Ë ·f Ö;� �W>î�, r�NW ê��WB~ ãÖ �WB Ö

;~ ï� �Vº £ 6 µm� &Ë �² ¾æÒ
. 6� v>³êö

V¢ «¶�V& Ã&�j r > ®�, «¶�Vö &� Ú~�*~

'Ëf 
Ö ·² ¾æÒ
. �æ r�NW ê��WB¢ ÒÏ~�

v>³ê& � ãÖ Ú~�*ö V¢ «¶�V& Ã&~&
.

v>³ê~ æzö V� >wV~ b���f «¶~ WËö 'Ë

j ��
. Ö;~ WËf �² bî*�" ��>w~ v �ê� ¾

2 > ®
[27]. Kim" Tarbell[28]ö V�� �¢� b���öB~

Ö;zº "� «¶ "*~ bî*� �êö ~� BÚB
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Fig. 4. Schematic diagram of experimental system with Couette-Taylor
reactor.
1. Feed storage tank 08. Peristaltic pump
2. D. C. motor 09. Pump
3. Couette-Taylor reactor 10. Sample port
4. Head tank 11. CO2 solenoid valve
5. Floating flowmeter 12. N2 solenoid valve
6. Surfactant flowmeter 13. pH meter
7. Surfactant storage tank

Table 1. Dimensions of present Couette-Taylor reactor

Radius of inner cylinder, ri 3.1 cm
Radius of outer cylinder, ro 5.0 cm
Gap size, d 1.9 cm
Reactor length, L 70 cm

Table 2. Experimental conditions in MSMPR and Couette-Taylor re-
actors

MSMPR / Couette-Taylor

Ca(OH)2 concentration 16 mol/m3

CO2 gas flow rate 1×10−6 m3/s
Mean residence time 600, 1200, 1800 s /1800 s
Impeller speed 400, 700, 1000 rpm
Surfactants           anionic sodium diocthyl sulfosuccinate
Surfactants           cationic polyethylene A-CR6
Surfactants           nonionic polyoxyethylene nonyl phenolether
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Fig. 5. Variation of mean particle size with impeller speed, residence time
and surfactant type in MSMPR reactor.

Fig. 6. Comparison of present experimental results with Jones et al.[4]'s
experimental data and Wachi and Jones[31]' theory.

Fig. 7. Variation of mean zeta potential with impeller speed, residence
time and surfactant type in MSMPR reactor.

Fig. 8. Variation of mean particle size with storage time at 54oC.
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Fig. 9. Comparison of present experimental results with two models of
micromixing in MSMPR reactor.

Fig. 10. Variation of mean particle size with inner cylinder speed and
surfactant type in Couette-Taylor reactor.

Fig. 11. Comparison of time courses of pH and particle size distribu-
tion in MSMPR and Couette-Taylor reactor.
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Fig. 12. Time courses of pH and mean particle size in Couette-Taylor
reactor.

Fig. 13. Time courses of pH and absorbance in Couette-Taylor reactor.

Fig. 14. Time courses of pH and zeta potential in Couette-Taylor reactor.

Fig. 15. Micrographs of calcium carbonate particles by SEM.
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B : nucleation rate [#s-kg]

C : concentration of component in solution [mol/m3]

d : gap size between inner and outer cylinder [m]

G : linear growth rate [m/s]

k : rate constant of reaction [m3/mol-s]

L : particle size [m] or Couette-Taylor reactor length [m]

n : population density [#/m-kg]

m3 : 3-rd moment of population density defined as 

[dimensionless]

rA : rate of reaction [mol/m3-s]

ri : radius of inner cylinder [m]

ro : radius of outer cylinder [m]

x : conversion of limiting reactant A [dimensionless]

�Ò�Ê ^¶

β : input concentration of reactant B defined as CB0/CA0 [dimensionless]

γ : Damköhler number defined as kCA0τ [dimensionless]

θ : age and residence time defined as τ/τ [dimensionless]

τ : mean residence time [s]

ωi : rotating speed of inner cylinder [rad/s]

~Î¶

A : component of OH−

B : component of CO2
0 : input value

�̂̂ ò

1. Chakraborty, D., Agarwal, V. K., Bhatia, S. K. and Bellare, J.: Ind. Eng.

Chem. Res., 33, 2187(1994).

2. Tai, C. Y. and Chen, F. B.: AIChE J., 44, 1790(1998).

3. Reddy, M. M. and Nancollas, G. H.: J. Colloid Interface Sci., 37,

166(1971).

4. Jones, A. G., Hostomsky, J. and Li, Z.: Chem. Eng. Sci., 47, 3817

(1992).

5. Chakraborty, D., Agarwal, V. K., Bhatia, S. K. and Bellare, J.: Ind. Eng.

Chem. Res., 33, 2187(1994).

6. Chakraborty, D. and Bhatia, S. K.: Ind. Eng. Chem. Res., 35, 1995

(1996).

7. Tai, C. Y., Chen, P. C. and Shih, S. M.: AIChE J., 39, 1472(1993).

8. Tai, C. Y. and Chen, P. C.: AIChE J., 41, 68(1995).

9. Franke, J. and Mersmann, A.: Chem. Eng. Sci., 50, 1737(1995).

10. Suhara, T., Esumim, K. and Meguro, K.: Bull. Chem. Soc. Jpn., 56,

2932(1983).

11. Yagi, H., Iwazawa, A., Sonobe, R., Mateubara, T. and Kikita, H.:

Ind. Eng. Chem. Fundam., 23, 153(1984).

12. Chen, P. C., Tai, C. Y. and Lee, K. C.: Chem. Eng. Sci., 52, 4171

(1997).

13. Juvekar, V. A. and Sharma, M. M.: Chem. Eng. Sci., 28, 825(1973).

14. Danckwerts, P. V.: “Gas-liquid Reactions,” McGraw-Hill, New York,

238(1970).

15. Astarita, G.: “Mass Transfer with Chemical Reaction,” Elsevier, Ams-

terdam, 131(1967).

16. Danckwerts, P. V.: Chem. Eng. Sci., 8, 93(1958).

17. Becker, G. E. and Larson, M. A.:Chem. Eng. Prog. Symp. Ser., 65,

14(1969).

18. Pohorecki, R. and Baldyaga, J.:Chem. Eng. Sci., 38, 79(1983).

19. Garside, J. and Tavare, N. S.:Chem. Eng. Sci., 40, 1485(1985).

20. Campero, R. J. and Vigil, R. D.:Chem. Eng. Sci., 52, 3303(1997).

21. Lee, S. G., Kim, M. C., Kim, W. S. and Choi, C. K.:J. Korean Ins.

Chem. Eng., 36, 42(1998).

22. Kataoka, K., Doi, H. and Koai, T.:Int. J. Heat Mass Transfer, 20,

57(1977).

23. Kataoka, K. and Takigawa, T.:AIChE J., 27, 504(1981).

24. Kataoka, K., Ohmura, N., Kouzu, M., Simamura Y. and Okubo, M.:

Chem. Eng. Sci., 50, 1409(1995).

25. Pudjiono, P. I., Tavore, N. S., Garside, J. and Nigam, K. D. P.: Chem.

Eng. J., 48, 101(1992).

26. Lee, S. G., Jung, W. M., Kim, W. S. and Choi, C. K.:J. Korean Ins.

Chem. Eng., 36, 49(1998).

27. Karpinski, P. H.:Chem. Eng. Sci., 40, 641(1985).

28. Kim, W. S. and Tarbell, J. M.:Chem. Eng. Commun., 146, 33(1996).

29. Söhnel, O. and Mullin, J. W.:J. Crystal Growth, 60, 239(1982).

30. Nielsen, A. E. and Toft, J. M.:J. Crystal Growth, 67, 278(1984).

31. Wachi, S. and Jones, A. G.:Chem. Eng. Sci., 46, 3289(1991).

32. Ogino, T., Suzuki, T. and Sawada, K.:J. Crystal Growth, 100, 159

(1990).

33. Kazmierczak, T. F., Tomson, M. B. and Nancollas, G. H.:J. Phys. Chem.,

86, 103(1982).

n L( )L3
dL

0

∞

∫


