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Abstract −−−− For the kinetics of the carbonation reaction of calcium oxide by carbon dioxide, a model equation has been pro-
posed as follows: X=kbt/(b+t), where, X=the mass fractional conversion of CaO, k=a kinetic rate constant (time−1), b=a con-

stant (time) corresponding to the time necessary for half the ultimate conversion of CaO, and t=time. The rate of carbonation

reaction is expressed as dX/dt=k[b/(b+t)]2. The constants k and b in the two regimes of CaO-conversion, surface chemical reac-

tion control, and diffusion control, have been obtained as functions of temperature, respectively. Values of the ultimate con-
version of CaO are dependent on temperature, and, in this model, given by the product of two constants, k and b. The CaO

carbonation behavior has been well represented by this kinetic equation proposed.
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1. � �

��� ��� ��	
 ��� 
� �� ��� ��� �-� ��

�� ����  !"#� $%. &', CO2� �( CaO� )�* ��

� +, -./[1], 01 23./[2] 45 CO2� 67, ��� 89

[3], *: ;<=[4] > )*?, 45 @A ?,� ��[5]� B� �

"C
. DE#� $%.

�-� CO2-CaO ��� F .�� GHI( JK�  LMN%1 O

� P QRS $%. �� T� UV�W� ��� XYZ [\��� 

�] ^_ GH  LMN%. `�a, CaO� )�* b�c� d.e�

fg CaO hi jkl�  �3mn CaCO3 o� pqrs t3#\

W, �u B� ov w( CO2� D�� I( xs #a ��GH1 y

,rs N%. � ��� CaO. zb' )�* b*{ |}� LM#�

~��, �� b�c� 70-80% AH� ��1 O�  �� #� $%

[6]. �u B� �-� �� GH� ���� 
� �� .� ���� I

U#a �%. .9 	�N O�  +G�� ��(continuous model) >

X�� � ��(unreacted core model)� $%[7]. +G�� ��� �

� ��m� D�� *:��� X� �6' ^�%� .A( O� 

W D�GH �-JK� �+' ��r1 CaO )�* ���1 b�

�� ~%. ?� � ��(shrinking core model) H QRL X�� �

��� ��JK� hi� jk l \�W �l�  bLr1 r��

�� b�� �(r� Za�%� .A( O� W %� � (1)� B�

���aL%.

(1a)

(1b)

��W, t=U�, X=CaO� )�* b�c, τ=CaO hi� CaCO3 

 t 
τ----- 1 1 X–( )1 3⁄–=

 t 
τ----- 1 3 1 X–( )2 3⁄ 2 1 X–( )+–=
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690 �������
zb )�* b�r1�  71 U��%. � (1a)1 *:�� GHI(

JK, � (1b)1 D� GHI( JK� E( b�c� U��� ¡¢�

��£%. � ��� CaO )�* ��� �"{ ? $��, U� t=τ�
W b�c� 1  ¤a�¥  D�GH Ia JK�W GH¦� §¨v

���1 �1 �©r� ~%� ª ? $%. 0(, � ��� b�c�

U� t� E� ��n e?  «a�¥  X� ¤1� ¬­( V� $%.

Bhatiau Perlmutter[6]1 CaO )�* ��§¨� �4 �®¯p� �

¡¡¢� °Hr� %�� B� random pore modelv I�r±%.

(2a)

(2b)

��W, Ψ=CaO hi� ²
4³´ T� X[\�, ®µH > ²
4

³´ T� �®� ¶ ·�� fg ¸g�1 ¯p� �¹ �?, k', k''=

GH �?�%. � (2a)1 *:�� GHI( JK, � (2b)1 D� G

HI( JKv 
( O�%. Bhatiau Perlmutter[6]1 � (2b)� º"

r� �� GH¦� �?� ¢�r±%. � ��� CaO hi� a»

¯p�n &3�� )�* �� GH� J¼v ½�1�� ¾¿r1

� °"( O��À, !"r�� �� ÁÂ( Ã\� $%.

ÄW ÅÆ( ju B� CaO )�*. !"#1 �� ®A� $aW

ÇÈv w� ¤� )�* b�cv �©rs [É�Ê ? $1 GH�

� �� ��®A� Ë¢ 01 ��Ìv r1 � $aW ÇI��  �

Í�% ÎÏr%. Ð ��W1 ��( CaO hi� )�* ��� E(

�²( ��GH ��v IUr�, ÑÒ�� ÇÈ iÓ� w� �� Ô

d� eÕ, ���W� ��GH¦� �¹ �? Ö�v ×Ar�i (%.

2. �� ��	 
�

585oC ��� ��ØH�W U�� f_ CaO� )�* b�c� E

( bt�n ×�� Fig. 1� ���Ù%. ��� �n data1 Bhatiau

Perlmutter[6]� ÚÑ iÓ� n"( O�%. ��� CaO hiÛ�

81µm(−170+200 mesh) > 42% CO2-58% N2 Ü2�Ý� º"( pÞ

�W � iÓ� ¤Ù%. �u B� CaO )�* §¨� 45 b�c�

ß� �� T�� )�* GH. ^��, � T� GH1 ØH� fg

¸gàv Q ? $%. 0(, U�� fg )�* b�c� d.#a á

��� ÇI�n b�c d.. �âa�� ~1 ��b�c Xu� .

}ã�\, )�* GH1 J� äåev Q ? $%. �� �Tr�, T

� )�* GH� r�� �? k  ��£%\, )�* b�c� f_

)�* GH1 %�� B� ��æ ? $%.

(3)

��W, n� �¹�?�%. CaO )�*��� Uç#1 UV�W )

�* GH1 k Ö� fg ¸g��, fgW k1 [\ *:�� GH�

?(time−1)  è ? $%. b�c� d.� fg, )�* GH1 � (3)

�W� yéê, (1-X/Xu)
n� fg y,#�, X=Xu�W J� N%. �

�U�� e?  )�* b�cv ���� 
r� n Ö�  ëë 1

> 2� ìr�, � (3)v �6r\ � (4) > � (5)  «a�1 ¡¢�

v ëë ¤v ? $%.

(4)

(5)

Fig. 1�W� )�* b�c §¨v ���1 � $aW � (4)u �

(5)� �E�n �©3� �Ð��  �,iíî� �( ïð6ñv w

� ×Aª ? $%. � (5)� º"( ïð6ñ�W .9 ßs ��� �

¡¢?(correlation coefficient)1 0.95 W, �O� 585oC ��ØH�W

� b�c iÓ� E� ��ò��, ØH. óv?ô �¡¢? Ö��

1� .õs ��ò%. �� �r�, � (4)� º"( �]� $aW .9

ö� �¡¢? Ö� 0.91  725oC�W� b�c iÓ�W ¤a÷��,

��ØH. ßv?ô �¡¢?1 á ß� Ö�  ��ò%. ��( ×

�1 � (4)�%1 � (5)� �� )�*�� §¨� �% á �©' �

��aàv �½(%. ø, CaO )�* GH1 � (3)�W n=1 �%1

n=2  «a�1 yéê�  ��ù� �©ev Q ? $%. � (4)  «

aL �� Shih ú[8]� 8Ø ûü pÞ�W CO2� �( Ca(OH)2� )

�*�� GH��  I�( �� Z�(%. ��� )�* GH.

Ca(OH)2 [\�W� *:��� �� �-N%� .Ar� ���3m

n CaCO3� �( [\ V°c(surface coverage)� ý*� �Rr� G

H ���v °Hr±%. � (4)  ����1 GH��� �� ���

ÇÈ×�1 P [É#Ù%. ��� Ð +¯�W� CaO� )�* §¨

� � (5)� �� �% á �©' [É#¥  � (4)1 á �� �Rr�

~�  (%.

�� b�c� ©�� �´r1 b�c}� )�*��� LM#1

�  71 U�v �? bg r\, t=b�W X=Xu /2. N%. � ¡¢�

� (5)� Ehr\, �� b�c Xu� %�� B� ��æ ? $%.

Xu= kb (6)

� (5)� Xu� � (6)�  ��r\, U�� e?  ��£ CaO )�*

b�c� ����  %�� B� ¤a L%.

(7)

CaO )�*� f_ CO2� I§GH1 CaO hi þ4�W� CO2�

mÿb¸I(� ��r� ~1 �] %��� B� � ? $%.

(8)

1
Ψ 
------ 1 Ψ 1 X–( )ln– 1–[ ] k′t=

1
Ψ 
------ 1 Ψ 1 X–( )ln– 1–[ ] k″ t=

dX
dt
------- k 1 X

Xu 

-------– 
 n

=

X X u 1 k
Xu

------t– 
 exp–=

X
Xut

Xu

k
------ t+

-------------=

X kbt
b t+
---------=

rCO2

1
MCaO

-------------dX
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-------=

Fig. 1. Conversion data of CaO carbonation adopted from reference 6.
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��W, rCO2
=CaO ²
 ÿ�´ CO2� I§ �GH, MCaO=CaO 6i

��%. � (8)�W� CO2 I§GH1 ���W� CO2 �H êv �

er� ~1 O�  [ÉN%. �� E( -��  Bhatiau Perlmutter[6]

1 CaO )�* �� T�� $aW )�* ��GH1 �� CO2 6

�� �� ��� J¼v x�À, �� D� GHI( JK�W1 CO2

�Hu ¡¢. 	1 O�  ��r±��, Dedman� Owen[9] 0(

CaO )�* ��� CO2 �Hu �¡( O�  ��( j $%.

IUN ���� �´3v Ô
r�, GH¦� �? Ö, k > b� ¯

r� 
� � (7)� %�� B� �t*ª ? $%.

(9)

3. �
�� �� � ��

3-1. ��� ���� Data Fitting

Fig. 2u Fig. 3� Fig. 1� ��£ b�cv �t* ��� (6)� fg

�t*r� ��£ O�%. Fig. 2u Fig. 3�W ��� ���1 b�

c� ëë �� T�²¢u �� ��4�W ¤aL O��%. Fig. 2�

��£ ju B�, 725oC�W1 �� T�� ��� ¡¢	� b�c

bÝ. �t�� P �s ���� $%. ØH. y,e� fg �t�

  ���1 b�c JK� V
 ���� $�v Q ? $%. �O�

ØH. óv?ô, )�* ��� §� �� b�c� %%� |}� *

:��� �� �] ^_ GH  Za��, 0(, D� GHI(� ��

W � J¼v ½�� �ev ��£%. ØH. ß��\W ��GH1

D� GHI(� �( J¼v V
 Ûs xs #¥  b�c� X��

ß� JK�WH *:�� GHI(� �( ��GH 45 �a�s

#�, fgW Fig. 2� �n ju B� �t3v �s N%. *:�� G

HI(� �� «aL ��GH 45 �a�� Uçr1 CaO b�c

� 690, 655, 615, 585oC�W ëë 0.64, 0.39, 0.25, 0.2�%.

D� GHI(� �� ��GH. �-#1 JK�W� )�* b�

c� E�W1 Fig. 3� �n ju B�, ë ØH�W �t�  ���

1 b�c JK� ��r� $%. 690, 655, 615, 585oC�W �u B�

�t�  ���1 b�c� �, Ö� ëë 0.51, 0.45, 0.39, 0.3�%.

ëë� ØH�W ��( �, b�c Ö ���W� CaO )�* ��

� D� GHI(� �] Ûs ç"r1 pÞ�W LMN%� ª ? $

%. Fig. 2� �n ju B�, 725oC�W� �t� ¡¢1 �Ð�� 

�� b�c JK� E� �"{ ? $�À, Fig. 3�W� �t¡¢1

b�c 0.63 ��� data� º"r� ���Ù%. Fig. 2u Fig. 3� ��

£ F �t¡¢ 45 �a�1 b�c C
�W� )�* ��� *:

�� GHI( > D� GHI( J¼v eÕ x1 �]  è ? $��,

��( b� JK� ØH. d.e� fg ���� $�v Q ? $%.

3-2. �	� �
�

Fig. 2 > Fig. 3� �n ju B� �t¡¢ 45 ¢�N GH¦�

�¹�? Ö�v Table 1� A7r±%. IUN ���W �� )�*

b�c� kb  ¢�N%. 725oC� �]� Iþr�, *:�� GHI

( JK�W ¤� GH¦� �? Ö�v º"r� )�* b�cv ¢

�r1 O� D� GHI(� �( J¼� �e#a $� ~�¥  b

�c� ZA( Ö �� d.#\ ÇÈ�u b� �� ~s N%. ��

� *:�� GHI( JK�W ¤aL k Ö� 45 CO2u CaO [\

� *:��� $aW L !3*���� E( A�� ¤v ? $%. Fig.

41 Table 1�W� �?�� E( Arrhenius plot� W, X�� ö� �

t¡¢� ��� $%. � 45 ¤aL !3*���u �? Äi7

ni Ö�� Table 2� ���Ù%. !3*���1 *:�� GHI(

1
X
---- 1

k
--- 1

t
--- 

  1
kb
------+=

Fig. 2. Data fitting to Eq. (9) for the carbonation conversion in the chem-
ical reaction control regime.

Fig. 3. Data fitting to Eq. (9) for the carbonation conversion in the dif-
fusion control regime.

Table 1. Kinetic parameters for the proposed model 

Temp, 
oC

Chemical reaction control regime Diffusion control regime

k, min−1 b, min kb k, min−1 b, min kb

585 0.406 0.587 0.24 0.056 12.49 0.70
615 0.601 0.489 0.29 0.110 6.821 0.75
655 0.925 0.506 0.47 0.344 2.241 0.77
690 1.070 0.637 0.68 0.759 1.001 0.76
725 1.855 0.404 0.75 2.111 0.352 0.74
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692 �������
JK > D� GHI( JK�W ëë 72.2 > 184.1 kJ/mol  ��#

Ù%. Dedman� Owen[9]� 200-600oC º�� CaO )�* ���W

D� GHI( JK�W� !3*���� 39.7 kJ/mol  ��r±%.

��� ��( Ö� ��� !3*���� CO2� CaO hi� D�8

ê� �nr� ���1 O�  �ñr±%. ��( �], ��� ÇÈ�

$aW L !3*��� Ö� � 79.4 kJ/mol  ��#�, �O� hi

� �Ý ��m� D�� GHI(Z | ¤a�1 !3*��� Ö�

2-  è ? $� |Ñ�%. �u B� �� Ö(79.4 kJ/mol)� Ð ÚÑ

�W ��N *:�� GHI( JK�W ¤aL !3*��� Ö

(72.2 kJ/mol)� W  Ûs %�� ~�v Q ? $%.

D� GHI( JK�W� !3*��� Ö�  Bhatiau Perlmutter[6]

1 random pore modelv º"( iÓ�ñv w� 425oC ���W 179.2

kJ/molv ��r±%. � Ö� Ð ÚÑ�W IUN ��� �� ��N

Ö(184.1 kJ/mol)� W  �©' 42r� $�v Q ? $%. Bhatiau

Perlmutter[6]1 �u B� ó� Ö� !3*���� ó� ØH�W CO2

. 6iD�� ��, CO3
2− W �Ý� D�� �� CaO )�*. L

M#� |Ñn O�  �ñr±%.

3-3. �
� ��� ��� ��

D� GHI( JK�W ¤aL GH¦� �¹�? Ö�v º"r�

U�� f_ )�* b�c §¨v �Ãª ? $%. �� 
�, �? b

� ØH ��3v ×Ar�� (%. Fig. 1 > Table 1(D� GHI( J

K)� �n ju B�, �� )�* b�c� ©�� �´r1 b�c

}� )�*. LM#1 � ,Ï#1 U� Öv ���1 �? b1 Ø

H� d.� fg y,r� $�v Q ? $%. Fig. 4� �n ju B

�, �? b� ØH ��3� Arrhenius �� �� P [É#� $��,

*:�� GHI(n �]u D� GHI(n �]� $aW ¡¢��

Table 3� ��£ ju B%. Fig. 51 Table 2u 3�W Arrhenius ��

  «aL D� GHI( JK�W� �¹�? Ö�v º"r� ¤� b

�c �Ã�u ÇÈ�� X�r� ��£ O�%. D� GHI( JK�

W ¤� �¹�? Ö�v º"( b�c ¢��1 Fig. 5� �n ju B

� b�c� 0.37 ½Àn JK�W1 ÇÈ�u �´( 	
� �n%. �

�� á ó� b�c JK�W1 §� Z�N ×�� ��� $%.

Fig. 4. Arrhenius plot for the parameters, k (closed) and b (open) in the
chemical reaction control regime (circle), and in the diffusion
control regime (triangle).

Table 2. Activation energy and pre-exponential factor

Chemical reaction 
control regime

Diffusion control 
regime

Activation energy Ek, kJ·mol−1 72.2 184.1
Pre-exponential factor ko, min−1 1.03×104 8.15×109

Table 3. Temperature dependency of the parameter, b

Chemical reaction control regime Diffusion control regime

b=0.1569 exp(1103.9/T) b=1.325×10−10 exp(21800/T)

Fig. 5. Conversions predicted by the model with parameters obtained
in the diffusion control regime against those experimented (same
legends as Fig. 1).

Fig. 6. Modified prediction of conversion using the parameters obtained
in the chemical reaction control regime for lower conversion levels
(same legends as Fig. 1).
���� �41� �6� 2003� 12�
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b�c� �E��  ß� JK�W �á AD( b�c §¨ �Ãv


�, *:�� GHI( JK�W ¤� GH¦� �? Ö�v ��U

ç UV� 45 D� GH I( JK�W ¤� bÖ� ©�� ��1

UV}�� U�� (� �"r� ��%. �u B� ?AN �î� 

�ÃN b�c� Fig. 6� ��£ ju B��, b�c� ß� JK�W

H ÇÈ�u X�� P Z�#1 ×�. ��ò%.

4. � �

��*),� �( CaO )�* ��� %�� B� IUN b�c

§¨ ���� �� P ��æ ? $Ù%: X=kbt/(b+t), ��W, �¹�

? k1 )�*�� GH�?  A�#Ù��, �? b1 kb  «a�1

�� )�* b�c� ©�� �´r1 b�c}� )�*. LM#1

� �Ï( U��  A�#Ù%. �� T�� [\�� GHI( JK

� ��� D� GHI( JK�W� �?Ö k > b1 ëë Arrhenius

� t � ØH� e?  ×Ar±%. IUN ��� �� ��N CaO

)�* ��� !3*���1 *:�� GHI( JK�W 72.2 kJ/mol

  ��ò�, D� GHI( JK�W1 184.1 kJ/mol�Ù%.

� �

Ð ÚÑ� �:�!4 2002" ÎV�.+¯¹#º�(ØÇ./8y�

!¹#º�, �I $%: M10028000005-02A2700-00514) �& +¯×

�� Z4'.

����

b : parameter in the proposed model [min]

k : parameter in the proposed model [min−1]

k', k'' : rate constants in the random pore model, [time−1] and [time−1/2],

respectively

MCaO : molecular weight of CaO [g· mol−1]

n : order of carbonation reaction [−]

rCO2
: molar rate of CO2 removal per unit mass of CaO [mol·(min·g)−1]

t : time [min]

X : carbonation conversion of CaO [−]

Xu : ultimate carbonation conversion of CaO [−]

���� ��

τ : parameter in the unreacted core model [min]

Ψ : structural parameter in the random pore model [−]

����
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