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 ��� 27R� NS=> TT
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Abstract − The evaluation of the reactivity of domestic limestones in the wet type flue gas desulfurization(FGD) process is

important to maintain the performance and reliability of process, and to utilize effectively the limestone sources in Korea and

provide the basic data for design of FGD process. The dissolution rates of limestones were measured using the lab scale exper-

imental apparatus based on the pH-stat method, and diluted sulfuric acid was used as an acidic feed instead of conventional

hydrochloric acid. After identifying the good reproducibility of measurements, the dissolution rates were measured 4 times for

27 limestone samples collected from 21 domestic mines, respectively. The dissolution rates of domestic limestones were more

dependent on the physical characteristics including average particle size and specific surface area than the chemical composi-

tions such as CaCO3 and MgCO3 contents of selected limestone samples under these experimental conditions. And the disso-

lution rates of limestones were affected by the physical processing of limestones including grinding methods.
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��� ����  !" � #� $%�, ����, &'()* ��,

+, -��, �.��* �� / ��
�* �� 0!� ��1!�

2 ��� / $%'34 
5� 67� '3 89� :;<  6.

1990=> ?@ A�B!� �� CDE$ :F? GH�I� >JB

K L�M >N LO�K �� HP 89Q�R LSTU(Flue Gas

Desulfurization, FGD) V
W? VX�� Y9�Z [\ ]U?6. 2001

= ^_A �&, `aHP89Qb >]!� c 31:* TUde? V

X f��� gh ���Z [6. � i�R jkl 89Q / ��$

m3Q* L�M nob p� 67� LSTUdeW? Y9 `� [

!", ?W >�q� ���4 r(o st$� ��u; L�M ` U

'H�4 vw `H no� @ �Zb �'�� x'u\ y+���-

�Z de?6. z{� y+ ���-�Z LSTUde� ���� T

U� st$�� |} ~�{ �'��� ��A\ �Z* ,�_A Z

��6I �Z* ����R ���\ ��4 }��� w [�� �

6. ?� z{ LSTUde* >N w�nK �9��\ CaCO3 �N

95%(CaO�N 53%) ?]* Z,p ���* d�4 ��uZ [6[1].
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��� LSTUde ��� ���\ H�st� �� ��<� L

STUde* ��?� �Z* ,�� �X\ ��? ���* ���

*<�} ���A �\6. z{� ���* 67� ��? LSTUd

e* ��?� �Z* ,�� �X\ ��? e�� ���A �\6

I ���*  R¡ ¢� �q� £� Ee!� ?¤�¥ [\ ��*

���� £� ,�:F}!�\ ¦§B?ZR ¨©� [\ TUde

* Y94 :>ª w «6.

LSTUde* ¬��K ��?� ¢g 0��R TUde� Bl

� 7�* ���4 $du: p� 67� S�b ��<  6. 1970=

> ­ ��* CD�(EPA)� LSTUde�� ���* st� / �

<�R(dissolution rate) ®e� £� S�b w�� ?¯ 20= ?]?

A°A} ?� £� S�±²b ³�B!� 8JuZ [!", ¢g�

�´
�`d3(MHI)4 
5� >�, S�Q 0? 70=> ^�µ ?�

£� S�b �¶� ?¯ · :3? ¸auZ [\ vw¹ V³º»²

��# �	�� w�� LSTUde� B�ª ��� ��4 ®eu

: p� ¼½4 w�uZ [6[2, 3].

����\ ?¡ ¾� TUde� B�u: p� ���* st��

� £� S�� ¿* ���A �� ]U�� 6N* ���? HP8

9Q� LSTUV
b `À!� � y+ ���-�ZÁ TUde� ?

��Z [6.

g S���\ LSTUde� r(o st$�� ��' ���*

¦§BK Â�² LSTUde* ¨©R Ã� Y94 RºuZ, ��

TUde V³ :­ Ä�b $duZÄ pH-stat ÅÆ4 t�� ���

�<�R ®e 	Xb $¶uZ ��' ��� 27Ç4 >]!� �<

�Rb ®eu; 
ÈuÉ6.

2. ���� �	
� �


���� &'()(CaCO3)² QN* Ê�Ë)(Magnesium)Hl�

/ �N* ÌÂ�q(inert fraction)0!� ���� [6. y+���-

�Z LSTUde� :-Í ÎÏ²e4 Ð< '��Mb �Í �� vw

�Ñ @ �Í�* r(o �q4 ?�u; `H�Ò\ st!� ���

`* &'()� �Í �� r(oRb Á�u\Ó �� �q!� ¶�

�6.

Ô� Mg Hl�* ±e��(crystalline form)R ���* �<�P�

Õ� ��4 �\ Ö!� r�AZ [6[2]. ��� �<�R ®e4 Ð

< ?¡ ¾� LSTUde ��� ���* ��? �X\ ��4 B

×� ��ª w [4 |} ~�{ TUde Y9� `�� �QK H�

B ��, scaling4 ÅAu: p� sulfite 'H��, SO2b ¦§B!� $

¿u: p� SO2* ��9Ø ��² ���* ?�R 04 ��ª w

[6. Ô� de V³� Ù�� Ä�b �¸u: p<�R y+TUd

e�� ���* �<�Rb ?<uZ ®eu\ Ö� �� `�uI�

R ÙwBK ×Ú?6.

� �� ?� £� S�\ y+���-�Z de? Û8Ü ?¯ ÝÞ

ß_AR ³�B!� ?¤�AZ [6. à­* S�\ <w(seawater)�

� calcite �<� £� ¼½!� $�Ü áp�� ��� Çâ* ãÄ

ä:¡ Ès�R* ��� £u; ¼½4 uÉ6[6].

¢sB!� �����* st�4 ®eu: p� ¼½ÅÆ� Free-

drift ÅÆ² pH-stat ÅÆ 0? r�AZ [6. Free-drift ÅÆ� �å�

zæ �Í* pH çHb ®eu; ��� ãÄ¡ '(acid)* st�Rb

±eu\ ÅÆ!�, st�R ±e� �å² pH* �¯è� �éê :

ë:* çH��µ wQ?ì Q
N4 ³'uí Ü6. ��� ���?

�<1� z{ �Í�* r(oR� çu: îï� wQ?ì Q
N4

�Í* pH çH� ³'u\ Ö? �?uA �!" �å� z{ pH�

çu: îï� ±²<�? �?uA �� Ö? ðñ!� r�¥ [6.

pH-stat ÅÆ� Berner 0[7]� *< Û8Ü ÅÆ!� ��� ò�o

� '4 S�B!� d�u; pHb ¢euí aAu\ ÅÆ?" r(

oR� ¢euí �ó� �<�Rb ±e�� [� r(oR� >� ï

$ñ? «�Aí Ü6. z{� ôõ�? Ã: îï� öH]÷� ³�

B!� çH�\ Free-drift ÅÆ� 
< pH-stat ÅÆ� ¢e� 
�Á

(constant disequilibrium) ��u�� �<�Rb 
ÈB e�uí ®e

ª w [6.

Plummer 0[8]� Free-drift ÅÆ² pH-stat ÅÆ4 ?�u; Å<�

(iceland spar)* �<¼½4 w�uÉ!", ?W� pHb ø �ù!� �

ú� �<�Rb �é�û6.

? 0[4]� �q+² S�+ st:b ?�u; 5Ç* ��' ���

* ãÄä:, �� / ãÄä:qö� ���* �<st� �X\ �

�4 S�uÉ6. ?W* ±²� *uI ���* Çâ� £³«? ã

Ää:� ¶� Ö* �<�R� �	 üý!", �¢ãÄ ä:¢ D�

�\ ���* ��� ��4 þÿ4 ¸É6. �� 3%* MgO� *<

� L eR* �<�R ]�¦²� [ÿ4 ¸É6.

g S���\ ? 0[4]* S�±²b `À!� 67� Çâ* ��

' ���* �<Rb ®euZÄ uÉ!" LSTUde* G$'H

de4 º�u: p� '�Í!�\ ?W? ��� �' >¨ ���

* �<st� sulfite� *� �$ õ]4 ÅAª w [R� U'�Í

(1.0 mol/l)4 ��uÉ6.

U'�Í ��� ���\ ���* st²e� + (1)² ¾? �é�

w [6.

H2SO4+CaCO3+H2O�CaSO4 · 2H2O+CO2 (1)

p st+�� SO4
=?ì� >� ��wA+4 ø�I 6ÿ² ¾6.

(2)

;:� F: titration rate of H2SO4 [l/hr]

;:� Cs: concentration of H2SO4 solution [mol/l] 

;:� C: concentration of H2SO4 in the reactor [mol/l] 

;:� V: the volume of H2SO4 slurry in the reactor [l] 

;:� r: dissolution rate of limestone with H2SO4 [mol/l · hr]

+ (2)�� ò�o* ��(V)çH\ �� ¶Z, ­:� �Z seedb 	

ãuó� ²öHõ]� 8xuA �\6. z{� e]]÷��\ SO4
=?

ì 
R çH� ¿* «!ó� + (2)* �ç�* FC�² �ç�� zero

� �4 w [6. ? î + (2)\ 6ÿ² ¾? eoª w [6.

(3)

±� ¼½B!� U'�Í* 
R / d�N4 ®eu; ���* �

<�Rb �uí Ü6.

3. ���� � ��

3-1. ����

���* �<�Rb ®eu: p� 	X\ Fig. 1² ¾? �<st:,

'd�	X, pH ®e / �×:, ìR ®e / �×	X, Ès:, ®e

/ :�	X 0!� ��Ü 
ÈB ð � ��* �q+ 	X?6.

��Ü st:* A
� 15 cm, �? 20 cm, ���N 3 oµ* ~ä

� ô� st:?" Ès:�\ è��� éã4 ��uÉZ Ès¦²

b Ã?: pu; st:��\ baffle4 VXuÉ6. Ès�R\

500 rpm!� ¢euí aAuÉ!", st:* ìR\ immersion heater

¡ PID ìR�×:b ?�u; 50�0.2oC� �×uÉ6[4].

FCs FC– rV d
dt
---- CV( )=–

r
FCs

V
---------≅
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pH* ®e / �×� Mettler�* pH Electrode(3000/225) / pH �

×:(��8¦: $�)b ��uÉ!" pH �×:* OP!� ¶��

\ U'�Í d��è\ Fluid metering�* �è(RH00CTC)b ��u

É6. U'�Í* d�N4 B�� ®eu: pu; 0.01 g_A ®e?

��� AND�* �A� �ë(FA3000KV)b ��uÉ!" º� Ó?

µ\ Hybrid recorder(Yokogawa HR2300)� ì{K!� S�B!� ®

e :��" 6� PCb Ð< º�µ� / �	ª w [R� ��uÉ6.

3-2. ��

�� ���� AùBK �ô� À� Ä�!� �	N* 68%� G�

R�, 26% eR� ���R� �`�� [6. g S���\ 67� �

�* ��� ��b �¸u: pu; 21Û �'�� 27Ç* ���4

��uÉ6. ¼½� ��Ü ��� ��\ q ²e4 Ð< 325 mesh*

JF!"b 95% ?] Ð²uR� uÉ6. :F!"b Ð²uA #�

$� ãÄ* ��\ ôq u; 6� Ð²�%!�2 ��� ��* �

�? ��uI aA& w [R� uÉ!" ?¡ ¾� ¶3� �� /

q" 9ï �� :£K ��A�Ä�S��� *©u; ?¤�'6.

Table 1� ?W ��� >� H�B ��² �(ãR / 
JIB 0

�oB ��4 q�u; :�� Ö?6. �(ãR\ ãR®e:(Master-

sizer, Malvern Instruments�, Model: MS20)¡ Fritsch Economy Analysette

22b ?�u; ®euÉ!" 
JIB� ‘d:	² 	X� *� ö)*+

���* q^R �½ÅÆ(KSL 5106)’� *u; ®e� Blaine 	²R

Fig. 1. Schematic diagram of the limestone dissolution rate measuring apparatus.

Table 1. Chemical and physical characteristics of the limestone samples

Limestone 
sample No.

Chemical compositions(wt%) Average particle size
(µm)

Specific surface area
(cm2/g)

Dissolution rate
(mol/l · h)×10−5

SiO2 Al2O3 Fe2O3 CaO MgO

LBC01 0.86 0.27 0.35 49.81 3.90 7.63 5,558 4.40
LBC02 0.38 0.21 0.09 54.60 0.71 7.20 4,910 6.04
LBC03 0.54 0.22 0.09 54.92 0.30 7.06 5,908 6.20
LBC04 0.26 0.20 0.09 54.80 0.63 7.48 5,638 5.40
LBC05 0.27 0.20 0.07 54.70 0.56 7.57 5,530 5.80
LBC06 1.47 0.21 0.14 54.39 0.43 7.31 5,540 5.53
LBC07 0.17 0.18 0.07 54.79 0.59 7.21 5,640 6.36
LBC08 3.00 0.20 0.24 51.98 1.77 6.44 5,970 7.13
LBC09 0.24 0.18 0.12 55.05 0.37 6.44 6,530 6.80
LBC12 0.26 0.18 0.07 54.99 0.42 6.88 6,330 7.50
LBC13 1.17 0.17 0.10 54.96 0.21 7.17 5,730 6.31
LBC14 1.22 0.16 0.15 54.57 0.40 6.92 5,720 6.73
LBC15 0.17 0.14 0.14 55.26 0.25 6.36 5,980 7.40
LBC16 0.30 0.16 0.15 55.08 0.33 14.280 3,846 2.90
LBC17 0.53 0.20 0.04 54.55 0.33 6.94 6,320 6.66
LBC18 1.43 0.22 0.05 53.84 0.85 6.79 6,480 6.75
LBC19 2.00 0.25 0.12 53.80 0.75 6.69 6,060 7.43
LBC20 0.31 0.17 0.06 55.54 0.27 7.28 5,960 5.92
LBC21 0.68 0.23 0.07 54.20 0.85 6.57 6,540 6.81
LBC22 2.98 0.27 0.10 53.17 0.90 13.160 4,345 3.76
LBC23 5.65 1.01 0.49 50.63 0.95 7.87 5,990 7.62
LBC25 10.170 1.00 0.59 45.29 3.30 5.20 6,310 5.31
LBC26 0.13 0.16 0.11 55.37 0.21 6.93 5,740 7.62
LBC27 1.70 0.41 0.36 52.18 1.75 8.05 5,360 4.90
���� �40� �3� 2002� 6�
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�� �é�û6[9].

¢sB!� ��u\ 
JIB ®e:(BET)* ®e¨©�å? >,

10 m2/g ?]?ó� >�q 10 m2/g ?uK ���* 
JIB4 ®e

u\Ó\ �B×� ÅÆ!� x·�� ���* q^R ®eÆ4 ?

�u; ãÄ* ðp -í. �øeRb ®euÉ6. J�� ¸\ /¡

¾? �(ãR\ 5.0-13.0µm, 
JIB� 4,000-6,000 cm2/g ápb

�é�û6.

3-3. ����

U' �Í(1.0 mol/l)4 U'd�	X� ��Z st:�\ 0�� �

Í(1âw) 1.5lb �Y6. Ès:b 500 rpm!� ¶��ÒI� st�

*< x��\ �Z 
R� *� ��4 ÅAu: pu; �2� �Z

100 g4 st:� 3\6. 6ÿ� ®euZÄ u\ ����� 5 g4 3

Z st�Í* ìR� 50oC� �I ' d� �èb ¶��Ñ6. ? î

pH\ 5.8�0.2� $��6. U'�Í* d� �R\ 1.0 g/min!� �×

uI� Q
N� �A� �ë* OP4 hybrid recorder� S�B!�

:�u" ��� 45µ� S±u; Ó?µb �	uÉ6. ³'Ü Ù�

' d�N* 2 70%� d��I ¼½4 Ç�uZ 	ã�å4 ®eu

; ' d�N4 ³'�6[3, 4]. �� ¼½� '�Í d�£� �* 6

â U'�Í4 $¿� @ ¼½4 �¶uÉ6.

4. �� � �� 

¼½>] ��� ��* �<�R\ ¼½ ôõ� $Zb p< · �

�� >u; 4� ®e¼½4 w�� @ �Ú� äA �!I �(Xb

�u; ®e7!� ±euÉ6. ? D�� · ���* �<�R\ ­

:� �ã� ���* 70%� �<Ü �ñ4 :F!� 
ÈuÉ6. ¼

½±²��µ �(X��µ �Ú\ 5%�#* ôõ�4 ¸É6.

Fig. 2¡ 3� ���* CaCO3¡ MgCO3* ··*  R� zæ ��

� �<�Rb �é8 Ö!� �9�� ¸\ /¡ ¾? :;� ]££

³b ¸?A �Z [6. <, g ¼½� ��Ü ��� ��¡ ¼½��

!��µ ���* H�B ��� zæ �<�R* çH\ D��4 ¸

?A\ #uZ [6.

Fig. 4¡ 5\ ���* �(ãÄä:¡ 
JIB� zæ ��� �<

�RçHb �é8 Ö!� ¢sB!� ���* �<�R\ �(ãÄ

ä:¡ s
=u\ D�4 ¸É6. �9�� 9"BK D�!��µ ä

í >��\ ���� >� �K4 ?@¸: pu; �9* · Ó?µ

� ABb �;uZ ?W* ��4 Table 2� �é�û6.

�¬ �<�R� C� LBC01� MgCO3 8.16%�� �� ���*

D�� 4.0% ?]? �I D�Ê?�� Eôª �F? Ãí Ü6. z{

� ²G!� Eôu\ D�Ê?� �q!� Ku; �<�R* �ub

�¥ì Ö!� HðÜ6. LBC27� LBC01² ¾� ?a�� C� �<

�Rb �é�\ Ö!� ¸?", LBC25\ D�Ê?� �N� Ã!I

� CaCO3�N� C� �,p ���?ó� �<�R� C� 74 ¸

?\ Ö!� HðÜ6.

LBC16² LBC22\ CaCO3 �N? Ã� Z,p ���I�R Ì�u

Z ä:� 6æ Ö¸6 ]>B!� ä: îï� �<�R� Cí �éFig. 2. Effect of CaCO3 content in limestone on dissolution rate.

Fig. 3. Effect of MgCO3 content in limestone on dissolution rate.

Fig. 4. Effect of limestone particle size on dissolution rate.

Fig. 5. Effect of specific surface area of limestone on dissolution rate.
HWAHAK KONGHAK Vol. 40, No. 3, June, 2002



408 ���������������

ty,

7

 of
ê Ö4 r w [6. z{� H�BK ��* ��¸6\ �oBK �

�* ��? ALBI4 r w [6. ?� su; LBC8� ¾� ,p*

���� 
< �<�R� Ãí �é°\Ó ?\ H��q ` MgCO3

� 
�<� D�Ê?� ��¸6\ �<� Mg* ��4 JZ [: î

ï� �<�R* �]4 ¸K Ö!� Hð�Z [6.

Fig. 5\ ���* 
JIB� zæ ��� �<�RçHb �é8 Ö

!� >"B ���* �<�R\ 
JIB? 1��� z{ 
=u\

D�4 ¸É\Ó ?\ ��� ãÄ Ä"\ :d? ¿* 8ØuA ��

K�ãÄ?ó� 
JIB? ðp -í. �ø� ãÄ� Õ4w� 1�

uZ [!" z{� �(ãÄä:¡ LÎ� £³� [: îïK Ö!

� HðÜ6.

Fig. 6� LBC19 ��b Jet mill(M¢ Alpine-Hosokawa, Fluidized Bed

Opposed Jet Mill, Model: Alpine 100 AFG)� q � Ö² Ball mill

(�� Edison�, Model: 8000-115)4 ?�u; q uÉ4 î �<�R

b 
È� Ö!�, �¢� H�B ��² �oB ��4 A�Z [\ �

�{ ªA{R q D� <, �oB ��? �;�\ ÅÆ� z{ �<

�R* Ú?b ¸?Z [!" ¾� ��4 JZ [\ ��� [�� ã

Ää:� z{ �<�R� Ú?� �Z [ÿ4 ¸; F6. õô �� 8

9Q�� ��`K ��� 1Ç� >� ±²R �9� ¾? �é�� 


ÈuÉ6.

5. � �

y+ LSTUde�� ��' ���* ¦§BK Â�4 RºuZ

�� LSTUde* ¨©R Ã� Y9² LSTUde V³:N* :

­ Ä�b $du: p< ���* �<�Rb ®euÉ6. pH-stat Å

Æ4 B�� ¼½¼ Eº* ¼½ 	Xb ?�u; �<�R ®euÉ

!", :E� ��uO �'�Í >¨� P� U'�Í4 '�Í!�

��uÉ6. ?b ?�u; ��' ��� 27Ç4 >]!� �<�Rb

®euZ 
Èu; 6ÿ² ¾� ±Q4 �û6.

(1) P� U'�Í4 ?�u\ ��� �<�R ®e 	Xb ?�u

; 27Ç* ���� >< 4�R ®e� ±² �(X��µ 5% �#*

ÝÚb ¸É6. ?b Ð< g 	X* ôõ� / �� zæ ¨©Rb �

Kª w [û6.

(2) g S��� ��Ü �� / ¼½��u�� ���* �<�R\

CaCO3, MgCO3* �N, < ���*  R� *� ��¸6\ �(ãÄ¡
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ª Ö!� HðÜ6.

(4) ��� �q` Mg Hl�* �<� ;�� z{ ���* �<

�R� ��4 þZ [!ó� ?� >� S�� k���� ª Ö!�

HðÜ6.

(5) g ®e 	Xb ?�u; ¸6 eNH�Z 6N* S�±²b .

B�!�2 LSTUde� ���!� H�B ��? 6Q ��� �

��4 �oB ��4 �]�T de* ��4 aAª w [\ Å�4

ROª w [4 Ö!� HðÜ6. 

� �

g S�\ '3Ä��* �e�SA:NÛ8�3!� w�Ü S�±

²�� A�� U�+V�6.
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Specific surface area
(cm3/g)

Dissolution rate
(mol/l · h)×10−5

SiO2 Al2O3 Fe2O3 CaCO3 MgCO3

LBC01 0.86 0.27 0.35 88.95 8.16 07.63 5,558 4.40
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LBC16 0.30 0.16 0.15 98.36 0.69 14.28 3,846 2.89
LBC22 2.98 0.27 0.10 94.95 1.88 13.16 4,345 3.76
LBC25 10.170 1.00 0.59 80.88 6.90 05.20 6,310 5.31
LBC27 1.70 0.41 0.36 93.18 3.66 08.05 5,360 4.90

Fig. 6. Effects of limestone particle size and grinding methods on disso-
lution rates.
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