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'(� )*+,� 	
�� �� -.� /�0� 123 24� 56 )*� �7�89. /�0� :;� <= %>?

@ABC�(kGa) D� %> Reynolds number 21,000-33,0003 E> Reynolds number 950-2,400 F&�� G*H >55

CI� JK9. Dual Flow Tray(DFT)� L,6 /�0�� SO3 MN� 0.2-0.3 wt% #NO PQ GR�� L/G ratio�

S�� <= SO2 TUVW	 XY S�Z� �� [\], SO3 MN� 0.7 wt% 	>^ _`��� L/G ratioa SO3 MN

� b���N c de� f\ gh9. DFT� hole >i� �#6 jN� plate� kl m� Cycloid Dual Flow Tray

(CDFT)� DFT� no 24	 9� p\] jN� <= /�0q� rst� S�� u9. CDFT#3, CDFT#4� 	
6

GR� nvH PQ rs� w\�x�N SO2 TUVW	 95% #N� w\y � mK9.

Abstract − To develope the flue gas desulfurization process using magnesium hydroxide, which is used in industries to treat

the flue gas from boilers, the performance of different types of gas-liquid contactors was experimentally investigated using a

bench scale system. Emperical correlations for the gas phase mass transfer coefficient(kGa) was determined at gas-phase Rey-

nolds numbers from 21,000 to 33,000 and liquid-phase Reynolds numbers from 950 to 2,400. SO2 removal efficiency obtained

at the Dual Flow Tray(DFT) was varied by L/G ratio when SO3 concentration was 0.2-0.3 wt%, but was not affected by L/G

ratio and SO3 concentration when SO3 concentration was more than 0.7 wt%. Not only was the performance of Cycloid Dual

Flow Tray(CDFT) which has an inclined plate above each plate hole higher than DFT but the pressure drop was larger. 95%

SO2 removal efficiency was obtained using CDFT#3, CDFT#4 with a mild pressure drop.
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�=��>& ��?�"@A B��� /<C, 
�=�& DE�F

0.1% �� �GH �5� IJK
�LM �� /<C, �N>& 3O,

�P, !Q, 2�, !�, RN S 56T UKV� !*34 0.5% ��

� WG(LSWR XY)H IJK
��>M =1�� /�, 2001Z2[

4 0.3% ��� WGH 
��>M �U�\0. 

]� 2003Z ��?�"@ T1(̂ )� !"_�=� 1`A ab �

c
�H 
��4 d= ��Ue� ����f gh =�i> 120 ppm

�3 70 ppm<�, jc
�H 
��4 klakm4 gh =�i>

180-540 ppm�3 180 ppm<� n��\�, �oUe ]4 �oakm

4 gh =�i> 300 ppm�3 30-70 ppm<� !p n��\0[1]. 

��3 �& q� rs n�t4 ��=�i>� 2u�" v*34

�wc�34 8G�
�� 
�a04 
�xyzU7{A e|�4

}� 
�(�2~A �F "w� �����H "� : /4 ��<

� �Ut� /0. 

gh�. �f ��� ��7 ��I1(flue gas desulfurization: �

� FGD)� T�t� �� I1�� ��!�� �;�A .�� /.

� "�� �'>, ��' � d�' �b�3 �3�4 �:� I1

��� B�� �� ]4 T�� ��t� /0. �� :Z�  ¡ �


�� DE"�� ��� �* ¢:£� !¤�& ;k� � "��
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��I1� e|�§f ¨ p<� 9�t©<

C, �
��I1� 'ªA ¥¦U«" v� "¬ 
­� !� �f


Q� ®@� ��t� ̄ 0[2]. 

��e(� ��f -�.� 56� O�	G�°.±I;, ²�1G,

LG³´ S !¤�wc�34 G� 
�e(� ��UeA e| µ�

W� /<C �& qf �wc� ��I1f ¶·z��3 Mg(OH)2H

���� /0.

�m� Mg(OH)2H ���4 ̧ +�
��I1f U7{� ¹;��

e(=�� º" »%� ¬" ¼½(� ¾9tC, �� x �*>�

,f MgSO4� ¿'tÀ� �cÁmz� �¿� Â�Ã Ä� -��

yz(�> º0. ]� Å_ �j W� �cY�� Æ" »%� ��

7� '¦� �� 0Ç� È�£A 
�� : /04 ��� /0. k

l�<� ��� akm S !=� ���|�34 ¢:�� (��

É" »%� 	Ê	-	� I1� Gz�.�, W�=�� ���|�4

Mg(OH)2 I1� ËÌÍ�0.

Mg(OH)2 ÁmzH ���F SO2H ÎÏ�<� �Ð�" v*34


��4 ¢:£� "¦ � j¦�3 SO2 fluxH �Ñ64 ���ÒÓ

:� Ô'A Õ Ö×*Ø �0. �z� ¢:� !� "¦���ÒÓ:

(gas phase mass transfer coefficient), kga4 ÙÚÛ�[�2[ (Ü�

ÝÞ Q� : /.�,j¦���ÒÓ:(liquid phase mass transfer coef-

ficient), kla4 "cß½� j¦<� ¢:t� k��4 �°� là,

áH �b dissociation� qf }<� �* ÙÚ�<� Q�"� �â

ãC ]� 	Ê	 ÁmzH ���F SO2H ä1�4 !¤ =�� I

1�3 jcå ���ÒÓ:H ÙÚ�<� Q�4 }f gÙ�<� Ð

� æ�ª�0[3].

ç 
Q�34 gh kç� "�� N� �è�� /4 Mg(OH)2-

FGD I1A T��" v�F bench =�� ÙÚ�|H ���F �

� ¢:£A é1�" v� ÙÚA :��\0. �H v�F o ¢:

£� "cå ���ÒÓ:, kgaH Q�\<C, pH, L/G ratio S� ê

�� o ¢:£� 'ª� ë|4 ì¥A �1�\0.

2. ��� �� 

2-1. Mg(OH)2� SO2 ��

Mg(OH)2& SO2� là�3 �jW� :��íi>(pH), îïðñ$

� ò i> � MgSO3& Mg(HSO3)2� i>4 óã Wô� ô��0.

�� îïðñ$� i>4 ¢:õ G����� Ç� ��I1�3 �

�õ �:�� (Ï� �* ö1tC kl�<� 5-8 wt% ÷v� õ

0. Å_t4 ¢:j W�4 MgSO4ø�> MgSO3& Mg(HSO3)2�

èh�Þ tC, ��� Çf ¢:j� pH S� �*3 ö1õ0[4]. 

�� ¢:õ SO2� ¢:j� ùú�b 0û là� k��Þ õ0.

MgSO3+SO2+H2O → Mg(HSO3)2 (1)

� là�3 ÎÏ�� làA v*34 pH, MgSO3/SO2 (Ï� Å_Á

mz G�� Wô� ô�� º��0. ,f SO2 �ÐÏA ü" v*3

4 ¢:£ � 2ß� MgSO3� èh*Ø �C,SO2 ¢:H î|� ¢:£

<�2[ G�t4 Å_j� pH4 5.0�¦� t>M MgSO3 i>& Å

_�A e1*Ø �0. �ý MgSO3� g8� 2þ�Þ tb + (1)� l

àf �öt� pH� 8�& Yÿ SO2� �ÐÏ� Æ-.Þ õ0.

¢:j� �'A 1¦¦�� G.�âb ¢:õ SO2� Ç�(� 2u

õ Mg(OH)2H IJ*Ø �C, � ö� ¢:£ ¦2� Å_õ ¢:j�

pH4 e1|(5.5-6.5� ÷v)� G.tC 0û� qf là� ��õ0.

Mg(HSO3)2+Mg(OH)2 → 2MgSO3+2H2O (2)

v� là+�3 SO2& Íù là�4 }f MgSO3�" »%� ¢

:j W� MgSO3H X��*> ¦�<� G.�F i>H ,Þ G.

�b �f Å_�<� ,f SO2 �ÐÏA üÞ õ0. 

ïm� MgSO3� X��*> �¦<� èh�b ��t� 7�kA

¤'�Þ tÀ�, �H )�" v*34 �|eÓ ]4 µ�Dz� /

� �wi>& X��*> ¹� Èß� FG� �ô�0. ��3 ¢:

j W� MgSO3 e1i>�4, v�3 �Jõ SO2� ÎÏ� làA

v� �°Ç�� ��|& X��*>� �  ¦�|� ÷v 
��

��|� èh�Þ t.� � ÷v4 kl�<� óã �0.

¢:j W� îïðñ$� ò i>4 5-8 wt%�C, MgSO3� X��

*>4 MgSO4� (* óã Æ0. I1� µ�U� MgSO3� i>4

1 wt%1>� G.�4 }� �u�C,��3 �	. 4-7wt%4 MgSO4

� ��U«. 
<b ^õ0. ¢:£6� MgSO34 + (3)� q� �

�7 W� YGõ O2& £�2�3 G�õ I" W� O2� �* MgSO4

� ��tC, �& qf là� �* MgSO3 i>H 1 wt% 1>� G

.�Þ õ0[5].

MgSO3+�O2 → MgSO4 (3)

ïm� 2�� 8� S� �� ��là� �>�Þ ��Ã �ã, �

j W� MgSO3� i>� 8�
� �� pH& ¢:£ �Q� SO2

i>� ê�t"> �0. �m� }A )�" v*34 2�ê�� !

� G�t4 I"�A ���4 }� �ô�0.

]� ¢:j W� îïðñ$� i>H k1�Þ G.�" v* ¢:

j W� k2H �:�F ø2� G�U�0. � �:4 ¢:j� �

k'ß�" »%� MgSO4 Ä� -�� MgSO3& Mg(HSO3)2> YG

�0.� MgSO3& Mg(HSO3)24 COD ���À� ���" �� p"

S� ��A ���F CODyzH *Ø �0.

ø2���+� �ã�4 ��£ 6�3 MgSO34 + (3) là� �*

MgSO4� tC, Mg(HSO3)24 0û� là� �* H2SO3H ¿'�0.

Mg(HSO3)2+�O2 → MgSO4+H2SO3  (4) 

��£ 6� H2SO3� ¿'t� pH� Æ-." »%� ¢:j� Mg

(HSO3)2� YGõ �ã�> ��£� Mg(OH)2H IJ�. 
<b ^

õ0. 

2-2. ����

¸+ ä1I1�3 È�� ]4 I£�3� "c-jc ÓbA .�4

SO2� molar flux4 0û� q0. 

(5)

"jÓb�3 j¦ SO2 i>, CAi4 Henry� ��� �* Ób�3

SO2� ß�, & 0û� qf DÓ� /0. 

(6)

Henry¦:, H04 Rabe& Harvey(1996)� �U� 0û� qf l�

Ú� DÓ+A ���F Q� : /0[6].

(7)

+ (7)A + (6)� !��b 0û� q� Ób�3 SO2� ß�A Q

� : /0. 

(8)

NSO2
=kga PSO2

PSO2

i–( )=kla CSO2

i CSO2
–( )

PSO2

i

PSO2

i =HCAi

H0= 2851.1
T

---------------- 9.7357– 
 exp

PSO2

i =
kgPSO2

kL
0

H
-----φPSO2

*+

kg

kL
0

H
-----φ+

----------------------------------------
HWAHAK KONGHAK Vol. 38, No. 5, October, 2000



762 ����������������� !
+ (8)A + (5)� !��F 1z�b

(9)

¢:£� ë�Q¹ ,�, ∆z�3 SO2� ¢:´>4 0û� q0. 

(10)

+ (10)�3 Φ& 4 FGDI1�3 ·�� v|& Å_t4 ¶

·z là� Ámz� ¢:t4 SO2� ¢: ����� �è�Þ õ0.

+ (10)�3 pH>4.7 �¦� ���34 � �C, ¢:£ 6

�3 k1 ,�, dZ�3 SO2� ¢:´>4 0û� q� �gõ0[3]. 

(11)

+ (11)A ·�� ,� Z1�32[ Z2�. �ß�b 0û� q0. 

(12)

F"3 & 4 oo �� ò����ÒÓ:& �� enhance-

ment�C ∆Z=Z2-Z1�0. Enhancement, Φ� É04 }f SO2� ¢:

� /�3 "cå 8­� .��� làA �ë�C, l!� ºf Φ4
jcå 8­� ì¥� .���A �ë�0. 

+ (12)� �ê­A 1z�F 0û� q� R�� 1��0. 

(13)

]� ò����ÒÓ:, � !� "¦���ÒÓ:, kga� (,

R/(R+1)4 0û� q� �A : /0.

(14)

ò����ÒÓ:, 4 + (12)� �ê­� ÙÚÛ�[H ���F

Q�0.

3. 	 


3-1. �	
� � 
�

ç ÙÚ� 
�õ bench =� ÙÚ�|� 
��7 G��f 250

m3/hr��, ¢:£� 6�f 15 cm, ,� 400 cm�0[7, 8]. ç ÙÚ�


�õ ¢:£� Ô f 0û� q0. I£(spray tower)f ¢:£ ·

�� -! }> ". 
f }<�3 ¢:£ ¦2� v|� #$�2[

ß!õ !2ß� Ámz4 6� 15 cm� ¢:£ %b<� &m6zÀ

� "jùúÎÏ� '. 
0. Turbulent contact absorber(TCA)4 I

£� �a0 (W� ºf (�7) *A +, "c& jc� -��

»� *� G��t� "/j ùúA ±B�Þ G.�C, 7�k S�

2.A �.�Þ õ0. ç 
Q� 
�õ *� .�f 25 mm�C, 50

T� *A o ;� +/0. Dual Flow Tray(DFT)4 plate� .� 13 mm

� Q0(hole)A 6�3 �� }<� TI((opening ratio)4 35%�©0.

"¦���ÒÓ:, kGa1A Q�" v* 2	õ SO2( 2,000 ppm) �

7H n¶·z �j� NaOH�j(pH>12.5)A ���F ¢:U30.

� �ã� jå���Ò8­f pH>11.3� !* Å¹�� (�4 là

�3 0û� qf 1�� �* ���<� 56� Ë& q� !U�

: /0[6].

(15)

ÙÚ��f ¢:£� là7É� 0.2 N NaOH �jA ���F 8

�� x� ¢:£� ¦2�3 #$A ���F ß!U8 SO2& làU

�0.k1 jc Reynolds number, ReL& "c Reynolds number, ReG

� ÷v�3 jc& "c� G´A ê�U«b3 ¢:£ �Q& �Q

� SO2 i>H �1�\0. oo� ¢:£�3 pH, L/G ratio ê��

�  SO2 �ÐÎÏ, kga� !� jcå ���ÒÓ:, kLa� 1A (

Ü�" v� ÙÚ��f Table 1� q0. 

4. 	
�� 
 ��

4-1. �������� ��

jc& "c� G´A oo Table 1� ÙÚ��� q� 21,000<ReG
<33,000& 950<ReL<2,400 ÷v�3 ê�U«b3 ÙÚ� ö�H Fig.

1-3� oo �Ñ6©0. ï9�3 a4 Ë& q� spray towerH �ø

� TCA� DFT �ã�4 "c& jc G� �:� ì¥A ;� /<

C, spray tower4 "cG�� ì¥A Ð� ;. 
� /ûA aFN

� /0.

NSO2
= 1

kg

----- H

kL
0Φ

----------+ 
  1–

PSO2
PSO2

*–( )

G–
PT

------- 
dPSO2

dz
-------------= 1

kga
-------- H

ΦkL
0a

-------------+ 
  1–

PSO2
PSO2

*–( )

PSO2

*

PSO2
PSO2

*

G–
PT

------- 
dPSO2

dz
-------------= 1

kga
-------- H

ΦkL
0a

-------------+ 
  1–

PSO2

G–
∆ZPT

-------------ln
PSO2

Z1( )
PSO2

Z2( )
--------------------=KGa= 1

kga
-------- H

ΦkL
0a

-------------+ 
  1–

KGa Φ

R=
ΦkL

0a

Hkga
-------------=

KGa

kga KGa–
-----------------------

KGa

R
1 R+( )

----------------=
KGa

kga
----------

KGa

≈

kGpSO2
kL

0≤ CNaOH

Table 1. Experimental conditions for obtaining kg value

Variables Conditions

SO2 input conc.(ppmv) 1,800
Flue gas flow rate(m3/min) 2.4-3.6
Slurry flow rate(L/min) 8.0-23.0

Fig. 1. Experimental gas phase mass transfer coefficient data with liq-
uid phase Reynolds numbers in Spray Tower.

Fig. 2. Experimental gas phase mass transfer coefficient data with liq-
uid phase Reynolds numbers in TCA.
���� �38� �5� 2000� 10�



Mg(OH)2� ��� ����	
��
� ���� �� 763
ÙÚ ö�H "c Reynolds number,jc Reynolds number� Schmidt

number Gas phase& Sherwood number, ShGH regression�F üf +f

0û� q0[8, 9].

Spray Tower : Sh=2.1744 ReL
0.9471 Sc

0.5

Spray TCA : Sh=0.1005 ReG
0.610 ReL

0.5118 Sc
0.5

Spray DFT : ShG=0.1178 ReG
0.702 ReL

0.4032 Sc
0.5 (16)

Fig. 44 DFTH ��� ¢:£�3 SO2� G�i>� 2,100 ppm,

�7G�� 2.4 m3/hr� ���3 pH& ÁmzG�A ê�U«b3 :

�� ÙÚö��C, kga 1f + (16)� o ÙÚ��A !��F Q�

\0. �m� �1A Ð< Q� kga 1� !� KGa� (� R/(1+R)

A pH� �� �Ñ= }<�3 pH� ��Y� �� R/(1+R) 1�

(>�C, pH� 6.0 �¦� tb R/(1+R) 1� 0.9 �¦A a�0.

�m� �¥f pH� ��Y� �� jcå8­� "cå8­� (*

9���, pH� ��Y� �� Ámz 6�3 ¶·z>& enhance-

ment factor, ϕ� ��YA �ë�0. 

pH 6.0 �¦� tb jå 8­� Ð� ?4 "cå .�ì4� >Ò

�C,��3 pH 6.0 �¦� ì4�34 pH� Î�� 0  ê:� (*

ÉÞ �Ñ�. 
" »%� ï �¦� SO2 �ÐÎÏA ¦@U«" v

*34 pHa04 ¢:£� �z� Ô'A ¥¦U8Ø YA �ë�0[6].

4-2. ���� ��� ����

��3 Q� kgaH ���F Spray tower, TCA, DFT S ä ��� ¢

:£� ���Ò Ô'A (Ü��, ]� o ÙÚ ê:� �  SO2 �

ÐÎÏ 'ª(ÜH �\0. Table 2� ¢:£ 'ªA (Ü�" v� ÙÚ

÷vH "��\0.

Fig. 54 baseline ���3 k1� SO3 i>H G.�b3 U¹� �

� SO2 �ÐÎÏA �1� ö��0. A là7É 6� G�t4 n�

��I"�A SO3 i>� 0.7-0.8 wt%� k1�Þ G.�>M �¾�

b3 ÙÚA :�� }�0. 

ï9�3 a4 Ë& q� ý 7U¹ ÙÚA �b3 SO3 i>H 0.75

wt% 1>� k1�Þ G.� : /©<C, � �ã� SO2 �ÐÎÏf

ý 80% 1>H a\0.

Fig. 6f DFTH ���F ÙÚ� ö�H �Ñ= }<� SO3 i>�

0.2-0.3 wt% 1>� Æf �ã�4 L/G ratio� ê�� �� SO2 �

ÐÎÏ� ÉÞ ê�YA aF N.� L/G ratio� 7�¦� �ã�4 Ð

� ì¥� ?©0. ]� SO3 i>� 0.7 wt% �¦� ���34 L/G

ratio� ê�� SO3 i>� ���F> B ì¥A ;. 
ûA ¶ :

/0.

�& qf ö�H Fig. 7�3 Õ �Ñ6 N� /0. ¦2� ï9f L/

G ratio� ��Y� �� ¢:£ 6� ��C� ê�H �Ñ64 }<

� L/G ratio� 6.0� �ã spray tower4 ý 20 mmAq�©.� TCA4

48 mmAq, DFT4 61 mmAq 1>H aF N� /0. A "c-jc�

ùúÎÏA ��U«" v* ¢:£ 62� e|� Q��f �
�<

� ��CH �¿U«� /ûA ¶ : /0. 

Fig. 3. Experimental gas phase mass transfer coefficient data with liq-
uid phase Reynolds numbers in DFT.

Fig. 4. The ratio of kga to KGa as a function of pH in DFT(SO2=2,100
ppm).

Table 2. Experimental conditions for testing the performance of gas-
liquid contactors

Variables Condition

pH 4.0-6.0
SO2 input conc.(ppmv) 2,200
Flue gas flow rate(m3/min) 2.4
Slurry flow rate(L/min) 8.0-23.0
EHT solid content(%) 5.0
Forced air flow rate(l/min) 25

Fig. 5. The change of SO3 concentration and SO2 removal efficiency
(SO2=2,200 ppm, L/G=9.6, pH=5.0).
HWAHAK KONGHAK Vol. 38, No. 5, October, 2000



764 ����������������� !
�2� ï9f L/G ratio� ��Y� �� spray tower, TCA, DFT

oo� SO2 �ÐÎÏ� ê�H �Ñ= }<� ï 'ªf spray tower

<TCA<DFT �A Ñ�6� /0. 

Fig. 8f DFTH ���\A �ã� SO3 i>H 0.7-0.8 wt%� G.

�b3 pH� �  SO2 �ÐÎÏ� ¢:´> ê�H �Ñ= }�0.

ï9�3& q� pH� 5.0� �ã�4 L/G ratio� ê�� �� �Ð

ÎÏ� ÉÞ ê��.� pH� 5.5�¦� �ã�4 pH� ���F>

ï Î�4 É. 
ûA aFN� /0. 

¢:´> ê�H �Ñ= -D� ï9�3 pH& L/G ratio� ���

F> ¢:´>� ¨ ê�� ?ûA aF @0. ¢:´>+f + (5)�

3& q� ò����ÒÓ:, KG& Eù� DÓ� /<C, ]� KG4

+ (12)�3& q� "cå ���ÒÓ:, kg& enhancement factor,

Φ& DE� /ûA ¶ : /0. 

kl�<� pH& L/G ratio� ��Y� �� KG4 ���4 �¥�

/4Û, ç ÙÚö�& q� ¨ ê�� ?4 }f DFT� ���Ò Î

�� óã É" »%� 0  Î��� ¦!�<� ºÞ �Ñ�4 }<

� F;õ0.

ç 
Q�34 �|� �¤�& 'ª� ¥¦A v*34 DFT� Ë

ÌÍ�0� a� hole� Q� � open area� �1A -�F "jùú

A ±B� �� ��CH 89U«" v� 
QH :��\0. A DFT

� hole ¦2� k1� o>� plate� G� /� o>� �� "c�

0Ç�Þ éÊ�>M t� /4 Fm ¤�� Cycloid Dual Flow Tray

(CDFT)H �º�F oo� 'ªA (Ü�\0.

Fig. 94 pH� 5.5� ì4�3 DFT& CDFT� L/G ratio� ê��

�  SO2 �ÐÎÏ� 'ªA (Ü� }<� DFT� (* CDFT� '

ª� �Q¹�  < 0� ,f }<� �ÑH0. ïm� � �ã� ¢

:£ 6� ��C4 CDFT� DFT� (* �Q¹�  < ý 50 mmAq

1> ,f }<� �1t©0. A CDFTH 
�� �ã�4 Fig. 11�

3 a4 Ë& q� ·� 6�3 �>� ��8�� �¿�� /<C

��3 ,f I£ ´>� �w�4 }� �IÞ õ0. ��3 v�3

�J� Ë& q� hole ¦2� plate� o>H ê�U«b3 �}�

Î�H (Ü�F aJ0. 

Fig. 10f DFT& CDFT hole ¦2� plate� o>H oo 0KÞ ê

�U� CDFT #1, CDFT #2, CDFT #3� DFT� 'ªÙÚö�H spray

tower, TCA& (Ü�F �Ñ= ï9�0. ï9W� Lf éf �c

Û�[H correlation� ö�H �Ñ= }<�3 L/G� ��Y� ��

�÷v�  < CDFT4 o>& DÓ?� DFT� (* 'f 'ªA a

Fig. 6. The change of SO2 removal efficiency as a function of L/G ratio
(SO2=2,200 ppm, pH=5.0).

Fig. 7. The effect of gas-liquid contactor type on pressure drop(upper)
and SO2 removal efficiency(below) SO2=2,200 ppm, pH=5.0, SO3
conc.=0.7-0.8 wt%).

Fig. 8. The effect of pH on SO2 removal efficiency(upper) and absorption
rate(below)(SO2=2,200 ppm, SO3 conc.=0.7-0.8 wt%, pH=5.0-6.0).
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on
FN� /<C ï W�3> CDFT#1� 'ª� �� ã:�\0. ïm�

·�� ��C� �  ¢:£� 'ªA (Ü* ab ��C� ��Y�

�� SO2 �ÐÎÏ� (>�<� ���4 }A aF N� /0. 

Fig. 11f ·�� ��C� �  SO2 �ÐÎÏ� ê�H �Ñ64

}<�3 ï9W� Lf éf Fig. 10�3& q� �c Û�[H cor-

relation� ö�H �Ñ= }�0. A CDFT#1& #2� �ã4 qf �

�C�3 'ª� Æf �¥A aF N� /0. 

Fm ¢:£�3> (Ü� Æf ��A G.�b3> SO2 �ÐÎÏ

� 95% 1>H G.� : /4 CDFT#3, CDFT#4H WM<� pilot

plant�3 ��� Ù� 'ªA spray tower& DFT& (Ü��½ �\0.

5. � �

ç 
Q�34 W!¤akmH e|� �wc� �
��A v* 


��� /4 Mg(OH)2H ��� ��I1A T��" v�F bench

=�� ÙÚ�|H ���F Fm ¢:£� ���Ò Ô'� 'ªÙÚ

A :��\<C 0û� qf ö�A ü©0.

(1) Bench =� FGDI1�3 "¦���ÒÓ:, kGa 1A ReG&

ReL� �� 0û� qf ¦DDÓ+A ü©0.

Spray Tower : Sh=2.1744 ReL
0.9471 Sc

0.5

Spray TCA : Sh=0.1005 ReG
0.610 ReL

0.5118 Sc
0.5

Spray DFT : ShG=0.1178 ReG
0.702 ReL

0.4032 Sc
0.5

(2) DFTH ���F ÙÚ� ö�, SO3 i>� 0.2-0.3 wt% 1>�

Æf �ã�4 L/G ratio� ê�� �� SO2 �ÐÎÏ� ÉÞ ê�Y

A aF N.�, SO3 i>� 0.7 wt% �¦� ���34 L/G ratio�

ê�� SO3 i>� ���F> B ì¥A ;. 
J0. 

(3) L/G ratio� ��Y� �� ¢:£ 6� ��C� ���C L/G

ratio� 6.0� �ã spray tower4 ý 20 mmAq, TCA4 48 mmAq, DFT

4 61 mmAq\0.� �ã� SO2�ÐÎÏf spray tower<TCA<DFT

�©0.

(4) DFT� hole ¦2� k1� o>� plate� G� /4 Cycloid

Dual Flow Tray(CDFT)4 DFT� (* 'ª� 0� ,.� o>� �

� ¢:£6� ��C� ê�� N0. CDFT#3, CDFT#4H ���

�ã� (Ü� Æf ��A G.�b3> SO2 �ÐÎÏ� 95% 1>

H G.� : /©0.

� �

ç 
Q4 �w½±2� O1�P."�T�
w<� :�õ 
Qö

��3 .±� 9
QR�0.

����

: molar flux of SO2 [gmole/cm2·s]

kg : gas phase mass transfer coefficient for physical absorption

[gmole/cm2·s]

kl : liquid phase mass transfer coefficient for physical absorpti

[cm/s]

a : specific interfacial area available to mass transfer [1/cm]

: partial pressure of SO2 in the bulk gas phase [atm]

: interfacial partial pressure of SO2 [atm]

: SO2 concentration in the bulk liquid phase [gmole/cm3]

: interfacial SO2 concentration [gmole/cm3]

H0 : Henry’s constant [atmKl/mg]

T : temperature [K]

: partial pressure of SO2 which could be maintained in equili-

NSO2

PSO2

PSO2

i

CSO2

CSO2

i

PSO2

*

Fig. 9. Comparison of performance between DFT and CDFT(SO2=2,200
ppm, SO3=0.7-0.8 wt%, pH=5.5).

Fig. 10. The change of SO2 removal efficiency as a function of L/G ratio
and gas-liquid contactors(SO2=2,200 ppm, SO3=0.7-0.8 wt%,
pH=5.0).

Fig. 11. The change of SO2 removal efficiency as a function of pressure
drop and gas-liquid contactors(SO2=2,200 ppm, SO3=0.7-0.8
wt%, pH=5.0).
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st

m

K.:

y,

ul,

n,

o-
brium with the bulk liquid phase [atm]

Φ : enhancement factor for mass transfer in the liquid film due to

chemical reaction [-]

G : molar gas flow rate based on the cross-sectional area of the

scrubber [gmole/cm2·s]

PT : total pressure [atm]

z : height measured from gas inlet [cm]
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