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º £

�Ú ÖëÚö J~B V�î��;~ ÎN'�� n;'� Ú*j *~� Î&B~ bÒz�' ßW, Î&B~ >w z


î¾ �j ÚÚ�� bench �Î~ 
þË~¢ �Ï~� �Ú ÖëÚöB ¦Öb� B�� Î&B~ WËj G;~V *�


þj >¯~&
. 
þ ��~öB DBA Î&B "«³ê& Ã&�ö V¢ SO2 B�ÎN~ Ã&¢ �&b�, L/G Ratio

& 8.0 �ç� ��öB DBA ³ê& 1,200 ppm� ãÖöº pH 6º SO2 ³êö &êì� SO2 B�ÎNf 99.8% �çj

�&
. 6� Î&B¢ ÒÏ� ãÖö pH& Ôf '�öB ÒÏ~º ©� ¸f '�öB ÒÏ~º ©�
 � Î"& çß>

îb�, �ç ÚöB jÏ·Ïj ~² >Ú �Úï &�j 6²�Êº Î"¢ �&
. 
þÖ"öB pH, L/G, DBA³ê¢ �

Ï~� SO2 B�ÎNj .G~V *� ãþ' Î��j B�~&
.

Abstract − To enhance the performance of the flue gas desulfurization process using Dibasic Acids(DBA) additive, physico-

chemical properties and reaction mechanism were studied and the performance of the DBA additive, produced from a domes-

tic industrial company as byproduct, was experimentally investigated using a bench scale system. The increase of SO2 removal

efficiency was observed as the increasing of DBA concentration in the experimental conditions. SO2 removal efficiency at

DBA concentration of 1,200 ppm and L/G ratio of 8.6 was showed more than 99.8% regardless of pH and inlet SO2 concen-

tration. SO2 removal efficiency was higher in the lower pH region than the higher region, and liquid film resistance was

decreased due to the buffering effect of additive in the solution. Empirical equations were obtained to predict the SO2 removal

efficiency depend on pH, L/G ratio and concentration of DBA additive using the experimental data.

Key words: Desulfurization, DBA, Additive, Absorption

1. B �

C²C Ò�Ò¢ �Ï~º Û�V�î�(wet FGD) �Ê�öB �;

j ÎN'�� n;'b� Ú*~V *�Bº SO2~ �>>w" C²

C~ Ï�³ê¢ ��~º ©" 6� V� ãê�, �� ãê�öB~

bî*�ßWj ¾ 2k~� ãê�öB bî*�³ê¢ Ëç�Êº ©

� 
Ö 7º� º²& B
.

>wÒ�ÒöBº SO2~ �>>w" C²C~ Ï�>w� ÿ�ö ê¯

>º�, � ãÖö V� ãê�öBº pH& Ôb� SO2 Ï�êf �>³

ê& 6²>� �� ãê�öBº pH& ¸j>� C²C~ Ï�êf Ï

�³ê& Ôjæ² B
. V¢B >wÒ�Ò ÚöB ¢Ú¾º v &æ pH

��j �'b� �.�b�� SO2 Ï�êf �>³ê¢ Ã&�Ê� C

²C~ Ï�êf Ï�³ê¢ Ëç�Ò > ®b� �� �� �;~ ÎN

" �Öê¢ Ëç�Ò > ®² B
. �º �;~ Ú*VF� º�~º V

�'� OËb�B V�î��; FêVFj �F� ¾¢¢ 7�b� �


 ËçB WËj �Ë~V *� Î&Bö &� ��¢ �·~&
.

6� ��j 7�b� SO2 B�ÎN� 90%�~� JêB V�~ �

;�¾ 6º Ê&¢~ ;W, C²C �Ïê~ &~ � �� ^B& B

�B �;j &çb� �*�;j vÚ 6º �>~æ p� >wÏ�

7ö Î&B¢ "«�b�� �f ?f ^B6j �Ö~�¶ ~º �

�& ê¯>Ú z
.

� ��öBº �Ú ÖëÚö J~B V�î��;~ ÎN'�� n

;'� Ú*j *~� Î&Bf &NB � ÿn~ ��ÿË" bÒz
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�' ßW, Î&B~ >w z
î¾ �j ÚÚ�~
. 6� bench �Î

~ 
þË~¢ �Ï~� �Ú ÖëÚöB ¦Öb� B�� Î&B~ W

Ëj G;~V *� 
þj >¯~&
.

2. � �

2-1. Î&B~ bÒz�' ßW

Î&B~ «~º bö Ï�>º r¢Ò Î&Bf FVÖ Î&B� �

ª� > ®b�, bö �º r¢Ò Î&Bº sulfite, sulfate, carbonates,

hydroxides "~ ;�� bö �j "Vê¢ B��b�� SO2~ bî

*�j Ëç�Î
.

6� FVÖ Î&B
f £Ö~ ßWj <� >wVÚöB jÏÏ�

b� ·Ï~º�, �r Î&Bº >w� ¢Ú¾º Ï� ÚöBº r¢

Ò� ·Ï�
. Î&B� ÒÏ>º FVÖ
f C²C Ò�ÒÏ�~ V

� ãê�öBº pH 3.0-3.5 º*öB jÏËK(buffer capacity)j &^

¢ ~� *Ú >wÏ�öBº pH 5.0-5.5~ º*öB jÏËKj <º
.

Chang �� B�� bî*� Î�ö ~~� &Ë ±f Î&B~ pKa8

f 4.0-5.0 ;ê��, �VB pKa 8f Ö~ �Ò ç>ö 7� 10� negative

logarithmb�, pKa8� Ôj>� ;Ö� B
[1]. �
f 6 ��� �

�j ò��Ò > ®º buffer Î&B
j F;~&�, BB� bî*�

Î�j �Ï~� ' Î&B~ WËj ï&~&
[2].

*f ?f Î&B& �;ö "«>îj r ±f Î"¢ ÚV *�B

º 
r" ?f bÒz�' ßWj æf¢ �
. ÒÏ>º Î&Bº Ò

�Ò ÚöB '�� Ï�ê¢ &^¢ ~�, >Bö V� Î&B~ ¶


j *�V *�B Ú*��~öB Ïª® Ôf ÃV{j æf¢ ~�,

6� z�'b� n;�¢ ~�, ëW� ìÚ¢ �
.

2-2. Î&B~ ßW 5 >w z
î¾

�B ÚÚ� ©¾" î��;öB SO2 B�ÎN" C²C �Ïê¢

Ëç�ÊV *�Bº Ò�Ò~ Öê¢ �'b� �ºÚ¢ ~�, �¢

*�B FVÖ Î&B
j �Ï~� C²C Ò�Ò~ pH¢ �.~º

��& ô� ��Úr
. .Vö ��Úr~ V� ��öBº C²Cj

Ï��Êº� &Ë Î"'� FVÖb�B aromatic acid�
º &ª¶

ï~ aliphatic acid
� Î"'�� Cl−, OH−, phenyl V~ ~~B
f >

²ö &� ~~>æ pf Ö�
 Î"& ·b�, ß® polycarboxylic

acid
f C²Cj Ï�~º� ±f Î"& ®º ©b� ¾æÒ
.

Rochelle �f Î&B�B FVÖj F�~º �ö &� ­ &æ V

&j Bn~&� � V&ö V¢ Î&B¢ F;~&b�, � V&f '

.� Ï�ê, Ôf >BW, z�' n;W, ZëW, ¸f �Ï�, �Ò�

&Z� &Ï ��
. ��� &6 ~öB ï&� Ö", j:fÖ(adipic

acid)j &Ë ±f FVÖ Î&B� F;~&
[3, 4].

j:fÖ~ z���º HOOC-(CH2)4-COOH�B dicarboxylic FV

Ö��, "� 66-¾¢�~ �ïÚ 6º �ÒÖ.ê~ öò� ÒÏ>�

�® Î&B�ê ÒÏB
. 
rf Î&B�B j:fÖj ÒÏ~&j

r C²C Ò�ÒÚöB SO2f~ �>>w z
î¾�
.

Sulfur dioxide+Water↔Acidity+Sulfites

(SO2+H2O↔H++HSO3
− ) (1)

Adipate ion+Acidity↔Adipic acid

(−COO(CH2)4COO− + 2H+↔HOOC(CH2)4COOH) (2)

Limestone+Water↔Alkalinity+Calcium ion+Carbonates

(CaCO3+H2O→OH− + Ca2++HCO3
− ) (3)

Adipic acid+Alkalinity↔Adipate ion+Water

(HOOC(CH2)4COOH + 2OH−↔−OOC(CH2)4COO−+2H2O (4)

C²C Ò�Ò ÚöB j:fÖf � (1)" (2)öBf ?� jÏ·Ï

j ~² B
. ¯ Adipate �N
f SO2¢ �>~� � (1)" ?� Ö"

>w~² >� V¢B � (1)f J�ãb� ê¯>Ú SO2 �> >wj

/ê�Î
.

� (3)" (4)º Rochelle �� Bn� z
î¾b� SO2¢ �>~�

�WB Ö" >w~² Nö V¢ adipate �N
f ²Î& >æò C²

C� Ï�>Ú �WB r¢Òê& j:fÖ" >w~V r^ö 
� Ò

�B
[5]. ��� >wz
î¾ö ~� "«B Î&B j:fÖf ²

Î>æ p�ê SO2 �>>wj Ã&�Ê� 6� C²C~ Ï�>wj

Ëç�Ê² B
.

��� j:fÖ~ jÏÎ"ö ~� SO2& C²C Ò�Òö �>N

ö V¢ VÚ-�Ú ãê�~ pH& Ôjæº ©j Oæ� > ®
. 6�

Ï�öB j:fÖf calcium adipate� �Ò~V r^ö Ò�Ò Úö

B CaCO3¾ CaSO4ö ~� Ê&¢ç ^Bê �²z� > ®
.

��� Î&B~ 'Ëj �J� C²C~ >wWj .G~V *~�

� ÿn ôf >wz�î¾� B�>î
. �" 
Ú ï;>w" approximate

surface renewal theory¢ �Ï~� SO2 �>ö ®ÚB Î&B~ 'Ëö

&� Î�" 6� enhancement factor¢ Ã&�ÊV *� Î&B F�

V& 5 ¦Öb� �ÖB FVÖ b� Ï�~ Î&B�~ ÒÏö ®Ú

B~ 'Ë" F�Wö &~� ÎÒ��& >¯>î
[7].

2-3. DBA Î&B

��� FVÖ
 7 &Ë ±f Î&B�B F;B j:fÖj Ú*

7� FGD �;ö ÒÏ~º ";öB B�� ^Bº � bî~ &Ï�


Ö j�
º ©�
. ��~ ~ã¦(EPA)öBº ��� ^B6j �

Ö~V *� ¦ z ãB'�� z�'b� n;� 
� Î&B¢ dº

";öB j:fÖ�¾ cyclohexanone B��;öB B�>º ¦Öb

� DBA(Dibasic acid)ö &� ��¢ ê¯~&
.

Dibasic Acids(�~ DBA)º dicarboxylic acids~ ¢>'� ;��

HOOC(CH2)nCOOHöB succinic(n=2), glutaric(n=3), adipic(n=4)" ?f

FVÖ
~ b�b�B �B Þ/� FVÖ Î&B~ ßûj Îv <

� ®
. b ³öB Ï�>Ú ·Ï~º sulfite¾" DBAº �>B SO2

¢ 7z�ÊV *� jº� �ç r¢Òê¢ B��b�� SO2 B�Î

Nj Ã&�Î
.

B~ Ò�ÒöB SO2& �>>Ú �WB protonj Aj
�º ";

öB DBA~ VËj .¢ ÚÚ�� 
r" ?
.

−OOC(CH2)nCOO− +H+↔HOOC(CH2)nCOO− (5) 

HOOC(CH2)nCOO− +H+↔HOOC(CH2)nCOOH  (6)

�r >w��öB C²C� Ï�>Ú pH¢ Ã&�Ê² >� � (5),

(6)~ �>w� ê¯B
. DBAº 1981j �� Springfield City Utility

~ Southwest B*² 1̂ VöB ¾r 
Ã�Î� 
þB �êö ��

~ ôf B*²öB ÒÏ>� ®
[1].

2. 
 þ

2-1. 
þË~ 5 O»

� 
þö ÒÏB bench �Î 
þË~º Ë~ªZ�(counter-current

spray type)b� B·>îb�, �>÷ Úöº b�
 j7� ·f �;

~ 2¢Ê� Ïêbj IÚB C²C Ò�Òf F«&Êf~ 7/ÎN

j Ã&�Ê� Ê&¢~ ¦Oj Oæ�Ò > ®º turbulent contact

absorber(TCA)¢ J~~&
.

�²&Ê F«ïf 250 m3/hr, �>÷~ Úãf 15 cm, ¸� 400 cm��,

Ë~f &NB ç^� Ò� 5 
þO»f V� ^òö B�B ©" ÿ

¢~
[6]. DBAº çNöB Ï� 7ö ��B FVÖ7~ j:fÖ�
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�*F > ®V r^ö Î&B¢ �&� ÏV¢ �¦ �N�¢ �Ï~�

30-40 oC ;ê� Fæ~&
.

DBA Î&³êº >w��~ Ò�Ò Ïï(170 l)j V&~� ¢;ï

~ DBA¢ "«~� �;~&b�, C²C �/��(150 l)öê ?f ³

ê~ DBA¢ IÚB >wö ~� ²j>º DBA¢ �Ï~&
. 
þ�

�f Table 2f ?b�, Î&B~ "«³êº 300, 600, 1,200 ppm�î

b�, pHº 4.0, 4.5, 5.0, 5.5� �;~&
.

2-2. ÒÏ�£

� 
þöB ÒÏB SO2 &Ê B�Ïb�º n*&ÊöB �/B SO2

&Ê(>99%)¢ ÒÏ~&b�, r¢Ò >wB� ÒÏB C²C(CaCO3>

95%)f {�z�öB B�� ©j ÒÏ~&
. 6� DBA Î&Bº �

Ú �:j �Òjî��ÒöB j:fÖj �Ö~º ";öB �WB

¦Öbj ÒÏ~&
. �ÚöB j:fÖ~ "Ïêº Nylon66, Ö.ê �

~ "öò� ÒÏ>� ®b�, � ²Òº Cyclohexanol" Cyclohexanon

j "öò� ~� *Ò �* 65,000Ê~ j:fÖj �Ö~� ®
.

ÒÏB DBA~ �Wf Table 1" ?
. �öBf ?� *Ú �WöB

b� 70%, DBA~ "Wªb�B Glutaric acid� 11.6%, j:fÖ�

10%, Succinic acidº 5%�B Îv 26.6%¢ Næ�
. 6� ¾^æ W

ª 7öº îÖ� 3.4%, .³Wªb�B �Ò, :¾ö Wª� �ï �

F>Ú ®
.

3. 
þÖ" 5 �V

3-1. SO2 B�ÎN

¢>'b� 
Ã�Î �ç~ V�î��;~ z�' ßWj pilot�

Î Ë~öB ÎÒ� >º ®æò, v Ë~*~ bî*�ßW� 
�V

r^ö �Î& ·f �Ê�öB Î&B¾ î�J�æ �ö ~� �ç

r¢Òê(liquid alkalinity)& SO2 B�ÎNö 'Ëj "î
 �æ¢ê


Ã�Î �ç~ �;ö �&� {& 'Ï~Vº 
¦~
. �-V r

^ö pilot�ÎöB áf Ö"º pilotf 
Ã�Î~ �>÷öB number

of mass transfer units(NTU)~ numberö &� �;æ> Î"¢ �C~

� 
Ã�Îö 'Ï>Ú¢ �
[8]. �VB NTUº "Úê SO2~ �>

ïj áV *� jº� ~º ��ï;7/�>¢ ~�~�, ¢>'�

V�î��;öB NTUº 
r" ?� ;~�
.

NTU=ln(SO2IN/SO2OUT) (7)

6º NTU=ln (8)

NTU¢ �Ï~² >� ¸f SO2 B�ÎN� Fæ>º ��öB 
þ

æ>~ Î"¢ jv~º ©� ÞÒ~² B
. .¢ 
� SO2 B�Î

N� 98%öB 99%� Ã&B ��" 80%öB 90%� ËçB ��~

NTU Ã&¢ jv~� Îv 0.7� B
.

Fig. 1f DBA¢ Iæ pf ��öB L/Gf pHæzö V� Overall

NTU~ æz¢ ¾æÞ ©b� Fig. 1~ (a)º «� SO2~ ³ê& 2,500 ppm,

(b)º 3,500 ppm�î
. �âöBf ?� L/Gf pH& Ã&�ö V¢

SO2 B�ÎNf Ã&�j ��"� ®b�, SO2 ³ê& 2,500 ppm� ãÖ

& 3,500 ppm� ���
 ¸f B�ÎNj ��� ®
. � 
þöBº

Fig. 1~ 
þ��j Baseline ��b� ;~� ¢;³ê~ DBA¢ "«

� Î"¢ �f jv~�¶ ~&
. Fig. 2º pH& '' 4.0, 4.5� ��

öB DBA~ ³ê¢ 300-1,200 ppmb� Ã&�Î ãÖ~ Ö"¢ ¾æ

Þ ©b�B (a)öB L/G& 3.0� ��öB Î&³ê¢ 1,200 ppmb�

Ã&�ö V¢ B�ÎNf 50%öB 99%;ê� �~ 2V;ê /Ï®

çß�j ��"� ®b�, ��� *çf pH 4.5� (b)~ ãÖöê j

Ý� ãËj ��"� ®
.

Fig. 3~ (a)º pH& 5.0� ��öB~ Ö"¢ ¾æÚº ©b� pH

4.0-4.5~ ãÖf �~ jÝ� ãËj ��� ®æò (b)öBf ?� ¸

f pHöBº Î&B& ìº ��ö j� � Î"& ç&'b� ·²

1
1 % SO2Removal 100⁄–( )

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

Table 1. Experimental conditions for bench scale apparatus of KIER

DBA concentration(ppm) 300, 600, 1200
pH 4.0, 4.5, 5.0, 5.5
L/G[(L/min)/(m3/min)] 1.0-9.0
SO2 input conc.(ppm) 2,500, 3,500
Flue gas flow rate(m3/min) 1.2-2.3
EHT solid content(%) 15-20
Forced air flow rate(l/min) 30-50

Table 2. Composition of DBA used in this experiment

Chemicals Composition(%)

-DBA: 26.6
Succinic acid (5.0)
Glutaric acid (11.6)
Adipic acid (10.0)

-HNO3 3.4
-Metal 34 ppm

Cu (14 ppm)
Vanadium (20 ppm)

-Water 70.0

Fig. 1. Effect of pH and L/G ratio on NTU without DBA[Inlet SO2 con-
centration: (a)=2,500 ppm, (b)=3,500 ppm].
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¾æ¾� ®
. �©f pH 5.5öBº Î&B& ìº ��öBê B�Î

N� ¸V r^��, �©b� �j Î&B¢ ÒÏ� ãÖöº pH& Ô

f '�öB ÒÏ~º ©� :²ç�j r > ®
.

Fig. 4º pH& 4.0" 4.5öB~ SO2 ³ê& 3,500 ppm� ��öB

NTU¢ ¾æÚº ©b� 2,500 ppm� ��ö j� � Î"º z �²

¾æ¾� ®
. �©f Î&B¢ Iæ pf ��öB~ SO2 B�ÎN

� ç&'b� ·V r^��, �f ?f Ö"¢ jºÚ " r Î&B

~ Î"º SO2 ³ê& ¸�, pH& Ô�, L/G& � '�öB �² ¾æ

Îj r > ®b�, pH& 5.0 �çöB~ 
þÖ"� Fig. 5öBê ��

� ãË� ¾ ��¾� ®
.

�ç~ Ö"öB DBA Î&B "«³ê& Ã&�ö V¢ SO2 B�Î

N~ Ã&¢ �&b�, L/G Ratio& 8.0 �ç� ��öB DBA ³ê&

1,200 ppm� ãÖöº pH 6º SO2 ³êö &êì� SO2 B�ÎNf

99.8% �çj �&
. 6� Î&B¢ ÒÏ� ãÖö pH& Ôf '�öB

ÒÏ~º ©� ̧ f '�öB ÒÏ~º ©�
 � Î"& çßNj �&
.

3-2. bî*�ßW

Fig. 6f pH& 4.0� ��öB DBA~ ³ê¢ 300-1,200 ppmb� Ã

&�Î ãÖö ö &� kga~ j¢ ¾æÞ ©�
. �VB f

kgaº '' ï� C*bî*�ê>f Vçbî*�ê>¢ ¾æÞ
. �

ï&�� ìº VÚï æV'�öBº /kga~ 8� 1ö &�² ¾

æ¾� >&� �ï&�� 
æ� 8� ·jê
. �VB kga 8f �

��&� 
þj Û~� �~� ¹f ç&&ê�� � (9)b�¦V �

~&b�,  8f � (10)ö 
þÖ"¢ &«~� �~&
[6].

TCA: Sh=0.1005 ReG
0.610 ReL

0.5118 Sc
0.5 (9)

(10) 

 

�âöB �º :f ?� DBA¢ "«~æ pf ãÖöº L/G Ratio

& æ~�ê /kga 8� ¢;~&æò 300 ppm~ DBA¢ "«�ö

V¢ /kga 8� /Ï® Ã&�j �� "� ®
. �©f DBA¢

"«�ö V¢ �©� �ç ÚöB jÏ·Ïj ~² >Ú �Úï &�

j 6²�Új ~��
. DBA¢ 1,200 ppm "«� ãÖö L/G Ratio

& 3.0 ;ê� Ôf ãÖöê �ï &�� �~ ìº VÚï æV'�

� /kga 8� 1.0ö ê�~² B
. V¢B DBA¢ 1,200 ppm �ç

"«� ãÖöº Î&B "«ö V� z �ç~ z�' ·Ï� ¾æ¾

æ p² >æ� DBA~ Î"¢ �&z~V *�Bº 'f ·~ DBA

¢ "«~� �& Î"¢ áj > ®º Ú*��� jº~
. Fig. 7f

pH& 5.0� ��öB DBA~ ³ê¢ 300-1,200 ppmb� Ã&�Î ãÖö

ö &� kga~ j¢ ¾æÞ ©�
. �âöB �º :f ?� DBA

¢ Ã&�ö V¢ /kga 8� Ã&�j �� "� ®b�, L/G ratio

& 3�ç� ��öB DBA~ Î&³ê& 300 ppmöB 600 ppmb� Ã

&� ãÖö /kga 8f 0.6�çj �� "� ®
. �©f DBA~

Î&³ê& 300 ppm� ãÖö L/G ratio¢ 10�ç Ã&�Bê ê��

> ìº 8b�B DBA¢ "«~² >� Ôf B~Ò�Ò FïöBê

KGa KGa

KGa

KGa

KGa 1
kga
-------- H

ΦkL
0a

-------------+
 
 
  1–

=

KGa

KGa

KGa

KGa

KGa

KGa

Fig. 2. Effect of L/G ratio on NTU without DBA at inlet SO2 concentra-
tion of 2,500 ppm[pH: (a)=4.0, (b)=4.5].

Fig. 3. Effect of L/G ratio and DBA concentration on NTU at inlet SO2

concentration of 2,500 ppm[pH: (a)=5.0, (b)=5.3, 5.5].
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¸f B�ÎNj áj > ®V r^ö ÿKj¢ .6� > ®² B
.

6� � ��öB L/G ratio¢ 6�ç Ã&�Bê � Î"º �~ ¾æ

¾æ p� ®º� �©f >w~ " æVº�� �Úï&�b�B VÚï

&�ö j� ç&'b� �² ·Ï�j ��&
.

DBA¢ 1,200 ppm "«� ãÖöº Fig. 6" jÝ� ãËj �� "

� ®º�, �©f DBA¢ "«~² >� pH 6º L/G ratio~ 'Ëö

j� Î&B "«Î"& ç&'b� �
º ©j ��&
. V¢B Fig. 8

öB �º :f ?� pH¢ 5.0b� Ã&�Bê � Î"º pH 4.5� ã

Öf �~ jÝ� ãËj <² B
.

3-3. ãþ�

�ç~ 
þÖ"öB 
þæ>� pH, L/G, DBA³ê¢ �Ï~� SO2

B�ÎNj .G~V *~� Burbank �� ÊÂÒf ªZ FGD÷öB

áf 
þÖ"¢ .G~V *� Bn� Î��[9]j �Ï~&b�, � Ö"

¢  � (11)" (12)ö ¾æÚî
. � ãÖö � (11)f SO2 ³ê& 2,500 ppm

�î�, � (12)º 3,500 ppm�îb�, ç&ê>(correlation coefficient),

R2f '' 0.856, 0.870�î
.

Fraction SO2=1−exp[0.0013(CDBA)−0.0363(L/G)1.091exp(0.418 pH)]

Removal (11)

Fraction SO2=1−exp[0.0013(CDBA)−0.0333(L/G)0.9923exp(0.4259 pH)]

Removal (12)

� �j �Ï~� �� .G8" 
þ8j Fig. 9ö ¾æÚî
. �â

Fig. 4. Effect of L/G ratio and DBA concentration on NTU at 3,500 ppm
SO2 concentration[(a): pH=4.0, (b): pH=4.5].

Fig. 5. Effect of L/G ratio and DBA concentration on NTU at 3,500 ppm
SO2 concentration[(a): pH=5.0, (b): pH=5.2].

Fig. 6. The ratio of kga to  as a function of L/G ratio(pH=4.0, SO2=
2,500 ppm).

KGa
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z��� B39² B6̂ 2001j 12ú

öB �º :f ?� SO2 ³ê& 3,500 ppm� ãÖö 2,500 ppm� ã

Öö j� .G8" 
þ8� ¾ ¢~>º ãËj ��� ®
.

4. Ö �

� ��öBº �Ú ÖëÚö J~B V�î��;j ÎN'�� n

;'� Ú*j *~� Î&Bf &NB � ÿn~ ��ÿË" bÒz

�' ßW, Î&B~ >w z
î¾ �j ÚÚ�~
. 6� bench �Î

~ 
þË~¢ �Ï~� �Ú ÖëÚöB ¦Öb� B�� Î&B~ W

Ëj G;~V *� 
þj >¯~&b�, 
r" ?f Ö�j áî
.

(1) Bench �Î FGD�;öB DBA Î&B "«³ê& Ã&�ö V

¢ SO2 B�ÎN~ Ã&¢ �&b�, L/G ratio& 8.0 �ç� ��öB

DBA ³ê& 1,200 ppm� ãÖöº pH 6º SO2 ³êö &êì� SO2

B�ÎNf 99.8% �çj �&
.

(2) Î&B¢ ÒÏ� ãÖö pH& Ôf '�öB ÒÏ~º ©� ¸f

'�öB ÒÏ~º ©�
 � Î"& çß>î
.

(3) DBA¢ "«� ãÖö �ç ÚöB jÏ·Ïj ~² >Ú �Úï

&�j 6²�Ê�, DBA¢ 1,200 ppm "«� ãÖö L/G ratio& 3.0

;ê� Ôf ãÖöê /kga 8� 1.0ö ê�~&
.

(4) 
þÖ"öB pH, L/G, DBA³êö V� SO2 B�ÎNj .G~

V *� ãþ' Î��j 
r" ?� áî
.

Fraction SO2=1−exp[0.0013(CDBA)−0.0363(L/G)1.091exp(0.418(pH)]

Fraction SO2=Removal for 2,500 ppm

KGa

Fig. 7. The ratio of kga to  as a function of L/G ratio(pH=4.5, SO2=
2,500 ppm).

KGa

Fig. 8. The ratio of kga to  as a function of L/G ratio(pH=5.0, SO2=
2,500 ppm).

KGa

Fig. 9. Comparison of measured and predicted SO2 removal at different
SO2 concentration[SO2 concentration: (a)=2,500 ppm, (b)=3,500 ppm].
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Fraction SO2=1−exp[0.0013(CDBA)−0.0333(L/G)0.9923exp(0.4259(pH)]

Fraction SO2=Removal for 3,500 ppm

6 Ò

� ��º Öë¶ö¦~ Ó;ö.æVFBBÒëb� >¯B ��Ö

"�B æöö 6Ò�ãî
.

ÒÏV̂

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

H0 : Henry’s constant [atm · l/mg]

kg : gas phase mass transfer coefficient for physical absorption

[gmole/cm2 · s]

ReG : gas phase Reynolds number

ReL : liquid phase Reynolds number

Sc : Schmidt number

ShG : gas phase Sherwood number

T : temperature [K]

�Ò�Ê ^¶

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

reaction [-]
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