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Abstract − The samples from 3 different spots were analyzed to get information about the necessities of additives, the needs

of cooling water, and the utilities of byproducts as an agricultural fertilizer. First, the liquid sample gathered from the bottom of

reactor was showed SO4
2− > NO3

− > NH4
+.  Second, the solid sample collected from reactor inside was identified ammonium

chloride came from HCl of the exhausted gas. Third, the solid sample stacked in the exhausted plumbing was indicated as a

very high ratios of sulfate/nitrate, therefore, a bag filter can be used as a collecting device of byproducts.
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1. � �

��� �� ��� �	 
�� 
��� �� ������ ���

�� ���� ��, � !"� �	 #$� %&' ()�* +,. -

. 	/� �01� 23&/4�� SOx5 67, 82, �9 : 6;�

�< �=>� �#��(Flue Gas Desulfurization, FGD) ?@A �9

�5 BC>D NOxE FGHIJ �=>� FGH �9K(Selective

Catalytic Reduction, SCR) ?@� LM N� +IO, �P	 �QR �

�S � � TUHV !"IJ �W�X* +� @YZH�,. [,�

FGD !"R ?\@C� ]� 4^�* _7� &`>� ab� +*

SCR !"R cd� e0� fg5 hicd� &`j 7 +� k"f

gJ lX<mj no �p� *�� hi5 q�HIJ rs<m >

� ab� +,. �� @< t�� #$� %&' ()�* +� SO2A

NOx5 uv� *YZJ �=>� w�xy !"R -. z{ BC��

SCRS FGD� |}~ !"� @<� �� ��@, LM@ : �� #

�L/� �	 ��� ��� �<�� TF� DX� +Xo, >O�

?@J SO2A NOx5 uv� �=j 7 +E no �p� cd� 08

�E @�J %C� ��>,� �bIJ V< � 1m� �	 #$�

%&' ()�* +,[1].

� #$� %C~ w�xy !"� /sHV T�g5 Fig. 1� O�

e�,. � ��?@� C�� 3,000 Nm3/hJ�, �� 3��� &/4

�� ���5 #� �$�� k0 1�v� /� �(�� ,v ��

v�g� >D ��� �< ��� �g� >�,. � �\� /9!�

?@(power supply), �� &`�(pulse generator) : cd�(reactor)5

 ¡>� cd� 01S ¢£�, ¤r��(gas gas heater), !� �¥�

¦� 0�?@ : £§ ¨©?@J $��� +,[2].

w�xy !"� �	 SO2A NOx �=cdR ª (1)S (2)� «¬p

­� �< ®a>[ ?¯° 7 +,. 82�� SO2A NOx� ±²p�

5 �>X ³*g �8S  8� ��J´ µ¶J �=j 7 +IO, ·

��J ±²p�5 �j �¸, N2cdE =¹ t§HIJ N2~ >

º»� ��µ ±²¼IJ ½�~,. �¾[ `�~ �(salt)R ±²p

�5 �>X ³R ��J´ µ¶�, ¿À Á  �j 7 +E no �

p� `�~ �8±²¼S  8±²¼R a@ ÂR Ã@ Ä¶� @�

J %C° 7 +,� �b� +� �01� w�xy !"��� ±²

p�5 ·��J �>D ��µ� µ¶J  �>� !"� �<� #

$>* +,[3].

      OH             O2, OH          H2O                NH3SO2→HSO3→SO3→H2SO4→(NH4)2SO4 (1)
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     O, O3, HO2          OH              NH3
                

NO�NO2→HNO3→NH4NO3 (2)

Å cd� ÆÇN� >O� NOx �=Z� �	 fg� MÈR SO2

� �=ZS� -É' ,Ê,� b�,. Ë fg� 
E7� NOx �=

ZR Ì�>� cÍ� SO2 �=ZR Î4>�Ï Ð �l� NOx� 


<�� w�xy� �< ̀ �~ �ÑÒ� �=YZ� �	 k�HV 9

V� �� cÍ�, SO2 �=cdR ¤2Ó cd� X�H��� Éf

k7� cd� l{>� Ô�V ÕIJ Ö×Ø +,[4]. Ù	 �8±²

¼R  8±²¼� @< 6Ú�� Û�� 08��  ��O �Ü� l

{>* `�~ 08�E @�J BCj �¸, �8±²¼R @�J�

ÝÞ YS5 O�ß,� �b� +� cÍ�,  8±²¼R @�Jà

X��E O�ß,* Ö×Ø +,[5].

� ��R 	/� ��23� ?\~ P/P(pilot plant)�� tH� !"E

á*� ���� l�, fg : ·��� BC lâ ¦� ãäE ½2>Í

�  �	 08�� �	 "� : "� 1å	 |S5 &æ>*� 	,.

 

2. � �

2-1. P/P ����

�� 3��� &/4 �� ���5 #� �$�� k0 1�v� l

�E 800-3,000 Nm3/hrJ ãç>�*, ��� base voltage� 30 kV, è

é /�R 70 kV, qê7� 0.68-1.33 kHzE BC>�,. kcHIJ �

��� SO2� ëg� 250-400 ppm, NOx� 100-250 ppm, O2� 3-4%,

H2O� 5-8% : ìí1(R î 5 mg/Nm3 ã�E �( ���5 BC

>�*, cdfg� î 120oC� ���5 ¤r��5 ï< 65-100oC

J ãç>D cd� �C>�,[6, 7].

2-2. ��, �� 	 
� ��

F, Cl, NO3 : SO4 �f1å�� ð�f éJyñÐ�è(IC: DX-500,

DionexB)5 BC>�*, ÒòR ð�f 1{ Òò IonPac AG4A-

SC4 mm(10-32), anion self-regeneration suppreionR ASRS-I 4 mmE �

;>�,. 	ó NH4 �f1å�� UV-visible spectrophotometer(3E,

CaryB)5 �C	 6ô ôgKE BC>�,. &»R 655 nm� õE ö

>[ 67>� salicylate method5 �C>D HachB� &»vîE B

C>�,. ��é�� particle size analyzer(CilasB)5 BC>D Úª

÷�Ø �SKIJ ©">�*, |"$ã1åR X-F øç1å�(XRD;

Ultima+2200, Rigaku Co.)5 BC>�,.

 

2-3. �� 
�� 	 ����

ùÉ v� 2 g5 "ú' ©">D Ìû7� üV ,ð, ýC�1R D

S>D �=	 þ /s 0è� 250 ml� �g� ãç	 ,ð ÿå>D

BC>�,.

ð�f 1å� BC	 C{�R 1.78 mM-Na2CO3S 1.78 mM-NaHCO3
� �}C�IJ AldrichB� *�g vîIJ �ã>�*, æ�C�R

2, 4, 10 ppm� ICC æ�C�E ÿå þ �}>D BC>�,.

NH4 �f1åR 500 ml-volumetric flask� C� 25 mlE �� ammonia

salicylate reagent powder pillowE �* Á �� 31® �\	 þ ,v

ammonia cyanurate reagent powder pillow5 �* C�� ü»IJ ½

>� v�>D 151 þ 6ôg5 ©">�,. ±²p� 1,000 ppm æ

�C�E ÿå>D 1, 2, 4 ppmC�E o�� 	�FE ��>�*, dual

beam correctionE Å	 
�C�R 18 MΩ �µ� deionized water5

�C>�,.

|"$ã� �� B&E �C>D î 74µm �>J ì1
	 v�5

plate� �;>D 1å>�,.

3. �� 	 
�

3-1. ����� tank�� ��� ��

,ðR IG(impulse generator)� ON/OFF, l�� ½2 : ·��J

BC~ ±²p� q� D0 ¦� cdãä� �� `�~ 08�� Æ

�E ãB	 |S�,. � v�� cd� >0� #|~ cd08� tank

�� �sµ¶J ��>D 1å>�I�, £ v�� �	 cdãäE

Table 1� O�e�,. v� A� IG OFF�� ±²p�o ·�j �¸

� ¤2Ó cd� MÈE ãB>�*, v� BA C� IG ON µ¶��

±²p�� MÈE 
�	 cÍ�, v� DA E� �� v�� @<�

l�E 1.2�"g Ì�>�E Ô� MÈE ãB>�,. Table 2� £ �

f� ëg : �8±²¼S  8±²¼� �}@ZE O�e�,.

Table 25 ���Í, IG OFF�� ±²p�o q��E Ô `�~ v

� AA IG ON µ¶�� ±²p�5 q�>X ³�E Ô� v� B, D

5 @r< �Í, A� �¸, SO4 �f� ëg� @�>O NO3 �f�

ëg� Û�� �8�S  8�� �@� µ�HIJ i¸ 
,� Õ

E Ö 7 +,. 	ó IG ON µ¶�� ±²p�5 q�>X ³R v�

BA D� @<� ±²p�5 q�	 v� CA E� �¸� SO4 �fR

î 10� ]� `���*, NO3 �fR � �"go Ì�	 ÕIJ 


���,. Ù	 cdfg� uk>X ³�� "ú	 @r� �X ³X

o Ð �� ãä� uk>*, l�� î 1.2� Ì�>Í SO4 �fS

Table 1. Reaction conditions at different temperature and flow rate

Sample name Temperature* inlet/outlet(oC) Reaction conditions IG state

A 95.0/85.0 1,340 Nm3/hr addition of NH3(0.9eq) IG OFF
B 66.5/65.0 1.0 kHz, 1,340 Nm3/hr no addition of NH3 IG ON
C 66.5/64.0 1.0 kHz, 1,340 Nm3/hr addition of NH3(0.9eq) IG ON
D 85.0/66.0 1.0 kHz, 1,594 Nm3/hr no addition of NH3 IG ON
E 85.0/65.0 1.0 kHz, 1,594 Nm3/hr addition of NH3(0.9eq) IG ON

*Temperature of inlet/outlet of the reactor.

Fig. 1. Schematic diagram of plasma process at Boryung power plant.
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NO3 �f� ëg� î® Ì�¡E Ö 7 +,. /sHIJ �� IG OFF

µ¶J ��	 v� A5 ��>*� kcHV w�xy 08� ëg�

��V SO4
2− > NO3

− > NH4
+J 
���,.

3-2. ��
�� ���  !"#� ��� ��

�� ��	 3-1� v�� cd� >0� #|~ cd08� tank�

� �sµ¶J ��>D 1å	 |SV cÍ�, � |S� cd�� ?

\~ ¢£75 BC>X ³* cd�� ��5 V�>D �R v®u

� ��	 þ ��	 *s v�� �	 1å|S�,. Fig. 2� (a)� /

�E r�>� Å< cd�  !E ¤�E Ô� B(IJà �//�

S "X/�� �/� �W�X� 01��o �(salt)�� ¥H�� +

� ÕE # 7 +*, (b)� �ÕE $ % �í' 
�>� Å< >O�

�//�� �	 B(E O�e��Ï &µ/�� ·'y, (Öo	

�)�{� *+ +*, Ð q½�g ',[ -D+� ÕE # 7 +,.

��� é�5 ©"	 |S, mean particle size� 112µm�*, 100µm

�� .H � 1ZR î 60%J 
���,.

Table 3� 08� 1å|S5 �Í, Cl �fE  ¡>� 2}�� q

`��/E Ö 7 +*, �8±²¼S  8±²¼� �@� (89 : 1)J

 8±²¼R i¸ ÛR @ZJ `�~ ÕE Ö 7 +,.

� |S� �� ��	 cd08� tank� 08���� úV>X 0

	 Cl �f� NO3 �f�, 
R ëgJ 1.>� ÕE úVj 7 +

�,. �A 2R *ëg� Cl �fE  ¡>� � E úV>� Å<

XRD 1åE �v	 |S5 Fig. 3� O�e�,. ìX� � R �2

±²¼IJ úV��*, � � � `�9VR ���N� ¡l~ HCl

�� �V	 ÕIJ 3a~,. >Xo kcHV 23&/4� ���

N� HCl ëg(�� 6 ppm)5 Î�j Ô µ4' *ëg��� @r5

Å< ,ð� ãä>�� ��E �v>�,. qê7 1.0 kHz, l�

1,660 Nm3/hr, cdfg(inlet 86±2oC, outlet 65±2oC) : ±²p��

SO2 ��IJ 0.9 4�E q�>* IG/OFF(v� F)A 2R ãä>��

IG/ON µ¶(v� G)�� cd	 þ cd08� tank�� �sµ¶J

��	 þ 1å	 |S5 Table 4� O�e�,. *s `��S �s `

��®� 5"HV @r5 j 7� 6Xo Cl �f� ëg� NO3 �f

�, Û[ ©"��,.

3-3. ��� $% &'�� ��� ��

Fig. 4� w�xy !"� �< `�~ 08�� cd� þa �70

� ��Å\5 O�e�,. �� ?¯	 cdãäU(�� 3-1S 3-2) |

SA� 8{, cd� þa �70� 08�R î 19®E cd	 þ P/

Table 2. Concentrations, mole(%) of byproducts 

 Sample NH4
+, mole(%) SO4

2− , mole(%) NO3
− ,  mole(%) Sulfate/Nitrate

A 0.19(1.05×10−2) 0.36(3.75×10−3) 0.011(0.18×10−3) 20.83
B 0.77×10−4(4.53×10−6) 0.21(2.19×10−3) 0.032(0.52×10−3) 14.21
C 0.89(0.049×10−2) 2.42(0.025) 0.15(2.42×10−3) 10.25
D 0.32(0.018×10−2) 0.32(3.33×10−3) 0.064(1.03×10−3) 13.23
E 0.99(5.50×10−2) 2.78(0.029) 0.17(2.74×10−3) 10.58

Fig. 2. Inner shape of a cylinder-type reactor.

Table 3. Concentrations, mole(%) of byproducts 

Ions NH4
+ SO4

2− NO3
− Cl−

Concentration, mole(%) 17.74(0.99) 43.05(4.48) 0.32(0.05) 19.17(5.40)

Fig. 3. Results of XRD showing NH4Cl and (NH4)2SO4.
HWAHAK KONGHAK Vol. 39, No. 3, June, 2001
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	 |S�;J ��� ��	 |SA� U,Þ µ

¨� 6E ÕI

J <µ~,. >Xo �IJ ?\j bag filterO /� �(�� �	 !

" tH25 Å< 08�� �	 �4�fE  ¡	 kcHV �fë

gA 08� �}@Z 1åE �v	 |S5 Table 5A 6� O�e�,. 

1å|S, í v� ²' sulfate/nitrate� =� 60-500� "gJ µ4

' 
[ 
���*, NH4Cl/NH4F� 1.5-3.0 "gJ ©"~ ÕIJ �

�, lab scaleJ SO2A NOx ��5 BC>D ��	 08�� |SA�

8{ �� 23&/4 ���� ={v�� NH4ClA NH4F� µ4	

>� 1.>� ÕE Ö 7 +�,.

4. � �

ùÉ cd08� tank�� �sµ¶J ��	 v�5 1å	 |S, 0

8�� ëg� SO4
2− > NO3

− > NH4
+� ��J 
���,. cÍ� cd

�� ?\~ ¢£75 BC>X ³* cd�� ��5 V�>D �R

v®e� ��	 þ cd� e05 
�	 |S, �//�S "X/�

� �/� �W�X� 01��o ]R >� ��� ¥H?E Ö 7 +

�,. �@ HR >� �� cd/�� 0;�� +�g �/� &`>

� Ï�� A MÈR 6E ÕIJ <µ�O v®� �S¡� �� ]R

>� 0;° �¸�� MÈE ìB ÕIJ <µ�� /s !"�� ¢

£7� C^>,� |@E eD 7 +�,. Ù	 cd/��� ��	

*s v�� 1å|S, �2±²¼� q`��J úV� ���Ï �Õ

R ���N NOx ÂR SO2� �¸�� w�xyA cd>D  8 Â

R �8IJ ½�	 þ ±²p�A cd>�Ï @< HCl ÂR HF� �

¸�� ±²p�A ¸FHIJ cd>;J HCl ÂR HF� NOx ÂR

SO2� @< HR >� 1.>%�g cd/�� ]R >� 0;~ Õ

IJ 3a~,. 	ó, cd� þa�� ��	 v�� �¸, 6Ú��

ö	  8±²¼�,� �8±²¼� =� X�H��� 08�E  

�>�Ï bag filterg lC>[ BC° 7 +E ÕIJ <µ�� cd

� þa �70� bag filter5 ?\>D 08��  �� 
	 #$5

() N� +,.

�
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Table 4. Mixing ratios of byproducts

Sample NH4
+ , mole(%) SO4

2−, mole(%) NO3
−, mole(%) Cl−, mole(%)

F 1.79(9.94×10−2) 3.18(0.033) 0.16(2.58×10−3) 0.060(1.69×10−3)
G 1.65(9.17×10−2) 2.98(0.031) 0.34(5.48×10−3) 0.067(1.89×10−3)

Fig. 4. Sampling spots of sample H, I and J.

Table 5. Concentrations, mole(%) of byproducts

Name NH4
+ SO4

2− NO3
− Cl− F−

H 0.33
(0.018)

5.32
(0.055)

0.053
(8.55×10−4)

0.16
(4.50×10−3)

0.06
(3.16×10−3)

I 3.21
(0.18)

88.74
(0.92)

0.11
(1.77×10−3)

0.31
(8.73×10−3)

0.086
(4.53×10−3)

J 3.80
(0.21)

27.22
(0.28)

0.11
(1.77×10−3)

0.93
(0.026)

0.17
(8.95×10−3)

Table 6. Mixing ratios of byproducts

Sample (NH4)2SO4 NH4NO3 NH4Cl NH4F

H 17.40 0.27 1.42 1.0
I 203.091 0.39 1.93 1.0
J 31.28 0.20 2.91 1.0
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