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Abstract − Electrochemical redox behaviors of nitric acid were studied by using a glassy carbon fiber column electrode sys-

tem, and its reaction mechanism was analyzed in several ways. The electrochemical reaction in less than 2.0 M nitric acid was

not observed, but in more than 2.0 M nitric acid, the reduction rate of nitric acid to produce nitrous acid was slow so that the

nitric acid solution had to be contacted enough with electrode in order to observe a apparent reduction current of nitric acid to

nitrous acid. The nitrous acid generated in more than 2.0 M nitric acid was rapidly and easily reduced to NOx through an auto-

catalytic reaction. Sulfamic acid was confirmed to be effective to destroy the nitrous acid. The sulfamic acid of at least 0.05M

was necessary to remove the nitrous acid generated in 3.5 M nitric acid.
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�', ./� !0 $%& 1� � �23 4//56, 78� �9:&

;/ �� 
�, <��=, ,� �	 4/ 1� 9>, ?@A BC

�� DE[1, 2]. ,F G	 7HI�� J#KL 7H, M��= 4/

3F <NOP� 7H, QC�� DE[3-6]. $%,-R �S0 TU�

VW !9 XY�� �	 XYZ, [\ ]S^_� Q%* XY `�

aXY b1O c� ,:de f0^g h� $%,-& �S0 TU

F J# �i� &# Q%KI� ]SOjI�� 4/kle <NOm

6 DE. ,n	 J# opXY(̀ � J# aXY)e kqKI� 6r^

9 G#�� M� bs t�� u �-� vwxKe [\ y�OPx�,

z{ J# �i, �=(\ | 6 D� u J}xKe ~� J# O�

�, �B^E[7-10]. ,n	 
�e ��Om 6 D� J#c���

��� GC �!(glassy carbon fiber) Ey� J} J#c0 � 6 D

E[7-10]. �9� 8o�� ��� GC fiber ��� J}& �KI�

8o� �� ��W � QC�� &# 9 �y ��" ��� �!�

F ,o	 1K �-� vw����� �, � T, ��" �!� 0

�8,� ��
 �T� &# }A �R ��I� �g  ¡¢\ ^�

�£A u �-� vw xKe y�OP� gg� a|e 	E[6, 8-10]. 

�¤G 78� �9:R ¥� d� 4G9�[11, 12] d� �& ¦1

�T $%,-& J# ¦�e 1§A ,#^9 G#�� ¨© d�&

�S/�� QC0 ªr�=« 	E. .n( d�& J9S¬K �S/�

��iR �£A ­®^�, �¯°g 3 M ,T& �±3 d� ²a�

�& J# �i� 
	 �³0 '& y´�g hR TU,E[13-15].

VW� � QC���� �¯ 6r^� D� µ4/ b1e �ª^9

G#, ¶ Np& J9S¬K �S0 
1e ·	 TBP� &	 Np& X

YZe <NOP�[1, 16] QC� ¸� ¨© Np(V)0 Np(VI)� �S

�9 G	 JG ²a�� GC �! Ey� J}e ,o	 d�±3

0.5-5.5 M ¹G�� d�& �S/�� 'Mq ,º M��= y�^�

�d�& 'M� 
	 QCF 6r^»E.
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Fig. 1�� d�& �S/�� 'Me ¼9 G	 ½ �& ��� GC

�! Ey� J} J# ��0 (¾( DE. ¿oJ}I� 8o��

GC fiber Ey�� 4/�I� 8o�� À, 7.0 cm, t� 8.8 mm

Eb� ÁÂ t� Ão� 6 D� Ä4	 GC fiber 0� 6� ÅÆ

�ÇÈI , �9� É� 3 mm GC Ê(rod)e ËÌ^� JÍ bÎ Ï

ÐÑq QÒ�3Ó ^»E. Eb� ÁÂ& Ô)� �iJ}I� 8o�

� Õ$ªI� Ä4A Ön ×�Ø D�, 9¤J}I� 8o�� Ag/

AgCl (Silver/Silver Chloride Electrode: SSE) J}, 0Ù\ G�^\

^»E. GC �! Ey� t� ¥Ì�� 6o�T& !%R J#�i

� �S/�� 	cJÍ �� u ²Úe Ð�_� 1Û ÐÛ Î� ÜÝ�

!Ûc� &# 1�^\ �=�ÈE. J# �i JÞ& o�& �3� �

M �3 ß19(Kyoto Electronics, Model AT-400)F ·# ß1^»I ,

d�& J# �i Þ ��" �d�R àá4â� &# 547 nm�� UV-

spectrophotometer(Shimadzu, Model UV-160A)� &# 4â^»E. �9

� �d�R sulfanilic acid� �i^� diazonium ãe ä�^� α-

naphtylamineq åR á& æ:e ä�	E. ´¤ o�R sodium nitrite

e ,o# �ÇÈE.

3.�
 	 ��

Fig. 2�� Cell 1� �n ±3& d�, ¥Ì�� D� TU�� �

SJG 7ÚI� JGF ¥8O ß1" voltammogram, (¾( DE.

d� ±3 2.0 M ,^��� ç +1.05 V)Ï y��� �� y� J

Í ,Ô�� +0.7~+1.25 V ¥8 ²a�� =è	 JÍ3 
é�g hê

E. .n( 2.5 M,T)Ï� d�±3� VW 0.7 V)��� TëA

u ��JÍ ì[� ,Þ� ¿R �Sì[0 
é"E. Fig. 3���

Cell 1� +1.02 V& �1JG0 bÎ�� TU��, Cell 2� �� J

G 7ÚI� JG0 ¥8� º& voltammogram, (¾( DE. Fig. 2

� !8	 'Me ¼,( �S JÍ ì[0 
é�g hêE. Fig. 2�

� �S 7ÚI� ¥8�� q1�� ��ì[0 
é�� íR ¦,

	 �TI� Fig. 2� 3& 1¼�I�� #â, îï^_� d�& �

�y�q 6�y� 8, JG²a�� d�±3� VW cyclic voltam-

mogram, ß1�È�, . Òq0 Fig. 4� (¾( DE. d�±30

2.0 M°g� ç −0.45 V� +1.05 V �;�� �� 6�y� JÍ�

��y� JÍ ,Ô�� 
é�g hêg� 2.5 M��� �S ¥8 7

Ú& �ð ç +0.67 V�� ��ì[� ,F g(� çs& �Sì[0


é�ÈI , �� 7ÚI� ¥8�� �ð� ç +0.4 V JG�� pð

u ��ì[0 
é�ÈE. d� 3.0 M,T��� �S ¥8 7Ú��

& ��ì[0 ñò yó# 
é ²ae ô= ¼,d h� �S ²a

L +0.9 V�;�� ¼E õN �Sì[0 
é�  `	 ��¥8 ²

a��3 2.5 M d�¼E ñò u ��JÍF ¼LE. Fig. 5�� Cell 1

�� +1.02 V& �1JG0 bÎ�� TU�� Cell 2��& cyclic

voltammogram, (¾( DE. d� ±3 2.0 M°g� Fig. 4� M�^g

� d� 2.5 M ,T��� �S, �� ¥8 7Ú& ��JÍ [90 ñ

õö+e ÷ 6 DE. Fig. 4� 5& voltammogram& äU� ��KL

Fig. 1. Schematic diagram of the electrolytic system with two glassy
carbon fiber column electrodes.
1. Nitric acid reservoir 6. Product reservoir
2. Solvent delivery pump 7. Computer-controlled
3. SSE reference electrode  multi-channel potentiostat
4. GC fiber column electrode 8. Three-way valve
5. Pt counter electrode

Fig. 3. Voltammograms of several nitric acid concentrations at cell 2.
Scan rate: 0.5 mV/sec, Flow rate: 0.65 ml/min

Fig. 2. Voltammograms of several nitric acid concentrations at cell 1.
Scan rate: 0.5 mV/sec, Scan rate: 0.65 ml/min

Fig. 4. Cyclic voltammograms of several nitric acid concentrations at
cell 1.
Scan rate: 1.0 mV/sec, Flow rate: 0.65 ml/min
���� �38� �2� 2000� 4�
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cyclic voltammogram& äU�� E¢E. ¼· �Søq ��ø, 0

a�iL �ð �S ¥8 7ÚI� �Sì[0 ¼,� ��¥8 7Ú

I�� ��ì[0 
é"E. .n( � QC& �ð� ù ¥8 7Ú

I� �½ �� JÍ�, 
é"E.

Fig. 4� 5& ¦,	 JÍ ì[0 J# �i, ;+ O¿�� 
�

� VW =ú\ óWg�0F ¼9 G# ¥8F E{ G��� O¿

	 cyclic voltammogram, Fig. 6� (¾( DE. 6� y�, �=

(� −0.52 V�� �S7ÚI� ¥8	 Òq� ��0 y���

+1.22 V�� ��7ÚI� ¥8	 Òq� Fig. 4�� ��ì[0 ¼,

� +0.74 V�� �S7ÚI� ¥8	 Òq0 '& M� e ÷ 6

DE. ,� Fig. 4�� ¼,� ��ì[ JÍ� ¥80 O¿�� 
�

�� û
^\, . JG G��� �!^\ �=(� íüe ý 6

DE. VW� , Òq� Fig. 4�� ¼,� d� ��JÍ0 d� ±

30 2.0 M ,T� º y�^� d�& �! J# �iI� ���

6 DE. Fig. 4� 5� (¾þ JÍ� J#c� E{ ,:d, ÿEx

d�& �S TU� 0� �R �S TU,_� d�& �� q1�

� �9� �n 0g �s��:& J#�i� &# ��" JÍ�

��"E. d�& J# �iR Eù	 äU� pð ­®^\ �=((

,� 
�	 ��� (¾þ 0� 0Z�D� �iR E+q �E[13-

15].

NO3
− +3H++2e − =HNO2+H2O Eo= +0.94(V vs SHE)(+0.74 V vs SSE) (1)

HNO2+H++e − =NO+H2O Eo= +0.94(V vs SHE)(+0.77 V vs SSE) (2)

NO+NO3
− +2H ++e−=2HNO2 Eo=+0.517(V vs SHE)(+0.32 V vs SSE) (3)

HNO3+2NO+H2O=3HNO2 (4)

Fig. 2� 4� (¾þ �S¥8 7Ú& ì[� * (1)� ��� 6 D�

��¥8 7Ú& ì[( ��JÍ� �d�, 4#�� * (2)-(4)q1

e ·# 4#�� q1I� ��| 6 DE. * (1)& d�, �d�I

� ���� �iR SSEJ} 9¤I� +0.74 V� Fig. 4�� +0.74 V

¼E �R JG²a�� * (1)� &	 d� ��JÍ0 ¼�« ^(

+0.74 VJÞ��� ��ì[F ¼,� D� .¼E �R +JG���

=è	 JÍ3 
é�g h�E. ,� E{ �L� &# J#c� �d

�, ���ÈE� ��| 6 DE. .n	 0Z�I�� d� ±30

�e �ð � QC�� 8o" GC J}& ��� d�, �i^� �

d�, E+q �R �i*I� y�� 6 DE[13].

C+HNO3=CO+HNO2 (5)

C+2HNO3=CO2+2HNO2 (6)

� QCc�� * (5), (6)& 0Z�e §L^9 G^� GC�1J}

q Pt�1J}e 8o^� Fig. 4�� �S¥8 7ÚI� ��ì[F

¼,g hR 1.0 Md�q ��ì[F ¼,� 3.0 M d��� cyclic

voltammogram ß1e ^� ¼ê� . Òq0 Fig. 7� (¾( DE.

d� 3.0 M� �ð� Pt�1J}��3 GC�1J}��� !8	 �

S ¥87ÚI� ç +0.6 V�� ��ì[0 (¾�I  `	 �� ¥

87ÚI� ñ u ��ì[0 (¾�e ÷ 6 DE. .n( d� ±3

0 1.0 M��� Pt, GCJ} �½�� =è	 ��JÍ3 ¼,g h�

E. , Òq�)Ï Fig. 4& ��JÍ� * (5), (6)& �� J}I�)Ï

y�	 �d�& 4# q1,W� ���9 ¼E 2.0 M ,T& d� J

#�i& ¦�I� ��� 6 DE.

Fig. 8�� 2.5 Md�±3�� ¥8%3 ]S� V{ cyclic voltam-

mogram& ]S0 (¾( DE. ¥8%30 1-3 mV/sec��� ¥8%

30 <0|6Ó �S7Ú& ¥8�� ��ì[� [90 �x� ù&

7ÚI� ,Me ^ , ��7Ú& ¥8�� ì[0 <0 e ÷ 6

DE. .n( ¥8%30 5 mV/sec� �ð� ù7Ú& ì[0 ÿ=Ø

Fig. 4�� d� ±3 2.0 M ,^��& cyclic voltammogram& ä

UF ¼LE. , Òq� Fig. 4& d� �S/�� 'Me #â^9 G	

pð �B	 £�F ¼,� Òq� ��� , Fig. 2-7°g& Òq�  

	 �
| º 2.0 M,T& �±3 d�& J#K �S �i9CF E+

q �, �O| 6 D\ 	E. ¶, �S7Ú& ì[� ��7Ú& ì[

Fig. 5. Cyclic voltammograms of several nitric acid concentrations at
cell 2.
Scan rate: 1.0 mV/sec, Flow rate: 0.65 ml/min

Fig. 6. Second cyclic voltammograms with different scan starting points
at 2.5 N nitric acid.
Scan rate: 1.0 mV/sec, Flow rate: 0.65 ml/min

Fig. 7. Cyclic voltammograms in nitric acid at stationary GC and Pt
electrode.
GC electrode diameter: 3 mm, GC electrode diameter: 3 mm, Scan
rate: 1 mV/sec, Flow rate: 0.65 ml/min
HWAHAK KONGHAK Vol. 38, No. 2, April, 2000
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� 9�KI� E{ äU& �iI� ��"E. ¸� �Î	 íq �,

��KI� 0a �S/�� �i& �ð� ¥8 7Ú� VW ì[& 7

Ú, ��� (¾þE. .n( 2.0 M ,T d�±3��� Fig. 4� �

, ��ì[�, ¼LE. ,& �LR E+q �, #â� 6 DE. d

�±30 2.0 M,T�� �S ¥87Ú& ì[� * (1) �i� &# �

=þ íI� X1"E. ^g� +0.6 V ,J& +JG��� * (1)� &

	 �� JÍ0 ¼,d h�� ,� J}�� * (1) �i, �=(9

G	 qJ
, pð ['( J}�� �i%30 pð �� íI� �

�"E[15]. VW� d�, J}q vw^� Os, �1 9s �q^�

�ð� Ä4	 ù& �d�, ���= Fig. 4��;� +0.6 V �;)Ï

,& �� JÍ0 (¾(�, ¥8JG0 �� * (1)& �S²aI� N

Ì^x� ��ì[0 8WNE. ,�\ ��" �d�R �S²a��

çs& �Sì[� (¾(� íI� X1"E. ,F svKI� §L|

6 D� Òq0 Fig. 7& ¥8 %3� V{ cyclic voltammogram äU

0 ��� íe ·# ý 6 DE. ¥8 %30 �e6Ó Ä4A �d�

, ���= �S 7Ú& ì[0 õg� +JG 7ÚI� ,M�e ÷

6 DE. .n( ¥8%30 <0^E 5 mV/sec ,T��� �A
 �

S, �� 7Ú& ì[0 ÿ=g� íe ÷ 6 D�� ,� ¸� �	

í;� �d�, Ä4A ���9 J� J}� bÎ�� JG0 * (1)&

�S ²aI� ,M^»9 º�I� ��"E. Ä4A �R ¥8 %3�

� �S 7Ú& ¥8 q1 �� ��" �d�R ¥8 7Ú, �� 7Ú

I� � º �Mwp �i äUF ¼,� * (2)-(4)& �i� &# �S

7Ú& ì[ ¼E ñ u ��ì[0 (¾(� íI� ��"E. `	 �

30 �e6Ó * (4)� 1�iI� Nr^� ñ �R �d�e ��^�

Fig. 4� 5��;� ñ u �d� �� JÍF ¼LE.

Fig. 9�� �1	 +1.1 V& �SJG0 bÎ�� Cell 1q �1	

+0.68 V& ��JG0 bÎ�� Cell 2�� (- o�& �3� �d�&

±30 (¾( DE. Cell 1��� �3& ��( �d�& ��, '&

ÿ+e ÷ 6 DE. .n( Cell 2��� d�±3 ç 2.0 M,T& �

ð d�& ��� �d�& Î�	 <0F 
é| 6 DE. d�±3

2.0 M,T�� Cell 2�)Ï �R 0�y�e 
é| 6 DÈ� , 0

� áR åR áI� NOx X1�� 0�0 
é�ÈE. , Òq� ¸�

& Òq�� �� ¥8 7Ú& JÍ� d�I�)Ï y��� �Mwp

�i& �d�& ���i� &	 íüe ý 6 DE.

�d�R sulfamic acid� &# E+q �R �ie ·# z¢� �

\ 4#�� íI� ý
Ø DE[17].

NH2SO3H+HNO2�H2SO4+H2O+N2 (7)

VW� sulfamic acid0 d� o� ��  !"Ex ��KI� Fig. 4�

� d� ±3 2.0 M,T�� (¾�� �S¥8 7Ú�� �d�,

�¯^d h\ �=, �� ¥8 7ÚI�& �d�& 4# �i, �

=(d h\ �= =è	 �d� �� JÍ3 
é�d h�« 	E.

Fig. 8. Cyclic voltammograms in several scan rate at 2.5 N nitric acid.
Flow rate: 0.65 ml/min

Fig. 9. Nitrite and nitric acid concentrations after cell 1 of 1.1 V and
cell 2 of 0.68 V with a change of feeding nitric acid.
Flow rate: 0.6 ml/min

Fig. 11. Cyclic voltammograms in 3.5 N nitric acid concentrations with
0.05 M and 0.1 M sulfamic acid.
Scan rate: 1.0 mV/sec, Flow rate: 0.65 ml/min

Fig. 10. Cyclic voltammograms of several nitric acid concentrations
with 0.05 M sulfamic acid.
Scan rate: 1.0 mV/sec, Flow rate: 0.65 ml/min
���� �38� �2� 2000� 4�
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DC
Fig. 10�� sulfamic acid 0.05 Me  !	 d�& cyclic voltammo-

gram, (¾( DE. Fig. 4�� ¼»� d� 2.0 M ,T�� �S ¥8

7ÚI�& =è	 ì[3 
é�g h�E. .n( d� ±30 3.5 M

��� �� ¥8 7ÚI� çs& �d�& �� �i JÍ0 ��

DE. ,íR sulfamic acid 0.05 M, d� ±3 3.5 M��� �d

�e Ä4A �/ 4#OPg �^� íI� ��"E. ^g� sulfam-

ic acid 0.1 M��� Ä4A �d�, 4#�= =è	 �d�& 4

# JÍ0 ¼,d h+e Fig. 11�� §L| 6 DE. ,n	 Òq�

d�& ±3� VW y��� �d�, kqKI� 4#^9 G#�

� �1	 sulfamic acid±30 �B e ý 6 DE.

�d�, ���d h� d�±3 2.0 M ,^�� �d� ãe  e

�ð �30 �ñW3 Fig. 4�� ¼,� �d�& �Sì[0 ¼� í

I� 9�"E. Fig. 12�� �d� (!"(NaNO2) 0.002 Mq 0.01

Me ~� 1.0 M d�o���& cyclic voltammogram, (¾( DE.

d� 1.0 M��� =è	 d� 4# JÍ0 
é, �g hI(, �d

�, 0.002 M, �¯^� �ð çs& �d�& �Sì[0 
é,

�g� (!" ,-� &	 * (3), (4)& �Mwp �i,[13-15] ,#

=gd h� Fig. 4& d� 2.5 M�� ¼,� íq ��¥8 7Ú��

¼,� íq �R �R �d�& ���i, �=(g h� JÍ0 [

\ yó^g h+e ÷ 6 DE. �d� (!" 0.01 M��� ¼E

u �d� �� 4#JÍF ÷ 6 DE.

Fig. 13�� d�ãe ~g h� ã�� 0.002 Mq 0.008 M& �d�

(!"e ~� o�� �	 cyclic voltammogram, (¾( DE. Fig. 12

��;� �d�& $%	 �Sì[F ÷ 6 D� * (4)& d�ã, ÿ

= �d�e �Mwp �i� &# Î�A ��| 6 ÿ= �d� ��

4# �i JÍ0 & yó�g h+e ÷ 6 DE. Fig. 14�� 1.0 M

ã�� 0.01 M d� (!"e ~� o�� �	 cyclic voltammogram,

(¾( DE. �9�� d� 1.0 M& �ð;� =è	 d�& �� �

�d�& �� 4# �i, �=(d h+e ÷ 6 DE.

4.� �

,T& @'I�)Ï d�& �S/�� J# �i� �# E+q �

, Ò(e )e 6 DE.

(1)d�±30 2.0 M,^��� d�& J9S¬K �S/��, �=

(d h�, d� ±3 2.0 M,T�� d�& ���i, �
 ��JG�

� o�, J}q Ä4	 vw, ,#=N Þ�« �d�, ��"E.

(2)d� ±3 2.0 M,T�� ��" �d�R �� JG�� Î�	

�Mwp �i� &# �£A �R �d� �� 4# �ie ¼,x

NOx� ��"E.

(3)�d�R sulfamic acid� &# kqKI� 4#�  d� 3.5 M�

�� �d�& *J	 4#F G# sulfamic acid ±30 ��	 0.05 M

,T, �=« 	E.

� �

� QC� q¬9>)& ��� ��9 8�& ��I� 6r�È+

�E.
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Fig. 12. Cyclic voltammograms in nitric acid concentrations with sev-
eral sodium nitrite concentrations. 
Scan rate: 1.0 mV/sec, Flow rate: 0.65 ml/min

Fig. 13. Cyclic voltammograms in 1.0 HCl with 0.002 N and 0.01 N sodium
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