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  !" � #$�%&. �� ��'( ) ����, �� ��'( 53% ��* ���� +��%&. �� ��, 600-750oC,

�� ��, 650-750oC� -. /�'0 	123&. �� ��� 4
 5. /�( 3-21 67%�3&. �� � �� ��

� 8�� '9:( ;; 13.36 kcal/gmol, 37.94 kcal/gmol�3&. �� ��� 4
 5.' <� �� =	( 0.662�3&.

�� �� >.( ���� ?@A� B�C' DE F
�  ?@A 0.789'0 8�� 
G23&. �� ��, ?@A�

B�C' DE B��  ?@A H 0.5'0 I< J� KL M F
�%&. �� � �� ��' <� NOP� �Q�%&.

Abstract − Characteristics of desulfurization and regeneration reactions of a zinc titanate sorbent used to absorb hydrogen

sulfide in coal gas have been investigated by using a thermo-gravimetric analyzer. Desulfurization was carried out with fresh

sorbent and regeneration with sorbent sulfurized as much as 53%. Temperature ranged from 600oC to 750oC and from 650oC

to 750oC for desulfurization and regeneration, respectively. Oxygen concentration ranged from 3 vol% to 21 vol% for regen-

eration. Activation energies of desulfurization and regeneration were found as 13.36 kcal/gmol and 37.94 kcal/gmol, respec-

tively. The order of regeneration reaction with respect to oxygen concentration was found as 0.662. The rate of desulfurization

decreased as the conversion of sorbent increased. The desulfurization ability of sorbent was depleted at a conversion about

0.789. The rate of regeneration decreased after an initial increase as conversion increased. The maximum regeneration rate

occurred at a conversion about 0.5. Rate equations of desulfurization and regeneration were suggested.
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 �� ��� ���� ��
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 H2S � COS� ��� �� ��� ��  !"#� $#

% &' �(#). �� ���*�
 +,�� �� �� ��� H2S

� COS� -.�/ 012, 345 �� ��� ���� 6
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�  �9
 ��:)[1-4]. ; <=� �>� $?
 >@�
 A	

�� B� 78 �C5 DE FG ,�H3I J��� �K FG ,�

H L� �� FG ,�H  78�* MN#2 �� �� � H2SI

COS� OPQ1* RE#� 78
�, 8  REK 78�� S+TU

� S+ 
� VW> S+ 
��
 �+#� SO2� XE#� �8 X

E
�1* YZ�/ 0)[5].

78 
��� [�� >�\ ]^�� QN�_1I, @` �/ Z

a3 bR#% c� d; ef3 �+#> 3* gK 78 Za� h#

� i>�/ 3j\d �j\ 78 
�3 k��_). V� �j\ 7

8 
�5 S+*� @` �/Z3 lm#> �G no� %p qr 

�"> 0/
 3 
�� �q Q�K 78�� �n#� $K )sK

�Y� tu�> 0). ZnO Rv�� 8� Ew� �� Zad S+Z

3 &' 'EK x1* i>�/ y12, >@�
 z��� {r  i

|#� $?
 Fe2O3, TiO2, CuO }d ~5 FG ,�H  J�K �

� FG ,�H Rv�� �n� ��� �Y�/ y). �j\ 78 


�� MN�� 78�� � 78 a�d ��p ���Z` ��� #

�� zinc titanate 78�� 3 nB4  ��T� E 0  x1* ��

�� ��K 78�4 �� #I3)[6-8].
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����
�*3 �n: 78�� ]^�� QN��� 6

 ��Qg ]^

�Z3 ���/� K). � �Y�
� �j\ 78 
�� Q�#�

�n: K zinc titanate 78�� 78 � S+ ]^ �Z  ; �� �

��(TGA, thermo-gravimetric analyzer)� MN#% �� � >�#�

). 78 ]^ G`� �K @` � 	�=� ��d ,�Q S+ ]^

G`� �K @`, ,w �`, 	�=� ��� �r  �/ ]^ �Z

  >�#�> � ]^� �K G`�  �T#�).

2. ��� ��

Zinc titanate 78�� ZnTiO3, Zn2Ti3O8, VW> Zn2TiO4� � �"

� � ¡� Yn* �Z�2[9], zinc/titanium� ¢� £5 Zn2TiO4�

8 EN a�3 �q £). Ti� 78 ¤N  #" ¥> Zn3 >@�


¦��� x  §�#> L 78�� ���Z  z�TU2, ]^5

DE#� zinc� �?
 3¨/t). Zinc titanate 78�� 78 ]^

5 �© ]^3 -.�� zinc ferrite 78�ª ¢«? ]^ {¬� ­

{#). ¡dQ1* zinc titanate 78�� 78 � S+ ]^5 )®d

~3 >¯° E 0).

ZnO(s) + H2S(g)± ZnS(s) + H2O(g) (1)

2ZnS(s) + 3O2(g)± 2ZnO(s) + 2SO2(g) (2)

]^ Yn� ²¯"" ¥5 ³´µ ]^� G` �5 Arrhenius � ¶

·* I¸¹ E 012, 78 � S+ ]^� �?
 )®d ~3 ºe

° E 0)[10].

(3)

(4)

$ �4�
 Xª X'� �� 78 ]^d S+ ]^�
 78�� 	

�=, t� ]^ T­, k0ª k0'� �� 78 ]^d S+ ]^� �` g

», .E fª f'� �� 78 ]^d S+ ]^� 	�=� ��  I¸

�� ¼, Eª E'� �� 78 ]^d S+ ]^� �Z� �½", CH2S

ª CO2
� �� 78 ]^d S+ ]^�
 H2Sª O2� ¾�`, nd n'

� �� H2Sª O2 ¾�`� ]^ ¿E� I¸À). .E f� ]^ ºÁ

Q1*
 78� �
� Â�, �s, �- f· }� ��  Ã� Ä1

* Å�3 N3#" ¥). ; �� ����
 ���� 78�� ]^

	�=5 ]^3 T¤: Æ 78�� ÇQ È� É�� 78�� |	

� ]^#�  Ê'� 3Ë ÌÍ È� É�� �K ¢* I¸À). 7

8 ]^� Ê'�� È�� z�#2, S+ ]^� Ê'�� È�� Î

wK).

3. 	 


3-1. ���

ÏÐ� MN: zinc titanate 78�� Ï� 
��
 MN�� 78�

*
 ZnO/TiO2 ¾ ¢ 1.5* YZ�2, � >�� 100µm3#� b�Ñ

* �ÒK )® 	� T� s� �#% 2 wt%� ¡��� J�#% Z

¶#�). Z¶ �»� 800oC�
 2T­ jÓ wZ: Æ MN�_)

(�` 100-200µm)[11]. 78 ]^�� ]^#" ¥5 78�� MN#

�12, S+ ]^�� 53% 8�: 78�� MN#�).

3-2. ����

78�� 78ÔS+ ]^ÏÐ�� ; �� ���[Du Pont TGA

(thermo-gravimetric analyzer)-951]� MN#�). 3 TGA� Fig. 1d ~

3 EÕ¶ ]^�* ]^ ��� Ö� 1 l/ min×" Ø¯ i¹ E 0).

]^�� ÙÊ 23 mm� E�Ú3>, �� ��� �K È� Î"��

ÛÜ  !"#� $? Î"� ÝÞ�
 ßw ��� Ø¯ ià). 3 q

á� È� �� K¬� 2 µg32, T�ª T� âT� -.#% 500 mg

×" È� ��3 �a#). TGA ]^�� �/ � ��Ä� hq5

Du Pont 9900 ; ���� �? 3¨/t). 3 ; ���� �? TGA-

951 ; �� ���� �;*� 0.5-100oC/min ã$� G`* �;°

E 012, ä � @`� 1,200oC×" É�° E 0). LK åæ��

hq: ¡d� T­, @`, È�Î�, Î� G` }1* `Tç E 0).

3-3. ���	

Zinc titanate¬ 78�� 650oC�
 'EK 78 a�  i32, S

+ ]^5 500oC3#� @`�
� ]^ G`� &' èW> 500-600oC

�é�
� 600oCª �� �MK ¡d� I¸ê3 i>: ë 012

[12, 13], ]^ G` �� ÏÐ� 6

 Å¢ ÏÐ  ì#% 3ª �M

K Ê�  Ú�ç E 0_). � ÏÐ� ã$� 3� �]1* ¡�#

�). ]^� ³�Z �$� ��*� N2� MN#�). í��� ��

45 ��� ��¬* nî�_12, ï� Æ ]^�* ���_).

Table 15 ÏÐnB  (ð#% I¸À). 78 ]^�
� Ï� 
�

�
 H2S� �`� &' ¤� ñò� H2S� �K �` ¿E� 1¿*

­í#> fó #�
 ]^ @`� ôõ ���  >¯#�). ]^ @

`� 600, 650, 700, 750oC� >¯#�). ]^ ��� H2 8.6%, H2S

1.0% Iö"� N2* Ï� 78*� ��ª �MK nZ  ÷`ø #�

). S+ ]^�
� fó #�
 ]^ @`� ��d ,w �`� �

�  >¯#�). ]^ @`� 650, 700, 750oC, O2 �`� 3, 10, 21%

Iö"� N2* É�Tù). ]^3 tu�� �� T� È�� É��

0.1 min ­ú1* ���_).

dX
dt
------- k0f X( )e E RT( )⁄–

CH2S
n

=

dX'
dt

-------- k'0 f ' X'( )e E′ RT( )⁄–
CO2

n′
=

Fig. 1. Flow diagram of a thermo-gravimetric analyzer system.

Table 1. Experimental conditions

Variables
Ranges

Desulfurization Regeneration

Temperature(oC) 600, 650, 700, 750 650, 700, 750
Pressure(atm) 1 1
Gas composition(vol%)
H2 8.6
H2S 1.0
O2 3, 10, 21
N2 Balance Balance
���� �39� �2� 2001� 4�
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� ]^�
 T�� È�� ð 11- 21 mg�`* nî�_). ]^ @

`� 3û� $?
 T�� ü¯t TGA� 150 ml/min� N2* ý"

(purge)TU2 ð 0.83oC/sec* �;#�). ]^ @`� 3ûÁ TGA

� }@ f·* �"Tù12, N2 í�  nZ3 þ�: ]^ ��(Ì

Í �� 150 ml/min)* 	�#% í�Tÿ ]^  tuTU2 T��

È� É�� ��#�). T­� ôõ È� É�� �� �� T�� ]

^� |¡* ­í#�). ��: T­� ôõ È� É�� 3N#% 3

Ë È� É�� ��K {$ T­� 	�=  ¬,#�).

4. �� 
 ��

4-1. ��
�

78]^�
 T�� È�� ]^3 tu�� ô� z�#2, ���

� &' |�#% � 3f z�#" ¥� T�� ]^� |¡* ­í#

�). 78�� �n nB1* ¬,�� |	 ]^T 3Ë È� z��

��1* 	�=  ¬,#�12, {$ T­� 	�=� É�� ¡�#

�). 78 ]^�
� Ï� 78*� H2S �`� &' ¤� ñò�

H2S� ]^ ¿E� 1¿* ��#�).

Fig. 2� ��: ¡d*�� �/t 78 	�=(X)� ôõ H2S �`

* IÇ/t {$ T­� 	�=� É� 	 ]^ G`� @`
* I¸

À). ]^ G`� Å��� ëª ~3 @`� z�.� ô� z�#�

12 ��p ]^� 	�=� ��  Ã�). ]^ 	�=� ��5 �

�->� ³´µ ]^3 ¬Á� Yn� ��  Ã®  �b#2, 3� �

�� Å�° E 0� Ê�3). V
�
 I¸�� ëª ~3 ��* �

�" @` nB�
 ]^ G`� [��� 	�=3 z�.� ô� Î

wK Æ µ�K d�  ��
 Îw#� Ê�  I¸�_). ]^5 Õ

´ 	�= 0.789�
 �� |¡�/ �Z3 w��� x1* I¸�).

� ÏÐ�
 MN: zinc titanate 78�� zinc ferrite 78�ª� �W

Ö� 	�=3 @`� fÚ�3 �� ~5 Ä1* I¸À)� x  �

gç E 0_)[14].

� (3)�
 78 ]^� �Z� �½"� Y#� $#% ZnO� 	�

= 
* ÏÐ @`� éE� �#% 	�G`� �E Ä  Fig. 3� I

¸�_). ]^ G`� ¡�� ¢«Q Û¿� � x1* Å��� 	�

= 0.1� Ê'� ��K 	�= 0.2-0.7�
 �/t ÙO� ���4 

,C Õ´#% �Z� �½"* ¡�#�). � 78�� 78 ]^�

Õ´ �Z� �½"� 13.36 kcal/gmol* ¬,�_). � }[15]5 2 wt%

� bentonite� J�K zinc titanate(ZnO/TiO2 mol ratio=1.5) 78��

�Z� �½"� 15.29 kcal/gmol* i>K ë 012, I }[5]5 2 wt%

� kaoline  J�K ZT01, 2 wt%� bentonite� J�K ZT02 zinc

titanate 78�� �#% �Z� �½"� �� 9.01 kcal/gmol, 10.35

kcal/gmol�  i>K ë 0>, 3 }[6]5 n��(granulation)� �?

�n: zinc titanate 78�� 8� ]^�
 �Z� �½"� 15-20

kcal/gmol�  i>K ë 0). � ÏÐ�
 �/t �Z� �½"� 6


 i>: Ä4� �­ Ä� ?�#� x1* I¸�).

Fig. 4� � (3)1*�� �`�� ��->� ³´µ ]^�
 ¬Á�

Yn� ��3 -.: �` g»� 	�=� ô� I¸À). 	�= 0.17

3f�
� �� @` nB�
 �MK Ê�  I¸�_1I 	�=

0.17 3#�
� @`� ô� )w �,�� Ê�  I¸�_). 3�

]^ [�� ]^ G`� &' �Î#% ]^ G`� ¡�� )w �

Fig. 2. Effect of conversion on rates of desulfurization reaction at vari-
ous temperatures(n=1).

Fig. 3. Effect of temperature on the rate of desulfurization reaction at
various conversions(n=1).

Fig. 4. Conversion versus kof(X) in desulfurization reaction.
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���
����
Û¿� �+#�� ñò1* M��_). Õ´Qg Ê�5 	�=3 z

�.� ô� 	�= 0.17 3#�
� )w �úK Îw� i3I, 	�

= 0.17-0.6 Y­�
� &' |�K Îw� I¸à12, 	�= 0.6 3

f�
� �úK Îw� I¸�_). ¡dQ1* ¬Á Yn� ��3

-.: �` g»� ZnO� 	�= X� ÉE* #� )®� fÚ�1

* �MQ1* I¸¹ E 0_). V
�
 ÏO5 fÚ�  I¸À).

(5)

4-2. �

�

S+ ]^�
 T�� È�� ]^3 tu�� ô� Îw#2, ��

�� &' |�#% � 3f Îw#" ¥� T�� ]^� |¡* ­í

#�). 78�� �n nBd 53% 8�: nB1* ¬,�� |	 ]

^T 3Ë È� Îw� ��1* 	�=  ¬,#�12, {$ T­�

	�=� É�� ¡�#�).

Fig. 5� ¬,: 	�=d {$ T­� 	�=� É�� @` � ,w

�`
* I¸À). S+ ]^5 �� 	�= 1�
 ]^3 |¡�_).

]^ G`� @`� z�.� ô� z�#% 1,023 K�
 ]  ̂G`�

923 K�
 i) ð 10� z�#�12, ,w �`� z�.� ô� z�

#� Ê�  I¸�_). 78 ]^�
ª ~3 ]^ G`� 	�=�`

��  Ã� x1* I¸�). 973 Kª 1,023 K�
� 	�=3 z�.

� ô� ]^ G`� z�#% 	�= ð 0.5�
 Ö� Ä  ig Æ Î

w#� Ê�  I¸�_). @` 923 K�
 ]^ G`� èW� tu�

/ [��� �� µ�#� �"�_>, 	�= ð 0.4�
�� z�#

� T¤#% 	�= 0.6-0.8�
 Ö� Ä  ig Æ Îw#� Ê�  I

¸�_). 3ª �MK [� Ê�5 ]^ @` 973 K�
` I¸�). Fig. 65 � (4)�
 �`�� O2 �`� S+ ]^� �K ¿E� ¡

�#� $?
 O2 �`� �E Ä� �K ]^ G`� �E Ä  I¸

�_). O2 �`� ]^ ¿E� �E �º ¬�
 1¿ ÙO1* X�:

���* ¡��2, � @` � 	�=�
 �/t ���� ,C Õ´

Ä1* �#�). ]^ G`� ¡�� 0/
 Û¿� ¢«Q � x1*

Åf�� 	�= 0.1, 1.0� Ê'� ��#> ���� ,C Õ´Ä 	

,w �`� ¿E� 0.6623_).

� (4)�
 S+ ]^� �Z� �½"� @`� éEª ,w �`�

k0f X( ) 3.334– 104(X3 1.121X2–×  =

 0.423X 0.134)–+   
m3

kgmol s⋅
----------------------

Fig. 5. Effect of conversion on rates of regeneration reaction at various
temperatures and O2 concentration. O2 concentration [vol%]: �
3,  � 10, � 21.

Fig. 6. Effect of O2 concentration on regeneration reaction at various
temperatures and conversions. Conversion [-]: � 0.1, � 0.2, �
0.3, � 0.4, � 0.5, � 0.6, � 0.7, 	 0.8, 
 0.9. 

Fig. 7. Effect of temperature on the rate of regeneration reaction at
various conversions. 
���� �39� �2� 2001� 4�
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f

.:

93/

C,”

i,
��1* IÇ/t {$ T­� 	�=� �E Äd� Ú¬�
 ¡�

:). Fig. 75 	�= 
* �/t @`� éEª ,w �`� ��1

* IÇ/t {$ T­� 	�=� �E Äd� Ú¬� I¸À). � @

` � 	�=�
 y � Ä5 � �" ,w �`�
 �/t yÄ� ,

C Õ´Ä  I¸À). �Z� �½"� V
� �º ¬�
 1¿ X�

� ���*�� �/"2, >¯: � 	�=�
 �/t ���� ,

C Õ´Ä1*�� ¡�: �Z� �½"� 37.94 kcal/gmol3_). Û

}[13]5 600-700oC� @` ã$, 20 vol%� O2 �`�
 ZnO-TiO2

(1.5 at%)� �Z� �½"� 56.81 kcal/gmol, DEK ZnO� �Z� �

½"� 12.96 kcal/mol* i>K ë 012, � ÏÐ�
 �/t �Z�

�½"� 34� �­ Ä� �!).

Fig. 85 $�
 ¡�: ,w� ]^ ¿Eª �Z� �½"� MN�

/ � (4)�
 �`�� S+ 	�=� ��3 -.: �` g»� ]^

	�=� ô� I¸�> 0). S+ 	�=3 -.: �` g»� 6


78 ]^�
ª ~3 	�=� ��  Ã12 )w �,�� Ê�3

0"� ��* 	�=� ô� �MK Ê�  I¸�_). 	�=3 z

�.� ô� ]^ [��� z�#� Ê�  i32 	�= ð 0.5�


Ö� Ä  ig Æ Îw#> 	�=3 1� â�.� ô� �G� Îw

K). ¡dQ1* 	�=� ��3 -.: S+ ]^� �` g»� 	

�= X'� .Eg )®� fÚ�1* ºe�_).

(6)

4. � �

Zinc titanate 78�� 78 ]^ � S+ ]^ �Z  ; �� ��

�� 3N#% �� � >�#>, Arrhenius G`� � (3)d (4)� �T

#�). 78 ]^ G`� @`� z�.� ô� z�#>, 78�� 	

�=3 z�.� ô� Îw#% 	�= 0.789�
 �Z3 w��_).

H2S� �K ]^ ¿E� 1¿* ­í° ñ ]^� �Z� �½"� 13.36

kcal/gmol3_>, 78� 	�=� ��3 -.: �` g»� � (5)*

ºe�_). S+ ]^5 @`ª ,w �`� z�.� ô� z�#�

>, S+ ]^� 	�=3 z�.� ô� z�#% 	�= ð 0.5�


Ö� Ä  ig Æ Îw#% 	�= 1.0�
 |¡�_). ,w �`�

�K ]^ ¿E� 0.6623_>, �Z� �½"� 37.94 kcal/gmol3_).

S+ ]^� 	�=� ��3 -.: �` g»� � (6)d ~3 ºe�

_).

����

CH2S : concentration of H2S [kgmol/m3]

CO2 : concentration of O2 [kgmol/m3]

E : activation energy of desulfurization [cal/gmol] 

E' : activation energy of regeneration [cal/gmol]

f(X) : function of X

f'(X') : function of X'

k0 : frequency factor of desulfurization [(m3/kgmol)n]

k'0 : frequency factor of regeneration [(m3/kgmol)n']

n : order of desulfurization reaction with respect to H2S concentration 

[-]

n' : order of regeneration reaction with respect to O2 concentration [-]

R : gas constant [cal/gmolÔK]

T : temperature [K]

t : time [s]

X : conversion of ZnO [-]

X' : conversion of ZnS [-]

� �

� �Y� ���½"�Ck�Mo(G7)� µ�1* Eu�_"#).

�Y¢ "©� ÎM$�#). 

����

1. Yi, C. K.: “Solid Circulation Technology for the Stable Operation o

a Hot Gas Desulfurization Bench-Scale Unit(II),” IGCC Research Report,

Taejeon, 1(1998).

2. Chen, H. T., Klett, M. G., Ruthkowski, M. D. and Zaharchuk, R

Proceedings of the Coal-Fired Power Systems 93, DOE/METC-

6131, 359(1993).

3. Park, Y. S., Rhee, Y. W. and Son, J. E.: Chemical Industry and Tech-

nology, 11, 366(1993).

4. Ji, P. S.: “Development of a Hot Gas Clean-up Technology for IGC

IGCC Research Report, Taejeon, 45(1994).

5. Na, J. E., Park, S. J., Wi, Y. H., Yi, C. K. and Lee, T. J.: HWAHAK

KONGHAK, 37, 499(1999).

6. Lee, Y. W., Lee, T. J. and Yi, C. K.: Chemical Industry and Technol-

ogy, 15, 237(1997).

7. Yi, C. K., Park, J. H., Cho, S. H., Jin, K. T. and Son, J. E.: HWAHAK

KONGHAK, 37, 81(1999).

8. Dulin, F. H. and Rase, D. E.: J. Am. Ceram. Soc., 43, 125(1960).

9. Levenspiel, O.: “Chemical Reaction Engineering,” John Wiley & Sons,

Inc. 2nd ed., 21(1972).

10. Lee, T. J., Kwon, T. W., Chang, W. C. and Kim, J. C.: Korean J. Chem.

Eng., 14, 513(1997).

11. Lee, T. J., Park, N. K., Kim, J. H., Kim, K. S., Park, Y. W. and Y

K. K.: HWAHAK KONGHAK, 34, 435(1996).

k'0 f ' X'( ) 7.70 107× 1
X' 0.425–

0.575
----------------------- 

 2

–     
1

 sec
--------- m3

kgmol
----------------

0.662

=

Fig. 8. Conversion versus k
�
' f '(X') in regeneration reaction. CO2 [vol%]

at T=923 K: � 3, � 10, � 21; CO2
 [vol%] at T=973 K: � 3, � 10, �

21; CO2
 [vol%] at T=1,023 K: � 3, 	 10, 
 21.
HWAHAK KONGHAK Vol. 39, No. 2, April, 2001



256 ���������	
���
����

. P.:

in,
12. Lim, C. J., Cha, Y. K., Park, N. K., Ryu, S. O., Lee, T. J. and Kim,

J. C.: HWAHAK KONGHAK, 38, 111(2000).

13. Oh, S. C., Lee, H. P., Kim, H. T., Lee, J. B. and Yoo, K. O.: HWAHAK

KONGHAK, 38, 117(2000).

14. Woods, M. C., Gangwal, S. K., Jothimurugesan, K. and Harrison, D

Ind. Eng. Chem. Res., 29, 1160(1990).

15. Kang, S. H., Rhee, Y. W., Kang, Y., Han, K. H., Lee, C. K. and J

K. T.: HWAHAK KONGHAK, 35, 642(1997).
���� �39� �2� 2001� 4�


	Zinc Titanate 탈황제의 탈황·재생 반응 속도 해석
	이창근·조성호·손재익·문영섭*·최정후*†
	한국에너지기술연구연 *건국대학교 화학공학과 (2000년 7월 13일 접수, 2001년 1

	An Analysis of Desulfurization and Regeneration Reaction Rates of Zinc Titanate Sorbent
	Chang-Keun Yi, Sung-Ho Cho, Jae-Ek Son, Young-Sub Moon* and Jeong-Hoo Choi*†
	Korea Institute of Energy Research, Taejon 305-343, Korea *Department of Chemical Engineering, Ko...

	요  약
	1. 서  론
	2. 이론적 배경
	3. 실  험
	4. 결과 및 고찰
	4. 결  론
	사용기호
	감  사
	참고문헌



