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1. B �

�ÒÏ �Wêf "� V�~ �Wê²ö ß;� .³"j

���Î ©b�B, V� �Wê²~ �OK" .³"ö ~�

/
' WËj &��Î ©�
. ��� �Wê²¢ ¢«

ÎO �Wê²¢�ê ~�, �º &¦ª ëW VÚö &�

B�B� �Ï>� ®V r^ö � V� �Ú�B VçÏ �

Wêj �Ï~� � WËf B�~�¶ ~º VÚ~ «~f

��º Ïê �ö V¢ bW 5 .³"~ z�' Wî� 
Ö


·~¾, ¢>'b�º j��'� £ 800~900 m2/gö �~

� 20Å �~~ ��^�(micropore)� ¾ B�B ©� ßû

�
.

V� �Wê~ �Ïf 1700j& ¦V�¾, ÎO �Wê²~


Ïzº ^ê B1N &* 7 �ÒÏb�¦V �·>îb�,

B2N ^ê&* 7öº �ÒÏ ëW &Ê îÊ�Ïb� 
Ö

ô� �Ï>î
. �"öº �ÒÏb� öò jî¢ '« Ö

ëÏ Fë&Ê~ �O ¾ÒB 5 ">Ï &Ê îÊ�, �Ò�

z��ëÏ /
, ;>Ï, �VÓ;B � � Ïê& 7º*~


. ��� ÎO �Wê²~ bW 5 ßWf "� V�öò�

�Wê 5 .³"ö V¢ Ö;>Úê
.

*Ò �Ú~ ÎO �Wê² >ºïf �ÒÏj ��~� j

* £ 1000Êö ��� �~ *ï >«ö ~�~� ¶^� ¶

òº rJê: �b
. ß® �ÒÏ �Wê B�ö &� ¶ò

º '�~ �Oç *Û' &~¢ <º ò¢ dj�V& ¾


�, B� ¶Ú'� know-how& ôV r^ö ^ê'b� 

;&�öBò �Ö �/~� ®
. �Ú >º~ ÎO �Wê

²º *ï ¢�, ���æöB~ >«ö ~�~� ®Ú �®

* ÎO �Wê²º �Öz& ��Ú^¢ B
� �'�
. 6

� �ÒÏ ÎO �Wê²~ �Özº O*Ï *Û' &~¢

&ææ� � 7ºWf �
� ~Æ
.

ÎO �Wê²~ ë&Êö &� �Of bÒ' 5 z�

' �O� ÿ�ö ¢Ú¾� �~ C*~& *Ú �Oïb�

��B
. �Û z� �Oïf ÎO bî� Ú¶ ;ê Ã&

�>� Ã&~¾ ç&'b� bÒ�O WË� 6²�
. V¢

B ÎO �Wê²º � Ïêö V¢ ÎO bî~ · 5 «~

& Ö;>� V�'b� ææÚ� �Wê²~ bÒ' Wî

öê �² &�B
. ��æ� �ÒÏ ÎO �Wê²~ B

� öÒ, ªC " B�, �Ïª¢, ï&O» �j �V~�¶

�
.

2. ÎO �Wê²~ Ïê 5 �W

ÎO �Wê²~ �Ïª¢¢ ß>Ïêf ¢>Ïê� ª~~

� " > ®
. Ñ�� ÎO �Wê²~ ß>Ïê�º .¢ 


Ú �ÒÏ, ��ëÏ �b� 
 > ®
. �ÒÏb�º z�*

�öB ÒÏ>º FëW &Ê~ OÚ Ëj� ë&Ê îÊ�ö

��º �OB& &�'�� �<öê FÒ� ' �b �~

�¦ ëW&Ê�¦V �VJ" Oæ¢ *� FV process �

� ®
. 6� � �ëÏb�º �B*² �æöB ã>�, 7

>�, Ú¦ ï'>~ � J"ö ~� �Wê~ Ã&¢ ÎO �

Wê²ö ~~� �.~º ãÖ& ®b�, �B*² �n~ F

Â ö>ö *ÂB � J"bî~ B�ö �Ï>Vê �
. 6

� �<öê *¶ Öë �öB j>'� Ó;
~ Ó;�V

Fæ �ö ÎO �Wê²& 
ï ��� ®
. �Ò� ÎO �

Wê²~ ¢>Ïê�º '« Öë*ËöB VÂ>º ëW&Ê

~ �O>wö ~� �V J"bî~ B�¾, ö>¾ÒË�¾

��ö �öB j>'b� OÏ~º ">Ï &ÊîÊ�~ �

OB�B ÒÏB
. �
 ��¾ÒÏ�¾ ">Ï �OBº 7

~º &Ê«~ö V¢ B® 5 bW� 
·~�, ��¶ gas

Ï, zÎîjÏ, COÏ, ²OÏ, ÓÖ&ÊÏ � �� &æ& ®


. ÎO �Wê²º �<öê &;Ï rò> ^;Ïb�B

Ag�N(ÎOB bî)ö ~� >ýb�B "²�N~ B�, ;

rÒj~ ®�Oæf Ú�·Ï �" ?f �OB� �Ï>�

®
. 6� ïË� î�Bf ?f k�&Ê~ B�B�ê �

Ï� B
. ��¾, ÎO �Wê²~ ¢>' Ïê 7 &Ë �

² ��� ®º Ò�f CFz�öB~ /
 �Ï�
. ��

��&
ö ~~� "²z �ª¶ >wöB~ ®�¢ê �æ

/
º �Wêj �Ú� � .³/
& &Ë Î"& ±r�

C&r
.

ÎO �Wê²~ B�öòº � 1ö ¾�~&�� Ïêö

V¢ 
Ö 
·~
. �
 ÎO �Wê²º �² �ÒÏ" ¢

> ">Ï �OB, �Ò� >wÏ /
 �b� ¾� > ®
.

6� ÎO �Wê²~ V�Wªf V�~ �Wê 5 ÎObî

��, Oë îÊ�f ?f ëW gas �OB�º VçÏ �W

ê²& V� bî�
. 6� � 1ö �� :f ?� ÎO b

îf .³" ��öê ÎOB .³"~ �Wj ¸�V *�

Î&bî� º&>Ú ®º ãÖ& ô
.

6�, �"öº >êÚ Öë" �«�� ��ö j>'� Ó

;�V ÿ>�J� .
�öö V¢ ÎO �Wêj �Ï~º
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ãÖ& z® ®b�, �ö &� ��º &rÚ ¢� �æöB

�B® ê¯>� ®
.

��ö ~~� �ÒÏ ÎO �Wê²º 1N ^ê&* ö¦

V �Ï>Ú zb¾ ^ê 2N &*r &Ë �B® ��~�

�Ï>î� VçÏb� '�� ¢¶'j öò� � �Wê�

V� �Ú� �Ï>î
. ��¾ B2N ^ê&* 7 ���~

¢¶' �Wê >/� ÚJòæ¶ �� �æöB .ê �j

�Ï� �Wê²¢ V� bî� ~º ��& ê¯>Ú *Òº

� v &æ ;�& �6>� ®
.

��f ASC B�O»ö &~� 2N ^ê&*� «�B ê

ö �çÏ�j �Ï� �ÒÏ ÎO �Wê²~ �£Wªj C

² :& ®b¾ {
� ;�º ��~æ p~
. ��¾ ��

Ú~ �O&N ��¢ æ³'b� ºê~�B 6N'b� B

ïê ~� V�~ B� O» � &N VF� 1960j& öã¦

V ��~ NTIS report¢º ©j Û~� �B>î� �F'b

� mechanism �« �� �B~² ��¢ >¯~&� � Ú

Ïê B�>î
� �'B
.

� 2º � ÿnö B�B ��B 5 ^ò~ ÚÏj ^�~

� �ÒÏ ÎO �Wê²~ ÎOb¢ B�&Êö V¢ ª~~

� ¾�~&
. ��¾ � ��~ ëW&Êö &� �Ú~ �

ÒÏb� >«>º ÎO �Wê²¢ «>~� jv ªC~�

� Ö" ¾ ¢~Nj r > ®
.

ÎO �Wê²º �ÒÏ ��öê CFz� �ëöB /


� ô� �Ï>� ®
. �º V� �Wê² �Ú~ ßW r

^�� Ogura �f ß® �ª¶ Òò�Öö 7º� "²z >

w~ �ö &Ë '�� /
¢º «Ãj 
þb� C:
.


r � 3f /
Ï ÎO �Wê²~ Wª 5 Ïêö &~

� ;Ò~� �~
.

3. ÎO �Wê²~ B�O»

���� B�O» 5 öÒ

ÎO �Wê²~ B��;f /
 B�O» 7 &Ë *�~

� 1. ÎO �Wê²~ �W

 Ï ê
 �Wê
«~

 ÎObî
 · Ï  j �

 .³"  Î&b

 �ÒÏ gas-mask  ASC  VçÏ  Cu, Cr (Ar)  NH4, CO2, »Ö, bÒ>  �O, ª�
 ¢> îÊ�Ï  ASB  VçÏ  Cu, boric acid  NH4, CO2. etc.  �O, >w

 SOx B�  VçÏ  Cu, Kg, Cr  NaOH  �O, >w
 H2S B�  VçÏ  Fe, Pt  NaOH  �O, >w

 CO2 B�  VçÏ  Pt. Pd  −  �O, >w
 NOx B�  VçÏ  �zÆ  H2SO4  �O, >w
 ��¶ gas  VçÏ  zBÞ, KÒ��  NaOH  �O, >w
 >f&Ê  VçÏ   H2SO4  �O, >w

 rò>^;Ï  �çÏ  �çÏ  Ag  −  �O, Ú�
 �B*²Ï  �çÏ  �çÏ  oxine, Se  −  ÿ*ö² ³ê�.  �J" bî B�B
 �V jVÏ  �çÏ  �çÏ  Cu, Mg  −  ëW&Ê �O  mild �, �B�V

� 2. �ÒÏ ÎO �Wê²~ Ïêê ÎO Wª

 B � & Ê  Î O b î  Î & b

 HCN  Cu, Id, Pt  bÒ>, zÎª �N
 HCl  Cu, Cu, oxide  −

 CNCl  Cu, Cr, Cu/Cr, Pt. Ag  bÒ>, H3BO3

 COCl2  Cu, Cr, Ag  F3BO3, NH3, OH

� 3. z�>w /
Ï ÎO �Wê²~ Wª 5 ·Ï

 ÎObî  > w b  B ®  Ï ê  j �

 ?  Cl2 + CO2  �Ê¶  ß>&Ê �ÒÏ  �ÒÏ
 Pd  maleic + fumaric  &Ò�  B£  B£�ë

 Hg, HgCl2  C2H2  "zjö  jö�ë  �ª¶
 Pd + SiO2  carboxylic acid  jööÊr�  jö�ë  �ª¶

 HNO3  C2H2 + HF  vinyl  ß>Òò  ®²>æ
 Ni  ®�zæO + H2  �zæO  �Ï~  �®
 Fe  �zÆ  Æ  Æ;;B  Æ;Öë
 ?  RCOOH + NaOH  RCOONa  j*  

 Mgo  ö�  WJû  B�
 Pt. Ni, Cu  olefin~  
· (50�&æ)  CFz� �ë
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� �� &æ B��; 7 ¢>'b� ô� �Ï>º B�O

»f ��»ö "*j v� ®
. � O»f .³" Ï�ö �

Wêj ��Ú �Wê~ ^� p?� .³"j �� �Î 


r ê¾Òö ~� �Wz¢ ��º ©�
. ��»f � �;

ö V¢ � 4ö �� :f ?� �ç»" Vç»b� ¾� >

®b� '' B®~ ÒÏÏ'ö V¢B Ë, �6� ®
. �Ò

Ï ÎO �Wê²~ ãÖº ¢>'b� �ç ��»ö ~~�

B�¢ �
� ��>Ú ®�, �ö &� ' �êê �;~ ö

Ò¢ ²B~� 
r" ?
.

� �Wê² �ò~ *¾Ò

�Wê²º �^V�(20 Å �~)� ¾ B�B 
�W bî

�� 6� �OK� ;~� �Û &V 7öB ç�ï~ b"

FVbj �F~� ®
. V¢B Ï�ö ~� ��j ~V *

ö �
 �bî
j �~ j*® B�~� * jº& ®
. �

";f �Wê²¢ ê� &�îOö ~~� ��Úê
. ��

¾ �ë'b�º ç{öB &�ö ~� ¾Òòb�ê Ïª

~
.

� ÎOÏ�(ASC, ASB)~ B�

�ÒÏ ÎO �Wê²� ASC 5 ASBº '' Cu2+, Cr6+&

�F>Ú ®b� �Vö ASCº AgNO3& ASBº boric acid

& º&� 
Ú®
. ��� �VB ^Bº Cu�Nj +2&�

º&� Fæ~�¢ò ~� Cr�Nf +6&� �zç�� �Ò

�B¢ò �
. �-æ pb� ëW&Êö &� �W� ÎÚ

ê
. �ç ÎO� ãÖ *~ .³ ionj ç7 �æ �Ò >&

ìV r^ö .³ z�bj ß;� Ï
ö ��B �æ ~�

¢ �
. V¢B �£b�B basic copper carbonate, chromium

(VI) oxide, AgNO3 5 ammonium carbonate¢ ¢;³ê~ z

Îîj>ö ��B B�~² B
.

� ��";

�ç ��»ö ~� ÎO �Wê²~ �� ";f ^¦'�

VFö V¢ £*~ N�º ®b¾ ¢«~ �ç�O" jÝ�

;��
. �º ¾röº �W ê²~ ��" ÎO Ï�� 7

~² >� 6N �*� æÎö V¢ Ï�� ^� ³b� �J


Ú&² B
. �r ^� Ú¦öº {KN& B�>� V¢

B Ú¶ �êræò Ï�� Ê�
² B
. ¦ z �*� ã

"~� Ï�7~ .³" Wª
� ��ö �Oj ��² B
.

�r &Ë � æ>º Ï
~ ³ê, 6ê, Nê ��
. ��¾

�� ê~ �Wê~ ^�
f �� *ö j� ÎOb~ �O

�ö ~� ^�Î·~ æ; _f ^�~ ï¾ �b� � j�

�' 5 ^� Ï'� 6²B
. 6� ÎOb� �
 p?® �

Ò� �¢~² ª�~�¢ �
.

��� ��»j �Ï~� ¦z ·î~ B®j áV *~�

�ë'b� æ�� O»b�º incipient wenttness method

& &Ë ô� �Ï>� ®
. � O»f ¢« dry method

(��O�)�¢�ê ®Ò�, �� ";f 
�W bî� �F

� > ®º ^�Ï' ò¢~ ÎO Ï�j �Wê²~ �ò

~ ²ïO "«~�B �ò¢ ;R® &Ú "ÚB ��Úæ²

B
.

� ��";

��B ÎO �Wê²¢ ���B Ï
¢ B�~� ÎOb

òj ^���ö º~~² ~º ";�
. ��� ÎO �W

ê²~ ��";f �B� ��";"º ¦ 
�
. ̄ , 150oC

� �V ª*V ~öB 3�* ;ê ���b�B Ï
~ >B

öò jî¢ .³"j �Wz~² �
. V¢B � ��";

j �ö¢ò ÎO �Wê²º ëW&Êö &� �Wj <²>

º ©�
.

�Wê" ?f 
�W bîf Ú¦ p?� ��^�Úö Ï


ræê j* ��~º� ç�� �*� ²º>� 6 .³"

~ �Vf~ 7/j *~� ;B �V B~� ��~º ©�

:²ç~
.

� &ö�&

B�B ÎO �Wê²º �V7 �bîö ~~� ëW&Ê

ö &� �W� &~F &ËW� ®
. V¢B �~ Oæ¢ *

~� B®j &öÏVö �&~�¢ �
.

���� ÎOÏ�~ B�

�Ò' Ïê� ��º ÎO �Wê²¢ B�~V *� �ç

ÎOÏ�f Cu, Cr, �Ò� Ag �" ?f .³Wª� �F>

Ú ®b�, �f z®Ú NH3f CO2 �N�� ¢;ï �F>

Ú ®
. Fransis �f 60j& ßî¢ Û~� ASCÏ�f Cu2+,

Cr6+, AgNO3 ç�~ .³ Wª~ ëW&Êö &� �W� ;

~² ¾æÂ
� rJ^ ®
. �Ò� ASC Ï�~ �Wb�

B Cu2+ �N.³f basic copper carbonate, Cr6+ �N.³f

chromic acid, AgNO3 Ï�~ b�b� ��Ú^ ®�, � Ï

�~ B� BBº 
r" ?
.

� 4. ÎO �Wê²~ B�O» 5 ßW

 Î O O »  Ë 6  �  6  j �

�
ç
»

Excess solvent
method

ø Ú*� £
. 
ø �ò~ ¶
� ì


ø ÎOï� ôæ p
. 
ø B®~ î� ÎÚê
.  ¦'�

Incipient 
wettness 
method

ø Ú*� £
. 
ø ÎOï �.� £
. 
ø B®~ �.� £
.

ø �ò~ ¶
� ®
  · ̂

V ç » ø B®~ î� 
Ö ±
.
ø Ú*� Ú[
.
ø jÏ� ô� �
.
ø ÎOï �.� Â�~
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· copper, ammonia, CO2 Ï�~ B�. 

· Cu, zÎîj Ï�~ n;z �ê.

· chromiumj �.O IÚ "�B ;~² <º
.

�-² ~� ò
Úê �òº CNCI, HCN, Ph-osgene, arsine

�ö �W� ±
� rJ^ ®
.

��¾ ASCÏ�ö &~� �Ú'� �W»j C² ^òf

dj�V& 
Ö ¾
�, �"ö Deitz�� 
r" ?f B»

j C®� ®b� �-² áÚê �ò& �ÒÏb� �6>º

�©" ¢~�j X-rayªC &V� Ã«~&
.

· ammonium carbonate¢ IN~ zÎîj >Ï� ��
.

· basic copper carbonate¢ ammonium carbonate~ Ï�ö �

�
.

·* Ï�~ ��z�bj DÚ >w�Î
.

���� �Wz	ê¾Ò


ÎO Ï�b�¦V ��B ÎO �Wê²º 150~170oC ª

*V ~öB �V 7 Ö²f Ö��b�B ��Úê
. ��

¾ Nê& 250oC �ç� >� ÎOb~ j�Wz& ��Úæ

æ� "~~�¢ �
.

���� ÎO �Wê²~ B�Ë~

ÎO �Wê²~ B�ö ®ÚB &Ë 7º� Ë~� B�Ë

~¢ excess solventO», incipient wettnessO» �Ò� Vç

ßz»b� ¾*Ú ' ßWj � 5ö jv º£~&
.

�
 B�O� 5 Ë~ 7öB &Ë ô� ��º O�f

incipient wettness O��� 6 �¢ �Ï� �;~ Ú*f j

v' Ï�~� B®~ bWê ·^� ©b� rJ^ ®
. �

�¾ Vç ßz»f jç ���êö ®b� �;~ Ú* 5

B®~ bW �. �� ÚJò jç ÒÏ>Úææº pº ©

?
. ��¾ � O»f B®~ bÒ'� ßWf 
Ö ·^~

� z�'� ^Bº jç ���ê� � ~
.

4. ÎO �Wê²~ B�

ÎO �Wê²¢ B�~º� ÒÏ>º ¢>'� �;f �

öB ¢�:f ?b� � B��;öB 7º� �Ïf ë&Ê

~ «~f Ïêö V¢ ÎObîê 
�² >�, �Wê~ ß

W, ÎOÏ�~ ßW �ö V¢ B��;� 
�² B
. V¢

B �VBº B�öB êÂF > ®º ßWj 7�b� B�

öò, B®~ ßW�j ¢~� ��¶ �
.

���� ÎObî

ë&Ê �>Ï ÎO �Wê²º ¢>'b� A, B, AS, ASC,

ASB, ASV, ASM �b� ««>� ®b� � ««f ÎO b

î~ «~f &ê& ®
. V�'b� ÎO bîf �Ò�N

(Cu2+)� �Û'b� �æ >Ú ®b� �
 bîf &¦ª Ö

zbî�B �Ò�
. .Vöº �B® Cu2+ �Nò �FB A,

B, AS ÎO �Wê²& ÒÏ>îb¾ �~ �Wj z× ¸�

V *~� AgNO3, Cr, H3PO3, V, Mo �" ?� �æÚ tartaric

acid, pyridine, picoline, triethylene diamine(DABCO) �" ?

f z�bî � 
·� bî� º&� Î&>î
. 

ÎO bîf B�~Jº ë&Ê~ «~, ÒÏ>º Ë²~ ~

ã, Væ ß;� ��ö V¢ �¢î > ®b¾, �"ö &Ë

z® ��� ®º ©f ASC�
. 6� æ.ræ rJê B®

7 ASC& &Ë �W� ±f ©b� C&^ ®b� B�ê j

v' Ï�~� B� jÏ� 'f 6� ®
.

ë&Ê B�Ï ÎO �Wê²º ÎO bîö ~� z�'

�O" �Wê²~ bÒ' �O WËj ÿ�ö <b� z�'

�Wf "� ë&Ê 7 �n~ &Ê~ B�ö � 76� ®b

� �n~ �� j�� �f AgNO3f &ê& ®
. �Ò�

¾^æº z�' Ö��
º bÒ' �O WËö V�B
.


r � 6ö ë&Ê B�Ï ÎO �Wêj B�~V *�

ÎO Ï�~ «~ö V� &�'� Wª" � Ïê¢ ¾æÚ

î
.

���� �Wê²

4.2.1. �Wê²~ ßW

ÎO �Wê²~ Ò· 7 ¢¹j > ìº ©� basis& >º

�Wê²~ bÒ' Wî�
. z® �Wê²º ^�� 
Ö ¾

B�>Ú ®º ©b� rJ^ ®æò �² VçÏ" �çÏb

� ª~B
. �Û VçÏf �^�(micropore)� 70% �çb

� 6. ë&Ê B�Ï ÎO �Wê²~ «~ö V� ÎO bî

«~  Î O b î  B � & Ê  Ò Ï � V

 A, B  Cu2+O  PS, CG  Word war I, II
 AS  CuO, AgNO3  SA  Word war II

 ASC  CuO, AgNO3, CrO3  CG, CK, AC, SA �  "
 ASB  CuO, AgNO3, H3BO5  "  "
 ASV  CuO, AgNO3, V2O5  "  after Word war
 ASM  CuO, AgNO3, Mo  "  "
 Væ  hexamine, thiocyanate, soda lime �   Word war II

� 5. B�O�ö V� Ë~~ ;� ª~

B � O �  ;~;ç  �ë~ �³W  ¶ò~ ç�

excess solvent O� � ; [ 
> Ç [

² ª � 
� ³ �

 Æfç�

incipient wettness O� F ÿ [ 
> Ç [

² ª � 
� ³ �

 ��ç�
(ÛJ)

 V ç ß z » � ; [ ² ª �  ��ç�
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� ¾ B�B >� macropore& '
. >� �çÏf �^�

�
º macropore& 7º� �Ï�
.

ë&Ê B�Ï ÎO �Wê²º macro �
º micropore &

z× 7º~Z ~æò ß;VÚö ®ÚBº J®J macro&

FÒ� >ê ®
. .¢ 
Ú ª¶ �V& ·f �n~ &Ê

º micro& FÒ~¾ vapor� �Ò~V �Ú ëWbîf macro

& FÒ~
.

V¢B ÎO �Wê²¢ B�~V *� �Wê²~ ��'

ßW F�f ÒÏ>º Ïêö V¢ 
² N�& ®
. ��¾

&/'�� ^�� ¾ B�F>� FÒ� ©b� rJ^ ®
.

�Wê² ¶Úº ê²bîj �Wz�Î ©�æ� Vê'

Wî� ê²ö j� £~
. ¯ ^�N� ¸j>� Vê' W

î� ÎÚê
. ��� ÎO �Wê²~ B� "; 7 ÎO "

;öB .³"ö ~� ÎO ";� ��Úæº� �r ^�

��& :: > ®b�, ò£ �Wê²~ Vê' ;ê& .Z

£~� ^B& B�� >ê ®
. jÞ� �B® ÎO �Wê

²~ Vê' Wî 6� 7º~
.

�Wê²~ bÒ' Wîf B�öòö &Ë � 'Ëj Ab

� æ.ræ~ �Wê² B� �;ç �² ¢¶'j �Ï�

©" .êj �Ï� © � v &æ� " > ®
. ¢¶'j �

Ï� �Wê²º .ê �Wê²ö j� �^�(micropore)�


Ö ¾ B�>Ú ®b� Vê' Wî� 
Ö ±
. ��¾ ¢

¶' �Wê²º .êö j� &Ï� j�
. ^ê B 2N &

* 7 .>Vöº ¢¶' �Wê²¢ �Ï� ÎO �Wê²&

ô� �Ï>îb¾ �~ öò>/� ÚJòæ¶ .ê �Wê

²¢ �Ï~² >î
. ß® �"öº .êj �Ï� �Wê

²~ bÒ' Wî� �² BF>Ú �¢ ô� �Ï~Vê �
.

ÎO �Wê²~ z�' Wîö � 'Ëj �~º © 7~

~¾º ÎO bî" �Wê² ��"~ *S ·Ï�
. ¢>

'b� �Wê²& �Ú� ãÖ ��~ .³bî"º z�'

b� Z&~
. ��¾ �Wê² Úö �Ò� &ËW� ®º

æ.³ _f �bî �f ÎO bîö poison 'Ëj * &Ë

W� ¸
. � *çf .êj öò� � �Wê²öB ¾æÆ

&ËW� ®º� "� �Wê² B� 7 �Wz �;ö ~�

®Bb 'Ë�
. �Wê² B� �; 7 �Wz �êº z®

��º &�'� ©� >ÃV¢ �Ï� ©" ¢> Ö²¢ �

Ï� © �" ZnCl2 6º CO2¢ �Ï� ©� ®º�, ZnCl2
¢ �Ï� �Wê²~ ãÖ ÎO Wª~ poison 'Ë� � ©

b� C&^ ®
. �º �Wê² ��ö �Ò~º Zn~ 'Ë

� ©b� ÒòB
.

Ö�'b� ÎO �Wê²~ V� �Ú� �Wê²~ bW

f 
r~ ��j ò��B¢ �
.

·^�ã� ¾ B�B VçÏ �Wê²¢ ©(macropore 70%

�ç)

·j��'� � © (1000 m2/g)

·Vê' ;ê& � ©

·®Bb� �F>æ pf B>� ç�¢ ©

· 12-30 mesh ~ «¶; �Wê²

4.2.2. �Wê²~ bW ªC

�Wê²~ bWf �² bÒ' 5 z�'b� ¾~� �Ï

b�º j��', ^�ãª�, Vê' ;ê 5 z�' Wî�

®b�, V�'� bWb�º ¯�V &êf ê&ê �Ò� «

¶�V �� ®b¾ ÎO �Wê²~ öò� ÒÏ>º�º j

��' 5 ^�ã ª�& ÖF'b� 7º~
� �'B
.

� j��'

¢>'b� j��' G; O» 7 &Ë z® ��º O»

f î² �f �Oö ~� BET (Brunauer, Emmett, and Teller)

ö ~� O»�
.

� ^�ãª�

ÎO �Wê²ö �Ï>V *� �Wê²~ ^�ª�~ G

;f >f porosimeter �Ï»" î² �f �O�Fö ~�

O»� ®º� *¶º 100Å �ç~ mesopore 5 macroporeö w

Ï>� ê¶º 100Å �~~ meso- 5 microporeö wÏB
.

ÎO �Wê²~ B�ö �Ï>º �Wê²~ bW �þ 7,

�º j>'�
.

���� ÎOÏ�~ ��Ï� 5 ��ßW

� ��Ï�~ ßW

ÎO �Wê² B� 7 &Ë Â�~
� � > ®º �ê&

ÎO Ï�~ B��
. ÎO�Ê�¶ ~º Î� bîf � Ï

�ö �j¢ ~�, � Ï�� �Wê²~ ^� p?� �æ>

Úî ©�
. ��� ";öB 7º� ^Bº ÎO Ï�~ ³

ê, 6ê 5 �Wê²f~ �zW�
. ¯, �
 z ôf ·~

ÎObj �Wê²ö ���ÊV *�Bº Ï�~ ³ê& ¸

j¢ ~æò &� 6ê& çß� > ®bæ� ¸f ³êöB

Ôf 6ê~ Fæ& jº~
. 6�, ö~º .³"~ ³ê¢

áV *� �£~ Ï�Wê 
Ö 7º~
.

ÎO �Wê²¢ B�~V *� Whetlerite Ï�ö ÒÏ>º

'« �£f &B& Ï�ê& �Û~ Ï
öB 
Ö Ôbæ�

ßê� VF� º�>Úê
. 6� �~ Ï� B�O»f N

ê 5 �£~ Î& BBöê ²Ö>æ� ßê� "~& jº

~�, �«'b� ¶Ú �£~ *Sö ~� Ï� 7 >w� ¢

Ú¾ Ö;j CÂ�ÊVê �
. V¢B æ.ræ rJê

Whetlerite Ï�~ Wª 5 �'�ïf � 7" ?
.

�� Ï�� �Wê² ��öB �Wj <V *�Bº 
r

~ ��� jº~
. ¯, �Ò�N� +2& �Ú¢ ~� ASC

� 7. &�'� Whetlerite Ï�~ �' ³ê

Whetlerite sol'n  Wª 5 �' �ï

 ASC Cu (8.5%), AgNO3 (0.1-1.5%), CrO3 (3.5%), 
CO2 (8%), NH3 (12%), balance water

 ASB ASC Whetlerite 7 CrO3 &� H3BO3 (Cu jö 
10.2-2)

 ASMT Mo (5%), Cu (12.5%), tartaric acid (8%), AgNO3 
(0.35%), CO2 (9.2%), NH3 (10.3%)

 ASVT V (3.6%), Cu (12.5%), NH3 (13.3%), CO2 
(11%), T.A > (8%), Ag (2.2%)
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� ãÖ ���N� >�� +6&¢ Fæ~�¢ �
. Ï�7

�~ Fæ¢ *� ßê� "~& jº~
. 6� �« ÎO �

Wê²~ ÎO bîê >�� �~ ç� Fæ& jº~
.

Whetlerite Ï�f &V7 ÃV{ö ~� ÃB &ËW� ¸

b� �� Wªb� ��Ú^ ®bæ� � z
î¾� �Ç~


. ß® zÎîj �N" CO2º ÃV{� 
Ö ¸bæ� Ï

�7 �~ �÷ ËK� 7º~� �~ Fæ¢ *� "~& j

º� ©�
. 6� �~ �;� �Úî r Ï�~ Ï�W 5

ÎO �Wê²~ �Wêf çÖ>æ� ßê� "~& jº

~
.

� ��ßû

ÎO �Wê²~ B�� 1N'b� &Ë 7º� ";f �

��
. ��f &ê�B bulk Ï�ö ~� ^�Ú~ impreg-

nation 5 ^�ãö~ �O "; �b� " > ®
. �~ v

";f ÿ�ö ¢Ú¾� �� �� �« .³"~ ç�º 


¢ >& ®
. ß® ASC WhetleriteöB ���N~ ç�& 


Ö ®n;~æ� �~ ®n;� n;zF &ËW� ¸
. �

ö &� ��º  ��¶
ö ~~� 
¯B: ®º�, �

Ò �Nf ê^B& ìº ©b� ¾æ¾ ®b¾ ���N~

z
î¾f 
·~� æz& �� ©b� ¾æ¾ ®
. �¢

¾�B Ò�b� �'� > ®
.

Ácharacoal + ASC Ï� � +6&~ Cr �O

Á+6& Cr �N� charcoalö �O � +3& Cr �N �Ob

� æz

Á+3& Cr �N �O � +3& Cr �N� Ï� 5 charcoal

ö �Ò

Á+3&~ Ï�7 Cr �N  � Cr3+&~ bî� Ö; �*.

�~ Ö"� ¾æÂ �� �Nf �Wê² ��~ �O�


º bulk Ï�ö ~� impregnation� �R FÒ~
. 
B �

� "; 7 ��~ �Of impregnated Crö j� 
Ö 'f

©b� rJ^ ®
. ��¾ �� �*ö V¢B 
²* N�

& ®bæ� �~ �.� jº� ©�
.

��B �Ò 5 ���Nf Ï�çb� ¢¦º B� z�b

j ��
. � z�bf �ç7 �j®º zÎîj �N 5

CO2 �Nö V�B ©�
. �º ÎO �Wê² B�~ îæ

ï ê¾Ò �êöB Özç�� >Z ~æò �*® z�b

;�� �Ò�
. ��¾ ��� Ï�~ ¶^� z
î¾f 


Ö �Ç~� ;{� ;�º jçræ C&ææ á� ©� Ò


�
.

ASC, ASM, ASV, Whetlerite Ï�~ �Wê²Ú~ �� 7

&Ë ß;'� ©f Ag+ �N¢ ©�
. � �Nf Ï�7

0.01~0.1%~ �ï��, �Ò 5 Î&.³(Cr, Mo, V, etc.)"

îR&æ� �« ÎO �Wê²ö �æ >º ·f �æ>�
.

��¾ Ag+ �Nf Cu¾ Î& .³"º �Ò bulk Ï�ö ~

� ���
º �Wê² ��ö~ �O� �~ æV'b� r

J^ ®
. V¢B Whetlerite Ï�ö ��>º Ag+ �Nf �

ï�æò ÎO �Wê²ö �F>º Ag+ �Nïf � �
 ô

jê
.

���� ÎObî �Wz

ÎO �Wê² B�~ îæï �ê� �Wzº �Wê² �

�ö �Ò~º '« ÎO bîj Öz�Êº ";�
. Öz

VÚ� �Û~ ãÖ .�B �V¢ �Ï~V r^ö z® �

�";" jÝ~
. ��¾ �Wz Nêº ÎO �Wê²~ «

~ö V¢ 
�� ß® ASV¾ ASMT �f 300~400oC~ �

NöB ¯~æ� �Wê²~ Bzö ßê® "~~�¢ ~º

�6� ®
.

ASC ÎO �Wê²~ ãÖº �Wz Nê& 150~175oC�

� Nê~ /Ï� çßÁ~;�¾ ."º ÎO �Wê²~ ë

&Êö &� �Wö ~«'� Ö"¢ .¾� > ®bæ� N

ê�.ö ^�� "~& jº~
.

�Wz& ��Úê ÎO �Wê²~ ��ö �Ò~º ÎO

bîf ASC� ãÖ Cuº Cu2+O, Crf Cr+6O3 5 Cu-Cr z�

;�f AgNO3�B �Ò~� æ ÎO �Wê²~ ãÖê �

~& oxide ;�� �ÒB
.

5. ÎO �Wê²~ bW 5 �O

ÎO �Wê²~ bWf � �Ï Ï'ö V¢ 
²~ N�

º ®b¾ � ÒÏÏêö ç7'� 'Ëj ¢~V r^ö 


Ö 7º� �Ï�
. �Ò'b� ��º ÎO �Wê²º B

�~�¶ ~º ëWVÚ~ Wî" jÞ� 
�Ú^¢ ~� V

¢B bÒ'� �" z�'� �� ·¶& �þ �J>Ú¢

�
. bÒ'� �b�º �Wê ¶Ú~ Ò�b� ^�¦b,

^�~ Î·, ^�~ �V, j��' �b� ¾� > ®b�,

� 8. ÎO �Wê²~ bWªCö ÒÏ>º �þ�Ï

 �  ª  � � � Ï  O  »  &NÒ�

 b
Ò
' 

^� Î·
�V
ª�
¦b

 >f Ïê�þ 
N2,CO2 VÚ�f �O

 >f porosimeter Kelvin�j 
V.� � 
>~ O»

 �O¦b 
bÒ �Oï

j��'  CO2N2 �N�O  BET method  bÒ �Oï, ÎO b~ �¢ê

 z
�
'

 � W  >w test  ë&Êö &� >wW �Ò  �Wê
 > «  HCl test  HCl �O
þ >wW �Ò  >«ê

 ÎOb³ê  .³b ª�ê  Û�ª�  �Wê
 ÎObßW  ÎOb ç�¦Ò  X-ray, RTD, TPD, IR � 
>  �Wê
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� Ò�f B�VÚö &� bÒ'� �O" ÎOb~ ª�

�" ç7'� &N� B
. 6� z�'� Ò�b�B ÎO

�Wê²ö Ú�>Ú ®º ÎOb~ ë&Êö &� �W, >

« � �� &æ& �J>Ú¢ �
. ÎO �Wê²~ ßWj

��~V *� ÒÏ>º �þ�Ïj ¢*~� ÚÚ�� � 8

" ?
.

�
 �þ�Ï 7 ë&Êö &� �OW 5 >wW" >«

�f &Ë 7º~² �/>º Ò��� �
 bWf �� &

æ *7'� O»ö ~�~� �þF > ®
. ��� ' �

þ�Ïö &� �þO»�¾ �B �f jç �&z>Ú ®æ

p� �æ �6>Ú ®º B®~ know-howö \� ®j ö

�
.

���� ¢>'� bWªC

5.1.1. j��'

�OB~ j��' G;O»f VÚ~ Úÿ�" �O ï;

&ê 5 �Ú ��ö &�  &æ &;b�¦V Fê� BET

�� &Ë �Þ'b� �Ï>� ®
.

BET�

�VB, I=  S= ¢ ¹b�, Xm= �


Xm : �ª¶[ �OÏï(g/g or cm3/g)

X : �Oï(g/g or cm3/g)

P : b �Oî~ ÃB{(mmHg)

Po : b �Oî~ �z ÃV{(mmHg)

C : êö V� ;>

j��'~ êÖ

*~ BET�ö V¢ «»j {P/Po /(X(1−P/Po))}� ~� Ç»

j P/Po� ~� �¾*� ¾æÚ� �~ çFj áj >& ®


. V¢B ¢>'b� �Wêf �OVÚ�B î²¢ �Ï~

&j r 100 torr �~öB çFj áj >& ®
. V¢B 100

torr �~~ G;~�¦V j��'j êÖ�
. {K~ æz

ö V¢ �Oïj G;~� ·WB �¾*�¦V 76" VÞ

Vö ~~� If S8j '' �� > ®b� �VB Xm8�

Ö;>Úê
. Xm~ 8� ��æ� 
r~ �ö ~�B j�

�'~ 8� êÖ>Úê
.

S=1

Am=1.091

S : j��' (m2/g)

Xm : �ª¶ �OÏï (g/g)

Vm : �ª¶ �OÏ' (cm3/g)

N : Avogadro’s No. (6.023Ü1023)

Am : b �Oî ª¶~ ¯�V ��' (Å2)

ρ : b �Oî~ &ê

ï; �O
þ

� Ë~

Weighing mechanism system
b �Oî~ �Oïj G;~V *~� Cahn electronic

microbalance C-2000j ÒÏ~� "B Ë~�º Cahn

electrobalance C-2000, controller, varian recorder (model 9176),

temperature programmer, outgassingÏ heating furnace ��

®
.

Volumetric Adsorption System
b�Oî~ �Oïj G;~V *� 6 
� O»f ¢;

Ï' ÚöB "Úê ¢; NêöB~ {Kæzö ~� O»�


. � K»f �Vï� �ï¢ ãÖö FÒ~� VÚ~ {K

ö ~� �Oª¶>~ êÖf �çVÚ O;�ö ~��
. ¢

>'� "B Ë~�º 
r" ?
.

ÁMKS Baratron capacitance {K ²�æ sensor (10−3-103

torr)

Ácapacitance gauge controller (4-1/2 digit)

Ámercury manometer

High Vacuum System
�O
þj ~V *ö * systemj �ê~ ê�ç�(10−3~

10−5 torr)� Fæ�¢ò ;{� Ö"¢ áj > ®bæ� 
r

" ?f Ë~
� ê� systemj �W~&
.

ÁRotary Vacuum Pump.

ÁOil Diffusion Vacuum Pump

Á{¦� ²�æ

ÁMKS ion Gauge Sensor (10−3~10−9 Torr)

ÁMKS ion Gauge Controller

Gas Reservior System
b�Oî~ gas¢ �/�"V *� systemb�B gas

cylinder drying tube, glass gas reservior (1000 cc, 2000 cc) �

� �W>Ú ®
.

� 
þ O»

b�Oî &Ê� î² &Ê¢ ÒÏ~&b� -195oC~ ¢;

NêöB &Ê~ {Kj 0~760 mmHg~ º*öB æz�B&

P/Po

X 1 P/Po–( )
-----------------------------=

1
XmC
----------+

C 1–
XmC
-------------

P
Po
----- 

 

1
XmC
----------

C 1–
XmC
-------------

1
I S+
-----------

Xm

M
------NAm 10 20–×

=
Vm

22414
---------------NAm 10 20–×

M
ρN
------- 

 
2/3

1016×

� 9. "º VÚ~ Am~

 Ã V  N ê(oC)  ç Ï ~(Å2)  Am º*(Å2)

N2

Ar 
O2 

CO2

-195
-195
-183
 -78

16
14
14
16

13-20
13-17
14-18
14-17



Accessment and Evaluation of Impregnated Activated Carbons 185

� �O�NFj ��
. ¢>'b� �Wêf Weighting

Mechanism Systemö ~� Z² Ã6� O»b� �
.

Áb& 70~100 mg~ �ò¢ weighting panö I� 7ïæ

zïj G;~�B �Wê~ 270oCræ &��" ÿ�ö

10−4~10−5 torr~ ê�b� outgassing�Î
. outgassing 7

"Úê NêöB 2�* ;ê�� �ò~ 7ï� ¢;~�

ææ� �r¢ «Ö6b� �
.

Á�r &��¢ B�~� sample tube¢ 
þræ ï'�

Î
. dewerö �Úî²¢ I� ¾B sample tubeö J~

�
.

Ásample tube~ ï'" �þ �Úî²& ²ÎNö V¢ ê

³ �Úî²¢ �/~� dewer bath~ levelj ¢;~² F

æ�Ê�B �ò~ 7ï� ¢;~² F r~ Z²¢ �ò

~ 7ïb� �
.

Á�r¦V î²&Ê¢ �ê'b� ê«~�B N2 gas~ {

Kö V� ï; �Oïj G;�
. �Oï; �*f 30ª

-1�* ;ê �Ò�, 10ª ÿn 10−2 mg �~~ æzN�

>� ï;�Oö ê�� ©b� �
. ï; �O ³ê G

;f V�ê~ chartspeedf recordingö ~~� 10ªî


�Oïj ��b�B &Ë~
.

 

5.1.2. ̂ �Ï'

^�Ï'j �~º �º "� BET �~ B6»" &ê»�

�ÏB
.

� �O �N�F~ �Ï

ν = xs/ρ
ν : ^�Ï' (cm3/g)

XS : �N�F~ >ï6 (g/g)

ρ : Bulk~ &ê (g/cm3)

� j��'~ �Ï

ν =

ν : ^��' (cm3/g)

s : j��'

 : ï� ^� æã

� &ê»~ �Ï

ν =

ν : ^��' (cm3/g)

ρp : «&ê (g/cm3)

ρt : ê&ê (g/cm3)

5.1.3. ̂ �ã ª�

^�>ãj �~º O»öº 2&æ� �² ¾*Ú �O�N

Fö ~� O»" mercury porosimetryö ~� O»� ®
.

�Þ �
 ^�f �Vö V¢ micropore, mesopore(transi-

tional pore), macropore �b� ª~>º� �"ræº Dubinin

~ ª~»j 'Ï� zb¾ *Òº IUPACö ~~� ��B


r � 10" ?f ª~»j j�~� ®
.

� �O�NFö ~� O»

^�j öÛ;b� &;~� Fê� j¾f ?f Kelvin�

j 'Ï~� ^�>ãj �~² >� � O»f "� transi-

tional poreö &� ¾ �º
.

ln (P/Po)=−2V  cos θ

V : �ç b�Oî~ ª¶Ï' (vm3/mol)

σ : ��ËK (dyne/cm)

θ : �Úf ^�ã*~ 7/', �Û θ=0

Po : Nê T 6º KöB~ �zÃV{

R : VÚç> 8.31Ü107 erg/mol.K

�Þ * �~ Ö"�¦V ^�ª� �Fj �~V *�Bº

Foster»j �Ï~² >º� �r ^�ã�ç~ �Oïf Z�

B
.

^�ª�¢ �~º O»f j¾f ?
.

Á�Oï X& ç&{ P/Poj plot�
.

ÁP/Po¢ Kelvin equationö &«~� rj êÖ�
.

Á>ã röB~ �OÏ' & rj plot�
.

Áνr = Xr/ρ (Xr: >ã röB~ �Oï (g/g))

Á�VB 
� dνr/dr & r¢ plot~�¾ dνr/dlogr & log r

j plot~² >� � �F� ^�ª� �F� B
.

��¾, �Wê" ?f �ò~ ãÖ ^�ã�ç~ �Oï 5

�Ovþ¢ Z�� > ìÚB j¾f ?f Pierce»j �Ï�


. �ö V� î²VÚ~ �N�O~ ãÖ ^�ª�¢ �~

º O»f j¾f ?
.

Á^�ã�~ �Ovþ¢ Halsey�ö ~� j¾f ?� ç

&{ P/Poö ~~� ��
.

t = σ

σ :�ª¶ �O[ ï�vþ(Å)

t : �Ovþ (Å)

ÁObserved pore radius rk¢ de Bore »ö ~� 
r �j

�Ï~� ��
.

rk =

ÁTrue Pore radius rpº 
rb� �VB
.

rp = rk� t

sr 

2
------

r  

1
ρp
-----

1
ρt
----–

σ
rRT
----------

5
1n Po/P( )
-----------------------

1/3

4.14
log Po/P( )
------------------------

� 10. ̂ �ãö V� ̂ �~ ª~

ª ~  ̂  � ã

 micropores  20Å �~
 mesopores  20-500Å
 macropores  500Å �ç



186 J.-M. Lee / Carbon Science Vol. 1, No. 3 & 4 (2001) 178-190

Á
þ Data 5 êÖÖ"�¦V , , ∆V, ∆t �j �~�

∆Vf, ∆Vp 5 ∆Spº 
r �ö ~��
.

 
∆Vf = 0.064Á ∆tÁ Σ(∆SP)

∆Vk = ∆V−∆Vf

∆Vp = ∆Vk

∆Sp= 31.2∆

� �
f B� �&B ��æ� computer¢ �Ï~� >�

êÖö ~� >Z 8j ��
.

�-² ~� áÚê Ö"¢ ∆Vp νsÁ  _f (Vp/∆ ) νs.

� plot~� ^� ª� �Fj ��
.

� mercury porosimetry

>fj &{~� ^�ö �R�B ^�~ Ï'" >ãj �

~º O»b�B *Ò~ VVËj�B transitional pore �ç

~ ^�ö &�Bò G;� &Ë~
.

Young - Laplace Equation

−2 πγσ cos θ = πΓ 2p

r =

Γ : ^�>ã (Å)

σ : ��ËK (dyne/cm)

θ : 7/' (degree)

p : �R{ (dyne/cm2)

>fö &�Bº σ = 480 dyne/cm�� θº capillary pore

ÚöBº £* 
� 8j <j > ®
. �Û �Wê²� ã

Ö θ =154o� �
. �~ θ8f �� ��&
ö ~~� ��

B 8
�
. Ö� Ö"�b� 
r �j �Ï�
.

Γ (Å) = -960 cos θ/P

�, P~ �*º dyun/cm2�
.


þË~

¢>'� 
þVV�º 
r" ?f Ëj¢ �Ï�
.

Ámercury porosimeter micromeritics 905-1

Ápressure range : 0-50,000 psia

Ásample cell~ > : 2

Ápenetration volume : digital counting, 1 count =

7.9Ü10−5 cc

Áaccuracy in pressure : 0.25% of full scale

Áaccuracy in volume : 0.04% of total

penetration volume (4 cc)


þ�·

Á¾ ^¿ ��B sample cellö ��� �ò 2~10 g �~�

evacuation �Î
.

Ásample cell" �ö �ÖB ¦ªj 20µHg �~�

evacuation�Î
.

Ámercury reservoirö 9 pais ;ê~ {Kj &�"� sample

cellÚö >f� jòê
. pressure vessel Ú~ >fj 


� mercury reservoir� ²>�
.

ÁPressure vessel Ú~ {Kj 0.5 pais� ~� �r~ >f

��ö probe¢ �¾
.

Á�Vö �ÖB valve¢ BN'b� evacuation � ê oilj

"«�Î
. �Vö î² 
Öz¢ �Ö�B {Kj BN

'b� RJ&� �RÏ'j £º
. &B ï;ö ê�~

º �*f 5~10ª ;ê�
.

���� z�'� ßW

� HCl simulator ëW test

�ÒÏ �Wê²º z�*Ï &Ê� '« ÖW &Ê~ ¯

HCN, CNCl, �Ê¶ �~ �O 5 ª�ßW� ;~
. ÎOB

�Wê²º ÎO>æ pº �Wê²ö j� j��' 5 ^�

¦b6²ö ~� �~ bÒ �Oïf ç&'b� 6²B
. �

�¾ &�ö ÎOb ª�ö ~� z� �Oï 5 >wö ~�

ª�ËK� ú�® Ã&>Ú �O B�N� ËçB
(£ 4~

5V).

��� ÖW ëW&Êö &� ëW testº HCl &Êö ~�

*7 test�Bê &Ë�� ��  ��& �ö ~� ��Ú

r
. ¯, ÎO �Wê²~ �Ò' ÖW &Ê~ö &� HCl &

Ê~ ëW�þö ~~� &Ë~
. ��� HCl" ?f

simulator�º HCl öò jî¢, ����ª 5 DMMP

(dimethyl methylphosphonate)& ®b� �VBº HCl testö

&~� ¦Æ~&
. HCl ëW testº 
r~ >w mechanism

ö V�B
.

Á5CNCl + 5H2O � 5HOCN + 5HCl

Á2HCl + CuO � CuCl2 + H2O

Á3HCl + Cr+6 �  Cl2 + Cr+3 + 3H+ 

*~ mechanismöB r > ®�� HClö &� �Wf CNCl

ë&Êö &� �W" jf~� � ��öê ÖW ëW &Ê

~� HCN, phosgene �~ �W"ê jfB
. 

� *¶*�ã &V

*¶*�ãf ¢>'b� �Ú«¶f ��~ ç�¢ �Ò~

V *~� 6Ò �Ï>� �º �ò��~ �VNö ~� �

� &Vöò jî¢, X-ray >Òö ~� .³Wª~ ;WªC

ê &Ë~
. ¢>'� V«f scanning electron microscope

(SEM)�B, B�B �ò~ ¯�V �� 5 .³Wªj &V�


. �Û ÒÏ>º �òº 14~16 mesh�� specimenö silver

paste¢ :�� �ò¢ òÖ ê gold coating�B 3òV� �
.

� ö¶ �7ê(AA) ªC

� ªCf Ï�ö ß; 2Ë~ �j R" ê � �>ï N

rp rk

rp

rk

----2

Vp

rp

-----

rp rp rp

2σcos– θ
p

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

2
3
---
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�¢ &V~º ©b�B "� .³Ï�~ ;ïªCö �ÏB


. ÎO �Wêf AA¢ �Ï~� ASC carbon~ .³�ïj

�Ò�
.


þf �ò¢ ê� zÎîj>ö 3¢ ;ê �� > �¢

�C~� ;ï ªC�
. jÞ� B�B ASCÏ�~ Ö;Wª

j �Ò~� .³�ï jNj &V�b�B �ÒÏ ÎO �W

ê²~ B�ö &� ;�¢ áj > ®
.

� X-ray ². ªC

X-ray ². ªC O»f Ö;��~ ç�¢ �Ò� > ®j

öò jî¢ Guinier~ Ö¦;ê�ö ~� ^� >ãræê ê

Ö�â > ®
. ASC B® 5 ÎO �Wê²~ ^�ö �æ

B .³"~ Ö;j jv �Ò�b�B �ÒÏ ÎO �Wê²

~ B�¢ *� .³"~ ��¢ º'� > ®
.

�þ~�¶ ~º �� �ò
ö ¦j B¢B 7O�B ².

' 2� G;�
. �r X-ray source�º CuKα 40 kV-20 mA

�� ¢>'b� 
r ��b� ¯�
.

ÁSource : CuKα 40 kV-20 mA

ÁScan speed : 0.07 o/sec

ÁTime constant : 0.5 sec

ÁFull scale : 2,000 cps

ÁSlit : 0.3 mm

���� ÎO�Wê²ö ~� ë&Ê~ �>

ë&Ê~ z�' �> mechanismf jçræ {
� ;�

& rJ^ ®ê pb¾  &�'� ë&Ê~ �>

mechanismf j¾ö ¾�� :f ?
. ÎO �Wê²¢ �Ï

� z�' mechanismö ~� ë&Ê
f &¦ª �ãz ·Ï

B
�� "�'b� ÎO �Wê² ��ö &¦ª z�'b

� �Ò~º Ö²f ë&Êf~ Ö�ö ~� ~ö �;�
.

� j��(AsH3)

j��~ B�º ÎO �Wê² Wª 7 AgNO3f çÖB


. ;{� ;�º rj�V ¾�¾ AsH3º çNöB AgNO3

f~ >wö ~� Öz>Ú As2O3� Zëz B
. �r Agº

æV'� /
 ��j ~�, � >wf Cu 5 Cr� �Ò� �

*&® &³z>º ©b� rJ^ ®
.

� �j�¶ ��¢�� (CNCl)

�ã·ÏB7 &�'� ë&Ê�B � z�>w mechanism

f j¾f ?
� �� rJr
.

Á5CNCl + 5H2O  � 5HOCN + 5HCl

Á2HCl + CuO  � CuCl2 + H2O

Á3HCl + Cr+6  � 2/3Cl2 + Cr+3 + 2H+

+6&~ ���æ" �Ò�Nf *&� hydrolysis /
�B

·Ï�
. 6� >wf ¢N'b� CuO& j*® ²ÎF r

ræº hydrolysis>wö ~�B �WB HCl� CuOf >w�


. �«b� º~~ HClf +6 &~ Cr �N" >w~� ¦

Öbj �W�Êæò �� �~� /
~ 2Z¢ .¾~² B


. � >w mechanismöB " r 1 mole +6& chromium �

Nf 5 mole~ CNClj B��
.

� �nÖ (HCN)

�� ��&
ö ~� J;B >w mechanismf j¾f

?
.

Á2HCN + CuO  � Cu(CN)2 + H2O

Á2Cu(CN)2  � Cu2(N)2 + (CN)2
Á(CN)2+Cr+6  � Cr+6 - (CN)2 complex

.V~ v >w �êº type A (Cu/A.C)~ ÎO �Wê²ö

B ��Úæº mechanism �
. ¯, type Aº (CN)2 &Ê¢

¦Öb� OÂ�Ê� ®
. V¢B type A�Bº HCN B�

ö '�~ á~� ASCöB �«b� (CN)2¢ ���Nö ~

� B�>� �VB Crf *& ~ö>æ pº
. �ç~ z�

'� ë&Ê B�º z�bö V¢ �� ;�& �Ò� >

®
.

� bÒ' B�

�Ê¶, IMPF (isopropyl methyl phosphonofluoridat) �f &

�'� ë&Ê�Z ~æò ÎO �Wê²f z�'b� >w

~æº pº
. 
ò �
f bÒ'� �Oö ~� B�& >

V r^ö ÎO �Wê²º bÒ'b� �ö '�~�¢ �

©�
. � Ò�f �B Þ/� :f ?� j��', ^�Ï',

^�ª�f pf &N� ®
. 6� z�'b� >w>º ë

&Ê¢ �æ¢ê � ¦Öb� bÒ' �Oö ~� º~>æ�

ÎO �Wê²~ V~�'� �Wf z× 7º~
 ~Æ
.

� Væ ëW&Ê~ B�

ß; ª¢öB ÎO �Wê²º k�W &ÊB�ö �Ï>

Vê �
. �
f �~ Type A _f AS Whetlerite
�� �

&�'� .& H2S f Cl2~ B� ";¢ ©�
. H2Sf Cl2
~ z�'� �> mechanismf j¾f ?
.

ÁCuO + H2S    � CuS + H2O

Á2CuO + 2Cl2(H2O)  � CuCl2 + Cu(ClO)2

���� ÎO �Wê²ö ~� Fë&Ê �O

� �OöÒ

VÚª¶~ �Úö &� �Of bÒ' �O" z�' �O

b� &êB
. bÒ�Of ª¶f ª¶Ò�ö B� w÷Kj

<º dipole momentö ~~� ¢V>º van der Waals ¾ö

~�B
. >�ö z�' �Of VÚª¶f �Úª¶ Ò�ö

&�>º *¶~ ÒV�ö ~� *çb� z�' Ö�j ��


. 
� ö�B bÒ' �Of VÚ¾ vapor& �Ú�B w»

*çj ¢bÊ�, z��Of �Obî �ÚÒ�ö z�>w

j ¢V�Êº ©�
.


þ'b�º bÒ�O" z��O� Â]� �ê>Úæ¾

ÚÊ ãÖº � v &æ& {
® �ê>æ pº >ê ®
.

��¾, �º �O�ö ~~� �ê� ��Úê
. bÒ �O
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� ãÖ ¢>'b� �O�� VÚ 1 mol � �Û 2~6 kcal �

ç� ãÖê *_ �Ò� > ®
. z�bîf bÒ�Oö j

� �O�ö ¸
. ¢>'b� z� �O�f 20 kcal �ç�


. 
þ'b� z��O 5 bÒ�O~ 6 
� �êf �O

³ê�
. bÒ�Of §�'b� �z¢ ¢V�Êº �z"

;" îR&æ� ÿ¢� ¾� ·Ï>� activation� �Ò~æ

pbæ� �O ³ê& ��
. >� z��Of &¦ª~ z

�>w¾" activationj jº� �
. 6�, bÒ�Of 
7

�Oòj ��æ� �« �O«Ö�*� æ�>¾, z��O

f �¢�Oòj B��Î
.

ÎO �Wê²ö ~� ë&Ê~ �Of z��O 5 bÒ�

O Îv 7º� �Ï�
. ÎO �Wê²öB VÚö &� b

Ò �OKf ê²-ê²* Ö;~ deficienceö V�>� van

der Waals ¾f ÚÊ �ÚWª �
ê ;� ©b� rJ^ ®


. 6� z��Of ÎO bî" B�VÚ ª¶f~ z�'

Ö�ö ~� ©b� ÎO bî~ z�' ç�, ª�;�, ª�

�' �" pf &ê& ®
.

ÎO �Wê²ö &� ë&Ê~ B�º ��� z�'Áb

Ò' �O öò jî¢ /
 ��ö ~� >w 5 ¦Öb~ �

O � ��'� mechanism� �Ò�
.

� �N �O �F

�O �Ff �Obî~ wÏö ®ÚB �; Jêç 
Ö

7º� Ò��
. �O�;f �Ú��" Vç �ObîÒ�

~ ª¶ ï;ª��� �º {K, Nê 5 �OBf �Oî~

ç�ö &� �>�
. �N�O �F(isotherm)f ¢;Nêö

B ï;{Kö V� �Oïj ê�� ©�
. >�ö ¢;{

öB Nê& æ� r �Oî~ �Oïj ê�� ©j �{ �

O�F(issobar)�¢ �
. 6� isostereº ¢; �Oïj V&

b� � ï;� 5 ï;Nê¢ ê�� ©�
. �N �O �

Ff �Oï;j Ö;~V *� &Ë *;'� O»b�B �

¢ �Ï~� �O��~ *B _f Î�~ J;ç isobar�


z FÒ� �6� ®
. �Û ��� ®�¢� �Ú ��ö &

� VÚ~ �N �Of �*~ �� ��Ö"ö ~~� ��

5 
þ'b� j¾f ?f &�'� ©
� ®
(� 11).

�Wê²ö ®ÚB VÚ~ �N �Of ßê® Dubinin-

Polanyi isothermö ¾ ¢~~º ©b� ¾æ¾ ®b�, 6 �

�f Nê 5 {Kö &� æ>& ÿ�ö �Ò~º ©� ßû

�
. ßê® Brunauer, Emmett 5 Teller isothermö &� �

� �F Î·ö V¢ type I-Vræ �² ª~~� �
 �F


j �Oî 5 �Ú*~ &ê�B J«� > ®
.

� �Wê² 5 ÎO �Wê²~ �N�O�F

¢>'b� �Wê²ö z® 'Ï>Ú N Dubinin-Polanyi

isothermf 1946j 5 1947jö Dubinin 5 Polanyiö ~� �

�Úr
. Dubininf isothermj B�~&
.

log W= log Wo− (1)

log W= log Wo− (2)

� v �~ N�º 
�W �Ú ^��� 5 �Oî~ ª¶

�Vö &�>º� � (1)f ^�~ �V& ª¶�Vö j�

&�Fò� ç��� � (2)º ^��V& ª¶�V�
 �R

� ãÖ�
. V¢B �W ê²~ ãÖ � (1)� (2)�
 z �

Ò'�
. �VB Wº �O w»B VÚ~ ¦b, Pº ï;{

K, Poº VÚ~ �z{K�� βº affinity coefficient �
. 6

ê> Bº ^�ö &�>º ç>�
. ò£ � (1)öB β& Ö

;B
� isothermb�B Ïª® �ÏF > ®�, � ãÖ j

¾�b� �*� > ®
.

 

log W= log Wo− =log Wo−kE2 (3)

�VB E = RT ln(Po/P) � ¹b�, (� Rf VÚç>) k' =(B/

(2.303)3R2)� B
. 

6 � (3)~ kº βö &� �>�� ßê® �Obî
 7

Ú¶ V&bî (β=1)� ;�ê
� 6 
� β8f 
þ'b�


r � (4)� ¦V FºF > ®
.

β ex= (4)

� β¢ Ö;~V *� V&bî�B Goloroy 5 Braslaw

(1981)º �OVÚ bîj �W, >�W 5 j�W� ãÖö

&~� �ê~&
. �
f �~ Ã��B ^ &æ �W º*

öB �� ¦~~ VÚ�O 
þ 5 ��' êÖj ¯~&º

� � Ö"� j�W� ãÖ CHCl3, >�W� ãÖ j^Ê, �

Ò� �Wbî� ãÖ CCl4& �O~ V&bî�B '�~


� B�~&
. 

��� β8~ Ö;f Dubininö V�� 
þ'b� k8~

jNö ~� © öò jî¢ j�W� ãÖöº � (5)�B ê

Ö>Úî > ®
.

B
2.303
-------------

T
β--- log

Po

P
-----

2

B
2.303
-------------

T
β--- log

Po

P
-----

2

k′E2

β2
----------

Kref

K
--------- 

 
1/2

� 11. �N �O �F~ .

 �N �O �F  �N �O�  'Ïº*

 Langmuir    z��O 5 
bÒ�O

 Freundlich  V  = kp1/n (n > 1)  {
 Henry  V  = k'p  {

 Slygin-Frumkin 
(Temkin)  

 {

 Brunauer-Emmett-
Teller (BET)

 
7bÒ
�O

 Dubinin-Polanyi  lnW= lnWo−K

E = RT ln 

 z��O 5 
bÒ�O

W : Ï'�Oï
Vm : �7 Ï'�Oï
θ : P {öB~ �7�Oö ~� �O��j Næ~º jN
Po : �Oî~ �z{K
V : P {öB~ Ï' �Oï
β : affinity coefficient

V
Vm
------=θ=

6P
1 6P+
----------------

V
Vm
------=θ=

1
a
---=lnCoP

P
V Po P–( )
------------------------=

1
VmC
----------+

C 1–
VmC
-------------

P
Po
----- 

 

E
β--- 

 
2

Po

P
----- 
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β = (5)

6 molecular parachors�B Ω = � �*F r j�W

öBº

β =  (6)

b� ¾æâ > ®
.

��¾ �W~ ãÖº Dubininö V�� ª¶~ electronic

polarization~ j (Pe)�B � (7)" ?� �*B
.

 (7)

� r β = �
.

��� �VB nf ª¶~ refractive index�
.

��¾ � isotherm~ 'Ïº*º ï;{K� ¢; �*ö

B 'Ï>Úæ� ß® �Wê²ö j� ÎO �Wê²~ ãÖ

£*~ Ú1Î� ®j > ®
.

6. Ö �

�ÒÏ �Wê BB 5 WËï& V»f ßê® >ã>Ú

®º ©� ìb� ¢>'b� /
B� 5 bW ï&f jÝ

~
� �
. �Ò� WË ßW~ {�f /
WËï& O»

" FÒ~
� " > ®
. V¢B î�Ú ÎO �Wê²¢ B

B~� WËj ï&�öº ¢>'b� V�& >º �Wê~

ï&O»j �Ï~² >� z�'� ßWf 
B� z�b >

wb� «Ã~² B
� �'B
. � ¢�öBº � ÿn �

�~ ��
öB >¯� ��ÚÏj 7�b� �V~&
.

�ÒÏ �Wêf A, B, AS, ASC, ASB, ASV, ASM �~ «

~& ®b� �ÒÏ &ÊîÊ�~ �OB� ��� ®º B®

f ASC 5 ASB ÎO �Wê²¢� "> ®
. �Ò� �


B®~ B� �;f Ï�~ B�, �� "; 5 ê¾Ò� ¾

~�, � B®ö &� FëVÚ 5 FëßWf 
r" ?
.

� ÎOÏ� 5 ÎO �Wê²~ B� �;

ÎOÏ�~ ³ê 5 ßûf ASC~ ãÖ Cu 8.5%, CrO3
3.5%, AgNO3 0.1-0.3%& '; ³ê�� ASB~ ãÖº CrO3

&� »Öj &~~� Cu+2 �Nö j~� 0.2 : 1~ ³ê& '

; >&�
. basis�B~ �Wê²º j��'� �� ^��

¾ B�B B>� ©�Ú¢ ~�, ÎOf Cu 5 Cr �Nf

bulk Ï�ö ~� ��� æV'�� AgNO3º �O� æV'

�
.

� Fë&Ê~ z�' ¾Ò

z�' �>ö ~� ¾Òº ÎO .³~ Özbö ~~�

ÎO ³ê& ¸j>� z�' �W� �
. 6 ASB �
º

ASC� ãÖ �W� z× Ëç>� ASC~ ãÖ Cr~ ���

��, Cuf CrO3~ ';jº Cu+2& 8.5% Ï� ³ê¢ ãÖ

CrO3º 3.5%¢ r &Ë �W� ±
.

� Fë&Ê~ bÒ' ¾Ò

bÒ' �Oö ~� Fë FVb~ �Of Dubinin isotherm

ö V�� ÎOj ¯~æ pº ©ö j~� ÎOj ¯� ãÖ

Dubinin isothermö *VB
. 6� ASB �
º ASC� ãÖ

z× �ö ½ÚÎ� ;~� ÎO ³ê& �>� *V;ê&

�
. 

FVb~ bÒ�Of �~& �Wê²~ bÒ' ��~ '

Ë�� ÎOj ¯�>� �~ �Oï� &~B
. 6� FV

b~ ª¶ï� �>� ��^�ö ~� �Oï� æV'�
.

FVb~ �Oïf �Wê² > ASB > ASC B�
.

*f ?f ÚÏ~ Ö"º .*ö �&æö ��~ 
þj

Û~� áî�, � ��öB B�� ÎO �Wê²~ bW 5

ë&Ê~ �>Ë� �Ö B®ö �~ ÊÎÚææ pr� {�

>î
. V¢B �ÚöBê �ÒÏ gas-mask~ j* �Öz&

&Ë~�î > ®b� �b� �ö &� ��& z× ê¯>

Ú¢ ~Ò¢ �Îê
.

� ��~ �� Ö"¢ Æ&� 
r" ?f Ö�j ÚÚ >

®
.

ÁOë îÊ�Ï �OB� ÒÏ>º ASB 5 ASC/~ ÎO

�W ê²¢ B�~&
.

ÁB�B �ò~ bWö V� ë&Ê~ �O WË �þj ¯

�b�B, �>Ëj ¸�V *� ÎO �Wê²~ ßWj

jv ¦Æ~� {ã~&
.

Á�' ��~öB B�B �òº �Öö j~� � WË�

�~ Êææ prj {�~&
.

Á�' WËj B>~º ÎO �Wê²~ bW º�j {ã

~&
.
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