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Abstract
A bamboo activated carbon is made from the waste bamboo chopsticks in this

study. The bamboo chopsticks are carbonized in 400� at the beginning, then
followed by activated in 750� at the atmosphere of CO2 to prepare the bamboo
activated carbon (BAC). Followed, the BAC is acid treated by 6N hydrogen chloride.
After that, the BACs will be impregnated separately in KOH solutions of 0, 3, 6, 10
and 20wt% for one hour. Finally, after filtration, the BACs doping with KOH are
dried in conditions of 30, 60 and 105� separately. The prepared BAC catalysts will
be used for the NO conversion reaction.The function groups on the surfaces of the
BAC catalysts are also measured by FT-IR. The surface properties of the BAC
catalysts are also analyzed by SEM and BET. The elemental analysis of the BAC
catalysts is analyzed by EDS. After all, the NO conversion characteristics of the BAC
catalysts are tested in the conditions with 3%O2 and without O2 at the temperature
range 30-180�to investigate the effects of doping KOH. The BAC catalysts are also
tested through the thermo gravimetric analysis (TGA) to study the interrelations
between the reaction temperature and thermal gravity.

The FT-IR tests show that the intensity of function groups is decreased in the
surface of BAC catalysts which are doping with KOH. The BET tests of the BAC
catalysts adding KOH indicate that the specific surface areas are also decreased
significantly. Both of the above two effects revealing that there exist the competitions
between the NO oxidation reaction by KOH and the NO reduction reaction by
activated carbon. The NO conversion experiments in the atmosphere of 3% O2 and the
temperature above 90� show that the NO conversion of BAC(30�, 6%KOH) is
higher than the BAC without KOH. The NO conversion of BAC(30�, 6%KOH)
reaches 80% in the atmosphere of 3%O2 and 60�. But, under the atmosphere without
oxidation, all the experiments of the BAC catalysts with KOH indicate that the NO
conversions are lower than that without KOH. Finally, the 36hrs life duration tests in
3%O2 and 180� show that the NO conversions of the BAC catalyst with KOH is
very close to that without KOH.

Keywords�Bamboo carbon, acid treatment, KOH, low temperature NO conversion
reaction.
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1.1��
���ÎABC{ÏDEÙf�F{âu/GH4fâu�I×J_Kgy

LJÕ±{ïGM��N�OPQ9«R±RSfT/�«{UV[»c[aW

¼½XYZ]yÛÜ[\ÚÆZ[Z]{Îâ¡»Ó]Ç¼½{^_ïûý`a

bN2c{d�y

GMT/{UV[eOPQT/{c[Kf#öYT&^(NOx)»gT&
^(SOx)fhi&�^ï
��j(acid rain)e�&�Uk(photochemical smog){
1ù±l[mf1998]yYT&^ïn�oT{ýp^�_Xf�[KYT&^¡
NO�NO2�NO3»N2O�qr�fXsc[Kàt{YT&^(NOX)ïuNO»
NO2fNO��[KÙT&�NO2fÕNO2Yv�w°~fxÙ�y�NO»TW
£fTW£7T�£Ö�ÝoXzn�(O3)[{f2001]y|BYT&^{c[T
/KNO}e90%¡èfà¡XT&Y(NO){~��e��YT&^Z[Z]{
Ëù��y

J�����{��f���{��×J_Kgfb�����ÙK���

dfÕ��dïX��b��{^�f����vw�uxPflR¡4bfH

�&��e��f�
�R�:yO'vw{uxP�ÒS-xf���ye�

��7Z[K{��yl� Ò�o��¡�¢&��{£�y

uxPeS-x{Ö�f�SePW£f×Ò]«&�x¤Ö{¥äW

£f1ùeT»S[Auer et al., 1998]yÜ�f�uxPKÝ�#ÒXi¦x^
�(¬��e#«§¨BWI^� )fj©¡ª�#«§Ø_[Bansal et al.,
1988]y«�{uxP&�Ö�ï|¬­�{®¯»°±¯à´�fj©�²
³´f�µ¶·¸s{®¯7¹9º»~{¼�^fÕB¯7¯_,r��

�£½r��{¾¿f�eàt{¥-Àfj©ÁÂeïÃ±{n´[Stoeckli,
1990]f�[ÄÅuxP�ÆBÜ�¯´Ö�yuxP	"grÇ�{Ö�ï
§¨BWI^�{��7u&<={>�f¬Ku&HrÝÈ�WÉÊK¬

­�¯´Ó]{9ûflËÌsXiEX�ÍÎ¨{Ï´Ö�fÛÜÝÈ�

¨ªuxP;Ð{-.rf¬à�Ò{-.rj©Ý�e9�¾¿�¥-�

<2nmÑK-:2-50nmÑÒ-�>50nm[Rodriguez-Reinoso, 1998]yuxP�"�
{§¨©Ñe¥-àÓ�(�B50%)f��"�{��ÔÕÎâ�¥-KyÖ
µK-7Ò-�uxP{-ÀÖ�Kà×{��Ø]fîÛÁ��^�ÙÚ

ÛpK-7Ò-Ü�Ý¯0¥-KfÞK-7Ò-���HßKÔàáäâ

Ëù{ã®y�uxP{¥Ö��ä¨KÝ�Ù#Ò��{¾å�ßÏ�»

æçfÕhi�ÒÝ��eT{&���F�yâ�£TÁè0�#[�{

P§¨éf¬Ý�ï^=x(Ýé��)ê&�x��B§¨fÕ¶���q{
Îâ1ùïYhràëìyXsÕþfÆh{��ï�íÝé{fJ�hr

{�Rf&���TÙî��Rf��£TÙyï�W£TÕ7PW£áâ
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&�ÀÁn�T§¨&�^yÜ�fP-T§¨�F{n��ðï±ñB7T
{ÀÁfÔÝ||7T&x[�(oT�YT&^�tT&P...ò)êT&x�
�(ó��pT&S...ò)áâyP{T§¨Ç�^_x�»9«1ùïY¬�
§¨©�ôõõö�ª�#«�hr�»P&HràÈÉ[÷f2002]y

|BuxPø�»ëR{Ö�­xf÷-±¡uxPv�¸¹lb�NOV
WÀÁùúYûüý{�
þIllan-Gomez et al., 1996; Zhuet al., 2000]y­�ï¡
uxPe��éf|p�<=fÝ¡�R¬§¨{�x#T���fKm��

{�&uxy

1.2�����
1.2.1�����
uxP{1ù��eP(C)f�é×#Ò±ñWIêïQR^{]«ê¥«

_ºP^�fuxP(Activated Carbon)eS-xP�{��yv
>�e�#P
^�P&(carbonization)fq|pu&(activation)ÕWy

�rBñµ¼½K_#P��ØS{����	^_^�f|p<â<

=~Õ��uxPy÷-±�euxPWI{±l
eSð&yûýab_

WI1ùÒ�

1.��^>¨��[¶'��Å�Ä£Å��^�
òy
2.�G��WI>¨��
�½���������òy
3.	�»�I>¨�ÉÊ������������ òy
ûý!"&{uxPWI¡¶'�Ä£Åe�e1f�#$WIéfë

%!«{I&f#ª'#«��(�)r_ñò¡»§W_*+[,ò�f
1993]y

1.2.2������
uxPï-.�
»�§¨©Ø�{P³'IfÛÕüýÁbBG"è

����'»¸¹-�abf¬±l�ñµ¼½Kr�_��^»	^f.ù

�g#P«�Ýev
uxP{WIyûý!"uxP¡��¶'eÄ£Å;

Sf¬KxÛ��ñµa{/0«12f��(ÆøfÛÜÒS9{uxPï|

�àv
Õ�f|B�`ã��»§¨ux�3fÛÜ4¡P&(carbonization)
»u&(activation)�������	
��yP&7u&{pH�5[s�

1.P&
P&f�E{ª6e�ÒP&�^7|Êf����P[Lewis, 1982]yx�

eÊæy(pyrolysis)y8ïu�¦x[�Kfbgh�g�£^�K{ÍPW£
(S�T�Y�gò)f¡9Î^(gas)eÉ�(tar,liquid)n?:;yÍPW£:;~f
Ü^�<n�|¬­�D¯e>=(aromatic sheets and strips)à��{ÉPÖ
�yÜÖ�ð?Ý¡�>e¶·?¯e»@¹¼��X4fÉP{-.<ï|	

BÏ,{AB(gap)à
�{yÛÜ^�|pP&{ÉPá^C�wD¥{-.
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ry

��P&pHKfEwhr�FGH�e
�IJ [Rodríguez-Reinoso and
Molina-Sabio, 1992]�

(1)300-470K �'{ÌÍy
(2) 470-770K Kz{Êæyf:;�"�{[�eÉ�fl�n��`{É

PÖ�y

(3) 770-1120K ÉP{Ö�LMfÊËÌÍC|Í©¥«y
J�P&hr{Kgêïé,{N±fË«ÙÒ�¤{ÌÍy­�ï�O(2)

IJfLJÕ±{ï��Pr(bulk density){ÚÆyîï��PrÚÆ0XªH
r(1120K)_~fxÙÒiQ{�RfhÝ�ï|BÉÖÏR(caking)^_-.
rfêSïÛeÉ�TUê�yÕVW-.à
�yXèà5fÝYP&ïX�

¬­�n�Rè���b(polymerization){Hß[Lewis, 1982]f[{f2002 ]y
2.u&
|P&<Z~{ÉPf|B-.r�[f4ùq|pu&HßÜ��R§¨

©e-�©f7ÜKg���\yu&{>?Ý�^=u&e&�u&y`ÂÃ

]^b^=u&>?vWà4_OP¸¹y^=u&<ïu�hr}

850-1200Kf�P&p~{ÉPf7��[�tT&Pò[�ê¬¼�^Îâ"
�[&ÀÁ[Rodríguez-Reinoso and Molina-Sabio, 1992]yâ^=u&ÎâéfÉ
�{TU^_%ÙÁT�fâTU^||[&~�~<ÙÒ-�©e-§¨©{

Îây`s±{ÀÁ<7|aA{-.fu&bÝ¯ûõ£	"fÛÜ-.r<

J�u&HrcG�Rf-{dr×ÙcGR�fîïhlÍ�í{�R23y

âu&íûeHrfHÙÒ;�:;ÏfhïÛe-.ÎApH�g{u&Hr

éf-À,{åäfgÕhi-.rsÚyu&Hre-.r»-�õ�j{2

3×eà^b{u&bÒ�¤{23y

1.2.3�������� !
uxPïS-x{Ö�f�SePW£fÔÒ]«&�x¤Ö{¥äW

£f1ùeT»S[Auer et al., 1998]yÕ�uxPKÝ�#Ò¦x^�(¬��
e#«§¨Bv
WI)fj©¡ª#«§Ø[Bansal et al., 1988]yuxP_Ö
�Ý��k��Xe�l&uxPfmX�eÍ�l&uxPfï|nÏÖ�

orandom structurepà��_Öqf¬T·Ø�r&f1ùï|�Òst�=´
�
_P7¬­�u¿_Pê¬Öqf¡�µv��s_>?��r&{wxÖ

�à��[mf1998]y
º�\�Ö�n?_uxPfÑ�ÒÎí{-.�
fuxP-.E¬-ö

_�õfÝ�es·
�òy�

1.¥-omicro-porep�-öõB2 nmy
2.K-omeso-porep�-ö	B2~50 nmy
3.Ò-omacro-porep�-ö�B 50 nmy
uxP�"�{§¨©Ñe¥-àÓ�(�B50%)f��"�{��ÔÕ
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Îâ�¥-KyÖµK-7Ò-�uxP{-ÀÖ�Kà×{��Ø]fî

¥-�S�j�K-7Ò-_KfÛÜ��^�ÙÚÛpK-7Ò-Ü�Ý

¯0¥-Kf[ú1.1àØfà¡K-7Ò-���HßKÔàáöäâËù
{ã®y

ú 1.1uxP	"�
ú[Rodriguez-Reinoso, 1998]

1.2.4 �����"#$
uxP|�µ�lênÏ�
{z¥õÖqà´�fl#{SÖq|}{~

¦¨f¬§¨Ò�«¡uxSê#T�e1{§¨���fhi§¨���S�

Ç§¨��_­xÒàÈÉy[Hall, 1992]ÎÏv
uxP{u&pHKÙáâ�
��fê7|T{&���Õâ�y[Park, 2001]Âe�P&êu&hrB800n
¡séf§¨#T�����ªfÙn�$x���fÕuxP_�x§¨x�

1ùe�x���àhi[Boehm, 1994]y�x���x¡carbonyl�carboxyl�
phenolic�hydroxyl�lactone»quinoneò���e1fäØB�x���f$
x���Øº��rªfj©Ö�KÒ�µchromene»pyroneS�ÆB$x�
��[Tomon et al., 1996]y�e­ªhrsf§¨#T���Ù:/;CO2ê
CO¬KX�[�f×Ý�Ù�z:/;CO2eCOy§¨#T���{â�Ý
��uxP{§¨&�x�fauxP
���x�ÚÆò¢�_pH:e�
R§¨�¢�Pr[Pasel et al., 1998]y
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ú 1.2uxP§¨Ý�{#T�x���[Boehm, 1994]

ú 1.3uxP§¨Ý�{#T$x���[Boehm, 1994]
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1.2.5����%&' NO�()
abuxP¸¹{NOVWÀÁxÝ�eQRNH3�eVWb7ºQRNH3

k�f¬KQRö NH3�eVWb{uxP¸¹� NO ÀÁf¬1ùÀÁ>H
?7��{ SCR�ä�fºQR NH3{uxP¸¹� NO��|BuxPÝ�
éàá¸¹»VWb{ã®f¬ÀÁ7 SCRÀÁÒ¤�{��y
ºQR NH3�eVWb{uxP� NO ��fÝ���)r{�íx¡»

��¯Bc[K
�t�\]ò��fÛÜYû�S
�F{Ë�f�Ü�ÀÁ

KfuxP×àáVWb{ã®a NO ÁVWfÕ¬`ã&ÁT&Õ:; CO2
» COò[�y��[Khristova et al., 1998]»[Mehandjiev et al., 1996]{�
f�
º NH3¼½s� NO{ÀÁÝ§Øe�

adsssg NOCCNO ][)()()( �� (1)

][][ )()(2)( OCNNOC sgadss �� (2)

Õ�¥T{��sfO2Ù7uxPÀÁÕ:;XT&P(CO)fÕ CO �
ÒVWb{��Ý�o NO{VW�

COOC 22 2 �� (3)

22 NCONOCO ��� (4)

è5{ÀÁ�;ö NOÁVWÕn�1ùá^e N2» CO2{1ùÀÁy
ÄÅ NO {VWÀÁl6! Illan-Gomez ò�[1996]{�
ÝYf�ºT»º
�{¼½s NO {VWÀÁP�ï|p NO ��/VWÀÁ�T���¡»á
^��ÀÁ
�z�Õ��{�

NO��/VWÀÁ�

2f NO2C2NO2C ���� (5)

C(O)OC �� (Ýé) (6)

*
f2 CCO2C(O) �� (7)

2
*
f NO2C2NO2C ���� (8)

è5�?KfCf D§ñ|Pux�f(5)?Ýy:uxP¸¹�Æhé{
NO VWÀÁf� CfT&e C-OyâhrcGmgéfÖ�B C-O K{TÝ
�uxP¸¹§¨o*��Õn�§¨PTK,^ C(O)(Carbon-oxygen
surface intermediate)fÝ|(6)?§Øy�á^��pHKfC(O)Ýo*�yÀ
Á(7)?Õn� CO2»�Pux� Cf*(Nascent carbon active site)f�Pux�
q7 NO ÀÁ((8)?)�¬VWe N2�xn� C-Of[ÜÝ2ô{� NO VW

á^��ÀÁ�

T���
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e N2l:/; CO2y:Wc�{ïè5 C-Oò§¨T&^l���BñÀÁ
KáâfÔÝ|uxPv
pHêï¸¹�T&pHÕWûy

� Aarna and Suuberg[1997]{ NO-carbonÀÁ��{��Ku;f� NOV
WÀÁKRk COÇÀÁCêÒ�o_��f¬Ý�Îâ{ÀÁÒs·�

*
2)( CCOOCCO ��� (9)

22/ 222 NCONOCO ACCu ��� ��� (10)

¬K(9)?ÀÁÙ� ¸¹§¨{PT���(C-O)fî§¨PT���{Ó
]ÙauxP¸¹ÀÁCêcGÚÆy

Zhang[2012]ò�abST&Uo*��ºU�uxPflÇ¬ab SEM�
EDS�NO���ÂÃo*� f��!¡ST&U���r���hr�ÀÁ
Z[%C7ÀÁhrÇ¸¹<= NOx�{ÈÉyÖ�¤ØöuxP¸¹1ù|
¥-o*��ÀÁf¸¹VW NO_�êÙJ�Z[%CRgÕÓÆflJ�À
Áhr{�R¢Ï%mg~ÚÆ{£¤fm�|p 30n��{ 20%KOH ð�
30n�15000h-1{ÀÁ¼½sf¬ NO�&ê}Ýí 73%y
QR KOH{uxP¸¹ÀÁP'[sàØ:
uxP¸¹<= NOx{ÀÁHße�

22 2NOO2NO �� T&ÀÁ (11)

2N2COC22NO ��� VWÀÁ (12)
q||QR_ KOHo*��ÀÁ

OHKNOKNO2NO2KOH 2322 ���� (13)
NOKNONOKNO 322 ��� (14)

<«{ KOH7W[{ O2ÇBuxP¸¹��<= NOfÝRCÀÁ(11)»
(13){o*fÛÕKg NO~�êf¶~�êKg{"�1ùï¥T&ÀÁ� NO
T&e NO3-fÜÀÁ_ÀÁP'��BuxP3� NOVWe N2(¦ÀÁ(12))y

q||@?(5)0@?(7){��f§dÝ�@?(12){ÀÁP'�¨�s?�

22 NCOC2NO ��� (15)

ê
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**�+,�-

`�
_û©��Î=�hrÆ�ø��»�êg{uxP¸¹VWXT&

YZ[\]^��f+a��ÒÁbBMª\]l»��\]l��¬YT&^

T/_ª\y

||`ÂÃ«�
_ä2¬­��Kf®[2013]¡OdeWIv�OPf¡
tT&P^=u&�����OPu&hrÕv�uxPfqÁbBVWXT&

Y(NO)Z[\]^fOP¸¹�Ò��� NO VW¸¹(�[:TiO2/V2O5)
eø
��¼¯{ë�y¶�
¤Ø¡u&hr 850�v�_OPÖ�Ò;g NOVW
x�fî�Ührsu&v�OP_�Íê°gaWOPáêsÚfm[2014]&
¡ 750��eOP_u&hrflÄÅ�<=ÇOPVWXT&Yx�_ÈÉf
¶�
u;OPab 6N�����(HClaq)o*�<=��~fÇ¬�§¨©{
�RÒ;�{��yÞ`�
^b���e�<=_ byBvw�<=OP~

qoXzQR���r{ST&U(KOH)fl¡QR KOH_�<=OP�eX
T&YVWÀÁ_¸¹o*�
f+�Km¡��de'Iv�OP¸¹fÁb

BÆh(300 180�)NOVWÀÁ_x�y
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..�+,/0

`�
e� 400n_¼½s�A±�} 5@�±r{OdJP&fq4bt
T&P�u&hr 750nsu&v�OPuxPfµ~ab 6N�r_����
�o*�<=Kg¬�§¨©f;~q|p��Ë«�(3%�6%�10%�20%)
_ST&U���<=~fl���hr(30n�60n�105n)s��yÄÅ
¬Ç NO~�ÀÁ_��f���ºT» 3%T{ÀÁ>?s~�XT&YZ[
\]^y�ÂÃpHKf�öbûvw¸¹»� ¸¹b{[��fmV^b¸

¹ÀÁ� ���YT&^�²��ÊË�²�¡»�§¨©�ª�ò�w±o

*¸¹x�{� 7«�y¡s<`ÂÃàab_[���(�w�OP¸¹_

vw>��¸¹x�� >�»�(�²ò�5[s�

3.1 1234
3.1.1 56
`�
àab{���OPeñv_�¬²Ñe �y��f��³5[

s�

1. ñvOP(Bamboo Activated carbon)fõö:0.15~0.42mm
2. ��(Hydrochloric acid)f�r 12N(EPy)f´µ��
3. ST&U(Potassium hydroxide)f �yf´µ��
3.1.278
`�
àab{[��e¸¹vwb_[�»ÀÁ� b_[�f��³5

[s�

v�OP_[��

1. tT&P��r 99.97%f¶Î[�@·y
2. Y[��r 99.97%f¶Î[�@·y
¸¹vwb_[��

3. tT&P��r 99.97%f¶Î[�@·y
ÀÁ� b_[��

1. T[��r 8%(balance in He)f¶Î[�@·y
2. g¸r¹[��r 99.995%f¶Î[�@·y
3. XT&Y��r 2000ppm(balance in He)f¶Î[�@·y
3.1.3 1234
`�
_OPv��¸¹ÀÁ� »«��wÝ�eOPv��� �w»

[��²�(f�5[s�

OPv��w:
1. �º»�1�
2. õ�)&i
ÂÃ_� �wàf#_;?e�
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1. ghRÊi�¢£RÊ?¼´if± 28cmf	ö 3cmy
2. KZ�ºÀÁ¼�± 45cmf	ö 4mmfb¡��¸¹½y
3. [��«%«&'(�KD4000 / 4CH�fb¡&'[�%«y
4. [��«%«��3ëy
5. Ê+hr¤Ø��Ê+e K typef± 40cmf�ö 2mmfb¡«�ÀÁ

¼	_Â¾ÀÁhry

6. ÝÈ?¿[À�/` TECHNO TAKAISUKI@·v
_ HIBLOW AIR
PUMPfÁìXëÂP[�Ã£%«�y

7. ÂP[�Ã£%«��1ëf%« 0~300 ml/minfÄN Aalborg@·v

_ 112-02-A�y

8. ¼��1/8 in�ö_�ÅÆ¼fb¡-ÇÀÁ[�y
9. pH�: ÈÉ SUNTEX TS-2
[��²�(:
1. YT&^�²�:NOx «�¾¿�0-1999ppmfy²r�1ppmfÄN

Bacharach@·v
_ NONOXOR II�y

ú 3.1ghRÊi
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ú 3.2 [��«%«&'(

ú 3.3õ�)&i
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ú 3.4 [��«%«�

ú 3.5 YT&^�²�(*)�pH�(K)�Ê+hr¤Ø�(,)
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3.2 112/0
`�
_ÂÃ>�fÊöOPv��OP�<=��<=OPQRST&U

¡»¸¹x�� y

3.2.1 9��:
`�
àab_OPv�pH�P&pH»u&pHk�"�yv�;O

Pfl�}Ë�; 0.15~0.42mmõö_OP(¦ú 3.6)y
3.2.1.1�;<=
�OdA±�SJ±r} 5cmf¡ÌÍ 105oC_ÎÏÎ� 1õéfµ~�O

dJÇ0ghi~¡ 500ml/min%«jkY[ 10�Ð¡~�i	Z[yl� 10
�Ð~�Y[%«È�0 200ml/minl¡Ñ�Ðmh 5n_Crèm0P&hr
(400n)fûíP&hr~4ù½2 30�Ðo*P&pHy

3.2.1.2 �;<=
P&pH~%�Y[2Òfl¡ 200ml/min%«jktT&Pfl¡Ñ�Ð

mh 4n_Crèm0u&hr(750n)fûí~½2 30�Ðo*u&pHy

ú 3.6 OPv�_%Hú

Ç0ghiljY[ 10�Ð~�i	[�(500ml/min)

A±OdJ(5cm)�Î� 1õé 105�

�[�A�0tT&P(200ml/min)lKghr0 750�~f
½2 30�Ðo*u&pH

È�%«0 200ml/minfmh0 400�~
½2 30�Ðo*P&pH

2Ò¢lfA�Y[(200ml/min)o*ÓÔlÕhr<100�§;

���Íêf�}Ë��õ´OP(0.15~0.42mm)
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3.2.1.3>>?@AB
�Íê(Burn off rate)=Ö(Wi×Wf) / WiØ×100%
Wi�initial bamboo weight K5^I_Î�Ë
Wf�final carbon weight�v��_Î�Ë

3.2.1.4 9�CDE
|p�}Ë�_õ´OP(0.15~0.42mm)4¡ 105n_ÎÏÎ� 1õéfÎ�

~�¬¡�«� 1:5 ���k 6N �r_�����Kl¡Ù�ÚÛ 24 õéf
qo*ÚÛ��(�0Ü��B pH 5)f`����~õ´OP¡ 105nÎ�fÎ
�~��¬�<=ÌÍ«(¦ú 3.7)y|�<=~_OP¡ BAC(6N HCl)�_y

ú 3.7 OP�<=_%Hú

3.2.1.5 CDE�9�FGHI;J
|p�<=~{OPuxP%¡ 105n_ÎÏÎ� 1õéfÎ�~�k��

Ë«�(3%�6%�10%�20%){ST&U���Kl¡Ù�ÚÛ 1 õéfpÜ
~�����hr(30n�60n�105n)sÎ�fÎ�~��¬Ë«�R«(¦ú
3.8)y|3%KOH���<=l�30n_sÎ�_OP¡BAC(30n 3% KOH)f
B�Þy

OPõÎ� 1õé 105�

�«� 1:5���k 6N�����KfÚÛ 24õé

¡ 105�Î�l���<=ÌÍ«

¡ÚÛ��»pÜ>?�0 pH>5
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ú 3.8 �<=OPQRST&U_%Hú

3.2.2 KKLMNO(TGA)
eöÄÅ�<=OP»�<=~QRST&U_OP{ÊËÌÍf¡Ê

Ë�²�(Thermogravimetric Analyzer)Ç BAC (6N HCl)7 BAC (30n 6% KOH)
k�OPo*� �Ãfb§]«_OP¸¹ ðBÝÞßàKfá«h¡ 5
n/min{mhCrRÊû 240nf���jZ[7jY[k�ÀÁ¼½Ko*
ÊËÌÍÂÃf¡Ã¡OP¸¹� NOVWÀÁÂÃsïâÙáâæyy

ÊË�²{W=e�H&hrsf«�'IJ��{hrêé,{Ë«

�&�nf7|gÂr{�²ãäåüfqáWû{ÊËÌÍú�K78ð

�àÎâ{ÀÁy`�
àab{�(ï/` SHIMADZU @·àv
{
TGA-50�ÊË�²�f[ú 3.9Øy

ú 3.9 TGA-50ÊË�²�

�&_õ´OP æçènÎ� æõé

§OP(1~1.5g)�é�kË«� 3%�6%�10%�20%{ KOH���KfÚ
Û 1õé

�����hrs(30��60��105�)o*Î�} 1~2ã

�«OPË«_�R«
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3.2.3 PPQRSTUVWXYO(FT-IR)
eö«��<=OP»�<=~QRST&U_OP{§¨���f¡�

����������(FT-IR)Ç BAC(6N HCl)�BAC(30n 3% KOH)�BAC(30
n 6% KOH)� BAC(30n 20% KOH)�BAC(60n 6% KOH)�BAC(105n 6%
KOH)fê �OP¸¹o*� f��§¥«¸¹�}~7 KBr¼�lë�
ì¯(¸¹Ë«:KBrË«=1:50)fq�B�����������Ko*�²f
�ÂÃà§W_ú�Ö�ív�úfqîoXz{�Ø7Å�y`�
àa

b{�(ïÄN JASCO @·àv
{ FT/IR-4200 �����������
�f[ú 3.10àØy

ú 3.10 �����������(FT-IR)
3.2.4Z[\]^_`a(SEM)&#bcd X-eWXY(EDS)
eÄÅ¸¹{§¨Ö�f`�
¡��?¢£¤¥¦(Scanning Electron

Microscopy)Ç�<=OP»�<=~QRST&U_OPo*��fïð¬
§¨Ö�lñ§¬úf`�
àab{�(ï/` JEOL @·àv
{
JSM-6700���?¢£¤¥¦f[ú 3.11àØy¬RC¢ëe 10kvfy²re
1nmf/�0êe 20~650000 0fòóãre 0~180°f|BOP`ã��Òh
¢xfÛÜ�o*=�ýfl�4ùqôèh¢®õf�Ýo*ï�y

m�eöÄÅ¸¹§¨{;³�jfabö�«®¯ X-°���(Energy
Dispersive Spectrometer)o*�²f¬�(�RB��?¢£¤¥¦f1ùW=
e¢£ök°BMq'I§¨éÙèÎ÷x»Í÷xøùf��e��?¢£

¤¥¦{�1_�fmÒ­x X ��úû¢£òü {áâfÕb�ü ÑÝ
�e¶Mq'I�²_by
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ú 3.11 JSM-6700���?¢£¤¥¦

3.2.5 ff
ghMNO(BET)
BET -.�²�(SA 3100)eð�� 77K {hrsfab N2o*òh��

�fHÝWY¬-.­xy�«ý�ð�/k 130nÎÏK��0ý/fq�ð
��k U�ð�¼l��B�(èfq4bRÊf�ð�¼RÊ0 210nl¿þ
Za¼Kë\ÆB 10-4 torrf7Ü�~OPK�²��»9Î^�fq�ð�¼
�B�qY�Kfa¬½2� 77KÆhsfjk N2~o*�«y�«��~Ý
WûuxP_ BET�§¨©(SP)f`�
àab{�(ïÄN Beckman Coulter
@·àv
{ SA 3100�§¨©»-.�²�y(ú 3.12)

ú 3.12 SA3100�§¨©»-.�²�
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3.2.6 %%&�#ij
`�
^bMª½?¸¹ÀÁ� ��±o*¸¹� NOx�� f¬ÀÁ

� ��»� z��5[s:
3.2.6.1 ()ijkl
��Ç�<=OP»�<=~QRST&U_OP�ºT» 3%T>?s

o* NOVWÀÁx�� f^bMª½?¸¹ÀÁ� ��«�¸¹x�fÀ
Áab{[� 2000ppm NO in He�8% O2 in He» HeÑ|gë[�Æ�àK�f
lbñÁìXë�%«�(mass flow controller)±&'¬%«y||È�b�%«
�%«_>?fÝhkª«_[�f�¼�K¼�~ÝWMª�r_ÀÁb¼�

[�fqhkÀÁ(	o* NO VWÀÁyÀÁ(ï|ghRÊi»	ö 4mm
KZ�ºÀÁ¼	QROP¸¹à��yÀÁ¼�k 0.1g ¸¹~f�¸¹½ý
~k}b�k]Q���½�f¡	
¸¹½�ÂÃpHKXÀÁ[��¯y�

¸¹½~>¡X Ktype_Ê+�«�ÀÁ¼	_Â¾hrfq��
ghRÊi
o*ÀÁhr_&'yÀÁb_>?[s�¼�[�%«Mªe 81 ml/min�Z
½Cre 10.75cm/s�¸¹«e 0.1 ���Ìé,e 0.2326s�Z,Cre 15500
hr-1y|pÀÁ~_[�q¡ÄN Bacharach@·v
_ NONOXOR II� NOx�
²��²á^[�K_ NO�r(¦ú 3.13)y

3.2.6.2 NO�#ij
�o*ÀÁ� ýf%BÀÁ(K��XëºQR¸¹½_ZÀÁ¼fÕÈ

�zbÀÁ[�_%«ÕW¼�[�~f%«� NO_K5�r:f`�§Xë
�Ò¸¹{ÀÁ¼�DºQR¸¹{ÀÁ¼fµ~2Ò NO%«�fo*mhR
ÊfÕhríû�ª{ÀÁhr~faA NO%«�B�ª_%«fl7¬�[
�¼�~½2�hÀÁ 2�Ðf`�«�Üé{ NO[�½2 5�Ðf�«¬[
��²�rl�ü_fåüÖö~2Ò NO %«�lmh0sXIJ{ÀÁh
ryÑ�ÂÃñÀÁhríû 30n4A5o*«�fJ~Ñmh 30n~qo*
sX�_«�f�ûÀÁhrí 180né�
ÂÃy

¸¹ñò� ÂÃ>�7x�� {�¥l��f���ïmh0à4{À

Áhr~H�q��f�é NO[��ÂÃpHKÙÚ�ª{jkÀÁ¼Kf�
ûí«�é,ý{ 5�Ðo*«� NO[�{�²�rfûíé,�~�ü¬9
:l2Ò«��(�ôòÕ0sX�§ð_é,�y

�¸¹x�� Kf`�
� NO_K5�r&'B 360ppmfl��ÀÁ
¸¹_��[BAC(6N HCl)�BAC(30n3%KOH)�BAC(60n3%KOH)�BAC(105
n3%KOH)ò]���ÀÁhr(30-180n)���#T«(0%�3%)f±ÄÅOP¸
¹{ NO~�x�y¸¹Ç NO{~��\Ýb NO�&ê(NO conversion)±§
Øf[s?�

%100
NO
NONO

(%)NO
i

fi
conversion �

�
�

(23)
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?K NOi�ÀÁ(k¿_ NO�rfppm
NOf�ÀÁ(;¿_ NO�rfppm

A:[�Æ� G:���½�
B:[��«%«�H:K-typeÊ+�_�h�
C:[��«%«&'(I:K-typeÊ+�
D:KZ�ºÀÁ¼ J:ÂP[�Ã£%«�
E:ghRÊi K:ÝÈ?¿[À
F:¸¹½ L:NOx�²�

ú 3.13¸¹x�ÀÁ� ��ú

19

?K NOi�ÀÁ(k¿_ NO�rfppm
NOf�ÀÁ(;¿_ NO�rfppm

A:[�Æ� G:���½�
B:[��«%«�H:K-typeÊ+�_�h�
C:[��«%«&'(I:K-typeÊ+�
D:KZ�ºÀÁ¼ J:ÂP[�Ã£%«�
E:ghRÊi K:ÝÈ?¿[À
F:¸¹½ L:NOx�²�

ú 3.13¸¹x�ÀÁ� ��ú

H
e

N
O O
2

D

E
F G

H

J
K

GAS
analysis

B

L
I

C

A
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mm��n�o�

4.1 FGHI;JpCDE9�qE�r�st
4.1.1 9�>?@�DE�uv

§ 4.1eOPo*<=pHKáâ{�Ì«9:yOP|pP&» 750
�{u&pH~¬ÎÕ�ÍêÒ 74.87%fÜ7m[2014]{Ö�ä÷y4b�r
6N {�����o*�<={OPõ¬ÎÕ�&ÌÍê} 5.98%f�<=pH
Ý¡ÚÆOP_��lÝ�OP	"-ÀfÇ¬�§¨©�Ò��_��[mf
2014]yOP�|p���r{ST&U���Ko*QRST&U_pH~f
¬Ë«�R{��×��ä�f§ 4.1¤ØOPQR KOHË«�R«J$��
�<=_�r�RÕ�Rf��B 20%KOH ��K{OPf¬Ë«�RêÝí
} 15%y


 4.1 9�%&DE<=�Lbuv@(wt%)
w� xLb(wt%)

ÎÕ�Íê 74.87
ÎÕ�&ÌÍê 5.98

3%KOH$&Ë«�
Rê

2.47

6%KOH$&Ë«�
Rê

6.02

10%KOH$&Ë«�
Rê

7.97

20%KOH$&Ë«�
Rê

14.79
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4.1.2

g"#$
`�
ab���������(FT-IR)«��<=OP(6N HCl)7QR�

��rST&U(3%�6%�20%){�&OP_§¨���fq���Ø���
r7����hr>?<=s{ FT-IRú�f¬ FT-IR«�Ö��ú[ú 4.1à
Øf| FT-IR�ú 4-1ÝWYf|p�<={OP7QR KOH{�<=OP�
Ø~ÝÎÏQR KOHOP{§¨���Öµ�Òäµ{§¨���ÐîÑÒÓ
Ô{£¤f|¶ú_���¤Ø�&»QR${OP��± 1500cm-1�÷ÒC=C
����1700cm-1�÷Ò C=O ���» 3650cm-1�÷Ò OH ���y¬ FT-IR
ú�78���Ð_>�Ý6w§ 4.2fáú 4-1(a)78ÎÏ���hrs��
{ ð´f¬���Ð,{�¥xl��fÝ¡ßª��hrÇB���Ð{È

Él�¤�f�pïð��QR�r{ ðÎÏfQR KOH(20%)¬ FT-IRú�
7QR KOH(3%�6%){ ðä�sØ¤�nQSy�7¬WÛÝ�eQRpS
{ST&U��ö�<=OP`ã�Ò{�x§¨���Ðy6N HCl(BAC)�
2300-2400cm-1 <_���D§P-P
¤e�© ¤{!A"�fâQR KOH
~|BOP§¨X"�Á#$fÛÜú 4 -1 ¤Ø;¶<���Ò�¤ÓÔ{Ï
Ry(http://ppt.cc/H3mtv)
§ 4.2 78 FT-IR���Ð{>�(http://emuch.net/html/201204/4340521.htm)

�± (cm-1) ������ ���Ö�

3200~3700 O-H!%"� &ST�

2700~3000 C-H!%"� st=Ö�

1650~1770 C=O!%"� '�

1610~1680 C=C!%"� �¤

1450~1600 C=C!%"� ¬­�Ö�

1420~1480 C-H²³"� st�Ö�

1360~1430 O-He C-H²³"
�

(����v��(�

)

1200~1300 C-0!%"� �*e+

1140~1200 C-H¨�²³"� ¬­�Ö�

1050~1160 C-O!%"� 
y&�

1070~1120 C-O!%"� ty&�

1000~1060 C-O!%"� Xy&�

625~1000 C-H¨�²³"� �(e¬(
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4000 3500 3000 2500 2000 1500 1000 500

Tr
an
sm
itt
an
ce
(%
)

Wavenumber(cm-1)

6N HCl(BAC)
30OC 6% KOH(BAC)
60OC 6% KOH(BAC)
105OC 6% KOH(BAC)

(a)�<=OP(6N HCl)7����hr_QR KOH(6%)OP_�Ø

4000 3500 3000 2500 2000 1500 1000 500

Tr
an
sm
itt
an
ce
(%
)

Wavenumber(cm-1)

6N HCl(BAC)
30OC 3% KOH(BAC)
30OC 6% KOH(BAC)
30OC 20% KOH(BAC)

(b) �<=OP(6N HCl)7 30���hrsQR�� KOH�r(3%�6%�
20%)OP_�Ø

ú 4.1�<=OP7QR KOH~_�<=OP_ FT-IR«�
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4.1.3 yyr9��f
ghbi
§ 4.3eab�§¨©�ª�(BET)f«�¡��o*�<={OP(6N HCl)

¡»��QR KOH3%�6%�20%�r��lB 30���{�&OP_�§¨
©f`§Ý,;ºQRST&U_ZÝ ð¬�§¨©(SP)e;�f¶�§¨©
7m[2014]{�
ä�sflº°�{�-yÕQR 3%7 6%_ ðä�Øf¬
6% ð_9�ð.ÆB 3%fîï¬KOHQR«Ôï 6% ðØSfÕ|ú 4.1(b)
Ô¤ØQR KOH(3%)7QR KOH(6%){ FT-IRú�ÔÍ©äµyQR 20% ð
{�§¨©(SP);õ{WÛf/Û KOH QR«°SÙ
�§¨7	"{¸¹-
ÀÁST&Uà01àiy


 4.3 9�zCDE{�9�
gbi|�

4.1.4 yr9�� SEM}iMN
ú 4.2e 6N HCl�<=OP7QR KOH_�<=OP{§¨/� 1,0000

_È1f|¶ú_(a)0(f)¤ØfáúKÝ¦búÑÒOPuxP­Ò{23�
¼´Ö�f¬�ö�õ}�9¥4û95¥4����yìQR{ZÝ ð7QR
KOH { ðä�sfZÝ ð(a)§¨Øe�¢Ý¦û°õ_-ÀfÕ¬� ð
§¨�¤Ý¦ST&U6©BOP§¨_è{�nf�J� KOH�rKg×<
RR�¤ÑÕqïð/� 10,0000{ SEMÈ1f[ú 4.3((a)0(f))àØfÝ¡ï
ðûOP§¨{-À´q7§¨ST&U{6©f|§ 4.3Y¬-À¨©×J�
QR�r{èmÕÓõfm�×ÝFG{,ûKg��hr~OP§¨è6©{

ST&UØe�¤{(ú 4.3(c)0(e)yÕú 4.3(f)&¤ØQRg�r KOH(20%)éf
OP§¨Ù;Ï{S�¥40 1¥4�õ{ÍÖq�ST&Uõ£y�q�_/
�0 70,0000f[ú 4.4((a)0(f))àØf&ÝïðOP§¨_-À�õ7-À	
Á7©{�nf|ú 4.4(c)�(d)�(e)ä�Øsf�QR�rî¡��hr��_
 ðfÇ¬-À�õlºØ¤�{ÈÉyÕú 4.4(f)¤Øï�û§¨-öe�¥
4yfÜ{8+Áè5ú 4.3(f)ï�û{õ£à91fÕ
� BET«�_�§¨
©:Æ_ÏRy

SP (m2/g) SP~�@
6N HCl(BAC) 379.85
30� 3%

KOH(BAC)
301.74

20.56%

30� 6%
KOH(BAC)

296.53
21.93%

30� 20%
KOH(BAC)

59.38
84.37%
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(a)6N HCl(BAC) (b) 30� 3% KOH(BAC)

(c) 30� 6% KOH(BAC) (d) 60� 6% KOH(BAC)

(e) 105� 6% KOH(BAC) (f) 30� 20% KOH(BAC)

ú 4.2 6N HCl�<=OP7QR KOH_�<=OP{§¨/� 1,0000_
SEMÈ1
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(a)6N HCl(BAC) (b) 30� 3% KOH(BAC)

(c) 30� 6% KOH(BAC) (d) 60� 6% KOH(BAC)

(e) 105� 6% KOH(BAC) (f) 30� 20% KOH(BAC)

ú 4.3 6N HCl�<=OP7QRKOH_�<=OP{§¨/� 10,0000_
SEMÈ1
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(a)6N HCl(BAC) (b) 30� 3% KOH(BAC)

(c) 30� 6% KOH(BAC) (d) 60� 6% KOH(BAC)

(e) 105� 6% KOH(BAC) (f) 30� 20% KOH(BAC)

ú 4.4 6N HCl�<=OP7QRKOH_�<=OP{§¨/� 70,0000_
SEMÈ1
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4.1.5 yyr9�� EDSz XRD}iMN
ú 4.57 4.6e�<=OP7QR 6%KOH_�&OP{ X��«�¯��

�(EDS)���²úf§ 4.4e¬;³��9:f[§àØfuxP1ù|P(C)
7iQ{T(O)à´�f;(Cl)&e�<=éàab{��(HCl)_�ÌyÕ§ 4.4
7ú 4.6ÑÝ¡�QRpST&U{�&OPè�Â ÒU(K)_r�y
ab XRD«�QR 6%KOH_OP~ÎÏlº���;9�f¡�öQR

KOH_��OPf¬§¨lºÖqÏRfÜ7 SEMú{ï�Ö�ä�y


 4.4 6N HClCDE9��FG KOH�CDE9�- EDSMN��(�
�:wt%)
C O Cl K

6N HCl(BAC) 90.19 8.54 1.27 0

30�6%
KOH(BAC)

88.52 8.32 0.65 2.51

ú 4.5 6N HCl(BAC)_;³�² EDSú

ú 4.6 30���_ 6% KOH(BAC)_;³�² EDSú

4.2 �I���FGHI;JpCDE9� NOS;@�st
ú 4.70ú 4.9e����QR�r KOH(3%�6%�10%�20%)¡»���
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�hr(30��60��105�)sv�_OPf�ºT¼½so* NO VWÀÁf
¡ïðhr¾¿(30-180�)ÇQR${�<=OP_ NO�&ê_ÈÉy|ú 4.7
0ú 4.9ÝYf�ºT¼½sQRpST&U{OPf¬ NO�&êÑÆBìQ
R{ZÝ�<=OPf¬WÛeST&U�ºT¼½KØ*7YT&^ÀÁ�ó

�UfÕè5ÀÁ<K4ù<«�r{T[±�&¬ÀÁÎâfà¡�ÜºT¼

½s1ù{ NOVWÀÁeuxP��7ux����&fîïÛeOP`ã 
Ò-À§¨ÁQR{ST&U917©7QR~à
�§¨ux���Á?

ÔfÛÜ
�ö¬ NO�&êØºQR{ZÝ ðVùÆsyîï�Ø����
hr{ ð~ÎÏf����hrÇBQR�ð�r{ ð=µ�Òäâ{ÈÉ

\y

§ZÝ7 30�s��{b�r{$&OP NO�&êÇÀÁhr(30-180�)
�úf[ú 4.7àØfÝÎÏ 10%KOH{ ðëB¬�
Sf;3�&êí 63%y
� 60���b�r ð_ NO �&êÇÀÁhr(30-180�)�Ø�úf[ú 4.8
àØf�Ü��hrs&ï| 3%KOHØ3f¬�&êí 65%y;~� 105�à
��{ ð_ NO �&êÇÀÁhr(30-180�)�úf[ú 4.9 àØf�Ü�Ø
g{��hrsàv�_ ð�ÀÁhr 180�éÑÝíû 60%{�&êf¬K
x¡ 10%KOH ð{�&êØgy
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4-3��I���FGHI;JpCDE9� NOS;@�st
ú 4.10 0ú 4.12 e���� KOH QR�r(3%�6%�10%�20%)¡»�

���hr(30��60��105�)v�_OPf� 3%ÒT¼½so* NOVWÀ
Áf¡ïðÀÁhr(30-180�)ÇQR${�<=OP_ NO �&ê_ÈÉy|
ú 4.100ú 4.12ÝYf� 3%ÒT¼½sQRpST&U{OPf¬ NO�&ê
ÙYû KOH{QR�r{ÈÉÕÒà��f¬K¡� 30���lQR 6% KOH
{OP¸¹{ NO �&��;3y� 30~180�éfºQR KOH {OP¸¹¬
NO �&êÙ%*sÚq>?èmfÕQR 6%» 10%�r{ST&U~f�
60~180�_ÀÁhr@,{ NO�&êÕëBº<=_ZÝ ðf¤ØöT{r
��ð��aOP-À{§¨���7 NO o*VWÀÁ� NO VWe N2f�
é×aW NO %ÁT&e NO2q7QR�OPK{ST&UáâÀÁÕâ�ó
�UfÕíû~� NO_��y

§ZÝ7 30�s��{b�r{$&OP NO�&êÇÀÁhr(30-180�)
�úf[ú 4.10àØfÝÎÏ 6%KOH{ ð;ëfBbhrsÕí 75%¡è;
¬�eQR 10%_ ðy60���b�r ð NO�&êÇÀÁhr(30-180�)
�Ø�úf[ú 4.11 àØf�Ü��hrs=¡ 6%KOH Ø3f¬�&êBb
ÀÁhrsÕe 70%¡èy;~� 105�à��{ ð_ NO�&êÇÀÁhr
(30-180�)�úf[ú 4.12àØfÜ��hrsàv�_ ð�ÀÁhr 120�
¡èéÜ;ÏëBº<=_ ðf¬QR 20%KOH_ ð� 180�éÝíû 78%
{�&êy|ú 4.100ú 4.12�ØÂÃ9��Ý¤Ø;QR 20%KOH_OPf
� 105���s{�&êëB¬�ØÆhr��_ ðf¬�&êJhr�RÕ
�Rf� 180�é�&êÝí 78%y¬WÛÝ�ehrmgÝRC NO[��£
T&e NO2 _CêfÕRA7ST&UÀÁeó�U_CêfÕ�ÆhÀÁ@
1ù|OÊ`ã-À§¨{ux�o* NO�&fîïÛe�"�§¨ÑÁ01
Þ
�¬ NO�&êØ�y
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4-4FGHI;JpCDE9��KLMN(TGA)st
ú 4.137ú 4.14e 6N HCl(BAC)7 30�6% KOH(BAC)k�OP¸¹{Ê

Ë�²��úf���Y[¼½s¡»Z[¼½so*��yÜtúÕ¤Øö�

Ü��hr(30~240�)sf¸¹Ñ�ÙÒ�¤{ÊËÌÍyÛÜ� NOVWÀÁ
ÂÃ{hr¾¿(30~180�)	fhr��l�ÙÇ¸¹áâÊæyÏRyà¡�
¸¹{ñò� KïÝ¡±é,½2 180�{ÂÃ��ym��m[2014]{�

Ku;f�<=ÇBOP¸¹�gh¼½s(>450�)Ý¡Ó]¬ÊËÌÍy
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4-5FFGHI;JpCDE9��%&�����st
ú 4.157ú 4.16e 6N HCl(BAC)7 30�6% KOH(BAC)_���hrs 6

õé¸¹ñò� fú 4.17&ï§;3ÀÁhr 180�_ 36õéñò� y�
©hs(30�)sÀÁs{ZÝ ð7QRST&U_ ð�ýJÑÒØ3{ NO
�&êfîJ�é,{N±f¬�&�êHcGÚÆf¬WÛe�Æhs1ù

ï|OPè{�x���o*�&fJ����{� ¬�&�ê×<J_Ú

ÆykS�Ø~×Ý�ÂQRST&U{ ð`ã Ò{�x���ØZÝ 

ð{VùÔy

�Øghrs{{ 90�7 180�é+ºQR KOH ð1ù�&|¸¹-À
o*T��o* NO VWÀÁfÕQRST&U_ ð&|ST&Uo*À
ÁfkS_ÀÁ<öl�ä�yá 4.15 Ý,;ñÀÁXõé~{ NO �&ê{
�&f½2�X��ª�&ê{´qyÕ|ú 4.16 ÝYfQRST&U{ ð
��ÀÁK+×BÒCèíû�ªfñÀÁ 1.5õéD¬�&êÝíû�ªfm
�ä�QR ðÇB��hrs{ NO �&ê×Òà�¥fáú 4.16 ÝWYf
ÀÁhrRg�&�ê×ÝKmy

ú 4.17&ï�é,N±0 36õéf��¬�&ê�ª_z�yÖ�ÎÏì
QR KOH _ ð{�&�ê� 12 õé~HcGsÚfÕQRST&U{ ð
&� 36õé{� é,	�&êÕº�¤_�&fÝ¡¡ÂQRST&U~�
±é,{ÀÁsf¬ñòØe�ªy

|ñòÂÃ¤Ø¡OPQRST&Uv�~�NO_¸¹f¬NO�&ê�
�ÕþlìëBìQR KOH_OPf¬1ùWÛe|p�<=~{OP`ã�
�ÒEz{ NO VW�\fµÕÛOP�§¨©FÆBÄÅuxP(�§¨©Ý
í 1000m2/g)f�QR KOH ~x
��§¨©�¤sÚ(§ 4.3)fÕÚÆöOP
W`§¨ux�{ NOVW�\fÜ"� NO�&ê{ÌÍ«Ý| KOH&��
� NO2{ÀÁ±GHfî<�� NO �&êà¢Ï{Ö�=¤ØfQRST&
UB�<=OPKlì��o¬~� NO_��y
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| 4-2» 4-3I_OPQR KOH{ NO�&x�� 7 4-5IQR KOH_
OP¸¹ñò� Ö�fÝ�=W§ 4.5¡oXz@�`�
QR KOH{OP
¸¹¬;<v�7=�>?y


 4.5 FG KOH-9�%&����:��:����
v�>? 1.KOH{;<QR«f¡QR 6%KOH{OP¸¹fÝJW

;3{ NO�&�êy
2.QR 6%KOH{OP¸¹_;<��hrf¡ 30�hrs
��v�_¸¹¬ NO�&�ê;3y

=�>? 1.è5¸¹B 30-180�hr¾¿so*¸¹ñò� f¡�
180�hrs=�_¸¹ÝJW;3 NO�&x�y
2.QR KOH{OP¸¹� 3%ÒT¼½s� f¬ NO�&
�ê�¤ëBºT¼½s{ NO�&�êy
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�����

`�
ÄÅ�<=OPBQR KOH~{^x�&7 NO�&x�fJW_
Ö�[sK

1.^=x�«��Od|| 750�u&~¬�Íêí 74.87%f6N HCl�&
<=~ÌÍêe 5.98%fQRp KOH_OP¬Ë«JQR�r�RÕ�Ry4
b���������(FT-IR)Ý,;|p$&{OP¸¹¬���Ð¬5rØ
eLÔfab�§¨©�ª�(BET)«�OP~¤ØQRST&U~ÒÚÆ�§
¨©{Ö�y¡��?¢£¤¥¦(SEM)ïðOP¤ØfQR KOH { ð§¨
ÒST&U{6©f�J��r{KmÇ¬-À91{Hr×<R�foÕÈÉ

�§¨©{«�Ö�y|�«®¯ X-°���(EDS)��Ö�¤Ø¸¹{;³´
�eP�T�;�Uf¡Â¸¹è�ÂÒU_r�y

2.QRST&U~ÇOP NO�&ê{ÈÉ� ||¸¹ÀÁ��� Ý
YfQR KOH{�<=OP¬ NO�&ê�Æh@,(30-180�){ºT¼½sf
ÑÆBºQR{�<=OP¸¹yîï� 3%ÒT¼½�� 60~180�ÀÁhr@
,sfB 30���{ 6%KOHOP¸¹{ NO�&êëBìQR KOH{OP�
Ñ�½2� 75%¡èy

3.T{r�ÇQRST&U~{ NO�&êÈÉ� QRST&U{OP�
3%ÒTÀÁ¼½7ºTÀÁ¼½äØfÒT¼½s{ NO �&êÑëBºT¼
½f¡ÂST&U4�ÒT¼½sÜ�� NOx ���&eó�Uf¬Ö�7�
�äMy

4.QRST&U~Ç¸¹ñò_ÈÉ�| 6õéñòK¤ØfÀÁhrRg
¬ NO �&êR�ªfÕ� 180�N±0 36 õé{ñòÂÃKìQRST&U
{ ð� 12õé~ÒcGsÚ{£¤fîQRp KOH_ ð� 36õé{� 
é,	 NO�&êÕº�¤_�&fÕkS� 24õé~ NO�&êÒËN_Ï
Ry

5.QRST&U�eKm�<=OP NO�&ê_ëO�|p�<=~{O
P`ã��Ò�P{ NOVW�\f�QR KOH~Û
��§¨©�¤sÚf
oÕÚÆ¬§¨ux�{ NOVW�\fÜ"� NO�&ê{ÌÍ«ÖÝ||S
T&U&��� NO2{T&ÀÁ±GHfî<�� NO �&êà¢Ï{Ö�Õ
þf��"�{ÂÃK¤ØQRST&UB�<=OPlì�oXz��¬~�

NO_��y
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