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62� DQG 12 JDVHV WKDW FRPH IURP WKH IOXH JDVHV RI PRVW RI DOO LQGXVWULDO FRPEXVWLRQ SURFHVVHV DUH KDUPIXO WR HYHU\�
WKLQJ LQFOXGH SHUVRQ DQG LQGXVWULDO IDFLOLWLHV� )RU WKH VLPSOLILFDWLRQ RI WKH HQYLURQPHQWDO FOHDQ�XS SURFHVVHV� ZH VWXGLHG
WKH GHFRPSRVLWLRQ SURFHVV E\ PLFURZDYH� The microwave can destroy molecules into elementary atoms and offers
energy to the atoms to react with carbons. Since the microwave is not absorbed into quartz tube and metallic chamber,
the air pollution gases can be removed with much lower energy than in the case of conventional methods. We studied
the decomposition of SO2 and NO gases on the carbon beds by microwave. In the microwave field, the gases can be
decomposed to form other compounds, such as elementary sulfur, nitrogen, carbon monoxide and carbon dioxide. It
was found that CO gas is formed at higher temperature than is CO2 gas, so it needs to control the bed temperature
depend on products that we want to get.
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þË~º Fig. 1ö ¾æÞ :f ?b�, *¶2 B��Ê

�f �� CoberÒ~ model S6F�B 2450 MHz~ �;B "

2>ö ÂKf 0öB 6 kWræ &æ'b� >Ú ®
. C'

>wVÚ coal-bedö ~� ¦~ ªb~Êº �Ê�ö ¦O>

Ú ®º three-bolt tuner� >ËÂK� �²& >ê� �.�

> ®
. · OË ÂKj G;~V *� v &~ power meter

& 60 dB directional couplerö �Ö>Ú ®
. Coal-bed& &

�Nö V¢ F*K� :2�, �� �� ªb~Ê 6� �*

ö V¢ :2² B
. Tunerº �¢ �;~V *� �Ö>Ú

®
.

çã 2.54 cm~ C'>wVº >çb� �ÖB 3.4× 7.2 cm

ê2&Úö J~>Ú ®
. �º *¶2& C'&j Û~�

coal-bed Ú¦� ¾ �Ò>V *� ���
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� �&&Êº &Ê
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.

F« 5 VÂ>º NO&Êf SO2&Ê~ ³êº ' '~ ³ê

êö ~� G;B
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&Ê7~ CO 5 CO2 ³ê¢ G;®
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ê²ö 5 *¶2 �>Ú�B ÒÏ>î
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� ©" jv� r *&® ²ª Wªj ô� ��~� ®º >

�, *¶2¢ ¾ �>~º ëß� Wîj <º
. Char~ öò

� sub-bituminous coalf *¶2¢ �>~æ pb¾, ¢� char

� *~B êöº ¾ �>~º ßWj <º
. Charf Z�ê

�òº 10-20 mesh �V� Fê� ê &²�Êº�, Table 1

ö � bÒ' ßWj ¾æî
.

2.54 cm~ C'&ö 29.3 g~ char _f 50 g~ Z�êj Ï

*�Vº�, � ¸�º 15 cm�
. 
þö �B carbon-bedº

N2&Ê �Ò~ö 300 W~ *¶2¢ ÒÏ~� 30 min* î>

Bz�V
. &Ê F³ö V� 'Ëj G;~V *� 
þ �

ö ¢>'� 
þöB &Ê vªf 2.83l/min¢ Fæ®
. �

FïöB~ & Ú F³f 9.3 cm/sec, Ú~�*f 1.6 sec& B


. &Êº bed~ Fÿz¢ ïV *� ç¦öB ~¦� "«

�V
.
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ª�
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Æ®
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3.1.1. &Ê F³~ 'Ë

>wV Ú F«&Êïf NO&Ê ª�>wö 7º� æ>&

B
. � 'Ëö &� 
þj *� 300 W~ *¶2 ÂKb�

920 ppmö &� NO&Ê ª�
þj 
�®
. �&&Êº 10

% NO&Êö î²¢ b«~� ÒÏ®
. � Ö"º Fig. 2ö

�Ò³êö &� �>� ¾æî


>wVÚ �Ò³ê 15.5 cm/sec �~(Ú~�* 1 sec �ç)ö

B ¢Özî² &Êº 300 W~ *¶2ö ~� j*® ª�>

î
. �âöB ��� &ÊF³� Ã&Nö V¢ NO ª�N

f &6>º�, 30 cm/sec~ F³(Ú~�* 0.5 sec)öBê 90

% �ç ª�>º ©j r > ®
. Z�ê�
º CharöB NO

&Ê ª�N� 
² ¸² ¾æÒº�, �º Char~ «¶ j�

�'� 
² �æ� >wN� Ã&>º ©ö V��
.

3.1.2. *¶2 ÂK~ 'Ë

&Êª�>wö ®ÚB &Ë 'ËKj �~º �¶º *¶

2 ÂK�
. �ö &� 
þj *� 15 cm~ ê²[ö 920

ppm ³ê 5 10 cm/sec~ �Ò³ê¢ &ê NO&Ê~ ª�N

j G;®
. �VB~ >w Ú~�*f 1.5 sec�
. j" Ô

f ÂKöBº *¶2 B�Ë~& ®n;� ç�¢ Fæ~æ

� 100 W �ç~ º*öB 
þj 
�®º�, � Ö"º Fig.

3ö ��ê
.

Z�ê�¾ Char Îv~ ãÖöB 100 W~ *¶2 ÂKö

&� NO&Êº £ 70% ;ê ª�>îb�, ÂK� ¸j6ö

7DEOH �� 3K\VLFDO SURSHUWLHV RI &KDU DQG $QWKUDFLWH

)0& &KDU .RUHDQ $QWKUDFLWH

)L[HG FDUERQ ��� ���� ����

$VK ��� ��� ����

9RODWLOH PDWWHUV ��� ��� ���

6XUIDFH DUHD �P��J� ���� ���

$SSDUHQW GHQVLW\ ��� ���

)LJ� �� (IIHFW RI VXSHUILFLDO JDV YHORFLW\ RQ 12 GHVWUXFWLRQ�

)LJ� �� (IIHFW RI PLFURZDYH SRZHU RQ 12 GHVWUXFWLRQ HIILHQF\�
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V¢ ª�Nê Ã&>Ú 300 Wö ���Bº �~ 100% ª

�Nj " > ®
. ¯, "Úê º*öB Z�ê�¾ Charº

�~ jÝ� ª�Ëj ¾æÚî
.

3.1.3. Ö²~ 'Ë

�C&Ê�B î²¢ ÒÏ� �&&Ê vª7ö {»�V¢

®Ú Iræ�B F«&Ê7~ Ö² ³ê¢ 2~10% æz�V


. 
þ&Ê~ ³êº 920 ppm, Fïf 2.83l/min��, *¶

2 ÂKf 300 W� �ºî
. Î� Ö²³ê '�öB ¢Ö

zî²º j*® ª�>îº�, �º �ò~ �² 7öê *

¶2¢ Fê�Ê� NO& 2ZF > ®rj ��"º ©�


. .Ò>º :f ?� F«&Ê 7~ Ö²º ê²f Ö�~

� >wNêö V¢ CO¾ CO2¢ ;W�
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���� 40� ª�

3.2.1. &Ê F³~ 'Ë

�Öz� ª�
þöB &Ê �Ò³êö &� 'Ëj ÚÚ

�V *� ��b� *¶2 ÂKf 400 W��, SO2³êº î

²ª*V ~ö 1200 ppmj ÒÏ®�, >wV Ú Char _f Z

�ê [~ Ï'f 77 cm3&
. Fig. 4ö Char 5 Z�êö &

� SO2 ª�Nj &Ê~ �Ò³êö &� ¾æî
.

&Ê F³ 15 cm/sec �~, Ú~�* 1 sec �ç~ ��öB

char-bed~ ãÖ SO2~ j*� ª�& ��Úrº�, �º NO

~ ãÖf �~ ?f 'Ëj ��"º ©�
. ��¾, Z�ê

ö ~� SO2~ j*ª�º &Ê �Ò³ê 6 cm/sec �~öB

ò &Ë®
. *¶2ö ~� ª�>wöB �
 ¸f &Ê F

³j Fæ� ãÖ ¢Özî²º �Öz� �
 ê²f~ >w

Nö ®ÚB ¸f *~Nj ¾æî
. .�� 30 cm/sec F³

öB Char¾ Z�ê Îv NO~ ãÖ 90%, SO2 ãÖöº 80

%~ ª�Nj ¾æî
.

3.2.2. *¶2 ÂK~ 'Ë

&Ê F³ 10 cm/sec, ³ê 1200 ppm, >wVÚ Ú~�*

0.75 sec 5 ê² >w[ ¸� 15 cm~ ��b� *¶2 ÂK

æzö V� SO2 ª�ßWj 
þ� Ö"¢ Fig. 5ö ¾æî
. 

î²ª*V� ��Úê SO2 &Êº Z�ê" Char-bed Î

vö ®ÚB 400 W �ç~ *¶2 Fê& ��Ú î ãÖ j

*� ª�Nj �&
. �º NO~ ãÖ 300 Wö j� £

100 W& ¸f 8�
. �& �þ��� 100 WöB~ SO2 ª

�Nf 50 % &b�, 160~400 W~ *¶2 ÂKº*öB SO2

º Z�ê �
º char bedöB ¸f ª�Nj ¾æî
.

3.2.3. Ö²~ 'Ë

�C&Ê� î²F«¦ö {»�V¢ ®Ú Ibæ�B �&

&Ê 7~ Ö² ³ê¢ 2~10%� æz�B &� SO2 ª��

Ö²ö &� 'Ëj ¦Æ®
. 
þö ÒÏB SO2~ ³êº

1200 ppm, Fïf 2.83l/min��, *¶2 ÂKf 400 W� ®


. Î� Ö²³ê '�ö &� 
þöB SO2&Êº j*®

ª�>îb�, �º NO~ ãÖöBf îR&æ� ¢>'�

�ò�² 7ö *¶2¢ �Ò� ãÖ SO2ê ª� B�� >

®rj ��& ©�
. 

���� /0 5 40�~ ÿ� ª�

*¶2ËöB NO 5 SO2& ê²f >w� r ç^ �~º

'Ëö &� 
þj *� î²ª*V~öB �
 v &Ê¢

' ' 800 ppmO b�~� 15 cm ̧ �~ bedÚ� 2.83l/min

~ F³b� R«�V
. &Ê ª�Nf Z�ê 5 Charö &

� *¶2 ÂKj æz�B&�B G;~� Fig. 6ö � Ö"

¢ ¾æî
.

Fig. 6" Fig. 3 5 Fig. 5¢ jv� " r, NOf SO2¢ ÿ

�ö ê²f >w�Êº ãÖ �
~ j*ª�¢ *� �²

ö.æ& �
j '' >w�Ò rf ê> N�& ìrj r

> ®
. �, ÿ� ª�>wöB *¶2 ÂK� 200 W �ò�

ãÖö NOº SO2 �
 ¸f ª�Nj ��
.

� >wöB C'>wV�¦V VÂ>º CO 5 CO2~ ³

ê¢ GC¢ ÒÏ~� G;~&
. � 8b�¦V NOf SO2¢

ÿ�ö ê²f >w�Ò r VÂ>º �Özê²~ ³ê¢ �

� > ®îb�, �¢ Fig. 7ö *¶2 ÂKj æ>� ¾æî


. 200 W �ò~ ÂKöB NOf SO2º ê²f >w~� >

)LJ� �� (IIHFW RI JDV YHORFLW\ RQ 62� GHVWUXFWLRQ�

)LJ� �� (IIHFW RI PLFURZDYH SRZHU RQ WKH GHVWUXFWLRQ RI 62��

)LJ� �� 6LPXOWDQHRXV GHVWUXFWLRQ RI 12 DQG 62��
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w (1) 5 (2)ö V¢ "� CO2¢ ;W�
. ��¾ ÂK� 250

W �çb� Ã&>� /Ï® CO� *~>º ©j " > ®


. �º ¢;ï �ç~ ö.æ& R«>� >wö ~� �W

B CO2& ê²f z× >w~�(C+CO2� 2CO) CO� *~

>º ©b� " > ®
.

���� /0 5 40� ª�>wöB ê²>æ

� 
þf 400 W~ *¶2, NO 5 SO2& '' 800 ppm"

1600 ppm, 4%~ Ö² �Ò� 2.5 cm çã~ C'& Úö 15

cm ̧ �~ �;[j ò
Ú &ÊF³j æz�B&� 
�®


. V-� >w� 7/�'� ?ê� ?f ¦b~ �ò¢ Ï*

~&º�, � r ÒÏB charf 5 Z�ê '' 30 g" 50 g�


. � ª�>wöB VÂ>º COf CO2 ³êº GC� G;

~� ê²îïb� ~Ö~æ�� >wb� �� ¶
>º ê

²ï" jv~� Table 2 5 Table 3ö ¾æÚî
. Bed~ Z

² ¶
ï" >wb� VÂB ê²ï~ ¢bÞ(%)jº

100~110% ;ê� �~ "Ò8j ¾æîº�, Z�ê~ ãÖ

ö z× &rÚ 8j ¾æî
. 

4. Ö �

�² V&Ê�¦V VÂ>º &VJ"bî� NO 5 SO2¢

ª� B�~V *~� Ö² �Ò~ö _f ZÖ² ç�öB

*¶2¢ �Ï~� ê²f >w�Êº 
þj 
�®
. ��

FMC CokeöB �ÖB charf ��Ö Z�ê� ê²�/ö 5

*¶2 �>B� ÒÏ>îº�, �
f *¶2¢ Aj
� >

wbî
� �Wz>� *~F > ®º ª*V¢ ò�º� �

'~ bî�¢ � > ®
. 
þj Û~� áf Ö�f 
r

" ?
.

−>w&Ê 7 Ö²& �Ò~�¾ �-æ pj ãÖöê �

²&Ê 7 NO 5 SO2º *¶2 ö.æ¢ �Ï~� Z�ê�

¾ char-bedöB j*� ª� B�& £² ��Úê
.

−�
 &Ê~ j*� ª�¢ *� �² *¶2 ö.æº

NO �
 SO2~ ãÖ& z ô� ²ºB
.

−?f *¶2 ö.æ 5 &Ê Ú~�*öB ª�Nf NO

& SO2�
 ¸
.

−��Ö Z�ê �
º FMC char& ?f *¶2 ö.æ

ç�öB NO 5 SO2f z ¾ >w�
.

−>wVÚ 7 Ö²~ FZº ê²[öB *¶2ö ~� NO

5 SO2 ª�ö 

¦ 'Ëj �~æ pº
.

−�
 Ôf *¶2ö.æ(� 
þ~ ãÖ 200 W �~)öB,

NO-C 5 SO2-C >wf "� �Özê²¢ ;W~¾, *¶2

ÂK� Ã&�ö V¢ C-CO2 >w� ¢ÚÎb�B ¢Özê

²�~ *~� £² ��Úê
.
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>�@ &KD� &� <� 5HV� &KHP� ,QWHUPHG� ����� ��� ������ $OVR�

3URFHHGLQJV� 0LFURZDYH�,QGXFHG 5HDFWLRQV :RUNVKRS�

7DEOH �� &DUERQ %DODQFH IRU WKH 5HDFWLRQ RI 62� DQG 12 ZLWK &KDU

6XSHUILFLDO YHORFLW\
�FP�VHF�

,QSXW &DUERQ
�J�

2XWSXW 7RWDO RXW
&DUERQ �J�

� &ORVXUH
&DUERQ �J� &2 ��� &2� ��� &DUERQ LQ JDV �J�
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�� ���� ���� ���� ���� ���� ���� �����

�� ���� ���� ���� ���� ���� ���� �����

7DEOH �� &DUERQ %DODQFH IRU WKH 5HDFWLRQ RI 62� DQG 12 ZLWK $QWKUDFLWH

6XSHUILFLDO YHORFLW\
�FP�VHF�

,QSXW &DUERQ
�J�

2XWSXW 7RWDO RXW
&DUERQ �J�

� &ORVXUH
&DUERQ �J� &2 ��� &2� ��� &DUERQ LQ JDV �J�

� �� ���� ���� ���� ��� ���� ����

� �� ���� ���� ���� ��� ���� �����

�� �� ���� ���� ���� ��� ���� �����

�� �� ���� ���� ���� ���� ���� �����

�� �� ���� ���� ���� ���� ���� �����

)LJ� �� 3HUFHQW FRQYHUVLRQ RI 12 DQG 62� LQWR &2� DW YDULRXV
PLFURZDYH SRZHUV�
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>�@ &KD� &� <� ��WK 0LFURZDYH 6\PSRVLXP 3URFHHGLQJV�

0RQWUHDO� &DQDGD ,03,� ����� S� ���

>�@ &KD� &� <�� .RQJ� <� &DUERQ ����� ��� ����������

>�@ .RQJ� <�� &KD� &� <� &DUERQ ����� ��� ����������

>�@ .RQJ� <�� &KD� &� <� &DUERQ ����� ��� ����������

>�@ .RQJ� <�� &KD� &� <� (QHUJ\ 	 )XHOV ����� �� ��������

>�@ &KD� &� <� 3URFHVV IRU VHOHFWHG JDV R[LGHV UHPRYDO E\

UDGLR IUHTXHQF\ FDWDO\VWV� 8�6� SDWHQW ���������� �����

>�@ &KD� &� <� 3URFHVV IRU R[LGH UHDFWLRQV E\ UDGLR IUHTXHQF\

FKDU FDWDO\VWV� 8�6� SDWHQW ���������� �����

>�@ &KD� &� <� 3URFHVV IRU VHOHFWHG JDV R[LGHV UHPRYDO E\

UDGLR IUHTXHQF\ FDWDO\VWV� 8�6� SDWHQW ���������� �����

>��@ &KD� &� <�� &DUOLVOH� &� 7�� *UHDYHV� 0� -� 'HYHORSPHQW RI

$Q $GYDQFHG 3URFHVV )RU 6LPXOWDQHRXV 5HPRYDO RI 62�

DQG 12[ )URP )OXH *DV %\ (OHFWURPDJQHWLF 0HWKRG�

6%,5 3KDVH ,, )LQDO 5HSRUW� 'HSDUWPHQW RI (QHUJ\ �'(�

)*�����(5������� $XJXVW �����

>��@ &KD� &� <�� &DUOLVOH� &� 7� ,QGLUHFW 0LFURZDYH 7UHDWPHQW

RI 'LHVHO ([KDXVW *DVHV IRU 12[ &RQWURO� 3URFHHGLQJV RI

WKH ���� 'LHVHO (QJLQH (PLVVLRQV 5HGXFWLRQ :RUNVKRS�

-XO\ ����� S� ��������

>��@ 5HQQLH� '� &�� 0RRN� 3� +�� &KD� &� <� 3URWRW\SH 'HPRQ�

VWUDWLRQ RI &+$ 12[ 5HPRYDO 6\VWHP IRU 7UHDWPHQW RI

6WDWLRQDU\ 'LHVHO ([KDXVW� 3UHVHQWHG DW WKH ���� $,&K(

6SULQJ 1DWLRQDO 0HHWLQJ� +RXVWRQ� 7H[DV� 0DUFK ������

�����


