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º £

�²�~ [(bed)~¦ çã� 0.17 m, ̧ �& 2 m��, freeboard~ çã� 0.25 m, ̧ �& 3 m� tapered bed ;�~ &{

Fÿ[ �²�öB 58.25%~ ê²f 0.34%~ �j ��~� ®º ;öê �Wæ� Z�ê~ �² 5 V&Ê ßWö &�

��~&
. �²�~ {Kf 6V{, [ ¸�º 2 m� ¢;~² Fæ� ç�öB, �² Nêº 850-950oCº*öB 
þ~&


. 6 �V~ Fÿz³ê¢ 0.9-1.3 m/s� æz�Ê�, "¯�VN 10-30% º*� 
þ~&
. 
þÖ"º �²Nê& 850oC

öB 950oC� Ã&�ö V¢ �²ÎNf 93%öB 99.5%� Ã&~&b�, NOxº 33-55 ppmb� VÂ>î
. 6 N2O 17 ppm

�~~ 8j áî
. SO2~ VÂ³êº 850oCöB 950oC� [Nê& Ã&�ö V¢ Ã&~&
. 

Abstract − The combustion and emissions characteristics of the domestic anthracite coal containing 58.25% carbon and

0.34% sulfur was investigated in pressurized fluidized bed combustor(PFBC), 0.17 m bed I.D.×2 m height tapered bed and

0.25 m I.D.×3 m height freeboard. The pressure of the combustor was constantly maintained at 6 atm, and the combustion tem-

peratures are varied from 850oC to 950oC. Also the air velocity was changed from 0.9 to 1.3 m/s. Consequently, combustion

efficiency and NOx concentration in the flue gas with increasing combustion temperature from 850oC to 950oC were increased

in the ranges 93-99.5% and 33-70 ppm respectively. But N2O concentration is obtained less then 20 ppm. SO2 concentration

increasing bed temperature from 850oC to 950oC in the flue gas was increased.
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1. B �

1970j& CF2ÿ�ê ^ê'b� '« CF &Úö.æ ¶ö~ B

B� ç�� "Ïj Aj J�B &�'� &Úö.æöb� Cê~ 


·� �Ï� º�>Ú z
. ��� �Kf V&ö ��>Ú O&>Ú

z~ &/Cê~ �Ïö &� Îïö ��&
. � .� � �Fï� '

� �ï� 'f �Ú Z�ê~ ãÖ � ÎÏW� �;>� ®
[1].

Fÿ[ö ~� Cê~ �²VFf V�~ �²VöB Î"'b� �

²�Ò > ìº &�ïê�¾ J¢~j �²�ÊV *~� Fê�öB

&�j <² >îº�, �ò~ F��� 9�, �ë 5 Fæ&Ò& Ö>

~� C²C(limestone)�¾ WÚC(dolomite)j Î&~� Cê7~ �

j 90%�ç B�� > ®�, �²Nê¢ Ô² Fæ�b� NOx~ B�

ïj *¢ > ®º Ë6j &æ� ®
[2]. �" æ�~ ~ã��" J

"VÂö &� �B& ;z>�B Ó;Cê�ÏVF~ BB� �B�

æ� ®
. Ó;Cê�ÏVF~ ~¾� &{Fÿ[ ��B*(Pressurized

Fluidized Bed Combustor-Combined Cycle, PFBC-CC)f &{ ÏV n

~ Fÿ[ �²�öB B�>º �" �²&Ê¢ �Ï~� ÃVVn"

&ÊVnj �ÿ~º�, �ÎN 5 &��~ �VF�� 1960j& ö

¦V ��& �·>Ú æ.f çÏB* �Î� Ú*>� ®
. 6� &

{Fÿ[ ��B*öº &ÊVn~ ÎNj BF~V *~� �²�ö

B VÂB �²&Êçö Â�&Ê¢ �²�B &ÊVnö F«>º &

ÊNê¢ çß�Êº 1.5̂ && ®
. CarbonizeröB �ò&Ê¢ B�

~� 1.5̂ &~ Â�&Ê &Ïb� Topping Combustorö �/~º B

2 ^& &{Fÿ[ ��B*VF� ��ÁF#Á¢�j 7�b� �

�BB� �B® ê¯>� ®
[3]. &{Fÿ[ �²º �²�¢ {K

ÏV nö J~~� Ë~~ ²;zf J~j~ .6j �� > ®
. 6

�²Ë~¢ &{� ò¢ �Ú~ Ö² ³ê& ¸jöb�B �²ÎN�
†To whom correspondence should be addressed.
 E-mail: heehan@kier.re.kr
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¸j ?f Ï'~ 
� Fÿ[ >wV �
 ôf �ò¢ ¾Ò� > ®

º Ë6" � ºÂ� �� ÃVVn" �{~ &Ê� �� &ÊVnj

�ÿ� > ®º ��B*�æ� �ÎN~ Ë6j æî� ®
[4].

� ��º Ê~�Î~ &{Fÿ[�²�öB �Ú Z�ê~ �²ß

Wj �V~� �~ ÎN' �Ï" Ó;CêVF� &{Fÿ[ ��B

*VF� ê« 6º J~F ©ö &j~� �ö &� Jê 5 Ú*¶ò,

�'z 5 VFBBö V�¶ò¢ B�~�, �ÚZ�ê~ �ÏVFB

Bö ¶ò¢ B�~�¶ �
.

2. ��' �V

&{Fÿ[�²º &{��öB Ú*>æ� ç{~öB Ú*>º V

�Fÿ[" jv~� Ïï, �²ÎN, î�ÎN, �*�� 5 V&Ê~

ßWöB ôf N�6j <� ®
. V�Fÿ[öBº [ ÚöB~ {

K;~f FêÇ³Vf V³V~ Ïï Ö; 5 power²ºï Ã&ö V

¢ Fÿ[~ ¸�& 1.2 m�~� B£j Aæò, &{Fÿ[�²º ç

ßB �Ê�~ {Kö j~� [ ÚöB~ [ ¸�ö ~� {K¶
�

ç&'b� Z�� ò¢ 'Ú Fÿ[ ¸�¢ 3.5-4 m ;ê� ¸² �ë

� > ®
. Fÿ[~ ¸�& ¸² >æ�� Fÿ[~ Ïï� Ã&>�,

&Ê~ [Ú Ú~�*� Ã&~� �²ÎN" V&Ê&6 WË� ±
.

6� &{Fÿ[öBº �V~ &ê& Ã&~V r^ö �²Fÿz³

êº 6²~�, ç{ö j~� �V¦b& {Kjò¢ 6²~V r^ö

�¢� �²'�~ Ï'j {K~ Ã&ò¢ 6²�Ò > ®b�, Ôf

�÷³êf ¸f [¸�� V-� 7/�*� Ã&�
. {K� Ã&~

� Ö²~ ª{� 
æ� {Öê>º 6²~� *Ú'b� bî*�ö

�~º 'Ëf ìb¾, �Ú~ Ú~�*� ^ÚæV r^ö ��ê²ª

~ 6²f �OB~ >wW� Ã&�
[3]. Table 1öº �*~ ��¶


ö ~� Cê~ Fÿ[ �²ßWö &� 
þÖ"¢ º£~� ¾æ

Úî
[4-9]. ��Ö"¢ �� �ò~ ;�¾ �²�~ Nêö V¢ £

*f 
�æò ç{V�Fÿ[öB áÚê �²ÎN�
 &{Fÿ[�

²�öB ¾æÂ �²ÎN� *&® ¸² ¾æ¾�, V&Ê~ VÂßW

ê 
Ö � N�¢ ��� ®
.

2-1. �²ßW

Fÿ[~ �²ÎNj Ö;~º �¶º Nê, {Kö V� Cê~ >

w³ê, [ÚöB~ VÚ~ Ú~�*, "¯�V~ ·, Cê~ jÖ, C

ê~ ��', char~ O2ö ~� VÚ {Ö �� ®
. >w³êº >w

Nê, Ö²³ê~ 'Ëj Ab�, �Ú-VÚf~ 7/�* 5 Ú~�*

f ��ê²ª 5 VçöB~ >wö 'Ëj "�, {Kf >w³êf

VÚ{Öö 'Ëj &
[4].

�²�ö "«B Cêf ��ö ®º >ª� ÃB� ê volatile~ �

²¢ �ö char~ �²� ê¯B
. >Bªf Fÿ[ ÚöB {Ö" z

�>wö ~� B�>�, [ ��ç¦~ freeboard '�öB Ö²f b

�~� �²B
[10]. r^ö freeboard '�~ ¸�¢ Ã&�Úb��

>Bª� �²� > ®º �*j Ã&�B �²Wj Ã&�Ò > ®
.

6� F³j Ã&�Ê� [¸�º Ã&~æò �Ú~ Ú~ï 6²ö V

¢ [Ú¦öB �Ú~ 7/�* Ã&º V&~V Ú[
. ��¾ ¢;

� F³öB [bîj "«~� [¸�¢ Ã&�Ê� �Ú 5 VÚ~

Ú~�*f Ã&~� ¸f �²ÎNj V&� > ®
[11]. {Kö &

� �²ßWj �� {KÃ&� Ö²~ ª{� Ã&~V r^ö ��

® >w³êº Ã&� ©b� V&B
. ��¾ Wallman �[12]f Ö²

~ {Ö³ê& {K~ Ã&ö V¢ 6²�b�� *Ú'� >w³ê~

Ã&º &V� > ìî
� B�~&º�, ̄  
þ'�öB Nê 5 Ö

²~ ª{ö V¢B 'Ëf áj > ®îb¾ ¢;� Ö²~ ª{öB

{K~ 'Ëf ìî
� B�~&
.

2-2. î�ßW

VÂ&Ê 7 SO2~ B�¢ *~� ç{~ �²�ö C²Cj IÚ "

� Nê& çß�ö V¢ � (1)" ?� C²� ²W>�, SO2f >w

~� CaSO4& �WB
. ��¾ {K� Ã&~� Fÿ[ >wVÚö

CO2~ ª{� Ã&~V r^ö C²f CO2�~ ²W>wj ÛB~�

²W>w ì� � (2)f ?� î�>w� ê¯>æ� ç{öB �
 î

��� Ô
� ��>î
[13, 14]. ��¾ Hajaligol �[15]ö ~~�,

C²C~ î�f .Vö ��>wöB >w�*� æ³>�B �>w

B C²C~ CO2& ª�>Ú V�� �Î BB® î�>w� ê¯>V

r^ö î��� Ã&�
� B�~&
.

ç{: 

(1)

CaCO3 CaO CO2+→

CaO SO2
1
2
---O2 CaSO4→+ +

Table 1. Combustion efficiency and emissions for FBC boilers burning coals 

Plant KIER[5] RRC[6] Shimizu[7] NIRE[8] HUT[9] KIER
Type AFBC CFBC CFBC PFBC PFBC PFBC[4] PFBC
Size Bench scale Pilot Laboratory Laboratory Bench scale Bench scale Bench scale(this study)
Fuel Anthracite Bituminous Semianthracite Bituminous Peat Bituminous Anthracite
Bed temperature(oC) 850-960 900 950 820 850 850-950 850-950
Pressure(bar) Atmospheric Atmospheric Atmospheric 8 6 6 6
Combustion efficiency(%) 70-83 97.5-98.5 not given >99.5 99.3 >99.5 93-99.5
NOx(ppm) 50-120 100-210 80 80-110 130 10-75 35-70
N2O(ppm) - 30-65 220 50 - <11 <20
CO(ppm) 30-150 <210 - nearly 0 200 <188 <150
SO2 (ppm) 70 330-665 340 - <200 <280 235-445

Ultimate 
anal.(%)

Carbon 32.8-36.1 68.4 90.2 71.45 55.1 73.16 58.25
Hydrogen 0.28-0.32 5.1 4.2 6.06 6.2 4.55 1.55
Nitrogen 0.18-0.24 1.2 1.8 1.10 1.4 1.60 0.49
Sulfur 0.12-0.15 2.8 0.3 0.02 0.2 0.29 0.34

Superficial gas vel.(m/s) 1.8-2.9 - 6.2 0.15 0.6-1.2 0.9-1.3 0.9-1.3
Excess air ratio(%) 0-60 O2 3% O2 6% O2 6.5% O2 0.5-7% 5-35 10-30

(O2 concentration in flue gas is set at 6% v/v dry basis)
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&{:

(2)

6� WÚCj î�B� ÒÏ~� MgCO3& ö¶j 1 : 1� ��>Ú

®Ú CO2& Næ� ò¢ V�� �Î &{öBº C²C�
 ¸f î

��j áj > ®
[16].

  

(3)

3. 
þË~ 5 O»

3-1. 
þË~

� ��ö ÒÏB 
þË~¢ Fig. 1ö ¾æÚî
. 
þË~º �ò

5 �V~ �/" �²� �Ò� V&Ê¾Ò¦� �W>Ú ®
. �ò

� Cê~ �/f screw feederö ~� ;ïz >Ú �²�~ ~¦(�

VªVV�¦V ̧ � 0.15 m)ö �/B
. �V¢ �²�ö �/~V *

~� MFM(mass flow meter)öB �/Fïj G;~� �²�ö �/

~&
.

�²�º �² [(bed)" freeboard� ¾2 > ®b�, [(bed)f ~¦

~ çã� 0.17 m��, ç¦& 0.25 m� tapered bed ;�� ̧ �& 2 m

�
. 6� freeboard~ ¸�º 3 m�
. �²�º ÚzÒf ��Ò�

�W>�, {Kj Ò:V *� ê²;6~ {KÏV nö J~>Ú ®


. 6� �²� G�ö {K" Nê¢ G;� > ®ê� tap� ®b�,

�²Nê¢ BÚ~V *~� >ï�7*�&� [(bed)¦ª" freeboard

¦ªö J~>Ú ®
.

V&Ê¾Ò¦º jÖ«¶¢ �÷~V *� 2B~ cyclone� ~¾~

{KÏV Úö 
Ú ®�, *Ú'� �²�Ê�~ {Kj �.~V *

� {K�.^2, V&Ê~ {Kj ;~~V *� ²rV(silencer)f V

&Ê 7~ ªêj B�~V *� bag filter� �W>Ú ®
.

3-2. 
þO»

b& �²�ö LPG¢ �/~� .�ª.� �²� ~¦~ Nê¢ £

500oCræ çß�Ê�B [bî� sand¢ "«� ê Cêj R«~�

B {K" Nê¢ 
þ��ö &�² �.~&
. �²ç�& n;>�

ö~º �Vï" Cêj �/~&
.

Cê~ �²ÎNf "«>º Cê 7 �²>æ pf Cê� bed ash,

fly ash 5 V&Ê~ CO� VÂ>º ·b�¦V êÖ~&
. ' ��î


~ �²ÎNj áV *� 2�* *Ïb� bed ashf cycloneöB �

÷� fly ash~ 7ïj G;~� �ò¢ j�~&
. �ëªCVöB G

;B ²ª7ö ��ª(>Bª, �;ê²)~ ·" V&Ê 7 CO~ ³ê

�¦V 
r �" ?� �²ÎNj êÖ� > ®
.

 (4)

�VB, ηº �²ÎN��, FCf XCº �²�ö F«>º Cê &�

ª(>Bª, �;ê²)~ F«ï" ªN�
. �Ò� Ff X~ j¾ Î

¶ b, f, cº bottom, fly, cyclone ash~ ��ª(>Bª, �;ê²)~

F«ï" ªN�
.

Table 2öº � 
þö ÒÏB Cê" [ bî~ bWj ¾æÚî
.

Cêf �Ú Z�êb� «ê& 5 mm�~¢ ÒÏ~&b�, 1 mm�~

& £ 35%¢ Næ�
. Wªf � 0.3%, ê² 58.3%¢ �F~� ®b�,

Cêö �FB C²f �~ Öj(Ca/S)º 0.73��, B�ïf 4,530 kcal/

kg�î
. 6� �ëªC~º �;ê² 55.3%, >Bª 5.1%, �Ò� ²

ª 35.0%&
. [ bîö ÒÏB Î¾~ &êº 2,500 kg/m3, «¶~ �

Vº 300-700µm&
. Fÿ ̧ �º 2 m, {Kf 6V{b� ¢;~² F

æ~&b�, 
þ��f Table 3ö >�~&
. �V~ F³f 0.9-1.3 m/

s, "¯�VNf 10-30%, �²� Nêº 850-950oC� æz~&
.

&ÊªCj *~� �²&Êº �²�~ {K� &V{b� ;~B

²rV~ ê�öB j�~&
. j�B &Êº jV¢ Û~� ªêj

B�~�, O2f CO2(Ultramat23, SIEMENS), CO(48H, TE Instruments),

SO2f NOx(42C, TE Instruments), N2O(46H, TE Instruments)� ³ê¢

ªC~&
.

4. Ö" 5 �V

4-1. �²ÎN

�²�Ú~ >wNêº Cê~ "«" �V~ F«�j �J~� [

CaCO3 SO2
1
2
---O2 CaSO4 CO2+→+ +

CaCO3 MgCO3 s( ) CaCO3 MgO+[ ] s( )→⋅

CaCO3 MgO+[ ] s( ) SO2
1
2
---O2 CaCO4 MgO+[ ] s( ) CO2+→+ +

η %( ) 1  
XbFb X fFf XcFc+ +

XCFC

---------------------------------------------– 
  100×=

Fig. 1. The schematic diagram of PFBC(Pressurized Fluidized Bed Combustor) facility. 
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ÚöB [bî" �ò& �¢� b�� ��Úæº �VªVV�¦V

0.7 m~ ¸�¢ J;~&
. �²ÎNf �²� WËj ç&'b� ï

&� > ®º O» 7 ~¾��, ¸f �²ÎNf 'f �òj öò j

î¢ jÖ²¾ bottom ash~ ��ê²ªj ÔÊb�� ²Ò~ Ò�Ï

j ¸¢ > ®
. &B~ ãÖ �²�~ [ Nê& çß�ö V¢ �²

ÎNf çß~º ©b� ¾æ¾º� �©f �²� Ú¦~ Nê& Ã

&�ö V¢ Cê~ �² ³ê& Ã&~V r^� ©b� " > ®
.

Fig. 2º �² Nê~ æzö V� �²ÎNj ¾æÚî
. �² N

ê~ Ã&ö V¢ �²ÎNf 93-99.5%¢ �&
. F³ 1.1 m/sö &

~� �²Nê 850oCöB "¯�V& 10%öB 30%� Ã&�ö V

¢ 96%öB 98.5%� Ã&~&�, 900oCöBº 96%öB 99.3%� Ã

&~&b¾, 950oCöBº �²ÎN~ Ã&�f Ô~
. 6 F³ 0.9 m/

söBê �²Nê 850oCöB "¯�V~ Ã&ö V¢ 93%öB 97%

� Ã&~&�, 900oCöBº 96%öB 98.7%ræ Ã&~&b¾,

950oCöB �²ÎN~ Ã&º ç&'b� Ô² ¾æÒ
. �Þ F³

1.3 m/söBº �²Nê~ æzö �²ÎNf �~ æz~æ p~
.

[Nê 850-900oCöBº F³j 6²~�¾ "¯�V¢ Ã&�Ò ã

Ö �²ÎNf Ã&~&æò, 950oC¦"öBº "¯�V 5 F³~

æzö &~� �²ÎNf 'Ëj �~ Aæ p~
. �-² ¸f �

²NêöB 'Ë� Ô² ¾æÂ ©f &{ç�öB '�ï~ ÖzB

f �NöB char~ Ïª� >wb� ÖzB¢ Ã&�Ê�¾, ÖzB

f~ 7/�*j Ã&�Bê >wö &�~º char~ ·� 'V r^

�¢� ÒòB
. � ��öB �²ÎNf �ÚZ�êj ç{B~Fÿ

[öB �²~º ãÖ, "¯�V& 10%öB 30%� Ã&� r 94%ö

B 96.5%ræ¢ �� ©[20]" jv~�, £ 3%�ç~ ¸f Ö"¢

�&º� �©f {K� Ã&�ö V¢ ¸f Ö²~ ª{ r^ö >w

³ê& Ã&~º ©�
.

4-2. CO~ VÂ

COº ëW&Ê�B VÂîÏ~¢ *Ò 250 ppm�~� �B~� ®

b¾, 
B� � 8~ Ã&º �²ÎN~ 6²f Ë~~ ¦�j .¾~

V r^ö ãBW 5 �¢�~ ÎNW ̂ B�öB &6~�¢ �
. CO

~ ³êº Nê Ã&ö V¢ CO2f~ ï;&êö ~� 6²�
[21].

Fÿ[ >wV~ �²Nê& V&Ê7 COö �~º 'Ëj Fig. 3ö

¾æÚî
. 1.1 m/s~ F³öB �²�~ Nê& 850oCöB 950oC�

Ã&�ö V¢ CO~ ³êº 150 ppmöB 25 ppmræ 6²~&
. �

©f Nê& Ã&�ö V¢ >w³ê& Ã&~� Ö"'b� ®j* �

²ö ~� B�~º CO~ ³ê& 6²~V r^�
. 6� Fÿz³ê

¢ Ã&(0.9-1.3 m/s)�Ê�B CO~ ³ê¢ &V� ��, ?f Nê��

öB F³� Ã&�>� Ã&~º ©b� ¾æÒ
. �©f F³� Ã

&�ö V¢ COf �V~ 7/�*� 
j^ VÂ>º CO³ê& Ã

&~º ©�
. � ��öBf FÒ� �ÚZ�êj �²~º ç{B~

Fÿ[öB CO~ VÂßWj �� 950oCöB £ 200 ppmj �&


[20]. ��¾ � ��~ &{Fÿ[öBº £ 25 ppmj �� *&® 6

²>îrj " > ®
. �©f &{ç�öBº [bî� Fÿ~º [

¸�� �~� B�~º {Kö j~� *Ú �Ê�ö �Òº {K�

�R ¸V r^ö ç{ç�öB �
 [¸�¢ ¸¢ > ®V r^�
.

&{Fÿ[öB ¸f [¸�º VÚ& [bî~ Fÿ[j æ¾º [ö

Table 2. Properties of coal and bed material(sand) 

Coal

Proximate analysis(%)

Moisture 4.6
Volatile mater 5.1
Ash 35.0
Fixed carbon 55.3

Elemental analysis(%)

Carbon 58.3
Hydrogen 1.6
Nitrogen 0.5
Sulfur 0.3
Oxygen 6.2

Mean particle diameter(mm) 0.3

Calorific heating value(kcal/kg) 4,530

*Proximate analyzer(MAC-400, LECO)
*Elemental analyzer(CHN-1000, LECO) 
*Sulfur analyzer(SC-432DR, LECO) 
*Calorific analyzer(AC-300, LECO)
**Dry basis

Bed material 
(sand)

Density(kg/m3) 2,500
Particle size(µm) 300-700

Table 3. Experimental conditions

Experimental variables Operating conditions

Superficial gas velocity(m/s) 0.9, 1.1, 1.3
Bed temperature(oC) 850, 900, 950
Excess air ratio(%) 10, 20, 30
Operation pressure(atm) 6.0

Bed height(m) 2.0

Fig. 2. The effect of the bed temperature on combustion efficiency. 

Fig. 3. The effect of the bed temperature on CO emission(Uo=1.1 m/s).
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Ú~~º �*� ^V r^ö Ïª� >wb� CO~ VÂj ç{Fÿ

[�
 *&® *¢ > ®
.

4-3. SO2~ VÂ

Fig. 4öº �OB¢ "«~æ pf ç�~ F³� 1.1 m/söB "¯�

V~ æzf Fÿ[ Nêö &� SO2~ VÂßWj ¾æÚî
. SO2~

VÂ³êº "¯�VN 10%öB �²�~ Nê& 850oCöB 950oC�

Ã&�ö V¢ 270 ppmöB 320 ppmb� Ã&~&b�, "¯�VN

20%f 30%öBê Nê~ Ã&ö V¢ 10%f îR&æ� �~ ?f j

N� Ã&~&
. >�ö ?f �² NêöB "¯�VN~ Ã&ö V¢

£ 40 ppm;ê �~ ?f ·b� 6²~&
. �²Nê~ Ã&ö V¢

SO2 ³ê& Ã&~º ©f �²ÎN" îR&æ� Sf O2 >w~ Ã&

� " > ®
. ÿ¢� "¯�Vf [ NêöB Fÿz ³ê& Ã&~�

SO2 ³ê& Ã&~º ©b� ¾æÒº�, �©f C²C" O2~ 7/�

*� 
j^ VÂ³ê& Ã&� ©b� " > ®
. Fig. 5öº "¯�V

~ Ã&ö V¢ F³� '' 0.9 m/s, 1.1 m/söB~ SO2 VÂßWj ¾

æî
. "¯�V& 10%öB 30%� Ã&�ö V¢ SO2~ ³êº ' �

�ö V¢ 
�æò �& 220 ppmb� 6²~� ®
. �-² "¯�V

~ Ã&ö V¢ VÂ&Ê~ SO2& 6²B �Fº Ö²³ê~ Ã&&

CaSO4~ >w³ê�öB r > ®�� �W³ê¢ Ã&�VV r^�

�, Cê~ ²ª7ö CaOº Ca/S Öj 0.73;ê¢ �F~� ®
.

 4-4. NOx~ VÂ

NOx& Ã&~� N2Oº 6²~º ©b� B� ç&'� &êö ®


� ��>� ®
[22]. Fig. 7öº F³� 0.9 m/s��, "¯�Vö V¢

[ Nê& NOx~ ³êö �~º 'Ëj ¾æÞ ©�
. [ Nê æz

ö V� NOx~ ³êº £* Ã&~&æò, NOx~ VÂïf F�ê �

²� 70-150 ppm�
 �R 'f 35-70 ppmb� ¾æÒ
. 
B NOx~

B�f Cêö �FB volatile-N" Fuel NOxf &N� ®�, CO~ ³

êfê &N� ®
. �Ú Z�êf F�ê�
 Fuel NOx& .> ;ê

� '�, 
Ö Ôf volatile-Nj �F~� ®Ú F�êö j~� Ôf

NOx¢ ¾æÞ
. �Ò� COf >w~� NOx¢ �W~V r^ö VÂ

>º CO~ ³êf >jf'� &êö ®
. 6� �²�ÚöB &Ê~

Ú~�*, "¯�Vï �~ 
þæ>ö 'Ëj AVê ~�, {Kö &

� 'Ë" ¸f [¸�� �~� �²W� ÎÚ^ ¸f ³ê~ char 5

ash~ /
 ��ö ~~� NOx~ ³ê& 6²� ©b� J«� > ®


. NOxö j� N2Oö &� &�f 
Ö 'b¾ N
&Ê~ ~¾� ¦

'>�B �~ B�" &6 >wö &� ôf ��& B�>� ®
[23].

Fig. 8öº Nê~ æz& N2O~ VÂ³êö �~º 'Ëj ¾æÚîb

�, jÞ� F³" "¯�V~ 'Ëö V� æzê ¾æÚî
. VÂ³

êº 20 ppm �~� VÂ>î
. N2Oº volatile� �²~�B �W>

V r^ö F�ê�
 '² VÂ>î
. 6� "¯�Vï~ Ã&ö V

� 'Ëf volatile" >w� > ®º O2~ ·� Ã&~� N2O~ ³ê

Fig. 4. The effect of the bed temperature on SO2 emission(Uo=1.1 m/s).

Fig. 5. The effect of the excess air ratio on SO2 emission(T=900oC).

Fig. 6. The effect of the bed temperature on NOx emission(Uo=0.9 m/s).

Fig. 7. The effect of the bed temperature on N2O emission.
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& Ã&~&
. 950oC ¦"öBº 5 ppm�~� 
þ��ö 'Ëj A

æ p~
.

5. Ö �

Ê~�Î &{Fÿ[�²�öB �Ú Z�êö &� �² 5 V&Ê

ßW 
þj Û~� 
r" ?f Ö�j áî
.

(1) �²ÎNf "¯�Vf Fÿ[Nê& Ã&�ö V¢ Ã&~�, F

ÿz³ê& Ã&~� 6²~º ãËj �&b�, 93-99.5%¢ áî
. 

(2) CO~ VÂf Fÿ[Nê& 850oCöB 950oC Ã&~�, "¯�V

& 10%öB 30%� Ã&�ö V¢ 170 ppmöB 25 ppmræ 6²~&
.

(3) SO2~ VÂ³êº Z�êö CaO~ �ï� Ca/SÖj 0.7;ê �

F>Ú ®Ú, ��' VÂ³ê�
 Ô² VÂ>�, 
þ��ö V¢

220 ppmöB 450 ppmræ VÂ>Ú î�� jº~&
.

(4) NOxº [Nêf Fÿz³êö &� 'Ëf 'îæò, "¯�V&

10%öB 30%� Ã&�ö V¢ 33 ppmöB 55 ppmræ Ã&~&
.

6� volatile" CO~ >w� NOx~ �Wö 'Ëj "V r^ö NOx

~ ³êº VÂ>º CO~ ³êf >jf &ê¢ �&
.

(5) N2Oº Î� 
þ��öB 17 ppm �~~ Ôf ³ê� VÂ>î

b�, "¯�V 5 Nê~ Ã&ö V¢ 6²~&
.

6 Ò

� ��º Öë¶ö¦& æö~º Ó;ö.æVFBBÒë~ ¢~b

� >¯>îÛî
. ��j~ æöö 6Ò�ãî
.

ÒÏV̂

F : feed rate [kg/s]

X : combustible fraction in ash [-] 

η : combustion efficiency [%]

~Î¶

b : bottom 

C : combustor

c : cyclone 

f : fly ash
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