
649

HWAHAK KONGHAK Vol. 39, No. 5, October, 2001, pp. 649-655
(Journal of the Korean Institute of Chemical Engineers)

Fÿ[ Pilot PlantöB~ Bæ 5 ²z ~> Ò�æ �² ßW

�"êÁ�÷ÆÁFÏ^*†

âWúæîÚç(") VF��²
(2001j 7ú 2¢ 7>, 2001j 7ú 30¢ j�)

Combustion Characteristics of Paper and Sewage Sludges 
in a Pilot Scale Fluidized Bed

Keun Hoo Lee, Byung Chul Shin and Yong Ho Yu*†

R&D Center, Samsung Engineering Co., LTD.,
39-3, Sungbok-Ri, Suji-Eup, Yongin-Si, Kyunggi-Do 449-844, Korea

(Received 2 July 2001; accepted 30 July 2001)

º £

Úã 0.5 m, ̧ � 3.35 m~ Fÿ[öB Bæ 5 ²z ~>Ò�æ~ �²ßWj ��~&
. Ò�æ �² r ¸�ö V�

Nêæz¢ ÚÚ�� [�� "¾öB �&Nê¢ ¾æÚî
. �>ï� 59.8%� BæÒ�æ~ ãÖ ���ò ì� �²&

&Ë~&b¾, �>ï� 79.3%� ²z~> Ò�æ~ ãÖº ���ò¢ ÒÏ~�¢ �²& &Ë~&
. {Kºÿ�^�¦V

áÚê ï�{K" �&ÞN�¦V Fÿ[ Ú*~ n;W �¦¢ 6�� > ®î�, Ò�æ R«ï� /Ï® Ã&� r [

�� "¾öB~ ï�{Kf 6²~º ãËj ��º >�, �&ÞNº Ã&~º ãËj �&
. ¢Özê²~ VÂïf V

&Ê 7~ Ö²³ê~ Ã&ö V¢ 6²~º ãËj ��¾, NOx~ VÂïf Ã&~º ãËj �&
.

Abstract − Combustion characteristics both of paper and sewage sludges have been studied in a 0.5 mI.DØ3.35 mH fluid-

ized bed. The maximum temperature along the height was found and maintained near the surface of fluidized bed during the

combustion. The paper sludge containing water about 59.8% of water could be burned without auxiliary fuel, while the aux-

iliary fuel was required to incinerate the sewage sludge, which containing about 79.3% of water. The stable operation status

could be monitored by the mean pressure and the standard deviation of pressure fluctuation signal. The mean pressure near the

surface of fluidized bed decreased with the increase of sludge feed rate. On the other hand, the standard deviation of pressure

fluctuation increased with the increase of sludge feed rate. The emission of CO decreased with oxygen content in the flue gas,

while that of NOx increased with the oxygen content.
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1. B �

Öë~ �êWË" ��>&~ Ëçb� Öë 5 ê�öVb~ «~

f ·f /³� Ã& º^ö ®b�, 7²� �Æ Ò;b� �~� �

¢ 
ã~º�º �ê& ®bæ� ²'¾Ò& ¾Ú¾� ®º 
;�


[1]. *Ò 'Ï>� ®º &�'� Ò�æ ²' VFf 
�� ²'�f

Fÿ[ ²'���, FVb~ j* �²¢ ��~� ��bî~ VÂj

*�� ®
. ��¾, 
�� ²'�~ ãÖº Vê' Ë~~ �ÇW 5

�& �~ ^B6� ®bæ�, 
�� ²'� �
º jv' *�� F

ÿ[ ²'�~ BB 5 'Ï� {&>� ®
[2-5]. ß®, Fÿ[ �²

�º [ Ú �²ö jî¢, freeboardöBê �²& ��Úææ� �Î

N� ¸j ²;z& &Ë~�, "z>²¾ j�Ö&Ê~ B�j ÛB�

> ®Ú &VJ" Oæöê �ÚÂ WËj ��� ®
. V¢B, Fÿ[

�²�~ Ò�æ ²'ö~ 'Ï� {&>� ®b�, ß® Bæ 5 ~>

Ò�æº &� Wª� &¦ª >B>V r^ö Fÿ[ö Ò�æ& "

«>� [ ÚöB �� 5 î>B� ¢Ú¾�B &¦ª freeboardöB

�²B
� rJ^ ®
[6, 7]. V¢B, Ò�æ~ �²ö ®ÚB Fÿ[

Ú öò jî¢ freeboardöB~ Nê ª�& Fÿ[~ Ú* 5 Jêö


Ö 7º� �¶�
. V¢B, Park �[7]f Fÿ[~ freeboardöB ê

²~ jÖö &� �²>wj 'Ï~� Î�çj � Ö" »OË~ N

êª�º freeboard ̧ �ö V¢ 6²�j �&b� 
þÖ"¢ ¾ .

G� : ®
. �Þ Lee �[8]f >ª�ï� 21-25 wt%� ��B ²z

~> Ò�æ¢ Fÿ[öB �²~� »OË~ Nêª�¢ G;� Ö"

freeboardöB Z�ê �²~ ãÖ�
 ¸² FæB
� ��� : ®


. �Þ >ª�ï� 70%�ç� Ò�æö &� Fÿ[ �² ßW� �

�B : ®b¾[3, 5] Cê _f *�6 &Êf ?f ���ò¢ b�~

� ²'~&
.
†To whom correspondence should be addressed.
 E-mail: yyh1@samsung.co.kr
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� ��öBº Úã 0.5 m~ Fÿ[ pilot plantöB >ª �Fï� '

' 59.8%, 79.3%� Bæ Ò�æ 5 ²z ~> Ò�æö &~� ²'


þj ¯~&�, ß®, Bæ Ò�æ~ ãÖ ���ò& ìº ��öB �

²& &Ë�æ¢ �V~&
. Fÿ[ pilot plantöB .V ßN 5 Ò�

æ R«ï æzö V� Nê 5 {Kæz, fly ash 5 bottom ash~ «

ê ª�, {Kºÿ ßW 5 V&Ê ªCj ¯~&b�, ��¦V �'

Ú*��j B�~&
.

2. 
þË~ 5 O»

2-1. 
þË~

� ��ö ÒÏ� Fÿ[ pilot plant~ &Û'� �;vªêº Fig. 1

" ?b�, Ò�æ �/Ë~, Fÿ[�, �v~V 5 VV&Ê ¾ÒË~�

�WB
. Fÿ[ �²�º Fÿ[ '�" freeboard '�b� �ª>�,

Fÿ[ '�~ Úãf 0.5 m�� jö ÿ>j ÛB~V *~� freeboard

'�~ Úãf 0.76 m� {Ë~&
. Fÿ[ '�~ ¸�º 1.13 m��,

freeboard '�~ ¸�º 2.12 m�B C ¸�º ªÖ6b�¦V 3.35 m

�
. Fÿ[b� ê«>º 1N �V~ Nê ö jî¢ Fÿ[ '� 5

freeboard '�öB~ ' æ6ö V� Nêª�¢ G;~V *~� ª

Ö6 *� 6æ6(0.1, 0.3, 0.6, 0.9, 1.5, 2.0 m)ö �*&¢ J~~&
.

6� j* �²¢ /ê~V *~� 1N �Vº �v~j Û� &��

ê ªV6j Û~� �/~� freeboard '�ö 2N �V¢ "«~&
.

�r, 2N �Vº F²~ ;�� �/�b�� freeboard '�öB Ú~

�* �Ë 5 j*�²¢ /ê~&
. .V Vÿ � Fÿ[j &�~V

*~� Fÿ[ '� ç�ö ãF ��ª.(Jê�ï: 42,000 kcal/h)¢

J~~&b�, Ò�æº Fÿ[~ ç¦� spreader ;�~ �/Vö ~

~� �³'b� "«B
. Fÿ[öB �²B Ò�æ~ ²ªf Fÿ[

" b�>Ú Fÿ[ �²� ~¦� VÂ>�, �r, Î¾º screenb�

Fê>Ú Fÿ[b� ÒB~B
. ªV6f Fig. 2öB �º :f ?�

triangular pitch(70 mm)� 37B~ tuyere� �W>� ''~ tuyereöº

2.0 mm~ �s� 4B& ÑJ ®
. �Þ �² ê B�~º �N~ V&

Êº �v~V¢ �~�B çN �²�V¢ .�~�, �ÚB �N ��

��öB fly ash � «¶ç jÖbî� B�B
. ����j æÂ V

&Êº quencheröB /ï>Ú ';Nê� BÚB ê, Û� ^;VöB

º~ �ê 5 F� &Ê¢ B�� ê &V 7b� VÂB
. 

2-2. 
þO»

Fÿ[ '�öBº �² �Vö ~� Fÿ
Ú(FÿÒ)& Fÿz>Ú

Fÿ[j ;W~² B
. ªÖ6b�¦V 0.5-0.8 mræ FÿÒ("^ê

�Ò 5̂ , ï� «ã: 1.0 mm, ̄ �V&ê: 2,640 kg/m3)¢ jÖ� �²

�V¢ �/~� Fÿ[� ;W>�, Fÿ[ ç¦ö ��ª.� >wV

¢ 600oCræ .�~� �² >wj *� &j¢ ~² B
. Ò�æ �

/ Ë~¢ �Ï~� Fÿ[ �²� Ú� Ò�æ¢ R«~² >� Ò�

æ~ >ª� ÃB�" ÿ�ö &� Wª� >B~� Fÿ[ ç¦~

freeboard '�öB �²>w� ê¯B
. Freeboard '�b� 2N �V

¢ �/~� &�ª~ j*�²¢ /ê~� �²�& "�F r

freeboardÚ Nê¢ ';>&b� Fæ�Î
. �²�V ³êº �² F

ÿz³ê~ 1.5-2.2��, "¯�Vj& 1.25-2.0� ��öB 
þ~&b

�, �²>w� ê¯>� Fÿ[~ Nê& çß~� Fÿ*ç� 
Ö

ÏR�ææ� Â�~ Ö²³ê¢ G;~� R«>º �²�V¢ �;

~&
.

;ç Ú* � Fÿ[~ Nêº 750-800oC� Fæ>� freeboard '

�f 800-900oC�� freeboard '�b� "«>º 2N �V� Nê 5

j*�²& BÚB
. Fÿz �Vº &�ª~ j*�²¢ *� 5. �

ç >wVÚöB Ú~�*j <ê� ~&
. Ò�æ~ R«" �þ F

ÿ[öB �²B Ò�æ~ ²ªf Fÿ[ Ú� b�>�B � ~¦�

FÿÒf �þ FÂB
. Î� �Ê�� ;çç�ö ê�>îj r,

bottom ashf fly ash~ �Vª�¢ G;~&
. Bottom ash~ ãÖ 14

mesh¦V 200 meshræ~ sieve¢ ÒÏ~� �Vª�¢ G;~&b�,

fly ash~ ãÖº ���� *�öB �ò¢ j�~� 37µmræº seive

¢ ÒÏ~� �V ª�¢ G;~&b�, � �~~ �V ª�º «¶¢

Ï
öB ¦F�Ê� *ïj 0.1acfm~ Fïb� cascade impactor(Andersen

MakII, eight stage stack sampler)� v�² ~� G;~&
. �² V&

Êº �v~VöB �v~ ê 750oC ;ê� ÎÚæ�B 1N �²�V

¢ 250oCræ .��Î
. �ê �N ����öB fly ash¢ B�~�

Â �²V&ÊöB, O2, CO, NOx Wª �ïj IR&ÊªCV¢ ÒÏ~

� G;~&
. �ê &Êº quencher¢ �ö 110oCræ /ï>�, �

r ²º>º 20oC~ b~ ·f &Û 70 kg/h �
. 6� ê�ö scrubber

¢ vÚ 2N� ªê 5 HClj B�~&
. Bæ Ò�æf ²z ~> Ò

�æ~ ö² 5 �ë ªC~º Table 1" ?
. �Þ [ Ú~ �*ö V

� {Kºÿj G;~V *~� ªÖ6b�¦V ̧ � 0.1 m, 0.5 m~ v

æ6ö [ Ú� Úã 0.002 m~ stainless steel &j ã«~� 1 m �ö

�& {K G;º*& 1.0 psi� {KbB(Valcom Co. VPRN)¢ ¦O~

Fig. 1. Schematic diagram of fludized bed pilot plant for sludge com-
bustion.
11. Sludge hopper 11. Bottom ash
12. Conveyor 12. Air blower
13. Limestone 13. 2nd air fan
14. Feeder 14. Heat exchanger
15. Sand screw feeder 15. Fly ash from cyclone
16. Fluidized bed region 16. Quencher
17. Freeboard region 17. I.D. fan
18. Auxiliary burner 18. Pump
19. Air distributor 19. Scrubber
10. Screen

Fig. 2. Schematic diagram of air distributor and tuyere type nozzle.
(a) A tuyere, hole: 2 mmφ×4ea
(b) Air mainfold: 50 mm O.D.×25 mm I.D.
(c) Air distributor assembly: 37 tuyere with 70 mm triangular pitch
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&
. 6� stainless steel &~ � ¦ªöº �Ú«¶& 
Ú&æ pê

� FÒRF� /~&
. {Kºÿf sampling *Ïj 10 ms� ~� C

163.84. ÿn G;~&
.

3. Ö" 5 �V

3-1. Fÿ[ ²'� Ú Nêª�

Bæ Ò�æ~ R«ï æzö V� Fÿ[ Ú *~ê Nêæz¢ Fig.

3ö ¾æÚîb�, �ö V� ' �*ê Ú* ç�~ æz¢ Table 2ö

;Ò~&
. Fÿ[ �²�& �ÿª.ö ~� Ïª® .�>� Fÿz

�Vº ö� �v~VöB V&Êö ~� 250oCræ .�>Ú Fÿ[

ö �«>æ�, Fÿ[ ~¦Nêº 500oC �ç, ç¦º 730oCræ R

¢*
. �� ��öB Bæ Ò�æ¢ 60 kg/h� R«~�(A) Ò�æ Ú

>ªb� �� [ ç¦~ Nê& �. ÎÚæ² >¾, Ò�æ~ �²�

�~� 6N [ Ú Nê& çß�
. Bæ Ò�æ~ �;ê²¾ �>B

ª� "� Fÿ[ ÚöB �²~² >æ� Fÿ[ Ú¦ Nêº Bæ Ò

�æ& R«>� /Ï® Ã&~� ;çç�¢ Fæ~² B
. '; �

*� ã"� ê Ò�æ ¶Ú B�ïb� ²'� ê¯>ê� ��ª.

¢ j�(B), Fÿ[ ç¦ 5 freeboard Nê& /Ï® 6²~� Fÿ[

Nêê BB® 6²~¾ �* Úö ¢;Nê� FæNj �&
. �º

Bæ Ò�æöB >ªj B�� ²ª� 35.6%� ãÖ >ª�Fï�

60%ö ê�~�ê ���ò ì� Ú*� &Ë~
º ©j ~��
. �

r Ò�æ~ R«ïj 72 kg/h� Ã&�Ê�(C) Nê& £* 6²�j

��æò, [ Ú~ Nê& n;>² FæNj " > ®
. �Þ Ò�æ

R«ïj 90 kg/h� Ã&�Ê�(D) �²& Ã&>Ú *>'� Nêçß

� ¾æ¾¾, R«ïj 102 kg/h� Ã&�Ê�(E) J®J Nê& ~;

~º *çj ��
. �º Jê~, 85 kg/h¢ ."� Ò�æ~ "
R«

b� ��, ®j*�²f ÿ�ö Ò�æ~ ��ö ôf �� ÒÏ>�

®rj ~��
. �r, Ú*7�j ÖJ~� Ò�æ R«ïj 40 kg/h,

�VFïj 70 Nm3/h� *�� ��ª.¢ &ÿ~&
(F). �Þ Jê~

~ ¦~N�
 � 100 kg/h~ Ò�æê ��ª.~ &ÿ(G)b� ö�~

² ²' ¾Ò� > ®rj r > ®
. �ê 2ÂÞ~ shutdown" ÿ�

ö Ò&ÿj ~&b�, 0.3 möB~ Nê& 430oC, [ �� ¦"~ N

ê& 520oC¢ ãÖ ��ª.f �þ 10ªö Vÿ� jò>º ©j {

�� > ®î
.

��¾, ²z ~> Ò�æ~ ãÖº ¸f �>ï r^ö B�ï� B

æ Ò�æ~ 2/3�æ�, ~> Ò�æ ¶Úòb�º �²& ��Úææ

pbæ�, �� �ïj R«~�¢ �
. V¢B, freeboard~ Nê&

850-900oC& >ê� ��ª.~ �ïj �.~&
. ~> Ò�æ �²

~ ãÖ Table 3~ Ú*��~öB �³Ú*ö &� Nêæz¢ ÚÚ�

� Fig. 4f ?
. Bæ Ò�æ~ ãÖf jv~� ��, �R n;'b

� Ú*� ��Úæº ©j r > ®º�, �º ���ò� �� Ò�

æ R«ïj æz�Bê Nê¢ ¢;~² Fæ� > ®V r^�
. ¯,

Table 1. Elementary analyses of paper and sewage sludges

Item Paper sludge Sewage sludge

C(%) 39.82 36.04
H(%) 14.53 16.48
O(%) 19.22 13.74
N(%) 0.7 15.6
S(%) 10.11 10.0
Cl(%) 10.02 110.44

Moisture(%) 59.81 79.3
Ash(%) 35.61 37.7

HHV(kcal/kg-wet) 912 610

Fig. 3. Historical trends of temperature with the variation of sludge
feed rate at the each height from air distributor. operation con-
ditions are referred to in Table 2.

Table 2. Operation conditions of paper and sewage sludges combustion as shown in Fig. 3 and Fig. 4

Sludge type Interval Sludge feed rate Ws(kg/h) Air flow rate Fair(Nm3/h) Auxiliary burner Foil(liter/h)

Paper sludge A 60 72 ONF
B 60 75 OFF
C 72 80 OFF
D 90 90 OFF
E 1020 90 OFF
F 40 70 ONF
G 1020 90 ONF
H Shut down
I Restart

Sewage sludge A' 49 70 44
B' 70 80 54
C' 80 83 70
D' 90 85 95
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Ò�æ R«ï� 40-80 kg/h¢ r, freeboard~ Nê& 850-900oC& F

æ>V *~� ãF(B�ï: 10,300 kcal/kg)& Ò�æ 1 kg� £ 0.9-

1.1 liter& ²º>î
. V¢B, ôf �ï� Ò�æ ��ö ÒÏ>æ�,

ãB'� �j �'� r Ò�æ R«ö ®ÚB ��";j Î&~�

�>ïj 60%�~� ~º ©� :²ç~
� �'B
. Bæ Ò�æ

f ²z ~> Ò�æ¢ Fÿ[öB ²'� ãÖ, ;çç�ö ê�~&

j r~ ªÖ6b�¦V~ ¸�ö V� ''~ Nê ª�¢ ÚÚ��

Fig. 5f ?
. Bæ Ò�æf ²z ~> Ò�æ~ ãÖ Îv [ ��

"¾öB �& Nê¢ ¾æÚ�, freeboardöB ¸�& ¸jî>� £

*O 6²~º ãËj ��
. �º �F ��¶
~ Ö"[3, 8]f FÒ

� Ö"¢ ���, ß® Ogadaf Werther[3]ö ~~� Ò�æ~ Fÿ

[ �²öB �;ê²~ 80%& >Bª" ?� FÂ>Ú freeboardöB

�²B
� ~&bæ�, � �� Ö"öBê �ãj Û� �¶
� ¢

ÚÎöê ®�~�, freeboardöB~ Nê& 6²~æ pº Ö"¢ �

�
.

Bæ Ò�æ~ ãÖº ²z ~> Ò�æ�
 >ªï� 'Ú Fÿ[

��ö R«>� ~> Ò�æ~ ãÖ�
 ��& �Ò ��Úææ�,

Z²~ 6²� �~� freeboardãb� jÖ>�B �²>º «¶~ ·

� ôj, ç&'b� Fÿ[ Ú� b�>º Ò�æ~ ·� 'bæ�, F

ÿ[ Ú~ Nê& Ô² Fæ>º >�, ~> Ò�æ~ ãÖº Fÿ[ Ú

� b�>º Ò�æ~ ·� ç&'b� ôj Fÿ[ ÚöB �²>º

·� ôbæ�, Fÿ[ Ú~ Nê& ç&'b� ¸² FæB
. �º

Fig. 6öB~ bottom ashf fly ash~ «ê ª�¢ �� r > ®
. 6

� Bæ Ò�æ~ ãÖöº �³'� Ò�æ R« � [ ¸�~ Ã&&

�~ ìbæ�, bottom ash�B~ ash FÂf �~ ìî
.

3-2. Bottom ashf fly ash «êª�

Bæ Ò�æ~ �³ ²' �öº [ ¸�~ Ã&º �~ ìîb�, [

Ú {K~ Ã&ê ìî
. ̄ , ����" Û� ^;VöB "� ²ª~

VÂ>îb�, [ ~¦�~ ²ª FÂf �~ ìî
. Fig. 7f Bæ Ò

�æf ~> Ò�æ ²'~ ãÖö ®ÚB '' ����öB �÷�

fly ashö &� SEM Òê�
, ÒêöB jv>�� Bæ Ò�æ~ ã

Ö «¶~ �V& &¦ª 200µm �ç�îb�, ~> Ò�æ~ ãÖö

º fly ash~ �V& �R ·~
. 6� ~> Ò�æ~ �³ ²'~ ã

Ö, [ ¸�& 6N� Ã&>îb�, [ ~¦öB FÿÒ~ VÂ� [

¸�& ¢;~² Fæ>î
. Table 1öB �º :f ?� ²ª~ �ï

f B� jÝ~æò, >ª�ï� ~> Ò�æ& ôbæ� >ª ÃBö

Fig. 4. Historical trends of temperature with various sludge feed rate at
each height from air distributor. operation conditions are referred
to in Table 2.

Fig. 5. Temperature profiles along the height from air distributor in
case of combustion of paper and sewage sludges. sludge feed
rate: 70 kg/h, air flow rate: 70 Nm3/h.

Fig. 6. Size distributions of (a) bottom ash and (b) fly ash from sewage
sludge incineration in the fluidized bed. Ws=80 kg/h, Foil=70 liter/h.
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V¢ Ò�æ~ ªê& z× �B~² ��Úæ² >V r^�¢� �

'B
. 6� ~> Ò�æ~ ãÖ ��ª.~ z""¾öB ~> Ò�

æ~ ²& Ï[>� �Ú *ç� ¢Ú¾, bottom ashö �V& � «¶

& �Ò�
� �'B
. >� Bæ Ò�æ~ ãÖ ¶Ú �²òb� Ú

*� &Ë~� b~ ÃBö V� 
�W «¶� �Ò~� ¯�V &ê

& ·j [¸�~ Ã& ì� &¦ª jöÿ>B
. Ò�æ ²'~ ãÖ

>ª~ �ïö V¢ fly ash~ �V& �¢ê
º ©j r > ®
. ~

> Ò�æ¢ 80 kg/h� R«� r, bottom ashf fly ash~ «ê ª�{

�j ¾æÚ� Fig. 6ö ¾æÚî
. Bottom ash~ �V ª�º ï� «

ãj 7�b� jv' §f ª�¢ ��º� >� fly ash~ ãÖº ï

� «ãj 7�b� 9f ª�¢ ��
. �º b~ ÃBö ~� ash~

ªê& "B �F¢ �'B
.

3-3. {Kºÿ

Bæ Ò�æ~ Fÿ[ Ú*ö ®ÚB Fÿz bî~ �ÿf {Kºÿ

�Cb�¦V ê�F > ®b�, ï� {K, �& ÞN �~ æz�¦V

Fÿ[~ Ú*ç� 5 �ç*çj 6æ� > ®bæ� {Kºÿ G;

f 
Ö FÏ� ;�¢ B��
[9-11]. ï�{K" �&ÞNº �F �

�¶
" ?f O»b� êÖ~&b�[9, 10], Fig. 8ö Ò�æ �²�ö

B Ò�æ~ R«ï~ æzö V� ï�{K~ æz¢ ��~&
. Fig.

8öB �º :f ?� Ò�æ~ R«� �·>� [ ¸�& Ã&~�

ç¦~ {K ï�8f Ã&~&
& �*� æÆ>� 6²~º ãËj

��º >�, ~¦~ ï�8f �² æz~æ pº
. �º Ò�æ& [

ç¦� R«>Ú [ ¸�& 7¶V Ã&~� ï�{K� çß~&b¾,

Jang �[9]� ��� :f ?� Ò�æ �²& z× ê¯Nö V¢ N

ê& çß~� �ö V� �Ú «¶ö ·Ï~º ¦K� Ã&~² >Ú

[ ��öB~ [ &ê& 'Úöö V��
. ��¾, [ ~¦~ {Kæ

z& �æ pf ©f ¢;� Nê� Fæ>æ�, Nêçßö ~� {K

~ Ã&Î"º �~ ìb�, Ò�æ R«ï~ Ã&ö ~� [ ¸� Ã

&ö ~~� 'Ëj Aº
� ÒòB
. ��¾, �º Ò�æ R«ï�

G�*öB¾" 40 kg/höB 102 kg/h� /Ï~² æ~² >�, ï�{

K� /Ï® ~;~º ©j " > ®º�, Fÿ[ Ú~ ®�¢ b�b�

channeling *ç� B�~V r^�¢� " > ®
. �Þ, Fig. 8" ÿ¢

� ��öB~ �&ÞN~ æz¢ êÖ� Ö"¢ Fig. 9ö �&
. Fig. 9

öB ��� �&ÞNº Ò�æ R«ï~ æz ê &Û 20ªöB 30ª

êö �&8j ¾æÚº�, �&ÞN& �&¢ ãÖ, V�~ �Ú � �

Ú«¶~ b�ç�& &Ë Ö>~
� ~&bæ�, 20ªöB 30ª ;ê

¢ r V�~ �Ú& &Ë ÏR~² ¢ÚÂ
� � > ®
[9, 10]. �ê

�&ÞNº £* 6²~º ãËj ��º�, V�~ �Úöò jî¢ ª

êê ÿ�ö ¢Ú¾º ;çç�ö ê�~V �·�
� " > ®
.

3-4. V&Ê ªC

Ò�æ Fÿ[ �²ö ®ÚB ��bî� CO, NOx, SOxº �ò 5

�²��ö V¢ VÂ³ê& æ�
. �B VF� :f ?� ~> Ò�

æ �²~ ãÖ ��ª.¢ &ÿ~&b¾, �� �ò �²ö V� �²

V&Êö &� 'Ëj *�V *~� "¯ �Vïj 20%� �.~&


. Fig. 10öB ��� ²z~> Ò�æ �²~ ãÖ CO~ VÂ³êº

�²ç�ö &ê~�, Ö²³ê& Ã&�ö V¢ CO~ ³êº 6²~

º ãËj �&
. ß® V&Ê 7~ Ö²³ê& 6% *êöB~ CO ³

ê& /Ï� æz¢ �&
. V&Ê Ú~ Ö²³ê¢ 6-8% º*öB Ö

²³ê¢ Fæ�Ê�, CO~ ³ê& 10 ppm �~�B j*�²ö &�

² Ú*� > ®îb�, Ö² ³ê& 6%�~~ '�öBº Ö²³ê~

Fig. 7. Photographs of the fly ash of (a) paper and (b) sewage sludges.

Fig. 8. Historical trend of mean pressure of pressure fluctuation in case
of paper sludge incineration in fludized bed. The operation con-
ditions are referred to in Table 2.
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z��� B39² B5̂ 2001j 10ú

6²ö V¢ CO~ VÂ³ê& /Ï® Ã&~º ãËj ��
. �Þ

Bæ Ò�æ~ ãÖ Douglas �[4]f Ö²³ê& 5%ræº CO~ VÂ

³ê& /Ï® 6²~� � �ç~ ³êöBº æz& �æ p
� ~

&bæ�, Ò�æ �² � "¯ Ö²~ ³ê¢ 6%;ê� Fæ~º ©

� j*�²ö &��, "¯�V¢ *¢ > ®º O»�¢ � > ®
.

CO~ VÂ³ê, YCOº �²��ö "� ~�~æ� V&Ê 7~ Ö

²³ê, YO2f 
r" ?f ç&�b� ¾æâ > ®î
.

YCO(ppm)=−1.297+69.6 exp(−0.353YO2
) (1)

4.4%ßYO2(%)ß13%

�r~ ç&ê>(r)º 0.907�� �&ÞNº 2.14 ppmb� jv' 


G~¢ ¾ .G~&
.

�Þ, NOx~ VÂ³ê~ æzº Fig. 11" ?f�, Douglas �[4]"

Lee �[8]~ Ö"f ?� "¯Ö²~ ³ê~ Ã&ö NOx~ VÂ³êº

Ã&~º ãËj ��
. Fÿ[ �²~ ãÖ æ ²'VFö j~� Ô

f NêöB �²>æ�, thermal NOx~ �W� 6²~º�, V&Ê 7

Ö²³ê 4.4-13%("¯ �Vj 1.25-2.0)~ º*öB NOx~ VÂ³ê

º 150 ppm�~� Ôrj r > ®
. V¢B, Fÿ[ �²º NOx~ V

Âïj �² *¢ > ®b�B Ò�Ò¢ n*~² ²'¾Ò� > ®º

'�� VF� ÒòB
.

4. Ö �

Fÿ[ pilot plant~ Ò�æ ²' Ú*j Û~� 
r" ?f Ö�j

áj > ®î
.

(1) Ò�æº "� Fÿ[ ��" freeboardöB "� �²>Ú Fÿ

[ �� "¾öB &Ë ¸f Nê¢ ���, freeboardöB ¸�& Ã&

�>� 6²~&
.

(2) Bæ Ò�æ~ ãÖ bottom ashº �~ B�~æ pb�, "� fly

ash� VÂ>¾, ²z ~> Ò�æ~ ãÖ bottom ashf fly ash� VÂ

>î
.

(3) {Kºÿ G;j �Ï~� Fÿ[ �²�~ Ú*ç�¢ {�� >

®îb�, Ò�æ R«ï� /Ï® Ã&~� ï�{Kf /Ï® ~;®


& 
� �æ~º *çj �&
. �Þ �&ÞNº Ò�æ R«ï�

Ã&� ê 20ªöB 30ª ;ê ã" ê �&8j &æ� n;z>î
. 

(4) V&Ê 7 ¢Özê²~ ³êº Ö²³êö ¾ ç&>�, Ö²³

ê Ã&ö V¢ 6²~� Ö²³ê 6% *ê� /Ï� 6²¢ �&
.

(5) V¢B �>ï� 60% ;ê~ Bæ Ò�æ~ ãÖ, ¦~N 460 kg/

h · m2 5 "¯ �Vj 1.4 ;êöB ���ò ì� n;'� �²& &

Ë~�, ²z~> Ò�æ~ ãÖ ?f Fÿz ��öB ���ò 0.9-

1.1 liter/kg~ ÒÏb� n;'� �²& &Ë~&
.

6 Ò

� ��º "�VF;k��ö(STEPI)~ ß; ��BBÒëb� >

¯>îb�, �ö 6Ò�ãî
.

Fig. 9. Historical trend of standard deviation of pressure fluctuation in
case of paper sludge incineration in fludized bed. The operation
conditions are referred to in Table 2.

Fig. 10. Effect of oxygen content in the flue gas on CO emission in case
of sewage sludge incineration in the fluidized bed.

Fig. 11. Effect of oxygen content in the flue gas on the NOx emission in
case of sewage sludge incineration in the fludidized bed.
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ÒÏV̂

dp : particle size [mm]

Fair : combustion air flow rate [Nm3/h]

Foil : auxiliary fuel flow rate [liter/h]

H : height from air distributor [m]

P(dp) : probability density for particle size, dp [1/mm]

Ws : sludge feed rate [kg/h]

YCO : concentration of CO in the flue gas [ppm]

YO2 : concentration of oxygen in the flue gas [%]
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