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 �� 
��� ��	��-�� 0.2 m��� 1 m ���, �� 0.25 m�10 m freeboard-


�� �����  !"#$. ��% ���& '(%)* +,-� 4,529 kcal/kg�#. �� 	��& /0% Balir Athol �)

* +,-(as received)& 6,455 kcal/kg �#$. 	��� ���� ����& ��* 123 4567
� 8�9 :);, NOx

+<��5 8�9 =#$. 0.061 mm �>�  %? �@
 �� A�6 BC� ��DE
 FG� H3I JK�#$.

0.061 mm �>  %? �@
 �� ���� 	�� �@ 9�6 BC& LL 57, 70%M 8N>O$.

Abstract − Combustion of a Korean anthracite and an imported bituminous coal in a bench scale circulating fluidized bed,

0.20 m I.D.×1 m-high bed and 0.25 m I.D.×10 m-high freeboard, was performed and the characteristics of combustion were

compared. Test coals were anthracite received from Samchuk, Korea with the heating value of 4,529 kcal/kg, an imported Aus-

tralian bituminous coal with the heating value of 6,455 kcal/kg. Both coals showed different vertical combustor temperature

profiles, i.e., burning characteristics. Their trends of NOx emission levels were also different. Combustibles loss of the tested
anthracite and the bituminous coal by fly ash of particle diameter smaller than 0.061mm was significantly contributable to the

combustion efficiency. Combustible loss of the fly ash smaller then 0.061 mm from the anthracite and the bituminous coal was,

57 and 70%, respectively.
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seal(7)� ��g �	�� #T ./�#[7]. �	�� �	e� e./

� �k �	'() 1¯� �0 �E° '(� p<T± { �#[8].

Table 2� ��� ¨?� ��� ~oo�� Zc1^#. ���� ²

. Blair AtholO>h ���� _1 ij\ ³´Gµ�� ¶O� �D

� Gµ �·�� s¸�V#. ��� j�� /� −6 mm� o¹�g

��� ¨?�V#. º ��� rº _1 OP? ����� @AB�

� ¨?�� ��>#.

3. �
 	 ��

Fig. 2�� ��� ¨?� {/���(².O Blair Athol)) _1��

�(³´O)� /�oKL Zc1^#. ������ ̈ ?I� ��� /�

� m� −10 mm »\� o¹I, ¨?�#. � ����� �	�� $

~� o¹0 � −6 mm� �oY�g ¨?�V#. _1���� o¹ `


o> ¼> �¶�g 1 mm >� /¥< �m"D� ���@# ¼½#.

Fig. 3� �� ./�D� ¾bI� 4H��� p¿� �� �	�

Table 1. Commercial CFB boilers in Korea

Company(location) Category Steam(T/H) Fuel Start Supplier

Oriental chem Chemicals 120 Bitu. coal* 1985 Hyundai/Ahlstrom
SKC Textile 130 Bitu. coal 1989 ''
Hyundai oil Refinery 120 Pet. coke** 1989 ''
LG Chem. Chemicals 210 Bitu. coal 1990 ''
Ulsan petrochem. service Co. Chemicals 250×2 Bitu. coal 1991, 1994 ''
Samyang genex Food 60 Bitu. coal, Heavy oil 1991 ''
Taegu dye complex Dyeing 130×3 Bitu coal 1986 Samsung/Babcock
Pusan dye complex Dyeing 80×2 Bitu coal 1992 Daewoo/Studsvik
Korea zinc Metal 175 Bitu. coal 1991 Korea Heavy Ind./Lurgi
Tonghae Power plant 693×2 Anthracite 1998, 1999 Korea Heavy Ind./ABB

*Bituminous coal, **Petroleum coke

Fig. 1� Flow diagram of CFBC test facility.
1. Combustor 7. Loop seal
2. Heat exchanger tube 8. Air pre-heater
3. Cyclone 9. Bag filter
4. Coal hopper 10. F.D. fan
5. Limestone hopper 11. I.D. fan
6. Valve

Table 2. Analysis of coals

Analysis
Bituminous coal

(Australia)
Anthracite
(Samchuk)

Proximate, wt% as received
        Moisture
        Volatile
        Ash
        Fixed carbon
Ultimate, wt% dry basis
        C 
        H 
        N 
        S 
Ash, wt% ash
        CaO   
        MgO  
        Al2O3

        SiO2

        Fe2O3

Mean diameter, mm
Calorific value, Kcal/kg(As received)

7.28
26.9
9.8
55.9

66.8
3.5
1.5
0.5

5.3
3.6

0.4591
6,455

3.53
4.73
38.00
53.74

54.03
 0.19
 0.48
 0.68

1.01
1.66
33.56

4.24
0.3937
4,529

Fig. 2. Particle size distribution of the test coals.

Fig. 3. The effect of heat input on combustor temperature.
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Ñ� �»�	< .~o>� �m"D� Í�TÄ> Òh �[� �	

< G�I, /¥< �	� �nFG >��� �z ��% ;��#.
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Fig. 5� ��� 4
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�� ÛÊ

� Zc1^#. 4
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Ú /�� �â� ãQä> å0 »k= ¨>©ª� /s�� ß� 1

��� �	�� ��� 4
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� ���� ¨>©ª /s ��ß�� 10-20 m/sL Zc1^#.

Fig. 6� �	� ��� ��� �� «¬u-� 
� �	�\L Z

c� �>#. ��� Å>�\ +s�� «¬u�� {Þ� �	e�

�	�\� 25%�� ç� ��< ZcZG à½#. å0 �	e ` �

��) ���� Å>� �� �	�\� Å>\ ZcZG à½#. y

BZ Table 2��w W> ���� �X �� ` -o 1 gè �»�	

 � 5.7>h ���� �X 1.4>#. ���) ��� 4% �»�	�

�	'(� tÐ~, �	À\, tÐTÄ(/¥� �	� 1 �éTÄ)D

� �»�#. �[� W� -o
ê �»�	 E�(� ���> ëì

&#. Fig. 6� �m� -o` �	�\< ���� 4% -e 
ê 0.25

� <»�� W� �	� ��� W� Â
� /¥< ÙÚ �éTÄ>

W#� @£ ���� tÐ~� (5.7-0.25) : (1.4-0.25)� Zcí { �

Dî� ���> ��� @# 4.7� &#.

Fig. 7�� ���) ���� �»�	L TGA�� 4
 o�
��

À\L �ïTð£� �¤ ��L Zc1^#. ���� ñm �	tÐ

ÁÂ� f 500oC�� ZcZh ���� �X 700oC�� ZcÆ#.

500-700oC À\ß�� �»�	� �	À\L cZ1� �>� _1

���� ��»\< &ò �»�	 Í�À\<  !m�a ���@

# 200oC»\ &¤ ZcÆ#.

Fig. 8� ���) ��� �	  O-a «¬u-� /�ó ���

oKL Zc1^#. ��� ���� /�� �ã�¤ ç� A»0 �

��� Zc1^#. yBZ «¬u-� ��� Ó «¬u-� ô� 


�o� «¬u-� /�� �[ õ Å>L Zc1^#. yö�� /�

0.1 mm >�� «¬u-� ���> H÷�¤ ¿	�h /� 0.1 mm

>�� «¬u-� ���> ç� A»�¤ �GI� �� @gê#.

Fig. 4. Axial temperature distribution of imported bituminous coal and
domestic anthracite.

Fig. 5. The effect of gas velocity on average particle diameters in the
cyclone and the bag filter collects.

Fig. 6. The effect of dense bed gas velocity on carbon content of bag fil
ter ash.

Fig. 7. Thermogram of samchuk and blair athol coal.
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�[� /� 0.1 mm >�� /¥� �	�L ��I� ø{< ùò �

éTÄ> ¬ú0 char �	TÄ@# ¸X ùDh �[� �»�	� �

	< +ûE�¤ >ü,ý� Zc1^#.

Fig. 9� �	� À\��� �� ���) ���� �	'(� Zc

1^#. �	'(� �	� À\ p<� �� �	tÐ�\ p<� À

\�ï� �[ p<�VDZ �	� ÙÚÀ\ 750oC >���� A»

0 æ� Zc1^#. ���� ���@# �»�	� tÐ~> Ñò

�	(> Ñ� �¶ �	e �> ¼ò E� 
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�[ �	'(> Ñ¤ �#. �	'(� �� ̀  <�o) �	e ` ô

� <�o�  � QOÜ { �#. �	'(� #á) W> QOI^#.

CE=

g
�, CE; combustion efficiency %

g
�, Ash(C, V); �	e ` <�o Ó þ�) Ë�o� ÿ�

g
�, Feed(C, V); �� ` <�o Ó þ�) Ë�o� ÿ�

����� �	e� «¬uZ E
Þ=
�� -{I�  O-w �

	� �n� �§I� �n-(bottom ash)� so�#. �n-� �	

� �éTÄ> Ò, r� <�o> �	I, ç� 
�o� K���

�G àDî� �	'(� �7� �� ` <�o� �) �	�  O

-� ��� <�o� Å� QO�#. Fig. 10) 11� ���) ���

«¬u-� /�ó 4Po�� Zc1^#. «¬u-� ÙÚ/�

0.061 mm >�� /¥� 
��	� �> «¬u-� ÙÚ�@# &#.

0.061 mm >�� U� /¥� ¨>©ª Þ='(> Ñ� �[� �»

�	� �	< ��YI
 E� Ì¤ ¨>©ª��  �Z<î� 
�

o Ã�� .ú no� �¤ �#. Table 3� ¨>©ª� �k  �Z<

�  O-� /�ó �¤o(), 
�o� Zc1^#. g
� 0.061 mm

>�� /¥� ���� �X 70%, 
�o Ã�� 76%L Zc�#. �

��� �� 47%w 56%L Zc1î� 0.061 mm >� 
o/¥� 7

,< �	'( Ê�� ��Z `ú0<L @gê#.

�� �� `� N	� f 0.5-2%L Zc�#. N	� ��� #�

��w �	 O�IZ y )»� ̧ X 
��g NO, N2O, NO2, NH3, HCN

8D� ��Ih #T N2� �jI
\ 0#[9]. Fig. 13� ��` N	

~o� NOx� E�(� Zc1^#[10]. ����� �	�� �	À

\< 850oC� Ñ¤ �PI� >�� a�g ¶~I� NOx� rº �

� ` N	~o� O�� �­,= �D� Ä.Ü { �#. NOx� �

¶� ��� ��� rº À\� p<L �[ p<�V#. À\ p<�

1 Ash C V,( )
Feed C V,( )
----------------------------– 100×

Fig. 8. The variation of heating value of particle by size(blair athol).

Fig. 9. Temperature effect on combustion efficiency.

Fig. 10. Proximate analysis of fly ash by particle size cut(blair athol).

Fig. 11. Proxiamte analysis of fly ash by particle size cut(samchuk).

Table 3. Weight fraction and combustible loss of fly ash by size cut

Dp,mm
Blair Athol Samchuk

Fraction[-] Contribution combustible loss Fraction[-] Contribution combustible loss

0.249-0.104 0.03 0.01 0.11 0.04
0.104-0.061 0.26 0.23 0.42 0.40
0.061-0.061 0.70 0.76 0.47 0.56
���� �40� �3� 2002� 6�
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�� NOx� E�(� ���� �X< ���� �X@# Ñ¤ p<�

V#. _1 ���� At"a {/ ���@# �� ` N	~o> "

#. å0 ��� �S� N	� �� Ë�o) char� �SI, �Dh

���� N	� Ë�o> "
 ��� ���@# N	< charw �S

�  (> &#. �	)»�� char� �	< *
 �) ��<G� char

w �S� N	~o� O�\ *�¤ ZcZ� �D� >k�#[10].

Fig. 14� �	� À\��� �� AO��	 �§$~� Zc�#.

��� )�4
< ÙÚ 20% ���� {��V#. ���) ���

rº À\ p<� �[ �	�\< p<�£� CO< ¿	�� �Ê�

Zc�#. CO ¿	� �Ê� ���) ���� Å>L Zcí ��

�o0 ¥�L �@�G ��VDî� � yö��� �âó $�� �

ZcZG à�#. 0� 
_� CCTI ����� {�� NUCLA 110MWe

����� @AB� :
 �E �)��\ CO �¶� ã0 À\, �

â, )�4
ÛÊ` À\� ÛÊ�> º�BG¤ Zc�#[11].

5. � �

_1 ³´O ���) {/ ². Blair AtholO ����  !�	 T

�� 1� 0.25 m &> 11 m ��qr ����� T��	��� {

��� y �)L #á) W> úf�V#.

(1) ���� �� �/s .���  � Ë�o� �	< A,�D

h, .� �»�	a ����  !" �	� �n� �	< &¤ Zc

�#.

(2) �	�1 4
��> p<�£�  O/¥� /�> �,G�, ̈

>©ª�� KÞI� /¥� Â
� �, #. yBZ ¨>©ª� '(

� ym� �GI^Dh /�� Â
��> ä^#.

(3) T��	��� {/ ���) _1 ���� �»�	 E�((�

	()� -eL 
êD� ���> ��� @# 4.7� &¤ Zc�#.

(4) ��� Å>� �� �	'(� Å>< Â¤ ZcZG à½#. �

	'(� .� �	À\w ¨>©ª KÞ'(� �k �»I� �D�

Zc�#.

(5) �	'(� .� «¬u-� K�� 
�o� �D� �»I^#.

$% 0.061 mm >�� /¥� ���� �X 70%, 
�o Ã�� 76%L

Zc1^#. ���� �� 47%w 56%L Zc1^#. �[� 0.061 mm

>� 
o� �	< E� �	'(� ̀ ú0 ÛÊ� 
!� Zc1^#.

(6) À\��� �� �� ` N	� E�(� ���> ���@#

W� À\�� U¤ Zc�#. >� _1���� N	~o> "� å

0 mno tÐ~> Ñ� �»�	w �SI, �
 ��D� >k�#.

(7) CO� �¶� �	� À\p<L �[ ¿	�VDh ���) �

��� Å>< ZcZG à½#.
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