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Abstract − Waste tire was gasified in an Internally Circulating Fluidized Bed(ICFB) with draft tube(orifice type). The effects

of reaction temperature(750-900 °C), steam/carbon ratio(0.94-1.67) and oxygen/carbon ratio(0.23-0.47) on composition, gas

yield, calorific value, carbon conversion and cold gas efficiency of the product gas have been determined. The product gas in

the annulus region contains 21.5-39.2% H2, 3.8-12.2% CO, 34.8-19.6% CO2, 12.5-15.3% CH4, 25.0-15.0% C2H4, 0.4-0.2%

C2H6, 1.7-0.1% C3H6(vol%, N2 free basis) with a gas yield of 0.389-0.490 m3/kg-tire, calorific value of 24.5-21.7 MJ/m3, car-

bon conversion of 27.2-34.4% and the cold gas efficiency of 46.9-51.6%.
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Fig. 1. Solid circulation in the internally circulating fluidized bed.

Fig. 2. Schematic diagram of the internally circulating fluidized bed
gasifier.
1. Flowmeter 17. Separator 13. Overflow
2. Hopper 18. Draft tube 14. Collector
3. Screw feeder 19. Annulus 15. Dust filter
4. Cyclone 10. Distributor 16. I. D. fan
5. Main bed 11. Air plenum 17. Steam generator
6. Sight glass 12. Condenser 18. Sampling port

Table 1. Proximate and ultimate analysis of waste tire

Proximate analysis wt%, db Ultimate analysis wt%, daf
Volatile matter 70.13 C 88.6
Fixed carbon 26.86 H 18.26
Ash 13.01 O 11.08
Heating value(cal/g) 8720 N 10.75

S 11.31

Ash SiO2: 21.64%, Al2O3: 6.55%, Fe2O3: 5.35%, CaO: 14.00%, MgO: 2.38%,
Ash SO3: 30.00%, ZnO: 9.96%, K2O: 1.55%, Na2O: 1.65%
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�,. ��l ��Ò)� ®i�� �|} ��� ���� �Ò�l�
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 900oC� ^���,. ���� Ò)� ®dp�� õ

?�� b zt% ��F ��Ò)� �Q�j� electric heater� ��

õ?�b� ���� Ò); À��` �I��,.

Fig. 3� ���/fQ c=0.94, �Q/fQ c=0.31À w ��Ò)� Ó

}� �� ²³�| Ô´� '��| 8�i �$.­,. ���l �

	%, ²³�| Ô´� '� �|� 21.5-39.2% H2, 3.7-12.2% CO, 34.8-

19.6% CO2, 12.5-15.3% CH4, 25.0-15.0% C2H4, 0.4-0.2% C2H6, 1.7-

0.1% C3H6� 8�(vol%, N2 free basis)i �$.­,. �� Ò)� �

�
� �� '��| Ú�l H2, CO, CH4� 8�/ ��� �|} �

��l '�H� �É� ��� XÀ P $ú �@� @F� C� �É

� ��� ����, C2H4; c�� hydrocarbons/ thermal cracking

���� CF H2� CH4� �VHj� 8�% �Q��,[3, 11, 17-18,
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� �,(Fig. 4).

��Ò) Ó}� �� '��|� &b(i �	� ����l #$

%� �|} ��i �¶� %[3]� �Z� 
� Fig. 5� �$.­,.

��Ò)� 750�l 900oC� ��
� �� ²³�| Ô´Z ¥¦§

¨ Ô´� '��| &b(/ RR 24.5-21.7 MJ/m3, 15.8-13.5 MJ/m3

� �Q��,. %� ��Ò)� ��
� �� '� �| Ú b( �

|C H2, CO� CH4� 8�/ ���I1 ®/ &b(i I� C2H4;

£
� hydrocarbon� 8�% �Q�� w]%,[3, 17-18, 21-22]. ²³

�| Ô´� '��| &b(/ �	� ���� W��, ®/ hi,

¥¦§¨ Ô´/ �/ hi �%� ��� %� .?«V�	� ��

��l X�Í|; 4F ¢A" ���|� 8�c� �	� ����

l� 
%� �� w]%,. �, ¥¦§¨ Ô´�l� \�H� \��

�F �	� ����, �Q/��� c� �l �|}��� �� '

��|� �� '�" b(�|� � 5Q ��% � �% &'�j�

Table 2. Operating variables and experimental ranges

Variables or conditions Ranges

Tire diameter range(mm) 1.0-2.8
Umf(m/s) 0.08
Bed temperature(oC) 750-900
O2/C ratio(-) 0.23-0.47
Steam/C ratio(-) 0.94-1.67

Fig. 3. Effect of reaction temperature on gas compositions of the prod-
uct gas in the annulus region.

Fig. 4. Effect of reaction temperature on gas compositions of the prod-
uct gas in the draft tube.

Fig. 5. Effect of reaction temperature on calorific value of the product
gas.
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'��|� &b(% �/ h/ �%ê, �|} 6´�l� �
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Z; �C,.

��Ò) Ó}� �� '��|� �É, fQ �VÉZ cold gas

efficiency; Fig. 6� �$.­,. ���l �	%, ��Ò)� ��


� �� ¥¦§¨ Ô´Z ²³�| Ô´� '��| �É/ ��Ò)

��� �� �|} ��Z b@F ��� x�}� RR 0.67-0.76 m3/

kg-tire, 0.39-0.49 m3/kg-tire� ����,. Ç� ��Ò)� ��
� �

� fQ�VÉ/ 27.2�l 34.3%�, cold gas efficiency� 46.9�l 51.6

%� ����,.

3-2. �	/
	 �� ��

��Ò) 870-900oC�l, ���� \�H� ���� $%�� ½

% À�(���/fQ c=0.94)n w, �Q/fQ c� ��� �� ²³

�| Ô´� '��| 8�i Fig. 7� �$.­,. �Q/fQ c� �

Qn�� ¥¦§¨ Ô´�l� 5Q��% �QF �� Ò)� �Q�

��, Ò) �I; ��� �� +¹� �b��,. ���l �	%,

�Q/fQ c� ��
� �� ²³�| Ô´� '��|� 40.1-33.9%

H2, 13.6-10.5% CO, 17.2-31.6% CO2, 15.0-11.1% CH4, 15.2-12.7% C2H4,

0.2-0.1% C2H6� 8�(vol%, N2 free basis)i �$Ê,. �Q/fQ c�

��n�� b(�|� � 5Q ��� ��� '��| Ú H2, CO,

CH4, C2H4� 8�/ �Q�� CO2� 8�/ ����,[11, 14, 17-18,

21-22]. ¥¦§¨ Ô´�l� '��|� 8�/ ²³�| Ô´Z ~/

WÕi �%� �Q/fQ c ��� �� ¥¦§¨ Ô´�l� �Q @

�� ��� � WÕ�/ � ¾` �$�,.

�Q/fQ c� Ó}� �� '��|� �ÉZ &b�i Fig. 8� �

$.­,. ���� \�H� �Q(� ��� C� ÿ� 5Q���

��� fQ �VÉ/ 34.1�l 38.2%� ������, '��|� �

É/ 5Q��� �� CO2 �É� ���) �6�� '�" b(�|

� �� � 5Q ���� ¥¦§¨ Ô´/ 0.75�l 0.72 m3/kg-tire�,

²³�| Ô´/ 0.52-0.46 m3/kg-tire�� :¡ �Q��,. �Q/fQ

Fig. 6. Effect of reaction temperature on gas yield, carbon conversion
and cold gas efficiency of the product gas.

Fig. 7. Effect of O2/C ratio on gas compositions of the product gas in
annulus region.

Fig. 8. Effect of O2/C ratio on gas yield and calorific value of the prod-
uct gas.

Fig. 9. Effect of H2O/C ratio on gas compositions of the product gas in
annulus region.
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c� ��
� �� '��| &b(/ b(�|C H2, CO, CH4 S�

�5Q ���� C� 8� �Q� 21.8�l 18.6 MJ/m3�� �Q��

�, '��|� �ÉZ &b(� �Q� cold gas efficiency� 53.3�l

39.7%� �Q��,.

3-3. �
�/
	 �� ��

��Ò) 890-900oC, �Q/fQ c=0.31�l ���/fQ c� Ó}

� �� ²³�| Ô´ '��|� 8�i Fig. 9� �$.­,. �Q/

fQ c� �i�� �|}��� ��i �$.� cold gas efficiency

� ���� ��Ò)� �QF ¬��C ��% ����j� �ÝÝ

Î� �I; ��� �Q/fQ c� 0.31� ����,. ���l �	

% ²³�| Ô´ '��|� ���/fQ c� Ó}�) �6�� D

� À�� 8�i �%� ��ê[3, 17, 21-22, 24], %� ef%� #$

%�� ÿ� ���� �|} �� ¯)� 5Q��� c�� N� �

�� w]%,. ¼+ #$%�� W�� ��� �|} ��% 5Q�

�� cF ��¯)� : 10−5 é�) �� w]�[3] ,� 8EÓ�

(��Ò), �Q/fQ c)� cF ���/fQ c� �|} ��� �M

� ÔÕ/ ����,. '��| 8�Z ���I� ���/fQ c�

Ó}� �� '��|� �É, fQ �VÉ, cold gas efficiency� D�

À�� hi �$.­,(Fig. 10).

4. � �

(1) ��Ò)� ��
� �� �|} 6´� '� �|� 21.5-39.2%

H2, 3.8-12.2% CO, 34.8-19.6% CO2, 12.5-15.3% CH4, 25.0-15.0% C2H4,

0.4-0.2% C2H6, 1.7-0.1% C3H6� 8�(vol%, N2 free basis)i �Iê

��Ò)� ��
� �� H2, CO, CH4� 8�/ ���� CO2, C2H4

; c�� hydrocarbons� 8�/ �Q�� WÕi �$.­,. RR�

Ô´�l '��|� &b(/ ��Ò)� ��� �� �Q���, ²

³�| Ô´� '��| &b(/ �	� ���� W��, � ®/

hi �$.­,. '��|� fQ �VÉZ cold gas efficiency� ��

Ò)� �� RR ����,.

(2) �Q/fQ c� ���9 '��| Ú� H2, CO, CH4 S� 8�,

'��| �É, &b(/ b(�|� � 5Q ���� CF �Q��

�, CO2� 8�/ ����,.

(3) ���/fQ c� ��� �� '��|� 8�, �É, &b(�

Ó}� D� �­�ê ���� ÔÕ% ��i 
 � �­,.

� �

� 56� �-Z��è�  _ 56 Z^ 56c I7�� �¶H­

�ê, %� �  ¥OÂ,.
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