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�� LHSV( 3-10, ��)*( 800-880oC+ &,�-� �.��� �� �� ��� /0�  ��
�1 �� �� �

�� 234 5 67*� 
8( 9:� ;�< ��� �� =$> ?@�  &��'	. ��
� ���� �� ���

( AB< �� &C��� ;� ��� ��� ?�  �DE �4F 10%, G+HE �4F 2% I* J1�'KL, �D

E 5 G+HE� 67*( ;�< ���� MN> AB�'	. ��
� �� ����� �DE 5 G+HE �4� :

�O( PF ��
�1 �QR+ ST�  ���� )*% J10UV, WX “Y- #$”� ��  ��
� Y-� Z[

\ ]�� �"�'^ _`a PK+ �bOc	. ��� ��
� �� �� ����( ��
�� ^d e�� fZ �

DE �4� gh 3% I* i�1 j(k, �l µm ��� mh ^d� n( ��
�1 �� ��� ��� o�< PK

+ �pj	. ��
�� ^d� q MN�( rs �� 2t uv� SV, wx� �< ^d yz� {{| "�O^ _`

�, �� �� ��� }~ B��L �� fZ �DE �4* J1�( PK+ �b�'	.

Abstract − We have studied the effect of physical and chemical properties of α-alumina on the catalytic cracking of naphtha

at atmospheric pressure in the temperature range 800-880 °C and LHSV range of naphtha 3-10 hr−1. Catalytic effect of alu-

mina on the activity and selectivity for the naphtha cracking was investigated, and the performance of catalytic cracking with

alumina was compared with that of thermal cracking. The ethylene and propylene yields increased 10% and 2%, respectively,

in naphtha cracking in the presence of α-alumina compared with the non-catalytic thermal cracking at the same experimental
condition. However, the selectivity toward ethylene and propylene was about the same for both non-catalytic thermal cracking

and catalytic cracking on the α-alumina. The enhancement in the ethylene and propylene yields can be attributed to both the

enhanced heat transfer from the reactor wall to the reactant through α-alumina acting as a heat transfer medium and “the sur-

face effect” of the alumina enhancing the formation of the radical. We observed the difference in the ethylene yield by 3 wt%

depending on the pore characteristics of α-alumina. It was found that the α-alumina having large pore openings of several tens

of µm or higher is favorable in catalytic cracking of naphtha. We ascribe the result to the fact that in such large pores, the mass

transfer resistance is less and the pore blocking by coking progresses slowly. That is, the naphtha cracking would take place in

the large pores more effectively compared to the small pores and as a result, the higher ethylene yield would be expected in

naphtha cracking in the presence of the α-alumina having larger pore openings.
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� 5<:E /�01� XYVG W�Z$ ���� [\M2 W=]
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E ^E Z� �.� �c d`� efg U�. �h� �.2 ij6

� 56= ;4< ?@ kL� lm2 Mn6E �o� pl 4< qr

� 
sDJ tE^, uu pl kL� v<:E 7w�2 5� !xy

zM {|�} d`� ~8 D8 U�[1].

��� 
>� /�01 4< lm�E CaO-Al2O3, KVO3/Al2O3,

ZrO2/Al2O3, alkali polyaluminate ) e��$" &�� lm� Sb/ZrO2-

MgO� MnO/ZrO2, K/ZrO2 ) ZrO22 ��� lm, Fe-MgO �� Mn-

MgO� +� MgO2 ��`� 6E lm )� ~8D��[2-9]. ��:

��� vC4� lmE �I�� m� ��E kH�G �E^, �E

lm�I� ��DE ��2 ��� 5� d`� efg U�[10].

��� 
>� /�01 4< lm� F� !xE �� lm �4�

�O$ ��7� ) lm� ��� ��� lm ��� ��E �aG

��6Z$, lm� ��* ��  �¡*� 7FF.2 >&6E d�

��[2-11]. ¢h$ lm� ��(ki£, �I�, �k��, ¤� ))*

/�01� ;4< ��*� 7F F.� v<:E ~8� ¥" Z�

¦E §L��.

� !x�:E /�01 pl 4< ?@� UJ: lm �� lm�

¨N�: ©� &�DE e��$2 [L6= e��$� ª{ «*2

>&6¬`K, ­® e��$� ��(�I�, �kC¯, �k��)* �

�� 0V*� 7FF.2 >&6¬�. °�, _0� ;4< ?@ ±*

� e��$7�:� pl ;4< ?@ ±*2 R²6=, e��$"

%& 4< ?@� XYV � [\M� ��E �aG >&6¬�.

2. � �

Table 1�E %&� pl 4< §³� &�� e��$� ��G $´

µ��. e��$ A-G(Norton alumina)E 5 mm ¶·� x¤�K, �I

�� 1 m2/g�6�8 �k ��" 1 µm �7} α-e��$��. °�

e��$ H, I(Nikkato alumina ball)E �k� ¦E 5 mm ¶·� �¸

� e��$��.

Table 2�E ?@ §³� &�� %&� �� � >�G $´µ��.

%&E C4-C9̀ � x�DJ U`K n-,-�, i-,-�, %¹, º�»¼

� >�� ½½ 39.5%, 38.9%, 15.3%, 6%��. %&�4� 6-port valve

" 5y" ¾¿� GC(HP5890-AC PIONA, Column 5�; OV-275, OV-

101, 13X molecular sieve, 5A molecular sieve, Pt column)� 4	6¬�. °

�, IBP� FBP ÀL�E ASTM “D”-86(ÀL��: ADA-IV, PRECISION&)

G ��6¬�.

Fig. 1�E %& 03� 4< ?@ ¾�2 $´µ��. ?@�} %&

� �� L¡Á�� ?@¾�� �n6E^ �Â %&� �� �n R

V� ÃÄR� 2 : 1� DMÅ 6¬`K %&� 
¡� LHSV" 10�

DMÅ >T6¬�. ?@¾�� �n� %&� �� ½½ ���2 Z

Æ: A�� �Ç� 550oC� ";DE 1È ¥;�2 H*� É 650oC

� ";DE 2È ¥;�2 ZÆ: ?@�� �n��. ?@�(B·: 1/

2 inch, lmÊ Ë�: 60 cm)E 3 Ì`� x�� X��� �< 800-880oC

� ";��. 03�-%& A��� ?@�µ�:� pl PQ� Í 0.1-

0.2��K � Îs� ;4< ?@� (JÏ�. ?@ 9ME ?@� BC�

: ÀL6¬`K ?@� Ðx�:� ?@  ��� 9ME ÑM� thermo-

couple� ÀL6¬�. ?@�2 H*� ?@  ��� ¶Ò� !±� 2y

� @Ó�2 H*6E Îs �* heavy oil� Ô7`� @Ó 4ÕD8, $

Ö× �7 A��� 9-}`� !±� "# ��»Ø¢Ù¯(HP 6890)�

4	� É ÚÐ��. GC� &�� column� Chromosorb 102�K TCD

� FID2 ¶Ò� !±6= H2, CO, CO2 � /�01 �4G 4	6¬�.

� !x�: ��� 0V� L� � .� qr� �Ç* +�.

��� 0V(ÃÄ�Û)=���  �¡(g)/%& �n¡(g)×100

��� 0V(�¡%)=�7 A�� 0V×�7� ��� �¡%(GC±*)

�7A�� 0V(�¡%)=(%& �n¡−Ô7� heavy oil¡)/(%& �n¡)

 

3. �� 	 
�

3-1. ��� ��� �� 	


?@ 9M � NO PQ(residence time)� Üc %&� ;4< ±*

2 Fig. 2� 3� $´µ��. ?@ 9M" 3"6Z$ ?@ ��� NO

PQ� ËJ�0Å Ý/ � ��� 0V� [¤�`� 3"6�" Þ�

DE ·aG ~¬�. ����� ·�E ?@ 9M � NO PQ� 3"

�� Ü- �ß 3"6�" Í 16%� àv 0VG ~} É �P á16

¬�. ���� 0V� á16E d� %&" *M 4<DJ,  �DE

Table 1. Physicochemical properties of the various alumina catalysts

Catalysts Median pore diameter(µm) Pore volume(cc/g) Surface area(/g) Silica(wt%)

A 1.2 0.28 0.75 00.05
B 3 0.26 0.25 0.3
C 10 0.54 0.82 0.1
D 18 0.21 0.05 12
E 130 0.30 00.008 12
F 20 0.27 0.05 12
G 4 0.30 0.29 6
H - - - 0.5
I - - - 7

*Data source: Norton(A-G), Nikkato(H, I)

Table 2. Properties and composition of naphtha 

Physical properties

Specific gravity, g/cc 
Initial boiling point, oC
Final boiling point, oC

0.675
30.9
160.7

Chemical composition(wt%)

Carbon no. n-Paraffin i-Paraffin Naphthene Aromatics

C4 12.7 10.5 0.0 0.0
C5 17.4 14.6 1.2 0.0
C6 12.9 14.8 6.9 3.2
C7 14.2 16.2 5.1 1.9
C8 11.1 11.9 1.5 1.0
C9 10.7 10.9 0.6 0.3
C10 10.4 10.1 0.0 0.1

SUM 39.5 38.9 15.31 6.3
���� �40� �1� 2002� 2�
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���� o~� 4<DE ����� o� â ãº×� Âä��[12].

3-2. ��
� �� �


Table 3 � Fig. 4, 5�E ;4<F� 5 mm e��$2 ª{� É ;

4< ?@G §P� ±*2 $´µ��. e��$E ?@� 6ÌCå

ª{6¬`K, ª{¡� ;4<F C¯� 1/4, 2/4, 3/4, 4/4� æÕ6=

;4< 9M2 800-880oC� ç�Pè "I: ;4<2 §P6¬�.

Fig. 4� $´Ï ±*� ÜéI ��� 0V� 800-880oC� 9M ê

5�: e��$ ª{¡� Ü- [¤�`� 3"6E ·aG $´µ�

�. ?@9M 880oC�: _0� ;4<} ·�� ��� 0V� 24%,

?@� XN2 e��$� ª{� ·��E ��� 0V� 34%�: _

0 ;4<� R< ��� 0V� 10%$ 3"6¬�. ����M e�

�$� ª{¡� Ü- 3"6E ·aG ~¬`$ 16-17% àvëG ~

} É�E �P á16E d`� $´ì�. e��$ ª{P ��� �

���� 0V� 3"6E �� �}`�E ª{� e��$� ;Xæ

«*2 � 0 U�. Fig. 6� e��$ ª{P� ?@� Ðx� 9M"

3"�G ~= Û�. �E X��� �< ";DE ;4< ?@�� e

��$" ª{D�G Â e��$" ;mN� ��6= ?@  ���

9M2 W�� Âä��. Ü-: BC "; 9M" Î(� >í�:E

e��$2 ª{� ·�" _0� ;4< ?@� R6= ?@ ���

9M" Wº×I: ���* ����� 0VM ¢îï 3"6Ä ��.

Fig. 7�E e��$ pl ;4<P� ��� 0V* _0� ;4<

?@�:� ��� 0VG Î(� ?@� Ðx 9M�: R²6= $

Fig. 1. Schematic diagram of naphtha cracking unit.

Fig. 2. Methane, ethylene and propylene yield with respect to reaction
temperature in thermal cracking.

Fig. 3. Methane, ethylene and propylene yield with respect to contact time
in thermal cracking.
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´µ��. ?@� Ðx 9M" Î(� ·�� e��$ pl ;4<P

� ��� 0V� _0� ;4<� ��� 0V* Z� (�6¬�. e

��$2 ª{6Ä DI ?@�� void fraction� 0.6 LM" DK ¢�

Ü- �7�:� ?@�� NO PQ(residence time)� _0� ;4<

?@� R6= 40% á16Ä ��. e��$ ª{P� NO PQ

(residence time)� �Ä á16E^M ðx68, ?@� Ðx 9M" Î

(� >í�: ��� 0V� _0� ;4<� +Ä $´$E d� e

��$" ;mN�: ��6E d B�M, e��$� �I* µC �

k� 4< ?@� �=6� Âä} d`�  ½��.

Fig. 8� /�01� ;4< ?@� UJ: �k� ¦E e��$�

�kG �E e��$Q� ��� 0V� È�" UÇG ~= Û�. ñ

·� òñ ?@� Ðx 9ME Î(6¬� Âä� e��$� �k�


Ã� Üc ;Xæ «*� È�E ¦E d`� óÌD��. Ü-: e

��$� �k� %&� ;4< ?@� �=6E ?@ C¯(reaction

volume) �� ?@ �I(reaction surface)G 
k�`�S ��� 0V

G 3"PbE d`� ~}�.

/�01� ;4< ?@�: 8N �I� ôõ� F<:E =h äö

�: ��68 UE^ ;XæG a7PbE �B� -÷ø  ��M F

=6E d`� efg U�[13]. Gartside )[1]� ;4< ?@ §³G

H6= ­L� lm ù�G �× úE Rù�� 8N �I�:M ©


-÷ø  �� l{DK, �h� �I «*� }6= _0� ;4< ?

@ 9M~� 30-50oC û� 9M�:M Î(� ��� 0VG üG 0

U�8 ~8� ý U�.

3-3. ��� � ���� ���

Fig. 9�E _0� ;4< ?@ ±*� e��$ pl 4< ?@� �

�� [\M2 R²6= $´µ��. Ý/ 0V� ?@ 9M$ pl P

Q� Z� [¤�`� 3"6� Âä� %&� 4< LM(cracking

severity)2 $´µE þM�: ©� &���[12]. e��$ pl 4<

?@�:� ��� � ����� [\ME _0� ;4<� ·�� Z

Table 3. Product distribution of naphtha cracking reaction

Component Thermal
Amount of alumina

8.2 g 16.6 g 25.0 g 33.3 g

CH4 8.8 9.4 10.5 11.7 13.0
C2H4 24.3 26.0 29.2 31.9 34.0
C2H6 1.9 2.0 2.3 2.4 2.4
C3H6 13.2 15.5 16.5 17.1 16.2
C3H8 0.7 0.7 1.0 1.3 1.6

C3 others 0.4 0.5 0.6 0.6 0.5
C4 11.8 13.1 13.9 13.6 12.2
C5 14.7 11.4 9.7 7.4 5.4
C6+ 24.2 21.4 16.3 14.0 14.7

SUM 100.0 100.0 100.0 100.0 100.0

Fig. 4. Effect of alumina catalysts on the ethylene yield.

Fig. 5. Effect of alumina catalysts on the propylene yield.

Fig. 6. Effect of alumina catalysts on reactor outlet temperature.
���� �40� �1� 2002� 2�
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-

� (�6¬E^ ��Cå e��$ pl 4< ?@� _0� ;4<

� Î(� -÷ø Ýÿ��G ÜéE d`� <	D��. Basu )�

CaO-Al2O3 lm2 &�� %&� pl 4< ?@�: � !x ±*�


&� §³ ±*2 ~86¬E^, lm �I� -÷ø  �G l{P

è ?@ �M2 3"Pb×î -÷ø X� � -÷ø �� Ì.�E F

=6× ú� Âä� 4< ?@� XYV� W�D [\M�E �aG

��× úE�8 ��6¬�[14].

3-4. ��
� �� ��  !"

Fig. 10-12�E ��� 0VG e��$� �k��, �I� � �k

C¯� v6= MP6¬�. ��� 0V� e��$� �k ��� Ü

- 3"6E ·aG ~¬`$ e��$� �I��$ �k C¯�E 7

FF." Z� ¦E d`� $´ì�. /�01� ;4< ?@� e�

�$� �k µC�:M (J$� Âä� ��: ��� µC �k*

�I «*� ôõG 8f6I e��$� �k C¯$ e��$� �

I�� ÿ�0Å ��� 0V� 3"6=] ��. ¢�^ ��� 0V

� e��$ �k C¯$ �I�* 7F F." ¦E d`� $´Ï d

� �k µC�:� �� Xæ ��* �	� �� �k 
�(pore blocking)

Âä} d`� ~}�.

Fig. 13� %& 4< ?@G 4PQ {|� É� 5 mm e��$ n©

Fig. 7. Comparison of ethylene yield based on reactor outlet temperature.

Fig. 8. Effect of pore diameter on the ethylene yield and decrease rate of
ethylene yield.

Fig. 9. Effect of alumina catalysts on the ethylene and propylene selec
tivity.

Fig. 10. Effect of pore diameter of alumina on the ethylene yield.
HWAHAK KONGHAK Vol. 40, No. 1, February, 2002
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ce
� BC �I � e��$ n© ÌI� ��� ��� ��ÊG 
v6

= $´� d��. e��$ n©� BC �I � n© ��� �� ñ

ßE ½½ 2.5µm, 1.5µm�:, e��$ �k µC�: ��" � �

�D��. e��$� BC �I � �k µC� ��Ê ñß" È�"

$E d� e��$ �k µ�:� �� Xæ �� Âä} d`� �<

D��. Ü-: e��$� �k� � ·�E �k µC�:� ?@ 

��� 
� ��� �Ä �Õ8 �k 
� �7M 7v�`� � (J

$: ;4< ?@� ~� 
«68, �� ?v� e��$� �k� �

� ·�E �k µC� �I� � �k C¯" �â-M �� Xæ �

�� �6Ä �Õ8 �	� �< �k� �Õ 
®� Âä� e��$

� 
«�(effectiveness)� �J×E d`� <	D��.

�: ~=Û Fig. 8� ±*E e��$� �k 
Ã � e��$� �k

��� Ü- ��� 0V �6 �M" È�" �G ~= Û�. ��� 0

V� [¤�`� á16E ·aG ~¬`K ¢ ���2 0V á1 �M

� Q�6= Table 4� $´µ��. �k� ¦E �¸� e��$� ·�

�E �k� UE e��$� R6= 0V á1 �M" û�`K, �k�

UE e��$� ·��E �k ¶·� �0Å 0V á1 �M" �J�

��. ?@ PQ� Üc ��� 0V á1� �� �}`�E �	� �

� �k 
� Âä} d`� ~�K, �k� �G0Å �	� �� �k


�� �<×� Âä� ��� 0V� â �Õ á16E d`�  ½��.

��, _0� e��$(A-C)� §Õ�" 6-12% ��� e��$(D-

G)" ª{� ?@��:� ;4< ?@ ±*2 Fig. 10-12� R²6=

$´µ��. _0� e��$� §Õ�" ��� e��$ &��: �

�� 0V� È�E ��6Ä F�D× ú��. 

4. � �

%& ;4< ?@�: 5 mm ¶·� e��$ ª{ «*2 �Í6I

�Ç* +�.

Fig. 11. Effect of surface area of alumina on the ethylene yield. 

Fig. 12. Effect of pore volume of alumina on the ethylene yield.

Fig. 13. SEM of coke deposited on the alumina.
(a) Coke on internal pore of alumina, (b) Coke on external surfa
of alumina.

Table 4. Deactivation rate with pore diameter of alumina

Median pore diameter(µm) 3 10 130 0 0

Decrease rate of ethylene yield(hr−1) −0.42 −0.31 −0.28 −0.12 −0.015
���� �40� �1� 2002� 2�
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 US

2).

50

tent,

ry
(1) ª{� e��$E ;myN� ��6= ?@  ��� 9M2 3

"P�`�S ��� 0VG a7P��.

(2) e��$E ;myN�:� ôõ �B�M, -÷ø  � �M2

3"P�`�S ��� 0V a7� �=6K �E e��$� �I «

*� ����.

(3) e��$� �k ­�� Ü- ��� 0V� È�" �G F�6

¬�. e��$� �k ¶·� ÿ�0Å ��� 0V� 3"6¬`$,

e��$ �k� 
k6E �I� � �k C¯� ��� 0V*E 7

FF." ¦E d`� $´ì�. �E �k µC�:� �� Xæ ��

Âä� e��$� 
«�(effectiveness)� �aG  � Âä��.

� 


� !xE *� �!C" �F6E ""×L !x§ &w� ×�`�

0|D�#��. �� á&$%��. 
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