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Abstract − Generally, strong acid sites were understood as the main active site for the methanol-to-olefin(MTO) reaction

over the ZSM-5 catalyst. In this study, the correlation between the catalytic activity and the extent of deactivation by coke de�

position was found to be quite proportional mainly due to the changes in the amount of the strong acid sites. The kinetic

expression including the catalytic deactivation was able to be derived and the deactivation rate constants were estimated. From

this kinetic study of catalytic deactivation in the MTO reaction, the value of the deactivation rate constant(k'd) was 0.195 hr−1 at

350oC. From the results of NH3-TPD measurement, it was found that the amount of strong acid sites were controllable by the

ion-exchange of metal counterion. The selectivity and yield of propylene were found to be proportional to the amount of strong
acid sites. Regeneration of the deactivated catalyst was carried out by burning off the deposited carbon using an air and the cat-

alytic activity was recovered quite significantly. It was found that the estimated deactivation rate constants represent the degree

of deactivation fairly well. The regeneration efficiency was gradually decreased by repeating regeneration.
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�7 (� MTO(methanol-to-olefin)8�� ZSM-5 ��$ 9��:+

� ;< =- >�� ?@A�� ��[1-5].

BCD, MTO8�- 8��EFGH ��8� 7I� �A� 2��

$ JKL! M� ��.

N OP�, QR S (1)��TU 8�?  01 V+�� WX� Y�

Z[� \ �]� ^$ X�$ )8�! _(` ab1H cde! V

+(� JKL? ��[6, 7].

−nH2O

(1)

?C� JKL$ <fcM2�� Chang- ./  01$ gh'�

i�56j k� l ��$ cM! K5(m�[8-11]. n op$ �q

r \ cde �qrs! t� u �� vwj�! �x y�gh+

��� o�(z, ]o?{! _< )|3�� #'(�, 8�r$ |}
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��9+$ ��?�. Butt� Petersen[12]- ��$ �9+�� ;�

��H ����! k< `C ��$ 8� �EFG! K5(� ��.

?� �� 8�j � � �A� ��$ ¡¢� ;� �£� ��?

¤;�2� ¥
(j ¦J?�. ��8��� �� �9+�$ 	%�

2� §�(� �f, ��¨�, ©ª � MTO 8���� �����

$� ��¨«�2� �< ��9+ .(� �¬ ­®(� �V(�

�2� Z¯° ��[13-15].

����� ±²�� ��$ �? H�(� �����? ³�(�,

B� �< 9++|? ���z, ­�A w�? ´µ ¶]j' ��.

ZSM-5 ����� MTO8�$ �� �� ·H� ¸� ¹�� �u

º»(D[16, 17], �9+� H�$ 	
�7� ¼' \ �½¾'� ¿

À 9+��! �o(� �9+� ¾'S$ KMH B 	
 abvÁ

$ f�! 5'� Â� ÃÄ �2� ¹��.

¿b�, Å >���� NP, MTO8��� ./  01(�Æ, Ç�

¥È)! É� V+r� (` ZSM-5 ��$ 	
 9+L2� `Ê��

Ë�L$ �Ì ��� ¿À 9+tÍ! �� ��ÌH ÎÏ B �Ð¸

 � �Ñ(` ¹�, ÒP, �� ��� ¿À �� �9+ tÍ��!

¸Ó(` �� �9+�� ¸� ¾'S$ K5� 	
 abvÁs!

f�(�7 (z, ÔP, �9+�Õ ��$ »V �:+H »V8�$

8�·Ö! �Ó< ¹�7 ��.

2. � �

2-1. ����

o�Õ ZSM-5� Hy$ ZSM-5(Degussao K×)� Si/Al�� 28, 40,

180?Ø2z,?¼Ñ45 o�Õ 5Ù- La(NO3)3Ú6H2O(Aldrich chem-

ical)� Mg(NO3)2Ú6H2O(Junsei chemical)?Ø�. M/ZSM-5(M=Mg, La)

$ �?¼Ñ4 ZSM-5� Iwamoto ̂ [18-21]? KM� ?¼Ñ4 ¤Û�

$t(` Ü¾Ý u�Þ! ßsA à� K�Õ H-ZSM-5� á�A 60

5½ ÍM �¼�� Ëâ(� Ñ8(` Ü¾?¼! Ñ45ã2z, Ñ8

? äå æ pH=7.5� ç ¦è� é�FQu� ��(` Ü¾?¼? ê

3(� Ñ4�'ë (m�. ì, ?� i�u� 15½í 3î wï� æ

ð�, �+(` Ü¾?¼ Ñ4Õ ZSM-5� ñØ�. �?¼Ñ4! k<

�� Ü¾u�Þ�� Ñ8! 8ò(� H�! uó(m�. K�Õ ��

$ r]� �+ � ô�±²õ(Micromeritics ASAP2000)! _<� Z

QÅ w�)©,w�ö�, BET ���- XRD(Rigaku D/max-A X-ray

Diffractometer with CuKα radiation)� _<� ZQÅ f��� fH�

÷øA ?¼Ñ4! _< K�Õ ��$ �� �ù�� r]� ���

�� �Ø�� �! Z u �Ø�. ì� ICP(ICP-2070, Baird)� EDX

(LEICA, JSE-840A)� |"� Mg-La/ZSM-5 ��$ ® +| �� ú

|Ö- Al(1.3), Si(38.2), O(60.3), Mg(0.07), La(0.03)?�.

2-2. ����

K�,q+Õ ��s$ 9+ û�! k(  ̀ Fig. 1H ü- micro cat-

alytic reactor system! 7I K§(` o�(m�. ô�� ý8jI� o

�(m2z, 8�¬*� #þ�� ô�� u|ÿ� \ ��ÿ�! _H5

� ý8jI �$ u|H ��� Kt(m�, ?æ 8�r! �A�� (

m2z, �j� »V��! �5� ¦� u|ÿ�ß _H5ã2z, 400oC

� �j#Ì 30 ml/min$ �ð (�� 25½ ÍM 8�! uó(m�.

ì�, ¬* ��� 8�rH V+r$ ��? Â��� )|- �g

! ³Q 110oC?�! #�5ã�.�� $ 	þ- syringe pump(Sage

Instrument, Model 341B)� o�(` �' 99.9% �� ? 5½� �

�Ì? sA� u �'ë (m2z, ?¦ �� $ |}- 0.8 atm!

#�(m�.

8�j� 10 mm-id$ ��	 8�j� o�(m�, ¼' �¤j�

)²(` 
3 oC ?�� 8�¼'� �¤(m2z, »ô- "�2��

8�r$ ±²! c�(m�. 8�j� _H� V+r- |"! k(`

1 cc$ ��Ì? jI��
�BRÇ� 'þ�Ø�. |"� o�Õ jI

��
�BRÇ� HPo$ 5890 Series II?z, FID detector� HP-1

column! o�(m�.

��$ �+���, ��+! ZQ¹j k< NH3-TPD ��! �5

(m2z, ��� ��Õ ��$ �! |"(j k(` �j|kj��

�¼¾' 10 oC/min2� 20-700oC$ ¼'�k�� TGA(Perkin Elmer)

û�! (m�.

3. �� 	 
�

3-1. Coke 	
� �
 Mg-La/ZSM5  ��� ���� ��� �


���
 ��

�� �9+�� ¸� ¾'�� �Ó! k(` �|]y ¾'S: r'A
=r'A(past history, present conditions)! jÅ <"cõ2� �h(m�.

�8�2�, 5½ t��$ ��9+' a(t)� ��ý ��� $� 8

�¾'� ;� 5½ tÍM o�Õ ����$ 8�¾'$ ��� �$

Õ�[22].

(2)

5½ tÍM o�� ��� $� 8�r A$ ��¾'�

(3)

`j�, a(t)� ��9+'�, k(T)� 8�¾'�u�, Ci� 8�r ì

� V+r$ j��'� D���. ì�, ��$ ¡¢¾' r'd$ ¾'

S- QR� ü�.

(4)

`j�, kd� ¡¢¾'�u?�, h(Ci)� 8�+|$ �'� ;� rd$

Îu¸ ?�.

MTO 8�- �] Z¯x;�, u��$ ��� V+r? 8�! t

� �V��. Å >���� ?� ���5� ¾'S2�, ?v � �

¹�Õ ��>¾8�S! ��(` �� �9+� model! K5(�7

a t( )
r'A t( )–

r'A t 0=( )–
------------------------=

r'A– a t( )k T( )fn CA CB … CP,, ,( )=

r'd  da
dt
-----– p a t( )[ ]kd T( )h CA CB … CP,, ,( )= =

Fig. 1. Schematic diagram of experimental apparatus.
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5'(m�.

Coke! y+(� 8�j�� QR� ü�.

A � B � C (5)

� ��
Coke

A: oxygenates

B: light olefins(primary product)

C: paraffins & aromatics(secondary product)

k�� KMÕ 8�j�� j�� (` Butt[23]� $< K5Õ ø 

����$ �|]y ¾'S- QR� ü�.

(6)

S (2)� (3)! j��(` Petersen[24]� $< K5Õ ���9+�

model- QR� ü�.

(7)

ì�,  �� 34Ö! #�56�, ì� ¼'� ��(� ���, S

(7)- QR$ S2� �«Õ�.

(8)

`j�, EA� 1Û8�$ 9+��!�?�, ED� �9+� 8�� �

A�$ 8�9+� �!�?�, f(XA)� 34Ö� �«Õ 8�¾'�

j`(� �'Îu?�, g(XA)� 34Ö� �«�� �9+� 8�!

#'(� �'Îu?�, k'd� �9+� ¾' �u?z, n- �9+�

Ûu?�.

Fig. 2� D�D �� MTO8�� ;(` �½¾'� ��56��

ñ- ��  34Ö� ;� ��� fH�� 34Ö 50%� �� )|

! j"2� �� 34Ö(50%)($ �½¾'# 8�5½ 7&� ñØ

�. Í�� cõ2�, 8�¼'� 300oC)Á 25oC½$2� ��56

z ��! uó(` �½¾'� 8�5½$ ��7&� ñØ�, B f

H� Fig. 3� D��Ø�.

��	 _H5 ��9+- ��(�, ���% ý3! ��� ¦, o

�Õ ¸y8�j$ &CB'( � c�S$ �|y- S (9)� Õ�.

(9)

¾'S! �$� S (6)! k� ;þ(�, QR S? Õ�.

(10)

k S�� ��� �A� �½¾'�u� *4(�, S! �](�,

QR� ü? 
Ùç u ��.

(11)

ì� �� 34Ö! #�56�, 34Ö� �«Õ )- �u� �z,

� *456� QR S? Õ�.

(12)

S (8)! �|(` �8�5� S- QR� ü�.

(13)

S (12)� S (13)! *4(�, QR� ü�.

(14)

Ûu n! f�(j k< �gy ÛuÂûõ[25]� $t �¤� Ûu

*! ;þ(` B +ÛÖ! �Ð �Ñ(m2z �9+� Ûu “n”*�

;� +ÛÖ! Table 1� D��Ø�. .¼(275, 300oC)��� n? 1.5

� 2� ¦ +ÛÖ? �Ø2z �¼(325, 350oC)��� n? 2Û¹��

1.5Û� ¦ ��7&� , )q�Ø�. ¿b� n=1.5� -�$ �9+

� Ûu� f�(m�. ?C� H�! _< f�Õ 8�¾'S- S (15)

ra koexp  
EA

RT
-------–

 
 
 

a t( )f X A( )–=

ka t( )f X A( )–=

 da
dt
----- kdoexp  

ED

RT
-------–

 
 
 

g XA( )an=–

 da
dt
-----– kdoexp  

ED

RT
-------–

 
 
 

an k'aan
= =

Wcat

FAo

-----------
dXA

ra–( )
-----------

0

XA
f

∫=

Wcat

FAo

-----------
1
ka
----- dXA

f X A( )
-------------

0

XA
f

∫=

WHSV
ka
dXA

f X A( )
-------------

0

XA
f

∫
---------------------=

I
dXA

f X A( )
-------------

0

XA
f

∫=

WHSV ka
I

-----=

a 1 n 1–( )k'd t+[ ]1 1 n–( )⁄=

WHSV
k
I
--- 

  1 n 1–( )k'd t+[ ]1 1 n–( )⁄=

Fig. 2. Effect of space velocity on methanol conversion.

Fig. 3. Experimental data of space velocity as a function of reaction
time.

Table 1. Comparison of different deactivation models

Temp. (oC)
Standard error(1/h) order of deactivation

n=1 n=1.5 n=2

275 0.094 0.057 0.056
300 0.115 0.097 0.094
325 0.177 0.081 0.284
350 0.411 0.352 0.765
HWAHAK KONGHAK Vol. 38, No. 6, December, 2000
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� ü�.

(15)

S (15)� ?�(  ̀�9+� ¾'� ̧  Õ abvÁs! �(m2z,

B fH� Table 2� D��Ø�. ì� Table 2� D�� 7&� ./

2�, ArrheniusS! ?�(` ��$ �9+� 8�$ 9+��!�

*!  �(` Fig. 4� D��Ø�, -�  �*- QR� D��Ø�.

(16)

�� �)Á  01! V+56� MTO 8��� ZSM-5 ��� o

�(m! ��, �9+� 8�$ 9+� �!� *- 34,949 cal/gmolÚ

K� �2� ¹��� ��[25]. ?�- Å >��� Mg-La/ZSM-5�

�� o�(` ñAx �9+� 8�$ 9+� �!� *(35,479 cal/

gmolÚK)H #o� *0! Z u ��.

3-2. Coke	
� �
 �� ���� ���  � !"#$% ZSM-

5 ��&�' MTO���� &��(

Fig. 5� ® ��s$ NH3-TPD fH� D�� �2��, HZSM-5

��$ �� 170oC, 260oC \ 470oC )1�� w �� ©�� ¹?

� ��. `j� 170oC \ 260oC��$ ©�� ®® Ù�L \ �

½wj$ �L! D���� 2 u �2z, 470oC��$ ©�� MTO

8�$ 	
 9+L2� §�(� Ë�L2� 2 u ��. 3. 260oC

)1$ �½ �L$ �� Ü¾ �?¼? Ñ44� ¿b LÛ �5��

�! 2 u ��6, ?�)Á Ü¾ ?¼? ?¼Ñ4ç �� �g�2

� �½ �L? Û�(� H+ ?¼? Ñ44! Z u ��.

ì�, Ë�L \ Ù�L$ ��� Ü¾?¼$ Ñ4� ¿b ¸Ó�Ø

2z, ?� �Ì�(` Fig. 6� D��Ø�. Ù�L$ �� ��� �

�! 2 u �Ø2D Ë�L$ �� La, Mg \ Mg-La? ?¼Ñ4çu

ë t$ gy2� ³�(� �! 2 u ��. ?�)Á Ü¾ �?¼?

HZSM-5� ?¼Ñ4ç �� MTO 8�$ 	
 9+L2� §�(�

Ë�L� Brönsted �L[11]$ �? �¤ç u �7! Z u ��.

Å ��$ MTO 8����  01� ;� gh'� 54% �'?�,

D8�� ��! 9Î� ab1? 	
 V+r?Ø�. ì� V+��

 01 � ;)|? É� V+r� �ÆH Ç�¥È?Ø2z, )ÆH

C5 ?�$  01� ;� gh'� ;�� §- �2� D�:�. 400oC

��$ V+r gh'� Table 3� D��Ø�.

NH3-TPD fH� ?�(` �Æ \ Ç�¥È$ 400oC��$ gh

'� Fig. 7� D��Ø�. Ç�¥È$ �� gh' \ uÖ? Ë�L

Ì$ i�� ¿b t$ gy2� ³�(� �! 2 u �Ø�. ?� ¹

� ,- Ç�¥È! ñj k<�� MgH La! �?¼Ñ45� Ë�L

WHSV
k
I
--- 

  1 0.5k'd t+[ ] 2–      for  n 1.5==

k'd 1.96 1011× 35 479,–
RT

--------------------
 
 
 

exp hr 1–×=

Table 2. Parameters in Eq. (15)

Temp (oC) k/I k k'd

275 0.46 0.32 0.004
300 2.08 1.37 0.019
325 8.34 5.75 0.070
350 30.85 23 0.232

Fig. 4. Arrhenius relationship for deactivation rate constant.

Fig. 5. NH3 TPD results for M-ZSM-5 (M=Mg, La, heating rate: 10oC/min). 

Fig. 6. Comparison of weak and strong acid site concentration on metal
ion-exchanged ZSM-5.

Table 3. Product selectivity in the MTO reaction(reaction time: 6 hr, reaction temp.: 400oC, WHSV: 100 hr−1)

Catalyst
Selectivity(%)

Methanol Dimethylether C1 C2= C2 C3= C3 C4= C4 C5= C5+

Mg-La/ZSM-5 7.2 3.8 12.2 16.8 3.9 32.7 5.3 2.6 2.1 1.9 11.5
���� �38� �6� 2000� 12�
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$ �! -�$ �%� �¤<; Î! D��� fH?�. �<, �Æ

$ ���� Mg-La/ZSM-5 ��$ �� Mg/ZSM-5 ��¹� +�¯

B gh'� ³�(� �! 2 u �A ��� �d! ñ! u ��6,

?� hydrocarbon cracking 8�� C5 ?�$  01s? �� �=>

8�! �2[ ¦, 	
 V+r? �Æ?b� >� ¹��[26]�� Z

u �?? �Æ$ ��,Ë�L$ ��� ÷øA hydrocarbon$ cracking

·H� Í5� �¯�A; � �2� o&Õ�.

Ü¾?¼Ñ4Õ ���$ 8�æ ����Ì! Fig. 8� D��Ø�.

B fH, ����Ì- H>La>Mg>Mg-La �?Ø�. ?�- ZSM-5

����� ��$ ��- Ë�L� �g�2� ����� fH[27]�

�*(� �2��, Ü¾(Mg, La) �?¼! _(` Ë�L� Brönsted

�L! @02�� ��$ ��Ì! -��5[ u �7! D���

��. -�$ ��Ì! D��� Mg-La/ZSM5$ �� 3I �� ��

100� ;< 3 wt%$ ��³�� �Ø�, -;$ ��Ì! D���

H/ZSM5$ �� 7 wt%$ ��³�� �Ø�. ì� �� ��2� �

� �� ��� ��� ¸Ó�Ø�. 8�3$ Ü¾?¼ Ñ4Õ Mg-La/

ZSM5 ��� B f�+? Q	 AAå B- C� ��� ��� �

2z, B fH� Fig. 9(a)$ SEMox� , D�D� ��. BCD �

�$ ��? �Aå æ, �5D< 8� æ�� )|�� C���$

��Eß QFb þ7�j$ ³�� ÎÏ F�«�! ¸Ó� u ��

6 Fig. 9(b)� B fH� D��Ø�.

® ��� ;� 9+fH� ����ÌH$ �¸¸ � �ÑG�6,

®®? �� 8�H(�, I ����? ­� H/ZSM5 ���)Á �

�? J� Mg-La/ZSM5 ��è�$ 9+- t$ 1Û%�2� i�(

� fH� D��Ø�(Fig. 10). I, Ü¾?¼Ñ4! _(` ��$ ��

Fig. 7. Selectivity to ethene and propylene as a function of strong acid
site(reaction time: 6 hr, reaction temp.: 400oC, WHSV: 100 hr−1). 

Fig. 8. Thermogravimetric curves for the ion-exchange of various metal
over ZSM5(the MTO reaction; reaction time: 6 hr, reaction temp.:
400oC, WHSV: 100 hr−1, TGA; heating rate: 10oC/min, in an air
atmosphere).

Fig. 9. SEM photography of Mg-La/ZSM5 (a) before reaction (b) after
reaction.

Fig. 10. Comparison of coke deposition ratio and selectivity to olefin on
metal ion-exchanged ZSM-5(reaction time: 6 hr, reaction temp.:
400oC, WHSV: 100 hr−1).
HWAHAK KONGHAK Vol. 38, No. 6, December, 2000
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n

Ì! @02�� 9+? i;4! D��� ��.

3-3. Coke 	
% ��� )*� �
 ��

��� �½¾' �ð�� �9+�Õ ��� 400oC (�� 25½

ÍM, 30 ml/min$ �j� 	þ(` ��Õ ��� >�56� cõ2

� »V��! � fH� Fig. 11� D��Ø�. »V8�! _< ��

9+- £>� îò�z, B �'� �½¾' i�� ÎÏ i;Õ�.

WHSV 200 hr−1, 8�¼' 400oC($ ./ 01(�Æ+Ç�¥È)$ g

h' )|� �A�, 3 �  8�$ -æ$ 9+H �Ñ< 2 ¦, N

OP »V��! _< 19%$ i��, � OP »V��! _< 15%$

9+i�� ¹m�. ì� »V 3æ$ �9+� ��- #o(m2z,

8��j�� êß� 9+.(� �26�� 5½? �K� ¿b /$

� 9+.(� ÷øA 9+��? �V(m�. ?�- ��� 8��j

�� ZSM-5 ��$ �� �)� �g�2� ���z, 5½? �K�

¿b ��L)� ��? ��[28], ��Õ ��s$ �Ð§�2� ��

F�«�2� w�? ´�� �A /$� 9+.(� ÎÏ 9+��!

#�5� fH?�. �ß, �½¾'� �� §! ��(WHSV=10 hr−1)

�� Í�� 8�5½ (�� w�$ ´M«�? �V�� YQ� ê

3� 9+��- ¸Ó�� YN�.

��»V��! _< Kt�� ��$ �! D�� TGAfH \ 9

+H > Õ »V·Ö! Fig. 12� D��Ø�. /$� �9+�� �A

D� ¼' �k� 500oC$ �ð��$ MTO 8� æ, k� Í��

�ð2� »V��! �5� fH, »V8�·H� t$ �O� ��2

� D�:�. N OP »V��! _< Kt�� ��Ì- 0.5 wt%?�,

 01 gh'� 38% i���. B]� � OP »V��! _<��

1.5 wt%$ ��� Kt��,  01 gh'� 21%� i���. �8�

2� MTO 8��� ZSM-5 ���� ���� ��$ ��� alkane,

alkene, polyalkene B]� aromatiĉ $ P ��� �|�� �2z, ?

� polyalkene \ aromatic ��s- 600oC?�$ �¼��ß �)

���� �2� Z¯° ��[29]. ¿b� »V? 8ò4� ¿b Kt

�� Y� polyalkene \ aromatic ��s� �(` »V·Ö? ³�

�Ø2z, Å ����� N OP »V��? � OP ¹� 1.8Q$ ,

- »V·Ö! D��Ø�.

ì� S (14)� ��  34Ö$ ��7&�)Á ñAx 1, 2Û »V

��� ;� �;� �9+� ¾'�u, k'd *! Table 4� D��Ø�.

»V? 8ò4� ¿b 34Ö$ ³�� �(` �9+� ¾'�u(k'd)

*? LÛ i��� �! Z u �2z, �½¾'$ i�� ¿b ³�

(m�. ?�- ��»V? 8ò4� ¿b� Kt�� Y� ��$ �

�2� �(` »V·Ö? ³��� TGAfH� �*(� �?z �½

¾'� i�çuë »V·Ö- ÷ /$� ³�4! Z u ��.

4. � �

Ü¾ ?¼Ñ4Õ ZSM-5 ����� MTO 8�$ 9+H ����

� ¸� >��)Á �7H ü- f�! ñØ�.

(1) ��$ �9+�� ¸� ¾'S! �½¾'� ;� 8�5½$

��7&� ?�(` #'(m2z, ?�)Á �9+� ¾'�u� �

R� u �Ø�. B fH *- ®® 0.004 hr−1(275oC), 0.019hr−1(300oC),

0.070 hr−1(325oC), 0.232 hr−1(350oC)?Ø2z, ?� 8�¼'$ i�

� ¿b �9+� �u� �u�2� i�Î! Z u �Ø�. ì� Mg-La/

ZSM5 ��� o�(m! ��$ �9+� 8�$ 9+� �!� *-

35,479 cal/gmolÚK?�.

(2) Ü¾?¼Ñ4! _< ñ- M/ZSM-5(M=Mg, La) ��$ Ë�L

Ì$ ��� MTO8�9+H ST� ¸ � �U! £�(m�, ��

Ç�¥È$ �� gh' \ uÖ? Ë�LÌ$ i�� ¿b gy�2

� ³�(� �! 2 u �Ø�. Ü¾ ?¼Ñ4Õ ���$ 8�æ �

���Ì- H>La>Mg>Mg-La �?Ø2z, ?�- Ü¾(Mg, La) �?

¼! _(` Ë�L� Brönsted �L! @02�� ��$ ��Ì!

-��5[ u �7! D��� ��. ì� ® ��� ;� 9+fH

� ����Ì? ­� H/ZSM5���)Á ��? J� Mg-La/ZSM5

��è� t$ gy�2� i�(m�.

(3) »V8�! _< ��9+- £>� îò��6, 8�¼' 400oC

($ ./ 01(�Æ+Ç�¥È) gh' )|� �A� N OP »V�

Fig. 11. Effect of air purging on regeneration at various WHSV(regen-
eration using an air; reaction time: 2 hr, reaction temp.: 400oC,
flow rate: 30 ml/min).

Fig. 12. Comparison of deposited coke content measured by TGA and
selectivity to olefin by regeneration(the MTO reaction; reac-
tion time: 6 hr, reaction temp.: 500oC, WHSV: 100 hr−1, regen-
eration using an air; reaction time: 2 hr, reaction temp.: 400oC,
flow rate: 30 ml/min, TGA; heating rate: 10oC/min, in an air
atmosphere).

Table 4. Relative parameters as a function of WHSV at 400oC

WHSV(hr−1)
General reaction 1st regeneration 2nd regeneratio

k/I k'd k/I k'd k/I k'd

10 75.87 0.445 82.85 0.476 084.35 0.483
50 92.35 0.091 106.38 0.116 161.58 0.202

1000 140.310 0.047 179.43 0.086 0205.59 0.110
���� �38� �6� 2000� 12�



Mg-La/ZSM-5 ��
 ���� 773
� æ 19%$ i��, � OP »V�� æ 15%$ 9+i�� ¹m�.

»V 3æ$ �9+� ��- #o(m2z 8��j�� êß� 9+

.(� �26�� 8�? xó4� ¿b� /$� 9+.( «�H

÷øA 9+��? �ó(m�. ì� »V��H �9+�� ;� ¾'

�� �Ó! _(`, »V8�! _� ��9+- �½¾'$ i��

��$ �9+� �'� {uë i;��ß, »V$ V'� Wuë �

���ÌH »V·Ö- ³�Õ�� fH� ñØ�. 
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