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Abstract − One-step conversions of CO2 into olefins were investigated over conventional Fischer-Tropsch synthesis(FTS) cat-

alyst and the new hybrid catalysts. The hybrid catalyst was consisted of methanol synthesis catalyst(Cu/ZnO/Al2O3, Cu/ZnO/

ZrO3) and methanol to olefin(MTO) catalyst(Mg-La/ZSM-5). The activity of hybrid catalytic system, which was mixed with

Cu/ZnO/Al2O3(6:3:1 in weight ratio) and Mg-La-ZSM-5, was superior than others in terms of CO2 conversion and total hydro-

carbon yield, but olefin was not produced significantly. The reason was supposed to be caused by Cu-support interaction,

which gives rise to the loss of strong Brönsted acid site and consequently the medium strength acid site production. In contrary
to hybrid system, the modified F-T catalytic system showed similar enhanced CO2 conversion. However, it showed high selec-

tivity to olefin. When ZSM-5 was used as a support for Fe-K catalyst system, the selectivity of olefin was found to be

increased. The addition of potassium promoters give rise to increase amount of CO2 uptake on the surface, and the improve-

ment of stability in adsorbed Fe-C species. Consequently, by carefully selecting the support and additives on modified F-T cat-

alyst system, it was possible to obtain the high CO2 hydrogenation activity as well as high olefin selectivity.
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A S� �JT� U 50% 2�� V7

I- WX� YZ� >%[1-3].
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<)0 >Xf g3 !�� 	hA �` i(� jk`l !mn� �

†To whom correspondence should be addressed.
E-mail: sjchoung@khu.ac.kr
33



34 ���������	��
����
�
(I- do2 �p q^�20 2��� ��� r�)0 >%. .[

f �sA t#�X� u jv w]x ���%- �_� �70 >%.

.yAT z8I0 {|�ln�* \!w] }- ~\�� mlI0

2x ,�n�� I- �� !mn� 2V�X� �l� q�, ���

� 2(IJ "i!�^�� �$ � A�7�X� �(� w >%-

2�R
x �� w >%- _A* . ��l2 ��)0 >%[4].

:��7� #8 a
A �I  2�!\]��� 8/� g3x '

(IJ ~\�� mlI- k�
 ~\���� MTG(Methanol To

Gasoline)� MTO(Methanol To Olefin)k� 1� �IJ \!w]� 	

h<=- k�� �� ��� w�� �lIJ �� ��!� )�X

f, 2�!\]��� �� \!w]� 	hI- �� k�A S� #

8- �� D
� Q�2%[5-10]. 2�!\]x �� \!w]� 	h

I- k�� 6Z � 2�!\]� ¡¢��X� 3� o�I� £�

A 0� 0¤� k�A* 	h2 ¥%- W2%. .[f ¦§A-

Fischer-Tropsch ml(F-T) k�A* '()0 >- ¨ g3x ©ªIJ

2�!\]��� �� \!w]x ��I- �� k�X�� «�O

<T� �; ¬0 )0 >%[17-19].

­K* ® #8A*- 2�!\]��� ¬% q^�X� i/� �

� k��A*� �¯°� �� mlI- W� {|� IJ ~\� ml

g3� MTO k�( g3x n/�X� ±m� ±l g3�� ZSM-5 ²

F� �g3 1� ��IJ |  � Ml
 \] ³� Ml 1� ©ª�

¨ g3��A*� |  � �s Ml� �  ́jµ, 0¶IJ ¬·%.

2. � �

2-1. �� ��

~\� ml( g3- 8/x �®X� ¸l¹� g3� Cu/ZnO/

Al2O3(CZA)� Cu/ZnO/ZrO3(CZZ)x k³e� '(IJ ^�Iº%.

��� »; ��!n� 	8F� IJ 70oCA* ±m� ¼ NaOHx

³	^� '(IºXL pHx 7.0X� ½¾�%. ³	n� 1<�¿o µ

� <À ¼ J
� ÁÂ
�� ÃÄXL 350oCA* 12<�¿o ]l

Iº%.

MTOk�( g3- �Å[11]A ^<� 2�µh ÆVA �ÃIJ H-

ZSM-5(Si/Al ratio=40)A La
 Mg� Ç*S� k 2� µh<È ^�

Iº%.

±lg3- ~\� ml( g3� MTOk�( g3x É� Ê@jË

� n/�X� ±mIºXL 40-100 meshÌ�� ¹Í� '(Iº%.

Fischer-Tropsch �s� b� ¨ g3- ²7e� '(IJ Fe/ZSM-

5� Fe/K-ZSM-5x ^�Iº%. }� Fe/K-ZSM-5 g3- �I- c�

Fe(NO3)39H2O� w(ÎA YÏ/ »;� K2 2� µh¥ K-ZSM-5x

²7 <ÐXL 100oC, 16<�¿o� Ñ�� 480oC, 24<�¿o� ]

l 
�� �IJ ^�Iº%.

2-2. �� ���

CO2� H2� !� ÒÓ Ô�� Micromeritics'� ASAP 2,000 ��

A* wÕ)�%. ÒÓI� 	A g3- 460oCA* 16<�¿o w]�

	Ö/ )�XL !� ÒÓ&� ×©� ÒÓ1�ª(double isotherm

method)� V2 uA �IJ a�)�%[12].

g3� � Ml� 0¶I� bIJ NH3-TPD(Temperature Programmed

Desorption) QØ� wÕIº%. ]l¥ g3 300 mg� "BÙA Ú


I0 350oCA* ÛÜ �Ý(i&=30 ml/min)x 2<�¿o Þß ¼, à

áâ�x 50oCA* 1<�¿o ÒÓ<À%. . %ã 650oC�7 10oC/min

X� ä� <= * ¡	T å7�(TCD)x '(IJ TPD profiles� æ

�%.

Decarburization QØ� bIJ g3 300 g� 10 ml/min� i&X�

w]x '(IJ 450oC, 1 atm IA* 12<�¿o 	 Ö/Iº%. h

�¥ g3x H2/CO2(3/1) ±m�Ýx '(IJ 300oCA* 6<�¿o

�s<ÐXL, ��� �ln� ^ÃI� bIJ ÛÜ� Þç
 ¿<A

��X� èé@ ê� Iº%. . ¼ w]x Þ/ * 600oC�7 10oC/

minX� ä� <= * g3| A* ëÓ)6 fì- CH4x TCD�

¹"Iº%.

2-3. �� �� 	


#� k�� Fig. 1
 É2 í îï �s�A* ~\� ml�s(200-

300oC, 10-50 atm, 100 ml/gðcat/hr)� wÕI0 2£ �l¥ ~\�2

× îï �s�� MTO �s(400oC, 1 atm, 100 ml/gðcat/hr)� �I

J �¯°X� 	h)Tñ 8lIº%. }� CO2 w]! �s� ��

�¯°� ��ml� b`*- Fig. 1� í îï �s�- ò¡�� '

(I0 × îï �s�� 0�ó �s�A* wÕ)�%. 1 g� g3x

�s� o� Ú
I0 450oCA* 24<�¿o w]� h�Ö/ Iº%.

�s� %c� �Ñ(200-400oC, 10-30 atm, 30-500 ml/gðcat/hr) IA

* wÕ)�XL �ln� ¹"� �Ý Ì�ôõ.ö÷(HP 5860: flame

ionization detector, Gow-Mac 580: thermal conductivity detector)� ¹

"Iº%. CO, CO2, n� Porapak Q(TCD) øy �A* \!w]-

HP-1(FID) øy �A* ¹")�%.

3. �� 	 
�

3-1. �� 

�� �� 	
 ��

�� k��A*� ±l g3�� FTS ̈  g3�� jµA ù* ~

\� ml �s
 MTO �s� �� Q<IJ #�� #� k� a


A S` úû¬·%. Fig. 2- ~\� ml �s� �T� ¤üA ­ý

�l a
2%. �T� 5�þA ­K 2�!\]� 	hË� �; 5

�I0 >Xf {| �ln� ~\�� 250oCA* ¦0� wË� f

ÿ��%. 2- ~\� ml �s2 ¡¢��X� ��A* �wI@

fÿf- ¬0� � �EI0 >%. }� �s� ��n��* �~�

A�é(DME)� CO� �l�� Y w >�XL D&� \!w]T �

l)�%.

CO2+3H2�CH3OH+H2O (1)

Fig. 2(b)A*� É2 ¤ü2 5�þA ­K 2�!\] 	hË2 5

�Iº%. 2- �s ~	â
A* �� )67- W
 É2 �sn


�ln� j� 1:22�� ¤ü2 5�þA ­K 2�!\] 	hË2

5�I- WX� 
�)6
%.

Fig. 1. Scheme of catalyst tester.
1. Mass flow controller 6. Reactor 2
2. Mixing tank 1 7. Pressure transducer 2
3. Pressure transducer 1 8. Mixing tank 2
4. Back pressure regulator 1 9. Back pressure regulator 2
5. Reactor 1 10. Liquid trap
���� �41� �1� 2003� 2�



�� ��� Fischer-Tropsch �� �� �� 35
~\� ml �sA*- �s�w QØ� �` Cu/ZnO/Al2O3x �

® g3� IJ ¦��ÑX� 
�)- 250oC, 50 atm, 50 ml/gðcat/

hr� �ÑA* ~\�� mlIº%.

~\� ml�s
 MTO k�� á× Ã� ¼� �ln ¹�x Table 1

A fÿ��%. . a
 ÷�t�� ª�T� �p �@ fÿ�0 . %

ãX� A�� ÇX� fÿ�%. }� S�¹� \!w]� �� \!

w]� C5 2IA* 80% 2�2 )- W� � w >�%. 2W� MTO

k�A* '()67- ZSM-5� Ák 8�(r� Ák �q=5.5 Å)A �

�I- WX� 
�¥%. }� C2A* C4�7� \!w] � ��°�

ª�T� 82.2%ºXL CH4
 C5 2�� \!w]- ]& �l�X�

� 2�!\]��� �¯°� ��ml� b� ��k�� ��l�

��� w >�%.

MTO k�� q�, �ö� �A fÿ� �� É2 	��� #;�s

X�� �¯°� �lA* �¾- W2 �âK ¾�� �s� �IJ

 K°X� 	h¥%- �^_� �70 >%.

n/2[2CH3OH]! CH3OCH3+H2O" CnH2n" n[CH2] (2)

2[� MTOk�� �^`a� b`*- J[ �Å[15-17]A �I 

^�K2#� É� �� ª�l g3x '(IÃf k��w� �Æ


$z6 MN g3� �Tx %� ��_X� i7þX�� �¯°� ª

�Tx 5�<& w >%0 Iº%.

Q^� ® #8� MTOk�A* '(¥ g3(Mg-La/ZSM-5)- H-

ZSM-5A La
 Mg� k2� µh<=0 2W� NH3-TPD QØ� Q

<IJ � ¹�x úû¬·%. Fig. 3A- H-ZSM-5� Mg-La/ZSM-5�

� ¹�x jµ` ¬·%. �� 'Ì bE� 2¿� �(� w )�X

f 470oC �§� 0�B¢A* fÿf- ��_� c2 S* +6,-

W� Ù¶ � w >�%. 2� É� ��_� ]-� �l Ô� a
A

* ¬J7- A��
 ÷�t�� ª�T� 5�)- W
 ��� i

Ùl2 >- WX� 
�¥%. .[�� \!w]� ¹�x �ÆI-

�w- g3� �_A ��I- WX� 
�)L ¿<A × �s� #

� <Ý.A* ¢< \!w]� ¹�- MTO ( g3� ZSM-5� �

Ml
 Ák 8�A Ì@ �/�� Y w >�%(Fig. 4).

3-2. �� 

�� �� ��� �� 	
 ��

~\� mlk�A* 0� #8� wÕ)0 >- Cu/ZnO/Al2O3

(CZA), Cu/ZnO/ZrO3(CZZ) g3� MTOk�( g3� H-ZSM-5, Mg-

La-ZSM-5 g3x n/�X� ±mIJ %c� ±lg3� �s�l�

Table 2A fÿ��%. 2�!\] 	hË
 \!w] wË� �` �

Fig. 2. Influence of temperature (a) and pressure (b) on activity at first
bed ((a) reaction conditions: 50 atm, 50 ml/g · cat/hr, H2/CO2=3/1.
(b) reaction condition: 250oC, 50 ml/g · cat/hr, H2/CO2=3/1.).

Table 1. Product distribution at 2-step reaction

CO2 conv.
(%)

Yield(%) Selectivity(C%) Olefinc ratio in  
C2-C4CO HC C1 C2

= C2 C3
= C3 C4

= C4 C5
+

25a 17.4 7.8 12.2 16.8 3.9 32.7 5.3 2.6 2.1 13.4 82.2
23.2b 16.9 5.8 21.7 25.9 4.7 12.1 1.8 2.3 2.4 7.3 81.9

a1st-bed: Cu/ZnO/Al2O3, 250oC, 50 atm, 50 ml/g·cat/hr, H2/CO2=3/1. 
2nd-bed: Mg-La/ZSM-5, 400oC, 1 atm, 200 ml/g·cat/hr.

cSelectivity to olefins(C mol%).

b1st-bed: Cu/ZnO/Al2O3, 250oC, 50 atm, 50 ml/g·cat/hr, H2/CO2=3/1.
 2nd-bed: H-ZSM-5, 400oC, 1 atm, 200 ml/g·cat/hr.

Fig. 3. NH3-TPD results according to metal ion-exchange.
HWAHAK KONGHAK Vol. 41, No. 1, February, 2003
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�
�¥ ¦0� �l� fÿ�- ±l g3�- ~\� ml g3� Cu:

ZnO:Al2O3=6:3:1, 	h g3� Mg-La/ZSM-5 g3x 1:1� Ê@ j�

±m� g3�1� Y w >�XL, 2 q� C2 2�� \!w] wË

� 9.3%� fÿ�%. }� CH4� ª�T å]� $z6 C2 2�� \

!w] ª�T- 5�Iº%. . %ãX�- Cu:ZnO:ZrO3=6:3:1
 Mg-

La/ZSM-5� 8l¥ ±lg3� �w� �l� fÿ��%. 	h g3

� H-ZSM-5x '(Iº� q� �S�X� %� �l� ¬ºXf ±

l g3G� 	F�� �l c�� Ã� j2IJ 3 V2x ¬27 4

·%. I75 �l¥ \!w]- á×  K°�¡2�XL, ® #8�

{| �ln� �¯°� �l)7 4·%.

�p �w� �l� fÿ� Cu/ZnO/Al2O3(6:3:1 in weight ratio)�

Mg-La-ZSM5� 8l¥ ±lg3x '(IJ 6� k� �w� �T,

k�;T, ¤ü� �!A ­ý �lc�� Fig. 5A fÿ��%. �T�

5�þA ­K C4- +0 C1
 C3- 76f- qC� ¬º%. �s �

Tx �ÆþX�� M� \!w]� ª�Tx 5� <& w- >�X

f �¯°� �l� ��)7 4·%. }� k� ;Tx 0Z` ¬·�

q� k� ;T� 5�A ­K C3- å]I0 C4- 5�Iº%. ô78

X� ¤ü� 5� <Ð� q� C1� 5�Iº0 C3- å]I- :��

� w >�%. . a
 2� É� k��w� �Æ� �IJ �I- M

� \!w]� ª�Tx �Æ� w- >�Xf ¢< �s�Ñ� �!

A Ù�)2 �¯°� �l� ��� w )�%.

±l g3�A* �¯°� �l2 Dj� ��� 9�I� bIJ

NH3-TPDx �� g3 � Ml� 0¶Iº%. ±lg3� q� ~\�

ml g3� 8/ �¡� g3� MTO k�( g3� ZSM-5�¡ g

3� n/� ±mAT z8I0 Fig. 6A fÿ9 �� É2 H-ZSM-5

� Mg-La/ZSM-5 g3A* fÿ�: 0�B¢A*� ��_� ]-)

�XL %5 8/A ��¥ WX� '$)- ��Á� �_2 5S)

Fig. 4. Influence of metal ion-exchange on selectivity to ethylene and
propylene(reaction conditions: 400oC, 1 atm, 200 ml/g·cat/hr).

Table 2. CO2 hydrogenationa over various hybrid catalysts

Catalysts CO2 conv.(%)
Yield (%) Selectivity (C%)

HC CO MeOH DMEb C1 C2 C3 C4 C5
+

CZA631c+HZSM5 31.2 8.7 21.4 1.1 0 26.8 50.9 14.2 4.7 3.4
CZA631+Mg-La/HZSM5 35.7 10.3 24.1 1.3 0.1 17.3 41.2 26.7 7.1 7.7
CZZ631d+HZSM5 30.3 7.5 21.6 1.2 0 27.1 47.5 16.9 5.3 3.2
CZZ631+Mg-La/HZSM5 34.8 9.4 24.5 0.8 0.1 20.1 47.8 21.3 6.2 4.6

aCO2 hydrogenation at 300oC, 30 atm, 50 ml/g·cat/hr and H2/CO2=3/1
bDME=dimethylether

cCu/ZnO/Al2O3(60:30:10 wt%)
dCu/ZnO/ZrO2(60:30:10 wt%)

Fig. 5. Hydrocarbon distribution as a function of reaction conditions
(Cu/ZnO/Al 2O3+Mg-La/ZSM-5).
(a) reaction pressure; 30atm, space velocity; 50 ml/g-cat/hr and H2/CO2=3
(b) reaction pressure; 30 atm, reaction temperature; 300oC and H2/CO2=3
(c) reaction temperature; 300oC, space velocity; 50 ml/g-cat/hr and H2/

CO2=3
���� �41� �1� 2003� 2�



�� ��� Fischer-Tropsch �� �� �� 37
�%. ­K* ±lg3� q� �¯°2 �l)7 4- 2i- ~\�

ml g3� 8/l¹A �` �l¥ �� Á�� �_A ��I- W

X� '$¥%.

Cu/ZnO/Al2O3(60:30:10 wt%)� Mg-La-ZSM-5� 8l¥ ±lg3-

�s 50<�� 	¼IJ \!w] wË� �;� å]� $z6 2�

!\] 	hË }� å]Iº%(Fig. 7). 2[� ���  <I� bI

J �s 	 g3� 60<�
 120<�¿o �s� <À g3� �&�

NH3-TPD� Ô�Iº%(Fig. 8). . a
, �s<�2 q
þA ­K 8

/l¹
 ^�K2#� 0F-0F=(A �`* «�2 �l¥ ��Á

�� �_2 _V å]I- W� Y w >�%. ­K* ±lg3� �

s�l� «�2 �l¥ ��Á� �_
 j>� Ù�A >XL ±l

g3� j�l! :�� Table 3A fÿ� �� É2 8/ j| ��

å]� $z6 «�2 �l¥ ��Á� �_� å]A ��� WX�

'$¥%.

3-3. �� 

�� ��� Fe �� �� �� 	
 ��

Table 4- Fischer-Tropsch k�A '()- ¨ g3�x ��X� ²

F� �g3x ��� g3��A*� 2�!\] w]! �s Ô� a


2%. ̈ g3(10 atm)� q� ±l g3�(30 atm)¬% ��N %� ¤

ü� �Ñ IA* �¯°2 �l)�XL MN ZSM-5x ²F� '(

� q� CO2 	hË� å]If �¯°� wË� 5�þ� Ù¶� w

>�%. �Å[17-19]A �I , H2/CO� ml�Ýx '(I- Fischer-

Tropsch k�� q� YÏ/ »;� �g3� '(þX�� �¯°


C52�� \!w]� ª�Tx 5�<& w >- WX� YZ� >%

[17-19]. ® #8A*T YÏ/ »;� K� H-ZSM-5A 2�µh<À

Fe/K-ZSM-5(K/Fe atomic ratio=0.5) g3� q�, 300oC, 10 atm, 100 ml/gð

cat/hr� �s�Ñ IA* C2A* C4�7� \!w] � 54.9%� ��

�¯° ª�Tx �¬� w >�XL 2� $z6 CO2 	hË
 	F

\!w] wË 5�� �IJ �¯°� wË }� 5�<& w >�%.

H-ZSM-5A ²7 ¥ ¨� ²7 cA ­ý �l� Y�¬� bIJ 5-

Fig. 6. NH3-TPD results over hybrid catalysts.

Fig. 7. CO2 hydrogenation as a function of reaction time over catalysts com-
posed of CZA631 and Mg-La/ZSM5(reaction condition: 300oC,
30 atm, 50 ml/g·cat/hr, H2/CO2=3/1).

Fig. 8. NH3-TPD results over hybrid catalyst according to deactivation.

Table 3. Comparison of physical characteristics of CZA631+Ma-La/
ZSM5 as a function of reaction time

Catalyst: reaction time
BET sur. 

area(m2/g)
Copper sur. 
area(m2/g)

CZA631a+Mg-La/ZSM5: fresh 198 6
CZA631+Mg-La/ZSM5: after reaction for 60 hr 197 4
CZA631+Mg-La/ZSM5: after reaction for 120 hr 195 3
aCu/ZnO/Al2O3(60:30:10 wt%)

Table 4. CO2 hydrogenationa over iron catalysts

Catatysts
CO2 Conv. 

(%)

Yield(%) Selectivity(C mol %) Olefinb ratio 
in C2-C4

Olefin yield 
(C%)CO HC C1 C2

= C2 C3
= C3 C4

= C4 C5
+

Fe2O3 31 7.4 24.4 34.1 0.04 16.1 0.06 15.6 0 9.0 25.1 0.25 0.02
Fe/ZSM5c 20.6 2.8 6.2 30.9 0.27 17.7 0.35 16.8 0.18 11.6 22.2 1.74 0.05
Fe/K-ZSM5d 28.8 5.4 18.7 10.5 8.1 6.9 13.6 11.4 6.2 4.6 38.7 54.9 5.22

aCO2 hydrogenation at 300oC, 10 atm, 100 ml/g·cat/hr and H2/CO2=3/1
bSelectivity to olefins(C mol%)

c17 wt% Fe catalyst
d17 wt% Fe catalyst, K/Fe atomic ratio=0.5
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Fig. 9. Dependence of catalytic activity on Fe content of Fe/ZSM5 cata-
lysts(reaction conditions: 300oC, 10atm, 100ml/g ·cat/hr, H2/CO2=3/1).

Fig. 10. XRD patterns of Fe/ZSM-5 catalysts with different Fe loadings
(� : ZSM-5, � : Fe2O3).

Fig. 11. Product distribution as a function of reaction condition over iron
catalysts promoted with potassium(Fe/K-ZSM-5) ((a) 10 atm,
100 ml/g · cat/hr, H2/CO2=3/1. (b) 300oC, 10 atm, H2/CO2=3/1.
(c) 300oC, 100 ml/g · cat/hr, H2/CO2=3/1).
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