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Introduction:
     The environmental impact of high concentration of CO2 in the atmosphere due to the fast industrialization has been of acute concern to the global community (1).  One of the ways to mitigate these problems is to convert CO2, at the generation point, into valuable industrial feedstock such as lower olefins and commercial important high molecular weight hydrocarbons. Iron based catalysts have shown great promise in hydrogenation of CO and  CO2.  Several authors (2-4) reported that promoters play important role in improving selectivity. Potassium was used commonly as effective promoter, as it facilitates elementary steps RWGS and F-T synthesis (2-4).  For improving the selectivity of higher hydrocarbons, rare earth oxides and thoria are also used as promoter in Ni, Co, Fe and Ru based F-T synthesis catalysts (5,6).  Most of the rare earth promoted catalysts showed an increase in selectivity to higher hydrocarbons at the expense of methane formation (5,6).  It is also reported that, the dispersion and redox properties of rare earth oxides are responsible for high activity and selectivity (5,6).  Previously we reported (6) that iron supported on  alkali metal ion exchanged Y zeolites showed (especially potassium exchanged Y zeolite) higher activity and selectivity in CO2 hydrogenation. 
     This study presents catalytic results of CO2 hydrogenation over rare earth oxide promoted iron catalysts supported on KY zeolites. 
Experimental:
     To prepared rare earth oxide (La,Ce,Pr,Nd, Eu (RE)) promoted catalysts, KY zeolite support was impregnated with corresponding aqueous solutions of iron nitrate + rare earth nitrate ( 17wt% Fe, atomic ratio of Fe: rare earth oxides ( La, Ce,Pr,Nd, Eu) was 9:1) through incipient wetness method.  Thus obtained catalysts were dried at 383K for 16 hours and calcined in air at 773K for 24h. Hydrogenation of CO2 was carried out in fixed bed flow reactor made of stainless steel.  Chemisorption of carbondioxide and hydrogen on these prepared samples were performed using a conventional high-vacuum volumetric chemisorption apparatus (Micromeritics, ASAP 2400) by the double-isotherm method at 298 K.  Prior to the adsorption measurements, the samples were reduced in a flow of hydrogen at 723 K for 16 h and the catalyst cell was evacuated and cooled to room temperature under dynamic vacuum (<10-5 Torr).  Prior to the initiation of the reaction, the catalyst was reduced in-situ in hydrogen at 723K for 24 h.  The reaction was carried out at 573K under 10 atmosphere, using reactant gas mixture in the ratio H2:CO2=3:1 at a flow rate of 1900ml/g/h.  Products were analyzed by on-line GC using both FID and TCD with the help of GS-Q capillary and Porapac Q columns respectively.  
Results and Discussions:

     For the purpose of comparison, the BET surface areas of the catalysts with different “promotor” rare-earth oxides, along with the CO2 and H2 chemisorption values obtained with these catalysts are provided in Table 1.  As evidenced, highest and lowest surface areas are observed for Fe-Eu/KY (97.2 m2/g) and Fe-La/KY (50.7 m2/g) catalysts, respectively.  On the other hand, the CO2 uptake is highest for Fe-Ce/KY catalysts and varies in the following order: Ce>Eu>La>Nd>Pr.  The H2 uptake values is also found to depend on the rare-earth oxide, in the following order: Ce<La<Eu<Nd<Pr.
Table 1. BET surface area, H2 and CO2 chemisorption valves of rare earth oxides promoted iron catalysts supported on KY.

	Catalyst
	BET
Surface area(m2/g)
	CO2 uptake
( (moles/g)
	H2 uptake
((moles/g)

	Fe-La/KY

Fe-Ce/KY

Fe- Eu /KY

Fe- Pr /KY 
Fe-Nd/KY
	       50.7

54.9

97.2

89.5

69.5
	161.9

173.1
162.3

77.4
79.7
	0.222

0.211

0.580

0.769

0.771


The results of the CO2 hydrogenation to hydrocarbons are summarized in table 2. 
Table 2. CO2 hydrogenationa over rare earth oxides promoted iron catalysts supported on KY

	Catalyst 
	Fe-La/KY
	Fe-Ce/KY
	Fe-Eu/KY
	Fe-Pr/KY
	Fe-Nd/KY

	CO2 conv.(%)
	14.64
	20.08
	23.73
	21.90
	21.49


Selectivity(C mol%)
	CO
	56.86
	34.61
	20.09
	25.81
	26.92

	-HC-
	42.14
	65.39
	79.84
	73.4
	71.92


Hydrocarbon distribution (C mol%)
	C1
	7.00
	8.86
	20.81
	36.80
	33.89

	C2=
	4.36
	8.73
	2.20
	2.04
	2.37

	C2
	1.99
	2.21
	8.45
	13.26
	11.92

	C3=
	7.19
	15.79
	9.93
	9.37
	9.70

	C3
	2.37
	
	6.26
	8.03
	7.32

	C4=
	7.66
	12.19
	9.70
	6.33
	7.52

	C4
	2.82
	2.62
	6.11
	6.60
	5.51

	C5 >
	66.51
	46.59
	36.55
	17.55
	21.73


Selctivity of olefin (C2 – C4) (C mol%)
	Ol./(Ol.+Para.)
	72.82
	88.37
	51.20
	38.87
	44.18


aCO2 hydrogenation at 1900 ml/g/h, 573 K, and 10 atm
     It is clear from table 2 that CO2 conversion; selectivity of CO; total hydrocarbons and hydrocarbon distribution vary based on rare earth oxide present in the catalysts.  The conversion of CO2 changes in the order:  La<Ce<Eu>Nd~Pr.  The selectivity of total hydrocarbons is also follows the same order.  In hydrocarbon distribution: a major part of the olefinic content is constituted by C3 olefins.  The selectivity of methane is lower for La and increases from La to Pr, whereas selectivity of higher hydrocarbons (C5+) are decreased from La to Pr.  However the selectivity of olefins are highest for Fe-Ce/KY catalysts.  The rare earth oxide promoted iron catalysts supported on KY showed improved activity compared to Fe/KY catalysts (7).  Some sort of synergy appears to be responsible for this enhanced activity.  Most of the rare earth oxide promoted catalysts also reported to enhance the catalytic activity and selectivity.  Thus promotion effect of RE are due to redox properties and basic nature of RE (5-7).
Conclusions:

     The conversion of CO2, the selectivity of higher hydrocarbons vary based on rare earth oxide present and follow this order La<Ce<Eu>Nd~Pr.  The selectivity of lower olefins (C2-C4) are highest for Ce promoted catalyst.  Promotion effect of Ce is favouring the formation of lower olefins, where as La is favouring the formation of higher hydrocarbons.  The activity results are well correlated with CO2 chemisorption values. 

References:
1. B. Delmon, Appl. Catal. B 1, 139 (1992).

2. M. D. Lee, J. F. Lee and C.S. Chang, Bull. Chem. Soc. Jpn., 62, 2756 (1989). 
3. P. H. Choi, K. W. Jun, S. J. Lee, M. J. Choi and K. Y. Lee, Catal. Lett., 40, 115 (1996).

4. S. S. Nam, G. Kishan, M. W. Lee, M. J. Choi, K. W. Lee, ICCDU-5 (1999).

5. G. Kishan, M. W. Lee, S. S. Nam, M. J. Choi, K. W. Lee, Catal. Lett., 56, 215 (1998).

6. S. S. Nam, H. Kim, G. Kishan, M. J. Choi, K. W. Lee, Appled Catalysis A; Genernal 179, 155 (1999).

7. S. S. Nam, G. Kishan, M. W. Lee, M. J. Choi, K. W. Lee, J. Chem. Research (S), 344 (1999).










