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Highlights 

 Magnesium aluminate spinel was formed after the supports were calcined at 700 oC and 

above. The specific surface changed little in the order of 30 m2/g with the mol ratio of 

MgO/Al2O3 varied. 

 CO conversion was 92%, and the selectivity of C2=-C4= was 31% at the optimum conditions 

(1.5 MPa, 340 oC, 1500 mL·g-1·h-1). 

 

1. Introduction 

Light olefins are mainly made from petrochemical industry. These short-chain hydrocarbons including 

ethylene and propylene are traditionally produced by steam cracking of naphtha or as byproducts of oil 

refining processes. Fischer−Tropsch synthesis obtains long-chain hydrocarbons from syngas (a mixture of H2 

and CO)[1-4]. A promising process to produce lower olefins from synthesis gas is so-called FTO process[5]. A 

variety of catalysts have been explored for FTO reaction[6]. 

Unsupported iron oxide catalysts have been investigated, and in some cases they have exhibited high 

selectivity towards lower olefins when the iron was modified by the addition of promoters. However, the 

bulk catalysts are mechanically unstable when the reaction is performed at high temperature, which would 

swiches product selectivity to higher hydrocarbons. Under these conditions, the undesirable boundouard 

reaction 2CO(g)→C(s) + CO2(g), leads to the deposition of carbon[7]. 

The poor mechanical stability of the bulk catalysts may lead to plugging of the catalyst bed in fixed-bed 

operation or to fouling of the separation equipment in a fluidized bed process[7]. To overcome the low 

activity and stability problems, the use of supported iron catalyzts have been explored.  

The FTO reaction is a structure sensitive reaction. The catalytic performance is strongly related to the 

particle size of the metal or active phase. The addition of support changed the morphology of the catalyst and 

affects the particles size and dispersion.  

Iron forms mixed oxides when supported on alumina or silica which are difficult to reduce, and the 

formation of the active iron carbide phase is hindered. The MgO supported catalyst shown a more dispersion 

of the particles and also has shown lower particles adhesion, consequently shown a better catalytic 

performance[8]. In the case of CNF supported catalysts, iron loading is directly related to particle size, thus 

higher iron contents result in larger iron-containing particles. The iron nanoparticles supported on CNF have 

narrow size distributions and they are homogeneously distributed on the support [9,10]. In order to optimize the 

support of FTO catalysts, MgO modified Al2O3 supports have been studied in this research.  

2. Methods 

Supports preparation 

MgO modified Al2O3 supports have been synthesized by co-precipitation method and co-complexation. 

Mixture MgO·Al2O3 supports are prepared from Mg(NO3)2·6H2O, Al2O3·9H2O and precipitation or 

complexation reagents, and then dried at 100 oC. NH3, citric acid (CA) and ethylenediaminetetraacetic acid 

(EDTA) have been used as precipitation or complexation reagents. The calcination of mixture have been 

done for 5h at 900 oC in air. 

Catalysts preparation  

With magnesium nitrate[Mg(NO3)2] and aluminium nitrate[Al(NO3)3] as precursors, we prepared a 

series of magnesium aluminate spinel supports and iron-based catalyst loading with K and Mn promoters, 
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which were characterized by XRD, BET and SEM to investigate the influence of preparation conditions on 

their structure. The FTO was performed at 1.2 MPa and 300 oC in a fixed bed reactor. The catalyst was 

reduced at 350 oC by mixed H2 and N2 (flow rate of H2/N2 is 1/3) for 12h. 

 Catalytic reaction 

Catalytic reaction were performed on a fixed-bed reactor. The catalyst was loaded in the reactor and 

reduced at 350 oC by mixture of H2 and N2 with total flow rate of 160 mL/min, which contains 20% H2. The 

tempreture and pressure were increased to 340 oC and 1.5 MPa, respectively. The products were analyzed by 

online gas chromatography. 

3. Results and discussion 

The morphology of the supports varied with the mol ratio of MgO /Al2O3，but the specific surface 

changed little in the order of 30 m2/g. FTO reaction was recognized as a structure sensitive reaction which 

means that the catalytic performance is strongly related to the particle size of the metal or active phase. 

Different agents (EDTA and CA) had no effect on characteristic peak pattern and position of 

magnesium aluminate spinel on XRD patterns. When the calcination temperature increased, the peaks of 

magnesium aluminate spinel didn’t change, but the peaks became sharper and denser. Although there were 

characteristic peaks of magnesium oxide when the content of magnesium increased, there are obvious 

characteristic peaks of magnesium aluminate spinel, indicating that magnesium aluminate spinel was formed.  

CO conversion increased with the temperature, but the selectivity of C2=-C4= decreased slightly. The 

increase of reaction space velocity caused CO conversion decreased rapidly and sharply but the selectivity of 

C2=-C4= changed very little. Both CO conversion and the selectivity of C2=-C4= changed slightly with the 

increase of reaction pressure.The content of synthesis gas in the feed gas had a great influence on CO 

conversion, while have a little effect on the the selectivity of C2=-C4=. Under the optimum conditions (1.5 

MPa, 340 oC, 1500 mL·g-1·h-1), CO conversion was 93%, and the selectivity of C2=-C4= was 31%. 

4. Conclusions 

Spinel phase was formed after the supports were calcined at 700 oC and above. The specific surface 

changed little in the order of 30 m2/g with the mol ratio of MgO/Al2O3 varied. 

Different ratio of MgO/Al2O3 give different shapes of the mixed oxide layer. Catalytic performance is 

strongly related to the active phase–support interaction in FTO reacton. 

Reaction condition has been optimized as 1.5 MPa, 340 oC, 1500 mL·g-1·h-1. CO conversion was 92%, 

and the selectivity of C2
=-C4

= was 31% at this condition.  

References  

[1] S. E. Colley, R. G. Copperthwaite, G. J. Hutchings, et al. Nature, 1989, 339, 129–130 

[2] G.L. Bezemer, T.J. Remans, A.P. van Bavel, et al. J. Am. Chem. Soc., 2010, 132 (25), 8540–8541 

[3] J. Yang, W. Ma, D. Chen, A. Holmen, B.H. Davis. Appl. Catal. A., 470 (2014) 250–260 

[4] L. A. Cano, A.A. Garcia Blanco, Effect of the Support and promoterd in Fischer-Tropsch synthesis using supported 

Fe catalysts, Catalysis Today 282(2017) 204-213. 

[5] H.M. T. Galvis, K.P. de Jong, Science, 335, (2012) 835-838 

[6] M. Arsalanfar, A.A. Mirzaei, H.R. Bozorgzadeh, et al. J. Ind. Eng. Chem., 20 (2014) 1313-1323 

[7] Ard C. J. Koeken, Krijin P. de Jong, Suppression of Carbon Deposition in the Iron-Catalyzed Production of Lower 

Olefins from Synthesis Gas, Angew Chem Int, Ed.,2012, 51, 7190-7193. 

[8] A.A. Mirzaei, A. Pourdolat, M. Arsalanfar, et al. J. Ind. Eng. Chem., 19 (2013) 1144–1152 

[9] J. Yang, Y.Y. Qi, J. Zhu, Y.A. Zhu, D. Chen, A. Holmen, J. Catal., 308 (2013) 37–49 

[10] X. Z. Duan, D. Wang, X. G. Zhou, Journal of Energy Chemstry 25 (2016) 311-317 

 

Keywords 

FTO; Spinel; Syngas; Light Olefins;  

javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);

