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Abstract 

Ferrisilicate with MFI-type zeolite structure (Fe-MFI) with different crystal size (1.2 m and 100 nm) 
was hydrothermally synthesized and applied for iso-butylene production from acetone. During the 
acetone to olefin reaction, consecutive reaction from light olefins to aromatics and coke formation was 
suppressed by decreasing crystal size of Fe-MFI due to decrease in light olefins residence time within 
the catalyst, which improved catalyst lifetime of Fe-MFI. Fe-MFI showed higher iso-butylene 
composition in the light olefin and lower aromatics selectivity compared to Al-MFI. Because acidity of 
Fe-MFI is weaker than that of Al-MFI, the acetone to olefin reaction was interrupted at iso-butylene by 
decreasing the acidity of MFI-type zeolite. 
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Iso-butylene, feedstock for the methacrylate, butyl 
rubber and ethyl tertiary-butyl ether, is one of the most 
important light olefins. Recently, due to an increase in the 
demands for isobutylene as well as depletion of energy 
sources, production of isobutylene from other resources 
has been desired and acetone to olefin (ATO) reaction 
over zeolite catalyst has been investigated (Tago et al., 
2012). In the catalytic reaction using zeolite, reaction rate 
on the acid site and diffusivity of reactant and products 
within the zeolite strongly affect overall reaction rate and 
selectivity of products.  In the ATO reaction, iso-butylene 
is produced from acetone via decomposition of acetone 
dimer and trimer, followed by the formation of ethylene, 
propylene and aromatics. Because iso-butylene is an 
intermediate in ATO reaction, control of zeolite acidity 
and decreasing residence time of iso-butylene within 

zeolite pore by decreasing crystal size are required to 
suppress excessive reaction from iso-butylene to aromatics 
and coke formation. 
     In this study, ferrisilicate with MFI-type structure (Fe-
MFI), which possesses weaker acidity compared to the Al-
MFI (Cejka et al., 1994), was prepared and applied for the 
ATO reaction, and effects of acidity of MFI-type zeolite 
and crystals size of Fe-MFI on acetone conversion and 
iso-butylene selectivity were investigated. 

Experimental  

Nano- and macro-sized Fe-MFI zeolite (Si/Fe=100) 
was hydrothermally synthesized using emulsion method 
(Tago et al., 2012) and a conventional method at 423K for 
72h. Here, tetraethylorthosilicate, aluminum isopropoxide, 



  
 

(a) Macro-Fe-MFI (b) Nano-Fe-MFI1 m 200 nm
 

Fig. 1 FE-SEM photographs of Macro- and Nano-Fe-MFI 
zeolites 

 
iron (III) nitrate enneahydrate and tetrapropyl ammonium 
hydroxide were used as Si source, Al source (for Al-MFI), 
Fe source (for Fe-MFI) and organic structure directing 
agent, respectively.  

The ATO reaction was carried out using a fixed bed 
reactor under nitrogen stream at 723 K. W/F ratio, 
indicating the ratio of catalyst weight (kg) to the acetone 
feed rate (kg/h), was in the ranged from 0.1 to 0.5 kg-
cat./(kg-acetone/h). The composition of the effluent gas 
was determined using on-line gas chromatography (GC-
2014, Shimadzu Co., Ltd.). The amount of coke deposited 
on the catalyst was determined by thermogravimetry 
(TGA-50, Shimadzu Co., Ltd.). 

Result and Discussions 

Figure 1 shows the FE-SEM photographs of macro- 
and nano-sized Fe-MFI zeolite, and Fe-MFI zeolite with 
crystal size of approximately 1.2 m and 100 nm were 
obtained. The nano-sized Fe-MFI zeolite was confirmed to 
possess almost the same acidity, amount of acid site and 
micro-pore volume with macro-sized Fe-MFI zeolite.   

Figure 2 shows the change in acetone conversion with 
time on stream over macro- and nano-sized Fe-MFI zeolite. 
Although initial conversion of acetone over these catalyst 
were almost the same, acetone conversion over macro-
sized Fe-MFI zeolite were decreased to 30 C-mol% after 
10.5 h, which was lower than that over nano-sized Fe-MFI 
zeolite. In addition, amount of coke formed after the 
reaction over macro-sized Fe-MFI zeolite (4.9 wt%) was 
higher than that over nano-sized Fe-MFI zeolite (0.9 wt%). 
This indicated that residence time of light olefins within 
Fe-MFI zeolite was decreased by decreasing crystal size, 
which suppressed the aromatics and coke formation.   

Figure 3 shows change in acetone conversion, light 
olefin selectivity and aromatics selectivity with time on 
stream over nano-sized Fe-MFI and Al-MFI zeolites. 
Although Fe-MFI zeolite showed lower acetone 
conversion compared with Al-MFI zeolite, light olefin 
selectivity was higher, and aromatics selectivity was very 
lower than Al-MFI zeolite. In addition, iso-butylene 
composition in the light olefin at 30 min over Fe-MFI 
zeolite and Al-MFI zeolite were approximately 90 % and 
30 %, respectively. This result is ascribed to the weaker 
acidity of Fe-MFI zeolite compared to the Al-MFI, 
because of which the acetone to olefin reaction was 
interrupted at iso-butylene production, leading to low  
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Fig.2 Change in the acetone conversion with time on 
stream over macro- and nano-sized Fe-MFI zeolites. 

(W/F ratio: 0.5 h-1, Temperature: 723 K) 
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Fig.3 Change in the acetone conversion with time on 

stream over Nano-sized Fe-MFI and Al-MFI. 
(W/F ratio: 0.5 h-1, Temperature: 723 K) 

 
other light olefin and aromatics selectivity. In addition, the 
durability of the nano-Fe-MFI was confirmed by repeated 
reaction/regeneration ATO reaction trials. 

Conclusion 

Nano-sized Fe-MFI zeolite was prepared and applied 
for acetone to olefin reaction. Decreasing the crystal size 
and weakening the acid strength of MFI zeolite by the 
isomorphous substitution of Al by Fe are effective means 
of improving iso-butylene yield and catalytic stability. 
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