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Introduction

Spinels have significant properties such as high
thermal resistance, good mechanical resistance, high
melting point and high resistance against the chemical
attack [1]. These appropriate specifications due to use
these materials in reactions as catalyst [2].

Several methods such as sol-gel, modified sol-gel, co-
precipitation, combustion and hydrothermal have been
reported in the literature for spinel synthesizing [3].
By using each of these methods created specifications
in spinel change, to synthesis materials by mentioned
methods, it needs to spend a lot of time and money.
That's why the researchers are always seeking to use
different methods in synthesis materials to choose best
way in the term of benefits and simplicity.

Recently, the utilization of the mechanochemical
method, specifically ball milling with a maximum
speed of 350 rpm, has gained prominence for
synthesizing spinels. This method is preferred due
to its ability to produce homogeneous and uniform
materials, making it significantly simpler compared to
alternative synthesis methods [4].

In the present study, MgAl O, spinel and MgFe,O,
magnetic spinel were synthesized by using high
speed ball milling. The synthesized samples were
characterized by various techniques and applied in
microwave assisted alkylation of toluene with benzyl
chloride to evaluate their catalytic activity.
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Materials and Methods
Catalyst Preparation

For the synthesis of MgAl O, spinel Nanocatalysts,
stoichiometric amounts of MgO and ALO, were
poured in a stainless steel container which is particular
for high speed ball milling (900 rpm and 1 h). Then
The milled samples calcined at 900 °C for 3 hours
Synthesis of MgFe O, was done as above with the
mixture of MgO and o-Fe,O,.

Catalytic Activity Test

The spinels were used in microwave assisted toluene
alkylation reaction (alkylation of toluene with benzyl
chloride). In addition, 2 ml toluene and 0.2 ml benzyl
chloride were poured in a 10 ml balloon, and 0.025
g catalyst was added to this mixture and the balloon
was placed in a microwave to perform this reaction.
The reaction was done at 3 minutes with 300 watt.
Gas chromatography was used to obtain the reaction
conversion.

Results and Discussion
Nanocatalysts Characterization

Comparing the X-ray analysis results with the standard
peaks of MgALO, (JCPDS: 00-021-1152; 20=19.0,
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31.3, 36.8, 44.8, 55.7, 59.4, 652 and 77.3) and
MgFe204 (JCPDS: 01-073-2211; 26=30.2, 35.6, 43.2,
53.6, 57.2, 62.8 and 74.3) samples confirmed their
successful synthesis (Figure 1). These values indicate
that Mg-Fe spinel crystals are much larger than Mg-
Al spinel crystals; and therefore, probably, the surface
area of iron spinels are less than aluminium spinels.
The results of FESEM analysis proves the larger
particle size of magnetic spinel and also according
to this analysis, crystals formation of synthesized
samples is easily recognizable (Figure 2). According to
BET analysis, surface area of MgFe O, and MgALO,
samples were obtained 2 and 16 m,/g, respectively.
Small surface area of Mg-Fe spinel can be attributed to
particle size and also large crystals size. The average
pore diameter of MgAlL O, and MgFe,O, samples were
obtained 21.4 and 19.7 nm, respectively. It can be said
that both samples are in macro-pore category.
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Fig. 1 XRD patterns of synthesized samples: (a) MgFe,O,
and (b) MgALO,.
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Fig. 2 FESEM analysis of prepared samples: (a) MgFe,O,

and (b) MgALO,.

Catalytic Performance Study

The results of catalyst activity showed that despite
having suitable characteristics in MgAl O, spinel, it
has no activity for this reaction so that in 3 minutes and
300 watt microwave no conversion were observed.
But, unlike the Mg-Al spinel, MgFe O, sample showed
excellent performance (100% conversion) in the same
reaction conditions. In addition, fantastic results of
reusability are obtained by the magnetic spinel. The
reaction conversion remained at 100% after reusing
the catalyst for three times. Reactions selectivity shows
appropriate values for the production of p-toluene
benzyl (about 50%). Due to the above mentioned
subject, it can be said that MgFe204 spinel has good
catalytic ability in alkylation reaction of toluene with
benzyl chloride.

Conclusions

MgFe O, and MgAlL O, spinels were synthesized
with High-Speed Ball-Milling method which is fast,
easy and economical. The results of different analysis
showed that MgFe,O, spinel has much larger crystals
and also particle size than MgAlLO,. Also, samples
have been synthesized with non-porous structures.
Larger particles and crystal size and also non-porous
Structures have caused less surface area of both
syntheses samples, especially MgFe O,. By using
these two samples as catalyst in alkylation reaction, it
revealed that MgAl O, does not have catalytic ability
to carry out this reaction. And unlike this sample,
MgFe O, spinel is suitable catalyst for alkylation of
toluene with benzyl chloride. Reaction conversion
with this catalyst was 100% that after three reuse time
no change was observed in conversion and selectivity.
These results are because of too much Lewis acid sites
centers in this catalyst. Accordance to the mentioned
subjects and also having good magnetic sensitivity of
MgFe O, spinel for easy separation from the reaction
mixture, it can be hoped that this sample has high
economic ability and it can be used as a catalyst.
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