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Abstract

Moéssbauer spectroscopy has been utilized for studying the action of Mg element

in iron oxide catalysts used for the dehydrogenation of ethylbenzene to styrene. The experi-
mental results show that the presence of opportune amount of Mg can enhance the stability
and dispersion of catalysts, i.e. Mg is an usefnl structure promoter in this kind of catalysts.
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1 Introduction

The catalytic dehydrogenation of ethyl-
benzene is of important in manufacture of
styrene, which is applied to various process such
as the production of synthetic rubber and resins
by polymerization. It has recently been discov-
cred that a potassium-promoted iron oxide cat-
alysts containing minor but effective amounts of
magnesium oxide exhibits a high selectivity and
catalytic activity. However, the study of the
action of magnesium in iron oxide catalysts for
cthylbenzene dehydrogenation has rarely been
reported.

In this work two series of the samples
Mg-[Fe-K] and Mg-[Fe-K-Ce] have been mea-
sured systematically by using Mdssbauer spec-
troscopy. The results show that the presence
of opportune amount of Mg can increase the
stabilization and dispersion, in result, delay the
losing of activity. Therefore, Mg is consigered
as a kind of useful structure promoter in such
catalysts.

2 Experimental

The experiments were performed using the
samples of industrial catalysts in GS series.
There are two scries of A (Mg-[Fe-K]) and B
(Mg-[Fe-K-Ce]). Each series has four samples
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containing different contents of magnesium for
each sample.

The °"Fe Massbauer spectra were recorded
in transmission geometry model at room tem-
perature with a source of 74MBq (20mCi)
57Co(Pd). All Méssbauer parameters were ob-
tained from computer-fitting and the isomer
shift data were calculated relative to metallic
iron.

3 Results and discussion

Fig.1 shows the M&ssbauer spectra of series
A (Mg-[Fe-K]) samples at room temperature.
The experimental data were fitted with several
sextets and one doublet (sec Table 1). The dou-
blet is designated to the paramagnetic compo-
nent produced by y-Fe; 03 small particles!!], the
area of which decreases with the increase in Mg
content. The scxtet with the largest magnetic
hyperfine field H=51.6 T and small line width is
characteristic of a-Fe; Q3. Another two sextets
are considered the contribution from the potas-
sium ferrite with spinel structure KFe;; 017, onc
of which with magnetic splitting 47.5~48.6 T is
attributed to Fe3* on the tetrahedral sites and
other with 43.4~43.8 is to Fe3t on the octa-
hedral sites.) The linewidth of scxtet on the
octahedral sites gradually broadens with the in-
crease in Mg content.
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Fig.1 Mossbauer spectra of series A sample at room temperature
Table 1 Moéssbauer parameters of seriecs A sample at room temperature
Number of Mass v-Fea O3 a-Fe; O3 KFe;1 017 _
sample fraction Site A Site B
ofMg & A 8 H T/2 s H r/2 S H r/2 S
A, 1% 0.35 051 0.26 5190 0.07 0.03 48.58 0.31 0.42 43.45 0.28 0.29
Ao 2% 0.31 0.51 019 5169 0.10 0.09 48.45 0.31 0.42 43.56 0.32 0.30
As 4% 0.31 0.53 0.11 5164 0.12 0.06 48.43 0.30 0.47 43.71 0.33 0.36
Ay 8% 0.31 0.46 0.11 - — — 47.93 0.31 040 4341 0.37 0.49

In Tables 1,2: §—isomer shift (mm/s); A—quadrupole splitting (mm/s); H—magnetic hyperfine field (T);
I'—lincwidth (imnm/s); S—area of subspectrum (%)


http://www.cqvip.com

No.4 Yang Jie-Xin et al.: Méssbauer study of function of magnesium in iron oxide catalysts 227

Fig.2 shows the Mdssbauer spectra of series
B (Mg-[Fe-K-Ce}). All spectra are composed of
two or three sets of sextet and one doublet as
mentioned above (see Table 2). The situation
of one doublet and two spinel sextets is similar
to the samples in series A. The lowest magnetic

splitting appeared only in sample By (16%Mg)
is attributed to opportune additional Ce in com-
parison with series A. In addition, in all samples
of series B, the sextet corresponding to a-Fe, O
does not appear noticeably.

100

98 r

96 +
100

98

96
100

Relative intensity/%

98

96

100

98

B (4%Mg)

By (16%Mg)

Velocity /mm-s—!

Fig.2 Méssbauer spectra of series B sample at room temperature

Table 2 Mdssbauer parameters of serics B sample at room temperature

Number of  Mass v-Fez O3 KFey1 017
sample fraction Site A Site B (1) Site B (2)
of Mg é A S H r/z S H r/2 S H r/2 S
B, 0.5% 0.28 0.58 0.34 49.15 0.25 0.37 44.02 0.36 0.29 — - —
B 2% 0.33 0.583 0.38 48.52 0.26 0.32 43.55 0.32 0.30 - — —
B3 4% 0.35 0.51 0.31 47.73 0.30 0.26 43.27 0.42 0.43 — — —
By 16% 0.30 0.50 0.10 44.93 0.32 044 41.90 0.26 0.22 37.86 0.47 0.24



http://www.cqvip.com

228

NUCLEAR SCIENCE AND TECHNIQUES

Vol.8

Previous works[®4] show that the K ferrite
is the precursor of the catalytic active phase,
which can turn into KFeQO; under certain tem-
peraturc. However, KFeQO; is unstable and can
be decomposed into y-Fe; O3 small particles and
K,O, especially if exposed to the atmosphere.
According to our knowledge, the y-Fe2O3 small
particle appearing in this kind of catalyst is re-
lated to the decrease in K content in the cat-
alyst and to the losing of the activity of the
catalyst. Now, the area of y-Fe>Q3 doublet de-
creases with increasing Mg amount in both sam-
ples of series A and B. This fact indicates that
the losing of the catalytic activity is delayed by
the adding Mg to the catalyst, i.e., the presence
of Mg enhances the stability of the active phase
in Fe-K-Mg catalysts.

In all samples of series B, the spectrum of
a-Fez 03 is not found due to adding new element
Ce relative to series A, while in series A the a-
Fe, 03 spectrum appears in 3 samples (1%, 2%,
4% Mg). This result shows that the adding of
Ce in catalyst is in favour of the formation of
Fe-K spinel structure.

On the other hand, both in samples of se-
rics A and B, the magnetic splitting of K fer-
rite decreases but the linewidth of octahedral

site increases with increase in Mg content {sec
Tables 1,2). The reason is that the nonmag-
netic Mgt ions enter the crystal structure of
K ferrite compound, and occupy partly the near
neighbor and next near neighbor of Fe3* irons,
leading to the decrease in the exchange inter-
action between Fe®t jons. It means that Mgt
entering into the erystal structure plays the role
of dispersion.

In conclusion, the adding of magnesium ox-
ide to Fe-K and Fe-K-Ce systems delays the los-
ing of the catalytic activity by increasing the
stabilization and dispersion, thercfore Mg is a
kind of useful structure promoter in catalyst.
The presence of Ce is favorable to produce the
spinel structure relative to the active phase in
catalysts for dehydrogenation of ethylbenzene.
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