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NotEes

Méssbauer Spectral Observation on the Supported Iron Catalyst

Catalyst properties are significantly in-
fluenced by supports, as studied by many
workers from various viewpoints (1-4).
Some Mossbhauer spectroscopic studies have
been carried out on the subjeet (6-11).
Their investigations, however, have not
resulted in sufficient information being
given about the effects of catalyst vari-
ables, such as the supports and iron
concentration. In the present paper, the
results of further investigations on sup-
ported iron catalysts are presented with
special references to the effects of kinds of
supports and iron concentration, using
Maoéssbauer spectroscopy.

A series of catalyst samples containing
various amounts of iron contents were pre-

pared by impregnating the supports with
ferric nitrate solution in different concen-
tration. The supported iron samples were
dried at 110°C for 2 hr, and then caleined
in air at 500°C for 16 hr for alumina
samples and at 250°C for silica gel sam-
ples. About 100 mg of the prepared sample
(oxidized) was set on a thin aluminum
foil and it was then subjected to the
measurement of Mdssbauer spectroscopy
in air at room temperature. The obtained
results are shown in Table 1. The obtained
spectra were classified by three typical
patterns as shown in the third column of
Table 1. Type A is the spectrum of super-
paramagnetic fine «-Fe,0; particles with
a quadrupole split two lines. Type C is an

TABLE 1
REesurrs oF MossBaUFER EFFrCT

Type of Mossbauer parameter®
Iron content Mossbauer
Support (Wt %) spectrum §(mm/sec) e(mm/sec) H(kOe)

Silica gel 0.8 A +0.62 0.84 -
7.0 B +0.63 0.73 —

21.0 C — — 500

a-Alumina 0.9 A +0.58 0.71 —
22 B +0.63 0.72 —

16.0 C — — 510

n-Alumina 2.2 A +0.58 0.95 —
18.0 B —+0.64 0.82 —

23.0 B — — —

y-Alumina 2.2 A +0.59 0.99 —
20.0 B +0.60 0.87 —

Bulk Fe,O; 70.0 C - - 515

@ Key: 6 = isomer shift, referring to sodium nitroprusside; e = quadrupole splitting; and Hi,, = internal

field.
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antiferromagnetic spectrum with six lines
due to magnetic hyperfine splitting. Type
B is comprised of Type A and Type C.

The values for the isomer shift and
quadrupole splitting of the iron oxide on
the various supports in Table 1 are varied
from 0.58 to 0.63 mm/sec, and 0.71 to 0.99
mm/sec, respectively. The differences in
their isomer shift are not significant and
are of the same order as experimental
error. These values are essentially identical
with the typical values of trivalent iron
salt (12). Quadrupole splitting depended
on the particle size of «-Fe,0, (13). The
variation from 0.71 to 0.99 mm/sec may
be attributable to the variation of particle
size from 130 to 40 A. That is, supports
have no influence on the oxidation state of
iron but on the degree of dispersion of
iron oxide.

The transition from superparamagnetic
Type A to antiferromagnetic Type C, de-
pending on inereasing iron concentration,
ean be attributed to the Increase in the
particle size. According to the results of
Kundig et al. (8), the Mdossbauer spec-
trum of Type A is for a small particle
where size is less than 130 A, and Type C
for particles whose radius is larger than
130A (8). Therefore, it must be noted
that transition concentartion W, at which
the spectrum changes from Type A to
Type B, can be a good scale to determine
whether the particle size is about 130 A
or not. If particles with a diameter of
130 A could occupy the surface site with-
out mutual interactions (as if in Langmuir
adsorption), the weight of such particles
sufficient to cover the surface, W, might
be given by

W7max=§1r7‘3p'7r'872=§7"8'p, (1)
where 7 is the particle diameter, S is the
surface area of the supports, p is the den-
sity of the iron oxide, and the particle is
assumed to be in the form of a sphere. The
ratio 6 (= W./W.) may become a good
measure to characterize the surface prop-
erties of supports. The value of 8 is given
by Table 2.

The surface area after acid treatment
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TABLE 2
Drcree or IroN DisPERSION®
Sample S(m2/g) 6 S'(mg) ¢
Iron-silica gel 420 0.006; 380 0.007,
Iron—e~alumina, 5 0.09 — —
Iron—x-alumina 350 0.02 280 0.03;
Iron—-alumina 340 0.03 — —

e Key: 8, surface area of support; 8’, surface area
of support after acid treatment; and 6’ = £rS8'p.

S’ was measured, because the supports
were attacked differently by acid when
the sample was prepared. According to the
results of Table 2, both 6 and 6 for the
p-alumina sample are larger than those
for the silica gel sample. The difference
of 6 for two supports must be due to the
difference in the dispersion state.

In order to investigate the state of the
iron dispersion on the supports, the sur-
face area and the pore volume of the two
supports were measured with respect to
the iron concentration. The results are
shown in Fig. 1.

In a silica gel sample, both surface area
and pore volume are increased when the
iron concentration is increased. In the 9-
alumina sample, on the contrary, both
quantitics are decreased. These facts sug-
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gest that some of the pores in y-alumina
are filled up by supported iron, while, in
the silica gel, new pores are yielded by the
supported iron oxide. Thus it is considered
that the iron dispersion is not only af-
fected by the surface area of the support,
but also by the pore structure of the
support.

Summarizing, 6 is very small for the
silica gel sample, which is highly porous,
it has the highest value for «-alumina,
which is nonporous, and is a medium
value for the -, and y-alumina.

The interaction between the catalyst
metal oxide and the support appears to
an important effect on the catalytic prop-
erties of the supported catalysts. It is said
that, the reducibility is a useful means for
detecting the interaction (14). In the
Mossbauer experiments, the reducibility
was defined as the fraction of yielded
metallic iron when the superparamagnetic
sample (showing Type A spectrum) was
reduced in hydrogen at 450°C for 8 hr.
The reducibility of the ferromagnetic iron
oxide (showing Type C spectrum) on any
support was 100%. This result is quite
reasonable, because the antiferromagnetic
iron oxide is expected to have similar
properties to bulk iron oxide.

In the course of the study, another
parameter, degree of sintering by heat
treatment, was found to describe the in-
teraction between the catalyst and sup-
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Fre. 2. Correlation between the reducibility and
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port. The iron-alumina - samples were
heated at 780°C for 16 hr in air and then
Mossbauer measurement was carried out
at room temperature. The degree of sinter-
ing was defined as the decrease in the
superparamagnetic fraction {or increase in
the antiferromagnetic fraction) of the
sample by the heat treatment, because
superparamagnetic fine particles changed
into ferromagnetic large particle by sinter-
ing. The results are given in Fig. 2, along
with the results of reduction.

As shown in Fig. 2, there is a good cor-
relation between the reducibility and the
degree of sintering. Using these param-
eters, we can obtain the order of decreas-
ing extent of interaction, y-Al,0, > 8i0O,
> 9-Al:O; > «-Al,O,. Since the nature of
the interaction is not yet obvious, further
investigation will be required.

The Mossbauer effect was an effective
tool for studying the state of iron disper-
sion on a support. It was proved that the
degree of sintering was a good parameter,
similar to reducibility, to describe the in-
teraction between iron oxide and the sup-
port.
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Catalytic and Electrocatalytic Oxidation of Acetate

Electrocatalysis refers to electrode proc-
esses, the rates of which are dependent on
the nature of the electrode. It is a form of
heterogeneous catalysis where an overall
charge transfer across the electrode-solu-
tion interface takes place. A chemical re-
action in solution, which is catalyzed by a
conducting surface, is likely to involve
charge transfer with the catalyst, ie., it
will take place by anodic and ecathodic
electrochemical processes. In this case,
catalysis and electrocatalysis will be closely
related since the catalytic activity of a
material for such a reaction will be a com-
bination of its electrocatalytic activities
for the individual processes.

The concept of simultaneous anodic and
cathodic processes is well established in
the flelds of corrosion and displacement
reactions (I, 2). In the field of hetero-
geneous catalysis it has been applied to
a few systems (3-7). In this communica-
tion, it is shown that the platinum cata-
lyzed reaction between acetate and oxygen,

CH;CO0~ 4+ H* 4 20, — 2C0, 4 2H,0, (1)

takes place through the electrochemical
processes,

CH;COO0~ + 2H.0 — 2CO, + TH* + 8¢, (2)

and
0, + 4H* + 4e — 2H,0. )

The electro-oxidation of acetate to car-
bon dioxide, reaction (2), has been shown
(8) to proceed on platinum at potentials
lower than 0.7V against a reversible hy-
drogen electrode and its rate is determined
by the first electron transfer. The electro-
reduction of oxygen, reaction (3), is well
documented (9, 10).

Electrochemical mechanisms of this type
must be expected for other heterogeneously
catalyzed organic oxidations in solution as
well as the more obvious charge transfer
reactions such as the iron(III)-iodine re-
action discussed by Spiro (7).

The rate of an electrode process is
dependent on the potential aecross the
electrode-solution interface. When a cata-
lytic process takes place by individual
electrode processes, a steady state potential
is set up which must be such that the
rates of the anodic and cathodic processes
are equal and opposite since there is a
zero net current. If the processes occur at
the same rates in the presence and absence
of each other, then the catalytic activity
can be predicted exactly from the electro-
chemical properties of the individual proc-



