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Effect of Fe, O3 crystallite size on its
mechanochemical reaction with
L3203 to form LaFe03
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Fe,O3; powders with different crystallite sizes prepared by heating FeEOOH at various
temperatures were ground with La;O3 powder using a planetary ball mill to investigate the
effect of crystallite size on mechanochemical synthesis of LaFeOs. Fe, O3 powder with
smaller crystallite size obtained by heating at lower temperature reacts more easily with
La, 03 than that with larger size. The mechanochemical reaction proceeds with an increase
in grinding time. Specific surface area of the LaFeO3; powder synthesized has a large value
of over 11 m?/g. The mechanochemical process can be also applied to synthesize other iron
complex oxides with rare earth elements such as Pr, Nd and Sm.
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1. Introduction The main purpose of this paper is to provide the basic
Perovskite-type complex oxides, RMg@R=rare information about the effect of both §@; crystallite
earth elements, Me transition metals such as Mn, Fe, size and grinding time on the mechanochemical reac-
Co, Cr), have been studied for utilization as functionaltion for synthesizing LaFe$ In addition, this paper
materials such as catalysts [1, 2], magnetic materialdicates the possibility of synthesizing other rare earth
[3, 4], sensing materials [5-8], electrode materials forand iron complex oxides, RFgQRE= Nd, Pr, Sm).
solid-oxide fuel cell [9, 10]. In the case of Fe as a tran-

sition metal, investigations have been intensively con2. Experimental

ducted on oxidation catalysis and gas sensing abilityRare earth oxide samples used in the experiment were
for NOx [11,12] and CO [13,14]. It is well known LayOs, Nd,Osz, PrsO11, SmpOs, with purity of 99.9%,
that the properties of these materials depend on thesupplied from Shin-Etsu Chemical Co., Ltd. Japan.
synthesis processes and preparation of ultrafine homd-e,03 powder was prepared by heating iron hydrox-
geneous powders is of primary importance. Besides thele oxide (FeOOH, Kanto Chemicals Ltd., Japan), at
conventional method based on solid-state reaction bes.67C/min up to different temperatures from 2@
tween ROs and FeOs at high temperature, much effort to 1000C. The heated samples were cooled down nat-
has been paid on the development of innovative chemudrally. The FeOs; sample was mixed with the k@3

ical solution methods, namely thermal decompositionpowder at equivalent molar ratio to be starting mixtures
of wet-chemically precipitated precursors to synthesizédor grinding.

RFeQ [15—20]. These methods can provide productsof A planetary ball mill (Fritsch Pulverisette-7,
fine and homogeneous particles, but their processes @ermany) was used to grind the starting mixtures.
formation are generally complicated and the reagent8 grams of the mixture were put in a zirconia pot of
used are expensive. Although the solid-state reactiod5 cn? inner volume with 7 zirconia balls of 15 mm
method has some drawbacks such as large particle sizikameter. The grinding was operated in air at approxi-
and limited degree of chemical homogeneity, itis a sim-mately 650 rpm for different periods of time.

ple operation and use inexpensive oxides as starting The ground products were characterized by X-ray
materials. Another route for preparation of these finediffraction (XRD) (RAD-B system, Rigaku, Japan)
particles may be a mechanochemical method. The aussing Cu-K, radiation to identify phases formed
thors have attempted to synthesize Lagb@grinding  after grinding. Morphology of the ground sample
the mixture of LaO3 and FgOs powders by a high- was observed by a scanning electron microscope
energy ball mill at room temperature. It has been found SEM, S4100, Hitachi, Japan). Specific surface area
that the crystal state of the starting,Pg sample is of (SSA) of the samples was measured by a nitrogen
much importance in completion of the mechanochemsgas adsorption instrument (ASAP2010, Micromeritics,
ical solid reaction. Shimadzu, Japan) based on the BET method.
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3.

Results and discussion

3.1. Formation of LaFeO;

Allthe heated samples from FeOOH powders were con
firmed to be the hematite phase otPg by XRD anal-

ysis. The crystallite size of the prepared sample wa:
calculated based on the half-width of (104) peak using
the Scherrer equation. Fig. 1 shows the change in crys
tallite size of FeO3 with the heating temperature. Itis =
clear that the crystallite size increases rapidly with ar &
increase in heating temperature. Fig. 2 shows XRD pai

terns of 120 min ground mixtures of 1@; and FeO3

with different crystallite size. When the §@3; sample
with crystallite size less than 20 nm is used, a single
phase of LaFe@(JCPDS No.: 37-1493) is obtained.
This result indicates that the following solid reaction
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Figure 1 Change in crystallite size of E®3 sample with the heating

s taken place mechanochemically.
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Figure 2 XRD patterns of the 120 min ground mixture of i@ and
Fe,O3 with different grain sizes.
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Figure 3 XRD patterns of the LgO3 and FeOz (16.5 nm) mixture
ground for different times.

Lay,03 + Fe,03 = 2LaFeQ @)
When the FgO3 sample with crystallite size around
40 nm is used, a weak peak from (121) reflection of
LaFeQ has appeared in a nearly amorphous pattern.
This suggests that the reactivity of the,Pg sample
becomes low and the reaction given by Equation (1) to
form LaFeQ has partly taken place. When the sam-
ple with larger crystallite size over 55 nm is used, no
formation of LaFeQ@ is obtained.

Fig. 3 shows the XRD patterns of the 4@ and
Fe,O3 mixture ground for different times, where the
Fe,O3 sample with crystallite size of 16.5 nm was used.
Only peaks of the starting oxide were observed in the
pattern of the mixture ground for 10 min, and the peak
intensity decreases with an increase in grinding time. A
new peak appears in the patterns of the mixture ground
for 60 min or more due to the formation of LaFg@nd
its intensity increases as the grinding progresses. Pro-
longed grinding over 120 min enables us to synthesize
LaFeQ of single phase.

Fig. 4 shows an SEM picture of the sample ground
for 240 min. In the photo A, the product seems to be ag-
glomerated having sizes of several microns. It is found
from the photo B that these agglomerates consist of fine
primary grains with about 100 nm order in size.

Fig. 5 shows specific surface area (SSA) of the
ground samples, shown in Fig. 3 as a function of grind-
ing time. In the early stage of grinding operation, the
SSA decreases rapidly and reaches about 3/g at
30 min grinding. This value is maintained till 60 min
and increases gradually up to 11.2/gat 240 min
grinding. Rapid decrease in SSA indicates that agglom-
eration of the starting powders proceeds predominantly
inthe early stage of grinding. The leveling off of SSAin
the range from 30 to 60 minindicates a kind equilibrium
state between the agglomeration and disagglomeration.
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Figure 4 SEM photographs of the 240 min ground sample.
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Figure 5 Change in specific surface area (SSA) of the sample with grind-

ing time.

Then, LaFe@ is formed through the recrystallization Smy0s }\

of the deeply mixed composite through the repeatec

agglomeration and regrinding. As to the reason of in- . .
crease in SSA again by the prolonged grinding, dis-
agglomeration due to grinding will become the main

action against agglomeration, when Lakdt2comes

der the consideration that agglomeration between the
same LaFe@particles will take place not so heavily
compared with that between the heterogeneous fine par-
ticles in the early stage of grinding. Therefore the SSA
increases gradually again. The final Lakg@oduct of

240 min ground sample gives out a large SSA value
over 11 nf/g. This value is comparable to that by some
chemical solution methods.

3.2. Formation of RFeO3

(R=Nd, Pr, and Sm)
Complex oxides of Fe and other rare earths (R), namely,
RFeQ, have the perovskite structure and show similar
physico-chemical properties to that of LaFe@yn-
thesis of RFe@(R = Nd, Pr and Sm) was examined by
the mechanochemical method. The grinding operation
was conducted at the same condition as that for the syn-
thesis of LaFe®), using FeOz sample with crystallite
size of 16.5 nm. Since praseodymium oxide exists as
PrsO11[21] in air, it was mixed with the Fg3 powder
in molar ratio of 1:3. The other oxides 83, were
mixed with the FeO3; powder at equimolar ratio. Fig. 6
shows the XRD patterns of the mixed samples ground
for 180 minutes. All cases give us the new patterns of
NdFeQ (JCPDS No0.25-1149), PrFgQICPDS No.15-
134) and SmFe©(JCPDS No0.39-1490), respectively.
The XRD analysis has confirmed that the rare earth ox-
ides N@O3; and SmO3 react with the FgO3 powder
to form NdFe@ and SmFe@in the similar manner as
the case of Lg03 by the grinding operation according
to the following two reactions:

Nd,O3 + Fe,0O3 = 2NdFeQ 2
SmpOs3 + Fe,0O3 = 2SmFeQ@ 3)

However, in the case of F©11, The solid reaction
seems to proceed in a different way as follows. The
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Figure 6 XRD patterns of the RO;3 and FeOs mixture ground for

the main composition in the ground sample. This is un-180 min.
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reaction will involve the release of oxygen, which was References

confirmed during the experiment. Gas release was ob-l.
served when the pot was opened after grinding. 2.

3.

1/3P01; + Fe0; = 2PrFeQ + 1/30;  (4)

4.

SSA of the prepared RFeg@amples are found in the
range of 8—10 g, indicating that the grinding method

is useful to prepare fine and homogeneous RFeO >

materials. 6
7.
4. Conclusions 8.

The following conclusions can be made from the
present experiment.

(1) LaFeQ powder can be simply synthesized
mechanochemically by room temperature grinding oft?
La,O3 and FeO3; powders when the KL©3; sample with

crystallite size less than 20 nm is used. This solid reacto.

tion tends to be difficult with the increase in crystallite

size of FeO3; powder. The synthesis reaction proceedsl3-

with an increase in grinding time.
(2) The obtained LaFegfpowder sample consists of

agglomerates with fine grains of nanometer size. It givess,

a relatively high value in specific surface area of aboutié.
17.

11 m?/g.

(3) This mechanochemical method can be also appli-
cable to the synthesis of iron complex oxides with other
rare earths such as Pr, Nd and Sm.
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