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Abstract

Tl 1caction mechanism of the synthesis of FegV | W0y was studied by means of XRD, 1R
spectroscopy and DTA techniques. It was found that the intermediate in the reaction may be either
FeVQ, or FeVO, admixed with an unidentified phase X, depending on the reaction temperature.
The IR spectrum of the phase FegV WOy, is reported for the first time.
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Introduction

Previous studies of the system Fe,0:-V,0:-WO;5 revealed a new compound
FegV oW 140ss [1, 2], This phase can be obtained as a result of the following reac-
tions:

4F0203 + 5V205 + 16WO3 = FCBVH)W[f,Ogj (1
8FCVO4 + V205 + ]()WO'; = F68V|()W15035 (2)
4F62W0(, + 5\/105 + lQWO} = FCRV](]Wlf,OgS (3}

Up to 923 K, FeVOy is the sole reaction product. However, at 973 K the phase
FegV oW 140gs appears, accompanied by an unidentified phase X [2].

This paper presents the results of an investigation of the reaction mechanism of
the synthesis made from mixture of Fe,03, V205 and WO, (Eq. (1)). XRD, IR spec-
troscopy and DTA were used as measurement techniques.

Experimental

The reagents used in the experiments were: V,Os, an a.p. product of POCh (Gli-
wice, Poland); a-Fe,O, an a.p. product of VEB (Germany), previously calcined at
1273 K in four 48 h cycles; W03, 99.9%, (Fluka AG, Swilzerland); KBr, used in IR
spectroscopic measurements; FeVOy and FegV oW 4055 were obtained by earlier-
described procedures |2, 3].

The basic cxaminations were performed on an X-ray diffractometer Dron 3
(Bourcvestnik, St. Petershurg, Russia), The radiation source was a cobalt tube with
an iron filter.
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An initial mixture for the whole experimental serics was prepared by weighing
Fe,04, V.05 and W04, in a molar ratio of 4:5:16 and grinding the mixture for 45 min
in a mechanical agate mortar. Samples of 1.5 g were placed in crucibles and heated
at the given constant temperature in a silite furnace. After a fixed time, the samples
were removed (rom the furnace, cooled to ambient lemperalure and ground for
5 min in an agate mortar. The samples were then examined hy X-ray phase diffrac-
tion, IR spectroscopy and DTA. The intensities and angular positions of diffraction
lines were recorded by a stepwise technique (step 0.02° 28, =1 s).

IR spectra between 1400 and 300 cm™ were recorded on a Specord M 80 IR
spectrometer (Carl Zeiss Jena, Germany) using a halide disc technique. In all mea-
surcments, the substance was mixed with KBr in a proportion of 1:300.

For the DTA measnremenis, hetween 273 and 1273 K. a Paulik-Panlik-Erdey
derivatograph (MOM, Budapest, Hungary) was used. 1000 mg samples were placed

in quartz crucibles and heated at a rate of 10 K min™".

Results and discussion

The measurements were carried out at 973, 993, 1013 and 1033 K. The DTA
curve of the initial mixture exhibits three endothermic peaks, at 923, 1053 and
1188 K. The peak at 923 K is undoubtedly related to melting of a mixture containing
V105 [2]. A similar endothermic peak appears in the DTA curves of samples heated
at 1033 K for 15, 60 or 180 min. However, they are absent when the sample is hcated
at 1033 K for 480 min or longer. On the other hand, such an effect at about 923 K
can be observed even in the DTA curves of samples that contain less than 1 mol% of
free V05 [2]. Such amounts of V,05 arc impossible to detect by means of XRD.
Therefore, it can he assumed that, at temperatures above 923 K, at lcast in the carly
stage, the reaction will proceed in the presence of a certain amount of a liquid phase.
After heating at given temperatures, all samples were sintered, but not molien.

The results of X-ray phase analysis allow the distinction of two stages in
FegV oW 5055 synthesis, During the first stage, lasting not longer than 15 min at any
temperature, the intermediate found in the reaction mixture is FeVOy (accompanicd
by unchanged WO5). The reflections characteristic of V,0s disappear, In conse-
guence of the very high reaction rate and the low intensity of the diffraction lines
characteristic of FeVOy, this reaction stage was not investigaled thoroughly.

The course of the second stage in the synthesis is heavily dependent on the tem-
perature at which the process is run, At 973 or 993 K. the reaction mixtures kept in
the furnace for 120 or 30 min, respectively, finally contain a minute amount of
FegV oW 60y4s. Gradually, the amount of FegV oW 14045 in Lthe reaction mixture in-
creases markedly as the amount of WO; decreases. At the same Lime, the gradual fad-
ing of the FeVQ, diffraction lines can be observed.

When the synthesis is carried out at 1013 K, just after stage 1 has terminated,
both FegV oW 14045 and unidentified phase X appcar while FeVOQ, is still present in
the reaction mixiure. The amount of WO; diminishes at the same time, As the reac-
tion proceeds, the FegVi1oW (¢Ogs content increases rapidly, while the amount of
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phase X, after reaching a maximum in the 4 h process, slarts 10 decrease. The pro-
gress of the reaction decrcases noticeably when FeVO, has disappeared. When the
synthesis is carried ont at 1033 K. the unidentified phase X appears in the reaction
mixture afier the first stage of the process has finished. Its amount increases rapidly
and is much larger than when the process is carried out at 1013 K, The amount of
phase X reaches n maximum after 60 min and subsequently decrcases. However, af-
ter 45 min, FegV oW ,¢0ss can be observed and its conlent increases considerably
with time.

In order (o confirm the results of X-ray phase analysis, (wo samples were addi-
tionally examined by IR spectroscopy. The samples sclected were those heated at
1013 K for 30 and 180 min.

Figure 1 shows the IR spectra of the selected samples, compared with the IR
spectra of the injtial oxide mixture (curve a) and the pure FegV W 40gs phasc
(curve d). The IR spectrum of the FegV oW 6035 includes broad bands with maxima
at 920, 665. 514. 490. 372 and 324 cm™". The IR spcetrum of the initial oxide mix-
ture (curve a) contains a narrow absorption hand with maximum at 1024 cm ', at-
tributable 1o V,05 [4]. It is the only selective band brought about by V,Os. On the
other hand. a broad absorption band within the [requency range 930-650 em™!, with
maxima at 848 and 776 cm™" and a shoulder at 934 em™, is produced by WO; [S].
Two other broad and not very intensive bands, with maxima at ~600 and 488 em™,
characterize hoth V,Os and Fe.Ox [4, 6]. Finally, an absorption band with maximum
at 370 em™' is jointly characteristic of all exides present, i.c. V1,05, FerO; and WO,
j4-6].
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Fig. 1 IR spectra of a ~ initial mixture of Fe,0,, V,0, and WO;; b — sample heated for
30 min at 1013 K; ¢ - sample heated for 180 min at 1013 K; d - pure Fe,V W Oy
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X-ray phase diffraction of a sample heated at 1013 K for 30 min demonstrates
that it contains considerable amount of WO; and FeVQy, and traces of FegV oW 5045
and an unidentified phase X. The sample does not contain V,0;. The IR spectrum of
the sample prepared under these conditions (Fig. 1 curve b) does not contain the
1024 cm™ absorption band characteristic of V,0s. Instead, there are bands at 910,
670 and 510 cm™', characteristic of FeVQ, [7]. Thus. it can be concluded that V,0s
can react with Fe;O3 to completion, giving FeVQy,

X-ray phase analysis of sample 2, heated at 1013 K for 180 min shows a large
amount of FegVoW 4055, minute quantities of phasce X and traces of FeVO,. At the
same time, the dilfraction line intensity characteristic of WO5 is decreased consider-
ably. The IR spectrum of the sample reveals considerable increases in intensity of
bands with maxima at 920, 665 and 514 ¢m™", characteristic of FeaV1oW1604s. The
absorption band with maximum at 845 cm™', distinctive of WO, [5], is noticebly de-
creased.

Thus, the results of X-ray phase analysis are confirmed by IR speclroscopy.
Analysis of the diffraction patterns of samples heated at 1013 and 1033 K, i.e. those
containing the unidentified phase X, indicated that phase X can be distinguished by
the following diffraction reflections,  Inm]: 0.504, 0.3958, (0.3361, 0.2798, 0.2521
and 0.2378. Attempts to identify phase X and to prepare it in a pure state have proved
unsuccessful so far. However, analysis of the intensitics of the diffraction lines in the
dilfraction patterns for samples containing maximal amounts of phase X demon-
strates that WQ3 is involved in the formation of the compound to a very small extent.
In contrast, the appearance of FegV pW ¢Oss in the reaction mixture is associated
with a considerable decrease in intensity of the diffraction lines characteristic of
WO,

The presence of a liquid phase in small amounts in the reaction mixture can be
observed in the process of sintering of most of the solid materials. If the liquid phase
wels the grains sufficiently and is capable of dissolving large amounts of a solid
phase, the sintering process will be accclerated considerably [8]. Therelore, the syn-
thesis of FeyV oW 4035 proceeds at a high reaction rate observable at as low a tem-
perature as 973 K, while at up to 923 K the final product is not produced even after
a very long period of time [2].
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