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The potential for microwave decomposition of solid crystaliine ammonium paratungstate (APT) and
ammonium metatungstate (AMT) was investigated, It was observed that APT and AMT interact with
2.45-GHz microwave radiation. Samples of ammonium paratungstate (20-50 g) were successfully
converted into WO;_, (0 = x = 0.2). A wide variety of morphological parameters were found. The
interaction of AMT with the 2.45-GHz microwave radiation resulted in the partial loss of crystalline
water and the partial dissolution of the sample in the released water. @ 1993 Academic Press, Inc.

1. Introduction

Thermal decomposition of APT, (NHgy);
[HZW[ZO:Q} 4H20, and AMT, (NH.;)ﬁ
[H,W204] - xH,O (where x = 2), is a fairly
well known process widely used in the
tungsten industry (7, 2}. The decomposition
of APT carried out under a reductive atmo-
sphere resuits in nonstochiometric tungsten
oxides with a composition depending on the
reduction parameters (3-5}. The morphol-
ogy, crystallite size, and size distribution of
the derived oxide product are closely re-
lated to the primary APT; however, solid
state processes, heat conduction in the
powder-like solid phase, and evolution and
outlet of the gas phase products influence
the morphology on a wide scale {6).

An alternative method of promoting reac-
tions which require heat is to use micro-
wave heating instead of conventional ther-
mal heating. A key feature of microwave
processing is that the energy is directly
transmitted into the load maierial, so that

* T'o wham correspondence should be addressed,

0022-4596/93 3$5.00
Copyright © 1993 by Academic Press, Inc,
Al rights of reproduction in any furm reserved.

samples are heated from inside out, in con-
trast to the traditional heat transfer process
controlled by sample shape and dimension
in conventional furnaces (7). Therefore the
study of the microwave decomposition of
APT and AMT may help to provide a
deeper understanding of the conventional
reduction or calcination process and may
result in new structural features of the de-
rived oxides. The receptivity of tungsten
oxide, WQO,, to microwave heating has al-
ready been reported (8); but according to
our knowledge, the receptivity of APT and
AMT has not been reported. The aim of this
paper is to give experimental evidence of
the interaction of APT and AMT with mi-
crowave radiation and to report on experi-
mental conditions resulting in the decompo-
sition of APT.

Experimental

A home installed reactor with a 3-kW,
2.45-GHz magnetron and a gas inlet system
was uscd for the decomposition of APT.
The microwave reactor system is schemati-
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FiG. 1. Experimental setup for microwave treatment
of APT.

cally shown in Fig. 1. Microwave power is
transmitted through a rectangular wave-
guide to the work chamber. A closing ele-
ment, together with a power indicating bo-
lometer, serves for power homogenization.
A silica boat surrounded by a silica tube
(cylinder) is placed in the work chamber.
Samples of APT powder (20-50 g) of grain
size 10-100 pm were treated at maximum
power under N,, under 5% H, containing
N, (forming) gas, or under air. The duration
of the treatment was about 5-20 min, de-
pending on experimental conditions.

AMT was treated in a commercial 500-
W, 2.45-GHz microwave oven equipped
with gas inlet. Standing silica test tubes
with various diameters containing 20-100 g
samples of AMT were placed under a form-
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ing gas stream or under ambient air. The
samples were treated at nominal 500-W for
1-10 min.

APT mixed with tungsten blue oxide,
TBO (50 g APT + 50 g TBO mixture), was
also treated in standing test tubes at 500-W
for 5-20 min in the commercial microwave
oven.

APT used for the experiments was from
Wolfram Bergbau- und Hiittengesellschaft
m.b.h., Bergla, Austria; AMT was pre-
pared from ammonium tungstate solution
by electrodialysis (9) in our laboratory.
AMT crystallized in 3-4 mm grain size
crystallites. Samples of these large crystal-
lites and of milled powder were used for the
cxperiments. TBO was prepared by ther-
mal decomposition of APT at 420°C in N,
plus H,.

The decomposed powders resulting were
investigated under a scanning electron mi-
croscope. Oxygen index analysis (/) and
ignition residue determination were per-
formed, and powder diffraction patterns
were recorded by a Guinier focusing cam-
era and a Hilger diffractometer. The ammo-
nia content was determined by Kjeldal’s
method.

TABLE I

Data oN MicrowAvVE DECOMPOSITION OF AMMONIUM PARATUNGSTATE

Sample Experimental conditions Results of chemical analysis
MW
power at, NH,
Ambient  2.45 GHz Time Color of Ipnition Oxygen content
Weight (g} Sample holder gas (W) (min} product residue index (W)
R6: APT, 20 g silica boat N, 3000 10 violet-blue 101.47 2.7898 0.03
R7: APT, 20 ¢ silica boat 5% H; + N, 3000 3 violet-blue 101.53 2.8140 0.07
R25; APT + TBO  standing silica 5% H, + N, 500 20 blue 100.84 29256 0.04
50% mixtiure test tube
100 g
R26*: APT + TBO standing silica air 500 30 blue 100.43  2.9320 0.07
509% mixture test tube
95 g
R27*: APT + TBO standing silica  air 500 30 yellow 100,02 3.0000 0.01

50% mixture test tube

95 g

Note, R26* and R27* samples are from one test tube of decomposed powder mixture: R27 is yellow from the
upper part of the test tube, R26 is dark blue from the lower part of the test tube.
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FiG. 2. X-ray powder diffraction patterns of the mi-
crowave decomposed producis R6 and R7 of APT.
The shadowed peak is an effect of the sample holder).

Results and Discussion

Results of microwave decomposition of
APT are shown in Table I. APT powder
placed in a silica boat was treated in the
2.45-GHz/3000-W microwave reactor. The
APT powder decomposed into a violet-
blue-colored reaction product with simulta-
neous evolution of H;O and NH;. With the
help of ignition residue, NH; content, and
oxygen index measurements the decompo-
sition product was determined to be a tung-
sten oxide compound with a formula close
to WO, 5. X-ray powder diffraction (Fig. 2)
shows that the product is not a single
phase. Two crystalling phases were as-
signed to y-oxide, W30y (J. C. Powder
Diffraction Standard Data File (PDF) 36-
101) and B-oxide, W,iOsz (PDF 35-0386).
Only weak reflections were indicative of an
ammonium and/or hydrogen bronze phase.
(The reflection data of Kiss ef al. (1) were
used to identify the ATB phase.) The weak
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reflections seem to be in agreement with the
low NHj; content of the product, which has
about 5-20% of the NH; content of the
commercial, mainly ATB-containing, TBO.
The coexistence of the dominant Wy Osg
and minor ATB phases can be fitted into the
process of phase variation during calcina-
tion observed by Zhigiang et al. (12) if we
consider that, at the large bed height of the
microwave treated powder in the test tube,
nascent NH; and its ¢cracking products are
the reductive agents with a maximum-
shaped concentration-time curve, while the
temperature increases continuously (but
not uniformly) in disagreement with the
standard industrial and laboratory practice.
The presence of the W30y phase and the
lack of the WO, phase indicate that the tem-
perature should have been higher than
600°C, the upper limit of temperature used
for calcination by Zhigiang. (The tempera-
ture was not measured in this experiment,
but a dark red glow of the product was ob-
served.)

Experiments carried out with the same
amount of APT in the same silica boat, for a
similar or not much longer time, but in the
2.45-GHz/500-W commercial microwave
oven, resulted in insufficient increase of the
sample temperature. However, treatments
of powder mixtures using APT and TBO in
the 500 W commercial oven met expecta-
tions. A mixture (50 w%) of APT and TBO
was placed in a standing silica test tube.
After 5 min of treatment NH; evolution in-
dicated decomposition. In 20-40 min the
whole amount of the powder mixture con-
verted into a gray-blue-colored product.

Fi1G. 3. Guinier patterns for APT, TBO, R24 (mixed powder of 50 w% APT and 50 w% TBQ), and
R25 {microwave decomposed product of sample R24),



FiG. 4. Scanning electron micrograph of microwave decomposed product R6 with composition

w02.79 .
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F1G. 5. Needle crystals with composition WO; . (a), (b), and (c) are from different parts of the same
sample.
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According to the Guinier patterns (Fig. 3)
the product differs from the APT and also
from the TBO used. According to the
chemical composition, the product can be
considered to be WO,;_,, where x is about
0.07-0.08. Decomposition under air in the
standing test tube resulted in a vyellow-
colored upper layer with chemical com-
position WQO,, while the lower part of the
powder column was blue-colored with com-
position W0, ;. X-ray powder diffraction
of the blue-cotored product showed a mix-
ture of crystalline phases, assigned to
W05y and monoclinic WQ; (PDF 24-747).
W04 and ATB phases were not found.

The microwave-treated decomposed
powder product remained macroscopically
pseudomorphic to the starting APT (Fig. 4).
However, gas phase processes rebuilding
the outer shell of the crystallite (as shown
in Fig. 4) during the evolution of H;0O and
NH; can become dominant and can create
a fabric of needle crystals with a large
variation in diameter (Fig. 5). A similar
fabric of needle crystals grown in a ‘“fast”
reduction process was shown in a recent
work (6).

Experiments with ammonium metatung-
state were carried out in the 500-W com-
mercial oven. Interaction was observed be-
tween microwave radiation and AMT in the
form not only of large crystallites but also
of fine powder. Treatment of 100 g AMT
powder (500-W for 2 min) increased the
temperature of the sample from room tem-
perature to 90°C, while a similar treatment
of a similar amount of APT resulted in only
a 4°C increase of temperature. Following
the treatment of the AMT, formation of wa-
ter droplets was observed. As the sample
began to dehydrate a partial dissolution in
the formed water took place, and the prod-
uct was no longer powder-like but ce-
mented. Longer microwave treatment of
this intermediate decomposition product
caused only a slight increase in tempera-
ture. NH; evolution and the completion of
the decomposition were not observed,
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The present results on APT and AMT mi-
crowave decomposition characteristics in-
dicate that processes in which the decom-
position products H,O, NH;, and reduced
WO; take part play a significant role during
the interaction of tungsten oxide com-
pounds with microwave radiation. Further
work is necessary to establish the mecha-
nisms of the observed interaction, which
produces nontypical coexistence of re-
duced tungsten oxide phases.
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