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The solid state reaction of MgWO, formation from MgO (single crystals) and WO3 was investi-
gated in the temperature range 800 —985 °C under both air and argon atmosphere.

The techniques employed for the kinetic study (contact and thermogravimetric methods) allowed
to point out that the process follows the linear rate law in the early stages and the parabolic one in

the subsequent stages.

From inert marker experiments, kinetic determinations under the two different atmospheres and
conductivity measurements, it was possible to state that the reaction is governed by a cation counter-

diffusion mechanism.

In the last years the tungstates of bivalent metals
have found a growing interest owing to their many
technical applications. Since these tungstates are
generally prepared from the oxides?!, a systematic
study of the kinetics and mechanism of the cor-
responding reactions in the solid state might be
useful.

The present paper deals with the reaction between
MoO and WOj; in which MgWOj, is the only product
formed, as proved from the relevant phase dia-
gram 2.

The kinetic process was investigated by the con-
tact method in the 800 — 985 °C temperature range,
using single crystals of MgO and sintered pellets of
WOj; . In order to determine the reaction mechanism
the inert marker method was used. To obtain infor-
mation on the type of conduction involved in
MgWO,, dc and ac conductivity measurements
were performed.

Experimental

MgO. Single crystal plates (5 5 x 0.5 mm) were
obtained by cleavage along the (100)planes from a
MgO (Atomergic Chemetals Co.) specimen.

WO, . Pellets (8 mm wide and ~ 1.5 mm thick)
were prepared by pressing the powder (Koch-Light
99.9%) at 10%kg/cm? and then sintering it for 5h
at 900 °C.

MgWO,. A stoichiometric powder mixture of
MgO (C. Erba RS) and WO, was fired for 30 h at
850°C (in a sealed quartz vessel) and 50h at
1000 °C (in a platinum crucible), with repeated
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mixing during the heating period. X-ray analysis of
the obtained product showed the typical reflections
of MgWO, only.

Using pellets obtained by pressing the above
product between two platinum powder layers, elec-
trical conductivity measurements were performed in
the temperature range 800 — 960 °C. The ac con-
ductivity (total conductivity) was measured with a
Wayne-Kerr autobalance bridge B 331, the dc con-
ductivity (an estimate of the electronic contribution)
was determined in a way similar to that employed
by Rigdon and Grace on CaWOQ,3. From the ratio
between the dc and ac values it was possible to
estimate the electronic transference numbers (i),
the values of which ranged between 0.1 and 0.2 and
increased with the temperature.

The kinetic measurements (contact method) were
carried out under air and argon with the apparatus
and techniques described in previous works 4.

Moreover, in order to observe the early stage of
the formation reaction, a few thermogravimetric
determinations were performed with a Du Pont
“950 Thermogravimetric Analyzer” at 900 °C, a
temperature at which WO; already shows a signifi-
cant volatility 3. Single crystals of MgO suspended
at the balance arm by means of a very thin Pt wire,
were surrounded by a quartz crucible with the inner
walls coated with WO;; the MgWO, formation from
solid MgO and WOj; vapour was detected by record-
ing the mass increase of the suspended crystals as a
function of time.

Results and Discussion

The results obtained by the contact method in the
temperature range 800 —985 °C are reported in
Fig. 1 as 2? (x=average thickness of the product
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Fig. 1. Isotherms for the reaction MgO(sc) + WO3(pellet)

— MgWO, . Open circles: air atmosphere; filled circles:
argon atmosphere.
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layer) vs. ¢ (time); the course of the reaction
clearly is not influenced by the absence of O, in the
atmosphere surrounding the reaction couples at
least in the considered temperature range.

Since the plots show a fairly good linear trend,
the practical reaction rate constant k£ of the para-
bolic law, 2>=2Fkt, can be evaluated. The log#k
values in turn show a linear dependence on 1/T
according to the equation

53,061

logk= —0.99 — 4576 T

where £ is expressed in cm?/sec and T in K.

For what concerns the thermogravimetric mea-
surements at 900 °C, in Fig. 2 are reported as a
function of ¢ (for the early minutes), both the mass
increase of MgO per unit surface area (4m/S) and
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Fig. 2. TG measurement at 900 °C for the reaction MgO(sc)
+WO3(vap) > MgWO, (early stages).
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a quantity which can be easily calculated from the
latter, i. e., the thickness (z) of the MgWO, formed:
the plot shows that within the first 5 minutes the
process is governed by a linear law.

The experimental data allowed to detect a clear
parabolic rate law only for ¢>20 min. The k value
(4.0-107'2 cm?/sec), which can be evaluated start-
ing from this time on, is smaller than that obtained
at the same temperature by the contact method
(1.3:10 ' cm?/sec) ; the difference might be ac-
counted for by the fact that the vapour pressure of
WO, at 900 °C is relatively low (activity awo,<1
at the MgO surface).

In order to obtain information on the reaction
mechanism, diffusion couples MgO/. ¢ | WO3peret) s
with Pt wire markers, were heated for 120 h at
960 °C. Microscopic observation on sections ob-
tained by cutting the couples parallel to the diffusion
direction, showed that the marker position divided
the product (60 um thick) into two layers of dif-
ferent textures (Fig. 3), the first of which, in contact

3mMg2*
_

wbé+

3MgwO4+ WE*

3IMg2* + 4 WO,

w6+ 4+ 4Mgo ————= MgWO4 + 3Mg2*

Fig. 3. Scheme for MgWO, formation mechanism.

with MgO, being white and the second, in contact
with WO, , light brown. The total thickness of the
product layer was too small to allow an accurate
estimate of the ratio between the two layers: how-
ever the brown layer was, on the average, three
times thicker than the white one.

Owing to the relatively large WO, volatility, the
reaction product was formed also on the MgO sur-
faces not in contact with solid WOs: the correspond-
ing layer (white) was slightly less thick (55 wm)
than that formed at the interface MgO ;) | WOspettet)-

X-ray diffraction analysis on the product surface
which was in contact with the MgO single crystal
brought into evidence only a few reflections of re-
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markable intensity corresponding to the (010),
(020) and (100), (200) planes of MgWO, (wol-
framite type structure with cell parameters: a =
4.687 A; b=5.675A8; ¢=4.928 A; $=90.71°6).
A comparison between the relative intensities ob-
served and those reported on the ASTM “Identifi-
cation Card” of MgWO,, allowed to deduce that
this product had grown on the MgO surface (f.c.c.;
a=4.273 A) preferably oriented along the (010)-
direction.

On the contrary, X-ray analysis on the product
surface which adhered to the WO; pellet showed a
random orientation.

On the basis of the present results it is possible
to deduce the following conclusions.

In the early stage (five minutes at 900 °C) the
rate of MgWO, formation is predominantly deter-
mined by the phase-boundary reaction’ and suc-
cessively by the diffusion through the product layer.
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