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Abstract: The Mo/ZrO, electrode was prepared by com-
bining hydrothermal synthesis with powder metallurgy,
and this new electrode material has a totally different
microstructure from the conventional electrode. The grain
size of the new electrode was fine, and the size of ZrO, in
the alloy reached 200 nm. According to the results, the
Mo-Z1r0, electrode has better performance, because the
erosion occurs along the grain boundaries. Meanwhile,
the new electrode, based on its fine grain, can effectively
improve the corrosion resistance of the electrode.
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1 Introduction

By virtue of its excellent performance such as high melting
point, good thermal conductivity, low coefficient of expan-
sion, excellent temperature strength, and superior corrosion
resistance of glass, molybdenum alloys have been widely
applied in the fields of melting optical glass, glass fiber, and
high-grade refractory wool as an electrode material [1-6].
The corrosion resistance of the electrodes has become
widely noted since the corrosion of the glass liquid can
generate the surface grain of the molybdenum electrode.
However, the grain size and the use performance of the
molybdenum electrode can be improved by adding trace
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rare earth elements. In this paper, the quality and perfor-

mance of the molybdenum electrodes are studied [7-10].
In the glass melting process, the properties of elec-

trode material shall meet the requirements as below:

(1) good electrical conductivity, less electrical energy
consumption;

(2) excellent mechanical strength at 1,700°C or above;

(3) smaller temperature sensitivity;

(4) outstanding mechanical properties;

(5) superior corrosion resistance of glass and refractory
materials above 1,700°C;

(6) no bubble in the contact process of the glass melting;

(7) unchanged performance of the electrode during the
using process.

Molybdenum and its alloy are considered as the best
electrode material in the glass manufacturing industry,
so the electrodes made of them accordingly can comple-
tely meet the above conditions. At present, coating is
commonly used to improve the corrosion resistance of
the molybdenum electrodes, but it has the shortcomings
of poor shock resistance, thermal stability, and thermal ero-
sion resistance. As a regard method, ZrO,/Mo electrode can
effectively improve the performance of electrode [11-16]. In
addition to proposing a new method for preparing the ZrO,/
Mo alloy, this paper also studied the difference between the
alloy prepared by new method preparation and the solid-
solid preparation through the experiment, analyzed the per-
formance of alloy, and explored the influences of second
phases on the microstructure.

2 Experiment procedures

The precursor was prepared by the hydrothermal synth-
esis of (NH4),Mo0,0,3-2H,0 and Zr(NO;),-3H,0, and the
reference sample was prepared by solid—solid processing.
By means of sintering the alloy-pressed billet in the size
of ?20 x 60 mm, alloy sintered compact in size of P17 x
58 mm was made, and the final size is @8 x 12 mm.

The test on the performance of corrosion resistance
was conducted in glass liquid at 1,200°C for 300 h, of
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Table 1: Physical property of ZrO,/Mo alloy

Number Content Density Microhardness (HV)
(Wt%) (g/cm’)
1 0 9.7600 168.51
2 0.1 9.6298 210.19
3 0.5 9.5998 220.86
4 1.0 9.5528 228.45
5 1.5 9.4998 236.46
4* 1.0 9.3258 170.34

which the glass used was from the LCD screen. The scan-
ning electron microscope (SEM, VEGA-3 SBH), energy
dispersive spectrometer, and transmission electron mi-
croscope (TEM-2100) were adopted to observe the micro-
structures of samples before and after tensile tests.

3 Results and discussions

In the experiment, sintered samples were tested as shown
in Table 1. With an increase in adding amount, the porosity
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and hardness increased while the density of the alloy de-
creased. The chemical analysis indicated that the ZrO,
content was the same as that in the table. With the in-
crease of adding amount, the porosity and microhardness
increased, while the density was decreased.

Sample 4* is the reference sample made by solid—
solid processing, and its second phase is heavily concen-
trated. The microstructure prepared by different methods
is shown in Figure 1. It can be seen that based on the new
method, the alloys made are dispersed; the second phase
is small and dispersed; and the second phase of 4* refer-
ence sample is bulky and concentrated. Another finding
is that the grain of alloy prepared by the new method is
finer. As can be observed from Figure 2, with the increase
of adding amount, the grain of alloy is reduced, which
will influence the performance of the electrode. There-
fore, the alloy prepared through using the new method
has better distribution and small grain size, and the
second phase particle size is only 200 nanometers as
shown in the figure [17-23].

After 300 h experiment in glass liquid, the grain size
before and after the experiment was compared. As shown
in Figure 2, the grain of alloy was decreased with the
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Figure 1: Photos of ZrO,/Mo alloy: (a) 4* x 2.00kx (reference sample), (b) 5 x 10.00kx (new method), (c) TEM of alloy.



DE GRUYTER
357 —a— before experiment
—o— after experiment
304
g 2549 \e.
[
N
wv
= 20
=
= Q.
O s \
\°
_\
10 | \2

00 02 04 06 08 10 12 14 16
ZrO,Wt%

Figure 2: Grain size before and after the experiment.

increase of adding amount, but its size grew slowly at the
end of the experiment when reaching the temperature of
1,200°C. This will influence the corrosion resistance of the
electrode in glass liquid.

The corrosion depth of the glass was observed and
measured after the experiment. In Figure 3, with the ad-
dition of ZrO,, the corrosion depth became shorter than
pure molybdenum, of which sample 5 has the shortest
corrosion depth. The surface and interior morphology of
the samples indicate that the glass generates an obvious
erosion effect on the surface of the samples. In Figure 4,
the surface of the material underwent great changes, such
as the obvious erosion interface on the surface of the
sample, significantly larger grain outside the boundary
and the presence of vugs in grains near the edge. In con-
trast, the organizational structure in the sample did not
change significantly, except for the twice growth of grains.
The organizational difference among the 5 samples is grain
size. Figure 4 also displays that erosion occurred along the
grain boundaries. After the heat treatment, the grains of
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Figure 3: Corrosion depth of the glass.
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Figure 4: SEM photos after the experiment.

the alloy and the chink of grains grew larger than before;
the viscosity of glass was rapidly decreased, and the ero-
sion of the brick was accelerated. Vugs are the cause of
lower relative density; the microstructure of alloy was
loosely organized; the vugs triggered the increase of con-
tact area, which in turn led to a lower erosion resistance of
the samples. With the increase of adding amount, the
grains became finer and the microstructure became homo-
geneous so that the alloy with high content possesses a
strong resistance to erosion.
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