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High Performance Varistor Discs Obtained from Chemically Synthesized
Doped Zinc Oxide Powder
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Abstract. The ceramic microstructure, the chemical homogeneity of specific dopants and the mechanical integrity
of a varistor disc are critical parameters in determining the transient voltage suppression features of these devices.
The material properties and overall quality of the starting ceramic powders used to produce such components are
essential in achieving the desired properties. The present work describes a novel chemical method developed to
produce doped zinc oxide powders and an industrial scale manufacturing process for the production of final varistor
blocks for surge arrester applications. The results are compared with those obtained when using standard varistor
powder made by the mixed oxide route is used. All the fundamental electrical properties of the discs have been

determined and correlated with the relevant manufacturing steps.
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Introduction

Electrical equipment for electric power transmission
and distribution is highly susceptible to dielectric dam-
age by overvoltage transients generated by lightning
discharges or line switching surges. Surge arresters us-
ing ZnO varistors are widely used to protect electri-
cal equipment from transient overvoltages. The highly
non-linear current-voltage behaviour of ZnO varistors
is determined by the physical and chemical character-
istics of the ceramic microstructure which in turn is
strongly affected by the nature of the initial powder.
The foremost important property of a ZnO varistor
is its ability to reversibly switch practically instanta-
neously (close to picosecond time) [1] from a noncon-
ducting state (with a conductivity of p < 102 Qcm)
to a low resistivity state (p = 1 Qcm) above the
switching voltage as well as being able to absorb
power pulses and handle high peak currents densities
(=1 kJ/us- cm’ =1 mW/cm"), An ideal varistor has a
crystalline microstructure of uniform grain size, shape

and composition as well as minimal presence of me-
chanical defects such as voids, porosity and cracks.
Traditional ceramic fabrication methods are not usu-
ally adequate to produce these characteristics.

Experimental
Sample Preparation

Two type of varistor powders were produced. One
was prepared following the conventional procedure of
mixing single oxides and subsequent wet milling for
several hours to produce a suitable slurry for spray
drying to obtain a powder suitable for uniaxial com-
paction (MO powder). In the second case. doped zinc
oxide was chemically synthesized by the oxalate pre-
cursor method (CS powder) [2—4]. Zinc oxalate was
prepared by precipitation in an aqueous solution of zinc
salts and an organic compound. Soluble salts of metal
dopants such as bismuth, cobalt, manganese. nickel
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and antimony were introduced during the oxalate pre-
cipitation achieving a high degree of sub-micrometer
chemical homogeneity as a consequence of mixing at
practically the molecular level. The resulting powder
had a clear greenish colour. The particle size distribu-
tion of the raw powder (before spray drying) as mea-
sured by a laser scattering technique (Horiba LAS00).
The average particle size was 1.95 pum and the maxi-
mum particle size was below 8.8 pm

his chemical synthesis method has been imple-
mented at industrial scale. An appropriate thermal
treatment for each precursor maintains the shape and
grain size distribution of the precipitate. The specific
surface area of the raw powder can be varied over a wide
range (~5 to ~30 m*/g) as a function of dopant for-
mulation and precursor decomposition temperature. A
drawback initially found with chemically synthesized
spray dried powders is the lower flow and tap densi-
ties as compared with standard mixed oxide powders.
Ihis disadvantage can be greatly diminished or totally
eliminated by proper thermal conditioning of the raw
powder before spray drying.

Kev processing operations considered for scale up

Coprecipitation parameters (salts concentration,
temperature, solution pH amongst others):
evaluation of separation techniques from mother
liquor;

precipitate drying stages:

thermal decomposition (influence of surrounding
atmosphere, thermal cycling, phase evolution and

SO on).

I'he real challenge presented in this case, was o re-
produce at industrial scale the same physicochemical
characteristics of the raw powders as obtained at lab-
oratory scale. In other words, how to go from about

100 g sample to the production of a multi-ton batch.

Processing of ZnO Ceramics

A brief description is given here of the ceramic pro-
cessing steps to obtain ZnO varistors from mixed 0X-
ides and chemically synthesized powder. The forming
of ZnO varistors requires powders suitable for uniaxial
compaction. Spray drying is an excellent process o

procedures were the following: produce ceramic powders with good flowability and
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Figure 2. Production of “chemically synthesized CS” ZnO varistor
powder by spray drying. (Same description of materials and related
processing operations as for “mixed oxides™ apply.)

compressibility. Spray drying is a single step unit con-
tinuous operation producing dried powders from solu-
tion or suspension. When contact between the spray-
ing and drying medium (hot air in most cases) occurs,
evaporation of water takes place and this continues un-
til the desired level of moisture is reached in the dried
powder. The elapsed drying time is only a few sec-
onds due to the high surface to mass ratio. Flowability
is improved when a more uniform particle size of the
spherical agglomerates is obtained during spray dry-
ing. Desirable properties of the spray dried powder to
improve its compressibility are high bulk and tap den-
sity; controlled moisture content as well as the lubricity
and plasticity of the organic additives. Figure 1 shows
schematically the processing steps involved in the pro-
duction of spray dried mixed oxides powders. Also,
Fig. 2 shows schematically the processing steps in the
production of *chemically synthesized” (cs) ZnO visi-
tor powder by spray drying.
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Both spray dried (MO and CS) powders were pressed
into varistor discs suitable for surge arrester applica-
tions. These are discs of 39.08 mm diameter and 32
mm height with a green density of 3.25 g/em®. The
compaction of these discs was carried out using a car-
bide die tooling in a double action hydraulic press at a
maximum compaction pressure of 112 MPa. The discs
were sintered in a continuous kiln following a temper-
ature profile developed for commercial varistor discs.

The shrinkage observed in the MO powder was 15.51%

and for the CS powder was 15.67%.

Physical Properties of the Spray Dried Powders

The bulk properties of the spray dried powders, the
compacting and ejecting properties of the powder in a
die and the characteristics of the green compact were
determined using a “Powder Testing Center” (Trade
mark) instrument, model PTC-03DT manufactured by
KZK. Powder Tech Corp. (Virginia, USA). A carbide
testing die was chosen to simulate conditions as closely
as possible as those found in the manufacturing equip-
ment. The powder properties measured were the bulk
(or apparent) and tap density; the angle of repose; the
slide coefficient for test density, which is a measure
of the frictional interactions between the powder parti-
cles and the die walls during compaction and the com-
pactability coefficient for the test density, which quan-
tifies the ability of the powder to be compacted. The
cohesiveness of the green compact, C, represents the
ratio between the strength of the green compact and
the maximum friction forces between the compact and
the die walls. This is an important parameter since
it is directly correlated with the tendency of the pow-
der compact to crack. delaminate or suffer other me-
chanical damage during ejection from the die. If C is
less than 1 (friction forces larger than compact green
strength) compact cracking during ejection from the
die may occur. To avoid this, precautionary steps such
as slow ejection, hold-down pressure and special die
exit design, may be required as well as use of stronger
binders and/or solid lubricants. The average ejection
pressure, the total ejection energy and the axial and ra-
dial green strength of the compact were also measured.
Table 1 shows the values obtained for the two batches
of powder being compared.

Electrical Characteristics

The 1=V characteristics of the varistor discs were mea-
sured at low and high current. Table 2 gives the average
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Table 1. Physical properties of MO and CS spray dried ZnO varistor powders.
Bulk Tap Angle of Slide coefficient for ~ Compactability coeff.
density density repose test denstiy for test density
Powder type (g/c.‘rn'i) (gfcm"‘) (degrees) (p) (a)
CS 1.501 1.581 35 0.527 0.127
MO 1.134 1.195 31 0.336 0.185
Average ejection  Total ejection Axial green Radial green
pressure energy strength strength
Powder type  Cohesiveness (kg;'cmz) [0} (MPa) (MPa)
CS 0.595 1.491 1.65 2.74 0.248
MO 0.685 3.740 4.11 4.62 0.507
Table 2.  Electrical characteristics of varistor discs made with CS and MO powders.
Specific  Leakage  Resistive powder
Powder  Vima voltage current loss Capacitance Vs gp Vs kA Vio kA
type V) (V/mm) (1A) (W) (pk) (kV)  (kV) (kV)
S 6850 259 7.7 0.73 170 11.62 12.36 13.71
MO 5810 215 19.3 0.110 183 9.39 9.97 11.05

values for nominal voltage (Vi ,a). specific voltage,
leakage current, resistive power loss, capacitance and
residual voltages at 3, 5 and 10 kA. The results show
that the powder obtained via the chemical synthesis
route has a higher specific voltage. This feature makes
it possible to produce a thinner disc. The low cur-
rent characteristics have also been improved, i.e.. the
leakage current and the resistive power loss have been
reduced. Capacitance values are similar for both type
of devices. The residual voltage are higher for the CS
discs due to their higher nominal voltage Vi 4.

Conclusions

A chemically synthesized varistor powder has been
produced with shrinkage properties during sintering

similar to those of a classical mixed oxide varistor pow-
der. The CS powder showed improved bulk and tap
density; together with similar compaction properties
and mechanical strength as the MO powder.

The specific voltage of the CS varistor powder has
been increased by over 20%. Leakage current and re-
sistive power losses have been reduced while maintain-
ing the high current characteristics.
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