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Background

Varistor materials are commonly used in electrical surge protection applications. They are formed by
making ceramic powders and sintering. Dopants are used to enhance their electrical properties and
allow for high sintered densities. Very small amounts of dopants are needed to achieve the best

electrical results.

Motivation

* Difficult to find dopants due to very low amounts used
* Hard to characterize their phases and oxidation states which affect electrical properties
* Particularly Mn has multiple oxidation states (2%, 3*, 4*) which changes during processing

Experimental Setup and Procedure
Standard Synthesis via Chemical Precipitation
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Experiment

Addition of only Precipitation of} [ Filtered and collected after}
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*  Throughout the studied pH range,
only Mn;0, was identified as forming

. The amount of precipitate that was
collected depended on the pH

e Temperature was shown to directly
affect the pH reading due to water
dissociation
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Experiment Setup and Procedure

* A composition was doped with high amounts of Mn

* Processed through bismuth and sodium dope including
calcinations as shown above in standard synthesis graphic

e Using this powder, XRD and ESR data may be collected

Electron Spin Resonance (ESR)

* Powerful and sensitive technique to characterize electronic
structure of materials with unpaired electrons

» Allows probing of oxidation states of the transition metals doped at
low concentrations
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Example shows raw data of two different powders calcined differently with
high amounts of Mn: green corresponds to Mn?*, red is unknown. The fact
that both patterns are different tells us that Mn is behaving differently

during calcinations
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Future Work

* High dope Mn powder showed spinel phase at 720 °C vs none at 600 "C and differences in
ESR patterns suggest a change in oxidation state that needs to be verified and understood

—Mn 600C PoC1

VA A

Nuclear Security Administration

1 g AN RE RS
 Patterns taken | |3 | g
. 1000 - H i P - 5
after the first _ 9OME g /\l . / g “ am g &
. , = v |\ g 8 Y =l ’g
and third g S T «;») sk ad |\ ,‘T,,_,.;J W L \ A
calcination S |
* Mn pattern at 10
720 °C shows
spinel phase, 1
5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80
Zn; ;Mn, 50,, 20
Wthh |S EItheI" —Mn 720C PoC1 PDF# 00-036-1451- Zincite (ZnO) —PDF# 04-013-4175 (Zn1.7Mn1.304)
undetectable _ Mn 600 C Post Cal 1
10000 8§ &35 - -
or absent in T35 g g 8§ g
the 600 °C I | /\ | g
sample - | | /\ I | I E) g
P J}' LIV [ ,'[\\ )\1 ,\ (A
) N Jw J b ”‘“(‘ \ ‘[ 1; | :([,’ \H»“ ”‘”. i\ V ‘
§ 100 ""”"“i"»“"v'\“"ml‘;"l_., » A L \x‘i“ WY |
10
1
5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80

20

PDF# 00-036-1451- Zincite (ZnO)

* Mn;0,is produced in the pH speciation experiments, but this is isolating the Mn from a
standard reaction. We want to see what happens if ZnCl, and MnCl, are added together.
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