Sintering and Shrinkage studies of ZnO varistors

J S Advanced Materials Laboratory.
Experiment:  Sintering and Shrinkage studies of ZnO varistors

Introduction

Varistors are ceramic devices whose function is to limit transient voltage surges and to do so without being destroyed. They are known by various names such as voltage arrestors, non-linear resistors, surge suppressers and voltage regulators.1-4 The varistor is usually connected across the power line in parallel with the device/instrument to be protected as shown below.
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 The resistivity of a ZnO varistor is very high (more than 1010 (. cm) below a threshold voltage (and so passes very little current) and is very low (less than several (. cm) above the threshold voltage. Thus for voltages above some threshold, the varister offers a very conductive current path through which current can flow. Very little current will then flow through the device. When the voltage returns to normal the varistor returns to its highly resistive state and pass only leakage current. Current then flows as normal through the device. 

The relationship between current and voltage in a varistor device is often approximated as  
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where current; V = voltage ; coefficient of  nonlinearity; k =  material constant

ZnO varistors are conventionally prepared by weighing, mixing, plastification and sintering. The powders are usually mixed using an agate mortar in dry form or a ball mill in wet form. After adding organic binders the above mixture is pressed into discs of desired dimensions. The pressed discs are sintered at 1200-1400°C. The sintered pellets are further electroded, leads are attached and finally it may be encapsulated in a polymeric material and electrically tested. In this procedure we make ZnO varistor discs and sinter it at 1200 °C.  The shrinkage, densification and subsequent electricasl properties will be studied. 
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Schedule of experiment

Day 1 1) Preparation of pellets 3) Thickness and radius measurements 2) Green density calculations 3) Sintering

Day 2 1) Shrinkage measurements 2) Density calculations 3) Electrical Characterisation

Safety Notes

1) Do not open the furnace above 200 °C

2) Always place samples on sintered alumina plates

3) Always use fire gloves while operating the furnace

4) Do not switch off the furnace during the experiment

Preparation of ZnO discs

Weigh 0.50 g of ZnO varistor powder provided and make pellets using the 13 mm die (Pressure 1 ton). Prepare at least 12 pellets. NB you will need to keep 3 green and 3 sintered varisters for the electrical measurements. 

Green (pre-sintered) density measurements

Green density is defined as the density of the sample before heat treatment. Calculate the green density as dimensional density of pre-sintered body

[image: image1]Green density    =          Mass of the pre-sintered pellet
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Calculate the percentage of densification (Theoretical density of ZnO = 5.06 g/cm3)

Sintering

The sintering experiments to be performed in a chamber furnace (Nabertherm-S 27) with the following rate of heating (Scheme 1). Place each pellets in the furnace and sinter it using the following heating schedule.

ZnO varistor discs to be sintered in air at 1200 °C for 2hrs and then left cool under room temperature. [image: image10.wmf]V
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Shrinkage measurements

Calculate the linear and volume shrinkage

 Linear shrinkage =   
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
t = thickness before sintering

t1 = thickness after sintering

Sintered Density Determinations

Density determinations of the sintered samples to be performed using the Archimedes principle. This principle states that every solid body immersed in a fluid loses weight by an amount equal to that of the fluid it displaces. The density of the sintered samples usually determined with the aid of a liquid whose density is known (usually water).  If the sample does not have any open porosity it can just be weighed in air (W1) and water (W2) to calculate the density (D) according to the equation.

              D =
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 EMBED Equation.3  [image: image5.wmf] 
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where d= density of water

The measurements will be carried out using Ohaus P/N 470007-010    
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Furnace Operations (Nabertherm-S 27)

General programming instructions[image: image7.jpg]o
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T is the dwell temperature 

Time 1a (in hours) is the time required to reach T1 (First dwell temperature)

Time 1b (in hours) is the time required to hold at T1

Similarly (2a, 2b…. and T2, T3….. if you want to do multi-step programming) 

Programming the furnace for this experiment

Switch on furnace

Step 1


Press                     and enter  3.00;  Press       T 1        and enter 300 ; Press            

and enter 1.00
Step 2

Press               and enter 5.00; Press                 and enter 1200; press                            

and enter 2.00

Check once again all the data entered. Then Press 

The Varister: Electrical Characterisation

Measure the thickness, d, and diameter of all discs. Calculate the disc area, A. Cover both sides with Silver paint without letting the paint short out the circuit by dripping over the edge. Use the silver paint to glue the disc to the metal surface of the test box. Use the silver paint on the other side to attach the wire.

Connect the box to the source meter using the BNC cable. Ramp up the voltage from 0 to 200 volts in 2 volt steps measuring the current. 

Do this for 3 sintered and 3 un-sintered discs.

Save each IV curve in a separate file. Transform the current, I, into current density J by

J=I/A

Transform the voltage, V, to electric field, E, by E=V/d.

Plot the J versus E for all samples on the same graph. Comment on the differences between sintered and un-sintered discs. Pick out one representative IV curve for the un-sintered and the sintered disks.

The conductivity, (, is given by

J=(E

This we can express the conductivity by
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This is a useful expression in the field of varistors as we are interested in how much the current density flowing through the varistor will increase for a given increase in field.
Use this relationship to plot the conductivity as a function of E for each representative disc on the same graph. This means plot E on the x axis. Ignore the fact that you may have seen E (or V) plotted on the y axis on the web or in text books!!
For each type of disk:

Is the conductivity constant? How is ( related to E? By a power law or an exponential or some other relationship?

Given the dependence of ( on E is your sintered varister suitable for its purpose? Has sintering improved the properties?

Comment in your write-up on the relationships between ( and resistance and resistivity.
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V= Volume before sintering


V1= Volume after sintering








Fig. 1 Experimental set up for the determination of density by Archimedes principle
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