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ABSTRACT

Polybenzimidazole, a linear thermoplastic

polymer with excellent thermal stability and

strength retention over a wide range of

temperature, was evaluated for its potential

use as the main dielectric in high temperature

capacitors. The film was characterized in

terms of its dielectric properties in a

frequency range of 50 Hz to I00 kHz. These

properties, which included the dielectric

constant and dielectric loss, were also

obtained in a temperature range from 20°C to

300°C with an electrical stress of 60 Hz, 50

V/mil present. The ac and dc breakdown

voltages of silicone oil-impregnated films as

a function of temperature were also

determined. The results obtained indicate

that while the film remained relatively stable

up to 200°C, it exhibited an increase in its

dielectric properties as the temperature was
raised to 300_C. It was also found that

conditioning of the film by heat-treatment at

60°C for 6 hours tend to improve its dielectric

and breakdown properties. The results are

discussed and conclusions made concerning the

suitability of the film as high temperature

capacitor dielectric.

INTRODUCTION

Polybenzimidazole (PBI), a linear

thermoplastic polymer, was evaluated for use

as high temperature capacitor dielectric. The

material was characterized with and without

heat treatment in terms of its dielectric

properties in a frequency range of 50 Hz to

i00 kHz. These properties, which included the

dielectric constant and dielectric loss, were

also obtained in a temperature range from 20°C

to 300°C with an electrical stress of 60 Hz, 50

V/mil present. The ac and dc breakdown

voltages of silicone oil-impregnated films as

a function of temperature were also

determined. In this paper, the experimental

procedures and the results obtained are

discussed.

_XPERIMENTAL PROCEDURE

PBI films of 1.5 mil thickness, manufactured

by Hoechst Celanese, were used in these

investigations. The PBI film is a linear

thermoplastic polymer which has excellent

thermal stability and strength retention over

a wide range of temperature [3]. It is

chemically stable and is used as reinforcement

of high performance composites, filament

winding and structural applications. Some of

the properties of the film are given in Table

I.

Dielectric and insulating materials are used

extensively in many electrical systems and

components such as high voltage capacitors,

power switches, and energy storage and

transport devices. These components and

devices are often required to operate reliably Service temperature (°C)

in harsh environments where stresses of Shrinkage (%) @ 315°C

different kinds and intensities are

encountered. High temperature constitutes one

of such stresses which exists in applications

such as nuclear reactors, well-logging fields

and space-based systems. The dielectric

materials employed in these fields must

therefore operate reliably and be capable of

withstanding the high temperature exposure.

Table I. Properties of PBI film [3],

Density (g/cc)

Dielectric constant

Dissipation factor (xl0 "2)

Dielectric strength (kV/mil)

Volume resistivity (ohm.cm)

Surface resistivity (ohm/sq.)

>300

3

1.2-1.4

4.4-16.2

2.4-57

4-7

1014-1016

5x10 I°

The currently emerging demand for space-based

power systems and components is toward higher

energy densities and larger power levels. For

instance, future plans for many space

exploration missions call for tremendous

increase in the power capability to a

magnitude of the order of megawatts [i].

Reducing size and weight, increasing the

packaging density, as well as improving

efficiency and reliability are other issues

that are of major concern to space systems.

These requirements will certainly result in

raising the operating temperature of the

device/system concerned [2]. Improvement in

the currently available dielectrics and the

identification of new materials, capable of

providing reliable and efficient operation at

high temperatures, thus play an important role

for the technological needs in space-based

enterprises to be met.

The experiments carried out were performed on

as-received (control C) as well as on heat-

treated (HT) samples. Heat treatment was done

by heating the material in an oven at a

temperature of 60°C for a time duration of 6

hours. A capacitance measurement system

(General Radio Precision Capacitance System

1621) together with a set of concentric ring

brass electrodes were used in the measurement

of the dielectric constant and the dissipation

factor of the samples at room temperature in

a frequency range of 50 Hz to i00 kHz. These

properties were further characterized in a

temperature range of 20°C to 300°C with an

applied electrical stress of 60 Hz, 50 V/mil

using Tettex Instruments, Type 2821

Capacitance System and Type 2914 Dielectric

Test Cell.



A Hipotronics ac Dielectric Test Set (Model

7100 - 20 A) and a universal Voltronics dc

power supply (Model BAM-32-1.5) were employed

in the breakdown voltage measurements.

Silicone fluid 210 H, supplied by Dow Corning,

served as the impregnant. A temperature

controller was utilized to obtain proper test

temperatures within ±2°C. During testing, the

specimen was held between two cylindrical

stainless steel electrodes of 0.25 inch

diameter (ASTM D-149) and the voltage was

raised at a rate of 500 V/s until breakdown

occurred. The values reported are the average

of at least seven measurements.

RESULTS AND DISCUSSIONS

The dielectric constant and the dissipation

factor at room temperature as a function of

frequency are shown in Figures 1 and 2,

respectively. These properties of the film

were obtained in the frequency range of 50 Hz

to 100 kHz for both the as-received as well as

those of heat-treated sample at 60°C for 6

hours. It can be clearly seen that both

properties exhibit significant decrease upon

heat treatment. For example, at any given

frequency, the decrease in the dielectric
constant amounted to about as much as 50% of

the original value. Similarly, the value of

the dissipation factor decreased sharply after

the film was heat-treated. It is believed

that the reduction in the values of the

dielectric properties after heat treatment is

due to the removal of any moisture present and

possibly to some thermally-induced molecular

agitation phenomenon in the polymer.

Figure 3 shows the variation in the dielectric

constant of the heat-treated samples as a

function of temperature while electrically

stressed at 60 Hz, 50 V/mil. It is evident

that the dielectric constant remained

relatively stable with temperature up to 200°C.

As the test temperature was increased further,

the value of the dielectric constant, however,

started to exhibit an increase. A similar

trend was observed for the effect of

temperature on the dissipation factor of the

heat-treated PBI film, as shown in Figure 4.

It is important to note that the polymer film

maintained its physical integrity at

temperatures as high as 300°C and in the

presence of the electrical stress.

A comparison of the ac and dc breakdown

voltages at room temperature of control and

heat-treated samples is given in Table II.

Also listed are the data for both dry as well

as for silicone fluid-impregnated samples. In

general, the breakdown strength increased

slightly after heat treatment. Once again,

this might have been due to the removal of

trapped moisture upon heating the material.

Table II also shows that the breakdown

voltages of the impregnated samples are much

higher than their dry counterpart. This

happens because the impregnant, which has

higher dielectric strength than air,

penetrates the material and fills up the

microvoids and gas cavities as these are

usually considered as primary sites for

breakdown initiation.

The ac and dc breakdown strengths of

impregnated PBI films before and after heat

treatment as a function of temperature are

shown in Figures 5 and 6, respectively. It

can be seen that for either case, ac or dc,

the dielectric strength reduces slightly with

increase in temperature. This reduction in

the breakdown voltage can be attributed to the

softening of the polymer film when exposed to

high temperatures. It can be also noted that

the heat-treated samples displayed, at any

given temperature, higher dielectric strengths

than those of the untreated film. This is due

to the fact that in addition to removing any

trapped moisture in the film, the application

of heat would have facilitated and lead to

better impregnation of the material.

CONCLUSION

The results obtained in this work indicate

that the PBI film remained relatively stable

when exposed to temperatures as high as 200°C.

At higher temperatures, the film, however,

exhibited an increase in its dielectric

properties. Its breakdown behavior displayed

weak dependence on temperature as both the ac

and dc dielectric strengths exhibited slight

decrease with increase in temperature. It is

believed that improvement in the manufacturing

and processing of the film can possibly result

in good electrical and other properties that

are more stable with temperature. Further

research and experimental studies are required

to better and fully characterize this and

other materials for potential use as high

temperature capacitor dielectrics.
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Table II. Effect of heat treatment on the

dielectric strengths of dry and

_mpreanated PBI films.

ac strength,kV!dc strength,kV

sample

as-received

heat-treated

dry imp

5.69 9.36

6.36 9.40

dry imp

8.52 9.13

9.75 10.26
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Figure 1. Dielectric constant versus frequency for

control(O) and heat-treated(e) samples.
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Figure 4. Dissipation factor of heat-treated semplen

versus temperature while stressed at (DO Hz, 80 Vlmll.
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Figure 2. Dissipation factor versus frequency for

control(O) and heat-treated(e) samples.
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