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ABSTRACT

In the present investigation, a technologically important polymer
Polyoxymethylene has been irradiated with gamma radiation in the dose
range 0 to 50Mrad and changesinduced in several propertiesof the polymer
has been studied as a function of dosage of irradiation. Significant changes
have been observed in the crystallinity, electrical conductivity and dielectric
constant and dielectric lossof the polymer dueto irradiation. The crystallinity
of the sample increases with increase in radiation dosage. The conductivity
also showsincreasing trend as afunction of radiation dosage. Results suggest
that the C-H bond scission takes place in the polymer due to irradiation.
These induced changes will strongly affect the strength of the polymer and
hence strength of components made out of this material - in the radiation
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environment.

INTRODUCTION

Polymer has become an important component in
themodern dectrica, dectronicand mechanica industry.
Many modern machines and e ectronic components
have polymers as one of theingredient. Employing
polymers in designing machines and electronic
componentshasresulted inlowering thewe ght of those
itemsand a so the cost of their production.

Butitisbetter totake carewhileusing such machines
and electronic components made of polymers in
presence of radiations. Because, radiations induce
severa changesinsidethepolymer matrix. It caneven
changethe crystdlinity of the semi-crystdline polymer
andthusstrongly affect thephysicd, chemicd, eectrica
and mechanical propertiesof the polymertd.

Thus, study of polymersgiving radiation treatment
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hasagreater importance>. It givesusan ideaof the
changes happened in the polymer matrix due to
irradiation, |ooking at which one can decide whether to
usethem in theradiation environment or not and also
onegetsanideaof thethreshold leve of radiationupto
which the polymer and hence the machines and
el ectronic goodsthat are made of those polymerswill
survive®. Radiation is found to induce solid state
polymerization in several cyclic oligomers of
formal dehyde®.

EXPERIMENTAL

Polyoxymethylene sampleswere cut into discs of
12 mmdiameter & Imm thicknessand wereirradiated
by Co-60 sourcewith adoserate of 0.25 Mrad/hr in
presence of air at CTRL Laboratory, Mumbai, India.
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Thesampleswereirradiated for different doseslike 10
Mrad, 20 Mrad, 30 Mrad, 40 Mrad, and 50 Mrad.

X-ray diffraction studieswere carried out using
MiniFlex Il powder diffraction system using Cu ka.
radiation on theun-irradiated and irradiated samples
at different dosages of gamma radiation. The
samplesfor X-Ray diffraction studies were well
grounded to 200 mesh size, and mounted over a
37x1” glass slide by evenly spreading and wetting it
by acetone. The percentage of crystallinity has been
calculated in each sample.

Thedectricd conductivity of the Polyoxymethylene
sampleswere carried out using thetwo probe method
with the help of Keithly electrometer model 6514, at
room temperature, at the Department of Physics, Indian
Ingtituteof Science, Bangdore, India Thepelet surfaces
were coated with silver paste while doing the
measurements.

Theinfrared spectraof polymer compoundswere
recorded intherange of 4000-400cm-1using FTIR,
JASCO 460 Plusspectrophotometer inthe Department
of Studiesin Geology, Manasagangotri, Mysore. The
sampleholder of theinstrument hasprovisionfor the
measurement of blank KBr aswell asfor the sample.
Thesampleisprepared by mixing thoroughly K Br with
thesamplewhose FTIR isto berecorded intheratio of
100: 3. Thebackground measurementswere recorded
for blank KBr before measuring the sample. The
programmeof theinstrument hasprovisonfor automatic
correctionfor backgroundinthe sample measurements.

The capacitanceand Lossfactor of theunirradiated
andirradiated PF sampleswererecorded usingthe LCR
bridgeinterfaced with computer inthefrequency range
10 - 400 kHz with the help of Impedance Analyzer
(HP4192A) at room temperature, at the Department
of Physics, Indian Ingtitute of Science, Bangdore, India
At all frequencies, capacitance of bothirradiated and
unirradiated sampleswere measured using which the
dielectric constant was cal cul ated.

RESULTSAND DISCUSSION

Crystallinity and conductivity

The percentage of crystalinity as a function of
dosageof irradiationisshownintheFigure 1.
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Figurel: Percentageof crystallinity v/s dosage of gamma
irradiation.

It can be clearly seen that the percentage of
crysdlinity increasesfrom 18to 68 percent withincresse
inthedosageof irradiation. Thisisin good conformation
with the observation by S. Okamuraet. a.[® and Y.
Chatani et. al.[. They have shown that the gamma
radiationinduces solid state polymerizationin severa
compounds. Inthe present study a so, onecan seethat,
even in case of Polyoxymethylene, the percentage of
crystallinity increases with the increase in gamma
radiation dosage. Thevariation in crystalinity with
irradiation dependson the nature of radiationand a so
ontheinternal structure of the polymer®1°, Zhang et.
d 1 haveobservedincreasein amorphicity withincrease
inirradiation dosagein case of polyethyleneoxide.

Study of conductivity and other parameters play
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Figure2: Conductivity v/sdosageof gammairradiation.
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vita rolein designing polymer compositesfor severa
electrical and electronic applications™*3. A plot of
variation of conductivity in Polyoxymethylene asa
function of radiation dosageisshowninFgure2. Itcan
be clearly seen from the figure that the conductivity
increaseswithincreasein dosageof irradiation.

Theincreasein percentage of crystallinity of the
polymer can beattributed to the scission of sidechains
and decrease of freevolumesin the polymer matrix*#+
11, Increasein dectrica conductivity iscomplementing
the same and showstheformation of freeradicasdue
toirradiation. Theside chainswhich sometimes cause
for thedecreasein electrical conductivity are broken
duetoirradiation and thusresulting intheincrease of
electrical conductivity. Cross-linking can also be
observed dueto gammairradiation(*®.

FTIR and didectric constant

IR spectroscopic studies play important rolein
studying organic systems®9. In order to study the ef-
fect of gammairradiation on the different streching
modes present in the compound the FTIR spectrum
wasrecorded at eachirraidiation step. All the observed
spectrain the sampl e so obtained have been grouped
together and shownin Figure3.

JV\ e
b e \V\\,‘-

50 Mrad
- i 9

e,

ey i

- i SR sl ' T
x 30 Mrad

B e s WS

20 Mrad

W-uﬁ_,_ A il - e—
¥ 10 Mrad

[Py S T T e Y
?f 0 Mrad

U + + 1
3000 2000 1000 400

Wavenumber {em)”
Figure3: FTIR of polyoxymethyleneexposed togammairra-
diation from0to50Mrad.

Based onthe FTIR studies, it can be seenthat as
thedosagelevel increasesthe percent of transmission
FTIR of the C-H bond increases, which clearly
indicatestheformation of freeradicals. It hasbeen

4000
1

—= Fyl| Paper

observed that there is change in the color of the
sample after irradiation which might be dueto the
formation of conjugated double bonds and/or trapped
freeradicalsandions. The FTIR spectrum showsa
decrease in intensity of 2300 cm™' peak, whichis
associated with stretching vibrations of C-H bond.
The presence of many new peakswith theincrease
of irradiation suggeststhe formation of alkyneswhich
might be responsiblefor changing the capacitance
and tand values.

Thevariation of dielectric constant and |ossfactor
of thesamplesat different frequenciesasfunctions of
radiation dosage areshown in Figures4 and 5. These
variaionsclearly indicatethat the materid can beused
asadidectric.
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Figure4: Dielectric constant v/sdosage of gammairradia-
tion at different frequencies.
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Figure5: Variation of lossfactor v/sdosage of gammairra-
diation at different frequencies.
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CONCLUSIONS

Gammairradiation isincreasing the percentage
cryddlinity inthepolymer Polyoxymethylene. Electricd
conductivity of thesampleisdsoincreasngwithincresse
inirradiation dosage. Gammairradiationisresultingin
the scission of side chainsin thispolymer. Nature of
variationsinthedielectric constant and thelossfactor
asafunction of frequency show that the materia suits
asadielectric. Though theincreasein percentage of
crystallinity of the polymer matrix isresultingin the
increasein conductivity of the sample, the samplegets
more and more brittlenesswithincreasein radiation
dosage. Thus, itisbetter to avoid the usage of machines
and el ectronic itemsmade of components employing
thispolymer intheradiation environment.
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