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The study of effects induced by keV or MeV heavy

ions irradiation on polymers has attracted attention 1–4

both for fundamental interest and for potential tech-

nological applications in various fields such as dosi-

meters, biomaterial for implantation, composites,

conducting polymers, electroactive polymers, textile

industry, surgical polymeric textiles, etc. The polyeth-

ylene terephthalate (PET) material gets damaged

while irradiating (in vacuum) with different ions and

fluences as confirmed from the differential scanning

calorimetry (DSC) by different researchers 5–11. An

interesting result has been observed when PET

microfibre is subjected to 3-MeV proton irradiation in

air with two different fluences, viz. 1 · 1013 p/cm2 and

1 · 1015 p/cm2 and studied under DSC. The multiple

melting endotherm is found to be shifted towards

higher temperature with higher enthalpy change as

compared the to pristine microfibre, which indicates

the modification of PET for higher thermal stability

and enhancement of its crystallinity.

The phenomenon of multiple melting endotherms

seems to exist with most polymers including PET 5–7.

It is well confirmed that the observation of multiple

melting phenomena in PET is because of recrystalli-

sation 7. In the present study, the PET microfibre (of

denier value 1.5 denier per filament) has been irra-

diated with a proton beam, extracted to air from a

9SDH-2 tandem type pelletron accelerator (National

Electrostatic Corporation, USA), at the Institute of

Physics, Bhubaneswar, India 4. The irradiated micro-

fibre has been studied using a Netzsch STA 409C

simultaneous thermal analyzer (NETZSCH-Geräte-

bau, GmbH). The multiple melting transition tem-

perature Tm of virgin and proton-irradiated PET

microfibers are shown in Fig. 1. The DSC thermo-

gram of virgin microfibre shows superimposed (two

peaks) endotherms. The first endotherm (sharp) is

observes at 253.9 �C (Ts
m) and the second peak

(broad) endotherm at 254.75 �C (Tb
m). In the irradi-

ated samples, it is observed that the sharp endotherm

obtained at Ts
m remains constant (unmodified) for

the two proton fluences used, viz. 1 · 1013 p/cm2

and1 · 1015 p/cm2. However, the broad endotherm

(modified), observed at Tb
m, is shifted to 256 �C and

remains constant for both the proton fluences. It is

also observed that the total change in enthalpy of

fusion (DHf ¼ DHs
f þ DHb

f ) varies with proton flu-

ence and found higher in the case of irradiated

samples. As reported by Calcagno 9, the semi-crys-

talline polymers, when subjected to ion irradiation

at low fluence, mainly suffer a transformation

from their semi-crystalline structure to a damaged

one. The damaged material is still semi-crystallne,

but is characterized by a low melting temperature

and a broad melting behaviour. Similar phenomenon

was also observed by many researchers using protons

10 and silicon ions 11 for irradiating polymeric

materials.

The interesting result observed in the present study

is that the ion-induced, modified semi-crystalline peak

of PET is shifted towards higher temperature instead

of lower temperature, as reported by others 5–11. This
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shift of broad endotherm is probably due to recrystal-

lization of the new phase (modified material) formed

due to simultaneous action of the cross-linking effect

12 and sponge effect 13, since it is well known that the

crosslinking of irradiated polymers takes place in the

amorphous phase only. Again, irradiation of the poly-

mer (PET) having benzene ring in its structure shows

sponge effect when irradiated in air (oxygen). Also, the

percent crystallinity (%C) of the virgin sample; and

samples irradiated at 1 · 10 13 p/cm2 and 1 · 1015

p/cm2, measured by DSC, are found to be 24.01%,

30.06% and 28.78% respectively. Hence increase of

DHf , Tm and %C of irradiated sample is related to

the modified PET material with improved thermal

characteristics.
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Fig. 1 DSC thermograms of the pristine and 3-MeV proton
irradiated PET microfibres: (a) pristine (-——), (b) irradiated
with 1 · 1013 p/cm2 (- - -) and (c) irradiated with 1 · 1015 p/cm2
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