
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by: [INFLIBNET India Order]
On: 6 October 2009
Access details: Access Details: [subscription number 909277354]
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House,
37-41 Mortimer Street, London W1T 3JH, UK

Radiation Effects and Defects in Solids
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713648881

PROTON INDUCED MODIFICATION IN POLY(ETHYLENE
TEREPHTHALATE)
S. P. Tripathy a; R. Mishra a; K. K. Dwivedi; D. T. Khathing a; S. Ghosh b; D. Fink b

a Department of Physics, North-Eastern Hill University, Shillong-793 022, India. b Hahn-Meitner Institute,
Glienicker Strasse 100, D-14109 Berlin, Germany.

Online Publication Date: 01 January 2002

To cite this Article Tripathy, S. P., Mishra, R., Dwivedi, K. K., Khathing, D. T., Ghosh, S. and Fink, D.(2002)'PROTON INDUCED
MODIFICATION IN POLY(ETHYLENE TEREPHTHALATE)',Radiation Effects and Defects in Solids,157:4,1 — 11

To link to this Article: DOI: 10.1080/10420150214037

URL: http://dx.doi.org/10.1080/10420150214037

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713648881
http://dx.doi.org/10.1080/10420150214037
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Radiation Effects and Defects in Solids, 2002, Vol. 157, pp. 1–11

PROTON INDUCED MODIFICATION IN
POLY(ETHYLENE TEREPHTHALATE)

S. P. TRIPATHYa,*, R. MISHRAa, K. K. DWIVEDIb,c,},

D. T. KHATHINGa, S. GHOSHc and D. FINKc,y

aDepartment of Physics, North-Eastern Hill University, Shillong-793 022, India;
bArunachal University, Rono Hills, Itanagar-791 111, India; cHahn-Meitner

Institute, Glienicker Strasse 100, D-14109 Berlin, Germany

(Received 12 June 2001; In final form 15 August 2001)

A systematic investigation of 62 MeV proton irradiated Poly(ethylene terephthalate) (PET) has
been carried out using Fourier Transformed Infrared Spectroscopy, thermogravimetric analysis,
differential scanning calorimetry and X-ray diffraction spectroscopy. The experiments revealed
a restoration of the crystalline matrix and simultaneous decrease in thermal stability in the
irradiated polymer as a function of dose, indicating that PET underwent both degradation
and cross-linking by proton irradiation.
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1 INTRODUCTION

Polyethylene terephthalate (PET) is a polyester, having a high melting point

and very good mechanical strength due to presence of the aromatic ring in

the polymeric structure. It is resistant to heat and moisture and virtually

unattacked by many chemicals. In addition to chain scissioning, cross-link-

ing, molecular emission and formation of double bonds, which occur by

low LET irradiations in PET, formation of an alkyne group is an additional

effect in PET by swift heavy ions [1].
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Both cross-linking and degradation take place during proton irradiation

and are closely related to irradiation dose. At certain doses, cross-linking

becomes predominant and mechanical properties are improved [2]. Another

study by 62 MeV proton irradiation on Polypropylene and Polytetrafluoro

ethylene showed a decrease in their optical band-gap, whereas no effect on

the optical properties was observed in Polyethylene terephthalate and Poly-

imide [3]. 62 MeV proton irradiation was also found to modify the track regis-

tration properties of Polyallyl diglycol carbonate (PADC) by fullerene

destruction [4] as well as by the use of thin metal foils in contact with its

surface [5]. On the contrary, electron irradiation on PET resulted in amorphi-

sation of the polymer thereby decreasing the thermal stability [6], whereas

production of hydroxyterephthalates and dihydroxyterephthalates in the poly-

mer backbone as radiolysis products and molecular orientation in the ion

tracks was observed by heavy ion irradiation on PET [7]. Also, the dose

dependent modification in PADC by 62 MeV proton irradiation has been

studied and it was found that the crystallinity and thermal stability of the poly-

mer decreased as a function of dose, whereas there was no change in the

optical band-gap of the polymer [8].

As a continuation of the work, this paper presents our systematic inves-

tigation of the post-proton irradiation effect on PET as a function of dose.

Modifications induced in the structural and thermal behaviour of PET were

analysed by spectroscopic and thermal techniques.

2 EXPERIMENTAL DETAILS

2.1 Target Preparation and Proton Irradiation

Forty pieces of PET (composition: C10H8O4, density: 1.41 g � cm�3, thick-

ness: 13� 0.1 mm) of sizes (1� 1) cm2 were taken and four stacks were

prepared containing 10 pieces each. Each stack was covered by radiation

sensitive Polyvinyl acetate (PVA) at both ends to check the uniformity of

the impinging beam by its colour change. These were separately irradiated

in presence of air to four different doses, viz. 10 kGy, 30 kGy, 60 kGy and

80 kGy by a scanned 62 MeV proton beam in the Ion Beam Laboratory

‘‘ISL’’ of Hahn Meitner Institute (HMI), Berlin. The collimated proton

beam of dimension (0.3� 1) cm2 passed perpendicularly through each

stack. Then, the pristine and the irradiated samples were characterised by

the following techniques.
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2.2 Characterisation of Irradiated Polymers

2.2.1 Fourier Transform Infrared Spectroscopy (FT-IR)

The FT-IR spectra of all the samples were recorded in the wave number

range of 4000 to 500 cm�1 using the Fourier transforming instrument

(NICOLET, IMPACT 410) to study the structural changes including the

alteration in position and intensity of the characteristic bands with an

accuracy better than �1% to �3%.

2.2.2 X-ray Diffraction Spectroscopy (XRD)

X-ray diffraction studies were carried out by using the Cu–Ka (l¼ 1.54 Å)

radiation with 8.04 keV energy from a Rigaku y-2y X-ray spectrometer at

Inter University Consortium, Indore, India. A rotating anode source and

a Sodium Iodide scintillation detector have been used. The value of 2y
ranged from 3� to 90� with step size 0.04 mm.

2.2.3 Thermogravimetric Analysis (TGA)

The TGA thermograms were recorded by using the Perkin Elmer Delta

series Thermal Analysis system. The samples were crimped in small alumi-

nium pans and were heated from 30�C to 600�C, at a predetermined rate

of 20�C/min with N2 as the flushing gas. The error associated with TGA

analysis is �2�C.

2.2.4 Differential Scanning Calorimetry (DSC)

In the same way as above, the samples were crimped in small aluminium pans

and the thermal analysis of the hermetically sealed samples was done by the

Perkin Elmer Delta series Thermal Analysis system. The temperature was

scanned from 50�C to 450�C, at a predetermined rate of 20�C/min with N2

as the flushing gas. A plot of heat flow (Y-axis) as a function of temperature

(X-axis) for DSC was obtained within the instrumental error of �2�C.

3. RESULTS AND DISCUSSION

3.1 FT-IR Spectral Analysis

The spectra of the pristine and irradiated PET (80 kGy) are shown in

Figure 1. Here, the change in most of the characteristic peak positions
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denotes the deformation of the polymer structure. The simultaneous change

of all IR lines indicate that the irradiation-affected regions are distributed

randomly all over the polymer molecules. The absorption bands obtained

from the spectra are interpreted in Table I.

� No new band was observed at 3294 cm�1, which is usually assigned

to C-H stretching vibrations of the alkyne group. This is in contrast

FIGURE 1 FT-IR spectra of the pristine and the proton irradiated PET (80 kGy) in the range
of 3000–650 cm�1.

TABLE I The identification of the absorption bands in PET corresponding to their wave
numbers (1=l)

Peak 1/l (cm�1) Identification [1, 9]

A 2975 CH stretching of CH2 group
B 1723 C¼O stretching vibration
C 1373 C�C stretching of phenyl ring, Vibration band of para substituted

benzene rings
D 1273
E 1203
F 1123 C�O�C stretching of ester
G 1013
H 873 CH deformation of phenyl ring, Vibration band of para substituted

benzene rings
I 730 Ring deformation of phenyl ring, Bending vibration of CH2 group

4 S. P. TRIPATHY et al.
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with the result obtained by Steckenreiter et al. [1] regarding the

alkyne group formation after heavy ion irradiation.

� For the PET irradiated to the highest dose (80 kGy), the increase in

absorbance at 730 cm�1 (I) implied the possible recrystallisation after

proton irradiation but the simultaneous increase in absorbance at

873 cm�1 (H) points at some amorphisation of the newly formed

crystals. This kind of simultaneous behaviour is possible when the

pristine polymer is partly crystalline.

� An increase in absorbance of para-substituted benzene ring bands (H)

at the highest dose indicated the stability of the aromatic unit.

Similarly, there are instances when the polymer underwent degrada-

tion without aecting the whole structure of the polymer.

3.2 XRD analysis

The XRD spectra of the pristine and proton irradiated PET (80 kGy) are

shown in Figure 2 and the parameters assigned with the peaks are given

in Table II. The result shows that:

� The intensity of the main peak (C) at 2y¼ 26.26� for the pristine

material increased and shifted to 2y¼ 25.92� after irradiation with the

highest proton dose (80 kGy). This change can be attributed to the dif-

ferences in density of the pristine and irradiated zones arising out of the

restoration of the crystal structure due to the increasing strain on the

irradiated PET.

� Three new peaks (A, B, D) emerged at 2y¼ 9.46�, 13.18� and 28.63�

after irradiation, which might be due to the newly formed fine

polymer crystallites in the amorphous zone of PET.

� Since the diraction pattern depends upon the internal structure of the

polymer, the observed changes in the X-ray diraction spectra

represent the growth in order of the original lamella (crystalline)

structure of PET, thus, leading to a considerable increase in its

crystallinity after proton irradiation at the dose of 80 kGy.

3.3 TGA analysis

The decomposition behaviour of the pristine and the irradiated polymers

were studied by this technique. The thermograms are shown in Figure 3
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FIGURE 2 XRD spectra of the pristine and the proton irradiated PET (80 kGy).
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and the temperatures along with the respective weight-loss (%) for different

zones are given in Table III.

� As depicted from the figure, the stable zone disappeared for the

rradiated polymers, which ranged up to 165�C for the pristine PET.

The irradiation made the polymer to undergo a slow decomposition

from the moment of application of heat.

FIGURE 2 Continued.

TABLE II Position (2y) Intensity (I) and full width half maximum (FWHM) of the XRD
peaks of the pristine (P) and proton irradiated PET (80 kGy)

2y (degree) Irel I(CPS)
FWHM
(degrees)

Peak P 80 kGy P 80 kGy P 80 kGy P 80 kGy

*A – 9.46 – 11 – 967 – 0.13
*B – 13.18 – 18 – 909 – 3.40
C 26.26 25.92 100 100 7825 7303 0.50 0.70
*D – 28.63 – 14 – 1247 – 1.20

*New peaks formed after irradiation.
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� This slow decomposition zone continued up to 165�C involving only

about 10% of weight loss for the pristine PET, whereas a weight of

about 20–25% was lost in case of the irradiated samples at a lower

temperature (346–390�C).

� Similarly, the fast decomposition zone went up to 530�C involving a

weight loss of about 90% for the pristine and up to 460–475�C for

the irradiated polymers associated with a weight loss of about 75–

80%.

From the data, it is observed that the thermal decomposition of the polymer

depends upon the dose of the proton beam irradiation, i.e., the more the

dose, the less the thermal stability. This denotes a degradation of the poly-

mer matrix under proton beam irradiation making it to decompose earlier

than the pristine PET.

3.4 DSC Analysis

The DSC thermograms of the pristine and the proton irradiated PET are

shown in Figure 4. It was observed that the exotherms denoting the

temperature of crystallisation (Tc) appeared at around 208�C (A0 in pristine,

A1 in irradiated) in all the cases. But the endotherms denoting the melting

FIGURE 3 TGA thermograms of the pristine and the proton irradiated PET (80 kGy).
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temperatures (Tm) underwent a change after proton irradiation. The

endotherm is sharp for the pristine PET appearing at about 229�C (B0),

but continuous endothermal distortions were found in all the irradiated

PET samples, spreading over a temperature range up to 450�C, the starting

TABLE III Thermal decomposition temperatures at different zones for the pristine PET and
the PET samples irradiated to different doses (10, 30, 60, 80 kGy) of 62 MeV proton

Dose
(kGy) Zone

Temperature
range (�C)

Weight loss %
in the zone Interpretation

0 I 30–165 0 Stable zone
II 165–410 10 Slow decomposition
III 410–530 90 Fast decomposition

10 I – 0 Stable zone
II 30–390 20 Slow decomposition
III 390–475 80 Fast decomposition

30 I – 0 Stable zone
II 30–390 20 Slow decomposition
III 390–475 80 Fast decomposition

60 I – 0 Stable zone
II 30–377 23 Slow decomposition
III 377–465 77 Fast decomposition

80 I – 0 Stable zone
II 30–346 25 Slow decomposition
III 346–460 75 Fast decomposition

FIGURE 4 DSC thermograms of the pristine and the proton irradiated PET (80 kGy).
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point of which was around 224�C (B1). This can be attributed to the fact

that some of the degraded molecules are cross-linked which are not decom-

posing simultaneously at the same temperature. However, the thermal

analysis supports the fact that, the polymer has undergone a degradation

due to proton irradiation and thus, makes it decompose earlier than the

pristine PET.

4. CONCLUSION

Basically, two types of phenomena are observed in PET by proton irra-

diation: degradation and cross-linking. The emergence of new crystallisa-

tion peaks and increase in main peak intensity denoted the growth of

crystallinity in the irradiated PET. From FT-IR spectral analysis, recrys-

tallisation in the amorphous zone and simultaneous amorphisation as a

function of degradation and cross-linking of the irradiated PET

(80 kGy) are evidenced, which is further supported by the disappearance

of sharp melting peak in DSC thermogram. However, chain-scission by

proton irradiation seems to be the dominant process as seen from the

thermal analysis.

Acknowledgements

The authors thank the technical and scientific staff of ISL, Hahn Meitner

Institute, Berlin for the proton irradiation. The fellowship grants to SPT

and RM under the Senior Research Fellowship of the Council for Scientific

and Industrial Research, New Delhi, India are thankfully acknowledged.

KKD thanks DAAD, Bonn for the fellowship under the re-invitation

programme. SG thanks DST, Government of India for the award of BOY-

SCAST fellowship. The authors thank the technical and scientific staff of

Inter University Consortium, Indore, India for their help in X-ray diffrac-

tion measurements.

References

[1] Steckenreiter, T., Balanzat, E., Fuess, H. and Trautmann, C. (1997). Nucl. Instr. Meth.,
B131, 413.

[2] Wang, G. H., Pan, G. Q., Dou, L., Yu, R. X., Zhang, T., Jiang, S. G. and Dai, Q. L. (1987).
Nucl. Instr. Meth., B27, 410.

10 S. P. TRIPATHY et al.

D
o
w
n
l
o
a
d
e
d
 
B
y
:
 
[
I
N
F
L
I
B
N
E
T
 
I
n
d
i
a
 
O
r
d
e
r
]
 
A
t
:
 
1
0
:
3
5
 
6
 
O
c
t
o
b
e
r
 
2
0
0
9



[3] Mishra, R., Tripathy, S. P., Sinha, D., Khathing, D. T., Dwivedi, K. K., Ghosh, S., Müller,
M., Fink, D. and Chung, W. H. (2000). Nucl. Instr. Meth., B168, 59.

[4] Dwivedi, K. K., Ghosh, S., Fink, D., Mishra, R., Tripathy, S. P., Kulshreshtha, A. and
Khathing, D. T. (1999). Radiat. Meas., 31, 127.

[5] Tripathy, S. P., Mishra, R., Kulshreshtha, A., Dwivedi, K. K., Khathing, D. T., Srivastava,
A., Ghosh, S. and Fink, D. (2001). Radiat. Meas., 33, 171.

[6] Mishra, R., Tripathy, S. P., Dwivedi, K. K., Khathing, D. T., Ghosh, S., Muller, M. and Fink,
D. (2001). Radiation Effects and Defects in Solids. In Press.

[7] Eßer, M. and Fuhrmann, J. (1999). Nucl. Instr. Meth., B151, 118.
[8] Tripathy, S. P., Mishra, R., Dwivedi, K. K., Khathing, D. T., Ghosh, S. and Fink, D. (2001).

Radiat. Meas., In Press.
[9] Fink, D., Hosoi, F., Omichi, H., Sasuga, T. and Amaral, L. (1994). Radiation Effects and

Defects in Solids, 132, 313.

PROTON INDUCED MODIFICATION 11

D
o
w
n
l
o
a
d
e
d
 
B
y
:
 
[
I
N
F
L
I
B
N
E
T
 
I
n
d
i
a
 
O
r
d
e
r
]
 
A
t
:
 
1
0
:
3
5
 
6
 
O
c
t
o
b
e
r
 
2
0
0
9


