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ABSTRACT 

The effect of electric field and gamma radiation on the optical properties of low density polyethylene LDPE 

grade CD 0230 have been studied. The samples were irradiated at gamma doses of 0-100 Mrad and varying 

electric field of 0-104 V /em. The optical absorption spectra were measured in the wavelength range of 

200-1100 nm. The opticl absorption coefficient a and the energy gap ~ E values were found to be gamma 

dose dependent. Also these optical parameters show a dependence on the electric field. The change in the 

polymer crystallinity due to irradiation can be attributed to the induced bond scission and subsequent 

cross linking. 
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INTRODUCTION 

The Optical studies are almost unique tools for reaching 

a detailed knowledge of molecular properties. Structure -

property relationship is the possibility of handing in detail 

the electron phonon coupling i.e. coupling between 

electrons and vibrations (phonons) in such a low band gap 

materials. These properties are of relevant in electro-optical 

and all optical switching which are the basis of modem 

technologies in telecommunications. Polymers exhibit 

useful non-linear optics and electric properties [1-3] which 

qualify them as active components in electronic devices. 

The particular advantage of organic materials is the 

possibility of tailoring physical properties in some cases the 

electrically attractive behaviour can even combine with a 

controlled photoreactivity and fabrication of microstructure. 

Polyethylene, PE, is widely used as an electrical insulation 

material because of its low dielectric loss and superior 

breakdown strength [4]. 

The dielectric loss of PE is low due to its depolar 

orientation polarisation is low. In super clean material, 

super clean environment and dry method of crosslinking 

technology, the field concentration caused by impurity 

and microvoid in extra high power cable of LDPE 

insulation has been decreased greatly. In order to improve 

the stabilisation of LDPE to thermal and environmental to 

be used as insulating cables of . high power in scientific 

instrument, the effect of impurities and voids are of 

interest. 

The aim of the present work is to study the effect of both 

radiation and applied DC field on the optical properties of 

polyethylene grade CD0230 used in the insulating cables. 

EXPERIMENTAL 

(a) Samples: 

The material used in this work was low density 

polyethylene Lotrene (CD0230) produced by Qatar 
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Petrochemical Company (QAPCO). The polymer has a melt 

flow index 1.8 - 2.2, crystalline melting temperature Ill °C 

and its density at 23°C is 0.922- 0.924 gmlcm3. LDPE was 

fabricated into disc like specimens 2.5 em in diameter and 

thickness 0.1 - 0.2 em. 

EXTERNAL TREATMENT 

The samples were subjected to different applied D.C. 

field varying from 0-104 V/cm for half an hour [5]. The disc 

like samples were irradiated at room temperature in air using 

a gamma cell 220 manufactured by Atomic Energy Canada. 

The operating dose rate was 0.6 Mrad/h and a set of samples 

spanning an integrated dose from 0 to 100 Mrad. 

OPTICAL ABSORPTION SPECTRA 

The absorption spectra of the virgin as well as treated 

samples were measured by U.V.-160 Shmadzu 

spectrophotometer in the wave length range 200 - 1100 nm. 

A perfectly flat sample of LDPE thin sheet has been placed 

vertically in the path of the sample beam while the reference 

beam reach directly to the detector. So, the spectral data 

obtained are absolute values. 

RESULTS AND DISCUSSION 

Effect of electric field 

Fig. 1 shows the spectral distribution of absorbency for 

LDPE (CD0230) films in the visible and UV range at 

different applied DC field. It is clear that the absorbency 

decreased to minimum value at electric field 1 02 V /em and 

increased upon the increase of field. This behaviour can be 

attributed to preturbation followed by degradation [6,7] of 

LDPE as results of electric field which displace charge and 

lead it to field induced elastic strain in materials. The 

absorption coefficient (ro) at angular frequency (ro) is given 

by: 

a (ro) = tn (1) 
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Where Io and I are the intensity of incident and 

transmitted light respectively and tis the film thickness. 
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Fig. (1) Spectral distribution of optical absorption at different 

applied DC electric Field for LDPE grade CD0230. 

Fig. (2) shows the variation of the logarithmic of the 

absorption coefficient as a function of photon energy. the 

optical absorption and particularly the absorption band edge 

is good method for studying optically induced transition and 

gives information about the structure and optical energy gap 

of CD0230, LDPE. 
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Fig. (2) Variation of the logarithmic of absorption coefficient with 

photon energy at different applied electric field. 
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The absorption coefficient a ( ro) for many amorphous or 

crystalline materials behave exponentially as a function of 

photon energy him the form: 

a (co) = a0 exp ( h ro I M ) 

(2) 

Where (a.o) is constant th is the reduced plank cinstant 

and Ll E is an energy which is interpreted as the width of 

band tail of the localized state in the normally forbidden 

band gap that is associated with the amorphous nature of the 

materials. 

The estimated energy band tail showed an increase with 

the field applied in logarithmic relation 

M (ev) =- 0.67 + 0.59 ln (field) (3) 

This behaviour can be attributed due to as the externally 

applied field indu<;:es the electric stress at the interface and 

enhance polymer morphology and it has an advantage of 

easy and exact manipulation in developing polymer 

morophology oriented to desired direction [8, 9]. More 

study, the absorption edge of in LDPE spectra was analysed 

using the formula quoted by Davis and Mott [ 1 0] 

a (ro) = f3 (h ro- Eopt) n (4) 

Where Eopt is the optical energy gap of the system, ~ is 

the constant and n is an index determined by the nature of 

the transition during the abosrption process. As shown in 

Fig. (3) the linearity of a(ro) 1/n =" f( hro) indicates the 

existance of direct transition. The extrapolation of the linear 

part of the curves towards lower energies yields a value for 

the forbidden energy band Eopt at different applied electric 

field can be obtained. The estimated values of Eopt were 

found to increase with increaes field upto 102 v/cm followed 

by a decrease as applied field increase. This behaviour can 

be explained by surface electric stress creation at low 

applied electric field, in which the degree of deformation is 

increased in the meanwhile the morphology of polymer is 

easily controlled by the direction and strength of the applied 
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Fig. (3) Variation of a 2 with b m for LDPE 

exposed with different electric field. 

electric field. 
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Fig. ( 4) represents the experimental data of the optical 

absorption spectral distribution for virgin and radiated 

polyethylene samples. It is clear from this figure that for the 

irradiated samples of 0.3 em thickness, there is no sharp 

absorption band edge wave length. For exposed samples to 

various dose of y radiation the change of the absorption 

edge wave length shift to longer wave length i.e. to lower 

energy. However, for an irradiation dose up to 10 Mrad, the 

absorption band edge wavelength show a shift to shorter 

wave length i.e. to higher energies. As the dose increases 

from 0 to I 00 Mrad. both the absorption band tail width of 

the localised state, L1 E, optical energies of transition Eopt• 

Eopt are obtained from equations (2,4) and figures 5, 6, 7. 

The data obtained are given in Table (1 ). It is clear that 

from 0 up to I 0 Mrad, the change in the optical energy of 

tra_nsition E0~t . E0ipt for the y irradiated samples L1 E~pt and 

E0

1
pt' decreases with increase of the dose. On further 

increase of the radiation dose there is a slight change in E~pt 
and no significant change in E0~t· The optical energy band 

tail showed opposite behaviour of the Eopt· This behaviour 
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Fig. ( 4) Optical absorption spectra versus wave length for unir­

radiadiated and y radiated CD0230 LDPE. 
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Fig. (5) The photoenergy dependence of absorption 
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Fig. (6) The dependence of (ah rn)2 on the photon energy hrn 

at different y radiation doses of CD0230 
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Fig. (7) The dependence of (ah rn)1
/2 on the photon energy hrn 

at different y radiation doses of CD0230 
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can be explained as in the low y doses up to 10 Mrad, the 

crystalline structure is assumed to be perturbed and leading 

to an increase in the degree of disorder [11]. From the 

density of states model, it is known that Eopt decrease with 

increasing the degree of disorder [12]. Furthermore, the 

band tailing shifts to higher energies and extends into 

forbidden band [13]. 

Conclusions: 

1. In the low density polyethylene, the two mechanisms of 

chain session and cross-linking compete. 

2. The effect of high applied electric fielq showed no 

significant effect the polymer structure. 

3. Degradiation is promoted during long term of 

y-irradiation. 
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TABLE (1) 

d i 
Dose .1.E (ev) Eopt(ev) Eopt(ev) 

0 2.01 1.56 2.42 

1 2.12 1.33 1.95 

5 2.25 1.45 1.9 

10 2.35 1.56 2.0 

20 1.58 1.56 2.07 

100 1.45 1.56 2.5 
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