Optik 125 (2014) 2442-2449

Contents lists available at ScienceDirect

Optik

journal homepage: www.elsevier.de/ijleo

Effect of UV radiation on the optical and some structural properties of
irregular rayon acetate fibers

@ CrossMark

I.M. Fouda, E.A. Seisa*, F.M. Eid

Physics Department, Faculty of Science, Mansoura University, Mansoura, Egypt

ARTICLE INFO ABSTRACT

Article history:
Received 26 May 2013
Accepted 24 October 2013

This recent study shed demonstration on how the structural parameters changes due exposure to UV
radiation and different wavelengths. So this article throws light on the changes of the optical properties
and some structural properties due exposure to UV radiation and different wavelengths on irregular
rayon acetate fibers. Pluta polarizing interference microscope is used to study the changes for refractive

Keywords: indices and birefringence with different exposure times at three different intensities on irregular rayon
g‘terfem“;etryﬁb acetate fibers. As the principal optical parameters determined, these give an indication of the isotropic
U?/y?;d?acteioane ers refractive index, stress optical coefficient, stress due to UV radiation, optical configuration parameter,

segment anisotropy, the number of molecules per unit volume and polarizability of a monomer unit can
be obtained. Also by using different wavelengths are given the spectral dispersions, Cauchy’s dispersion
constants, the resonant wavelength, the oscillation energy, the dispersion energy, the dielectric constant
and the dielectric susceptibility for rayon acetate fibers with different wavelengths at room temperatures.
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1. Introduction

Rayon was one of the first man-made fibers; these fibers are
a diverse group consisting of regenerated cellulose derived from
wood pulp. Rayon acetate fibers consist of acetate which is chem-
ically stable [1]. Natural, synthetic and man made fibers plays an
important role in the electrical and textile industries where most
fibers are now mixed.

Several authors have studied the effect of UV radiation on the
physical and chemical properties of polymers in the form of fibers,
films, and solutions [2-4]. They report that the mechanical proper-
ties of irradiated fibers deteriorate with increasing exposure times.
The UV radiation from the sun is capable of exciting electrons to
higher energy orbital levels.

Obviously, excitation will occur if the material concern is capa-
ble of absorbing radiant energy and this in turn depends on the
nature of the bonds and groups within the polymer. Deteriorations
in polymers are often caused by the joint effect of radiation from
the sun together with oxygen [5].

Light and penetrating radiations are important physical influ-
ence on polymers, which are capable of inducing chemical reactions

* Corresponding author.
E-mail address: seisa@mans.edu.eg (E.A. Seisa).

http://dx.doi.org/10.1016/j.ijle0.2013.10.128
0030-4026/© 2014 Elsevier GmbH. All rights reserved.

in them. At short wavelengths (230-410 nm), the light quanta may
detach fragments from, molecules or break up the macromolecules.
Such changes are usually produced by light radiation with these
wavelengths. Thus, light can alter the physical and mechanical
properties of the polymers. In the storage and service of poly-
meric articles, the action of light, heat, oxygen, and so may cause
crosslinking of the macromolecules. This also detracts from the
properties of a polymer by inducing brittleness, rigidity, and the
ability to crystallize sharply [6].

Oriented polymers are produced industrially by extrusion of
initially nonoriented fibers or films. The molecular mechanism
responsible for the variation in the optical properties is clarified
by observation of the birefringence. Birefringence depends on the
molecular orientation in polymeric fibers because it contains a
contribution from the polarizabilities of all molecular units in the
samples [7]. It is a measure of the total molecular orientation of a
system and is an excellent property to use for the study of poly-
crystalline polymers.

Varies techniques have been established to estimate the molec-
ular orientations in polymer solids, including X-ray diffraction
[8,9], sonic velocity measurements [10], NMR Raman spectroscopy
[11], UV-visible [12], IR absorption dichroism [13] and birefrin-
gence [14]. The uses of interferometric methods are of considerable
importance and they have been used in our laboratory several stud-
ies [15,16].
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The present article focuses attention on the effect of the expo-
sure to UV radiation and different wavelengths for rayon acetate
fibers, to calculate the optical parameters and density for determin-
ing essential industrial parameters. The stress optical coefficient,
dielectric constant and susceptibility are calculated with other
structural parameters. Measurements are carried out at three dif-
ferent intensities (15, 30 and 45W/cm?) for different periods
ranged from 15 to 120 min. Also has been studied in the wavelength
range 546-599 nm.

2. Theoretical considerations

The two beam interference technique by Pluta polarizing
microscope [17,18] was used for determination the basic optical
parameters of rayon acetate fibers. The experimental values of
the refractive indices and birefringence were used to calculate the
polarizability of monomer unit and other parameters by suitable
equations given elsewhere [19-21].

2.1. Mean polarizability of monomer unit

As the refractive index of a polymer depends on the total polar-
izability of the molecules, the polarizability of the dielectric o!l is
given by [22]:

nt—-1 gl
n+2 3y

with analogous formula used for nt. Where nll, n* are the mean
refractive indices for light vibrating along and across the axis’s of
the fiber, vis the number of chains per unit volume (v = Ny p/M), N4
is Avogadro's number, p is the polymer density, M is the monomer
molecular units (molecular weight=288) for rayon acetate fibers
[1], and ¥ is the permittivity of free space (8.85 x 10~12Fm~1).

(1)

2.2. Stress optical coefficient

The value of the stress optical coefficient Cs is depends on the
chemical structure of the polymer. Also, the value of this coeffi-
cient depends solely on the mean refractive index and the optical
anisotropy of the random link, as seen in the following equation
[22]:
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where 71 is the mean refractive index, k is the Boltzmann constant
and T is the absolute temperature.

2.3. The segment anisotropy

The segment anisotropy y; is related to the stress optical coef-
ficient and given by the following equation [22]:
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So, we can determine ys.
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2.4. Determination due to UV stress

A transformation of initially crystalline and amorphous fibers
by UV radiation treatment to introduce structural changes is also
known, as polymer chains align in the direction of an applied UV
stress due to the mobility of the molecules. The average chain orien-
tation of both the amorphous and crystalline regions in the network
was measured by birefringence (An) in the present work, so we

can obtain the deformation due to UV stress o from the following
equation

An
Cs = - (4)

2.5. Optical configuration parameter

The optical configuration parameter (A«) is related to the Cs by
the following equation [23]:
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where Aa=a!l —a*

The total number of molecules per unit volume J is determined
from the birefringence An and the difference in the polarizabilities
of the macromolecules as follows [4]:
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where p!l and p' are the polarizabilities per unit volume.

2.6. Density and degree of crystallinity

The isotropic refractive index njy, given by [24]:

1/3
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(7)

The density p is expressed in terms of n;s, as obtained De Vries
from the following equation [19]:
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where ¢ is a constant found to be 0.218 cm3/gm for rayon acetate
fibers and the degree of crystallinity x was determined by following
the relation [25]:

(p = pa)
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where p: and p, are the densities of the crystalline and non-
crystalline regions (pc=1.35gm/cm3 and p,=1.25gm/cm? for
rayon acetate fiber), p is the experimental measured value of den-
sity.

2.7. The mean square density fluctuation

For two phase structure consisting of amorphous and crystalline
regions with densities pq and p.. The mean square density fluctua-
tion <n2> can be calculated from the following equation [26]:

(n*) =1pc — pal*xI1 = x] (10)
2.8. The spectral dispersion curves of fibers

For studying one of the most important characteristics for rayon
acetate fiber, optical and dielectric dispersion, we use the main
values of refractive indices at different values of wavelength X in
Cauchy’ equation [27]:

B C
nA:A+}L—2+F+--- (11)
where A, B and C are known as Cauchy coefficients which charac-
terizing the fiber materials. However, in the transparency region of
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