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Abstract
The effects of irradiation 0-60 Mrad) and natural daylight 0-6

months) on the color and other properties of undyed textile polymers
(cotton, nylon-6, polyester/cotton blend and wool/polyester blend) were
investigated using optical spectroscopy. The change in color was estimated
by the yellowness index (Y1) and color difference (AE) between the
irradiated and unirradiated samples. The analysis used for dosimeter is
mainly spectrophotometer in the UV and visible spectrum. Systems having a
reproducible response are selected. In the case of cotton fabric the change in
color and reflection are showing a promise for dosimeter of y- radiation. It
was concluded that the witeness (W) of synthetic and blend fabrics
decreased much more than that of cotton fabrics.
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Introduction

Extensive fundamental research on the effects of high energy

radiation on textiles has been undertaken for the possibility of using

radiation to induce desirable modification in textile. Textile fibers can

be classified into natural and man-made fibers. The latter can be

subdivided into regenerated and true synthetic fibers.

It is known that when a matter is exposed to a high radiation

energy physical and chemical changes occur [1]. The degree to which

radiation will affect the matter depends on the chemical composition,

general morphology, free energy state of polymer, type of radiation

and irradiation dose applied. y-Radiation interact with the materials

through the electronic excitations or electronic ionization and primary

atomic displacement that alter the physical properties of the materials.

In the case of polymers the main results of the interaction with

radiation is the creation of free radicals. These frequently result from

the breaking of carbon-hydrogen bonds leaving a polymer radical and

a hydrogen radical. The latter usually abstracts another hydrogen

forining hydrogen gas leading to another polymer radical. hese

polymeric radicals form the basis for the radiation treatments of textile

fibers.

Another factor of crucial importance in many uses of textiles is

the matter of weathering. he term weather refers to a complex system
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of many components for which there can be no actual standards. It is

well kown that sunlight is the prime caus o outdoor weathering.

-flie exposure of high polymers to the action of sunlight is known to

cause damage which increases as the wavelength of light decreases

[2]. In case of fibers, the action is especially severe because of the

high surface-to-volume ratio. The damage that occurs varies

considerably according to the nature of fibers, the climatic conditions

prevailing at the exposure site, seasons, geographical locations,

altitude, orientation of samples in relation to the sun and the presence

of contaminants in the atmosphere. The UV part of the daylight

spectrum is variable and largely unpredictable because part of the

solar radiation undergoes absorption by ozone, carbon dioxide and

water vapor in the atmosphere in some wavelengths, the complete cut

off of the UV and of the spectrum occurs near 290 nm 13].

'ne aim of the work is to study the effects of y-irradiation and natural

daylight with different doses and periods, respectively, on the color of

some textile fabrics (natural, synthetic and blends).

Expeiimental Technique

Four unfinished fabric samples were selected, pure cotton

(poplin), nylon-6, polyester/cotton 65/35) and wool/polyester 80120).

Table I shows the detailed specifications of these fabrics.

Table 1: Specifications of the selected fabiics

Fabrics Norninal weight, Thmad cm Linear density, Tex
g/M2 Warp Weft Warp Weft

Cotton 91 35 35 36 36
Nylon-6 158 - - - -
Polyester/cotton 243 21 19 76 76

1 Wool/polyester 1 224 1 26 19 1 81 81 1
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The reflection spectra in the visible range 400-700 rn) of te

investigated fabrics were taken using a Double Beam

Spectrophotometer, type: UV-300; Shimadzu, and an integrating

sphere. MgO was used as a standard white for 100% reflection.

Indian Gamma Cell 4000 were used The examined samples

were irradiated in atmospheric air with a dose rate 033 Mrad/h to

deliver dose between and 60 Mrad. Outdoor unprotected exposure

for the examined samples were performed at an urban (Giza) site in

1995 during the summer time (from April up to September) with

periods between and 6 months. The climatic conditions were

recorded continuously at the nearest meteorological station to the

exposure site by the aid of the 'Egyptian Meteorological Association'

and the data are given in Table 2.

Table 2 Monthly data of the climatic conditions in 1995 at an

urban site, Al-Haram, Giza, Egypt

Months I.S.E., UV, MJ/ m2 Total sun ours, Temp.,'C R.H., %
Mj/M2 hrs

Jan. 1134 0.380 224.91 19.6 65.1
Feb. 13.96 0.510 234.00 21.1 65.6

March 18.86 0.610 258.00 24.6 56.3
April 22.66 0.765 291.00 26.7 54.0
May 26.38 0.886 342.00 31.1 53.0
June 26.75 0.830 345.00 36.8 49.0
July 25.46 0.79 342.00 35.3 57.0
Aug. 24.08 0.758 321.00 34.9 62.0
Sep. 20.91 0.650 288.00 35.1 61.0
Oct. 16.22 0.480 279.00 30.7 62.0
Nov. 12.98 0.390 261.00 24.7 60.0
Dec. 10.04 0.290 183.00 21.6 68.8

Results and Discussion

The reflection spectra for the examined fabrics at different y-

irradiation doses are shown in Fig.(1). he reflection spectra of all

irradiated samples show lower values in the reflection at the lower
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wavelengths side 400-600 m) as the irradiation dose is increased.

However, this variation vanishes at the higher wavelengths side (600-

7OOm-n). This indicates that the examined fabrics become less white

after irradiation. The reflection spectra for the examined fabrics before

and after exposure to the natural daylight are shown in Fig.(2) for

varying periods of exposure.

The reflection spectra for the examined fabrics before and after

exposure to the natural daylight are shown in Fig.2 for varying periods

of exposure.

The figure illustrates a lower reflection that occurs for nylon-6,

poly/cotton blend and wool/poly blend as the daylight exposure is

increased. This also indicates that the samples become less white with

increasing the natural daylight exposure.

However, in the case of cotton the reflection spectra shows

higher values for the exposed samples than for the unexposed for the

first three months of exposure in the spectral range 400-450nm. This

indicate that cotton became more white for this time of exposure. This

was attributed to the fading of the natural creamy dye which presents

originally in the cotton fabrics. 'Me color of this dye had fade by

oxidation under the action of light, water, vapor and air causing an

increase in whitness of the samples and a decrease in the yellowness.

In the wavelength 450-700m-n the reflection shows a decrease with

increasing the exposure time.

Changes in whiteness (W) and yellowness (YI) indices are

commonly used in the evaluation of polymer degradation of yellowish

or white materials. Whiteness is the attribute by which an object is

judged to approach the perfect white and is given by the following

equation 3,4]:

W = 4(ZCIE/1.8103)-3Y =4Z%-3Y,
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where Z% is the blue reflectance (B).

Yellowness (Y1) is also given by the following equation 3,4]:

Yl=125[(CEE/0.9804)-(ZCIE/1.8103)]/Y

The tristimulus values XYZ of any color are obtained according to

the following equations 5-7]:

X= S) . R, ./Xk dx , Y= Sx . R% ./Yx dk , Z-- Sx . Rx ./Z?, dx

where XYZ, are the tristimulus values, /Xk , /Yk , x are the

tristimulus values of the equal energy spectrum for the C 1964

Standard Observer 6 ], S, is the energy distribution of the

illumination falling on the color at a given wavelength (k) and R is

the reflectance of the colour of a given wavelength.

The chromaticity coordinates values xyz) are also given according

to the following equations:

x=X/(X+Y+Z), y=Y/(X+Y+Z), z=Z�( X+Y+Z), where xy+z=l

The color difference E) of the irradiated samples with respect to the

non-irradiated one, can be calculated from the following equation:

AE =[(AL)' (Aa) + (b)']"

where E represents the vector sum of the three component

differences, Al, Aa and Ab where AL = ,-L,, A = a, - a, Ab = b -

b,. I, a& b are the Hunter Opponent Colors Scale", t, r represent test

and reference specimens, respectively 9-11]. 1, a, b were designed to

give measurements of color units of approximate visual uniformity

without the color solid. Thus, V measures brightness and varies from

100 (for perfect white) to zero (for black). 'a' measures redness when

+ve, gray when zero and greenness when -ve. V measures

yellowness when ve, gray when zero and blueness when -ve. Te

relationship between I, a &b values and the CE X, Y &Z values is as

follows 11,12]:
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L--10 (Y)"', a= 17.5 ((X/0.98041)-Y)/(Y)"2, b = 7Y-

(Z/1.18103))/(Y)"2

The calculated chromaticity coordinate values xy and z for irradiated

and non-irradiated samples are given in Table 3).

Table 3 The chromaticity coordinate data xy and z as a function

ofy-dose

Dose'Mrad Nylon-6 COHOD Poly/cotton Wool/Poly

0 0.319 0.332 0.319 0.325
10 0.320 0.335 0.328 0.337
20 0.322 0.340 0.332 0.342
30 0.326 0.345 0.333 0.346

X 40 0.335 0.351 0.337 0.349
50 0.338 0.355 0.338 0.352
60 0.343 0.356 0.342 0.356
0 0.326 0.339 0.335 0.333
10 0.327 0.342 0.334 0.339
20 0.331 0.347 0.339 0.341
30 0.337 0.349 0.338 0.345

y 40 0.345 0.352 0.341 0.347
50 0.348 0.355 0.343 0.348
60 0.352 0.355 0.344 0.353
0 0.354 0.329 0.356 0.342
10 0.353 0.323 0.338 0.324
20 0.348 0.313 0.330 0.316
30 0.337 0.306 0.329 0.309

z 40 0.320 0.297 0.322 0.304
50 0.314 0.290 0.320 0.300
60 0.304 1 0.289 0.314 0.291

The table shows that x & y are slightly increased with increasing

y-irradiation dose while z component tends to decrease. This means

that increasing the irradiation dose cause shift towards the red and

green components while the blue component decreased, this means

shift towards yellow component. Figure 3 gives the variation of AL

with towards yellow component. Figure 3 gives the variation of AL

with the irradiation dose. The figure shows that AL increased with

increasing the irradiation dose.

Figure 4 gives the variation of Ab as a function of the irradiation

dose for the investigated textiles.

299



The figure shows that Ab decreased with increasing the

irradiation dose.

Figure illustrates the dependence of the calculated values W

and Y1 on the y-dose for the investigated fabrics. The figure shows

that W tends to decrease with increasing y-dose, while YI shows an

increase with increasing the irradiation dose.

The above data of Al, Ab, W and Y1 leads to the observation

that the investigated fabrics become less in whiteness and brightness

and tend to be more yellowness with increasing the irradiation dose.

The color differences (AE) between the iadiated and non-irradiated

samples were calculated using the CIE color difference formula and

plotted as a function of y-dose in Fig.(6) for the investigated fabrics.

Ile main factors responsible for coloration, generally, are the

formation of conjugated double bonds and free radicals. The former

produces the unsaturation which has electron excitation levels in the

visible spectral range and that may produce coloration and reduction

in light transmission. Moreover, the trapped free radicals, resulting

from y-radiation induced rupture of polymer molecules, have electrons

with unpaired spin. Such species may also cause coloration.

The calculated chromaticity coordinate values xy and z for

the samples exposed to daylight are given in Table 4).
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Table (4):The chromaticity coordinate against time of exposure

Time, Month Nylon-6 Cotton Poly/Cotton Wool/Poly

0 0.319 0.332 0.319 0.325
1 0.321 0.325 0.317 0.329
2 0.319 0.321 0.319 0.332
3 0.322 0.321 0.320 0.333
4 0.319 0.322 0.319 0.334

x 5 0.320 0.322 0.320 0.333
6 0.322 0.322 0.321 0.334
0 0.326 0.339 0.335 0.333
1 0.328 0.334 0.324 0.338
2 0.326 0.327 0.327 0.341
3 0.329 0.328 0.327 0.343
4 0.326 0328 0327 0.343

y 5 0.327 0.328 0.328 0.342
1 6 0.329 0.328 0.328 0.345

0 0.354 0.329 0.356 0.342
1 0.351 0.341 0.359 0.333
2 0.354 0.352 0.354 0.326
3 0.349 0.351 0.355 0.324
4 0.356 0.350 0.354 0.323

z 5 0.353 0.350 0.352 0.324
1 6 1 0.350 1 0.350 0.351 0.318

The table illustrates that for nylon-6, poly/cotton and wool/poly, x and
y are slightly increased while z tends to decrease with increasing the

time of exposure. his behavior means that there is a shift towards the
red and green components while the blue component decreases with
increasing the exposure time. Hence, there is a shift towards the

yellow component for these fabrics with the natural exposure time. In

case of cotton x and y are decreased while z tends to increase with

increasing the exposure time up to three months. On increasing the

exposure time more x and y slightly increased while z is slightly

decreased. So, cotton tends to be much white with increasing the
exposure time up to three months. Thereafter it is so difficult to get

white cotton due to the soiling and pollution of the atmosphere.

Figure 7 shows the variation of brightness L with the exposure time

for the investigated fabrics.
The figure illustrates that AL increases with prolonged duration

of exposure. Ibis means that all the investigated fabrics become less
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bright after exposure. Figure illustrates that the variation in

whiteness, Ab, shows fair increase for nylon-6 fabric and a remarkable

increase for cotton samples i.e. these materials tend to be less yellow

by exposure. For poly/cotton blend Ab shows fair decrease, this blend

tends to be gradually yellow by exposure. In case of wool/poly blend

Ab shows a remarkable decrease, this blend tends to be more yellow

by exposure.

This can be attributed to the photo-oxidation of tryptophan

groups to yellow colored N-formyl-kynurenine 131.

Figure 9 illustrates the dependence of whiteness W and

yellowness Y1 indices on the natural exposure time. From the figure it

is obvious that for nylon-6, wool/polyester and poly/cotton fabrics YI

indices tend to increase gradually with increasing the exposure time.

On the other hand, for cotton fabrics W index increases gradually up

to three months of accumulated exposure, thereafter it decreases,

while its Y1 decreases gradually.

The calculated exposed samples were plotted as a function of

the natural exposure time in Fig. 0

The figure shows that AE show a noticeable increment which

clarifies the continuous change in color that had occurred by the

accumulated exposure.

Conclusion

The above data showed that the cotton, nylon-6, polyester/cotton

and wool/polyester fabrics tend to become yellow on being irradiated

with y-rays; due to the formation of conjugated double bonds and free

radicals. On the other hand, the natural daylight exposure causes
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cotton fabrics tend to be more white up to three months of exposure,

thereafter, tend to be more yellow because of the soiling and pollution

in the atmosphere. The other fabrics become yellow with daylight

exposure as in the case of y-irradiation but with much less rate.
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