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Polyester fibers & blends of polyester/cotton fibers are commonly used in the
textile industry. Properties of polyester depends on the production method. Beside the
advantages of polyester, there are certain disadvantages that affect the dyeability & dyeing
process. By the application of chemical process, such as surface hydrolysis, using of
solvents, surfactants & enzymes or physical process like using Plasma, Gamma & UV
irradiation some improvement can be made. The UV irradiated fabric (Wavenumber of
UV Irradiation is 230-280 nm) was dyed with Disperse & Cationic Dyes, which showed
high improvement in dyeability of the fabric with cationic dyes, whereas no pronounced

effect was noticed with disperse dyes.
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Polyester fiber refersto polymers which
have alarge number of ester groupsin their main
chain. The ester groups, are the result of the
reaction between alcohols &divalent carboxylic
acids.

Polyesters are usually result
ofcondensation polymerization reaction of
bicarbonates acid with di-OL (Both of these
compounds are hifunctional group) or perform a
self-compacting polymerization reaction of
carbonate acid or reaction similar compounds are
produced corresponding three or more functional
groups.

The main raw material to produce PET
(one of the most important types of polyester) is,
polyethylene terephthalate. The reaction of
polyethylene terephthal ate polymerization begins
in the form of dimethyl terephthalate through an
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indirect esterification reaction & pureterephthalic
acid through adirect esterification reaction.> 23

Microscopic image sections of polyester
fibersis smooth as well as other synthetic fibers
produced by melt spinning, but the addition of
additives such as Titanium dioxide pigment causes
very slight roughness on the surface of the fibers.
The cross-sectional areaof thefibersaccording to
the cross section of producing process can be
circular hollow, trefail, starry*

Polyester physical & mechanical
properties such as tensile strength, elongation to
rupture, modulus of elasticity, etc. depending to
the type of application can be changed by
changing production conditions. The most
important factor that influences the properties of
the fibers is tension. The molecular structure of
polyester fiber largely depends on spinning speed,
as the spinning speed increases causes to the
increased orientation of polymer macromolecules
in the direction of the fibers& the crystalline
regions in the fibers increases*

Polyester fibers are flammable, most of
thefinishing materials (besidesthe flamefinishing)
enhance the combustion process of burning fibers
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and the duration of burning. Polyester general
resistance against corrosive chemicalsisrelatively
good. Polyester resistance against mineral acids
and organic solventsat room temperatureis good
and in most cases their resistance to boiling
conditions also remain good®

Polyester resistance  against,
concentrated mineral acids, such as phosphoric
acid hydrofluoric acid, at room temperatureisvery
good, but concentrated sulfuric acid at room
temperature dissolves the fiber. At very low
temperatures, the strength& elastic modulus
slightly increased and el ongation torupture of the
fiber greatly decreased?

Different methods for surface
modification of polyester fiber includes the
following:

*Reaction with sodium hydroxide*”

eHydrolysis with sodium hydroxide in a non-
aqueous solvents'

*Reactswith calcium hydroxide®

Surface modification by enzymes?

Surface modification using plasma®’
*Madification byusing avariety of radiation, such
asgammaradiation

lonizing radiation is consist of high-
energy particlesor wavesthat can separate at | east
one electron from an atom or molecule. The ability
of ionization depends on the energy of each particle
or radiation and is independent of the number. In
general, the particleswhich have sufficient energy
to gject electrons from atoms rays and molecules
that collide with them, such as water and protein,
this process called ionization®

lonizing radiation are divided into three
categories: the first type are ionizing radiation
particles, the second type are ionizing radiation
and gammarays, which are el ectromagnetic waves.
Thethird type of ionizing radiation are radioactive
rays’

Common synthetic polymers that can be
attacked include polyester and LDPE,
where tertiary carbon bonds in their chain
structures are the centers of attack. Ultraviolet rays
interact with these bonds to form free radicals,
which then react further with oxygenin the
atmosphere, producing carbonyl groups in the
main chain. The exposed surfaces of products may
then discolor and crack, and in extreme cases,
complete product disintegration can occur.
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UV rays and gamma rays ionize any
molecules or atoms. In the study of effects of
radiation in the long chain polymers, it must be
considered that the energy absorption of theradical,
radical reaction or ion-induced crosslinking
systems break the chains of polymers and affectr
chemical properties. Thischemical changes affect
physical properties such as modulus of elasticity,
solubility, swelling, and reduction ofviscosity. The
main changes in the behavior of polymers are of
most recent type'®?

Destruction is an important factor that
weakensthe beneficial properties of the polymeric
materials. Physical destruction of the surface
indicates that photo-chemical reactions resulting
in the formation of smaller molecules increasing
the polymer break-chain.These small molecules
can beformed together and areimproved polymer
structure!+s

UV light iselectromagnetic radiation with
awavelength shorter than visible light and longer
than x-ray. UV radiation hasvery limited ability to
penetrate in polymer &influence inside polymer,
and reactions are carried out at surface* In the
chemical degradation, the degree of damage
depends on the wavelength of UV light and
environmental conditions.Polymer radiation in
sunlight and artificial light sources cause some
degradation of polymer &reduction in physical
properties such as strength and elasticity.The
destruction associated with reduction in weight
and formation of CO2, CO and changes in the
chemical structure of the polymer molecule.
Destruction main products involved amounts of
hydrogen, methane, water, ethylene, ethane,
COOH methanol, butane, acetic acid,
formaldehyde, benzene and toluene'>8

The overall weight Reduction of the
polyester in wider wavelength is more noticable.
In general it can be said that no significant
differencein the primary photocatal ytic processes
in the lower wavel ength radiation can be seen'®?

When the radiation is perform in the
absence of oxygen, cause a certain yellowness.
However, if radiation performed in an oxygenated
environment little yellownessis seen but series of
fluorescent compounds (monohydroxy compound)
isformed®

Radiation reduce thetensile strength and
elongation at rupture of irradiated samples. The
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rate of reduction for both in high doses
approximately 10%.Flexural rigidity and bending
hysteresis at high doses, respectively, 20% and
50% increases.| ncrease the bending characteristics
may cause difficulties to produce. In particular
increase the bending hysteresis, it is extremely
evident.In general, lesshysteresis bending moment
values leads to the ability to return more.Large
increase in the flexural properties in irradiated
sample lead to decreased flexibility and lower
recover bending, will affectthedrape & coverage?
22

Titanium dioxideisused asacheap, non-
toxic light catalyst for effective purification
purposes. Another application of titanium dioxide
isfor UV protection. This combination produces
hydroxyl radicals and superoxide anions in the
presence of O2 or H20 at UV radiation®

MATERIALANDMETHODS

Fabric samples were prepared in
accordance with the table-1, each sample was
prepared according to standard conditions
illustrated in figure-1. Sampleswere remain under
UV light under condition of different intensity
&different times. Thenirradiated fabricsdyed with
natural dyes at various conditions, and changes
inthe samples examined.

Samplesarewith dimensionsof 5x 10cm,
and for consistency and accuracy of test results a
stencil was used to form both part (irradiated&
non-irradiated) on asingle sample. Samplesremain
for 8, 24 and 48 hours at adistance of 15 cm under
theradiation of UV lampswith two power of 20W.
& 10W. at wavelength of 230 nm. Thefabricswere
dyed according to the following processes
illustrated at figure-2.

Cases that the samples were analyzed are as
follows:

*The presence of titanium dioxide in cationic
dyeing: such that the fabric in a solution of 75%
titanium dioxide was padded and then irradiated
by UV lamp for 24 hours, then dyed with cationic
dyes.

*Reflective color coordinates, using a
spectrophotometer at a wavelength of 100 to 750
nm and calculate component values for color
samples under the standard light source D65, 1964
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and measuringthe L, @™, b~

*Sample tensile properties using the Instron at a
temperature of 25C and measuring the elongation
to rupture, by the specimen elongation rate of 200m
/min

*Check samples washing fastness using
standardWash Test No.2, 500c, | SO/R 105/1V, Part
9

*Check samples rubbing fastness using
standardRubbing, ISO/R 105/IV, Part 18,
Crockmeter

eEvaluation of light fastness of samples using
standard Xenon Lamp, 1SO /R 105/V, Part 2
*Check thefiber irradiated surface using ascanning
€electron microscope SEM

*Check the yellow index of the samples in
accordance with ASTM Method 1965 using the
following equation:

. 127.50X — 105.84Z
T Y

*Check of water changes using immersion time of
theirradiated and non-irradiated samples

RESULTSDISCUSS ON

*Theeffect of carrier onthedyedepth of irradiated
and non-irradiated polyester samplesdyed with
dispersedyes

Color difference equationof the results
obtained of a, b & L axes, that showsthe difference
between the two colors, is as below:
AE = AL? + Aa™ + Ab™?

In all samples, irradiated and non-
irradiated using carrier increased dyeing depth.
. Comparison of theeffectsof UV radiation
on polyester dyed with different colors

In the following charts,figure-3,color
depth K/S for samples dyed with different dyes
have been shown together
Trasil Blue 3RL: increasing the dye concentration
alsoincrease color depth, aswell aswithincreasing
duration of exposure to radiation also increase
color depth. But generally increasing dyeability
using this method isless compared using carrier.
Magenta Cationic dye: by increasing the
concentration of Magentacationic dye, color depth
in modified and unmodified areas increases but
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the color depth difference between irradiated and
non-irradiated samples in dyeing with cationic
dyes, are much more compared to disperse dyes,
due to radiation at the product level, hydrophilic
and negatively charged groups are created &
attract more cationic dye so color depth can be
increased. Radiation causes very significant
differenceinthe depth of dyeing with cationic dyes.
Cationic dye Maxilon Red GRL : for theirradiated
samplesincreasing concentration of cationic dye,
cause to significant increase in color depth. For
irradiated sample dyed with cationic dyes, color
depth are much more thandisperse dyes using the
same concentration.

According to all three charts it can be

Table 1. Sample properties

Characteristics Type of fabric

Woven 100% Polyester

Woven viscose

Woven 100% cotton

Woven 67% polyster+33% cotton

Table 2. Color differences between irradiated and
non-irradiated samples dyed with disperse dyes with
the exposure time of 8 hours with the power of 20W
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seen that increasing duration of exposure to
radiation, increases samples color depth.
Cibanon Brown 2BR: Samples remain 24 hours
under UV radiation with intensity of 20 watts had
been used in this dyeing process, and results
showed that due to the formation of hydrophilic
groups on the surface of polyester,Vat dyes
disposed on the surface,so Color depth decreased
after exposure. Table-3 shows color differencein
sample exposed to UV irradiation and dyed
usingl%solution of Vat dye.

Overall color difference between the
control sample and irradiated sample dyed with
cationic dyes is more than others, and dyed with
Vat dyes is |less than others.

Hydrophilic negatively charged groups
that are formed by UV radiation on polyester
surface, increaseabsorbance of positively charged
cationic dye& absorption of nonionic dispersedye.
Vat dye absorption increases slightly because of
negative charge of Vat dyeitself. It isdescribed as
increasing in polyester hydrophilic groups and
physical changes to surface.

*Theeffect of theUV light intensity on color depth

According to figure-dincreasing used UV
light increasesthe K/Sincreasein sample B (sample

Table 3. Compare K/S of samples

Sample ID AE AL* dyed using Cibanon Brown 2BR

184 7.189 7.625  Sample Dyed after Sample
2&3 5.925 3.204 type irradiation control
1&2 10.829 9.027

3&4 9.294 8.903 K/S 12 0.763

Table 4. K/Sfor viscous samples irradiated for 24 hours, padded with a solution
of titanium dioxide and dyed with concentration of 2% Magenta cationic dye

Sample Control sample Irradiated & dyed

Padded & dyed Padded, irradiated & dyed

KIS 4192 5.955

8.427 3.333

Table 5. Color difference of viscose samples

Sample|D AE AL*

28 & 29 11.300 6.745
29 & 30 13.624 8.711
31&32 4471 3.567

Table 6. Other samples color difference

Sample KIS
Cotton- irradiated & dyed 4.700
Polyester- irradiated & dyed 14.788
Cotton/Polyester- irradiated & dyed 13.181
Cotton-TiO2padded, irradiated & dyed 7.649
Cotton- TiO2 padded, irradiated & dyed 11.742
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dyeing with cationic dyes) shows a higher rate.
*The effect of presence of titanium dioxide in
irradiation processon dyedepth

The effect of titanium dioxide on viscose,
polyester and cotton-polyestersamples were

Table 7. Values of K/S of polyester
with different exposure times

Radiation duration K/S
24hr. 5.523
300 hr. 11.305
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studied. Thefollowing table (table-4) summarizes
theresultsof the color depth in the viscose sample:

It is clear in table that color depth of
viscose irradiated &dyed is more than non-
irradiated & dyed sample, & for thesample padded
with a solution of titanium dioxide& dyed color
depth is greater than the control sample. It seems
dye absorption of viscose sample in the presence
of titanium dioxide increases. In general, UV
radiation increases the color depth of the viscose&
table-5 confirmsthis.

Table-6illustrates K/S differencebetween

Table 8. Polyester tensile properties of control sample and modified samples (24 and 300 hours of irradiated)

Irradiation duration

Rupture force Elongation at rupture (%)

Rupturetime (s)  Strength reduction (%)

- 789.09 42.50
24hr. 675.30 32.40
300 hr. 590.51 20.83

25.50 -
16.50 16.701
12.50 25.165

Table 9. Yellow index of polyester samples

Radiation duration Y.I. Y.l. increase (%)

Table 10. Samples water absorption

Radiation duration Immersion duration

- 13.128 - - 7min
24hr. 22.423 41.452 24hr. 2min
300 hr. 38.685 66 300 hr. 15min
Table 11. Effect of radiation on rubbing fastness of samples

Rubbing fastness Dyeing agent Radiation intensity Radiation duration

dry wet

4 4 Magenta-Maxilon - -

34 4 Magenta 10 12

4 4 Maxilon 10 12

4-5 4 Magenta 20 75

4-5 4 Magenta 20 150

Table 12. Washing fastness of samples
Staining Washing fastness Dyeing agent Radiation intensity  Radiation duration

Polyester ~ Wool
4 4 4 Magenta-Maxilon - -
4 4 4 Magenta 20 12
4 4 4 Maxilon 20 12
4 4 4-5 Magenta 20 75
4 4 4-5 Magenta 20 150
4 4 4-5 Magenta 20 300
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Table 13. Light fastness of polyester fibers

Light fastness* Dyeing agent Radiation intensity Radiation duration
4 Magenta-Maxilon -

2 Magenta 20 24

3 Magenta 20 150

4 Magenta 20 300

2 Maxilon 20 24

3 Maxilon 20 150

4 Maxilon 20 300

*all dyeing process was performed with 1:1 standard depth

PHOOO CHECHE PHOOGOH
-PHCOOCHICHE- UV < .+ (WII:(II}E PIL 4+ CO2 + COCH2
SPFHOD. + CHICHT PH.+ 00 + OCHICH2

Scheme 1. The polymer chain cleavage reactions
caused by UV radiation

three samples dyed with 2% concentration of
Magenta dye after radiation treatment.

Color depth increase in irradiated
polyester and polyester/cotton blend is more
significant than in cotton sample. Because of
negatively charged hydrophilic groups formed in
the polyester and polyester/cotton surface cationic
dye absorption increase. |n each sample, titanium
dioxide decrease color depth.

*Effectsof UV radiation duration & penetration
on thephysical structureof thesamples

In table-7, K/S values for two polyester
samples, which have been exposed to radiation
one for 24 hours and another 300 hours and then
dyedwith cationic dye,Magenta,are shown.

According to the above table for 300
hours irradiated sample color depth is more
thanthesample that is irradiated for 24 hours. In
fact, by increasing the exposuretime of the samples
hydrophilic groups formed by radiation so
water& color absorption into the structure of the
samples become much easier & even back of the
sampleswere affected.

*The effects of radiation on the strength of
polyester

Elongation at rupture, torn strength and
torn time of samples (at 25C) was obtained using
the strength tester (Instron). The results are

summarized in the table-8 bel ow.

According to the table-8,control sample
rupture forceis more than polyester with exposure
times of 24 and 300 hours. Thisisdueto damaged
polyester chain and the formation of new
functiona groups. Therupturetime and elongation
at break of non-irradiated sample is greater than
the irradiated sample, which indicates that the
radiationdecrease strength.

*Yellow index

Asavisual effect yellow index isdescribed
on the surface which have been burned or
destroyed by light and chemical processes.

As is shown in table-9, increase the
exposure time of the samples, increases yellow
index level. In fact, by increasing the exposure
time,chemical& physicaldestruction occur more
often.

*Themoistur e/water absor ption of polyester

The results of test Immersion are
summarizedin Teble-10:

According to the table-10, increasing
exposuretime, reduceimmersiontime and polyester
water absorption increase. It is because of
increasing the exposure time increase forming of
carboxylic acid groupsin the sample surfacewhich
are so hydrophilic. The water will act polyester
variability can be attributed to the increase in the
sample hydrophilic groups. Also as a result
ofradiation some physical changes in samples
surfaceoccur that part of this increase can be
attributed to this physical changes.
*Theeffectsof radiation on therubbing fastness
of sample

Polyester dyed using Magenta dye
shows more rubbing fastness compered to dyed
using Maxilon dye. In addition, by increasing the



NAZERI et al., Biosci., Biotech. Res. Asia, Vol. 12(Spl. Edn. 2), 827-837 (2015)

70°C_ 30 min 85°C 30 min
20'mm .
L:G=30:1 hma L:G=30:1
A B
[ Ultroven GPN 2g/1 Ultravon GPN 2g/1
{ Na.Carbonat 2/l B ] NaCO;5 1/l
Silvatol fl 2 g/ -
96°C  1H
- (s
L:G=30:1
C
Ultravon GPN 221 A: Polyster Preparation Procedure
- B: Viscose Preparation Procedure
. § C: Cofton & Polyste/Cotton
NaOH (flake) 1 g1 Preparation Procedure
Fi. 1. Sample preparation graph separated by sample properties
Dying LN Lamp uy
Concentration Exposed Dying Procedure Washing Procedure
Agent Power Time
Reduction Clearing
e = . [
g A o
il s | 8| s - -
‘g (=] ‘,;_, ™ A I I
& A Bigl EwdosoL
§ 1 280 lovales HTH P -
[=1 B % DyedTerssil Blse JRL) A :-:';-;-‘-';@::ul ‘:tll
E e 10w
5 § -
§ Ed = £ Eroipon OL 0.5%
< 2 2 g HEOOH Lec/ (ped ek ) f
2 n @ el Dye(Temsil Bloe IRL) 0.25%, 0.5%, 1% 2% .
a o o 2 Tenp e )
® - y Time 4%mn gl 1
g 2 “ N\ .
§ (= a0 (16"Be) ol |
(mrm hr.
8 # z ; )
] e § a3 i Washing Using Cold Water
3 £ 3 3 A
- «© [ Escipon 01 0.9%
A Ageric Acid B,y
Bauw Diye 0.5% , 1%
[i o
a e
£ = £ A e 1NMSO . sce o 37%6)
] g 8 g = ‘ - teen s
= o ] = Temp e
E ‘U_ m A 4 I:-Il :::Ill.',“- fies i
8 F3T Ras,
3

Fig. 2. Dyeing treatment conditions used to separate items

833



834 NAZERI et al., Biosci., Biotech. Res. Asia, Vol. 12(Spl. Edn. 2), 827-837 (2015)

(3
s

10 ¢

4
B 2

P
o LK.
[ %025 %0.50 %1 %2.00 o %0.50 %1 %2.00
Coacemtration Conceatration
—— ample =B sk H 12 == 24 == sample —@—HE —a—H 12 —=—H24
]
8 K/S-dye concentration, for samples
; C with diffrent time of exposure to UV
S 5 A Trasil blue 3RL
4 B: Magenta
: C: Maxilon
1
o®
0 %0.50 %1 %2.00
Conceatration
== vample —@-HE —4—HI12 —H=HM
Fig. 3. Color depth charts K/S for samples dyed with different dyes
25 4 L]

1} 10 20 & 10 0
Lamp Power (W.) Lamp Power (W.)
E
8
7 [N
8
8 8 Effect of UV Lamp Power on K/S
4
3 A: Trasil blue JRL
2 B: Magenia
1 sample ©: Maxilon
o+
[} 10 20
Lamp Power (W.)

Fig. 4. Comparison of K/S for different dyes using different UV radiation intensity

AGTW  Sped H oy
Ok 48 W

Fig. 5. Control sample; A: scale 1:500, B: scale 1:1000



NAZERI et al., Biosci., Biotech. Res. Asia, Vol. 12(Spl. Edn. 2), 827-837 (2015)

""y‘ st Magn  Dul WD I—-—rr—- 28 am
T 1 - -

20 oot BE-TY 1 Sog

835

& Lo
*v&-‘a__‘ﬁ -
X

Dot WD i

Fig. 7. 225 hour irradiated sample; A: scale 1:500, B: scale 1:1000

exposuretime abrasion fastnessincrease, whichis
due to radiation penetrates deep into the fabric.
*Theeffectsof radiation on thewashing fastness

Based on the results of standard tests,
Table-12, increasing exposure time,increases
washing fastness slightly.Also by increasing the
exposure time, number of negatively charged
groups formed on the surface increase, and
connection between dyeing agent and fibers
increase.

*Theeffectsof radiation on light fastness

The results of both cationic dyes shows
increase light fastness increasing exposure time
from 24 hoursto 300 hours, which could be dueto
increase inradiation penetration.

The effects of radiation on the surface of
polyester fibers using a scanning electron
microscope SEM

In Figure-4~9 photographs taken of
polyester surfaceirradiated 24 hoursand 225 hours
compared with the control sampleis shown. With
increasing exposure time, damageto the surface of
the polyester increases.

CONCLUSON

In this study, polyester fabrics modified
using UV-radiation. Radiation effect on
polyesterdyeability using different dyes were
studied. Color depth on polyester samples dyed
using dispersedyesincreasein theirradiated areas
compared tonon-irradiated area.

It should be noted that color
depthusingdisperse dyes in presence of career is
more than irradiated samplesin any case. Dyeing
of polyester goods with cationic dyeisapplicable
only in irradiated cases & non-irradiated fiber is
not dyeable with cationic dyes. The color depthin
polyestersamplesirradiated and dyedwith cationic
dye is more thancases irradiated & dyed using
disperse dyes.Studies show that increasing
exposuretimeand lamp power increases difference
color depth.Strength of irradiated and non-
irradiated samples, obtained using Instron gauge
indicates the fiber strength decrease, increasing
exposuretime.

To study the moisture/water absorption
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of irradiated polyester, immersion test was carried
out.By increasing theexposuretime, immersiontime
decreased.Irradiated polyester water absorption
can be related to increase in the production of
hydrophilic groups on the surface, as well as
changes in polyester physical properties.Pictures
taken from the irradiated polyester surface using
SEM €l ectron microscope, show that by increasing
the exposure time, damage on the surface increase,
which enhances the dye to the surface of fibers.

Since dyeing irradiated areas, the
backward areas cannot be dyed and color is only
on the surface of the irradiated areas& creates
printing effects on the samples surface, it can be
said that changes are in the surface & radiation
effects cannot penetrate to the depth of fabrics.
By increasing duration of exposure, color depthin
affected areas is much increased &radiation
penetratesinto the fibers.So it can be concluded
that by increasing duration of exposureto radiation
it penetrates deep to fibers.The results of rubbing
fastness also confirms this conclusion. With
increasing exposure time rubbing fastness
increases.|n this study, titanium dioxide was used
as an auxiliary agent in radiation treatment.First,
polyester samples was padded with a solution of
titanium dioxide and then irradiated with UV
radiation and eventually dyed with cationic dye.
Color depthinthissampleislessthan the polyester
sample which was not padded with titanium
dioxide.So titanium dioxide used as a protective
factor against UV effectsto reduceits effects and
reduces the color depth.While titanium dioxide
itself increasesthe color depth in polyester fibers,
which is due to the connection between the dye
and titanium dioxide particles.
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