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ecently, there has been an increasing interest towards the finishing of
R textiles (fibers, yarns, fabrics and nonwovens) using eco-friendly
technology, which can achieve a wide range of functional properties and
environmental benefits. This study is related to a modern eco-friendly bleaching

technology that relies on Ultraviolet/O; radiation of poly(lactic acid) fabric

Keywords: through simple technique. The effects of Ultraviolet/O; radiation along with the

Poly(lactic acid) pretreatments with distilled water, hydrogen peroxide, and hydrogen
Bleaching
Ultraviolet/O;
Whiteness Index

Eco-friendly.

peroxide/sodium silicate solutions on the bleaching of the poly(lactic acid)
fabrics were examined using UV-Visible and reflectance spectral method and the
results were compared with that of virgin untreated samples. Ultraviolet/O;
bleaching routes were screened to obtain desired whiteness index (WI), tint
factor (Tw), lightness/darkness (L*), redness/greenness (a*), yellowness/
blueness (b*), chroma (c*) and hue (h°) of the bleached poly(lactic acid) fabrics.
The optimal properties of the bleached poly(lactic acid) knitted fabric could be
obtained at Ultraviolet/O; irradiation for 80 min on the fabrics which pre-
impregnated in a hydrogen peroxide solution with a wet pick up of 70 %,
pressure of 1.1 bar and speed of 2 m/min. (Ultraviolet/O3y/H,0, bleaching
system). The Ultraviolet/O3;/H,0, bleached fabric showed the best colorimetric
properties (WI: 87.7, Ty: -0.1, L*:94.227, a*:-0.106, b*:0.294, c*:0.2512, h":
98.6551). Moreover, the reflectance of this sample has increased significantly in
the range of 400-450 nm which leads to a glossy withe shade on the fibers. The
SEM images presented that after Ultraviolet/Os;/H,0; bleaching process, some
fractures with nano scale size (about 130 nm) are formed on the poly(lactic acid)
fabric surface. The ATR-IR spectrum of Ultraviolet/O3/H,0; bleached poly(lactic
acid) fibers displays more intense C—C—O absorption bands (1161 cm™). Prog.
Color Colorants Coat. 15 (2022), 143-156© Institute for Color Science and
Technology.

1. Introduction burden on environment [2]. Consequently, other

Textile industry puts heavy strain on worldwide methods have become essential to ensure the

resources as it uses huge quantities of energy, water, and
hazardous chemicals [1]. This condition has raised issues
about the sustainability of textiles because of severe

sustainability of textile wet processing [3]. This main
stage (wet processing) includes a huge quantity of water
for washing and dissolution media [4]. Thus, it gets
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loaded with auxiliary chemicals and unfixed dyes as
wastewater wastes [5]. Similarly, a number of chemicals
used as washing and finishing agents pollute the water
used during wet processing operations [6, 7]. This
wastewater contaminates the ecosystem if discharged
untreated [8, 9]. The toxic effluent of chemical axillaries
used throughout the wet process could severely damage
the ground water and aquatic life [5, 10, 11].
Consequently, green chemistry has emerged as an
operative tool to make textile wet processing sustainable
[12-14]. In fact, green chemistry has helped in the
development of alternative green and biodegradable
chemicals usable as wetting, washing, bleaching and
finishing agents [15-17]. A number of different
techniques can be used to in textile wet processing
optimize the interfacial properties of a fabric, such as
bleaching process [2, 4]. Due to the focus of various
industries on pollution-free technologies [18], the novel
methods should be designed instead of the traditional
methods [19, 20].

Bleaching process has the ability to decolorize the
fiber through removing lignin, hemicellulose and surface
impurities [21-23].  Producing white fabrics by
destroying the coloring matter with the help of bleaching
chemicals with minimum degradation of the fiber is the
main purpose of the bleaching process [24, 25].
Poly(lactic acid) fiber is widely used in apparel and
consumer textile products due to its excellent properties
of hygroscopicity, air permeability, biodegradability, and
mechanical performance [26, 27]. Treatments on
poly(lactic acid) fabric to remove its impurities are
important and necessary, determining qualities of the
poly (lactic acid) fabrics make it an attractive option as
an alternative to conventional polymers [28, 29]. These
treatments are mainly implemented in two pretreatment
processes of scouring and bleaching [30]. Because of the
poor alkali resistance of poly (lactic acid) fibers, strong
alkalis can cause strength loss via hydrolysis in
conventional bleaching processing. Scouring and
bleaching must all therefore be carried out according to
this sensitivity. Bleaching process can have an influence
on the physical strength of poly(lactic acid) fiber. With
this in mind, suitable conditions should be designed for
bleach processing of 100 % poly(lactic acid) that do not
degrade the polymer [31].

It is reported that the poly(lactic acid) fabric was
bleached with various oxidative bleaching agents
(hydrogen peroxide, sodium chlorite and sodium
hypochlorite) [32]. In another research, The poly(lactic
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acid) fabrics were bleached with different bleaching
agents (Belox® 35 (a stabilized aqueous solution with
approximately 35% H,0,) ,Clarite® LTC (a combination
product with wetting, detergent and dispersing
properties), Invatex® LTA (an agent to assist and boost
the peroxide reaction), and Invazyme ® LTE (an
arylesterase to catalyze the peroxide bleaching combined
with Invatex® LTA) for 1 hour [33]. A one-bath
scouring/bleaching procedure with 7 % owf hydrogen
peroxide (100 °C, 60 min) was found to be an appropriate
pretreatment for pale-shade poly(lactic acid)/cotton
blended fabrics to achieve acceptable absorbency and
whiteness [34]. A research stated that the alkaline
scouring in a bath holding 2 g/L soda ash and non-ionic
surfactant at 60 °C for 20 min. was applied for
poly (lactic acid)/cotton fabrics [35]. In this study, the
application of Ultraviolet/O; bleaching process for
poly (lactic acid) fabrics will be investigated
experimentally in a lab-scale study. A Ultraviolet/O;
system will be employed to bleach raw poly(lactic acid)
knitted fabric under mild conditions. This process is an
environmentally friendly method which can improve the
“green technology” in the textile industry [36, 37].

The bleaching process in textiles can be assayed by
term of Whiteness. Color results from an interaction
between light, object, and the viewer. Color is usually
described by three attributes or dimensions such as hue,
saturation and lightness. A color space can be used to
describe the range of visible or reproducible colors or
gamut of a viewer or device. The CIE developed more
uniform color space called CIELAB or CIE L*a*b*.
Whiteness is defined as an attribute by which an abject
is judged to depart from a standard white towards
yellow. In this paper, it is tried to state the spectral and
colorimetric behaviors of the Ultraviolet/O; poly (lactic
acid) bleached fabrics under different conditions and
selecting the optimum rout based on the whiteness
index (WI), tint factor (Ty), lightness/darkness (L*),
redness/greenness (a*), yellowness/blueness (b*),
chroma (c*) and hue (h°) values.

2. Experimental

2.1. Materials

The following fabrics are applied throughout this
exploration: Pure poly(lactic acid) fabrics (100 %):
weight 18.45 g/m’, thickness 0.781 mm and Yarn
linear density is 150/144 dtex/filament. These fabrics
were kindly supplied by Nature Works LLC Company,
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USA.

2.2. Scouring process

The poly(lactic acid) fabrics was scoured with 2 g/L
anionic/non-ionic detergent, 1 g/L Kieralon Jet B conc.
(non-ionic surfactant, BASF) and 1 g/L sodium
carbonate (‘soda ash’) at 60 °C for 15 min. at a liquor
ratio of 10: 1, washed thoroughly. After scouring, the
fabrics were rinsed with cold water for 10 min and
dried in ambient conditions to remove mill dirt and
lubricants.

2.3. Bleaching process

To obtain an optimal Ultraviolet/O; bleaching
procedure for pretreatment of the poly(lactic acid)
knitted fabric, various processing routines were
designed including Ultraviolet/Os/H,0, Ultraviolet/O;/
H,0, , Ultraviolet/Os/(H,0, + Na,Si0Os), and scouring
+ Ultraviolet/O;. The Ultraviolet/O; bleaching process
is shown in Figure 1.

A piece of the knitted fabric (around 5.5 g) was
immersed in the pre-impregnation bleach solution and
padded twice through a laboratory padder with a wet
pick up of 70 %, pressure of 1.1 bar and speed of 2
m/min.

2.3.1. Scouring +Ultraviolet/O; bleaching

There is no bleaching solution. The poly(lactic acid)
fabrics was radiated in an Ultraviolet/O; chamber after
scouring.

)

Immerse fabrics in the

S Padding Wet uptake of 70%
pre-impregnation solution

—=

2.3.2. Ultraviolet/O3/H,0O bleaching

A bleach solution was prepared by distilled water (1
L). After pre-impregnation process, the poly(lactic
acid) fabrics was radiated in Ultraviolet/O; chamber.

2.3.3. Ultraviolet/Os/H,0, bleaching

A bleach solution was prepared by dissolving certain
amounts of concentrated H,O, 35 % (4 mL) in water (1
L). After pre-impregnation process, the poly(lactic
acid) fabrics was radiated in Ultraviolet/O; chamber.

2.3.4. Ultraviolet/O;/(H,0, + Na,SiO;) bleaching

A bleach solution prepared by dissolving certain
amounts of concentrated H,O, 35 % (4 mL) in water (1
L) with addition of Na,SiO; at 7 g/L, respectively.
After pre-impregnation process, the poly(lactic acid)
fabrics was radiated in Ultraviolet/O; chamber.

2.3.5. Ultraviolet/O; radiation

The poly(lactic acid) fabrics was irradiated in a
Ultraviolet/O; irradiation cabinet for 80 min (40 min
face up and 40 min face down), respectively.
(Ultraviolet/O; radiation cabinet: 11 mW/cm” intensity
UV lamps without outer envelope (6 Lamps, made in
Poland) is placed in a cubic box with side length 60
cm. Strips of samples are placed around the source at a
suitable distance (~2 cm). Atomic oxygen is generated
both when molecular oxygen is subjected to the 184.9
nm radiation and when ozone is irradiated at 253.7 nm.
The radiation at 253.7 nm is absorbed by most
hydrocarbons and also by ozone.).

l 1 11 l l l - Washing and Drying

Irradiation under Ultraviolet/O3 Exposure
(for 80 min)

Figure 1: Scheme of the bleaching process.

Prog. Color Colorants Coat. 15 (2022), 143-156 145



F.S. Fattahi

2.3.6. Scouring

When the irradiation was completed, the sample was
rinsed adequately with cold water (30-40 °C) room
temperature for 10 min in a liquor to goods ratio of
20:1, and then oven dried under 60 °C for 30 min.

2.4. Fabric properties

The whiteness (WI) of the poly(lactic acid) knitted
fabrics was measured with a 0/d Tex-flash
spectrophotometer according to AATCC test method
110-2015 based on a procedure of measuring CIE
whiteness index (WI) [17, 38].

2.5. Colorimetric assay

The poly(lactic acid) fabrics were subjected to 0/d Tex-
flash spectrophotometer under illuminant D65 light at
10° observation angle to measure the color coordinates
in terms of CIE Lab and CIE Lch (L*, a*, b*, ¢*, and
h°) system in visible spectrum region (400-470 nm).
The chroma (c*) and hue angle (h°) of the samples was
measured by the following equations (Eq. 1 and 2)[39].

Chroma (C*) = va? + b? (1)
Hue angle (k") = tan™* (Z) )

Where, L*= lightness/darkness, a*= redness/greenness
and b*= yellowness/blueness.

2.6. Fourier transforms infrared spectroscopy
(FTIR-ATR)

FTIR spectra were collected by a Bomem-MB FTIR-
ATR spectrometer instrument (Model 100) in an
absorbance mode at a wavenumber range of 4000—400
cm’'. The sample pellets were prepared by mixing 2.0
mg of fabric powder with 200.0 mg of potassium
bromide. The specimens were analyzed at 4 cm’
resolution, and the recorded spectrum for each was the
average of 100 scans.

2.7. Scanning Electron Microscopy

Scanning Electron Microscopy examination of the
fibers was carried out in order to assess whether the
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various treatments had caused any visible degradation
to the fiber surfaces. A XL30 MODEL/PHYLIPS
Company/Netherland instrument was used for this
purpose. In order to avoid problems due to charge build
up, the poly (lactic acid) fabrics were previously
sputter coated with gold palladium for two minutes in a
SCDOOS MODEL/Bal-Tech Company/Switzerland
sputter coating unit. The images were captured with
magnifications of 2500, 15000 and 30000.

2.8. Reflection spectra

The reflection spectra in the visible range 400-700 nm
of all of examined samples, obtained using a 0/d Tex-
flash spectrophotometer from Data Color in the visible
region under illuminant D65, employing a 10° standard
observer with UV component included and specular
component excluded. In order to measure the spectral
reflectance of the fabrics, the fabric folded four times
and the measurement was done twice. In the second
time the measurement was done after the 90 degrees
rotation of the fabric, and then the average of these
measurements were considered as the reflectance of the
sample.

3. Results and Discussion

3.1. Colorimetric assays of poly(lactic acid)
bleached fabrics

Bleaching processing of poly (lactic acid) fabrics is
usually carried out to improve luster, handling, dye-
ability and water absorbency. Alkaline peroxide
bleaching at 80 °C is a popular way to remove the
impurities, but in this work, a novel eco-friendly
technology (Ultraviolet/O; bleaching process) is used
for bleaching of poly(lactic acid) fabrics. The five
white poly(lactic acid) fabrics applied as substrates had
been treated differently. Substrate 2,3,4 and 5 bleached
with Ultraviolet/Os, Ultraviolet/O3/H,0, Ultraviolet/O5
/H,O, and Ultraviolet/Os/(H,O, + Na,SiO;) radiation
correspondingly. The other poly(lactic acid) fabric
(substrate 1) was just normally scoured (Figure 2).
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Figure 2: (a) Unbleached poly(lactic acid) fabric, (b) Ultraviolet/O3 bleached poly(lactic acid) fabric, (c)
Ultraviolet/O3/(H202 + NazSiO3) bleached poly(lactic acid) fabric, (d) Ultraviolet/Os/H,O bleached poly(lactic acid) fabric
and (e) Ultraviolet/O3/H20O, bleached poly(lactic acid) fabric.

To compare the whiteness characteristics of the
bleached poly(lactic acid) fabrics, their whiteness
indexes as well as their tint factor were calculated by
using the common CIE whiteness formula (Eq. 3 and
4) [40]:

WI =Y +800(x, —x)+ 17000y, —y) 3)

Ty =900(x, — x) = 650(y, — ¥) “

Where, Y indicates the lightness attribute of
bleached white fabrics and (X, y) and (X,, y,) show the
chromaticity coordinates of bleached white substrate
and light source under CIE1964 standard observer,
respectively. Based on the CIE whiteness formula,
samples are defined as whites if their whiteness index
(WD) and tint factor (T,) obey from limitations
determined by Equations 5 and 6 [41].

40 < WI < (5Y — 280)

—4 < Ty <+2

(&)

(6)

Where, samples with Tw=0 are defined as bluish

whites and those with positive (Tw>0) and negative

(Tw<0) tint factors represent the greenish and reddish

whites, correspondingly [42].

Table 1 displays the specifications of bleached

poly(lactic acid) fabrics applied as substrates in this

research. According to Table 1, the poly(lactic acid)

fabrics have different whiteness and tint attributes. In

addition, based on limitations determined by equations
5 and 6, Ultraviolet/O; bleached PLA fabrics are
defined as white. While, the whiteness index (WI) and
tint factor (Tw) of virgin PLA fabric are out of

boundaries determined by CIE whiteness formula.

Table 1 : Effect of processing routine on the whiteness index and tint factor of poly(lactic acid) bleached fabrics.

Bleached poly(lactic acid) fabric Bleaching Technique WI(%)

Substrate 1 Scouring 38.8 -4.2
Substrate 2 Ultraviolet/O; * 79.2 0.2
Substrate 3 Ultraviolet/Os/H,O 87.2 -0.2
Substrate 4 Ultraviolet/O3;/H,0, 87.7 -0.1
Substrate 5 Ultraviolet/Os/(H,0, + Na,SiO;) 86.1 -0.5

* Ultraviolet/O; exposure: 11 mW/cm® 254 nm lamps for 80 min.
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On the other hand, based on Table 1, all the
bleached poly(lactic acid) fabrics have negative value
of tint factor. Meanwhile, Ultraviolet/O;/H,0, bleached
poly(lactic acid) fabric with the highest whiteness
index (WI=87.7) and lowest tint factor (Tw= -0.1)
could be defined as the whitest substrate among the
four bleached fabrics. Clearly, the special whitening
treatment of poly(lactic acid) fabrics with Ultraviolet/
03/H,0, radiation leads to its superior whiteness
attribute in comparison with other white substrates.

Table 2 presents the results of various bleaching
treatment routines on the colorimetric attributes of the
poly(lactic acid) fabrics. White are identified by low
chroma values and distributions around opposite poles
of lightness coordinate in different color order system
[41]. In CIE L*a*b* space, L* indicates the lightness;
the perfect white sample has L* = 100 [42, 43]. As
seen from the Table 2, the Ultraviolet/O;/H,0,
bleached fabric, has the highest L* value (94.227 %)
and the lowest C* value (0.2512). The b* value defines

the yellowness/blueness coordinate in certain color
space, for example Hunter L, a, b and CIELAB [44].
The b* value is used as the difference between a
specimen and a standard reference color. If b* value is
positive, there is more yellowness than blueness where
although b or b* value is negative, more blueness is
observe (The samples with b* > 0 means yellowness
and b* < 0 blueness [45]). According to Table 2, the
minimum value of b* is belonged to Ultraviolet/
0;/H,0, bleached fabric, this means that this sample
has lowest yellow shade because of the lower b* value
[46].

The hue angle (h") depending on which quadrant
the color is located. In Figure 3, it seems that the tint
attribute of poly(lactic acid) bleached fabrics shifts
from the first quarter of hue area to the second quarter.
It means that the tint effect of bleached fabrics changes
from reddish white shade to the yellowish and greenish
white shade.

Table 2: The colorimetric attributes of poly(lactic acid) bleached fabrics.

Substrate 1 Scouring 65.212 0.757 4.242 4.3665 59.3494
Substrate 2 Ultraviolet/O; * 92.251 -0.026 0.974 1.9743 91.2510
Substrate 3 Ultraviolet/O3;/H,0 93.715 -0.022 0.647 0.7025 91.9827
Substrate 4 Ultraviolet/O;/H,0, 94.227 -0.106 0.294 0.2512 98.6551
Substrate 5 Ultraviolet/O3/(H,0, + Na,SiO3) 93.172 -0.038 1.543 1.5461 91.4077
* Ultraviolet/O; exposure: 11 mW/cm” 254 nm lamps for 80 min.
_ Yellow
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Figure 3: The a*b* scatter plot of poly(lactic acid) bleached fabrics over the CIELAB color space.
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Figure 4: (a) Unbleached poly(lactic acid) fabric and (b) Ultraviolet/Os/H20O2 bleached poly(lactic acid) fabric.

The Ultraviolet/O3/H,0, bleached fabric showed
the best colorimetric properties among these five
substrates (WI: 87.7, Ty: -0.1, L*:94.227, a*:-0.106,
b*:0.294, ¢*:0.2512, h": 98.6551) (Figure 4).

3.2. Reflecting spectrum of bleached poly(lactic
acid) fabrics

Figure 5 displays the reflecting spectrum of the
poly(lactic acid) samples (virgin fabrics and bleached
fabrics). In the physic science, objects which can
reflect 100% of the emitted light are called perfect
white. In other words, the samples with the uniform
and complete reflection in the whole visible spectrum
are called ideal white. But this capability (not

Reﬂeczt;a.nce (%)

completely) is only present in a few objects such as
magnesium oxides, lead and barium sulfate [47].
Therefore a white surface is said to reflection more
than 70 % of the emitted visible light (a realistic
definition) [48].

As seen in Figure 3, Ultraviolet/O3/H,O and
Ultraviolet/O3/H,0, bleached poly(lactic acid) fabrics
have the higher level reflection (about 86 %) especially
in 470-570 nm. Moreover the reflectance spectrum
of these samples became more uniform along the
visible spectrum specifically in 470-700 nm. On the
other hand, the reflecting spectrum of most fibers is
reduced in the purple to blue region (400-450 nm) due
to the higher absorption of visible light [40, 49].

0.84
0.82
0.8

0.78 ol
0.76
0.74

0.8
0.86 M-—-.——a—.—-—.—‘——*
¥ o

,4—-0——0"""'4'

400 450 500

550 600 650 700

Wavelength (nm)
= Unbleached PLA Ultraviolet/Os/-H:O bleached PLA g@-Ultraviolet/Os/H202 bleached PLA

Figure 5: Reflecting spectrum of bleached and virgin unbleached poly(lactic acid) fabrics.
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This leads to a yellowish white shade on the fibers. It
can be observed from the Figure 3 that the reflectance
of the poly (lactic acid) fabrics has increased
considerably in the range of 400-450 nm after

Ultraviolet/O5 treatment which leads to a glossy white.

3.4. Bleaching chemistry: Structural analysis
by ATR-IR spectroscopy

In order to study the structural properties of fabrics, the
samples are considered using ATR-IR spectroscopy. The
ATR-IR spectroscopy provides information regarding
changes in the bonding in the top 0.5-1 mm. Figure 6
show the ATR-IR spectrum of the bleached and
unbleached poly (lactic acid) fabrics. The ATR-IR
spectrum of poly(lactic acid) fiber which bleached with
Ultraviolet/Os/H,0, system shows significant oxidation
of the poly(lactic acid) fabrics. There is a considerably
more intense absorption bands ascribed to O-H
stretching (3390 cm™). Also it can see that, the ATR-IR
spectrum of Ultraviolet/O5/H,0, bleached poly(lactic
acid) fibers shows more intense C—C-O absorption
bands (1161 cm™), indicating that the formation of

alcohol groups is dominant. However, bleaching of
poly(lactic acid) fibers with Ultraviolet/Os/H,0, system
also generates CH;C=0 moieties (absorption band at
1324 ecm™). This indicates the oxidation process of the
Ultraviolet/O;/H,0,
bleaching process [50]. The formation of free radicals on

poly(lactic acid) fabrics after
the fiber surface (due to photochemical interactions) is
an important factor for chemical modification of
materials with this method [51].

Irradiation of fibers by a radiation source changes
the physical and chemical properties (based on the
radiation conditions and the chemical nature of the
fiber). Ultraviolet/O; radiation is an oxidation process
Ultraviolet
radiations have significant potential for photochemical

that can excite the surface molecules.

modification of polymers. The photon energy of
ultraviolet radiation is sufficient to cause chemical
changes in the structure of polymers. Ultraviolet
radiation (184-365 nm) is produced by xenon lamps or
mercury vapor lamps at low pressure [52]. The
Ultraviolet/O; process uses a low-pressure mercury
lamp in a chamber containing atmospheric pressure air.

Al_)?] 15 Unbleached poly(lactic acid) ;
=0.05 % rl
i s
zi‘ '
W 3200 "y 2700 200 fi# 1’1 T nw \A/mo
Wavenumber (cm-1)
--0.05
Abs Ultraviolet/O3/H202
™ 0.15 bleached poly(lactic acid) i
1324
Lo 3390 1161
1 v.
005 28, ."-
£ 111 fA it 2
i il g 1% A
, j V] F 1
1 } ! f‘l # !: =
{ ‘,',: ‘ 2 3203\/ 2700 2200 .’l’?) F 1200 w7°°
’ 3 .\ :
il A ¥ Wavenumber (cm-1)
a8 "

Figure 6: ATR-IR spectra of the spectra of unbleached and Ultraviolet/Os/H,O, bleached poly (lactic acid) fabrics.
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The light emitted from the mercury lamp is absorbed
by the oxygen molecules in the air at a wavelength of
184.9 nm. These dissociated molecules produce atomic
oxygen [53]. Oxygen radicals will react easily with the
oxygen molecules to produce the ozone molecule.
Simultaneously, the light emitted from the mercury
lamp is absorbed by ozone molecules at a wavelength
of 253.7 nm. This process causes the photolysis of
ozone molecules to oxygen radicals with very high
reactivity with short life [54]. As ozone molecules is
continuously produced and degraded, a constant
concentration of oxygen atoms is formed inside the
chamber, which acts as a strong oxidizer [55, 56].

On the other hand, the formation of free radicals on
the surface of fibers is recognized as a key factor in the
oxidation process by Ultraviolet/O; radiation. When
fibers are exposed to the ultraviolet radiation, firstly the
surface molecules are excited. Covalent bond breakage
(like carbon-carbon, carbon-hydrogen and carbon-
oxygen bonds) occurs in the polymeric chains, so that
some radicals are formed on the surface of the fibers
[57, 58]. On the other hand, atomic oxygen and ozone
molecules are highly reactive excited components [59,
60]. These oxidizing agents react with excited

a) Hydrogen abstraction

Ultraviolet/03

molecules and radicals and form the reactive
oxygenated groups (such as carbonyl, carboxylic acid
and hydroxyl) [61]. Effects of Ultraviolet/O; radiation
on poly (lactic acid) fabrics was showed in Figure 7.

3.5. Bleaching physics: Morphology analysis by
scanning electron micrographs

Scanning electron microscopy (SEM) has been used to
observe the morphology and topography changes in the
surface of poly (lactic acid) fibers because of
Ultraviolet/O; bleaching. The SEM of poly (lactic acid)
fibers before and after Ultraviolet/O; bleaching
treatment are shown in Figure 8. As seen in the picture,
after the Ultraviolet/O; bleaching process, some
fractures with nano scale size (about 130 nm) are
produced on the fiber surface. These alterations in the
morphology of the fibers are due to physical etching
effect of Ultraviolet/O; irradiation [62]. The formation
of surface roughness (due to the physical etching
effects) is a key factor in the surface engineering of
polymeric fibers and films wvia Ultraviolet/Os
irradiation [51].

PH: Poly(lactic acid)

P+ 0, » POO
POO- + PH - POOH + P

b)Decomposition of hydroperoxide

Ultraviolet/03

POOH ——— PO+ HO:
PH
HO — P+ H,0
PH
PO — POH + P

Figure 7: Formation of radicals.
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Figure 8: SEM photographs of the poly (lactic acid) fabrics: (A) unbleached fabric (2500 x), (B) Ultraviolet/O3/H202
bleached fabric (15000 x) and (C) Ultraviolet/Os/H>O- bleached fabric (30000 x).

The morphology of the fibers treated with
Ultraviolet/O; radiation under different conditions
show a significant change in the fiber surface (The
fiber surface is destroyed) [63, 64]. Grooves, cavities
and ruggedness form on their surface [65, 66]. This
surface ruggedness is due to the effect of physical
corrosion caused by bombardment of ions inside the
chamber [67, 68]. The type of physical changes on the
fiber surface are different under various processing
conditions with Ultraviolet/O; radiation [69]. This is
due to the differences in ions that produce different
corrosion effects. These physical changes are mostly in
the form of cavities, and pores [70, 71]. In some cases,
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the surface layer of fibers is broken up
heterogeneously, creating peaks and valleys. In some
cases, the surface changes of the samples are by
creating horizontal channels that have a diameter of
nanometers and are evenly distributed on the surface
[27, 72].

4. Conclusions

In recent years, the textile industry has focused on the
application of novel pollution-free and environmentally
friendly technologies called “green technology”.
Ultraviolet/O; radiation is one of the best ecofriendly
methods for these purposes. In this work a novel
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Ultraviolet/O3;/H,0, bleaching process is used for
remove the impurities of poly (lactic acid) fabrics
under mild conditions. The main results are as follows:

+¢ Ultraviolet/Os/H,0, bleaching process is defined for
the Ultraviolet/O; irradiation (80 min.) on the poly
(lactic acid) fabrics which pre-impregnated in a
hydrogen peroxide solution.
¢ The reflectance spectrum of Ultraviolet/O;/H,0,
bleached poly (lactic acid) fabrics became more
uniform along the visible spectrum specifically in
470-700 nm with higher level reflection (about
86 %) especially in 470-570 nm which leads to a
shiny white.
White is identified by low chroma values and
distributions around opposite poles of lightness
coordinate in different color order system. The
Ultraviolet/O3/H,0, bleached poly(lactic acid) fabric
exhibited the highest L* value and the lowest C*
value.

*,
*

*
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