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A study on damage to PLA knitted fabrics during scouring and bleaching
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Ingeo® PLA (polylactic acid) knitted fabric was scoured through an exhaust technique. The scouring was carried
out with sodium carbonate in the presence of a detergent at various concentrations and temperatures. The scoured
fabric was bleached with various oxidative bleaching agents. Bleaching was carried out with hydrogen peroxide,
sodium chlorite and sodium hypochlorite. Hydrogen peroxide was applied by exhaust and cold pad batch (CPB)
techniques. It was observed that during scouring PLA fabric was degraded at high alkali concentrations and pro-
cessing temperatures. The scouring temperature above 60°C proved to be deleterious due to the scouring solution
penetrating into the polymer structure and damaged the fiber. Sodium chlorite and sodium hypochlorite caused
little damage to the mechanical properties of PLA. Hydrogen peroxide when applied by the CPB technique did
not reduce strength appreciably but when applied by the exhaust technique decreased the strength significantly.
SEM analysis revealed that hydrogen peroxide caused holes and slit formation in the fiber structure.
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INTRODUCTION

PLA (Polylactic acid) is a new renewable and biode-
gradable material. Biodegradable materials are broken
down into simpler and stable molecules, through macro-
molecular chain scission, in the presence of aerobic or
anaerobic microorganisms™ 2. PLA is a synthetic thermo-
plastic material derived from natural resources®. From
the chemistry viewpoint, PLA is a polyester manufactured
from the condensation polymerization of lactic acid, the
latter being produced by the enzymatic action on corn’.
Cargill Dow LCC, established in 1997, is the largest
manufacturer of PLA fibres marketed under the trade
name of Ingeo®. Like PET (polyethylene terephthalate),
PLA does not depend on petrochemical resources. PLA
has some characteristics which are comparable to PET®.
These characteristics include the moisture regain, ten-
sile strength, and crease resistance behaviour. PLA has
some characteristics which are superior to PET. These
include the specific gravity (PET 1.39, PLA 1.25) which
make PLA a lightweight material, UV resistance (PET
fair, PLA excellent) and refractive index (PET 1.54,
PLA 1.4)% At the same dye concentrations, the deeper
shade on PLA as compared to PET has been explained
to be due to higher refractive index of the former®. The
drawbacks of PLA are its poor thermal and hydrolytic
stability. PLA has low glass transition (T, 55-65°C) and
melting temperatures (T, 130-175°C)*". Therefore, PLA
should not be treated at the harsh and severe process
conditions as are employed for industry standard poly-
ester i.e. PET and blends of PET with natural fibres.
The wet processing of PLA, therefore, requires a new
process design that ensures retention of good overall
mechanical, aesthetic and performance properties at the
end of wet processing.

Textile fibres have various types of natural and added
impurities which impart them creamy colour®*'®, These
impurities include the sizing chemicals, lubricants and
waxes, anti-static agents, dirt and dust particles etc!.
Pre-treatments include a series of processes aimed at
removing these impurities which otherwise may pose
problems during dyeing and finishing'®. Scouring and
bleaching are the two important pre-treatment processes

considered in this work. On industrial scale scouring is
carried out in the presence of detergents and alkalies
at different temperatures that may range from 60°C to
100°C. Generally, synthetic fibres do not contain coloured
impurities as do most of the natural fibres and hence
do not require bleaching. However, in some cases where
extra whiteness is required or where synthetic fibres are
mixed with natural fibres, the former have to bear the
severe chemical conditions required to bleach the later®.

There is a little literature related to the degradation of
PLA particularly during pretreatment processes. Joziasse
et al." studied the hydrolysis of PLA and reported that
hydrolysis was autocatalytic due to the production of
carboxylic groups at the polymer chain ends'. Grizzi
et al."® and Nakamura et al.'® studied hydrolysis of PLA
at pH 7.4 and temperature 37°C and reported that bulk
hydrolysis was faster than the surface due to the ac-
cumulation of oligomers inside PLA material'> '®. Baig
studied the effect of various simulated textile processes
such as scouring, bleaching, dyeing and reduction clearing
on the hydrolytic stability of PLA fabric and concluded
that weight and tensile properties decreased rapidly above
T, of PLA' '® Baig et al.” investigated the effect of
scouring and bleaching on the hydrolytic stability of PLA
knitted fabric and concluded that hydrogen peroxide was
deleterious to the integrity of PLA". Ahmed studied the
hydrolytic stability of PLA during various simulated textile
processes and concluded that degradation depended on
processing temperature, treatment time and pH of the
medium. The high temperature, long process times and
neutral to alkaline pH medium caused excessive loss in
mechanical properties of PLA yarns. The result showed
that acidic pH in the range of 4.5-5.0 was the most suit-
able one for the integrity of PLA material®. Suesat et
al. studied the pretreatment and dyeing of PLA/cotton
blended fabric and found that bleaching process for
cotton severely damaged PLA?.

The present work was undertaken mainly to study
the effect of pre-treatments on the tensile properties
of PLA yarn. The scouring was carried out at various
temperature and alkali concentrations through an ex-
haust technique. Bleaching was carried out with various
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industrially important bleaching agents such as hydrogen
peroxide, sodium chlorite and sodium hypochlorite. The
bleaching agents were applied at various concentrations
while pH and temperature values were adopted that were
mostly employed for the bleaching of cotton fabrics so
that the stability of PLA to these process conditions
was evaluated. The electron microscopic analysis was
carried out to study the effects of various scouring and
bleaching process conditions on the morphology of fibres.
Hydrolytic stability of PLA was of the main concern in
this work as most of the exhaust textile processes were
carried out in aqueous medium. The process conditions
where PLA yarn was most stable were identified so that
textiles with good tensile properties were obtained.

EXPERIMENTAL

Material and methods

Mathis Labomat IR (infra red) dyeing machine (BFA
12, UK) was used to pretreat the PLA fabric. Henna
PH-201 digital pH meter was used to measure pH of
the pretreatment bath before and after pretreatments.
Knitted fabric constructed from 100% Ingeo® spun yarn
(30° Ne) was used throughout the experimental work.
Sodium hydroxide, sodium carbonate, acetic acid, sodium
dihydrogen phosphate, sodium bisulphite and formic acid
were of laboratory grade.

Scouring of PLA

Greige knitted PLA fabric was scoured in IR dyeing
machine. Alkali and processing temperature were the
parameters studied. Sodium carbonate concentration
was varied from 0.5-5 g/l and temperature studied were
40, 60, 80 and 100°C. Kieralon Jet B conc. (fatty methyl
ester ethoxylate, BASF) was used at a concentration of
0.5 g/l in all the treatments. Scouring was carried out for
20 minutes at liquor to material ratio (LMR) of 10:1.
After scouring the fabric was rinsed with cold water
followed by neutralization with acetic acid. A final rinse
was given with cold water and the fabric subsequently
dried at ambient conditions. The process profile is shown
in Figure 1.

Bleaching of PLA

1. Hydrogen peroxide (H,0,) bleaching: The scoured
PLA fabric (sodium carbonate 1 g/l, 60°C, 20 minutes
& LMR 20:1) was subjected to intense bleaching condi-
tions which might be used for cotton to have full bleach
effect. The fabric was treated with 1, 2, 3 and 5 ml/l
hydrogen peroxide (35% w/w), x ml/l sodium hydroxide
(50% w/w) and 0.5 gm/l Baystabil DB (organic H,0O,
stabilizer; BASF) at 90°C for 45 minutes. The fabric
was then rinsed with hot water (60°C) for 15 minutes
followed by neutralization with acetic acid and then
dried at ambient conditions. The process file is shown
in Figure 1. In the cold pad batch (CPB), PLA scoured
fabric was padded with solutions containing 10, 20, 30
and 50 ml/l hydrogen peroxide (35% w/w), 20 ml/l sodium
hydroxide (50% w/w), 1 g/l Kieralon Jet B. conc. and 10
g/l Baystabil DB at 20°C and 100% pick up. The fabric
was wrapped in polyethylene sheet and left for a dwell
time of 24 hrs. The fabric was subsequently washed

with hot water (60°C) for 15 minutes, rinsed with cold
water, neutralized with acetic acid and finally dried at
ambient conditions.

2. Sodium chlorite bleaching: The scoured PLA fa-
bric (sodium carbonate 1 g/l, 60°C, 20 minutes & LMR
20:1) was treated in a bath containing 2, 4, 6 and 10%
on the weight of fabric (o.w.f) sodium chlorite (80%),
3 g/l sodium nitrate, 4 g/l sodium di-hydrogen phosphate
and 0.5 g/l Kieralon Jet B conc. The pH of the liquor
was adjusted to ~4 with formic acid. The bleaching was
carried out at 85°C for 45 minutes followed by washing
(60°C) for 15 minutes and rinsing with cold water. The
fabric was dried at ambient conditions. The process file
is shown in Figure 1.

3. Sodium hypochlorite bleaching:

The scoured PLA fabric (sodium carbonate 1 g/l
60°C, 20 minutes & LMR 20:1) was treated in a bath
containing 2, 4, 6 and 10 g/l available chlorine (sodium
hypochlorite, 14% w/w), the pH being adjusted to 11
~ 11.5 with sodium carbonate. The treatment was car-
ried out at 40°C for 60 minutes followed by anti-chlor
with 5 g/l sodium bi-sulphite at 60°C for 15 minutes.
Subsequently the fabric was rinsed with cold water and
left for drying at ambient conditions. The process file
is shown in Figure 1.
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Figure 1. Pretreatment process profile

Measurement of weight loss (%)

PLA fabric was conditioned at standard conditions of
25°C and 65% R.H before testing. The following formula
was used to calculate the weight loss of samples after
processing, where W, and W, were weights of the samples
before and after processing dried at ambient conditions:

Weight loss % = [W, - W,] - 100/ W,

Tensile measurement

Yarns were taken out from control and each of the
treated fabric samples and conditioned at standards
conditions of 25°C and 65% R.H before testing. Tests
were performed according to BS EN ISO 2062:1995,
using Instron Model 1122 tensile tester with a gauge
length of 100 mm and at a strain rate of 1 min™'. Ten
tests were performed on each of the yarn samples and
the results acquired through desktop computer interfaced
to the testing machine. The raw data was received and
analyzed through computer software QT.

Sem analysis

The surface morphology of PLA fibers was investigated
using Scanning Electron Microscope. Fabric samples were
sputter-coated with Gold in Polaron coating unit (model



E5100). The samples attached on sample holder were
loaded into the Hitachi SEM (model S-3000N). Gun-to-
-samples distance was 8-9 mm and voltage of 5kV was
applied to accelerate electron toward the sample under
high vacuum conditions. Electron beam focusing, image
magnification and brightness/ contrast were adjusted to
take the photo micrographs through SmatSEM software
(Hitachi).

RESULTS AND DISCUSSION

Effect of scouring on weight loss (%)

Figure 2 showed the effect of sodium carbonate con-
centration and processing temperature on the weight
loss of PLA during scouring. The results showed that at
constant concentration of sodium carbonate; higher the
temperature, higher was the weight loss. According to
the results PLA could be treated up to 100°C without
appreciable weight loss. The pH measurement at the end
of scouring revealed that pH of the scouring bath at 60°C
changed a little, however, for temperature above 60°C
the pH decreased appreciably so that the final bath-pH
was lower. The results indicated that as the temperature
increased, so was the degradation of PLA fibers increased.
At high temperature hydrolysis of PLA was high which
led to the formation of more carboxylic acid groups at
the end of polymer chains. These carboxylic acid groups
were neutralized with alkali present in the bath resulting
in decrease of pH of the scouring bath, Scheme 1. The
decrease in weight of fiber during scouring meant that
polymer chains were split into smaller fragments. These
low molecular weight polymer chains were easily washed
off resulting in lowering of yarn weight.
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Figure 2. Weight loss of PLA during scouring
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Effect of bleaching on weight loss (%)

Figure 3 presented the weight loss of scoured PLA
treated with various oxidative bleaching agents. It was
observed that hydrogen peroxide caused more damage
than any of the other bleaching agents. Hydrogen peroxi-
de was applied by the exhaust and CPB techniques. The
exhaust method caused more damage than CPB due to
the bleaching being carried out at higher temperature in
the former technique. Bleaching with sodium hypochlorite
or sodium chlorite caused a little change in weight loss
of the PLA fabric. It was concluded from the results
that long liquor high temperature oxidative conditions
were more damaging to PLA than low temperature ones.
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Figure 3. Weight loss of PLA during bleaching

Effect of scouring on tensile properties

The tensile properties of yarns taken from scoured PLA
knitted fabric were measured and presented in Table 1.
The scoured PLA fabric was treated at various alkali
concentrations (0.0, 0.5 and 5.0 g/l) and temperatures
(40°C, 60°C, 80°C and 100°C). The results showed that
up to 60°C, increasing alkali concentration had little
effect on tensile properties. In the rage of 80°C-100°C,
increase in alkali concentration caused ever higher loss
in tensile properties. The glass transitions temperature
of PLA lie around 60°C. At T, the structure of polymer
became more accessible due o the formation of tempo-
rary voids, the later being formed due to the vibration of
polymer chains. The higher accessibility to hot-alkaline
scouring liquor above T, resulted in accelerated hydro-
lysis of PLA polymer. The hydrolysis resulted in the
breakdown of polymer chains into small fragments of
low number average molecular weight (M,) and hence
a decrease in strength of the fiber. It was suggested that
scouring could be carried out safely without appreciable
loss in weight and tensile properties at 60°C even at 5
g/l sodium carbonate. On industrial scale, scouring of
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Scheme 1. Schematic hydrolysis of PLA polymer
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synthetic fibers is chemically a mild process. However
blends of synthetic and natural fibers require more severe
conditions. Since scouring of cotton is carried out nearly
at the boil, PLA may be damaged as evident from the
data presented in Table 1. The scouring of PLA-cotton
blends might be carried out at lower temperature, tho-
ugh it will take long processing time. It might also be
deduced from the data that tenacity was a more sensitive
measurement of damage to PLA yarn than weight loss
e.g. at 60°C weight loss measurements did not give any
idea of damage but there was still a decrease in tenacity
even at the same weight loss. Figure 4 showed the cor-
relation between weight loss and tenacity of PLA yarn.
It was evident from the coefficient of determination
i.e. R? value (0.92) that there was strong correlation

I'enacity (cN/tex)
/
=)
] "l:'
"
1
"
L]

10
0 0.5 1 13 2 25 3

Weight loss (%)

Figure 4. Correlation between weight loss and tenacity of PLA
yarns

between weight loss and tenacity. The negative value
of slope meant that change in tenacity with respect to
weight loss was at a rate of 0.84 units.

Effect of bleachig agents on tensile properties

Table 2 presented the tensile properties of PLA yarns
taken from knitted fabric bleached with various bleaching
agents. The results showed that hydrogen peroxide, in
the exhaust process, caused the greatest damage than
any other bleach system. The tenacity of yarns decreased
from 13.5cN/tex to 8.4cN/tex. It was evident from the
data that control for hydrogen peroxide had even less
tenacity than treated samples. This showed that alkali-
nity contributed a lot to the deterioration of the fibers.
Indeed hydrogen peroxide is a weak acid, therefore alkali
was consumed in its presence and this resulted in better
retention of yarn strength, Scheme 2. However, if ratio
of hydrogen peroxide to sodium hydroxide is maintained
constant, there would be severe damage to the yarns.
The strain percentage and hence deformation of the
yarns decreased significantly particularly at high alkali
concentration that made yarns less stretchable.

H,0, + NaOH ———> HOO + Na'

Scheme 2. Schematic reaction of hydrogen peroxide with sodium
hydroxide

In the case of other bleaches such as sodium hypo-
chlorite, sodium chlorite and hydrogen peroxide (CPB)
systems there was negligible loss in strength. The results
suggested that PLA might be bleached with hydrogen

Table 1. Tensile properties of PLA scoured with sodium carbonate at process conditions

E‘;‘GCO?’ Tem;[)oecr?ture Tenacity [cN/tex] S[t,,r/?]m Modulus [N/tex] Energ[;'ﬁ /’icéx?reak
— — 14.6 61.5 0.83 0.17
00 13.6 64.8 0.95 0.17
0.5 40 13.6 62.1 0.90 0.17
5.0 13.8 62.0 0.97 0.17
00 13.1 64.1 0.85 0.17
0.5 60 12.6 60.0 0.78 0.15
5.0 12.8 60.0 0.74 0.15
00 13.1 62.0 0.82 0.17
0.5 80 12.4 61.0 0.74 0.15
5.0 12.2 60.9 0.79 0.15
00 11.2 63.2 0.82 0.15
0.5 100 11.2 62.0 0.76 0.15
5.0 10.8 60.0 0.86 0.14

(Time 20 minutes, LMR of 10:1)

Table 2. Tensile properties of PLA bleached with various bleaching agents

Bleaching agent Concentration Tenacity [cN/tex] S[tl;oa]ln Modulus [N/tex] Energy to Break [N/tex]
Greige . 14.6 61.5 0.83 0.18
Scoured - 13.5 65.1 0.66 0.17
0% o wf 13.2 63.4 0.61 0.16
NaClO, 2 12.8 64.3 0.61 0.16
10 12.4 64.9 0.62 0.17
0 mi/l 11.1 65.3 0.60 0.17
2.35%7: 7 .3 69.9 0.53 0.17
H,0, 5 12.9 70.9 0.55 0.18
0mli 6.2 20.1 0.77 0.02
NaOH 3.0g/I 1 8.4 33.0 0.77 0.06
5 11.9 59.6 0.64 0.15
09/l Cl, 14.3 63.0 0.73 0.17
NaClO 2 13.9 60.1 0.78 0.15
10 13.8 62.9 0.84 0.18
H.0 0 mi/l 13.4 61.6 0.83 0.17
(épé) 10 13.2 65.4 0.80 0.18
50 13.2 65.2 0.72 0.18
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Figure 5. SEM photo micrographs of PLA fibers

peroxide at low concentration however; if high whiteness
was required sodium chlorite was a better choice. Sodium
chlorite was applied at process conditions usually adop-
ted in industry for the bleaching of cotton i.e. at 85°C
and pH 4.5. The data showed that PLA yarns retained
strength at high temperature when processed in the acidic
pH. Since PLA could bear severe process conditions of
cotton bleaching, it was suggested that blends of PLA
with cotton could be bleached safely with sodium chlorite.
Similarly PLA might be bleached with sodium hypochlo-
rite without appreciable loss in tensile properties. Little

damage to PLA might be attributed to low temperature
oxidative conditions of sodium hypochlorite bleaching.
Sodium hypochlorite is still widely used in the textile
industry to bleach cotton fabrics, particularly in the denim
washing, despites the environmental issues. Negligible
damage to PLA implied that PLA-cotton blends could
be treated with sodium hypochlorite on industrial scale
safely. Since chlorine bleaches are notorious for polluting
environment, hydrogen peroxide might be applied by the
CPB technique as low temperature oxidative conditions
did not damage PLA yarns.
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Sem Analysis

The surface morphology of PLA fibers subjected to
various pretreatment process conditions was investigated
using scanning electron microscope, Figure 5. The photo
micrographs a and b showed the greige PLA and PLA
scoured at 60°C, respectively. There was little change
in surface topography of fibers. The photo micrograph
¢ showed PLA scoured at 100°C. There were clear dif-
ferences in surface morphology treated at 60°C and at
100°C. This explained why strength of PLA decreased at
high temperature. The photo micrographs d to g showed
the effect of various bleaching agents on the surface mor-
phology of PLA fibers. The photo micrograph d showed
that PLA fibers were little damaged in acidic sodium
chlorite solutions. The photo micrographs e and f showed
PLA treated with hydrogen peroxide. Photo micrograph
e showed that hydrogen peroxide, when applied by the
exhaust technique, caused excessive hole-formation in
the fibrous structure. The excessive formation of holes
led to significant strength loss in tensile properties of
PLA yarn. It was evident from photo micrograph f that
hydrogen peroxide, when applied by CPB technique
caused a little damage to PLA fibers and that these
damaging effects were restricted to surface only. Due
to the presence of high amount of alkali in the bleach
bath, surface of PLA fibers was eroded irregularly. The
photo micrograph g showed some tiny holes in the fibers,
however, these holes were not penetrated deep into the
fibrous structure. This hypothesis was supported by the
tensile measurement which showed little change in te-
nacity when PLA was treated with sodium hypochlorite.

CONCLUSION

PLA knitted fabric was subjected to scouring and
bleaching at various process conditions. The alkaline
scouring of PLA above 60°C in the presence of deter-
gent exhibited adverse effect on tensile properties. The
pH measurements at the end of processing showed that
high temperature processing caused pH drop which was
attributed to hydrolysis of PLA polymer. The bleaching
of PLA with sodium hypochlorite and sodium chlorite
did not appreciably affect the weight loss and tensile
properties. The bleaching with hydrogen peroxide by the
CPB technique didn’t damage PLA appreciably; howe-
ver, when applied by the exhaust technique it rendered
irreparable damage to the fibers. If hydrogen peroxide
was the only option, CPB bleaching could be carried
out to avoid strength loss of the fabric. In the case of
polyester-cotton blends, bleaching with sodium chlorite or
sodium hypochlorite might be carried out to effectively
bleach the blend with little damage to the PLA portion.
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