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HE main objective of this study was to evaluate the potential of sodium percarbonate and

sodium perborate utilization in cotton fiber bleaching instead of Hydrogen Peroxide and
to compare the influence of these bleaching agents on performance of some Egyptian cotton
varieties (G88, G90, G95, and G96).

Bleaching efficiency is evaluated by the degree of whiteness, yellowness, micronaire value,
Length, fiber strength and elongation percent. This research was conducted with bleaching
using Oxygen bleaches comparable to the conventional bleaching agents such as Hydrogen
Peroxide.

Results showed that the bleaching with sodium Percarbonate (SPC) and sodium perborate
(SPB) using three different concentrations brought an overall improvement in cotton fibers
whiteness without decreasing the qualities of cotton fibers in comparison to hydrogen peroxide.
This implies that these oxygen bleaches can replace the hydrogen peroxide. Moreover, oxygen
bleaches are considered as good alternatives for other bleaches because of their economic and
environmental impact as they are more stable and can be stored in a solid form. Besides, they
can be active at lower temperatures.

Keywords: Egyptian cotton a verities, Bleaching, Hydrogen Peroxide, Oxygen bleaches,
Sodium percarbonate and Sodium perborate.

Introduction

Egyptian cotton is the world’s finest cotton because
it has some noble characteristics which set it apart
from other natural fibers [1]. In Egypt, more than
one million families work in cotton production,
over 850 thousand individuals participate in
cotton manufacturing and trading and more than
1 million persons serve indirectly in the cotton
sector. Egypt seeks to face the challenges of cotton
value chain and put intelligent and sustainable
solutions for its cultivation, manufacturing and
trading. So, it is necessary to work on developing
the textile industries and find smart and sustainable
solutions in this field. One of them is using the
latest technologies in preparation systems. This
is accomplished by the expansion in utilizing the
latest technologies in preparation, dyeing and

apparel industry to comply with the customer
desires. [2]

Over the last few years, great changes occurred
in the bleach compounds used all over the world.
Several types of chemicals are used as bleaching
agents, and their selection depends upon the
material of fabrics as well as their intended use.
Hydrogen peroxide is the most useful bleaching
agent for cotton fibers and cotton blends [3, 4],
as the chlorine containing bleach compounds such
as sodium hypochlorite and sodium chlorite have
been withdrawn for the market and their usage was
gradually limited because of its disadvantages; a)
all protein impurities must be completely removed
before bleaching otherwise the fabric may turn
yellowish. b) Residual chlorine must be removed
because it has a bad effect on fibers, ¢) can produce
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more toxic chlorinated organic byproducts that can
cause environmental pollution. On the other hand,
bleaching with peroxide has many advantages;
a) can be used for bleaching cotton, wool, silk,
jute..etc. b) it shows less degradation of cotton as
compared to hypochlorite bleaching [5-7].

Promising results have been reported by
Glucose Oxidase enzyme that converts glucose
to hydrogen peroxide and gluconic acid used
for bleaching purpose [8]. Hydrogen peroxide
contains an atom of loosely combined oxygen, so,
it has powerful oxidizing properties and used in
bleaching of textile materials. In a neutral aqueous
solution, hydrogen peroxide is ionized in to
perhydroxyl and hydrogen ions. These hydrogen
ions have a tendering effect on cellulose due to
its acidic nature. In acidic or neutral pH tendering
effect of H+ ions is more than the bleaching effect
of the HOO- ions. This will impart yellowness
to the cotton fibers. So it is not recommended to
carry out bleaching in acidic conditions.

--------- » HOO" + H+

On the other hand, in alkaline condition
following equilibrium exists:

H,0, + OH" - » HOO" + H,0

Due to this in alkaline pH we get more
bleaching effect and less tendering of cotton, but
although the damage to cotton fiber is less, the
stability of peroxide itself is also decreased. In
absence of stabilizer, hydrogrn peroxide in hot
alkaline medium will get decomposed in less than
10 min. So it is necessary to use a stabilizing agent
such as sodium Silicate to stabilize the peroxide
solutions , It takes about 54min. for peroxide
to decompose to extent of 50% in presence of
silicate[5].

The major alternatives currently employed are
oxygen-based chemicals [9,10]. Oxygen bleaches
effectively remove stains and improve the degree
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of whiteness. These compounds can be active
at lower temperatures (<60 °C) than hydrogen
peroxide. The consumption of Oxygen bleaches
in 2002 was approximately 105,000 tones [11].
Sodium percarbonate or sodium perborate usage
is safer to use than hydrogen peroxide and easily
stored when compared with peroxide [12].

There are three types of oxygen bleaches
sold in the consumer market, hydrogen peroxide,
sodium percarbonate and sodium perborate. While
hydrogen peroxideis aliquid, sodium percarbonate
and sodium perborate are powders. Pure sodium
percarbonate contains about 13-14% oxygen
and sodium perborate contains about 10-15%
oxygen [13]. Sodium percarbonate breaks down
into oxygen, water, and soda ash. Percarbonate
releases oxygen at a lower temperature, and is
effective as laundry bleach. Sodium perborate has
been used in laundering as bleach for many years
and acts as hydrogen peroxide bleach because it
releases oxygen at elevated temperatures [14].

Sodium percarbonate naturally decomposes,
very slowly, to form sodium carbonate and
hydrogen peroxide. The hydrogen peroxide may
further decompose to form water and oxygen and
liberate some heat. The decomposition proceeds
according to the reaction in figure 1[15].

2Na,CO,3H,0, — 2Na,CO, + 3H,0,
2Na,CO, * 3H,0, — 2Na,CO,+ 3H20+15 O, + Heat

Fig.1. Mechanism of hydrogen peroxide release
from sodium percarbonate

Sodium perborate contains the peroxyborate
anion that has been shown to have the cyclic
peroxide structure shown in Figure 2 [16]

Sodium perborate (SPB) is a convenient source
of such H,O,. The borate helping somewhat to
buffer, stabilize against decomposition, and activate
towards nucleophilic oxidations, through associated
species such as [B(OH),(OOH)] " [17].

OH

HO—B= OOH ———= {0, + HO-—B=—OH

s 8
K=12x10 OH

Fig.2. Mechanism of hydrogen peroxide release from sodium perborate.
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Oxygen Bleaches have been developed to
allow effective bleaching at lower temperatures.
The demand for energy saving, as well as the
availability of modern washing agents, has led to
that almost 70% of all washings in Germany are
carried out at temperatures below 40°C-60°C.
Based on its better efficiency and environmental
considerations, sodium percarbonate  has
replaced sodium perborate in modern washing
agents [18].

When sodium percarbonate is combined with
water, it is broken down into sodium carbonate
(Na,CO,) and hydrogen peroxide (H,0,).The
released hydrogen peroxide then becomes the
active oxidizing agent, which breaking down the
colored section of the chromophores. It is a polar
molecule and water soluble due to the hydrogen
bonding between hydrogen and oxygen [19,20].
Most sodium percarbonate is used in eco-friendly
bleach products, including home and industrial
laundry detergents and in other fields like its use
in toothpastes [15].

The main difference between these two
oxygen bleach compounds; sodium percarbonate
and sodium perborate is in the amount of freely
available hydrogen peroxide. Sodium perborate
releases only one molecule H,O, while sodium
percarbonate releases three of them. The amount
of sodium perborate to sodium percarbonate was
set at 1:0.67, which means that instead of 1g/I
perborate only 0.67 g/l percarbonate was used
[18].

Sodium perborate has much greater stability
and selectivity than sodium hypochlorite, and
therefore it can be widely formulated in detergents.
However, in the last 10 years sodium perborate
gradually was replaced by sodium percarbonate.
Since percarbonate has a greater rate of dissolution,
has a more environment-friendly profile and has
the advantage of generating hydrogen peroxide
and of liberating carbonate, which gives a higher
pH than borate. Currently, percarbonate is the
form of choice in most European detergents [16].

While the purchase price of hydrogen peroxide
products are cheaper than the powdered versions
you must consider that much of the hydrogen
peroxide. On an oxygen equivalency basis the
costs are similar [13]. While hydrogen peroxide
solutions have the advantage over powdered
products of being sold ready to use, powdered
bleaches are easier to handle, have better storage
stability and do not need any added chemicals to

enhance stability [13]. Sodium perborate is more
expensive than hydrogen peroxide because of
the use of peroxide during perborate production.
On the other hand sodium perborate includes
extra alkaline, and consequently it needs less
alkaline charge than hydrogen peroxide for
oxygen bleaching. In this respect, the cost of
for bleaching process can be decreased by using
sodium perborate or sodium percarbonate [9].
Moreover, Oxygen bleaches are a good alternative
for peroxide because it is more stable and can
be stored in a solid form. In addition to their
environmental impact as they are Non-toxic to
animals, plants and humans and environmentally
friendly as they break down into natural soda ash
after the oxygen is released.

Because of the wide availability of sodium
percarbonate and sodium perborate at reasonable
prices and the ease at which they can be
formulated into a range of effective and safe
consumer products, the future for these products
is bright. Oxygen based bleach products will
continue to provide consumers with naturally
derived safe and effective alternatives to toxic
household cleaners [13].

Because of the importance of the oxygen-based
bleaching agents and the current lack of studies
describing the effects of these bleaching agents in
Egyptian cotton varieties, therefore we planned
to evaluate the influence of oxygen bleaches as
novel alternatives for hydrogen peroxide.

For this purpose, we wused multiple
concentrations of sodium percarbonate and
sodium perborate compared to hydrogen peroxide
in different Egyptian cotton varieties; Giza 88,
Giza 90, Giza 95, and Giza 96.

Experimental

Material

Four  commercial varieties representing
in two categories of Egyptian cotton (G.
barbadense) were used, namely: (Giza 88 and Giza
96) as extra-long staple length (ELS cotton in
Lower Egypt) and Giza 95 and Giza 90as long
staple length (LS cotton in Upper Egypt) are used
for research at the cotton Research institute where
research has been carried out, along with all the
equipment supporting the research.

Sodium hydroxide, sodium silicate, Hydrogen
peroxide, Sodium percarbonate (SPC) , Sodium
Perborate (SPB) and triton x-100 as a wetting
agent,

Egypt. J. Chem. 63, No. 9 (2020)
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Fig. 3. Chemical structure of sodium percarbonate (SPC) and sodium

percarbonate (SPB).

Methodology

Alkali Scouring Process

Conventionally, scouring is done in a hot
aqueous solution of 3% NaOH to remove
hydrophobic components from the primary wall
(e.g. pectin, protein and organic acids) and the
cuticle (waxes and fats) at temperature 95-100°C
for 60 minutes, after scouring rinse twice with hot
and cold water. [5,21]

Bleaching Process

Conventional bleaching was done using H,O,
depending on weight of the cotton fiber samples.
The scoured samples were bleached for 60 min
at temperature 60-70 °C into the bleaching baths
prepared according to the recipes bellow: [3]

1:20

Sodium silicate (1g/1)
Triton x-100 (1ml/1)
3gl,6g/1,9¢g/1
3g/l,6g/1,9¢g/1

Liquor ratio

Auxiliaries

wetting agent

Sodium percarbonate SPC
Sodium perborate SPB

Bleaching Evaluation

All testing samples was carried out in
laboratories ~ where  standard  atmospheric
conditions at 65 + 2% relative humidity and 21 +
2°C temperature were maintained.

Cotton Classifying System: CCS- version 5
is a fiber laboratory instrument used to determine
almost all the cotton fiber characteristics such as;
Micronaire value, fiber length, tensile strength,
elongation, degrees of whiteness and yellowness,
according to ASTM standards for assessing the
bleaching performance.

Weight Loss
The weight loss percentage was calculated by
the following formula:

. W -W
Percentage of weight loss= ——2—"— X 100

Where, W0= weight of fabric be%ore treatment
and W 1= weight of fabric after treatment

Egypt. J. Chem. 63, No. 9 (2020)

Fiber Whiteness and Yellowness degree

In the present research the cotton treated fibers
each sample size was diameter 22 mm, were
measured on CCS-FIBROCOLOUR Station for
the determination of whiteness and yellowness
degrees according to (ASTM E313- ASTM D
1925), using spectrophotometer LUCI 120

Fiber length UHM, fiber Strength and Elongation

The breaking strength of the cotton fibers
were measured on CCS-FIBROTEST-Station
- Automatic measurement of fiber length
distribution, fiber bundle force and elongation
at short stable fibers by using an advanced laser
system and line camera for superior accuracy of
length measurement and short fiber content; - Force
measuring range up to 500 N, length measurement
range up to 60 mm; - Automatically operated
pneumatic clamps for absolute measurement of
tenacity by automatic determination of sample
mass -UHM, E(%), (g/tex) according to (ASTM
D-5034) [22]

Fiber Micronaire value

To determine the Micronaire value of cotton
treated fibers the CCS-MICRONARE Station,
equipped with Micronaire tester, vacuum pump
and balance, works according to ASTM D3813-
ASTM D1448.

Statistical analysis

The effects of SPC and SPB on various
bleached Egyptian cotton properties were
compared using paired student t-test with the
WinPepi statistical software package. P values
less than 0.05 were considered significant.

Results and Discussion

Weight Loss

Weight loss of the cotton bleached fibers
showed the highly effects of bleaching agents and
concentrations on weight loss. The weight loss is due
to the removal of impurities from the cotton fibers.
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Fig. 4. Effect of the concentration of bleaching agents on the weight loss % of the Egyptian cotton

fibers.

The effect of the concentration of bleaching
agents on the weight loss % of the cotton fibers is
shown in figure 4. The maximum weight loss was
recorded for (9 g/l) with the mean value 2.4 %
followed by (6 g/1) and (3 g/l) with their mean values
2.3% and 2 % respectively. There was no significant
difference between the SPC and SPB effects on
weight loss in each Egyptian cotton variety. The
results show that weight loss was increased by
increasing the concentration of bleaching agents.
This is in agreement with Al Wasif and Indi (2010)
and Shad et. al. (2000) [23,24].

The maximum weight loss was recorded
for (H,0,) with mean value 2.5 % followed by
(SPC) and (SPB) with mean values 2.1 % at
lowest concentration (3g/l) and 2.4 % at highest
concentration (9 g/l).

These results revealed that bleaching cotton
fibers reduced their weight and this may be due to
removing the impurities of cotton fibers.

Fabric Tensile Strength and Elongation

Effect of bleaching type and concentration on
fiber tensile strength and elongation is respectively
high. The comparison of tensile strength for
different bleaching agents using multiple
concentrations show the difference between using
(SPC) and (SPB), as well as difference response
of Egyptian cotton variety as shown in figure 5.

From figure 5 we can deduce that the strength
of all cotton fibers is decreased after different
treatments. It was found that Giza 96 and Giza 88

recorded maximum tensile strength followed by
Giza90 and Giza 95 when treated with all bleaches.
This is maybe due to their genetic structure and
because they are considered as extra-long staple
length in Egyptian cotton classification.

The strength loss percentages of bleached
cotton fibers were referenced to the scoured
samples for each cotton variety using different
bleaching treatments as illustrated in Table 2. The
maximum strength loss was recorded for Egyptian
cotton varieties Giza 96 and Giza 88, with strength
loss percent of 16.3 % and 13.7 %, respectively at
the highest concentration of SPC (9g/1) followed
by conventional bleaching with H,O, with strength
loss percent of 13.4 % with Giza 96 variety. The
results show that tensile strength was decreased by
increasing the concentration of bleaching agents.
These results confirm the results reported by Tzanov
et al. 2011, that the decrease in tensile strength is
due to decrease in the degree of polymerization
of cellulose because of oxidation [25]. While
bleaching treatments improve whiteness by
removing the impurities, coloring matters and non
cellulosic constituents which on the other hand
reduce the fiber strength [26].

As summarized in Table 2, there was also a
significant difference between the SPC and SPB
effects on tensile strength value in Egyptian cotton
varieties Giza 90 and Giza 95, while Giza 88 and
Giza 96 showed no significant difference. Overall
there was a tendency of SPC to show more loss in
tensile strength (%).

Egypt. J. Chem. 63, No. 9 (2020)
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TABLE 1. Effect of the concentration of bleaching agents on the weight loss % of the cotton fibers.

G 88 G9I0 G 95 G 96
Conc.
SPC* SPB** SPC SPB SPC SPB SPC SPB
3gl 2.09 2 2.12 2.019 2.11 2.09 2.015 2
6 g/l 2.32 2.295 2.37 2.3 2.372 2.295 2.3 2.277
9 g/l 2.399 2.36 2.385 2.319 2.4 2.375 2.425 2.29
P value 0.74 0.575 0.762 0.727
"Sodium percarbonate (SPC), **Sodium Perborate (SPB).
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Fig. 5. Effect of the concentration of bleaching agents on the tensile strength of the Egyptian

cotton fibers.

The mechanical and chemical damage caused
during bleaching increased with the rise in
concentration, which may be due to the drop in
carboxyl group content with increase in bleaching
agent. However the rate of increase in the extent
of damage with increase in concentration seems
to be the least for SPB followed by SPC in
comparison of hydrogen peroxide in that order.

The comparison of elongation (%) for different
bleaching agents using multiple concentrations

Egypt. J. Chem. 63, No. 9 (2020)

was illustrated in figure 6, which shows the
difference between using (SPC) and (SPB),
as well as difference response of Egyptian
cotton variety. It is clear that G90and G95
showed higher elongation than G96 and
G88. As shown in Table 2, only G95 variety
showed a significant difference between the
SPC and SPB treatments regarding elongation
percentage, while the other three varieties were
not significant.
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Fig. 6. Effect of the concentration of bleaching agents on the elongation % of the Egyptian cotton

fibers.

Whiteness and Yellowness

Figures 7 and 8 showed that Rd% value which
indicates the whiteness and brightness of the fibers
rises with increasing the concentration of SPC or
SPB between the 3-9 g/l. As the reactive oxygen
content in the solution increases, more pigment of
cotton fiber surface is oxidized thus the whiteness
of the fibers becomes higher and the yellowness
becomes lower, this suggests that cotton has
higher adsorption capacity to active oxygen [6].

The cotton variety Giza 96 recorded the highest
reflectance degree (Rd %) while, variety Giza 90
recorded the highest yellowness degree (+b %).
Both Giza 90 and Giza 95 showed a significant
difference in yellowness degree between SPC and
SPB. Overall SPC was more effective bleaching
agent showing less yellowness and more
whiteness; however, the color brightness (Rd%)
was not significantly different between SPC and
SPB for any Egyptian cotton variety.

Upper half-mean length and Micronaire

Cotton fiber characteristics, such as upper half
mean length (UHML) in mm and micronaire were
affected by cotton varieties as well as chemical
treatment. Table (2) compares the properties of
fibers bleached with sodium perborate (SPB),
sodium percarbonate (SPC) and hydrogen peroxide

The highest mean values of upper half mean
length UHML (mm) was recorded by the cotton
variety Giza 96 and Giza 88 compared to cotton
varieties Giza 90 and Giza 95. From statistical
analysis in Table 2, there was no significant
difference between the SPC and SPB effects
on upper half mean length in Giza 88, Giza 95
and Giza 96 Egyptian cotton varieties, but Giza
90 recorded a significantly higher UHML when
using SPC compared to SPB.

Concerning micronaire value, there are
different values that were recorded according
to cotton variety and bleaching agent
concentration. The results are summarized in
Table 2. There was no significant difference
between the SPC and SPB effects on micronaire
value in all treated Egyptian cotton varieties
(Giza 88, Giza 90 and Giza 96), except Giza 95
which recorded a significant difference effect on
the micronaire value when using SPC compared
to SPB.

Overall micronaire values have been reduced
after scouring and bleaching, which may be due to
the removal of impurities particularly in the outer
surface layer (the cuticle) as most of wax and non-
cellulosic materials are present in the outer layers
of cotton fiber [27].

Egypt. J. Chem. 63, No. 9 (2020)
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Fig .7. Effect of the concentration of bleaching agents on the brightness (Rd %) of the Egyptian
cotton fibers.
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Fig. 8. Effect of the concentration of bleaching agents on the yellowness (+b) of the Egyptian cotton
fibers.
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TABLE 2. Comparison of bleached Egyptian cotton fiber properties with hydrogen peroxide, sodium perborate
and sodium percarbonate.

— —_ o o
2 X 2 e % - =
= £ Py < g E € E E
) o0 2 = = = 2E ©
E 5% [ 2 22 20 X ol =
g £ = 8 3 2z = g
o 2 B0 = = = 2 = g
- 5 = g S =2 = 5
2 @ E % > =D o=
= % = © =
Raw 44.7 6.2 11.3 68.5 36.2 3.8
Scoured 40.6 6.5 10.8 69.2 35.6 3.65
H202 36.8 9.3 5.8 5.1 78.2 354 3.47
SPB -3 g/l 39.3 3.2 5.6 6.5 72.5 353 3.65

% SPB - 6 g/l 38.7 4.6 6 6.8 77.1 352 3.6

5 SPB -9 g/l 36.3 10.5 6.5 5.2 78.5 352 3.54
SPC-3 g/l 37.6 73 55 5.5 75.5 35 3.57
SPC-6g/l 37 8.8 5.6 4.8 76.3 34.8 3.5
SPC-9 ¢/l 35 13.7 59 4.5 79.2 343 3.44

P value 0.264 0.264 0.298 0.098 0.674 0.065 0.131
Raw 37.8 8.1 12.03 64.7 30.5 4.07
Scoured 37.5 7.9 10.6 68.5 30.3 3.72
H202 35.7 4.8 6.6 6.1 78.5 30.3 3.7
SPB -3 g/l 359 4.23 7.7 6.6 72.7 30 3.74

§ SPB - 6 g/l 359 4.23 7.2 6.8 75.3 29.6 3.6

5 SPB -9 g/l 354 5.6 7.8 6.3 76.3 29.4 3.51
SPC-3 g/l 37.1 1.06 7.2 5.5 73 30.8 3.7
SPC -6 g/l 36.9 1.6 6.8 4 74.5 30.5 3.54
SPC-9 ¢/l 36.3 32 7.2 3.89 79.1 30.3 3.35

P value 0.026* 0.026* 0.094 0.018* 0.737 0.019* 0.514
Raw 37.8 8 11.8 61.3 30.5 4.3

Scoured 36.2 8.3 10.7 62.1 29.7 4.2
H202 353 2.4 7.8 5.3 72.2 29.5 4

v SPB -3 g/l 37.6 3.8 7.5 6.6 75.5 30.5 4.15

E SPB -6 g/l 36.3 0.6 7.4 6.8 75.3 30.1 4.03

) SPB -9 g/l 353 2.4 7.7 5.8 78.3 28.3 3.88
SPC -3¢/l 33.6 7.1 6.9 5.5 76.3 28.5 3.83
SPC -6 g/l 334 7.7 7.1 4.8 78.2 28.3 3.75
SPC-9 ¢/l 33.1 8.5 73 4.5 79.5 28.25 3.7

P value 0.011* 0.011%* 0.041* 0.026* 0.29 0.133 0.04*
Raw 44.5 7.5 8.7 76.8 37 4.04
Scoured 41 7.6 8.2 75.6 36.5 3.63
H202 35.5 134 7.2 3.6 88.8 355 3.6
SPB -3 g/l 39.5 3.6 7.5 4.5 78.2 35.5 3.5

K SPB -6 g/l 393 4.1 7.3 34 79.5 352 3.27

[a]

g SPB -9 g/l 38.2 6.8 7.4 34 80 35 3.16
SPC-3 g/l 38.2 6.8 6.7 3.7 79.7 35.1 3.51
SPC-6 g/l 36.6 10.7 7.5 38 80.2 34 345
SPC -9 g/l 343 16.3 7.2 3.5 85.5 33.5 3.2

P value 0.094 0.094 0.329 0.804 0.255 0.105 0.608

SPB, Sodium Perborate; SPC, Sodium percarbonate; * P value < 0.05; UHML, upper half mean length.

Egypt. J. Chem. 63, No. 9 (2020)
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Conclusion

It can be observed from this research that the
quality and properties of cotton fibers bleached
with sodium perborate, sodium percarbonate are
mostly better than those bleached with hydrogen
peroxide especially in degree of whiteness
and tensile strength. In general, the quality of
cotton fibers bleached with sodium percarbonate
is superior to that of hydrogen peroxide and
perborate. The most suitable conditions for the
bleaching process are concentration of sodium
percarbonate 6 g/L, bleaching temperature 60C
for 60 min.

Also the study demonstrated that there is no
much difference between the quality of fabrics
bleached with SPB, SPC and hydrogen peroxide,
meaning that these oxygen bleaches can replace
hydrogen peroxide, especially that they are more
environmentally friendly.

References

1.  Mahmood N., Tusief M.Q., Arshad A. and Azeem
M., Physico-chemical study of egyptian and
common wealth of independent states (CIS) long
staple cotton and spinning potential evaluation at
ring and compact spinning systems under some
mechanical variables. Pakistan J. Sci 62 (4), 2-9
(2010).

2. Khedr M., Egypt report The77th Plenary Meeting
International Cotton Advisory Committee 2-6
December 2018 Abidjan — Coéte d’Ivoire cotton
challenges: smart and sustainable solutions
(2018).

3. Farooq A. and Ashraf M.A., Comparative
Performance Evaluation of Conventional and
Ultrasonic Assisted Bleaching of Cotton Fabric, J
Chem Soc Pak. 35,1 (2013).

4. Tomasino C., Chemistry and Technology of Fabric
Preparation and Finishing, College of Textile,
NCSU, NC, USA, 60 (1993)

5. Menezes E. and Choudhari M., Pre-treatment of
Textiles Prior to Dyeing, Rossari Biotech Ltd.,
Mumbai, India, chapter 11, 222-240 (2011).

6. LiZ., Wang Y. and Wang Z., Study on Bleaching
Technology of Cotton Fabric with Sodium
Percarbonate, MATEC Web of Conferences
(SMAE) 67, 06048 (2016)

7. Ouchi A., Chlorine free bleaching of fabrics. J Int
Text Leader 4, 64-68 (2007).

Egypt. J. Chem. 63, No. 9 (2020)

10.

11.

12.

13.

14.

15.

16.

17.

18.

Bahlool S.O., Differential Response of Some
Egyptian Cotton Varieties to Bio-bleaching
Treatment. Egypt J Agric Res 92 (1), 169-
181(2014).

Pesman E., Kalyoncu E. E., Kirci H., Sodium
Perborate Usage instead of Hydrogen Peroxide
for the Reinforcement of Oxygen Delignification.
Fibres Text Eastern Eur. 18(83), 106-109 (2010).

Kadla J.F., Chang H.M., Reactions of Lignin
with Cyanamide Activated Hydrogen Peroxide
Part 3 The Degradation of Pine Kraft Lignin.
Holzforschung. 56, 76-84 (2002).

Reinhardt G., To Bleach or Not to Bleach — New
Oxygen-Based Bleach Technology, in 5th World
Conference on Detergents: Reinventing the
Industry: Opportunities and Challenges, editor.
Cahn A., AOCS Publishing, ISBN 978-1-893997-
40-0 (2003).

Pesman E., Imamoglu S., Kalyoncu E.E. and
Kirc H., The Effects of Sodium Percarbonate
and Perborate Usage on Pulping and Flotation
Deinking Instead of Hydrogen Peroxide.
BioResources, 9(1), 523-536 (2014).

Tournet C., Oxygen Bleach, https://laundry-
alternative.com/ (accessed Aug 28, 2018).

Davidsohn A.S., Milwidsky B.M., Inorganic
Components of Detergents Builders and Other
Additives. From Synthetic detergents. 6" Ed.
http://www.chemistry.co.nz/deterg_inorganic.htm
(accessed Oct 30, 2019).

Solvay Chemicals, Inc. Safety Data Sheets, Sodium
Percarbonate (Sodium Carbonate Peroxyhydrate),
CAS No. 15630-89-4, 1-6 (2013).

St. Laurent J.B., de Buzzaccarini F., De Clerck
K., Demeyere H., Labeque R., Lodewick
R., Langenhove L., Handbook for Cleaning/
Decontamination of Surfaces: B.1.I- Laundry
Cleaning of Textiles , Elsevier, 1, 57-102 (2010).

McKillop A. and Sanderson W.R., Sodium
perborate and sodium percarbonate: further
applications in organic synthesis, J Chem Soc
Perkin Trans 1,471-476 (2000).

Schiller W., Kraemer U., Helbig C., Dietel A.,
Metzger A., Rechenbach T. and Schonfeld A.,
Substitution of Sodium perborate by Sodium
percarbonate in colour fastness testing of textiles,
The German Fastness Committee (Deutsche
Echtheitskommission) DEK , Berlin , 1-6 (2014).



COMPARATIVE PERFORMANCE EVALUATION OF BLEACHING OF EGYPTIAN ... 3501

20.

21.

22.

Leverette M., What is Oxygen Bleach and How Do
I Use It for Laundry? https://www.thespruce.com/
how-to-use-oxygen-bleach-2146373  (accessed

Oct. 28, 2019).

Benckiser R., Chemistry in Your Cupboard:
Vanish- Learn Chemistry. http://www.rsc.
org/learnchemistry/resource/res00000013/
vanish?cmpid=CMP00000015 (accessed Oct. 26,
2019).

Al Mamun H., Zakaria H.A., Ahmed K., Hossain
F., AliR., Yeasmin M.S. and Rahman L., Effect of
Different Types Scouring against Different Types
of Bleaching Process on Dyeing of Cotton Fabric
with Monochlorotriazine (Hot Brand) Reactive
Dye, Int J Text Sci. 6(5), 128-134 (2017).

ASTM, Standard Test Method for Breaking
Strength and Elongation of Textile Fabrics, Annual
Book of ASTM Standards, ASTM International,
West Conshohocken, PA, United States (2010).

23.

24.

25.

26.

27.

Wasif AL.Indi YM., combined scouring —
bleaching of cotton using potassium persulphate. .
Ind J Fiber Text Res, Vol.35, 353-357(2010).

Shad S.S., Kauser M.M.B. and Aamer M.,
Pakistan Text J. 49, 36 (2000).

Tzanov T., Calafell M., Guebitz G.M. and Cavaco-
Paulo A., Bio-preparation of cotton fabrics.
Enzyme Microb Tech 29, 357 (2001).

Buschle-Diller G., Yang G.X.D. and Yamamoto
R. Enzymatic Bleaching of Cotton Fabric with
Glucose Oxidase. Text Res J. 71, 388 (2001).

Raja A.S.M., Arputharaj A., Saxena S., Patil P.G.,
Single bath enzymatic scouring and bleaching
process for preparation of absorbent cotton. /nd J
Fiber Text Res 42,202-208 (2017).

Egypt. J. Chem. 63, No. 9 (2020)



3502 SHEREEN O. BAHLOOL AND HANAA A. SAAD

AGA) (anil) 3 ga aladialy 4y puaal) al) Gl Gapil () jial) ¢14Y) A

S daa) 2L 5 Jslgn e (s
el Gsadl S e — il &gay dgaa gl LT Gl eliaiS i sag and

gl Clasall dsa g i s) e s 1l Jilal) (a5 Qs G e Glail) <l s 051 o sliy
ol s pa) (e Gl (sl O 4 LaY Laa s (il dlens el A1) ) Ll ) S Al 5 BV 853 5a 5al)
u\.ﬁd‘z{\ 03 g

Loadioadl o sall il Aud 0 ) ASYL (et Ailee duaal o o gl daglid I Ganll Cangy
iy A ol o685 | CpanSY) 50 o e Glapell o) g alaaioly Al GLIYY (s dlee 8
Ailide @3S 5h ol L Gand 8 o s sall G sm s a s sall Gl Sy alaiiul 4Ky
Capill el 8 Guat e Ganill dal e 5l 4 ia s Gun s ouell 35 m oo diaS S ax (7,1,9)
.JU.L(M 3 ¢« 905 3m) «Jshll (38 (90 5 AAzﬁ)gw\oﬁ\q\;\miM

,d;-H\; L@—dué-mb

2y i Bl i) Jal e iy Ly (i1 LS e 2100500 B ) 130 il syl

o Lake Luad O yelal g uall ) g g5 st guall gy S 5 pladiuly Gl lse O 5 el

S Cun G g phed) 2S5 ol e JanS Ll s ¢ sl 2S5y 45l il L) Gailas
Alas) pea (8 Lot )35 (S LS LS

um.swuusﬂumm\fw)
Jilal) O 5 el 2l 558 st (g Jyshall (s2all e ) i) Juadl
Sl s il 5 LSl s jelaaS Jasi o
GOAY) A Jil bl ae CpansY) (ang i hls (Kay e
ol ctlall g Ul gl dalis e o
CnSY) ] 2yl seal) N i LY Ll dGae o
Aalamy) Al Ll .

Sl sy psdseall Sls S gl gl I 3l el ¢ panSTL Gapdll Ll olad¥) e

Jiine Gl ¢ A1 5 Alladl) A8 Cilaiiall (o Ao gane (b Lgiilal A g s A sinn Jlals o 00 guall

OSlgtanall (e YUl 5 Ll 55 A GemnsY) e adind (A Gageill G e () Cam 18 e il o
) Lo e Allad il by e

Egypt. J. Chem. 63, No. 9 (2020)



