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Abstract

The present study was taken up as an exploratory study to test
the possibility of using one-bath scouring, dyeing and finishing
(OSBDF) by the exhaustion and pad-dry techniques as an
economical treatment process of fabrics made from two Egyptian
cotton varieties namely Giza 89 and Giza 80. Detailed laboratory
experiments were performed to investigate the feasibility of this
process. The treated and untreated fabric samples were tested for
their mechanical properties expressed as tensile strength (g/tex)
and elongation %. Dyeing performance in terms of color
parameters (K/S, AE), and fastness properties (wash, perspiration,
and crocking) were also studied.

The results of this investigation showed that ,The K/S value of
the treated fabrics by the conventional method is slightly better
than the cotton fabrics treated by the one-bath method. The K/S
value of the treated fabrics increased with the increase in
concentration of NaOH and Na,SO,, addition of finishing agent and
pretreatment time. The tensile strength, elongation, and color
difference of the treated fabrics by this method are of the
acceptable limit. The addition of soluble chicken feather as a
finishing agent (2g/l) increase the K/S value and maintain the
tensile strength, and elongation from degradation. The wash,
perspiration, and crocking dye fastness properties of the cotton
fabrics are of the acceptable standards

Keywords: Egyptian cotton, conventional method, one-bath
method, finishing agent.

INTRODUCTION

Textile wet processing is one of the most polluting industrial processes. It is a
complex process. The same result can be achieved by applying some different
technologies and with the use of some different kinds of chemical materials and
machines. The complexity of the process also depends on the composition of textile
material, (Gailuté et a/. 2004).

The concept of one-bath dyeing and finishing (ODF) is to combine the two steps
of dyeing and finishing. The ODF process has been studied using cotton fabrics dyed
with reactive and direct dyes. The advantages of the ODF process are reduced

energy, water consumption and time of operation, (Siriwan. 2006).
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Conversion of raw cotton fabrics to dyeing fabrics by conventional process
involves four distinct steps namely, desizing to reduce the size, scouring to remove
fats, waxes and pectins, bleaching to remove coloring maters and dyeing. During
these various steps the overall energy, water consumption and follow up wastewater
processing will be quite high.

Gailute et al. (2004) reported that reducing pollution in wet processing of
cotton/polyester fabrics by using new technologies should be evaluated not only from
the economical point of view but also from the environmental impact which can be
assessed by comparison of environmental performance indicators: water and energy
consumption, and consumption and emissions of chemical materials.

Over the last fifteen years, energy conservation was emphasized and different
approaches were made to reduce energy consumption. One of these approaches
involves combination of certain steps together, thereby shortening the processing
steps and consequently conserving energy. For instance, Hafiz et a/ (1991) have
studied the combined desizing, scouring, and bleaching of lommstate cotton fabric
and loomstate cotton/polyester blended fabric using NaCIO>/KMnO4 or NaClO»/H>0>
oxidizing system.

Yen, and Huang, (1997) have focused primarily on one bath treatments for
desizing, scouring and bleaching, rather than mercerization. This is primarily because
the former treatments are conducted primarily at high temperatures. However, high
temperatures are disadvantageous to mercerization. In a one-step desizing, scouring
and belaching treatment the process is conducted in alkaline liquours, as indeed is
mercerization. Thus, this study combined these four treatments by dipping the fabrics
into highly alkaline sodium hydroxide solutions at various temperatures, and then
curing the fabrics at high temperature. Consequently, the complete process could be
shortened to save energy and thereby lower the cost. The results indicate the
Feaibility of a one-step process for desizing, scouring, bleaching and mercerisating
cotton fabrics.

Sekar, (1999) reported that it is possible to scour and bleach cotton fabric at
60°C with sodium chlorite in a single-stage based on an emulsified solvent scouring
agent and a trichloroethanolamine hydrochloride activated sodium chlorite bleaching,
agent. Min and Haung (1999) confirmed that the feasibility of one — step process for
desizing, scouring, bleaching and mercerizing of cotton fabrics. Single stage bleaching
process using hydrogen peroxide requires some additional chemicals that can act as
activator, stabiliser, surfactant and scouring agents. Strongly alkaline solution of
hydrogen peroxide has been advocated for such combined processes. Sodium

persulphate and potassium persulphate boost the single stage operation in presence
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of hydrogen peroxide. Other compounds which accelerate the peroxide reactions are
urea, methyl carbonate and tetraacetylethylenediamine.

Mortazavi, (2008) introduced potassium permanganate as an oxidizing agent for
simultaneous desizing and bleaching of greige cotton fabric for the first time. The
results have demonstrated that the fabric properties including the whiteness index of
this method are comparable with those of the conventional hydrogen peroxide
bleaching method. One of the major advantages of this method relative to the other
methods is its potentiality for simultaneous desizing and bleaching of greige cotton
fabric, which will save energy, water and time.

In the same approach to reduce energy and water consumption, Polonca and
petra (2007) studied bioscouring and bleaching of cotton with pectinase enzyme and
peracetic acid in one bath with the addition of a chelator. Tetrasodium pyrophosphate,
which does not deactivate pectinases, has proved an efficient chelator. The analyses
of a cotton fabric treated in a single bath with acidic and alkaline pectinases confirmed
the efficiency of such treatment. A sufficient quantity of wax and pectin was removed
and, because of that, the absorbance of the treated fabric was improved. The damage
to the cotton fibres was negligible and the degree of whiteness obtained was uniform
and adequate for further dyeing.

Subramanianeral. (2005) reported that enzyme treatment paves way for a new,
unconventional technique of dyeing within the bleaching bath. from this new approach
in the textile wet processing industry, it was possible to reduce the huge amount of
water (by avoiding the extensive washing cycle after bleaching and dyeing in the
catalase-treated bleached bath), considerable energy and time.

Huang and Yen, (1997) proposed that desizing, scouring bleaching and dyeing
can be done in one bath and the aforesaid defects will be overcome.

This study is focused on the possibility of scouring, dyeing, and finishing of
Egyptian Cotton Fabrics in One-Bath using Reactive Dyes

MATERIALS AND METHODS
A. Fabric
Untreated cotton fabrics of Egyptian cotton varieties namely Giza 89, and Giza
80 were purchased from Misr- El- Mehala for Spinning and Weaving Company.
The Specific properties of raw cotton fabrics for both Giza 80, and Giza 89
respectively are: Plain weave 1/1, Weight of square meter: 190.8 g. Number of
threads per cm of warp: 26, Number of threads per cm of weft: 26, Count number of

yarn : 20 and Plain weave 1/1, Weight of square meter: 130.8 g. Number of threads
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per cm of warp: 44, Number of threads per cm of weft: 32 and Count number of yarn
:40.
B. Chemical reagents

Chemicals used in this study were sodium hydroxide, sodium sulfate, sodium
carbonate (LR grade), Hydrogen peroxide (30% LR grade) from Aldrich, acetic acid,
sodium sulphate, mercerol as surfactant and soap. The dye used in this work was
Remazole reactive R.R. finishing agent used was soluble chicken feather as described
by Khaled et a/(2006).

Methods
A. Conventional method

Scouring, bleaching and dyeing were carried out according to the procedure
described by Huang (1999).

B. One-Bath method

Treatment was done with NaOH (2g/l -4g/l — 6g/l, 8g/l) and 0.2 g/l
surfactant, with bath ratiol:30 at 95°C and times (15- 30- 45) minutes, the
solutionremained from pretreatment was not thrown away. Acetic acid was used to
neutralize it into weak alkaline, after which 1% of remazol reactive yellow R.R was
added, followed by sodium sulfate as a catalyst (10 g/I — 20 g/l — 30 g/I) and sodium
carbonate 15g/I, then a known concentration ( 0.5%- 3.0% ) of the soluble chicken
feather was added as a finishing. The dyed samples removed from dyeing bath and

rinsed in water at 25°C and then air-dried as shown in the curve below.

a2 =
Z ] E = G

A
A Sodium hwdroxide BE. Added acid . Femazole B R
0. Sodium sulphate E. Sodium carbonate F. Finishing agent

S wwashing, soaping

Measurements and Analysis:
Evaluation of the properties of the treated fabrics
The color strength (K/S) of the treated samples was determined using Perkin
Elmer Spectrophotometer, Model Lambda 35 equipped with integrated sphere
according to Kubelka-Munk equation:
K/S = [(1-R) %/ 2R].
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Color difference (AE) was measured by using the Win lab software CIE CMC
(1995).

Tensile strength (g/tex) and elongation (%) were measured according to ASTM
D412-98a using Zwick testing machine of model Z010 and equipped with 10Kn load
cell and the testing was conducted at speed of 100mm/min. The results obtained
were based on an average of ten tests in the wrap direction of each sample.
Fastness properties:

(a) Washing fastness (WF), was done according to ISO 105-C01:1998(E). Two

single fiber adjacent fabrics complying with the relevant sections of FO1 to
FO8 of ISO 105-F: 1989.

(b) Synthetic perspiration fastness (PF) was measured according to ISO-E04:
1994.

(c) Crocking fastness both dry and wet examined according AATCC method-8-

1989.

RESULTS AND DISCUSSION

Effect of NaOH concentration on color strength (K/S):

The results shown in figs. 1 and 2, revealed that the K/S value of treated
fabrics increased with increasing NaOH concentration due to more removal of starch
and impurities from the test fabric, allowing the dye to infiltrate the fabric more easily
until it reach 6%. The dyebility of the fabric samples decreased with increased NaOH
concentration more than 8%, due to the formation of the oxycellulose, that cause
degradation of the fiber.

It is clear that in one-step methods, fabrics had lower color strength than the
conventional method. This is plausibe because during the one-bath treatment, the
solution used in the treatment contained pretreatment chemicals and post-treatment
residual impurities, and with the effectiveness of the reactive dye itself, some form of
reaction would have occurred, resulting in the reduction of the color strength of the
fabrics.
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Figure 1. Effect of NAOH concentration on the color strength of Giza 89 cotton fabric.
(I: conventional processes, II: one- bath process time: 30 minutes

Na,SO.concentration: (30g/l1), finishing agent: none).
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Figure 2. Effect of NAOH concentration on the color strength of Giza 80 cotton fabric
(I: conventional processes, II: one- bath processes time: 30 minutes

Na,S0,concentration: (30g/l), finishing agent: none).
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These results indicate that the color strength of Giza 89 was higher than that of
Giza 80 due to its higher Fiber maturity forming more free hydroxyl groups by the
addition of NaOH and thus leads to more dyeability.

Effect of time on color strength (K/S)

It is clear from figs. 3, and 4 that the K/S values of the treated samples
increased according to the time from pretreatment until the treatment it reached 45
minutes. This is because with longer time taken for treatment, more impurities were
eliminated and there were increasingly less opportunities for obstruction of dyeing
infiltrating the fabrics. Since the time treatment effect of 45, and 60 minutes were
similar, it would be more economical to use 45 minutes as it would still achieve the
purpose of eliminateing nearly all the fabric sample impurities (wax, undesired
materials, etc...). The results showed that the color strength of Giza 89 was higher
than that of Giza 80 due to its higher maturity that formed more free hydroxyl groups

with longer time leading to more dyeability.
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Figure 3. Effect of time on the color strength of Giza 89 cotton fabric (I: conventional
processes, II: one- bath processes NaOH concentration: (6g/l)

Na,SO4concentration: (30g/l), finishing agent: none).
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Figure 4. Effect of time on the color strength of Giza 89 cotton fabric (I: conventional
processes, II: one- bath processes NaOH concentration: (6g/l)

Na,SO4concentration: (30g/l), finishing agent: none).

Effect of Na,SO,4 concentration on color strength (K/S)

It is clear from figs. 5, and 6 that, the K/S value of the treated samples increased
according to Na,SO, increase until it reached 30 g/l. when immersed in dye bath, the
cellulosic fabrics assume a negative charge and so repel the reactive dye anions. The
degree of repulsion between cellulosic fabrics and dye anions depends on the overall
negative charge created on the cellulosic fibers and on the negatively charged
substitutes of each dye ion. Reactive dye reacts chemically with cellulosic fabrics
through the formation of covalent bonds. A particular problem with the application of
the reactive dye was the competing reaction with the hydroxide ions in the dye bath
to produce a hydrolysed non-reactive form of the dye. Sodium sulphate was added to
the dye bath to promote exhaustion of the dye by reducing the electrical potential on
the cellulosic fabrics. Na,SO, allowing the dye ions to approach the fibers sufficiently
closely for nonionic molecular interactions to become operative. Since the effect of
Na,S0, 30 g/l, and 40 g/l was similar, it would be more economical to use 30 g/l as it
still allow the dye ions to approach the fibers sufficiently. The results show that the

color strength of Giza 89 was higher than that of Giza 80.
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Figure. 5. Effect of Na2SO4 concentration on the color strength of Giza 89 cotton
fabric (I: conventional processes, II: one- bath processes time: 30

minutes NaOH concentration: (6g/l), finishing agent: none).
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Figure 6. Effect of Na2S04 concentration on the color strength of Giza 80 cotton fabric
(I: conventional processes, II: one- bath processes time: 30 minutes

NaOH concentration: (6g/1), finishing agent: none).
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Effect of finishing agent soluble chicken feather (CF) on color strength
(K/S)

The general structural formula of most natural amino acids contain both
(COOH) and (-NH2) groups, which give them ability to exist either as a cation, anion,
or Zwitterion ion depending on NaOH concentration.

As shown in Fig. 7, at NaOH hydroxide concentration 6g/l, nitrogen atoms on
the amino acid adsorb hydrogen ions to create positively charged sites. These sites
have a strong attraction to negatively charged dyes, so that the dye uptake increases
considerably and the K/S values increased for both Giza 89, and Giza 80 Fabrics.

At NaOH concentration 8g/I, the hydrogen ion concentration was so low that
the amount of dye adsorbed decreased extraordinarily. The treated cotton fabric was
not able to adsorb much dye through ionic attraction. So, the K/S values decrease for
the cotton samples.Using 10 g/l NaOH, further increase in dye sorption was abserved,
due to the hydrolysis of the amino acid by cotton.

As shown in Fig. 8, the K/S values of the dyed samples were influenced with
the concentration of the soluble chicken feather (CF) as the quantity of finishing (0.5
g/l, 1g/l1, 2 g/l, 3 g/1), due to increase of total amino acids concentration and a strong
attraction to negatively charged dyes occurred, so that the dye uptake increased

considerably and the K/S values increased for both varieties Giza 89, and Giza 80.
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Figure 7. Effect of changing NaOH concentration on the color strength of Giza 89, and
Giza 80 cotton fabrics in presence of 1g/I finishing agent (I: conventional

processes, II: one- bath processes time: 30 minutes, Na,SO, concentration:

(30g/1)).
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Figure 8. . Effect of changing NaOH concentration on the color strength of Giza 89,
and Giza 80 cotton fabrics (I: conventional processes, II: one- bath
processes  time: 30 minutes Na,SOsconcentration: (30g/l), NaOH

concentration: (6g/l)).

The foreging results reveal that,the optimum conditions for the one-bath process
are NaOH concentration of (6g/l), Na,SO, concentration (30g/l), finishing agent

concentration (2g/1), in 95°C at 30 minutes.

Tensile strength, elongation and color difference of the one-bath treated
fabrics of Giza 89, and Giza 80 cotton fabrics

As shown in Table 1, at the optimum conditions, the tensile strength (g/tex),
and elongation % for both Giza 89, and Giza 80 cotton fabrics for one-bath process
are little lower than that of the conventional processes due to the higher
concentration of NaOH in the bath. Little difference, is due to the formation of
crosslinks between the finishing agent and the cellulose, which hindered the
degradation of the fabrics and allows the fabrics to maintain its tensile strength and
elongation.

It is clear from Table 1that, the values of AE for the treated cotton samples in
the one-bath treatment are 54.4, and 62.59 for Giza 89, and Giza 80 respectively. This
implies that in the one-bath treatment method, wax and other impurities from the
raw fabric may be evenly removed during the treatment, even though the treatment

time is shorter in this method (as compared with the conventional method).
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Table 1. Tensile strength, elongation and color difference of the one-bath treated
fabrics of Giza 89, and Giza 80 cotton fabrics

Cotton fabrics Tensile strength Elongation % Color difference AE
(9/tex)
I 21.1 6.48 58.41
Giza89 | 11 21.00 6.45 54.40
I 21.0 6.48 69.70
Giza80 | 1I 21.1 6.45 62.59

I: conventional processes, II: one- bath processes at optimum condition

Fastness properties of the one-bath treated fabrics of Giza 89, and Giza 80
cotton fabrics

It is clear from table 2 that the fastness properties of the treated fabrics are
rated quite highly. This is because the reactive dye itself has a strong binding power
as it binds to the fibers through the covalent bonds. In addition, the presence of
sodium sulphate reduced the electrical potential on the cellulosic fabrics, while
finishing agent sites have a strong attraction to negatively charged dyes, so that the
dye fixation increased considerably. Another approach is that the impurities have been
completely removed from the fabric during the one-bath treatment, the dye will not

be fixed on the impurities and so, will not affect the fastness.

Table 2. Fastness properties of the one-bath treated fabrics of Giza 89, and Giza 80

cotton fabrics

Cotton fabrics Wash Perspiration Crocking
Acidic Alkaline
St* Alp** St* Alpx* St* Alpx* wet dry
I | 45| 45 4 4 4 4 3-4 4
Giza89 | 11 | 45 | 45 4 4 4 4 3-4 4
I | 45 | 45 4 4 4 4 3-4 4
Giza80 | II | 45 | 45 4 4 4 4 3-4 4

I: conventional processes, II: one- bath processes
CONCLUSION

This investigation aimed to explore the feasibility of integrating the dyeing
and its pretreatment (scouring, and bleaching), then finishing for both Giza 89, and
Giza 80 Egyptian cotton fabrics in one-bath processes as compared with the

conventional processes. The results of the investigation reveal that:



N =

w

N o u B>

®

10.
11.

12.

SALEH, M. S. AND A. N. AZIZ 1169

1. The K/S value of the treated fabrics by the conventional method is slightly
better than the cotton fabrics treated by the one-bath method.

2. The K/S value of the treated fabrics increased with the increase in
concentration of NaOH and Na,SO,, addition of finishing agent and
pretreatment time.

3. The tensile strength, elongation, and color difference of the treated
fabrics by this method are of the acceptable limits.

4. The addition of chicken feather as a finishing agent (2g/l) increased the
K/S value and maintain the tensile strength, and elongation from
degradation.

5. The wash, perspiration, and crocking properties of the cotton fabrics
axeed the acceptable standards.

6. The revival and optimization of old dyeing techniques for industrial use.

7. The combination of certain steps together, thereby shortening the

processing steps and consequently conserving energy.
REFERENCES

Gailute, K., V. Valiene and A., Abraitiene. 2004.Environmental Research,
Engineering and Management. No.2 (28), P.40- 47.

Siriwan, K. 2006. J. Sci. Res. Chula Univ., V. 31, No. 2.

Hafiz, A. F., M.H. EI-Sisi, M. EI- Rafie, M. Helmy and A. Hebeish. 1991. Am.
Dyes. Reptr, V. 80, No. 3, p 3734.

Yen M. S. and K.S. Huang. 1997. J. S. D. C 113, p. 95-98.

Sekar N. 1999. Colourage, May, P. 31.

Min. R. R. and S. K. Haung. 1999. J. S. D. C. V. 115 (2) P 69-72.

Mortazavi S. M. and A. Ziaie. 2008. Textile Research Journal V. 78 (6) P 497-
501.

Polonca. P. and F. T. Petra. 2007. Color. Technol., V. 124, No. 20, Nov.
Subramanian, M., T. Ramachadran, K. Senthil and R. Nithyanandan. 2005.
The Indian Textile Journal, Sept. p .

Huang K.S. and M. S. Yen. 1997. Am. Dyes Reptr, 84(4), p. 37-47.

Khaled, N., S. M. Saleh and A. A. Ramadan. 2006. JTATM, V.5 Issue 2,
Sept.P.

Huang K. S. 1999. Am. Dyestuff. Rptr., April, p. 59-62.



1170 NEW TECHNIQUE TO DYEING COTTON FABRICS

il g A luall 5 Al cilallaall Baa LS
sy pasa (A Apaddl Laady) jand
" e gal el ¢ e ysale g3ka

Sad) = Lo |l Crpad] Sy il Cipan dgma . )
Siall — Al = ] agill Syl ~ goseail] e . ¥

Ohil) Laad St g deluall 5 A0V clallaal ¢ha) Al Auhy ) i) 138 Caagy
5 axdly A8l b oal Al JualsaS Av B 5 AR B s e Ao siaadll (g yuadl)
iplaill ladbedly Lgiijlia 5 g bl e Al o Laliall Liagl 5 deadi sl cilyslasS))
(laiie palgal (8 a8 el o (a5 gl ) Ll dexdival)
) clually ALY Gad) i b &S
55 S 5 el —amaseal) ilinS —agageall 2S5 me e IS S5 AL Al -
e dS (Ao Sl Saeadll dale
Leilie 5 duadl 8 Aaadivual) 450U (Al ls Abial) 505 ) ASulSu) ciliaall —Y
Ayl day,ally
osll DAl Aas Laad 5 K/S Aeluall Gas da)s ad Jie Aiglll (alsal) (uld Ay -
Ayl daplally ginylae 5 i) 8 deaiiad) 42850 AE
Sy Gl deadiid) 28U SV 5 Gl 5 dal) (alsad sl ld a8 Ay
2 Al gl qupladl) ekl
oy Aol Lg) Aplanl Akl dalladll cilinll K/S delicall Gae das ad iyl —)
Apshila oadl Slsall Lisy apad @b 5 aaly (s (4 dadlad) Glid) @l (o ddapsy
Gl ae Armal) Jelis e Yoy Aaall ae Jelin of Jinal) e 531 5 Gasally
Gslll Gas o (& Bl mns Ase 2EY) mhan o 8al) JiSs yuel
oalaill dam %1 s K/S deluall Bac 40 o a5 agagall 2uSyjne 385 Baly —Y
OS5 il bl g of Laagl 5 (cen ) =Sy~ sad) Agshladl ) slsd) pe
G dpmpe Jalg) 009 (A ) 3 5 Saeatl dale aga A Gl 5 Adar Cony
sda Ladli Ladli %A ) agpdseall anuSgyna 385 a5 5 - 0l Akl (il e
Jamy 3 5 sl SV ) Sslld) Joad Jlaaa (Rilal) 305 5 dapall (3ac ) ol
5aly) Aaiis A0 Sl A pal) Jaglg ) Jlad ) L) (bl 138 Lise LY e e
PH (g el o)



SALEH, M. S. AND A. N. AZIZ 1171

Jant S Jfz Ve (S K/S Aeluall Gue da)n aad 31035 asngall Gliyy€ 855 30l -
AaV) bl a3 sl lial e seal) (i e apnseall i€ ciliia
Aol dipall ee Hblad) Gliga o

Aady T ) el Balyye g d88s £0 il aaly mga 8 Gladlaall ehaY AP0 a3l — ¢
& S —gsadd) Aisbladl sl Slsall e Galill 8IS a5 5D Y el a2 O 2y
Aapall pe Heblid)l Glia G U0 Jelall madl (...

D laal) pe aalsl) (g sally clelaall il 45)lie die CaDAS Lyjii ang Y 4l aag -0
@l 5l dsll sl Dl 5 plll DAl daal dilly Lpple Jsaaall o5 Ally 4l
LAy )

alysat 5 (Lasaill alel ) 4 5ol 5 coldlad) (e 4l ) A8LaY L jaeaill Jale dila) -1
Gilee Ll Jaeatl) 8 dpeuda 35S aodins 5 Al Adaua sale ) All 3)lia 5ol (1o
Al a1 0ol Aai€ Aaball Bl (e aall Liad 5 Baall (Bae Aapasaly o
Balall sdag jelbudl il

b el g deluall e Y1 clallaall Lyle Jguanl) a3 30 dpall) o) i€ -y
Glyaaall Lie¥) 3 38 ce dlall cladbedly 45)lie milall ain aedl daly (g
b lede deanll 5
2S5 el dele —JfzY e 3S5 asmaga QLS —%T 5850 ansa Sy
AGEs Yo 0y (4e) 5 A0 Bl Aapy B JfY

saelually 5 A6V COlleall saaa A4 aladial el 4dlh Can ) 13g] Ales AasiS
ook e Jeall Gorgr Av 8 5 A Bhn el Bppemal) 288N aaly (s (8 Sueal
O A ALYl Ale saga 5 ALE A8 iy 5 Al Aaaa Adph ) Wil dessiall 3,k
dalie 5 deatind) Glslesl 5 cadgll paes ) el saals ddaye 8 Adbiad) dalud) e
WY AL ) s Lee Alaall (2685 5 aiuadll



