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Abstract

Cotton is a natural fiber which has a tendency to wrinkle due to its perfect absorbancy properties. Nowadays, people prefer to use easy-
care fabrics, so a lot of research has been done about this issue since the 1940s. In most researches, carboxymethylation and
causticization processes are applied to bleached or semi-bleached cotton fabric, yet in this project dyed cotton fabric is used. Factories
are applying resin finishing which is expensive, decreases fabric strength, increases stiffness of fabric so handle affected poorly from
this application. Formaldehyde-based chemistries were used for increase wrinkle recovery performance of fabrics before, but
formaldehyde is a suspicious carcinogenic chemical very dangerous for human health. Currently, DMDHEU and BTCA are the most
well-known crosslinking chemical materials in wrinkle-free finishing, but in this study, cationic silicone softener was used as the
crosslinker, and its effect on crease resistance was investigated. In the study, after the dyed cotton fabrics were given anionic character
by applying causticization with Sodium Hydroxide (NaOH) and carboxymethylation processes with Sodium Chloroacetate (SCA),
respectively, three different concentrations of cationic silicone were applied with the pad-dry-cure method for the cross-linking process.
Then, wrinkle recovery angle (WRA) measurements were performed on crosslinked cotton fabrics in order to understand the interaction
between causticization and crosslinking; and determine the better causticization and crosslinking levels that offer highest fabric
performance. Experimental results showed that the best WRA results were observed at 10% NaOH, 0.5M SCA. Same SCA and softener
concentration with 15% NaOH has adverse effect compared to 5% and 10% NaOH levels.

Keywords: Cotton, Colored Fabric, Carboxymethylation, Ionic Croslinking, SCA, Cationic Silicone.

Orme Pamuklu Kumaslar icin Tek Adimda Kolay Bakim ve
Yumusatma Bitim Islemi

Oz

Pamuk, miikemmel emici 6zellikleri nedeniyle kirigmaya meyilli dogal bir elyaftir. Gilinlimiizde insanlar bakimi kolay kumaslari
kullanmayi tercih etmektedir bu nedenle 1940'lardan bu yana bu konuda birgok arastirma yapilmistir. Cogu arastirmada agartilmis veya
yar1 agartilmis pamuklu kumaslara karboksimetilasyon ve kostiklestirme islemleri uygulanmistir ancak bu projede boyali pamuklu
kumas kullanilmaktadir. Fabrikalar, pahali olan, kumas mukavemetini azaltan, kumasin sertligini artiran regine terbiyesi
uygulamaktadir, bu nedenle bu uygulamadan tuse olumsuz etkilenmektedir. insan saglig1 i¢in gok tehlikeli kanserojen bir kimyasal olan
formaldehit daha 6nce kumas burusmasini azaltmak i¢in kullanilmaktaydi. Giiniimiizde DMDHEU ve BTCA, burusmazlik apresinde
en iyi bilinen ¢apraz baglayici kimyasal maddelerdir, ancak bu ¢aligmada, iyonik ¢apraz bagh katyonik silikonun kirigma direnci
iizerindeki etkisi arastirilmistir. Calismada, boyanmis pamuklu kumaslara sirasiyla kostiklerme ve karboksimetilasyon islemleri
uygulanarak anyonik karakter kazandirildiktan sonra ¢apraz baglama asamasi i¢in pad-dry-cure yontemi ile ii¢ farkli konsantrasyonda
katyonik silikon uygulanmigtir. Daha sonra kostikleme ve capraz baglama arasindaki iligskinin anlasilmasi ve en yiiksek kumas
performansini sunan kosikleme ve ¢apraz baglama seviyeleriin tespit edilmesi i¢in boyali pamuklu kumaslarda kirigmazlik agisi (WRA)
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Olciimleri yapilmigtir. Deneysel sonuglara gore en iyi WRA sonuglar1 %10 NaOH, 0.5M SCA'da gozlenmistir. %15 NaOH ile ayn1 SCA
ve yumusatici konsantrasyonu %5 ve %10 NaOH seviyelerine kiyasla olumsuz etkiye sahiptir.

Anahtar Kelimeler: Pamuk, Renkli Kumas, Karboksimetilasyon, Iyonik Capraz Baglama, SCA, Katyonik Silikon.

1. Introduction

Today, studies have focused on making the finishing
processes of cotton fabrics environmentally friendly and
development of sustainable chemicals that provide maximum
benefit, as well as making the application processes of these
finishes high quality and innovative, which consumes less water
and energy. In the last 50 years, the demand for 100% cotton
clothes and "easy-care" products has increased gradually, with the
comfort features of fabrics used in daily life coming to the fore.
In this context, chemical finishes that cause formaldehyde release
on fabric surfaces during the application phase, such as
dimethylol dihydroxyethylene urea (DMeDHEU), dihydroxy
dimethyl imidazolidinone (DHDMI), are conventionally used to
provide a permanent ironing feature, at the same time, in order to
provide an easy-care feature to the clothes. In this way, the
wrinkle recovery of cotton fabrics increases. However, the
negative and carcinogenic effects of formaldehyde threaten both
the environment and operator health to a great extent. The use of
anti-crease finishes containing formaldehyde is restricted and
prohibited in many industrialized countries (Hashem, Refaie, &
Hebeish, 2005; Sahin, Giirsoy, Hauser, & Smith, 2011).

There is a need for an anti-wrinkle treatment that uses more
accessible, more cost-effective chemicals compared to
commercially available ones, and does not adversely affect the
properties of the fabric, as well as does not release formaldehyde.
The ionic crosslinking process is a good alternative that has the
potential to meet these requirements. Since the chemical structure
obtained as a result of this process is completely different from
the chemical structure obtained as a result of permanent-press,
cotton fabric does not cause formaldehyde release. Ionic
crosslinking is a two-step process applied on cotton fabric. The
first step focuses on making cotton anionic via
carboxymethylation. As a result of this process, there is an
increase in the properties of the material such as moisture gain,
dirt repellency, breaking strength, and elongation at break. The
second step achieves ionic crosslinking of carboxymethylated
cotton with a polycationic chemical (Sahin, Giirsoy, Hauser, &
Smith, 2011).

Bilgen (2005), in his study, treated cotton fabric with
chloroacetic acid (CAA) that gives cotton an anionic character,
and crosslinked the anionic cotton with many polycations
including cationized chitosan, cationized glycerin, and cationized
ethylene glycol. Cotton was also reacted with cationic materials,
e.g., 3-chloro-2-hydroxypropyl trimethyl ammonium chloride
(CHTAC) that gave it cationic character, and then with a
polyanion such as 1,2,3,4-butanetetracarboxylic for ionic-
crosslinking. As a result, it was observed that higher performances
in fabric crease recovery were obtained for the treatment of
anionic cellulosic fabrics with various polycations (Bilgen, 2006).

Resin finishing is widely used to impart high wrinkle
recovery and improve handle properties of niche knitted products.
However, the process comprises application of expensive resin as
well as auxiliary chemicals. In this study, it is aimed to eliminate
the need for resin finishing step by increasing the wrinkle
resistance of dyed cotton fabrics with pique construction with a
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low cost and environmentally friendly method, improving the
touch and fabric handle properties. When dyed cotton fabric
becomes anionic, its affinity for cationic chemicals will increase
compared to untreated dyed cotton fabric. Then, with the cationic
silicone application to the fabric, the fabric will gain a very soft
touch. With carboxymethylation and cross-linking processes, the
rubbing, light fastness, and color fastness of the fabrics to washing
will also be improved.

2. Material and Method

2.1. Fabric

Scoured, bleached, and dyed pique cotton fabric supplied
from Eren Perakende ve Tekstil A.S. was used in this study. The
fabric unit weight was 180 g/m>.

2.2. Chemicals

Chemicals used for causticization included sodium hydroxide
supplied from Fluka Chemical Company, sodium carbonate
supplied from TEKKIM Company, and monochloroacetic acid
supplied from Akkim Company. Chemicals used for ionic
crosslinking included cationic modified silicone provided by Eren
Perakende ve Tekstil A.S. and acetic acid supplied from Merck
used in the neutralization of the silicon solution.

In causticization process, cellulosic fibers were treated with
caustic soda solution which consists of sodium hydroxide and
Grade 3 water, and pad-dry method was used. Cotton fabrics were
treated with three different NaOH solutions. Fabrics were soaked
in selected NaOH solution for 10 minutes, followed by padding
to 100%wet pick-up of, and drying in oven at 70 °C for 10
minutes. After that, the fabrics were left to dry at room
temperature.

Following causticization, fabrics were treated with sodium
chloroacetate. Sodium chloroacetate was prepared prior to
carboxymethylation. Demanded amount of monochloroacetic
acid was dissolved in water, followed by neutralization with
sodium carbonate. Pad-dry-pad-batch method was used for this
process. Fabrics soaked in prepared solutions for 5 minutes, then
padded to 100 % wet pick-up. The wet fabrics were placed in
polyethylene bag and tightly closed. They were dried in the oven
for 1 hour at 70 °C. Respectively fabrics were dipped to distilled
water for 5 minutes, rinsed under tap water for 5 minutes and
dipped to Grade 3 water for a further 5 minutes. Then fabrics were
left to dry at room temperature.

All carboxymethylated fabrics were soaked in one of the
three different cationic silicone solutions with 1:30 liquor ratio.
The reaction pH was reached with addition of demanded amount
of acetic acid. After that, fabrics were treated in Gyrowash
Washing Machine separately at 50 °C for 35 minutes. They were
than dried in the oven at 100 °C for 5 minutes, and cured at 170
°C for 3 minutes. Prior to testing, fabrics were conditioned
according to ISO139 for 24 hours before testing.

All independent variables (design factors) and their applied
levels were presented in Table 1. A full-factorial experimental set-
up was constructed and applied.
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2.3. WRA

TS 390 EN 22313 /April 1996 Standards and SDL Atlas
Crease Recovery Tester and Loading Device was used in this test.
The fabrics were first compressed under 1 kg of weight for 5

minutes and then placed in the crease recovery tester, and the first
measurement value was reported as First WRA (°). The second
measurement was made after 5 minutes and reported as Final
WRA (°).

Table 1. Experimental Design

Parameters

Levels

Causticization (Y%eNaOH, w/w)

5,10,15

Carboxymethylation (M, SCA)

0.5,1,15,2

Ionic Crosslinking (% Cationic Silicone, w/w)

1,2,3

3. Results and Discussion

The WRA results were presented in Table 2. It is apparent
from data on Table 2 that the best WRA results were achieved at
10% NaOH, 0.5M SCA. Same SCA and Softener concentration
with 15% NaOH has adverse effect compared to 5% and 10%
NaOH levels. It is observed that high NaOH concentration applied
on cotton fabric increases the rigidity of the fabric, causing
increase in stiffness and thus a poor wrinkle recovery
performance.

Effect of softener percentage on WRA is presented in Figure
1. It is apparent from data presented in Figure 1 that WRA
decreased with increasing softener concentration, especially at
higher carboxymethylation levels. It is concluded that the high
chemical load results in lower final amounts of crosslinks due to
interaction and complex formation of oppositely-charged
macromolecules.

Main Effects Plot for WRA(®)
Data Means
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Figure 1. Effect of softener percentage (%) on WRA(").
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4. Conclusions and Recommendations

While the bursting strength of the fabrics decreases as a result
of the conventional method, the bursting strength of the fabrics
increases when the ionic crosslinking method is used. For the
practical applications of the performed work, no additional
machine cost or chemical purchase is required to the traditional
production lines. Causticizing and ionic crosslinking processes
increase the light and washing fastness of fabrics. The fact that
there is no need for additional equipment, the chemicals used are
environmentally friendly, the fabric strength is not adversely
affected, high wrinkle recovery, good color fastness and improved
touch show that it will be advantageous to implement this project
in the industrial field.
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Table 2. WRA Test Results of lonic Crosslinked Fabrics

Causticization | Carboxymethylation Iom: Cros?hn‘kmg First Final WRA
(%NaOH, w/w) (M, SCA) (%6 Cationic WRA ©)
Silicone, w/w) ©
5% 0.5M 1 128 142
5% 0.5M 2 162 177
5% 0.5M 3 142 165
5% 1M 1 133 143
5% 1M 2 95 93
5% 1M 3 83 86
5% 1.5M 1 153 172
5% 1.5M 2 147 152
5% 1.5M 3 86 88
5% 2M 1 62 61
5% 2M 2 70 72
5% 2M 3 159 169
10% 0.5M 1 144 150
10% 0.5M 2 167 176
10% 0.5M 3 164 177
10% 1M 1 126 136
10% 1M 2 113 130
10 % 1M 3 145 160
10 % 1.5M 1 125 133
10 % 1.5M 2 144 159
10 % 1.5M 3 73 63
10 % 2M 1 116 136
10% 2M 2 115 130
10% 2M 3 135 154
15% 0.5M 1 126 142
15% 0.5M 2 116 131
15% 0.5M 3 126 140
15% 1M 1 146 158
15% 1M 2 117 133
15% 1M 3 58 58
15% I,5M 1 134 144
15% I,5M 2 120 133
15% ,5M 3 136 149
15% 2M 1 126 136
15% 2M 2 123 135
15% 2M 3 84 86
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