N. RISTIC et al.: The effect of nonionic surfactant treatment on dyeing of cotton fabrics,
Tekstil 62 (1-2) 8-13 (2013.)

The effect of nonionic surfactant treatment on dyeing of cotton fabrics

Nebojsa Risti¢, PhD

mr.sc. Miodrag Smelcerovié, dipl.ing.

Ivanka Risti¢, dipl.ing.

High School of Textiles
Leskovac, Serbia

e-mail: bojanal 998@ptt.rs
Received September 11, 2012

1. Introduction

Several classes of dyes are used for
dyeing cotton, but in recent years, as
the most important, stand out classes
of reactive, direct and vat dyes, with
a share of over 80 % in the consump-
tion of cotton dyes [1]. Water soluble
direct and reactive dyes have the ad-
vantage over non soluble vat dyes as
they are more environmentally
friendly and managing of techno-
logical dyeing procedure is simpler,
therefore dyeing systems with these
dyes are often studied in terms of the
technological process improvements.
Solutions of these dyes are poly dis-
perse systems, representing an inter-
mediate condition between real and
colloid solutions. The state of dye in
solution, fiber surface characteristics,
addition of auxiliary chemicals and
electrolytes are deciding parameters
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The effect of nonionic FN-10 surfactant treatment on dyeing characteristics
of cotton fabrics dyed with direct and reactive dyes was studied. Using dif-
ferent methods, the presence of nonionic surfactants on the surface of treated
samples and the possibility of surfactant to interact with the used dyes were
investigated. The treated samples have better wettability and absorb more
dye than untreated sample. Intensities of direct and reactive dyes are the
highest on treated samples dyed in a solution with standard amount of salt,
and the intensity increase can be considered as mutual contribution of salt
effect and that of deposited nonionic surfactant layer on the increase of dye

affinity for cotton.
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affecting dye yield from technologi-
cal solution on a cotton substrate.
Low affinity of direct and reactive
dyes and repulsive forces on inter-
face fiber surface/solution, require
addition of large amounts of electro-
lyte that after dyeing arrives, togeth-
er with non fixed dye, into waterways
causing disruption of delicate bio-
chemistry of aquatic organisms.

The purpose of physical and chemi-
cal modification processes is to in-
crease the degree of exhaustion and
fixation of dyes. The treatment with
nonionic surfactants to improve dye-
ability of cotton has not been studied,
although they are products of high
biodegradability, which can be ad-
sorbed on cotton and establish inter-
actions with anionic dyes. By study-
ing isothermal adsorption of a num-
ber of nonionic surfactants on cotton,

high levels of adsorption, sufficient
to create a dense monolayer on cot-
ton, are observed [2]. In a number of
published papers studied were inter-
actions between dyes and nonionic
surfactants [3-11]. The intensity and
character of the interaction between
dye and nonionic surfactant depends
on surfactant concentration and sur-
factant and dye hydrophility. Interac-
tions between dye ions and nonionic
surfactant at surfactant concentra-
tions below the critical micelle con-
centration (CMC) are less pro-
nounced and can be interpreted by
ionic interaction between the sulfo
group and oxonium ion of nonionic
surfactants. At high surfactant con-
centrations (> CMC) hydrophobic
interactions occur between hydro-
phobic alkyl chains of surfactant and
hydrophobic parts of dye [12]. Oxo-
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nium ion in nonionic surfactant ap-
pears when a water molecule binds
on ether oxygen atom producing a
partial cationic character of these
products in the form of polyoxonium
bases [13]. The presence of these
types of ions is practically confirmed
by measuring the viscosity of an
aqueous solution of a mixture of cat-
ionic and nonionic surfactants. In
this binary system, a progressive vis-
cosity decrease of an aqueous solu-
tion with increase of cationic surfac-
tant mole fraction was observed, due
to repulsive forces of cationic surfac-
tant hydrophilic group and oxonium
ion species of nonionic surfactant
[14].

In this paper, cotton fabric was treat-
ed with non-ionic surfactants to en-
hance dyeing capabilities using di-
rect and reactive dyes. Identification
of nonionic agent on samples of cot-
ton fabric was performed by scan-
ning electron microscopy and by
measuring wettability. The ability of
surfactant to interact with dyes was
determined by measuring surfactant
cloud point. The aim of this study
was to determine the possibility of
increased utilization of direct and re-
active dyes on cotton fabrics by treat-
ment with non-ionic surfactants.

2. Experimental

2.1. Materials

In this study, bleached cotton fabric
having surface mass of 204,5 g/m?
was used. Sample pretreatment was
carried out using FN-10 nonionic
agent (nonylphenol ethylenoxide)
(Merima, Krusevac). Direct dyes C.I.
Direct yellow 95 (Cuprophenil yel-
low 3GL200 %) and C.I. Direct Red
80 (Solophenil rot 3BL140 %) (Ciba-
Geygi, Switzerland), and monochlo-
rotriazine reactive dyes C.I. Reactive
Red 45:1 (Ostazin red H-3B) and C.
I. Reactive Blue 5 (Ostazin Blue H-
BR) (Chemapol, Czech Republic)
were used for dyeing. The dyes were
commercial quality.

2.2. The treatment of cotton
fabric with nonionic
surfactant

The cotton fabric was treated in the
FN-10 solution with concentration of
1 g/dm3, using exhaustion method at
50 °C, and bath ratio 1:30. Treatment
time was different and was at 10
minutes, 20 minutes and 30 minutes.
The treated samples were washed
with cold distilled water three times,
and dried at room temperature. Tab.1
shows the labels of samples, and
treatment parameters.

2.3. Analysis of the samples by
scanning electron microscopy

For the characterization of surface
morphology changes a scanning elec-
tron microscope JEOL JCM 5300
(Jeol-Japan) was used. The samples
were prepared for scanning using
standard preparative technique of
sputter coating of gold which creates
a conductive surface, on a cathode
gold sputter for 5 minutes.

2.4. Wettability measurement

To assess the wettability of fabric,
water drop test method according to
AATCC standard was used [15]. Ac-
cording to AATCC test method 39-
1980 the wetting time was deter-
mined by placing a drop of water on
stretched fabric sample from a bu-
rette from a distance of 1 cm from
the fabric. Time necessary for water
mirror to disappear on the sample
surface (i.e. the time it takes for wa-
ter drop to lose its reflection of light)
is recorded as the wetting time (in
seconds). The results are the average
of at least 5 measurements.

2.5. The dyeing of samples

Dyeing of 4 g samples were perfor-
med in a laboratory apparatus Ahiba

type G7B (Ahiba, Switzerland) with
a vertical movement of material with
a bath ratio of 1:45. In all tests, the
dye concentration was 1 % of mate-
rial mass. Dyeing with direct dyes
was performed at 98 °C for 60 min-
utes, and the temperature was reached
in 30 minutes, starting from room
temperature. The dyeing was carried
out both without the addition of elec-
trolytes and with the addition of
20 % of Na, SO, based on material.
After dyeing, the samples were
washed with hot distilled water and
with cold distilled water and dried at
room temperature.

Dyeing with reactive dyes was per-
formed by all-in method at 80 °C for
2 h, and temperature was reached in
20 minutes, starting from room tem-
perature. The concentration Na,CO,
was 20 g/dm?, while the concentra-
tion of Na,SO, was 10 and 50 g/dm?.
After dyeing the samples were
washed five times with cold distilled
water and divided into two portions.
One portion of the samples was treat-
ed in a 2 g/dm?3 solution of anionic
washing agent Jugopon 50 (Chro-
mos, Croatia) at 95 °C for 10 min-
utes. After hot and cold rinsing and
drying at room temperature, mea-
surements of color were carried out
on both sides of samples on Spec-
traflash SF600X reflectance spectro-
photometer (Datacolor, USA) for
determination the color intensity (K/
S), fixation degree F and percentage
of color intensity increase (I).

Color intensities (K/S) were deter-
mined at wavelengths of maximum
absorption for used dyes (C.I. Direct
Yellow 95, A = 400 nm, C.I. Direct
Red 80, A = 550 nm, C.I. Reactive
Red 45:1, A =550 nm; C.I. Reactive
Blue 5, A = 630 nm) using Kubelka-
Munk equation (1):

Tab.1 Designation of samples and treatment parameters

Mark Treatment

NT Untreated cotton fabric

A Treatment with solution FN-10 ¢ =1 g/dm?, 10 min
B Treatment with solution FN-10 ¢ = 1 g/dm?3,20 min
C Treatment with solution FN-10 ¢ = 1 g/dm3, 30 min
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where: K — absorption coefficient, S
—scattering coefficient, R —reflection
of D65/10 light.

Fixation degree was calculated from
equation (2):

5)
5],

where subscript 7 refers to the fabric
treated in the solution of washing
agent and subscript 0 to non treated
fabric.

The percentage of color intensity in-
crease (I) on surfactant treated sam-
ple compared to non treated sample
was calculated from the following
equation:

_(k18), - (k1S),
I_W&OO [%] 3)

F = -100 (2)

o

where subscript 7 refers to treated
fabric samples and subscript o to non
treated fabric samples.

3. Results and discussion

3.1. Surface morphology

The surface structure of cotton fiber
was tested using scanning electron
microscope to assess the effect of
non ionic surfactant treatment on
surface morphology on a micro scale.
Fig.1a) shows a micrograph of the
surface of non treated cotton fiber
displaying a system of shallow paral-
lel groves. Fig.1b) is a micrograph of
the surface of treated fibers. Based
on the micrographs of modified fi-
bers it can be concluded that there
are no major changes in surface mor-
phology, although the fiber surface,
compared to untreated cotton fiber, is
slightly coarser due to depositions of
nonionic surfactant. Regardless of
the increased surface roughness of
modified cotton fibers, it can be said
that the treatment with nonionic
agents did not affected the physical
structure of fibers so that the hand of
samples tested remained unchanged,

a)
Fig.1 Micrograph of: a) untreated cotton and b) cotton treated with FN-10 1g/dm3
solution

which is an advantage of this process
compared to polymer treatment
which often causes a certain stiffen-
ing of fabrics.

3.2. Wettability of fabrics

Wetting and absorption of liquids are
essential in industrial processes such
as dyeing and finishing, but also for
functional and exploitation proper-
ties of textile products. Wetting,
transport and retention of liquids in
porous textile materials are complex
phenomena that depend on the fiber
surface morphology and geometry of
pores in fabric. Attractive forces on
fiber-liquid contact surface cause
wetting fibers and changes in chemi-
cal composition and surface mor-
phology of the fiber and fabric pore
structure can modify hydrophilic
properties of the fabric.

Fig.2 shows the results of absorption
of water drops for untreated samples
and samples treated with non-ionic
surfactant. Time of absorption of wa-
ter droplets was significantly lower
on the treated samples compared to
untreated samples. On treated sam-
ples the wetting time had approxi-
mate values and it can be said that
treatment duration was not signifi-
cant for changing hydrophilic prop-
erties of modified samples. Rapid
wettability increase of treated sam-
ples can be attributed to nonionic
surfactant layer deposited on fabric
surface, which additionally enhances
attractiveness of water drops due to
hydrogen interactions. By increasing
the wettability of fabrics, the speed
and degree of swelling increase,
which is favorable for dye penetra-
tion into the internal zone of fibers.
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Fig.2 The wettability of cotton fabric after treatment with non-ionic surfactant
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Fig.3 The effect of C.I. Direct Yellow 95 dye concentration on cloud point of FN-

10 at various concentrations of Na,SO,
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Fig.4 The effect of C.I. Direct Red 80 dye concentration on cloud point of FN-10 at

various concentrations of Na,SO,

3.3. Dye/surfactant interactions

Fig.3-6 show diagrams of cloud point
vs. dye concentration for different
concentrations of electrolytes. Cloud
point can be considered as a criterion
of dye/surfactant interaction, i.e. the
higher the cloud point the more in-
tense interaction. With direct dyes
studied, the addition of dye in the
absence of electrolyte contributes to
the increase of cloud point. With C.1.
Direct Yellow 95, the cloud point
value uniformly increases with the
increase of dye concentration and
with C.I. Direct Red 80, after regis-
tered increase at minimum dye con-
centration, further increase of dye
amount produces no significant
change in the value of cloud point. It
is obvious that C.I. Direct yellow 95
gives a stronger interaction with the
non-ionic surfactants, probably as a
result of dye chemical structure.

With reactive dyes too, the addition
of dye in the absence of electrolyte
increases the cloud point due to the
interaction of surfactants and dye.
Progressively, with increasing
amounts of reactive dyes, the non-
ionic surfactant cloud point increases

Tab.2 Dyeing results of cotton fabrics with direct dyes after treatment with non-ionic surfactant

Dve Fabric Without electrolyte 20 % Na,SO,
4 K/S I[%] Washing fastness K/S I[%] Washing fastness

NT 1,54 - 3-4 5,92 - 3-4
. A 1,60 3,89 3-4 6,02 1,68 3-4
C.I. Direct Yellow 95 B 177 14.90 1 6.03 1.85 W)
C 1,87 21,40 3-4 6,07 2,53 3-4
NT 1,16 - 3-4 6,37 - 3-4
. A 1,23 6,12 3-4 6,44 1,15 3-4
C.1. Direct Red 80 B 129 | 11,20 34 6,56 | 2.96 34
C 1,28 10,86 3-4 6,52 2,35 3-4

Tab.3 Dyeing results of cotton fabrics with reactive dyes after treatment with non-ionic surfactant

Dye Fabric 10 g/dm’ Na,SO, 50 g/dm® Na,SO,
K/S 1[%] | F[%] | Washing fastness K/S 1[%] F[%] | Washing fastness
NT 0,63 - 0,81 4 1,48 - 0,78 4
C.I. Reactive A 0,68 7,93 0,82 3-4 1,51 2,05 0,77 4
Red 45:1 B 0,91 | 45,03 0,81 3-4 1,59 7,43 0,78 4
C 0,92 | 46,05 0,80 4 1,58 6,38 0,77 4
NT 0,78 - 0,30 4 1,47 - 0,30 3-4
C.I. Reactive A 0,34 7,79 0,79 4 1,54 4,76 0,81 3-4
Blue 5 B 0,90 | 15,68 0,78 4 1,56 6,12 0,30 4
C 0,88 | 13,56 | 0,83 4 1,56 6,04 0,78 4
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Fig.6 The effect of C.I. Reactive Blue 5 dye concentration on cloud point of FN-10

at various concentrations of Na,SO,

in the range of tested concentra-
tions.

The increase of nonionic surfactant
cloud point in the presence of direct
and reactive dyes is the result of dye/
surfactant interactions and also, cre-
ation of associates in which dye hy-
drophobic part is oriented towards
surfactant micelle, while the hydro-
philic part is directed towards the
aqueous phase contributing to in-
creased hydration of nonionic surfac-
tant, which is manifested as an in-
crease in cloud point of nonionic
surfactants.

The addition of electrolyte reduces
cloud point already at the lowest con-
centration of electrolyte (0,2 g/dm?)
and by increasing electrolyte concen-
tration the cloud point drops to val-
ues lower than those of surfactant
solutions without additives. Reduc-
ing of cloud point suggests a reduced

hydration of surfactant micelles due
to the adsorption of electrolyte cation
and neutralization of dye/surfactant
associates, wherefore the enlarging
of micelles and their final phase sep-
aration is enhanced at lower temper-
atures.

3.4. Dyeing results

Tab.2 and 3 show the dyeing results
of cotton fabric with direct and reac-
tive dyes in the presence of various
amounts of salt after treatment with
non-ionic surfactant FN-10. In the
presence or absence of salt, untreated
samples dyed with direct dyes have
the lowest value of color intensity
K/S (Tab.2). Untreated samples dyed
in a bath containing 20 % Na,SO,
display significantly higher value of
color intensity compared to samples
dyed in a bath without salt, indicat-
ing the importance of using salt in

conventional direct dyeing of cotton.
The samples treated in FN-10 solu-
tion had higher color intensity and
the percentage of color intensity in-
crease for dye / which is higher on
samples dyed in technological solu-
tion without salt. With C.I. Direct
Yellow 95 higher increases in inten-
sity of color were obtained. It can be
said that the surface depositions of
nonionic surfactant on cotton fabric
contributed to higher absorption of
direct dyes, due to possible dye/sur-
factant interactions. Regardless of
the attraction of surfactants and dye,
the presence of salt continues to play
amajor role in dye transfer to cotton,
and it can be said that the surfactant
layer cooperatively contributes to an
increased yield of direct dyes. Sur-
factant treatment had not a negative
impact on the stability of direct dyes,
because similar values were obtained
on all samples.

On fabrics too, dyed with reactive
dyes, a positive effect of the treat-
ment conducted with nonionic sur-
factant solution on the exhaustion
and fixation of reactive dyes was ob-
served (Tab.3). With reactive dyes
also, intensity increase was higher on
samples dyed in the presence of min-
imal amounts of salt (10 g/dm3).
Greater percentage increase in the
intensity of the color is obtained by
using C.I. Reactive Red 45:1, which
was found to generate stronger inter-
action with non-ionic surfactant.

It can be said that the attractive hy-
drophobic and hydrophilic interac-
tions between direct and reactive
dyes and nonionic surfactant depos-
its on cotton fibers, illustrated in
Fig.7, contribute to the increased uti-
lization of dye, and they are more
important in systems without or only
a with a minimum amount of salt.
With standard salt concentrations,
the contribution of deposited non-
ionic surfactant is 2-7 % of the in-
crease in color intensity, and in this
respect dyeing characteristics of
treated fabrics are the result of com-
bined action of salt, which increases
the chemical potential of dye in the
solution and reduces fiber and sur-
factant zeta potential on the surface
of fibers enhancing dye adsorption.
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The degree of fixation and fastness
have values similar those for untreat-
ed sample, which indicates the im-
portance of surfactant layers for the
adsorption of reactive dyes on fiber
surface, with diffusion and fixation
of dyes on cotton the same as in the
conventional dyeing.

4. Conclusion

The main purpose of this paper is to
investigate the increase of utilization
of direct and reactive dyes by pre-
treatment of cotton fabric with non-
ionic surfactants capable of attractive
interactions with dyes, which was
confirmed by measuring the cloud
point of surfactants. Surfactant lay-
ers deposited on the surface of cotton
fibers, which were identified by scan-
ning electron microscope, increase
the wettability of cotton fabrics, fa-
cilitating the transport of technologi-
cal solution through the fabric struc-
ture and diffusion of dye in the fiber.
The dyeing of samples treated with
salt produces higher color intensities
compared to samples dyed in the
presence of standard amounts of salt.
With reactive dyes the same trend is
observed, i.e. percentage increase in
the color intensity is higher in the
samples that were dyed with the ad-
dition of reduced salt concentration

(10 g/dm3). Based on these results it
can be concluded that the attractive
effects are more prominent in sys-
tems with lower affinity and can be
regarded as complementary to the
action of salt on dye exhaustion
staining in dyeing systems having
the same charge. This is confirmed
by the fact that a larger percentage
increase in the intensity is obtained
on samples dyed with reactive dyes,
which have a lower affinity for cot-
ton compared with direct dyes.

In the presence of standard amounts
of salt dye affinity is increased and
more intense dyeings are produced.
On samples treated with surfactants,
recorded increase in the intensity of
color can be considered as the con-
tribution of cooperative action of
nonionic surfactants and salts on dye
adsorption. On all samples, standard
dye fastness levels and approximate
values of fixation degrees were re-
corded for reactive dyes suggesting
that non-ionic surfactant has an im-
portance for dye adsorption and dif-
fusion and fixation of dyes takes
place as in standard dyeing.
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