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ABSTRACT

The kinetic of dyeing acrylic fibers with basic dyes in the presence of small amounts of the
solvents butanol and 1-4 Dioxane has been studied. The time of half-dyeing was taken as a measure
of the rate of dyeing, which was found to decrease with increasing concentration of the solvent in the
dye bath. Although acrylic has an additional problem of difficult dye penetration due to its relatively
compact physical structure. For a given dye/fiber system, the dye uptake is controlled by several
experimental parameters such as temperature, initial dye concentration, and diffusion coefficient.
Addition of organic solvents may modify the structure of fabrics causing an increase in the dye ability.
Using the three basic dyes (C.l. Basic Red 12, C.l. Basic Orange 21, and C.I. Basic Violet10) , the rate
of dye uptakes was studied in absence and presence of the above additives at different time intervals
and temperatures (80,90,95 °C). The obtained results indicate that the dye uptake increases under the
different conditions mentioned. The rate of dyeing is closely related to the diffusion behavior of acrylic
fabric. The dyeing rate increases with increasing diffusion coefficient of the dye. The calculated activation
energy in presence of solvent gave another evidence for this conclusion. The dye uptake in all cases
was found to increase linearly with decrease in the glass transition temperature of the acrylic fibers.
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INTRODUCTION

100% polyacrylonitrile fabric are usually
highly crystalline in which stretched chain molecules
are held together strongly by intermolecular
hydrogen bonding acting through the nitrile group*2.

Acrylic fabric was difficult to dye due to
capacitance of physical structure, absence of
functional groups and to its high glass transition
temperature3. To improve these, co-monomer is
added or fabric modification is tried used. Various
methods of copolymerization have been leading to
copolymers containing sulphonic acid groups which
impart substantivty for basic dyes. Dyeing of

synthetic fibers was found to be difficult also in
aqueous system, particularly at lower temperature
and normal pressure®. This occurs because these
fibers are highly crystalline, markedly hydrophobic
and do not swell in water. Organic solvents play an
important role in dyeing synthetic fibers®. They have
been employed to swell the fibers and thus decrease
the intermolecular attraction forces between the
polymeric chains of the fibers®. In turn the rate of
diffusion of the dyes will be greatly increased inside
the fiber. The present paper reports a kinetic study
carried out to examine the effect of the addition of
the solvents butanol and 1-4 dioxane on the diffusion
of Basic dyes.
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Recently, the diffusion of basic dyes into
acrylic fabric is claimed to be considerably improve
by addition of aromatic hydroxyl compounds®. The
solvent is known to act swelling and/or plasticiging
action, the chain molecules becoming highly mobile
at the dyeing temperature and hence the uptake of
the dye by the fabric greatly enhanced’. In order to
ascertain the effect on the dyeing kinetics of Basic
dyes on acrylic fabrics in a finite bath, we have used
the model shown by Fick’s Law to obtain various
dyeing parameter:

D=(nr?/16t)(Ct/Coo)?

Where :

Ct=concentration of dyeing at each time mol/L.
Ceo=concentration of dyeing at equilibrium mol/L.
t=time of dyeing (sec.)

D=apparent diffusion coefficient cm?/sec.
r=radius of fabric cm.

p=3.14 constant.

Applying the value of each factor above to
the Arrhenius equation the activation energy of
dyeing ( Ea) may be obtained:

DT=Do exp (-Ea/RT)

In which DT is the diffusion coefficient at
temperature T, and Do is the pre-exponential factor.
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Results were evaluated on the basis of
measurements of time of half-dyeing, diffusion
coefficient, activation energy, and dyeing rate .

Chemicals

The chemicals used in the present
investigation were; (i)acid such as glacial acetic acid.
(ii) base salt as sodium hydroxide (iii) Organic
solvents as butanol and 1-4 dioxane. All the
reagents were of analytical grade, glacial acetic
acid, sodium hydroxide and butanol were obtained
from (E.MeRck, Darmstadt), Germany but 1.4
dioxane was obtained from (Riedelde-Haen)
Germany.

Also the dye solutions for
spectrophotometric measurements were prepared
by suitable dilution from stock dye solutions in
absence and presence of solvents.

Dyestuffs

Three different basic dyestuffs obtained
from (FBY, Farben, Fabriken, Bayer, A.G., Lever
Kusen, Germany) were selected and purified for this
investigation 8.Their structures are depicted below.

Fiber
Acrylic fiber was obtained from El-Mahala
El Kobra, Egypt. The trade name of this fabric is
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Orlon. Its construction is count of both wrap and
weft = 36/2, warp units = 44/inch, weft units = 43/
inch, fabric width = 150 cm and weight of 1m? =

210 gm. and the glass transition Temperature (Tg)
is 74.08C.

Apparatus

The spectrophotometric measurements
were carried out using Beckmann recording
spectrophotometer model (UV_VIS) (160A_UV) .

EXPERIMENTAL

Dye solutions were prepared by suitable
dilution from stock dye solutions (1.0 x 102 mol/

M- T
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dm?®) in absence and presence of solvents. The
solvent/ water mixtures were expressed as %
volume/volume of (3, 6 butanol) and (5, 10, 1-4
dioxane). All the dye solutions were allowed to
stand for 24 hours at T=25°C to attain
equilibrium before recording their spectra. The
maximum absorbance at longest wavelength for

very dilute aqueous dye solution was
determined.

Dyeing rates were carried out in stirred
thermo stated round bottomed flasks at different
temperatures (80,90,95°C) . The dyeing was also
carried out by adding different concentrations of
solvents respectively. The samples were removed
from the dye bath immediately after each time

[EITLETI

u ¥
3 4
= o)
&
= ~ !
= f._, o
-
ST
- Py .
%,
FRer y | 1 i o -
LHEE- -] AL 00 L5000 GO O
Wavelength (nm)
[
4. s 7
2000 .."\'-. /J‘-x ba-Driosan: |
£ 7oy
- " \
Il\ \ ;"III II|
|I & h
et | W |
5 I & I
k=] | d "\ |
= Lo \, !
wn 1
=) [ ™,
- ',I’ ,
AN

0 L

ALOD ano oy

Wavelength {nm)

C.l. Basic Red 12
C.l. Basic Orange 21
C.l. Basic Violet 10

Fig. 1: Characteristic maximum Wavelength in presence of Butanol and Dioxane
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interval. The concentration of the dye solution
was determined and the amount of dye on the
sample was estimated using a difference method
in which the amount of dye on the sample being
calculated from the known initial and final
concentrations of dye bath from the absorption
spectra.

RESULTS AND DISCUSSION

The spectral behavior of the three basic
dyes (C.I. Basic Red 12, C.I. Basic Orange 21, and

Gamal et al., Orient. J. Chem., Vol. 26(2), 395-408 (2010)

C.l. Basic Violet10) in aqueous and in presence of
1-4 dioxane and butanol were followed in Fig( 1)
and Table( 1 ). The peak wavelength in the visible
region was used in all subsequent
spectrophotometric determination ranging between
400-600n.m.

The results revealed that the longest wave length
A of the dyes used in aqueous solution was

max

observed 485, 483, and 554n.m. respectively.

The presence of solvents shows no very
significant effect on the value of the absorption
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C.l. Basic Red 12 on Orlon in presence of Butanol at different temperatures
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spectra of the three utilized dyes. The results obeyed
Beer's Law up to the concentrations investigated.
Since the solvent leave the extinction at 2.014x10%,
3,125x10* and 11,253x10* Lmole*cm for C.I.
Basic Red12, C.|I .Basic 21, and C.l. Basic Violet
10.respectively.

Dyeing Kinetics

The mechanism of the dyeing of acrylic fibers can
be divided into three main steps:

0] Adsorption of dye on the fiber surface.

(i) Diffusion of dye from the surface into the fiber.
(i) Interaction of the dye with sites in the fiber

The third step occurs so quickly that it has
no influence on the kinetics of dyeing. The first two
steps could determine the rate of dyeing[9].
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The rate uptake of the dyes in absence and
presence of solvents

At low temperatures acrylic fibers have a
very compact structure which does not allow their
constituent atoms to oscillate greatly around their
equilibrium positions. As the temperature increases,
however, so the mobility of the polymer chains
increases, the permeability of the polymer increases
proportionately with temperature. Increasing the
mobility of the polymer chains probably has two
results: the accessibility of dye sites is increased
and the ease of diffusion, and hence rate of diffusion,
of the dye molecules is increased. These aspects
are the subject of research currently being carried
out here.
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The results in Table(2) and Figs (2) show
that the rate of the dye uptake in the modified fabric
increases with temperatures and concentrations in
absence and presence of solvents. From the data
in the table( 2) itis seen that the rate of uptake of
the three dyes in presence of solvents is greatly
increased . The effect of solvents are very
pronounced at different temperatures ranked as
follows:

1-4 Dioxane > Butanol > water.

These solvents are known to act through
their swelling and / or plasticizing action, the chain
molecules becoming mobile at the dyeing
temperature, and hence the dye uptake of the fiber
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is greatly enhanced®®!. This is in agreement with
the observation made by Gur-Arieh et al.,?,
According to them, as the plasticizing efficiency of
an additive increases, its ability to cause the radial
swelling decreases. This suggest that, among the
additives used, 1-4 dioxane has the highest
plasticizing action on the acrylic fibers. The lateral
shrinkage of fiber may be attributed to the difference
in the structural aspects of 1-4 dioxane and butanol,
since the former is known to swell the acrylic fibers.
The reason for such a behavior can be specified by
taking glass transition temperature (Tg) of the fiber
into consideration. While passing through this
temperature range, a considerable change occurs
in the physical properties of the fiber. The glass
transition temperature of a fiber can be depressed
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Fig. 2(c) : The Relation between dyeing uptake (g/100 g) and times (min) of
C.l. Basic Orange 21on Orlon in presence of Butanol at different temperatures
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by the presence of solvents. The degree of this
depression depends on the amount of solvent used
and its interaction with the polymer (ie. Fiber). Thus,
it may be postulated that addition of 1-4dioxane and
butanol decreases the Tg of the fiber and plasticizing
effect occurs due to their presence. Penetration of
solvent into amorphous region of fiber involves the
break-down of intermolecular bonds and produces
segmental mobility of polymer chains which results
in the lowering of Tg. The mechanism of
plasticization also indicates that the inter-chain
forces between polymer molecules are reduced by
the presence of solvent. So this effect in
plasticization of fiber and reduction in Tg which in
turn facilitate higher rate uptake[8]. Aggregation of

, Vol. 26(2), 395-408 (2010)
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basic dyes may take place in the dyebath itself at
lower temperatures. Addition of the solvents, reduce
the formation of aggregates of dye molecules,
thereby increasing the dye uptake by acrylic fiber.
Measurement of diffusion coefficient in absence and
presence of solvents:

The diffusion coefficient D of the three
basic dyes used were calculated by using the Fick's
law and its solution!2. The speed of dyestuff diffusion
into the fabric determines the rate of dyeing.
Diffusion starts above the glass transition point of
the fabric (85-95°C), where fabric molecules acquire
enough energy to move. This means, that the fabric
softens and dyestuff is allowed to penetrate. The
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Fig. 2(d) : The Relation between dyeing uptake (g/100 g) and times (min) of
C.l. Basic Orange 21on Orlon in presence of Dioxane at different temperatures
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lowering in the (Tg) thereby increased the chain
mobility inside the fabric making it more accessible
for dyeing®3.The results in Table 2 show that the
diffusion coefficient in presence of 6% (V/V) butanol
and 10% (V/V) 1-4 dioxane cause an increase in
the diffusion of dyes into the modified acrylic fabric
than that from the dyebath without any additions.

This can be attributed to plasticizing effect which is
predominantly responsible for opening up the fabric
as compared to the swelling effect. From these
results it was shown that the mean apparent
diffusion coefficient for the three dyes increased with
increasing temperature. Depending on the

Gamal et al., Orient. J. Chem., Vol. 26(2), 395-408 (2010)

molecular size of the dye, the solvation of dye
molecule due to the presence of carboxylic and
hydroxyl groups and the presence of the solvents.

Activation Energy for Dyes

When values of log D were plotted against
1/T, straight lines were obtained Fig.(3) whose
slopes gave the values of (— Ea/ 2.303R), from which
the activation energy of reaction was evaluated as
given in Table(2).From the obtained data the values
of activation energies for the three dyes in presence
of solvents are lower than in their absence, which
could be due to the swelling effect of solvents on
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the modified acrylic fabric. As well as weakening of
the bonds in the chain molecules which are broken
depending upon the ability of particular solvent*.

The times of half dyeing t,,

The time of half dyeing t,,, is the time
required for the fiber to take up half of the amount
adsorbed at equilibrium. It is often used as a
measure of the rate of adsorption and is given by
Hill equation ;

D=0.063r* / t,,
D=apparent diffusion coefficient cm?/sec
r =radius of the fiber cm.

t,,, = time of half dyeing sec.

, Vol. 26(2), 395-408 (2010)
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Values of kand t,, are given in Table (3) at
the different temperatures tested.. As can be seen
from this table t, for these dyes decreased with
increasing temperature, and for adsorption rate
constant from the solution k increased markedly.
Looking for an explanation for such relationships
the activation energies and diffusion coefficients for
the adsorption process were determined. For this
purpose data for D at different temperatures were

fitted to an Arrhenius —type equation.

It has been shown by several authors?#??
that 1-4 dioxane and butanol act as plasticizer,
reduces glass transition temperature of acrylics
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attributed to plasticizing effect which predominantly
responsible for opening up the fabric as compared
to the swelling effect. From these result it was shown
that the mean apparent diffusion coefficient for the
three dyes increase with increasing temperature

Table 1: Values of A of Dyes used in Different Media

The Dyes Media Ao M.wt.g/mol
C.l.Basic Orange21. Water 483 350.89
Butanol 484.4
1-4 Dioxane 483.2
C.l.Basic Red 12. Water 485 393.00
Butanol 485
1-4 Dioxane 485.2
C.l.Basic Violet 10 Water 554 479.05
Butanol 552.4
1-4 Dioxane 551.4
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Table 3: Variation of t |, For Basic dyes in Different Media

Solvent t,,» min. x 10

80°C 90°C 95°C
C.I. Basic red 12
Water 12.029 2.471 1.007
3% Butanol 6.854 1.321 0.672
6%Butanol 6.102 0.926 0.639
5%1-4 Dioxane 7.504 1.172 0.746
10%1-4 Dioxane 7.036 0.920 0.693
C.l.Basic Orange 21
Water 35.983 2.923 1.188
3% Butanol 20.377 1.470 0.906
6%Butanol 7.966 1.057 0.764
5%1-4 Dioxane 10.182 1.191 0.746
10%1-4 Dioxane 6.759 1.029 0.606
C.l.Basic Violet 10
Water 7.718 6.109 3.096
3% Butanol 5.500 3.907 2.370
6%Butanol 4.432 2.779 2.022
5%1-4 Dioxane 3.690 2.791 1.959
10%1-4 Dioxane 3.498 2.489 1.380

CONCLUSION

The purpose of this study is to explore the
effect of dyeing kinetics of basic dyes on acrylic
fabrics in presence of solvents. The results indicate
that as the temperature and time is increased, the
equilibrium absorption and rate constant increase,
while the activation energy decreases. Furthermore,
all the measures of dyeing indicated that acrylic
fibers are mainly dependent on the fiber properties
itself, the dyes structure and its molecular weight,
Although there was significant analysis of the effect

of temperature(80-95°C), time (10-180min.), and
solvents( butanol and 1-4 dioxane)on the migration
of several dyes Orlon—filament fiber has shown that
temperature and solvents are the most important
variable in controlling migration. The rate of dyeing
is closely related to the diffusion behavior of acrylic
fabric.

The dyeing rate increases with increasing
diffusion coefficient of the dye. The calculated
activation energy in presence of solvents gave
another evidence for this conclusion.
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