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Reactive dyes, especially the derivatives
of 1,2,5-triazine and 4-(β-ethylsulphate)
sulphonylanilines, are commonly used for
dyeing cellulose fibres. Both types of re-
active system are present in dyes that are
applied by exhaustion methods [1-4]. The
dyeing of cellulose fibres with reactive
dyes by exhaustion from the dyebath con-
sists of two basic stages: the sorption of
dyes with simultaneous diffusion in fibre
pores, and the chemical reaction between
the hydroxyl groups of cellulose and dye
molecules on fibres [5]. The bonding of
dyes with cellulose fibres proceeds under
alkaline conditions, and the pH value and
temperature of this process depend on the
structure of the dye reactive system. Un-
der dyeing conditions, the dyes in an al-
kaline bath are subject to hydrolysis. A
significant role in the application of reac-
tive dyes is played by the affinity of dyes
to cellulose fibre. The affinity of dyes is
associated with their chemical structure,
dyeing temperature, the quantity of elec-
trolyte in the dyebath and the type of dyed
cellulose fibre [12].

The aim of the present work was to study
the sorption properties of reactive red dyes
of the Procion HE type [6], and in parti-
cular to examine the relationship between
the structure of dye molecule and its sorp-
tion properties.
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Reactive reds derived from 1-amino-8-
hydroxynaphthalene-3,6-disulphonic acid
were used for the investigation. The che-
mical structure of these dyes is shown in
Figure 1, where:
A - amines (active components),
A-1 - anthranilic acid,
A-2 - 4-(β-ethylsulphate)sulphonylaniline,
A-3 - orthanilic acid;
Dw - diamines,

Dw-1 - phenylene-1,4-diamine,
Dw-2 - phenylene-1,3-diamine,
Dw-3 - phenylene-1,2-diamine,
Dw-4 - diaminostilbene-2,2'-disulphonic

acid,
Dw-5 - 4,4'-diaminobenzanilide,
Dw-6 - ethylene-1,2-diamine.

Spectrophotometric measurements were
carried out to determine λmax of aqueous
dye solutions. The content of sodium chlo-
ride was found by potentiometric titration.
The chemical structures and salt contents

of the dyes under investigation are given
in Table 1.
A bleached cotton woven fabric of the type
Noris 1/150 STB was used for dyeing after
being washed in a solution containing a
non-ionic surface-active agent (Precolor
Jet) to remove starch sizes.

The kinetic examinations of dye sorption
were carried out using a Mathis BFA12
laboratory dyeing machine from Warner
Mathis AG at bath temperatures of 40±1°C
and 60±1°C. The dyebath contained 1%
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Abstract
The sorption kinetics of reactive dyes, analogues of C.I. Reactive Red 120, on cellulose
fibres has been studied. The kinetic studies were carried out in a neutral medium, pH=7.0±0.1,
at temperatures of 40±1°C and 60±1°C, with various concentrations of sodium chloride
ranging from 0 to 40 g/dm3. It has been found that the sorption processes of the examined
reactive dyes on cellulose fibres proceed in accordance with the reaction model proposed by
Vickerstaff. This relationship can be described by the equation t/cw=a . t + b. The effect of the
structure of dye on its sorption properties was determined. It has been found that the dye
sorption is affected by diamine - the coupling link of the two-chromophore system - as well
as by the type of the active component used.

Key words: reactive dyes, sorption of reactive dyes, kinetic of sorption, kinetic model.

Figure 1. Chemical structure of reactive dyes.
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Table 1. Chemical structures of reactive dyes, salt content and λmax in water (*C.I. Reactive Red
120 - model dye).

��������� ��������� ��������� ��������� ��������� �	
��
	����� �	
��
	����� �	
��
	����� �	
��
	����� �	
��
	����� ������������ ������������ ������������ ������������ ������������ λλλλλ
��� ��� ��� ��� ���

��� ��� ��� ��� ���

�������������� �������������� �������������� �������������� �������������� ������� ������� ������� ������� �������

��� ��� ���� ���� �� �!

"�� ��� "��� ���! �� �!

��� ��� ���� ���� !�!�!

#�� ��� #��� ��## !�!�!

!�� ��� !��� $��� ����!

��� ��� ���� #��! �� �!

 �� "�� ���� "�!� !�!�!

��� "�� "���  ��# �� $!

��� "�� ���� #�"� �� �!

$��� "�� #��� ��$# ����!

���� "�� !��� ��!# ����!

"��� "�� ���� ��!! !�!�!

%���� ��� ���� !� � ����!

#��� ��� "��� ���! $���!

!��� ��� ���� ��" $���!

���� ��� #��� ��"� $�"�!

 ��� ��� !���  ��� $���!



67���������	�
	������������������������������������������������  ��!������"# $

of dye (as salt-containing pure dye) in re-
lation to the fibre weight.

The dye sorption process was performed
with the liquor ratio of 1:200, pH=7.0 (the
pH value of dyebath was corrected with
an acetate buffer by the pH-metric me-
thod), without and with the addition of
sodium chloride in concentrations of 20
and 40 g/dm3 respectively. Cotton fabric
samples were placed in the dyebath he-
ated to a specified temperature. The dye
concentration in fibre after intervals of
t = 5, 30, 60, 120, 240 and 300 min was
determined by an indirect method, measu-
ring the loss of dye concentration in the
dyebath on the basis of spectrophotome-
tric curves of model dyes. The measure-
ments were carried out with the use of a
Specol 11 spectrophotometer from Carl
Zeiss Jena at a wavelength close to λmax
of each dye.

In the studies of sorption processes of Pro-
cion HE-type reactive dyes, dyebath tem-
perature, pH, electrolyte concentration and
liquor ration were selected so as to diver-

sify their sorption properties and determi-
ne their dependence on the structure of dye
molecule. Under neutral conditions at a
temperature of 60°C the examined dyes
behave as direct dyes, while at 80°C and
above the reactive dyes react partly with
fibre hydroxyl groups. The increase in
sodium chloride concentration and the
decrease in liquor ratio shift the equili-
brium concentration in favour of fibres [6].
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Designations:
cw - dye concentration in fibre [g·kg-1],
cw

5h - dye concentration in fibre after 5 h
[g·kg-1],

ctheor- equilibrium concentration of dye in
fibre [g·kg-1],

t - time of dyeing [min],
t0.5 - half-time of dyeing [min],
k - rate constant of the sorption process

[kg·g-1·min-1],
R - linear correlation coefficient

The dyeing rate V is an increase in the
concentration of dye in fibre per time unit

(1)

The rate of dye exhaustion from the dy-
ebath is expressed in the form of curves
of sorption showing the changes in dye
concentration in fibre versus time [7-10].

(2)

The curves of sorption can be described
with mathematical equations. Different
physical and chemical structures of fibres
and the differences in the chemical struc-
ture of dyes do not allow only one univer-
sal equation describing dyeing isotherms
of various fibres with different dyes to be
used. The kinetic model of the sorption of
the reactive dyes under investigation was
found on the basis of experimental data.
Examples of experimental curves of sorp-
tion of selected dyes B-1, B-7 and B-13
are shown in Figures 2-4.

The assumption was made in this work that
the process of sorption of the red dyes
under examination would proceed accor-
ding to the reaction model described by
equation (3) [7-11]:

(3)

Figure 2. Curves of sorption for dye B-1 (T=const.).
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Figure 3. Curves of sorption for dye B-7 (T=const.).
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Figure 4. Curves of
sorption for dye B-13
(T=const.).

Figure 5. Dependence of t/cw=f(t) for the
model of the sorption process.
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where k, in kg·g-1·min-1, is a rate constant
of reaction. Equation (3) after integration
assumes the following form:

(4)

or respectively:

(5)

Equation (5) describes the linear depen-
dence of the function t/cw=f(t) (Figure 5),
while the values of c∞, k and t0.5 can be
calculated on the basis of this equation.

(6)

(7)

(8)

Based on the analysis performed, it was
found that the sorption of the reactive dyes
under investigation onto cellulose fibres
proceeds in accordance with the model of
reaction proposed by Vickerstaff [12]. This
is confirmed by the rectilinear diagrams

of sorption of selected reactive dyes. The
diagrams are shown in Figures 6-8 and
described by model equations.
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The kinetic parameters of the sorption of
reactive dyes onto cellulose fibres are li-
sted in Tables 2, 3 and 4, including the
experimentally found half-times of dyeing,
equilibrium dye concentration in fibre and
the theoretical kinetic parameters of sorp-
tion calculated from equations  6-8.

As follows from the sorption curves obta-
ined (Figures 2-4), despite the fact that the
sorption process was carried out for 5 h,
the equilibrium dye concentration in fibre
was not always reached. This mainly con-
cerns the sorption processes carried out at
a temperature of 40°C. The lack of equili-
brium is probably the main reason for the
differences which appeared between the
equilibrium concentrations of dyes in fi-
bre found experimentally and the equili-
brium concentration calculated from equ-
ation (6).

The chemical structure of dye molecules
exerts an influence on the dye sorption
properties. This concerns the effect of dia-
mine, the coupling link of two reactive
systems as well as the active component
(amine). In the group of dyes derived from
anthranilic acid, the highest equilibrium
concentration in fibre, with the same ini-
tial concentration of dye in the dyebath, is
shown by the B-1 dyes (derivatives of phe-
nylene-1,4-diamine) and B-2 dyes (deri-
vatives of phenylene-1,3-diamine). These
dyes have similar sorption properties at
temperatures of 40 and 60°C. Dye B-2 is
absorbed by cellulose fibre faster without
electrolyte at 60°C. The kinetic constant for
dye B-1 amounts to 12.6×10-3, while that
for dye B-3 is 89.4×10-3 [kg·g-1·min-1]. The
very low equilibrium concentrations in fi-
bres were obtained by dyes B-3, B-9 and
B-15 (derivatives of phenylene-1,2-diami-
ne) and dyes B-6 and B-12 (derivatives of
ethylene-1,2-diamine). The dyes derived
from phenylene-1,2-diamine are not line-
ar and coplanar. The dyes derived from
aliphatic amines are characterised by a low
affinity to cellulose fibres.

Figure 6. Dependence of t/cw=f(t) for dye B-1. Figure 7. Dependence of t/cw=f(t) for dye B-7.
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Figure 8. Dependence of t/cw=f(t) for dye B-13.
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Figure 9. Curves of sorption for dyes derived from 4-(β-
ethylsulphate) sulphonylaniline (dyes B-7 - B-12) determined at 60°C
in dyebath containing 40 g/dm3 of sodium chloride.
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Dyes B-7 to B-12 (Figure 9) are characte-
rised by a lower affinity that that of the
dyes derived from anthranilic acid. This
would confirm the thesis that the increase
in the number of sulphonic groups in the
dye molecule increases the electro-kine-
tic potential of the dye solution and de-
creases the affinity to cellulose fibres [13].
Despite the same number of sulphonic
groups, the dyes derived from orthanilic
acid show higher indicators of exhaustion
from the dyebath than their analogues de-
rived from 4-(β-ethylsulphate)sulphony-
laniline. It is the position of the sulphonic
group that is of decisive importance in this
case. In this group, the highest exhaustion
indicators are shown by the derivative of
phenylene-1,4-diamine. It has been calcu-
lated by semi-empirical methods that the
sulphonic group in the dyes derived from
orthanilic acid interacts with the chromo-
phore system (the results of these calcu-
lations will be reported in the next paper).
In the group of dyes B-13 to B-17 (deri-
vatives of orthanilic acid), the highest equ-
ilibrium concentrations were obtained for
dye B-17 (derivative of 4,4'-diamineben-
zanilide) and dye B-13 (derivative of phe-
nylene-1,4-diamine). Dye B-13 is produ-
ced by several companies as C.I. Reactive
Red 120.

As expected, the final equilibrium states
of dye in fibre is affected by the structure
of the dye molecule, temperature and elec-
trolyte concentration in dyebath. With the
increase in the electrolyte concentration
in the dyebath, the electro-kinetic poten-
tial of dye in solution decreases [13] and
the dye concentration in fibre increases.
The increase in temperature causes the dye
concentration in cellulose fibres to decre-
ase. As follows from the data given in Ta-
bles 2-4, in some cases the half-times of
dyeing decrease with the increase in the
sorption temperature. The increase in the
electrolyte concentration in the dyebath is
accompanied by the decrease in the sorp-
tion kinetic constants. The kinetic exami-
nations performed present the relationship
between the structure of the dye molecu-
les and the sorption properties of the dyes.

������	��

It has been found that the sorption pro-
cesses of the examined reactive dyes in
cellulose fibres proceed in accordance
with the model of reaction proposed by
Vickerstaff, and their course is dependent
on the chemical structure of the dye
molecule.
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Table 2. Kinetic parameters of sorption of reactive dyes B-1 to B-6 derived from anthranilic acid.
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Table 3. Kinetic parameters of sorption of reactive dyes B-7 to B-12 derived from 4-(β-ethyl-
sulphate)sulphonylaniline.
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Table 4. Kinetic parameters of sorption of reactive dyes B-13 to B-17 derived from orthanilic
acid.
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