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Abstract

Cotton fabric dyed with commercial reactive dyes of the monochloro-s-triazine, bis(monochloro-s-triazine), and
bis(mono¯uoro-s-triazine) type was treated in bu�er solutions pH 10 and 12 at 60, 85 and 98�C. Hydrolysis has been
investigated using spectrophotometrical measurements of hydrolysed dye at lmax. The percent of hydrolysed dye was

calculated. # 1998 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Several researchers have investigated the
hydrolysis of reactive dyes in aqueous solutions of
di�erent pH values [1,2], the stability of the bond
between the dye and the model compounds
[1,3,6,7] and also dye±®bre bond stabilities [1,3,8±
18]. Studies of the hydrolysis of several types of
reactive dyes on cellulosic [1,3,8±18], wool [17] and
silk [18] ®bres have been published.

The kinetics of the hydrolysis reaction of tri-
chloropyrimidyl amino compounds with water,
alcohol and cellulose were investigated by
Ackermann and Dussy and the reaction mechan-
isms were discussed [1]. It was also concluded that
the rate of hydrolysis of reactive dyes containing
the vinyl sulphone reactive group depends much
more on the pH value compared with reactive dyes
containing the acrylamide reactive group [5]. The
in¯uence of the temperature, pH value and the

quantity of electrolyte on the rate of hydrolysis of
cellulosic ®bres dyed with vinyl sulphone dyes at
60�C [8], and the hydrolysis of dichlorotriazine
and vinyl sulphone dyes on cellulosic ®bres in
acetic acid and alkaline medium was also investi-
gated. A mechanism of the ®rst reaction rate for
the hydrolysis in acid and also for the ®rst 30min
in alkaline medium was proposed [9]. Senn used
model reactive dyes containing the same chromo-
gen structure with di�erent reactive groups on
cellulosic ®bres for hydrolysis tests in bu�er solu-
tions of the same ionic strength from pH 1 to pH
10. He concluded that because the hydrolysis
reaction runs simultaneously with many partial
reactions with di�erent rates, the mechanism of
the reaction is not comparable to the mechanism
of ®rst order reaction. Senn published his results
of the hydrolysis of the dyes as percent of hydro-
lysed dye per hour (%/h), calculated on the value
of the dye ®xed on the cellulosic ®bre. Results
con®rm the dye±®bre bond stability in neutral
medium and an increased hydrolysis in acid and
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alkaline medium [10]. By analogy to ester hydro-
lysis, ®ssion of the bond of reactive dyes contain-
ing triazine or diazine reactive group to cellulose
®bre was proposed. With respect to the con-
centration of hydroxyl ions, this mechanism
agreed with a ®rst order reaction [11,12].

The rate of hydrolysis of reactive dyes contain-
ing the phosphonium group on cellulosic ®bres at
pH values from 2.2 to 8.6 at 98�C has also been
investigated. The maximum bond stability was
found between pH 6 and 7, similar to that of
monochlorotriazine reactive dyes. High wet fast-
ness was found by dyeings with dyes containing
the phosphonic group [13]. Comparison of the wet
fastness of dyeings with dyes containing the phos-
phonic reactive group and those with a carboxylic
reactive group in alkaline medium at pH 7±10 at
60�C, the higher stability of the ®rst mentioned
dyeings to alkaline hydrolysis was indicated [16].
A detailed study of the hydrolysis of mono-
¯uorotriazine reactive dyes and model compounds
has also been made [14].

Comparison of the stability of the bond between
cellulose and bifunctional monochlorotriazine and
sulphatoethylsulphone dyes having a similar con-
stituent composition with the same monofunc-
tional reactive dyes in aqueous bu�er solution pH
1.6±10 at 98�C showed higher stability of the
bifunctional dyes. The ®xation of those dyes to the
®bres was evidently better [15]. The kinetics of
hydrolysis was studied also on model compounds,
i.e. methyl-�-d-glucoside and vinyl sulphone
reactive dyes. It was established that, in the ®rst
stage, elimination took place [6]. When methyl-�-
d-glucoside and a vinylsulphone dye was treated
in an aqueous solution of dioxan, it was observed
that only the C6 and C4 hydroxyl groups are
involved in the hydrolysis reaction. The in¯uence
of some substituents on the aromatic ring to the
reactivity of vinyl sulphone reactive groups, and
also to the kinetics of the alkaline hydrolysis, was
evident [7]. Using HPLC analysis, the hydrolysis
of C.I. Reactive Red 194 and model compounds,
such as C.I. Reactive Red 3 in aqueous solutions
pH 9±12 at 50�C was studied. For both types of
dyes, rate constants were calculated and also a
reaction scheme for the pseudo ®rst order reaction
was proposed, neglecting the hydrolysis of the

imino bonding groups, which is unusually small
[4]. Using HPLC, the kinetics of the hydrolysis of
monochloro-s-triazine and bis(monochloro-s-tria-
zine) reactive dyes at pH 11 by 80�C have been
determined [2].

For reactive dyes, during the dyeing process
which takes place usually in alkaline conditions,
two types of reactions are possible i.e. covalent
bonding with the ®bres and an unfavourable
alkaline hydrolysis. Because of the selectivity of
the dyes, ®xation with the ®bres is preferable,
while only a smaller part of the dye hydrolyses.
This dye is lost for the dyeing process, and at the
end phase can result in ecological problems. The
synthesis of bifunctional reactive dyes with high
substantivity, has been reported, and this allows
them to achieve excellent exhaustion in batchwise
dyeing, achieving ®xation values of about 70±80%
[19]. However, a considerable possibility of dye
hydrolysis in the dyebath and on the ®bres still
occurs, particular with heavy shades. Hydrolysis
of reactive dyes occurs not only in dyeing, but also
in normal every day washing of reactively dyed
cellulosic material.

2. Experimental

2.1. Materials

2.1.1. Fabric
Bleached unmercerized cotton fabric was used

throughout the work, produced by Aqua Sava,
Kranj.

2.1.2. Dyes

All dyes used were of commercial grade. They
are listed in Table 1.

2.1.3. Chemicals

All reagents for the dyeing process were of general
purpose grade. Chemicals used for hydrolysis were
bu�er pH20�C=10, containing boric acid (Kemika,
Zagreb), potassium chloride (Kemika, Zagreb) and
sodium hydroxide solution (Zorka, SÏ abac).

Bu�er pH20�C=12 contained disodium hydro-
gen phosphate (Kemika, Zagreb) and sodium
hydroxide solution (Zorka, SÏ abac). All chemicals
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used for hydrolysis were p.a. grade. Bu�er solu-
tions used are shown in Table 2; pH values of the
bu�er solutions were checked using a pH-meter
Iskra MA 5740.

2.1.4. Dyeing procedures

Dyeing was carried at a liquor ratio 1:20 by the
all-in procedure using 1% of commercial dye. The
all-in procedure used for Procion H and H-E dyes
has already been discussed by us [20]. For the
Cibacron LS (Ciba) dyes, the all-in procedure was
also used. Comparing the all-in and migration
method proposed by Ciba [21], 3% abs. better
®xation of the dye was found by the all-in proce-
dure. The dyeing bath contained: 1% Cibacron
LS, 15 g/litre anh. Na2SO4, 10 g/litre Na2CO3.

Comparing dyeings with Procion HE dyes, only
1/3 of the electrolyte is used. Washing and soaping
of dyed fabrics was carried out in accordance with
the manufacturer's instructions [21]. For the
determination of the stability of the covalent bond
between the reactive dye and cellulosic ®bre,
stripping of un®xed dye from the dyed cotton
fabric is important. This procedure has been dis-
cussed in detail [20]. From spectrophotometrical
values, the percentage ®xation F (%) of dyes on
cellulosic ®bre was then calculated [20]. It was

calculated as the amount of dye added originally
to the dyebath which is ®xed on the cotton, fol-
lowing the equation:

F�%� � 1ÿ Ca � C1w � C2w � Cs � CTMU

Cb

� �
� 100

where:

Cb, concentration of the dye before the
dyeing process (g/litre)

Ca, concentration of the dye after the dye-
ing process (g/litre)

C1w, concentration of the dye in the ®rst
washing bath (g/litre)

C2w, concentration of the dye in the second
washing bath (g/litre)

Cs, concentration of the dye in the soaping
bath (g/litre)

CTMU, concentration of the dye in TMU solu-
tion (g/litre).

For 1% dyeings of cellulosic fabric by the all-in
procedure in a 1:20 liquor ratio, the percentage
®xation values F (%) are listed in Table 3.

2.2. Hydrolysis

2.2.1. Hydrolysis procedure
Three grams of dyed aftertreated cotton fabric

[20] was treated in 300ml of bu�er solution pH 10
and pH 12 at 98, 85 and 60�C. For hydrolysis at
85 and 60�C thermostated baths were used. After
appropriate time intervals (10min) 7±10ml of
hydrolysed solution was removed. The solution
was cooled to room temperature and the visible
spectrum was measured. The cooled hydrolysed
sample was quickly returned to the solution before

Table 1

Dyes used in this study

Commercial name Dye no. Reactive group

Procion Scarlet H-2G 1 monochloro-s-triazine

Procion Blue H-4R 2 monochloro-s-triazine

Procion Red H-E7B 3 bis(monochloro-s-triazine)

Procion Blue H-ERD 4 bis(monochloro-s-triazine)

Cibacron Scarlet LS-2G 5 bis(mono¯uoro-s-triazine)

Cibacron Blue LS-3R 6 bis(mono¯uoro-s-triazine)

Table 2

Bu�er solutions used for hydrolysis tests

Bu�er solution pH Value at 20�C

3.092 g/litre H3BO3

3.728 g/litre KCl 10

1.759 g/litre NaOH

4.450 g/l Na2HPO4�2H2O 12

0.892 g/l NaOH

Table 3

F (%) for dyes used in this study

Dye no. F (%)

1 57.8

2 16.4

3 72.1

4 72.6

5 80.3

6 67.7
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the next measurement. The concentration of the
dye in solution was also determined by comparing
the absorbance value at the absorption maximum
with that of a known concentration in the same
bu�er solution. For measurement of absorbances,
an Opton H4Q III-DMR 21 spectrophotometer
was used. The hydrolysis was being monitored
over 420min. Results are the average values of
four measurements of hydrolysis.

3. Results and discussion

The stability of the covalent bond between a
reactive dye and cellulosic ®bre can be determined
by spectrophotometrical detection of the con-
centration of hydrolysed dye after a ®xed time at
lmax of hydrolysed dye. For some reactive dyes the
split on the imino bond can run out, but from lit-
erature data this can be neglected [4]. It has been
found that, from the stability of the bond towards
hydrolysis of a certain dyeing, the type of reactive
system used can be determined [22±24].

Interpretation of the hydrolysis of the bond
between the reactive dye and cellulosic ®bre is
possible when the chemical structure of the reactive
group is known [12,16]. When monochloro-s-
triazine, bis(monochloro-s-triazine) or bis(mono-
¯uoro-s-triazine) reactive groups are bound on the
reactive dye, a chlorine or ¯uorine atom is
exchanged by a high molecular weight alkoxy
group after reaction with cellulose ®bre. In stron-
ger alkaline medium, nucleophilic substitution

takes place on this dye±®bre bond, as shown in
Scheme 1 [25].

The covalent bond between dye and cellulose
®bre in the form of

is evidently similar to an ester, and the mechanism
of alkaline hydrolysis is similar to ®ssion of the
ester [12].

Most published results of the hydrolysis of
reactive dyes are based on investigations of the
in¯uence of di�erent pH media on ®bre±dye
bond stability, using reactive dyes of equal chro-
mogen structure [10,13,15,16]. Several authors
have studied the hydrolysis of reactive dyes
and established maximal stability of reactive
dyes on cellulosic ®bres between pH 6 and 7
[10,12,13,15,16]. The amount of hydrolysed dye
increases at higher and lower pH values. The
results of hydrolysis in solution at pH 10 show
that there is a great di�erence in the quantity of
hydrolysed dye between dichloro-s-triazine dyes
bound only by one bond to the cellulose ®bre and
those bounded completely [12]. After one hour
treatment of dyed cellulosic material at the boil,
the split-o� of the ®rst mentioned dye was more
than three times greater than those linked with

Scheme 1. The mechanism of alkaline hydrolysis of a triazine reactive dye.
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two bonds to cellulose ®bre. Normally both dyes
retain the same chromogen structure. The in¯u-
ence of di�erent temperatures of the treating baths
on the ®ssion of the bond was not investigated in
this work.

The in¯uence of temperature at using solutions
of pH 10 and 12 on the hydrolysis of the bond
between some monochloro-s-triazine, bis(mono-
chloro-s-triazine) and bis(mono¯uoro-s-triazine)
reactive dyes and cellulosic ®bres is described in
this present investigation.

From Fig. 1 there is an evident very good sta-
bility of the bond between the monochloro-s-tria-
zine Procion Scarlet H-2G and cellulosic ®bre at
60�C.

The percentage of hydrolysed monofunctional
scarlet dye at 60�C after 1 h treatment in solutions
pH 10 and 12 is equally small. After 7 h in solution
pH 12 at 60�C, the hydrolysis is almost 3 times
greater than in the solution of pH 10. Using higher
temperatures, i.e. 85 and 98C, the in¯uence of
higher pH value on the split o� of the bond is
apparent. After one hour treatment, 9 or 7 times
more dye hydrolyses at pH 12.

Similar relations are apparent in Fig. 2 for
dyeings with 1% Procion Blue H-4R. The dye±
®bre bond is less stable when a solution of pH

12 was used. Higher temperatures and pH value
of the solution cause a more rapid interruption of
the ester bond. Treatment of dyed cotton in a
solution of pH 12 at 98�C shows 21.1% of
hydrolysed dye after 1 h and in a solution of pH 10
6.4% of hydrolysed dye. This blue monofunctional
dye is very unstable when boiling temperatures are
used.

Red and blue bis(monochloro-s-triazine) dyes
are especially stable to alkali treatment at 60�C
and also over 1 h at 85�C. No hydrolysis was
detected when cotton dyed with 1% Procion Blue
H-ERD was treated at 60�C in solution of pH 10,
and therefore there is no curve shown in Fig. 4 for
this temperature.

The hydrolysis of Procion Red H-E7B and of
Procion Blue H-ERD at the boil in a solution of
pH 12 is about 2.9%/h. From the results of some
previous researchers evaluating the hydrolysis of
some reactive dyes, this value implies that such
dyes are technically very usable [10]. Those
bifunctional dyeings exhibit high wet fastness at
60�C and our conclusion is that they possess high
wet fastness also at 85�C using alkaline media up
to pH 12.

The bis(mono¯uoro-s-triazine) dye Cibacron
Scarlet LS-2G possesses high stability at pH 10

Fig. 1. E�ect of temperature and pH on percent of hydrolysis of cotton dyed with 1% Procion Scarlet H-2G.
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and 12 at 60�C and also at 85�C. One-hour-boiling
of the dyeings at pH 10 also does not result in
cleavage of the covalent bond. Longer treatment
under these conditions leads to 4.6% of the
hydrolysed form.

Boiling the dyeings at pH 12 causes more hydro-
lysis and from Fig. 5, it is evident that after 1 h
treatment, the quantity of hydrolysed dye is 2.12%.

When the dyeings are treated 7 h in solutions of
pH 10 at 98�C, 4.59% of hydrolysed dye is

Fig. 2. E�ect of temperature and pH on percent of hydrolysis of cotton dyed with 1% Procion Blue H-4R.

Fig. 3. E�ect of temperature and pH on percent of hydrolysis of cotton dyed with 1% Procion Red H-E7B.
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formed. 6.26% of hydrolysed dye is formed after
7 h treatment at 98�C at pH 12.

The covalent bond formed between Cibacron
Blue LS-3R and cellulose ®bre posses high stabi-
lity in solutions pH 10 at all temperatures, includ-
ing boiling. Also, higher alkaline media pH 12
does not result in ®ssion of the bond at 60�C and

85�C. At boiling temperature in solution at pH 12,
the bond is also highly stable when treatment of
the dyeing is no longer than one hour. After seven
hours treating of the dyeings at pH 12, only 3.86%
dye hydrolyses. These in¯uences on cotton dyed
with 1% Cibacron Blue LS-3R are represented in
Fig. 6.

Fig. 4. E�ect of temperature and pH on percent of hydrolysis of cotton dyed with 1% Procion Blue H-ERD.

Fig. 5. E�ect of temperature and pH on percent of hydrolysis of cotton dyed with 1% Cibacron Scarlet LS-2G.
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4. Conclusions

The purpose of the work was an investigation of
the in¯uence of two pH media and three tempera-
tures on the stability of the bond between reactive
dyes and cellulosic ®bre. Monochloro-s-triazine,
bis(monochloro-s-triazine) and bis(mono¯uoro-s-
triazine) dyes are widely used in textile dyehouses.
Hydrolysis tests have been carried out on cotton
dyeings from the same chromogen structure.
Results of the investigation are:

1. The covalent bond of the investigated red
and blue monochloro-s-triazine dyes is most
stable at 60�C in solution of pH 10. In the
same solution at 85�C the dyeings are stable
for one hour. Low wet fastness at 98�C are
shown for cotton dyed with monochloro-s-
triazine dyes, especially in solution of pH 12.

2. The stability of the bond on cotton dyed
with bis(monochloro-s-triazine) dyes is
excellent at 60�C in solutions of pH 10 and
12. They possess equal stability after treating
for 1 h at 85�C. Bis(monochloro-s-triazine)
dyes on the cellulosic ®bre are quite stable at
98�C at pH 10, while the in¯uence of pH 12
solution on the cleavage of the bonds is
marked.

3. Dyeings using bis(mono¯uoro-s-triazine)
dyes on cellulosic ®bre are highly stable in
solutions of pH 10 and 12 at 60 and at 85�C.
Conditions of 98�C and pH 10 also do not
disturb the stability of the bond, but at pH
12 and 98�C, greater hydrolysis occurs after
a longer treatment time.

For reactive dyes, good stability to washing at
60�C is prescribed. With both the bifunctional
types of dyes used in our research, the wash pro-
cess could run out at 85�C in solutions of pH 10
and 12. Every day washing processes are limited
from an economical viewpoint to be no longer
than 1 h. It is known that when we use for the
wash test ECE Colour Fastness Test Detergent 77
(Henkel) in a concentration of 10 g/litre, the solu-
tion has pH 10.3 at 20�C. Solutions of detergents
obtained from the market possess pH values from
pH 10 to 12. This was also one of the reasons why
we tried to investigate the in¯uence of these two
alkaline media at di�erent temperatures on the
stability of dyeings with selected dye types.
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