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Aninvestigation has been carried out on the reaction kinetics of monochlorotriazine dye with DABGO
and nicotinic acid. The results indicate that in a neutral medium and at high temperature the
quaternisation of monochlorotriazine dyes with DABCO takes place mare quickly than it doas with
nicotinic acid. It was found that DABCO is the more active catalyst under the experimental conditions

adopted.

INTRODUCTION

Tertiary amines have been widely studied as dyeing
catalysts for monochlorotriazine dyes [1]. The Kayacelon
React (KYK) dyes were introduced relatively recently,
with each member of the series having two quaternised
nicotinic acid residues. These dyes are designed to react
with cellulose at high temperatures in a neutral dyebath,
making one-bath/one-step dyeing of blended polyester/
cotton textiles possible. Excellent in-service properties
are obtainable in this novel application of quaternised
triazine dyes [2]. The kinetics of reaction and hydrolysis
and the application properties of these dyes have been
investigated in the previous studies [3,4].

In the present work 1,4-diazabicyclo-(2,2,2)-octane
(DABCO) and nicotinic acid were chosen as catalysts,
and the possibility of using them in conjunction with
low-reactivity monochlorotriazine dyes at high temper-
atures in a neutral medium was investigated.

EXPERIMENTAL

Reaction between dyes and amines

The dye solution, tertiary amine solution and buffer
solution were first prepared, then mixed in appropriate
volumes and reacted in a thermostatically controlled

bath. After various intervals, samples were removed and
the reaction was stopped by reducing the temperature
and diluting the reaction solution from 0.5 ml to 50 ml
with water. The rate of the reaction could then be calcu-
lated from the concentrations of dyes present, which
were determined by the high-performance liquid chro-
matography (h.p.l.c.) with a methanol and water flow
phase (volume ratio 65:35, flow rate 0.8 ml/min).

The dyes used were experimentally synthesised and
carefully purified before the experiment.

Dyeing and determination of dye fixation

An aqueous dyebath was first prepared by mixing dye
and buffer solutions in the presence of different amounts
of DABCO or nicotinic acid. Dyeing of celluloses (at 2%
depth) was carried out at 130°C at a liquor ratio of 30:1 in
the presence of sodium chloride electrolyte (30 g/1) in a
high-temperature dyeing machine. The dyeing process
was designed to reflect the procedures used commercial-
ly for dyeing polyester/cotton textiles. At the end of the
dyeing process, the dyed fibres were soaped for 20 min at
85°C, and then the residual rinse liquor was mixed with
the spent dyebath liquor. The dye fixation yield was
calculated by measuring the extinction coefficients of the
dyeing residues and the original dye solution with a
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Model 751 spectrophotometer (Eqn 1):

Fz[l—ngXIOU (1)
E()
where F is fixation yield
g is the extinction coefficient of residual dye
liquor
£, is the extinction coefficient of original dye
solution.

RESULTS AND DISCUSSION

Catalytic effect of DABCO

In preliminary studies of the catalytic mechanism of
amines, it was found that the reactions shown in Scheme
1 were involved, D representing the chromophoric resi-
dues of monochlorotriazine dye and NRjrepresenting the
tertiary amine. In this complex reaction system, the high-
ly reactive species B is produced by quaternisation (1),
and reaction 2 reflects the facile ability of this species to
react with cellulose.
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Scheme 1

As Dawson showed in his careful investigation [5],
both quaternisation and the reaction of the quaternary
salt with hydroxide ion follow first-order kinetics, the
reaction rate varying at different pH values and with
differentamines, so that the actual resultis a combination
of a number of factors. The most efficient catalysts, in-
cluding DABCO, were also examined under low-temper-
ature conditions and in the presence of strong alkali [5].

Using the monochlorotriazine reactive dye 1 (Figure
1), we also studied the catalytic effect of DABCO, but in
our investigations the reactions were carried out at high
temperature in a neutral medium. The relative concen-
trations of the three species, i.e. original dye 1, quater-
nised dye 1 and the hydrolysed dye, were determined by
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Figure 1 Structure of dye 1
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h.p.l.c. at various stages of the reaction under different
conditions (temperature and amount of tertiary amine
used). The results obtained are shown graphically in
Figure 2.

It was found that the quaternisation of DABCO with
dye 1 was fast, although DABCO exists largely in the
form shown in Figure 3 at pH 7.0 due to its high basicity;
the reaction takes about 10 min to reach completion.
Reaction 3in Scheme 1 could be ignored, so the reactions
can be simplified as shown in Scheme 2. Under the
experimental conditions used reaction 1 was so fast that
ky could not be determined. In the buffer medium reac-
tion 2 is pseudo-first-order with respect to the dye qua-
ternary salt (Eqn 2):

d[Cl/di = =k [C] {2)

where [C] represents the concentration of the quater-
nised dyes at any time t. The hydrolysis constant k, of
quaternised dye 1 could be calculated from the concen-
tration of the dyes measured by h.p.l.c. (Table 1).

In the presence of the varying amounts of DABCO at
the same temperature, the results indicated that the rate
of hydrolysis of quaternised dye 1 was constant within
experimental error, i.e. the amount of amine catalyst
present did not alter the reactivity of the quaternised
dyes, but did influence the rate of quaternisation. When
the amount of DABCO was reduced, the rate of quaterni-
sation decreased while the rate of hydrolysis remained
constant. The highly reactive quaternised dyes can thus
be readily formed in the presence of DABCO.

Catalytic effect of nicotinic acid

We had previously studied the catalytic etfect of nicotinic
acid in homogeneous conditions at high temperature
(130°C) in a neutral medium [4]. Measurements of the
reaction between dye 1 and nicotinic acid at 90°C in the
present work is shown in Figure 4. It was found that
factors such as reaction temperature, dye/amine molar
ratio and pH affect the quaternisation and hydrolysis
reactions. Although the quaternised dyes were reactive,
they were not reactive enough for practical dyeing. In
other words, nicotinic acid is not effective as a catalyst
under these experimental conditions.

Comparison of the two catalysts
As discussed previously, in the selection of a tertiary
amine catalyst, two main aspects of the catalytic mecha-
nism must be considered. One is the rate of the formation
of the quaternised reactive species, which determines
how effectively the highly reactive dyes are produced,
and the other is the reaction of the quaternised dyes to
liberate the tertiary amines, which determines the reac-
tivity of the quaternised dyes.

The quaternisation of the two tertiary amines with dye
1 were compared. It was found that the quaternisation of
DABCO is faster than that of nicotinic acid under the
experimental conditions adopted. Table 2 shows the
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Figure 2 Reaction of dye 1 with DABCO at high temperature and various molar ratios (pH 7)

Figure 3 Form of DABCO during quaternisation of dye 1
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Table 1 Kinetic constants of the reaction between dye 1 and
DABCO (k x 1073 min™")

Temperature Dye/amine  k, ky

(°C) molar ratio  {min~' x 1073}  {min~' x 1079)
130 1:3 40.32

130 1:1 4519

115 13 11.12

115 11 8.75

100 1:3 3.09

100 1:1 8.335 4.86

hydrolysis constants of the two quaternised dyes at var-
ious temperatures. Results confirmed that the reactivities
of these dyes are similar.

The properties of DABCO, as have been shown, differ
from the properties of nicotinic acid; the quaternisation
of DABCO and the hydrolysis reaction of its derived
quaternary product were both fast. Itis clear that DABCO
satisfies the two requirements for selecting an amine
catalyst. Nicotinic acid in this case is unsuitable as a
catalyst because the rate of quaternisation is too slow,
whatever the rate of hydrolysis of its quaternised species.
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Figure 4 Reaction of dye 1 with nicotinic acid at 90°C {dye/amine
molar ratio 1:3)

Practical applications

Dyeing experiments were carried out using CI Reactive
Red 120 (Figure 5) with the amine catalysts at 130°C in the
neutral medium; the fixation curves obtained are shown
in Figure 6. As the resuits indicate, the fixation of CI
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Table 2 Compariscn of reactivities of the
dyes quaternised with DABCO and with
nicotinic acid (pH 7}

Temperature DABCO k; Nicotinic acid k,

(°C) (min~' x 1073) (min™ x 1073)
130 40.32 46.56
115 1112 8.52
100 3.09 3.23

_ L T
/A @/
S0;Na ~
HO NHJ\N/L
N=N
NaQ,S ‘ ‘ SO,;Na
L _ 2
L=Cl Cl Reactive Red 120
= COOCH
L= |

S Kayacelon React Red CN-3B

+

Figure 5 Structure of Cl Reactive Reds 120 and 221

Reactive Red 120 was greatly increased by the use of
DABCO. The more DABCO used, the higher the yield
obtained. The maximum catalytic fixation was obtained
at pH 8. On the other hand nicotinic acid showed no
appreciable catalytic effect under these experimental
conditions, confirming the results obtained from the
kinetic studies.

Fixation experiments were also carried out with Kay-
acelon React Red CN-3B (CI Reactive Red 221) (Figure 5)
and the results obtained were almost the same as those
obtained with CI Reactive Red 120. This confirms that the
highly reactive quaternised dyes formed in the dyeing
processes played an important role in the fixation of
monochlorotriazine dyes on cellulose.

CONCLUSION

Investigations of the reaction kinetics of monochlorotri-
azine dyes with DABCO and nicotinic acid as catalysts
showed that dyes of low basic reactivity could be made
sufficiently reactive to be used economically for dyeing
blended polyester/cotton textiles at high temperature
(130°C) in a neutral medium. The successful practical
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Figure 6 Fixation of Cl Reactive Red 120 on cellulose in the presence
of DABCO and nicotini¢c acid at various molar ratios and pH values
{temperature 130°C}

application of DABCO as a catalyst was illustrated in
obtaining high fixation yields with monochlorotriazine
dyes.

REFERENCES

W F Beech, Fibre reactive dyes (London: Logos Press, 1970) 132.
N Morimora and M Qjima, Amer Dyestuff Rep., 74 (2) (1985) 28.
Jia Xiaojin and Gao Kunyu, J. Dalian Inst. Technol., 27 (June 1988).
Liu Dongzhi et al., |. Dalian Inst. Technol., 27 (June 1988) 49,

T L Dawson, [.5.D.C., 80 (1964} 134.

ISl .

322 JSDC VoruMme 107 SepTEmMBER 1991



