Dyeing of cationised cotton with acid dyes
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The production of cationised cotton fabrics, via Sandene 8425, 1,1 -dimethyl-3-hydroxy azetidinium
chloride and 1,1-diethyl-3-hydroxy azetidinium chloride, greatly enhances the exhaustion and fixation
of acid dyes. This paper shows that these dyes can be used in the absence of salt in a neutral
medium. Wash fastness, light fastness and other properties were studied.

INTRODUCTION

Producing cotton fabrics with improved dyeing properties
has been studied by many authors [1,2]. Cationic cotton,
which has been chemically modified with Glytac A
(Protex) [3-6] and/or epichlorohydrin derivatives con-
taining quaternary groups [7,8], has been thoroughly
investigated. Also mono- and bis-reactive halogeno
heterocyclic compounds containing one or two quatern-
ary groups likewise are effective for producing cationic
cottons [9,11]. Most acid dyes are known to have very little
affinity for cotton. However, cationised cotton can be dyed
readily with acid dyes. The sulphonic acid groups present
in the dye molecules can interact with the cationic groups
in the modified cellulose.

The aim of this study was to dye cationised cotton with
conventional acid dyes. The different factors affecting
dyeability and fastness properties were thoroughly
investigated.

EXPERIMENTAL

Materials

Cotton fabric, mill-scoured and bleached (130 g/mz), was
kindly supplied by the Misr Helwan Company for
Spinning and Weaving, Helwan, Egypt. The fabric was
first treated with a solution containing 3 g/l soap and 5 g/1
sodium carbonate for 4 h at the boil, then thoroughly
washed and air dried. 1,1-Dimethyl-3-hydroxyazetidin-
ium chloride (DMA-AC) and 1,1-diethyl-3-hydroxy-
azetidinium chloride (DEA-AC) were prepared by a
method described previously [12]. The cationic polymer,
Sandene 8425 liquid (S), was of technical grade.

Dyestuffs
Acid dyes were used. All the dyes were of a commercial
grade and are listed in Table 1.

Preparation of chemically modified cellulose

Modified celluloses (labelled I-1II in Table 2) were
prepared using Sandene 8425, DMA-AC and DEA-AC
according to a method described in the literature [12].

Dyeing procedure

Samples of modified and unmodified fabrics were dyed
with dyes 1-6 for 60 min at 100 °C [13]. The dyed fabrics
were then soaped for 30 min at 90 °C using 3 g/l Hostapal
CV-ET (Hoechst) and portions of the soaped fabrics
treated with 50% DMEF for 15 min at 90 °C.

Nitrogen content

The percentage nitrogen content was determined by the
Cole and Parks modification of the semi-micro Kjeldahl
method [14].

Colour strength

The reflectance of the washed dyeings, before and after
extraction with 50% DME was measured using a Perkin-
Elmer Lambda 3B UV/Vis spectrophotometer. Relative
colour strengths (K/S values) were determined using the
Kubelka-Munk equation [15].

Fastness properties

The washing, rubbing, perspiration and light fastness
properties were evaluated according to standard methods
[16].

RESULTS AND DISCUSSION

Effect of dyestuff concentration

Unmodified cotton (A) and cotton modified with Sandene
(I), DMA-AC (II) and DEA-AC (III), with nitrogen contents
of zero, 0.39%, 0.47% and 0.27%, were dyed with dye 1 (1-
5% owf). From Figure 1 it can be observed that the colour
strength increased with dye concentration applied to the
modified cotton samples, whereas in the case of
unmodified cotton the colour strength was very low,
because acid dyes have very low affinity for cellulose.

In the case of modified cotton, the colour strength after
washing and treatment with DMF and nitrogen content
decreased in the order: Il > I > III. This behaviour is
attributed to the forces of attraction between cationic sites
in the modified cotton and anionic sulphonic acid groups
presentin the structure of dyestuff, which make the dye
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Table 1 Commercial acid dyes used

Commercial Sulphonic Nucleophilic
Dye name Cl Acid acid groups  group
1 Acid Fast Red RN (Pol) Red 73 2 OH
2 Acid Orange il (Pol) Orange 7 1 OH
3 Metanil Yellow (Pol) Yellow 36 1 NH
4 Palatine Fast Green BLN (BASF) Green 12 1 OH, NH,
5 Palatine Fast Red GREN (BASF)  Red 183 2 2 (OH)
6 Palatine Fast Red BEN {BASF}) Red 214 1 3 (OH)
Table 2 Properties of dyes 1-6 (3% dyeings) using no saltatpH 7
Fastness properties® Perspiration
K/S
Rubbing Washing Acid Alkali
After After
Dye Treatment wash DMF Dry Wet A c w Light A C w A C w
1 | 3.62 0.95 4-5 4 4 4 34 4 2-3 3 2 2-3 4 3
] 9.34 4.02 4 34 2-3 2 2 6 2 3 4-5 2-3 34 4
I 1.04 0.39 45 4 23 4 3-4 56 3 4 4-5 2 4 4-5
2 I 2.51 0.50 45 4-5 2-3 2 2-3 2-38 4 34 2-3 3-4 4-5 4-5
Il 6.18 0.98 4 34 2 2-3 23 6 3 3 2 2 3-4 34
il 1.05 0.35 45 45 2 4-5 45 3 2 34 4-5 2 4-5 4-5
3 I 1.23 0.35 4-5 4-5 2 34 2 5 3 34 3 3 2 2
] 3.25 0.37 4 4 2 4 3 4-5 4 34 3 4 34 3-4
1] 0.64 0.21 4-5 4-5 3 34 45 4 3 4-5 4-5 3 4 4
4 | 3.87 2.03 4-5 45 2 34 2 5 3 34 3 3 2 2
] 7.14 4.76 4 3 4 4 3 5 4 4 3-4 4 3 3
m 1.85 0.41 4 4 2 4 3 6 3 3 3 3 34 34
5 | 2.72 2.66 4 34 34 2-3 2-3 6 3 34 4 3 4 4
] 12.14 588 4 34 4 45 4 6 3 34 4 3 4-5 4-5
[} 2.51 0.43 4-5 4-5 3 4-5 45 6 2-3 34 3 2-3 4-5 4-5
6 I 4.63 3.20 4 2-3 2 4 2-3 6 3 4-5 4-5 3 4-5 4-5
Il 1251 755 4 34 34 34 34 6 34 3 3 4 4 4
11l 3.25 0.68 45 45 2 2 3 6 34 34 4 3 4-5 4-5

a A—change in colour, C — staining on cotton, W — staining on wool
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more resistant to extraction with this reagent. The higher
the concentration of dye, the more molecules are available
to aggregate in the dye solution, which leads to greater
colour strength.

Effect of salt concentration

Figure 2 shows the effect of concentration of Glauber’s salt
on colour strength. In the case of unmodified cotton,
increasing the concentration of salt in the range 0-20 g/
led to a slight increase in colour strength. By contrast, for
the case of cellulose modified with compounds [, Tand II,
increasing the amount of salt led to a decrease in colour
strength. That was because the divalent sulphate anions
compete with the dye anions for the cationic sites in the
treated cotton in an analogous manner to the effect of
sulphate anions on the uptake of acid dyes by wool. It is
therefore possible to avoid using salt in the dyebath which
causes problems in waste water treatments. Electrostatic
attraction between the cationic sites in modified cellulose
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Figure 2 Effect of salt concentration on the K/S value using 3% dye 1
and 1% acetic acid

and the anionic dye molecules was favoured in the
absence of salt, confirming the results of previous work
[17].

Effect of pH values

Figure 3 shows that the pH value of the bath had no effect
on both unmodified and modified cotton.

T
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Figure 3 Effect of pH on the K/S value using 3% dye 1 and no salt

Effect of temperature

Figure 4 shows a progressive increase in colour strength of
the modified cotton with dyeing temperature over the
range 60-100 °C. It is therefore advisable to carry out the
dyeing of the modified cotton fabrics at 100 °C. Increasing
the temperature allows for the swelling of the amorphous
region in the cellulose, which leads to a higher colour

strength.

Effect of dyeing time

From Figure 5 it can be observed that a dyeing time of 60
min was necessary to achieve maximum colour strength
in all cases.

Effect of dyestuff structure
For the different dyes listed in Table 2, it is seen that the

colour strength decreasesin the order: 6 >5>4>1>2 >
3.

Data for the untreated fabric are not given since there is
little affinity between the dye and cellulose. Nevertheless,
as previously mentioned, the dyestuff structure and the
modified cellulose structure play a considerable role in the
electrostatic attraction between the two,

For dyes 1-3, the hydrogen bonding between
nucleophilic groups in the dye molecule and hydroxy
groups in cellulose reinforce the electrostatic attraction
between the anionic dye and the cationic sites. Hence, dye
1 with two sulpho groups and a hydroxy group shows a
markedly higher colour strength than dyes 2 and 3. The
latter dyes have only one sulpho group but differ in the
nature of the nucleophilic group present. The hydroxy
group in dye 2 provides a more effective reinforcement
than the NH group in dye 3.

Dyes 4~6 are all 1:1 chromium complex dyes and the
nucleophilic groups present take part in coordination with
the metal atom. The hydroxy groups in the modified
cotton are also able to participate in coordination with the
metal atoms in anionic dye molecules associated with the
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Figure 4 Effect of temperature on the K/S value using 3% dye 1 and
nosaltatpH 7
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Figure 5 Effect of dyeing time on the K/S value using 3% dye 1 and
no saftatpH 7
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cationic sites. This mordanting effect reinforces the
electrostatic attraction more effectively than the hydrogen
bonding mechanism described above.

Some fastness properties of dyed modified fabrics with
compounds I, I and III are given in Table 2, the results
ranging from moderate to very good.

CONCLUSION

Cellulose cationised with Sandene, 1,1-dimethyl-3-
hydroxyazetidinium chloride and 1,1-diethyl-3-hydroxy-
azetidinium chloride was dyed with acid dyes that
otherwise have little substantivity towards cellulose. Good
colour yields have been obtained without the use of salt.
Good colour strength was also obtained for modified
cellulose in neutral media, offering potential for an
environmentally friendly dyeing operation.
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LETTER

The dyeing of cationised cotton with acid dyes

From David Lewis

[ would like to comment on the paper by Kamel et al. in
the March issue of the Journal [1]. The paper covers the
dyeing of cationised cotton with acid dyes and, whilst
being of general value, misleads the reader.

The biggest problem is the description of the methods
used for the pretreatments with Sandene, DMA-AC and
DEA-AC. The authors wrongly refer to a paper by
Gaertner [2]. Gaertner only described the preparation of
1,1-diethyl-3-hydroxyazetidinium chloride (DEAAC) and
he did not apply it to cotton. Neither Gaertner did
synthesise 1,1-dimethylazetidinium chloride (DMA-AC),
nor did he apply it to cotton cellulose. DMA-AC was in fact
synthesised by Lewis and Lei and applied to cotton [3,4].
This latter study reported on the optimum conditions for
application of DMA-AC, but not on DEA-AC. In this study
application was from a pad liquor containing 40 g/l DMA-
AC and 4 g/l sodium hydroxide. The cotton fabric was
padded to 80% wet pick-up, dried at 100 °C and baked for

1 min at 200 °C. There was no description of the
application of DEA-AC or Sandene in these papers.
However, Lei in his PhD thesis did prepare and apply
DEA-AC in the above manner but found its effect on
improving the dyeability of cotton to be small [5].
Courtaulds and Sandoz have described a pretreatment
method for Sandene 8425 [6], and one wonders if this was
the method employed by the authors.
DMLEWIS
Dept of Colour Chemistry, University of Leeds, UK
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