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New methods for improving the dyeability of cellulose
fibres with reactive dyes*
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Celiulose fibres may be dyed with reactive dyes in the absence of added electrolyte under neutral to
slightly acidic conditions provided the fibre is modified to include cationic sites. The effect of amine
substitution has been examined in detail using the activated substrate prepared by the reaction of cotton
with N-methylolacrylamide. Dyes containing pendant aliphatic amino groups were also prepared and
their reactivity towards the pre-activated cotton substrate assessed.

INTRODUCTION

Reactive dyes are becoming increasingly popular for dyeing
cellulosic fibres because of their wide shade range, ease of
application and excellent wet fastness properties [1]. How-
ever, all current cellulose dyeing systems, including those
featuring reactive dyes, pose certain environmental prob-
lems, which include the necessity to dye in the presence of
a high concentration of electrolyte, discharge of coloured
effluents and the presence of organohalogen residues.
Therefore improvements have been sought in developing
reactive dye systems of increased substantivity to diminish or
eliminate the amount of electrolyte required [2] and in
increasing the efficiency of the dye-fibre covalent bonding
reaction, ideally to approach 100%.

Lewis et al. [2-4] have considered a number of different
fibre pretreatments that allow reactive dyeing to be per-
formed under neutral to slightly acidic conditions in the
absence of electrolyte. All of these pretreatments introduced
cationic agents in the form of quaternary, tertiary or secondary
amino residues. One of the most convenient pretreatments
was to apply a reactive polyamide—epichlorohydrin resin to
the cellulosic fabrics by a pad-dry procedure [2,4]. Selected
highly reactive dyes gave good colour yields and fixation
simply by applying them from a bath set at pH 5 and raising
the dyebath temperature to the boil. Unfortunately ring
dyeing of the fibres and yarns was clearly evident and as a
result light fastness was reduced by 1-2 points.

The problem of ring dyeing and low light fastness was
resolved by using low molecular weight species to pretreat
the cotton by a pad-Thermosol fixation technique [2,3].
Good results were achieved using NN-dimethylazetidinium
chloride (DMAC) and glycidyltrimethyl ammonium chloride
(Glytac A (Protex)}). These reagents react with cotton accord-
ing to Scheme 1. Both of these modified celluloses have
excellent substantivity for reactive dyes from a bath set at pH
7 in the absence of electrolyte: equally importantly they

*This paper is based on a lecture given at the conference of the
International Federation of Associations of Textile Chemists and
Colourists (IFATCC), Lucerne, Switzerland, June 1990.
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require shorter washing-off procedures to remove unfixed
dye because of the high level of fixation achieved.

The reason for the high fixation values achieved on the
above madified substrates under such mild conditions is
worthy of further thought. It is likely that the secondary
hydroxy group, in the 2-position of the propane side chain,
is ionised at a much lower pH value than are the cellulose
hydroxyl groups and is thus highly nucleophilic even at pH
7. The species shown in Figure 1 could be responsible for the
high neutral reactivity.
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Figure 1 —Possible species responsible for high neutral reactivity
in dyeing modified cellulose with reactive dye



To investigate systematically the effect of attaching a
variety of amines to the cellulose fibre by a simple pretreat-
ment it was decided to modify the cotton with N-methylol-
acrylamide (NMA). This reagent is a versatile, commercially
available cross-linking agent formerly employed in the Visa
process for producing durable-press cellulosic fabrics [6,7].
Cotton will react with NMA in the presence of a Lewis acid
catalyst according to Scheme 2. Using the pendant double
bond as a site for Michael addition, a number of modified
celluloses could, in principle, be readily prepared. This
paper thus considers the preparation and reactive dyeing
properties of the cellulose derivatives shown in Figure 2.
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Figure 2 - Cellulose derivatives examined in the present study

Modified cellulose I may be looked on as ‘reactive’
cellulose and should prove a useful means of fixing dyes with
pendant nucleophilic residues. Such nucieophilic dyes have
been explored previously in the Basazol system developed
by BASF. We have therefore prepared dyes of high nucleo-
philicity by the simple expedient of reacting existing reactive
dyes with ethylenediamine. These dyes offer great advan-
tages in the rapid dyeing of modified cellulose 1, due to their
complete resistance to hydrolysis and to the high efficiency
of the dye-activated fibre reaction.

EXPERIMENTAL

Materials

Bleached and unmercerised cotton fabric was used through-
out the work. All dyes and auxiliaries used were of commer-
cial grade. The main dye used in the study was Procion Red
MX-G (ICI, Cl Reactive Red 5).

N-methylolacrylamide (Allied Colloids) was supplied as a
45% aqueous solution. Ammonia (sp. gr. 0.880). 25-30%
aqueous methylamine. 40% aqueous dimethylamine and
25-30% aqueous trimethylamine were of laboratory-
reagent grade. Thiourea, ethanolamine and ethylenediamine
were analytical-grade materials.

N-methylolacrylamide-treated cotton (NMA cotton)
Cotton fabric was immersed in a solution containing 110
a/I N-methylolacrylamide (45% aq. solution) and 10 g/] zinc
chloride and padded to 80%) pick-up. The wet fabric was pre-
dried for 2 minat 100°C and then baked for 5 min at 150°C.
rinsed thoroughly in tap water and air dried.

Amination of NMA cotton

The NMA cotton was further treated in an aqueous solution
containing 10 g/1 sodium dihydrogen phosphate and V
ml/1 amine (Table 1); the treatment was carried out at the
boil for 60 min in 120 ml sealed stainless steel dye pots.
housed on a Rotadyer (John Jeffreys) laboratory dyeing
machine at a liquor ratio of 20:1. The samples were then
rinsed thoroughly in tap water and air dried.

Pad-batch treatment was used as an alternative method
of amination in the case of ethanolamine: a pad liquor con-
taining 50 ml/1 ethanolamine was used. the fabric was pad-
ded to 80% wet pick-up and the sample batched for 24 h at
room temperature. Thorough rinsing completed the pro-
cess.

TABLE 1

Conditions for amination of NMA cotton

Amine Viml/l)
Ammonia (sp. gr. 0.880) 30
Methylamine {25-30%) 20
Dimethylamine (404%) 18
Trimethylamine{25-30%) 20
Ethanolamine(99") 2.5

Synthesis of alkylamino dyes

A 50 ml portion of an aqueous solution of ethylenediamine
{50% by vol ) was stirred and heated to the boilon a magnetic
stirrer/heater unit; Procion Red H-8BN (ICI, Cl Reactive
Red 58) (50 ml of 5% aqueous dye solution) was added
dropwise over 15 min. The mixture was then stirred and
refluxed for another 2 h. The product was salted out. filtered
and dried at 60°C. This reaction may be written as shown in
Scheme 3.

Identification of alkylamino dye

The purity of the aliphatic amino dye was checked by h.p.l.c.
on a Perkin-Elmer Series 10 liquid chromatograph using a
Hypersil C8 column. The mobile phase used in this analysis
was a water/methanol mixture (50/50 by vol.) which also
contained 0.001 mol tetrabutylammonium bromide as an
ion-pairing reagent, 0.5 ml/1 acetic acid (20% by wt}and 0.5
ml/l potassium hydroxide (5% by wt).
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Fourier transform i.r. analyses of the reactive dye and the
alkylamino dye were carried out using a Perkin-Elmer 1740
f.t.i.r. spectrometer. l.x. spectra of the dyes were obtained
by mixing a 1 mg dye sample in 200 mg potassium bromide,
forming into a disc in the normal way and then scanning in
the spectrometer.

Dveing of untreated and treated cotton

All dyeings of aminised cotton were carried out in 100 ml
sealed stainless steel dye pots housed in a Rotadyer machine
at a liquor ratio of 20:1. The dyebath was set at pH 5 in the
absence of electrolyte. Dyeing was started at 50°C, the
temperature raised to the boil over 25 min (2 degC/min) and
dyeing continued at the boil for a further 60 min. For
comparison, untreated cotton was dyed using the manufac-
turer’s recommended method in the presence of 80 g/l
sodium chloride.

The dyed samples were then rinsed thoroughly in tap
water and cut into two equal portions. One of these was
soaped in a solution containing 5 g/1 Sandozin NIE (S) and
2 g/1 sodium carbonate for 15 min at the boil at a liquor ratio
of 50:1.

Measurement of dye fixation

Measurement of the extent of reactive dye fixation on both
treated and untreated cotton was carried out by stripping any
unfixed dye from the dyed material using a 25% aqueous
pyridine solution (100°C, liquor ratio 10:1). This stripping
treatment was carried out repeatedly with fresh agueous
pyridine solutions until no further dye was removed. The
Kubelka-Munk (K/S) values of the stripped and dyed sam-
ples were then measured using an [CS Micromatch colour
measurement system from which the percentage fixation of
dye (F) was calculated using Eqn 1:

F =
Cy

- 100 (1)

where C, and C; are the K/S values of dyed samples before
and after stripping respectively.

Infra-red analysis

Lr. analysis of both treated and untreated cotton was carried
out using the Perkin-Elmer 1740 spectrometer using the
diffuse reflectance accessory; this device collects reflected
radiation that has penetrated the fabric at the same time
ignoring specular or non-absorbed radiation. Using the
computing power of the instrument it is possible to store and
subsequently subtract spectra, thus giving accurate informa-
tion as to the state of chemical modification of the cotton.

104 JSDC Volume 107 March 1991

Textile testing

The dyeings obtained were tested according to British
Standard procedures. Specific tests used were: BS C04
(1978), colour fastness to washing, and BS B02 (1978),
colour fastness to light (xenon arc, continuous light).

RESULTS AND DISCUSSION

Infra-red study of treated and untreated cotton
fabrics

Figure 3 shows the f.t.i.r. spectrum of NMA cotton from
which the spectrum of untreated cotton has been subtracted.
The two strong absorbances at 1671 and 1543 cm!
indicate the presence of monosubstituted amide groups in
the substrate, while a medium absorbance at 1626 cm™! is
due to the presence of pendant double bonds from the
N-methylolacrylamide reaction. Thus following pretreat-
ment with NMA, the cellulosic fibre is modified as shown in
Figure 4.
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Figure 3—F.t.i.r. spectrum obtained by subtracting spectrum of
cotton from that of N-methylolacrylamide treated cotton (NMA
cotton)
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Figure 4 — Modification of cellulosic fibre following NMA
treatment

Figures 5-8 show the spectra of the substrates obtained
by amination of NMA cotton with ammonia, methylamine,
dimethylamine and ethanolamine (batchwise and semi-con-
tinuous application) respectively. The disappearance of the
absorbance at 1626 cm™! indicates that the amines readily
add to the double bond. A similar spectrum for trimethyl-
amine was obtained, indicating that the expected modifica-
tion had occurred.

Dyeing properties of different aminised cotton
fabrics

Table 2 shows the colour yield and fixation values of reactive
dyeings on different aminised substrates. It can be seen that
introduction of primary and secondary amino groups by
treating NMA cotton with ammonia, methylamine and
ethanolamine gives rise to dyeings with good colour yield




130.0

121.01

112.0

103.0

Transmittance, %

94.0

It

2400 1600
Wavenumber, cm~’

85.0 : ' 1
4000 3200 1200 800 400

Figure 5 —F.t.i.r. spectrum obtained by subtracting spectrum of
cotton from that of NMA/ammonia-treated cotton
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Figure 6 —F.t.i.r. spectrum obtained by subtracting spectrum of
cotton from that of NMA/methylamine-treated cotton
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Figure 7 —F.t.i.r. spectrum obtained by subtracting spectrum of
cotton from that of NMA/imethylamine-treated cotton
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Figure 8—F.t.i.r. spectrum obiained by subtracting spectrum of
cotton from that of NMA/ethanoiamine (pad-batch) treated
cotton

TABLE 2

Colour yield and fixation of CI Reactive Red 5 (2%
o.w.f.) on different substrates

Colour yield

Substrate Before soaping  After soaping F (%)

II fammmeonia) 13.77 13.64 99
1l {methylamine) 14.64 14.45 99
IV (dimethylamine) 15.60 1.94 12
V {trimethylamine) 10.32 8.93 87
VI (ethanolamine) 12.61 11.52 91
Untreated {conventional

dyeing) (4% o.w.f. dye) 14.31 14.10 98

and high fixation values. This is clearly due to the introduction
of primary and secondary amino groups, which improve
both the substantivity of the dye for the substrate and the
reactivity of the substrate.

It was also found that the presence of tertiary amino
groups in the substrate improved dye exhaustion but did not
improve dye fixation under weakly acidic conditions. Under
these conditions a significant number of tertiary amine sites
are protonated, thus offering a cationic site for the anionic
dye and explaining the observed high substantivity
Tertiary amino groups would react with the dyes to form the
derivative shown in Figure 9. Since the onium group is

C
i

0 N+H3 Clr—C
Cell—0~CH,—NH—C—CH,—CH,— —<]:
e 2 2 2 | NH"—"—@

CHa

Figure 9 — Derivative formed by reaction of tertiary amino
groups with reactive dye
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strongly electron withdrawing, and also a very good leaving
group, its elimination occurs readily during alkaline soaping.
This accounts for the low fixation values observed on
substrate IV (Scheme 4).
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Table 2 also shows that under weakly acidic conditions
the colour vield and fixation of dyeings on the substrate
containing the fully quaternised amino groups are fairly
good. This was attributed to the easier deprotonation of
cellulose hydroxy groups in the vicinity of the cationic
groups and to the increased substantivity of the anionic dye
for the cationic site.

Comparing the results for dyeing the pretreated cotton
with those from the conventional dyeing of untreated cot-
ton, it can be seen that in some cases the colour strength of
dyeings obtained on the former is significantly greater
(>100%) than on the dyeings on untreated cotton, indicating
that large savings in dye consumption may be made.

Table 2 demonstrates that the best results were obtained
by using ammonia, ethanolamine and methylamine as the
reactive amines. For practical purposes, the first two will
probably be the more important. Ammonia may be applied
by a batchwise method and is cheap and practically acceptable
especially at lower concentrations. Table 3 shows that the
ammonia concentration can be reduced from 30 to 10
ml/! without affecting colour vield and fixation. The latter
concentration could be used under mill conditions.

TABLE 3

Effect of ammonia concentration on colour vield and
fixation of CI Reactive Red 5 (2% o.w.f.)

Colour vield
Concn
(mi/1) Before soaping After soaping F (%)
10 13.72 13.34 97
30 13.77 13.64 99

It is convenient to carry out the pretreatment by a pad—
dry-bake procedure followed by pad-batch amination, rather
than by pad-dry-bake followed by batchwise amine treat-
ment. In the former procedure ammonia cannot be used at
the higher concentrations required. Ethanolamine is a safe
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compound and has no smell even at high concentration.
Table 4 shows the results obtained when ethanolamine is
used in the different pretreatment procedures; pad-batch
application gives the best results.

TABLE 4

Colour yield and fixation of CI Reactive Red 5 (2%
o.w.f.) on NMA/ethanolamine-treated cotton

Colour yield
Amine -
application
procedure Before soaping  After soaping F (%)

12.61
18.54

11.52 91
16.81 91

Batchwise (2.5 mi/l)
Pad-batch {50 ml/1)

Conditions for dyeing aminised cotton with
reactive dyes

Table 5 shows that adding electrolyte to the dyebath has no
effect on the dyeability of the NMA/amine-treated cotton
with reactive dyes, indicating that the NMA /aminised cotton
behaves much more like wool when dyeing with anionic
reactive dyes.

The effect of dyebath pH on the dyeability of amino-
containing substrates is shown in Table 6. In this study the
substrate used was NMA/ethanolamine-treated cotton ob-
tained via a pad-batch procedure. The results show that

TABLE 5

Colour vield and fixation of CI Reactive Red 5 (2%
o.w.f.) on NMA/ammonia-treated cotton

Colour yield
Salt )
added (g/1) Before soaping After soaping  F (%)
0 13.77 13.64 99
20 13.30 13.18 99
TABLE 6

Colour yield and fixation of CI Reactive Red 5 (2%
o.w.f.) on NMA/ethanolamine-treated cotton

Colour yield
pH BRefore soaping After soaping  F (%)
5 17.26 16.81 97
6 16.94 16.67 98
7 14.99 14.35 96




colour yield decreases with increasing pH. This can be
explained by the increased protonation of the secondary
amino groups at the lower pH values. increasing the sub-
stantivity for anionic dyes.

Build-up of reactive dyes on NMA /amine-treated
cotton

Reactive dyes build up very well on the NMA/amine-treated
cotton (Tables 7 and 8}, indicating that the pretreatment
efficiently supplies sufficient reactive dye sites.

TABLE 7

Build-up of CI Reactive Red 5 on NMA/ammonia-
treated cotton

Colour yield

Dye used N

(% o.w.f.) Before soaping After soaping F{%)
1 11.22 10.36 92
2 16.08 15.14 94
4 18.10 17.32 96
6 18.58 17.88 96
9 19.17 19.10 99

TABLE 8

Build-up of CI Reactive Red 5 on NMA/ethanolamine
(pad-batch) treated cotton

Colour yield
Dye used
% o.w.f.} Before soaping After soaping F (%)
2 18.54 16.81 91
4 22.60 20.20 89
6 23.17 21.84 94
8 23.89 23.52 98
10 24.39 23.40 96

Quality of reactive dyeings on the NMA/amine-
treated cotton

The wash fastness of dyeings on this treated cotton was
excellent, change of shade and staining of adjacent fabrics
both being assessed as 5 in the C04 wash test. Physical
appearance and levelness was also very good. Light fastness
testing showed a small drop of up to one point compared
with conventional dyeing. Cross-sections examined by mi-
croscopy showed the dyeings obtained by this pretreatment
method were well penetrated.

Although the results outlined in this paper are based on
Cl Reactive Red 5, other reactive dyes commercially avail-
able for dyeing wool and cotton give promising effects on
this pretreated cotton.

Dyeing NMA cotton with aliphatic amino-
containing dyes

The work has been extended to study the dveing of NMA
cotton with alkylamino dyes. Conventional reactive dyes can
be hydrolysed during the dyeing process. which invariably
gives rise to a reduction in the efficiency of reaction with the
substrate. However, if alkylamino dyes are applied to the
NMA -pretreated substrate. the dye can never be hydrolysed
and yet is still able to produce a covalent bond between the
dye and fibre. This gives the possibility ol approaching
100% dye fixation.

Pretreatment of colton to introduce reactive groups such
as activated double bonds is clearly necessary when using
alkylamino dyes. The cost of producing a dye is much higher
than that of producing a low molecular weight reactive
compound for cotton pretreatment. Therefore if all the dye
applied is subsequently fixed to the substrate. not only can
total application cost be reduced. but environmental prob-
lems may also be avoided.

H.p.l.c. and f.t.i.r. analysis of dyes

The alkylamino dye was prepared by modifying Cl Reactive
Red 58 with ethylenediamine. The purity of the prepared
dye was assessed by the ion-pairing h.pl.c. technique
(Figure 10). The shorter retention time of the modified form
compared with that of the original form indicates that the
former is more basic than the latter. Figures 11 and 12 show
the f.t.i.r. spectra of both the alkylamine dye and its original
form. The strong increase in peak height at 1600 cm™!
confirms the introduction of amine groups by this reaction.

Dye application

The alkylamino dye was first applied by a pad-batch method.
The NMA cotton was impregnated in a dye liquor containing
20 g/l dye and 20 g/1 sodium carbonate and batched for 24
h; soaping and washing-off completed the process. Table 9
shows the results obtained both on NMA and untreated
cotton fabrics. The fixation of the dye on NMA cotton was
found to be very high whilst that on untreated cotton was
almost zero.

Application of the alkylamino dye by batchwise methods
has also been studied; Table 10 gives the results. It appears
to be necessary to dye the NMA cotton under alkaline
conditions with salt. The necessity for alkali in the dyebath
is due to the formation of a zwitterionic structure under
slightly acid or neutral pH conditions (Figure 13). Thus the
nucleophilicity of the amino group is reduced under acidic or
neutral conditions. Since there are no cationic sites in NMA
cotton. it was necessary to use electrolyte to exhaust the
dyebath at or above pH 10. At pH 8, however, the dye
exhaustion and fixation in the absence of salt were surprisingly
found to be quite good. We postulate that above pH 8 the
rapid increase in cellulosate anion concentration diminishes
exhaustion of the dye, thereby necessitating salt additions.

Build-up of aliphatic amino-containing dye on NMA
cotton

Figure 14 shows the build-up properties of both the alkylamino
dye on the NMA cotton {dyed at pH 10.5 with 80 g/l salt.
1 h at the boil) and the original unmodified dye on untreated
cotton applied by the conventional dyeing method. Com-
paring these two dyeing methods, it can be seen that much
higher fixation is achieved on the NMA cotton dyed with the
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Figure 10 -H.p.1.c. print-outs of Cl Reactive Red 58 (dye B), the
alkylamino dye (dve A) and their mixture (retention times: dye
A 2.0 min, dye B 5.1 min)

alkylamino dye. It may be expected that by using this new
method a relatively short duration wash-off would be re-
quired to remove unfixed dye, greatly reducing the cost of
this procedure.
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Figure 11 — F.t.i.r. spectrum of CI Reactive Red 58
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Figure 12 - F.t.i.r. spectrum of an alkylamino dye prepared
from CI Reactive Red 58
TABLE 9

Colour yield and fixation of an aliphatic amino-
containing dye on different substrates

Colour vield (1.6% shade) after

Substrate Dyeing Rinsing  Soaping F (%)
NMA cotton 12.25 11.71 11.556 94
Untreatedcotton 10.01 0.18 2

Dyeing quality

Washing fastness and light fastness of the dyeings obtained
when dyeing NMA cotton with the alkylamino dye were very
good. The dyeings were also found to be very level. Cross-
sections examined by microscopy showed that the dye was
well penetrated through the fibres.



TABLE 10

Colour yield and fixation of an aliphatic amino-
containing dye {2% o.w.f.) on NMA cotton

Colour yield

Sodium Before  After
pH Buffer  chloride {(g/]) soaping soaping F (%)
10.5 Na,CO, 80 13.72 1360 99
Na,CO, 0 9.57 931 97
16.0 Na,HPO,/NaOH 80 1591 1514 95
Na,HPO,/NaCH )] 7.12 6.37 89
8.0 NaH,PO,/NaOH 80 1557 1385 89
NaH,PO,/NaOH 0 1275 1143 90
50 NaH,PO, 80 8.72 460 53
NaH,PO, 0 4.59 237 52

H3N*~—-CH2—(|3H2
S0,” NH

([i))—NH—A—NHR

Figure 13 -Zuwitterionic structure formed under slightiy acid or
neutral conditions when dyeing with alkylamino dye

CONCLUSIONS

Cotton may readily be modified by pretreatment with N-
methylolacrylamide to introduce pendant activated double
bonds. These have been exploited in two ways to improve
the reactive dyeing of cotton.

Firstly, by introducing amino residues at these new sites
excellent dyeings with reactive dyes can be achieved at pH
5-7 in the absence of electrolyte, coupled with a very high
degree of fixation.

L L L
d 2 4 6 8

Dye applied, % o.w.f.

C| Reactive Red 58/before soaping
Cl Reactive Red 58/after soaping
Alkyiamino dye/betore soaping
Alkyiamino dye/after soaping

el

Figure 14 — Build-up of CI Reactive Red 58 on untreated cotton
and of an alkylamino dye on NMA cotton

Secondly, it is possible to dye the cellulose modified only
with N-methylolacrylamide with dyes containing pendant
aliphatic amino residues. In this case it is necessary to dye in
the presence of electrolyte under alkaline conditions but very
high cclour yields are obtained thanks to the elimination of
the hydrolytic side reactions normally associated with reac-
tive dyeing. Such amino-containing dyes can be readily
prepared from all commercial ranges of reactive dyes.

* * *
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REFERENCES

1. ND Stewart, Proc. conf. on reactive dyes (Leeds University, 1989).
2. DM Lewis and X P Lei. Text. Chem. Colorist, 21 (1989) 23.

3. SMBurkinshaw, X P Lei and D M Lewis, Proc. conf. on reactive dyes
(Leeds University, 1989).

SM Burkinshaw, X PLeiand DM Lewis, J.S.D.C., 105{1989)391.
X P Lei and D M Lewis, J.S.[0.C., 106 (1990) 352.

J L Gardon, J. App!l Polymer Sci., 5{1961) 734.

J L Gardon, J. Appl. Polymer Sci., Part A, 8 (1964) 2657.

No R




