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Improved dyeing properties of cotton crosslinked with polycarboxylic acids are produced by addition
of reactive nitrogenous additives, such as alkanolamines and hydroxyalkyl quaternary ammonium
salts, to the treatment formulation. Both N-methylolamides and polycarboxylic acids are effective for
crosslinking cotton and bonding reactive nitrogenous additives to the cellulosic substrate, but dyeing
characteristics of the finished fabrics are very different. In this study, the influence of the reactive
additives and dyebath pH on the colour yields of cotton crosslinked with polycarboxylic acids and then
dyed with anionic dyes were determined. Emphasis is on the dyeing properties of cotton finished with
1,2,3,4-butanetetracarboxylic acid or citric acid non-formaldehyde crosslinking agents, and
alkanolamine hydrochloride or hydroxyalkyl quaternary ammonium salt additives.

INTRODUCTION

Wrinkle-resistant, smooth-drying cotton garments are very
popular in the apparel market. Present methods for
producing these items employ the traditional sequence of
first dyeing the fabric and then finishing it either as piece
goods (pre-cure process) or after fabrication of the garment
(post-cure and garment dip processes). All the finishing
processes employ a cellulose crosslinking agent to stabilise
the fabric, to produce wrinkle resistance and to provide
creases in the fabric where desired that are durable to
washing.

There is interest, however, in the potential for a process
based on reversal of the traditional sequence: one based on
dyeing the fabric after the chemical finishing treatment.
This is an extension of the usual commercial quick-response
process used by the garment dyeing industry in which the
garments are dyed after the material has been fabricated
into the desired goods [1].

In the reverse process cotton fabric is first treated with
crosslinking agent, dried, fabricated into garment form,
heated and then dyed. The main problem with this basic
approach for garment dyeing applications is that the
chemically modified, crosslinked fabric is usually dye
resistant. That is why almost all garment dyeing is
conducted on uncrosslinked cotton fabrics by traditional
methods. However, a process for dyeing durable-press or
dimensionally stabilised garments would be desirable for
several reasons. Garment dyeing is ideal for quick-response
applications, results in less inventory expense and is
conducive to short dye lots with an extended colour line.

One of the ways to produce dyeable crosslinked cotton is
to use reactive additives, thereby producing a cationic
substrate with substantivity for anionic dyes. Methods for
producing cationic cottons, and their resulting dyeing
properties, have been reported by Harper and co-workers
[2-4]. The present report describes some of the research
conducted on processes for producing dyeable cationic
cottons.
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The most widely used crosslinking agents for imparting
resiliency to cellulose-containing substrates are methylol-
ated derivatives of cyclic ureas. These agents are very
reactive with cellulose at elevated temperatures, and
generally the treated cellulose has good resistance to acidic
and basic hydrolysis under practical conditions. A major
concern with their use is that they are formaldehyde-based,
even though improved manufacturing processes and
finishing methods have minimised formaldehyde release
from treated fabrics [5,6].

An important new class of crosslinking agents for
cellulose is the polycarboxylic acids [7,8]. The major advan-
tage of this class of compounds is that they are devoid of
formaldehyde. The probable mechanism for the reaction of
polycarboxylic acids with hydroxy groups is through an
anhydride intermediate with subsequent formation of an
ester linkage [9-11]. At least three carboxyl groups per
reactant molecule are required for crosslinking of cellulose.
Recently it has been demonstrated that polymerisable
chemicals with only two carboxyl groups are useful as
crosslinking agents also [12].

Generally cellulose is resistant to dye sorption after it has
been crosslinked, but when it is crosslinked with a
polycarboxylic acid it becomes dyeable with cationic or
basic dyes [13]. Although initial coloration is good, colour
fastness to washing is generally poor.

Cotton crosslinked in this way also becomes dyeable
with anionic dyes if certain reactive additives are
incorporated in the finishing process [14,15]. The general
quality of fabric performance is affected by the particular
crosslinking agent, catalyst, type and concentration of
additive, and curing conditions used. Imparting substan-
tivity for anionic dyes requires consideration of the nature
of the reactive additive and its subsequent chemical
interaction with the polycarboxylic acid. Furthermore, the
effect of pH on the interaction between the anionic dyes
and the various components of the finished substrates is an
important consideration. All of these factors ultimately




affect the dyeing properties of the smooth-drying,
crosslinked cellulosic materials. The purpose of this
laboratory research was to demonstrate how chemical
additives and dyeing conditions affect coloration of non-
formaldehyde, crosslinked polycarboxylic acid fabrics.

EXPERIMENTAL

Fabrics
The fabric was a desized, scoured, bleached and mercerised
100% cotton printcloth weighing approximately 120 g/m?.

Chemical agents and dyes
The crosslinking agents used were reagent grade 1,2,34-
butanetetracarboxylic acid (BTCA) and citric acid with
sodium hypophosphite monohydrate (NaH,PO,.H,0)
catalyst. Also used for comparison was dimethylol-
dihydroxyethyleneurea (DMDHEU} with a magnesium
chloride hexahydrate/citric acid (20:1 ratio) mixed catalyst
system.
Nitrogenous additives were:
(a) N-Methyldiethanolamine hydrochloride (MDEA.HCI)
{b} Triethanolamine hydrochloride (TEA.HCI)
(¢) (2-Hydroxyethyl)trimethylammonium chloride
(HETMAC) (also known as choline chloride)
(d) Bis(2-hydroxyethyl)dimethylammonium chloride
(BHEDMAC)
(e) Tetrakis(2-hydroxyethylJammonium chloride
(THEAC).

The poly(ethylene glycols) used were those with average
rm.m. of 400 and 600 {PEG 400 and PEG 600).

The dyes used were CI Acid Red 114, CI Direct Blue 80,
1 Direct Red 80, CI Direct Red 81, CI Reactive Blue 3 and CI
Reactive Blue 193. Modified dyeing procedures were used.
All the dyeings were conducted under acidic conditions,
and salt was not used in the dyebath with acid and reactive
dyes; too much salt can interfere with dye sorption. In cases
where direct dyes were used, 20% o.wAf. sodium chloride
was added to the dyebath. This was because direct dyes are
substantive to cellulose, and normal quantities of salt may
help with dye sorption on the substrate in areas where ionic
interaction does not occur.

Methods

Formulations were prepared by dissolving the chemical

agents in aqueous solutions to give the desired con-

centrations (percentage of solids based on solution weight).

Fabrics were treated by padding with the following

reagents to approximately 85-90% wet pick-up:

(a) Polycarboxylic acid crosslinking agent, 6-8%

{b) Sodium hypophosphite monohydrate, 6%

(¢) Amine hydrochloride or quaternary ammonium salt,
5.0-11.25%

(d) Poly(ethylene glycol), 0-10%

(e) Nonionic wetting agent, 0.1%.

The fabrics were dried for 4 min at 85°C and cured for 90—
180 s at 180°C. Fabrics finished with DMDHEU were
processed by treating with 6% DMDHEU, 1.8% mag-
nesium chloride hexahydrate/citric acid mixed catalyst (20:1
ratio) and 10% nitrogenous additive. These fabrics were
dried as above, but cured for 3 min at 160°C. All of these
fabrics were washed after finishing, but equally good results
after dyeing were attainable without pre-washing the
fabrics.

Fabric evaluation

Durable-press appearance ratings were determined
according to AATCC Test Method 124-1982 [16]. Colour
strengths (K/S values) were measured on a Milton Roy
Color Scan I spectrophotometer. These values are
computer calculated from reflectance data according to the
Kubelka-Munk equation (Eqn 1):

2
K/5=U=R7 (1)
2R

in which R is the reflectance of the dyed fabric at the
wavelength of maximum absorption [17]. Tests for colour
fastness to washing were conducted according to AATCC
Test Method 61-1989, Test 2A (Colour fastness to laundering,
home and commercial: accelerated).

RESULTS AND DISCUSSION

Influence of reactive additive on dyeing properties

The constitution or chemical nature of the reactive additive
used in finishing had a marked effect on dye sorption
properties of cotton crosslinked with polycarboxylic acid, as
shown in Table 1. The two amine additives used were the
hydrochloride salts of N-methyldiethanolamine and
triethanolamine. They were chosen instead of the free
amines to prevent partial neutralisation of the treatment
solution. Even though polycarboxylic acid treatment

Table 1 Influence of functionality of reactive additive on dyeability of
cotton treated with 6% crosslinking agent and 10% nitrogenous
additive

K/S values

DP N Ci Acid Ci Direct Cl Reactive
Treatment rating  {%) Red 114  Red 81 Blue 193
MDEA.HCI
+BTCA 3.0 0.39 269 16.8 13.6
+ citric acid 25 0.23 3.3 3.0 2.3
+ DMDHEU 35 1.04 29.0 30.7 33.7
TEA.HCI
+ BTCA 3.5 0.34 277 24.4 24.4
+ citric acid 3.0 032 285 16.4 10.4
+ DMDHEU 3.5 1.06 274 27.9 33.0
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solutions are very acidic, addition of free amine caused
some neutralisation, which resulted in less crosslinking of
the cellulose upon curing. Such potential neutralisation is
especially important with methylolamide type crosslinking
agents because of the metal salt catalyst systems that are
usually used. Even partial neutralisation of these catalysts
greatly reduces the efficiency of the methylolamide
crosslinking reaction with cellulose.

The influence of the reactive additive on smooth-drying
(DP rating) and dyeing properties of several crosslinked
cottons is shown in Table 1 also. The data reveal that while
both BTCA- and DMDHEU-finished fabrics had better
overall properties than fabrics treated with citric acid and
either additive, the dyeing properties of the DMDHEU-
finished cottons were the best. The reason for the better
performance of BTCA-finished cotton compared with the
citric acid-crosslinked material is seen by comparing
nitrogen contents of the cottons after washing. These were
higher for BTCA-crosslinked cottons containing either
additive. The BTCA crosslinking agent reacted more
effectively with hydroxy groups in cellulose and in the
additives than did citric acid. The nitrogen content of the
fabric finished with MDEA.HCI and BTCA was slightly
higher than that for the similarly treated sample containing
TEA.HCL. In contrast, the nitrogen content of fabric finished
with MDEA HCI and citric acid was substantially lower
than for the similarly treated fabric containing TEA.HCL.
This indicates that the dihydroxy additive MDEA was less
readily esterified by citric acid than the trihydroxy additive
TEA.

Additive functionality influences anionic dye sorpticn of
the crosslinked cottons. The only place for the relatively
large anionic dye molecule to be adsorbed by the
crosslinked substrate is at a cationic site. Crosslinked cotton
without additive has little or no substantivity for anionic
dyes, as has been well documented. The MDEA additive
contains only two hydroxy groups per nitrogen atom,
whereas TEA has three such groups. With either of the
polycarboxylic acid-treated cottons, the dyeing properties
were generally better for fabrics finished with TEA.HCI
than with MDEA.HCL

Especially with citric acid-treated fabrics, there was a
notable difference in dyeing properties of fabric containing
the bifunctional MDEA HCl additive and the trifunctional
TEAHCI. There was almost no dye sorption by the fabric
samples finished with MDEA.HCI and citric acid, whereas
colour strength was reasonably good with the similarly
finished fabric containing TEA.HCL This was associated
with a lower nitrogen content for the fabric containing the
bifunctional additive. The reason for the lower performance
of fabrics finished with citric acid and the bifunctional
additive appeared to be the generally lower reactivity of the
citric acid crosslinking system. By using an additive with
additional hydroxy substitution, more effective competition
with the cellulosic hydroxy groups occurred. Similar results
can be expected on cotton fabrics treated with citric acid and
other bifunctional or monofunctional amines and
quaternary ammonium compounds. In contrast, the
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DMDHEU-treated fabrics had almost equally good dye
substantivity with either additive, and the total nitrogen
contents were almost identical.

Treatment of cotton with citric acid systems presents
other special problems, and additional factors must be
considered to produce dyeable crosslinked cotton. One
major problem is the reduction of fabric whiteness at
elevated temperatures that occurs on cotton finished with
citric acid. Any dehydration of citric acid results in
formation of aconitic acid (1,2,3-propenetricarboxylic acid),
which can cause yellowing of the cotton.

As shown in Table 2, fabric discoloration (whiteness
index) upon curing at elevated temperature was reduced
by incorporating nitrogenous additives in the crosslinking
formulation. Three citric acid-crosslinked controls are
included in the table because one control was included with
each set of samples that was dyed. The best whiteness
values were obtained with the bifunctional amine
(MDEA.HC) and the tetrafunctional quaternary ammon-
ium compound (THEAC), but other similar agents also
lower discoloration at the high temperatures required for
the crosslinking of cellulose. Although there are probably
other amines or quaternary ammonium salts that could
minimise discoloration of citric acid finished cotton, these
additives not only reduce fabric discoloration, but also
increase the dye sorption of the smooth-drying crosslinked
cotton.

This is most strikingly seen with the dyed fabrics
containing THEAC additive. Fabric whiteness was as good
as or better than that achieved with HETMAC or
MDEA HC]. In addition, dye sorption of this crosslinked
cotton was outstanding not only with CI Direct Red 81 and
CI Reactive Blue 193, but also with CI Acid Red 114, a dye of
a class that normally has no substantivity for celtulose.
Therefore, if the proper agents are selected, one can
produce a smooth-drying cotton fabric by treatment with

Table 2 Influence of monofuncticnal, bifunctional and tetrafunctional
reactive additives on dyeability of cotton fabrics treated with 8% citric
acid, 6% sodium hypophosphite monahydrate and additive

K/S values
Additve  DP N Cl Acid Cl Direct
Additive concn (%} rating (%) Wi Red 114 Red 81
None 3.3 005 51 0.7 3.9
HETMAC 5.0 3.5 012 59 3.1 10.4
HETMAC 7.5 3.5 0.14 &1 5.3 111
HETMAC  11.25 3.0 020 67 8.7 8.7
None 3.5 0.04 63 0.8 4.9
MDEAHCI 5.0 3.5 018 75 3.2 10.2
MDEAHCI 7.5 3.5 021 76 4.4 10.9
MDEAHCI 11.25 3.3 022 76 4.6 10.0
None 3.5 0.04 47 0.5 241
THEAC 5.0 3.3 026 69 16.0 19.0
THEAC 75 35 028 73 234 22.6
THEAC 11.25 3.0 032 76 300 20.4

a Whiteness index



citric acid without discoloration, one that has substantivity
for anionic dyes as well. However, as the THEAC additive in
the formulation was increased from 5.0 to 7.25% and then
to 11.25%, the conditioned wrinkle recovery angle (warp +
fill) was reduced to 252° 239° and 230° respectively,
compared with 256° for the crosslinked control (not shown
in Table 2). This was not unexpected because there is more
interaction between citric acid and the hydroxy groups of
the additive as the concentration of the latter is increased.
The best dye sorption properties were obtained on citric
acid-finished cotton containing THEAC. Additives with
greater functionality are able to compete more effectively
with the abundant cellulosic hydroxy groups to form ester
linkages through reaction with citric acid. Evidence for this
is provided by the nitrogen data in Table 2. Fabrics finished
with the bifunctional amine had higher nitrogen contents
than those finished with the monofunctional quaternary
salt. This occurred despite the higher rm.m. of the
bifunctional additive, and the fact that the concentrations of
the treating solutions were on a weight rather than a molar
basis. However, at these concentration levels the dyeing
properties were about the same. In contrast, colour
strengths of the THEAC-finished cottons were exceptional,
especially when considering that citric acid-crosslinked
cotton has no appreciable substantivity for either dye class.
Another advantage of using a multifunctional quater-
nary ammonium additive instead of a tertiary amine salt
with citric acid is that the ionic bond strength of the
quaternary salt-dye interaction is much greater than that
between a tertiary amine and anionic dye. Although not
shown here, this was readily observed in greater colour
fastness of fabric finished with a quaternary ammonium
salt and crosslinking agent, both in washing tests and in
resistance to removal of colour in pyridine solvent.

Influence of dyebath pH on colour strength

Another important factor that dramatically affects the
dyeing characteristics of cotton crosslinked in this way is the
pH at which the fabric is dyed (lable 3). Fabrics finished
with 6% BTCA and 6% alkanolamine or quaternary
ammonium salt additive were dyed with 3% o.wf. dye at
two different pH ranges: 3.0-3.5 and 4.5-5.0. The best colour

Table 3 Dyeing propenrties of cotton fabric finished with 6% BTCA,
6% sodium hypophosphite monohydrate, 6% nitrogenous additive,
dyed with 3% o.w.f. dye

K/S values at various dyebath pH ranges

Cl Acid Cl Direct C| Reactive

Red 114 Red 81 Blue 193
Additive 3.0-32 4552 3.0-35 4.6-48 3.0-3.1 4.5-5.1
HETMAC 6.9 0.6 15.3 6.5 9.6 0.6
BHEDMAC 12.1 07 18.2 6.6 7.1 0.7
TEAHCI 123 0.8 19.6 5.6 19.2 0.7
None 0.7 0.7 2.3 2.5 0.1 0.1

strength with either CI Acid Red 114, CI Direct Red 81 or CI
Reactive Blue 193 was on those samples dyed at pH 3.0-3.5.
In contrast, dye sorption in the range of pH 4.5-5.0 was very
poor, as reflected by the K/5 values.

This crosslinked substrate system is complex because of
the charge and ionisation states of the various agents when
the cellulosic material is in an aqueous dyebath solution.
The first requirement for a dyeable substrate with this
system is that the dyeings must be conducted under acidic
conditions. On fabric containing an alkanolamine salt
additive, the nitrogen must be protonated and the pH level
of the dyebath must be at least as low as 3.0-3.5. Normally,
when a substrate contains a quaternary ammonium salt
and a methylolamide crosslinking agent, the built-in charge
on the cationic component allows good dye sorption to
occur within a pH range of approximately 2.5-6.0 or even
greater. As such, cotton finished with HETMAC and
DMDHEU usually has its best dye sorption in the range pH
4-5,

However, with these polycarboxylic acid finishes another
factor must be taken into consideration, and that is the
ionisation state of the carboxyl groups of the particular
polycarboxylic acid. The pH of the dyebath must be below
the value of the first ionisation constant of the particular
polycarboxylic acid used. Under such conditions most of
the carboxyl groups will be in their non-ionised form. This
allows the anionic dye to migrate to the charged cationic
site on the substrate without repulsion by the carboxyl
groups. The first ionisation constants for BICA and citric
acid are 3.4 and 3.1 respectively, which explains the reason
tor the poor colour strength or dye sorption at higher pH
values. The ionisation constant exponent (pK,) for each acid
is different and this must be taken into consideration prior
to dyeing the goods if good results are to be achieved.

Of the reactive additives quoted in Table 3, colour
strength was best for samples containing TEA.HCI. Of
fabrics finished with the two quaternary ammonium salt
additives, those with BHEDMAC had better colour strength
than the ones containing HETMAC. Once again, with
BTCA as well as with citric acid, chemical constitution of the
reactive additive influenced the dyeing properties of the
cotton crosslinked in this way. This was somewhat
surprising initially with HETMAC because of outstanding
dyeing results that can be achieved on cotton finished with
DMDHEU and this additive within the specified pH range.
This demonstrates an important difference between the
two crosslinking systems, even though they are quite
similar with respect to fabric smooth-drying performance.

In certain cases it is advantageous to include poly-
(ethylene glycol) in the finishing formulation. The role of
the glycol is to broaden the dyeing properties of crosslinked
cotton to include larger anionic dye molecules. The positive
effect of inclusion of glycol in BTCA-crosslinked cotton on
dyeing properties is seen by comparing the colour strengths
of fabrics dyed with CI Acid Red 114 in Tables 3 and 4.
Fabrics finished with PEG 600 (Table 4) had greater K/S
values than similarly treated cotton without the glycol
(Table 3). In either case though, all of the fabrics had poor
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Table 4 Dyeing properties of cotton fabric finished with 6% BTCA,
6% sodium hypophosphite monohydrate, 6% nitrogenous additive,
10% polyethylene glycol 600, dyed with 3% o.w.f. dye

K/S values at various dyebath pH ranges

Cl Acid Cl Direct Cl Reactive

Red 114 Red 81 Blue 193
Additive 3.0-3.5 45-50 3.0-35 4550 3-3.5.0 45-5.0
HETMAC 7.3 1.1 8.0 1.7 11.3 1.3
BHEDMAC 14.1 13 12.2 2.3 18.4 1.8
TEAHCI 226 1.3 17.3 2.3 25.1 1.9
None 0.7 0.7 0.6 Q.7 0.3 0.6

colour strength when dyed at pH 4.5-5.0. The other dyes
used to dye the fabrics in Table 4 have relatively high rm.m.
(>1000) and cannot be used as effectively if polyethylene
glycol is not included in the finishing formulation.

Further results of the influence of pH on the dyeing of
cotton finished with BTCA and TEA.HCl with and without
PEG 600 are shown in Table 5. Samples were dyed at pH
2.5-4.0 in 0.5 unit increments with CI Acid Red 114 or CI
Direct Red 81. All the fabrics containing nitrogenous
additive showed decreased colour strengths with
increasing dyebath pH. Best results with these systems
occurred at levels no greater than pH 3. In addition, the
amount of nitrogenous additive used was extremely
important. There was much greater colour strength of fabric
finished with 8% TEA.HCI compared with fabric treated
with 4% additive. Also important was the influence of the
poly(ethylene glycol) on colour strength. The PEG 600
additive greatly improved dye sorption and thus colour
strength of crosslinked cotton dyed with CI Acid Red 114,
but reduced it when the samples were dyed with the lower
rm.m CI Direct Red 81. This phenomenon occurs with
other dyes which vary greatly in molecular size. In general,

dyes of higher rm.m. would be preferred because
crosslinked cottons dyed with these dyes usually have
superior wash fastness properties. These results stress the
importance of selection of anionic dyes for cotton
crosslinked with polycarboxylic acid.

Additional evidence of factors involved in the successful
coloration of cotton treated with these reactants is shown in
Table 6. The fabrics were finished as previously described,
except that they were cured for 180 s instead of 90 s. They
were dyed with a dye of relatively high rm.m., CI Direct
Blue 80, to show the influence of the glycol on dyeing
properties. Smoothness appearance ratings of these fabrics
were 3.8 to 4.0, indicative of a high degree of crosslinking
and resiliency. Colour strengths of cotton finished with the
bifunctional quaternary ammonium agent as additive were
greater than those of fabrics finished with the tertiary amine
hydrochloride. However, colour strengths were almost the
same for fabrics containing either TEA.HCl or BHEDMAC
and PEG 400 when dyed at pH 2.5. Above pH 3 the colour
strength values decreased rapidly, but fabric containing the
quaternary salt additive showed more tolerance for pH
change than the amine hydrochloride-treated cotton at
higher levels. Although not shown, similar results were
obtained on BHEDMAC-BTCA finished cotton that was
dyed with CI Reactive Blue 193. Fabrics containing PEG 400
had better colour strength than those without the glycol.
K/S values of fabric without glycol were 16.4 and 7.5 at pH
levels of 2.5 and 3.0 respectively, and with glycol they were
22.5and 20.3.

The colour fastness to washing of treated cotton depends
upon the particular dye used. Good results are attainable if
proper finishing and dyeing conditions are employed. This
has been shown with standard wash tests on samples dyed
with various anionic dyes [18]. In general, better wash
fastness properties with a wider range of dyes were
achieved on cottons finished with BTCA than with citric
acid systems, Also, wash fastness properties were generally
superior for DMDHEU finishing systems than for BTCA-

Table 5 Effect of dyebath pH on dyeing properties of cotton fabric finishad with 6%
BTCA, 6% sodium hypophosphite monchydrate and reactive additive

K/S values at various dyebath pH ranges

Dyed with 3% Dyed with 3%
Cl Acid Red 114 Cl Direct Red 81
Additive DP

Additive  concn (%) rating 25 3.0 35 4.0 25 30 35 40
TEA.HCI 4 3.9 69 38 18 11 159 147 87 58
TEA.HCI 4
PEG 600 10 3.2 201 142 72 33 131 124 108 9.2
TEA.HCI 8 4.0 19.9 137 91 53 252 247 208 152
TEA.HCI 8
PEG 600 10 3.6 30.1 293 235 155 226 213 193 175
PEG 600 10 45 06 07 08 09 33 38 42 45
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Table 6 Dyeing properties of cotton finished with 8%
BTCA, 6% sodium hypophosphite monohydrate and
reactive additive, dyed with 4% CI Direct Blue 80

K/Svalues at various

dyebath pH values
Additive
Additive concn (%) 25 30 35 40 45
BHEDMAC 4 119 87 53 41 441
BHEDMAC 4
PEG 400 10 18.2 17.3 121 9.0 8.7
TEA.HCI 4 31 2t 12098 07
TEA.HCI 4
PEG 400 10 t7.7 125 66 3.0 31

Table 7 Colour fastness to washing
of cotton fabric finished with 8%
BTCA, 6% sodium hypophosphite
monohydrate, 6% triethanolamine
hydrochloride, 10% PEG 400, dyed
with 4% CI Direct Blue 80

K/Svalues
Dyebath pH 1 wash 5 washes
25 17.7 17.7
3.0 125 125
4.0 3.0 27
4.5 3.1 2.8

finished cottons. The colour strengths after one and five
laundry cycles (washed with a nonionic detergent at 55-
60°C, pH 8.5-9.5) of samples dyed with CI Direct Blue 80 are
shown in Table 7. With this dye there was no loss of colour
strength after washing on samples dyed at pH 2.5 and 3.0.
Colour strength loss was small for samples dyed at the
higher pH levels, but initial colour strength was low. This
washing is actually a more severe test than the standard
AATCC 2A test, as has been found in direct comparisons at
this laboratory. The water temperature for the standard
method is only 49°C, which probably accounts for observed
differences.

There has been some concern that ester linkages of
polycarboxylic crosslinked cellulose may not withstand
extremely severe, highly caustic alkaline washing
conditions. If the finish is removed on pre-dyed cotton, loss
of performance would be revealed by a lack of smooth-
drying properties. However, if the finish were removed
from the dyeable crosslinked cotton systemn, the negative
impact would be noticed immediately because the colour
would be removed as the finish is stripped. Thus far, no
great loss of colour, indicative of removal of finish, has been
evident in our studies. Of course, if a mistake were made in
the finishing or dyeing process, the use of strongly alkaline
conditions would allow for the removal of the finish and
reclamation of the original fabric.

CONCLUSIONS

There are many important factors to be considered for
obtaining dyeable smooth-drying cotton fabrics after
crosslinking with polycarboxylic acid, as detailed below.

(a) The reactivity of the particular polycarboxylic acid with
both the additive and the cellulosic substrate must be
chosen to ensure that adequate crosslinking of the
cellulose occurs for good fabric resiliency.

(b} The chemical constitution of the nitrogenous additive
has to be chosen to ensure that good dye sorption will
be obtained. If there is only limited reaction of the
functional group or groups of the additive with the
crosslinking agent, then the number of potential dye
sites on the substrate will be inadequate for obtaining
deep shades.

(c) The molecular size and class of dye are important to
obtain the desired colour with a particular crosslinked
system. In some cases, dye sorption of the crosslinked
cotton is improved greatly when a polyethylene glycol
is included in the finishing formulation.

(d) The pH of the dyebath is important for maximising
colour strength of cotton finished with polycarboxylic
acid and a nitrogenous additive. In general, the pH of
the dyebath should be no higher than pH 3, i.e. below
that of the first ionisation constant of the particular
polycarboxylic acid. If the carboxyl groups are in their
ionised form, dye repulsion occurs with anionic dyes
because of the like charge of the ionised components.
These dyeing conditions require careful dye selection to
ensure adequate dye stability in rather highly acidic
systems.
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