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Abstract
Carboxymethyl cellulose (CMC) is a water-soluble cellulose derivative widely used in
textile preparations, especially for the application of sizes, which are removed shortly
after the weaving process. In this paper, a strategy is given for using CMC as an
anionical polymeric modifier of cotton surfaces with permanent character-imparting stable
properties, such as after cationic dyeing, durable press properties and polyelectrolyte
layer formation, without the use of dangerous chemicals like chloroacetic acid or salts.
Thus CMC was fixed onto cotton by using CMC and Na-hydroxydichlorotriazine as an
anchoring chemical. The fabric samples before and after finishing were monitored for
polyelectrolyte titration values, wet and dry crease recovery angle, and K/S values after
fixation of cationic dyestuff.
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Introduction
Demand has been increasing for active agents which can be imparted to textile materials (fabric and
nonwovens) by chemical means in order to create additional properties (functional textiles) [1,2,3].
Biopolymers or their derivatives as surface modifiers can offer special properties such as giving an
anionic character to cotton fabric through their reaction with suitable anchoring chemicals. As an
example, carboxymethylcellulose (CMC) can be used for the permanent fixation of anionic properties
as a widely available polymer with a natural base. This anionic character was previously imparted by
carboxymethylation of the cellulose cotton fabric using monochloroacetic acid and sodium hydroxide
[6,11].
Carboxymethyl cellulose (CMC) is a water-soluble cellulose derivative widely used in textile finishing.
As in sizing processes, attaching it to textile fabrics -mainly involves hydrogen bonding. CMC is
therefore considered as a temporary finish, which has to be removed during washing processes, thus
causing alteration in the weight and handle of the fabrics, and also increasing the pollution load of
waste water. Because of this we suggested permanently affixing CMC onto cotton fabric by using
bifunctional crosslinking agents which are expected from the formation of covalent bonds with hydroxyl
groups of cellulose and CMC [9,11]. As the bifunctional material, sodium hydroxy 2,6 dichloro-1,3,5triazine) (Na-HDCT) is used.
The reaction of cellulose with crosslinking agents has been studied extensively [4]. The compounds
have generally been polyfunctional compounds, often bifunctionals which are capable of forming a
covalent bond with the hydroxyl groups of cellulose, and yielding a crosslinked structure in a single
step.
A scheme for their anchoring reaction is represented as given in Scheme 1:
Cell – OH +

X---R ---X

+

CMC

Cell – O – R – O – CMC

Scheme 1. Reaction of bifunctional reactant X-R-X with hydroxyl group of cellulose cotton fabric
and groups of carboxymethyl cellulose (CMC)
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The introduction of a crosslinking reaction within the fibre is accompanied by profound changes in the
physical properties of finished cotton fabric, which are often highly desirable.

Experimental
Materials
Mill scoured and bleached cotton fabric (Testex) plain weave, 102 g/m2;
Carboxymethyl cellulose (CMC) (mean Mw 90 kDa, DS 0.7 Aldrich),
Sodium hydroxy-2,6-dichloro triazine (Na-HDCT) (7% aqueous solution, Degussa),
Basic dye (Astrazone Basic Red 22), Marlipal 13/80 (non-ionic wetting agent) (Hüls-Degussa). All
other chemicals are laboratory-grade.
General procedure
Anionic cellulose was produced by padding cellulose cotton fabric in a solution of different
concentrations of carboxymethyl cellulose (CMC) (2-8%) and Na-HDCT (2% to 12%, depending on
the solution) and a wetting agent (0.1%) to a wet pick up of 80-120% (owing weight of fabric (owf),
drying in air to a residual humidity of 20-40% and fixed at 140°C for 10 min. Washing was done in
Linitest at 40ºC for 15 min.
Dyeing the treated fabric
The treated cotton was dyed with CMC without the addition of salt using the basic dye Astrazone red,
whose structure is illustrated below (Scheme 2). The dyeing bath concentration was 500 mg/l, and the
material to liquor ratio was 1:50. The aqueous solution of the dye containing the sample was put in a
shaking water bath, and the temperature was raised to 80ºC and maintained for 60 min. At the end of
the dyeing process, the sample was washed several times with boiling water and 0.1% Marlipal, finally
washed with cold water and then dried at ambient conditions and conditioned to standard humidity.

CH3
N
N +
N

-

N

N (CH3)2

N

X
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Scheme 2. Chemical structure of Astrazone Basic Red 22 C.I 11055

Testing and analysis
Po l ye l e c tr o l yte ti tr a ti o n was performed according to the process outlined in Horn [5] and Knittel
[8].
C o l o r m e a s u r e m e n t was done using the K/S apparatus (Datamaster DC 3880, Datacolor AG),
D r o p t e s t ( w e t t a b i l t y ) according to TEGEWA [2],
C r e a s e r e c o v e r y a n g l e s were measured according to DIN 53 890.
F T - IR s p e c tr a were taken with a Biorad FTS-45 spectrometer in diffuse reflexion mode.
Po l ye l e c tr o l yte T i tr a ti o n ( PEL T ) on the treated fabric was carried out with a particle charge
detector (Zetasizer PCD 03pH, Mütek) and immersing the treated fabric in cationic solution (Polydiallyldimethyldiammonium chloride) and back titration of the unbounded cationic with anionic solution
(Sodium poly-ethenesulphate).

Results and discussion
Cotton cellulose reacts with carboxymethyl cellulose in the presence of Na-HDCT as a crosslinking
agent with chemical bond formation. The tentative mechanism is suggested as follows in Scheme 3.
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Scheme 3. Assumed structure of CMC-finished cotton

FTIR analysis of treated cotton
For pure CMC, the IR spectra show a broad band at 3444 cm-1 due to the stretching frequency of the –
OH group [1]. The band at 2922 cm-1 is due to C–H stretching vibration. The presence of a strong
band at 1614 cm-1 confirms the presence of the COO-group. The bands around 1422 and 1335 cm-1
are assigned to CH2-scissoring and OH-bending vibration respectively. The band at 1061 cm-1 is due
to >CH –O –CH2 stretching. Most of these bands are too similar to the cotton base signals as shown in
Figure 1, so only minor changes can be interpreted in the IR spectra of the treated fabric.

Figure 1. FTIR of blank cotton

As shown in Figure 2, the appearance of broad peaks at 1700 cm-1 and the increase in intensity of the
peak at 1600 cm-1 which are attributed to the carboxylate anion (-COO-) ?[are ***] than that of
untreated cotton; the peak at 1060 cm-1, which is attributed to C–O–C saturated ether stretching, is the
decisive signal for successful anchoring.
The cotton fabrics treated with CMC have different carboxyl content according to the concentration of
both the CMC and Na-HDCT-solution. The properties of the cotton fabrics thus modified were
monitored for crease recovery angle (CRA, wet and dry), wettability, K/S-values after cationic dyeing,
and polyelectrolyte titration.
The anionic character of the surface has been proven by cationic dyeing as a tool for analysis, which
can be used for quantification of the CMC anchored in future and by polyelectrolyte titration (PELT),
http://www.autexrj.org/No3-2006/0184.pdf
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the principle of polyelectrolyte titration. In the case of negative charge, polycations are used for
incubation, and the excessive amount of polycations is back-titrated with suitable polyanions.

Figure 2. FTIR of modified cotton with CMC and Na-HCDT

Figures 3-5 measure the colour strength (K/S-values) by using a cationic dye and polyelectrolyte
titration (which measures anionic properties at the surface).

Figure 3. Effect of Na-HDCT concentration on cationic dyeing (K/S)
and on accessible polyelectrolyte charges (PELT)

Figure 4. Effect of pH-value on cationic dyeing (K/S) and on
accessible polyelectrolyte charges (PELT).

It is seen that for a given CMC- and Na-HDCT concentration at pH=9, enhanced K/S values for the
dyed sample and PELT values are obtained. By pH >9, significant decrements in the obtained K/S and
PELT results occur, which might be attributed to some instability of the anchoring chemical. The
http://www.autexrj.org/No3-2006/0184.pdf
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increase in the anchoring Na-HDCT concentration from 1% to 12% is accompanied by a distinct
increase in the anionic properties of treated cotton, as indicated by PELT and also proved by a high
K/S-value in cationic dyeing.
An optimum for CMC-fixation is found between pH 8 and 9, but may be used under slightly acidic
conditions, resulting in reasonable anionic values of the cotton treated.

Figure 5. Effect of CMC-concentration on cationic dyeing (K/S)
and on accessible polyelectrolyte charges (PELT)

The data of Figure 5 confirm that about 2% of CMC in the treating bath is sufficient for obtaining good
anionic character. This means that highly viscous baths can be avoided.
Polyelectrolyte measurements on finished fabric may be used to assess the availably of ionic charges
on the fabric surface, which give information on the (statistical) sites of the crosslinker and on the
possible chain segment mobility of polymer on fibre [7]. Chain mobility may determine any functionality
envisaged.
The results of polyelectrolyte titration on CMC-treated cotton (Figures 3-5) are an example of how, in
contrast to the current use of the crosslinking (mainly cyanauric chloride derivatives), only one-third of
the potential charge equivalents of the base CMC-polymer remain accessible after fixation onto the
textile. It can be shown that by varying the amount of crosslinking used, a higher charge accessibility
can be reached with a resulting lower add-on. The charge accessibility related to the amount of
permanent add-on can be increased considerably by using less of the crosslinking chemicals, but with
the risk of only low coverage and thus a lower total binding capacity of the treated fabric.
Wrinkle-resistant cottons come under regulatory scrutiny because of the need for chemical treatments
to improve resiliency. To understand why cotton is not resilient, one has to consider how the basic
building blocks, cellulose chains, fit into the fibre structure, or morphology. Unlike synthesis, cellulose
chains in cotton have no natural bridges, or crosslinks, between them. Once deformed by laundering
or wrinkling, the cellulose chains do not return to their original position. For this reason, cotton and
other cellulosic must be chemically treated to impart smooth drying properties and dimensional
stability[10].
By use of the treatment outlined, we obtain an improvement in textile properties such as wet and dry
wrinkle resistance of cotton, wettability and the anionic properties of cotton fabric.
Tables 1-3 show the values of CRA and wettabillity depending on the reaction conditions of Na-HDCT,
and the concentration of CMC and pH-value respectively in the treating bath used.
It is seen in Table 3 that by increasing the pH from 5-9 in padding liquor, there is an increase in the
crease recovery angle and a distinct increase in the absorbency of the cotton fabric, because the
hydrophilic properties of cotton fabric are increased due to the presence of carboxyl groups in the
anchored CMC even with a low add-on. The treated cotton also exhibit a higher dry CRA (209º) at pH
9 compared with blank cotton (120º), and also an increase in wet CRA from (120º) for blank cotton to
(230º) for treated fabric at pH 9. A further increase in pH is accompanied by a decrease in the crease
recovery angle and absorbency; this is a tendency which reflects the results on dyeing and
polyelectrolyte titration.
http://www.autexrj.org/No3-2006/0184.pdf
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Table 1 shows the effect of raising the concentration of Na-HCDT in the treatment bath from 2-4%. It
is accompanied by an increase in the dry and wet crease recovery angles, from 215º in dry CRA at
[Na-HCDT], 4% compared with blank cotton (120o), and also an increase in wet CRA, from 120o for
blank cotton to (230º). A further increase in [Na-HCDT] decreases the wet and dry crease recovery
angle. This could be associated with the favourable increase in [Na-HCDT], which is accompanied in
the increase in CMC add-on as illustrated in Table 1, which in turns makes the fabric more rigid and
decreases the dry and wet CRA.
Table 1. Effect of Na-HDCT concentration in treating bath on crease recovery
angle CRA) and wettability; condition used: [CMC] 4%; pH 9
[Na-HCDT] [%]

CRA [°]

Add-on
[wt.-%]

2
4
8
12
Blank

0.5
1.2
2.83
5.92

Dry

Wet

Drop ingression time
[s]

209
215
190
175
120

224
230
210
200
120

2
2
~1
2
14

Table 2. Effect CMC-concentration on crease recovery angle
and on wettability: condition used: [Na-HDCT] 2%; pH, 9.
CRA [°]
[CMC] [%]
2
4
8
Blank

Dry

Wet

Drop ingression time
[s]

198
200
210
120

218
230
235
120

2
2
~1
14

Table 3. Effect of pH on crease recovery angle and on wettability;
conditions used: [CMC] 4%; [Na-HDCT] 2%.
CRA [°]
pH value
5
9
10
Blank

Dry

Wet

Drop ingression time
[s]

197
209
198
120

230
230
207
120

3
2
2
14

Conclusion
The anionic properties of cellulosic fabric can be easily and permanently enhanced by using
carboxymethylcellulose and Na-HDCT as the anchoring chemical. No hazardous chemicals like
chloroacetic acid or sodium chloroacetate need be used. This treatment provides a polymeric anionic
layer on the cotton surface, which can even form a basis for introducing further layers of the opposite
charge. There is also an improvement in textile properties, such as for example the crease recovery
angle (wet and dry), and the wettability and K/S values of cationic dyeing.
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