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Introduction

Lyocell is regenerated from cellulose by
using the wet spinning process, where N-
methylmorpholine-N-oxide monohydrate
solution is used as a dissolving agent [1].

During textile processing alkali treat-
ments were applied to cellulosic ma-
terials in order to improve dye uptake,
drape, luster, appearanceand dimensional
stability.

Carboxyl groups are mainly responsible
for strength losses in the presence of
alkali, leading to decreased performance
parameters [2 - 3]. It is important to de-
termine the content of oxidised groups of
cellulose for process and quality control
during pulping, fibre production and tex-
tile finishing [4].

Alkali treatments change the structure,
morphology, accessibility and reactivity in
cellulosic fibres depending on factors such
as alkali concentration, treatment tempera-
ture, the physical state of the material and
its degree of polymerisation [5 - 9].

In the literature, selected concentrations
of NaOH solution were used to treat
lyocell textile materials. But the swelling
and dyeing tendency of lyocell textile
materials in a range of NaOH treatment
was not investigated. It is important to
make a distinction between the swelling
of fibres during and after alkali treatment
to define the end concentration of only
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Effect of NaOH Treatment
on the Interfibrillar Swelling and Dyeing
Properties of Lyocell (TENCEL®) Fibres

Abstract

The effect of interfibrillar swelling on swelling degree, carboxyl content, split number,
weight loss and dyeing properties by using NaOH solution up to 2.5 M concentration of
lyocell fibres was investigated. The Split number and weight loss show the behaviour of
fibres during alkali treatment, whereas the water retention value (WRV), carboxyl content
and dyeing give information about the properties of samples afier alkali treatment. By
increasing alkali concentration, the swelling degree, weight loss, split number, total colour
difference and K/S values of fibres increased when compared to untreated samples; on the

other hand carboxyl content decreased.
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interfibrillar swelling and to find relations
between fibre properties in this range.

In our study, the weight loss and split
number of lyocell fibres during NaOH
treatment as well as the dyeing properties,
swelling degree and carboxyl content af-
ter NaOH treatment were investigated in
the range of only interfibrillar swelling
by increasing the solution concentration
up to 2.5 M.

Experimental

Materials

Lyocell (TENCEL®) staple fibre with-
out spin finishing was kindly supplied
by Lenzing AG-Austria. The titer and
length of the fibres were 1.3 dtex and
38 mm, respectively. Analytical grade
sodium hydroxide (NaOH, > 99%) was
purchased from Fluka (Buchs, CH),
sodium chloride (NaCl, > 99.5%) from
Merck and C.I. Direct red 81 (dye con-
tent ca. 50 %) from Sigma-Aldrich.

Methods

Alkali treatment

Fibre samples were immersed in an
aqueous alkaline solution with a liquor
ratio of 1:33 at a certain concentration
for 2 h at room temperature. The fibre
was washed with running tap water and
then neutralised with an acetate buffer
containing 0.01 mol/l of acetic acid and
0.01 mol/l of sodium acetate (pH 5.0).
The fibre sample was sufficiently washed
with distilled water until the pH value of
the solution indicated 7.0 and conductiv-
ity was less than 3 mS/m. Then the fibres
were dried in an oven at 60 °C for 1 h.

The alkali treatment used by Zhang et al.
2005 was modified so that instead of us-

ing hot water to wash the samples, cold
tap water was used [10].

Water Retention Value (WRYV)

The swelling degree of fibres in the water
was determined by a centrifugal method
according to the literature [11 - 12]. The
measurement was performed four times
for each sample to obtain a mean value.

Determination of carboxyl content by
methylene blue sorption

A weighed cellulose sample of known
water content was suspended in an
aqueous methylene blue chloride solu-
tion (300 mg/l) and borate buffer of
pH = 8.5 for 20 h. The visible absorbanc-
es of the dye liquor for each sample were
measured by a Hitachi U-2000 Spectro-
photometer at a wavelength of 664.5 nm.
The molar quantity of dye taken up by
the fibre was assumed to correspond to
the fibre carboxyl content, expressed in
mmol/kg [13]. The measurement was
performed three times for each sample to
obtain a mean value.

Moisture content (MC) in percent [14]
In order to determine the weight loss of
fibres during alkali treatment, the mois-
ture content of the fibres was first calcu-
lated. The moisture content of the fibres
was calculated according to equation
(1). Firstly, the fibres were conditioned
at 20 °C at 65% relative humidity for
24 h and weighed (w;). Then they were
dried at 105 °C for 4 h. The fibres were
weighed again (w)) after cooling down in
a dessicator with P,Os.

MC = Moisture content of fibres, % =
= (W1-w2)/wy

The measurement was performed three
times for each sample to obtain a mean
value.
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Weight loss in percent

The weight loss of the fibres during
alkali treatment was determined. The
fibres were conditioned at 65% relative
humidity and 20 °C for 24 h. 0.25 g of
the fibres in the conditioned state (w,,)
was swollen in 20 ml of alkali solution
for 2 h. The fibres were washed with
running tap water and neutralised with
an acetate buffer containing 0.01 mol/l
of acetic acid and 0.01 mol/l of sodium
acetate (pH 5.0). The fibres were washed
firstly with running tap water and then
distilled water until the pH value of the
solution indicated 7.0 and conductivity
of the fibres was less than 3 mS/m. Then
the fibres were dried in an oven at 105 °C
for 4 h. The weight of the dried fibres was
measured (w3). The weight of the dried
fibres (w;) was calculated according to
equation (2).

Wi = Wy — (Wi x MC) 2

The weight loss of the fibres was calcu-
lated according to equation (3).

Weight loss = (w;-w3)/ wy  (3)

The measurement was performed three
times for each sample to obtain a mean
value.

Dyeing procedures

The untreated and NaOH treated lyocell
fibres were dyed with a mixture of 2 g/l
Direct Red dye 81 and 0.5 g/l NaCl dye-
ing solution with a liquor ratio of 1:40,
using a Werner Mathis AG LABOMAT
dyeing machine at a continuous and al-
ternate agitation of 30 r.p.m. The samples
were dyed by the exhaust method.
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The dyeing profile is shown in Figure 1.
The temperature was increased from
room temperature to 100 °C with a gra-
dient of 5 °C/min. The temperature was
held constant at 100 °C for 30 min and
cooled down to 60 °C with a gradient of
3.5 °C/min. The dyed samples were rinsed
with running tap water until no colour re-
lease from the fibres to water is observed.
Then the fibres were air-dried. The
measurement was performed three times
for each sample to obtain a mean value.

CIELAB

Shade, colour depth and colour differ-
ence between NaOH treated and un-
treated lyocell fibres were determined
from their CIELAB colour coordinates,
measured with a tristimulus colorimeter
(Minolta Chroma-Meter CR-200, 0 °C
viewing angle, sample diameter 8§ mm)
with D65 illuminant. When a color is
expressed in CIELAB, L* defines light-
ness, a* denotes the red/green value
and b* the yellow/blue value. The dif-
ference in lightness was calculated by
AL* = (Ly*-L1*), where Ly* is the light-
ness of the sample (dyed fibres) and L;*
is the lightness of standard untreated and
undyed lyocell fibre.

AE* = JIA*Y + (Acty « (A0 (4)
Colour strength
Relative colour strengths (K/S values)
were calculated by the Kubelka-Munk
function [15 - 16] by subtracting the K/S
values of the dyed samples from the un-
dyed & untreated sample:
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Figure 1. Dyeing temperature profile.
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reflected at a wavelength of maximum
absorbance, (K/S)p = K/S values of dyed
sample, (K/S)y = K/S values of the un-
dyed sample and (K/S).,, = K/S values
corrected for reflectance from the undyed
& untreated sample.

The reflectance values of the dyed sam-
ples were obtained at a wavelength of
530 nm by using Specord® 50, Analytik
Jena AG spectrophotometer with inte-
grating sphere.

Results and discussion

Weight loss and split number correspond
to the behaviour of lyocell fibres during
alkali treatment. However, WRV (swell-
ing degree), carboxyl content and dyeing
results correspond to the behaviour of
lyocell fibres after alkali treatment.

The WRYV, carboxyl content, weight
loss and split number of the fibres after
NaOH treatment are shown in Figure 2.
As the carboxyl content of the fibres
decreased by increasing the NaOH con-
centration up to 2.5 M, the weight loss,
split number and swelling degree of the
fibres increased. It can be concluded that
the weight loss of the fibres were mainly
due to loss of the carboxyl group contain-
ing fibre molecules fibre. By increasing
NaOH concentration up to 2.5 M, alkali
penetrates more deeply inside the fibre
because of interfibrillar swelling, result-
ing in a higher split number due to a less
homogeneous distribution of alkali inside
the fibre [17 - 18]. Increase in weight
loss by increasing NaOH concentration
is consistent with an increasing split
number since a higher split number
means more separation between mac-
rofibrils and a decrease in the connection

50 60 0 0.5

1 1.5 2 25
NaOH concentration, mol/I

Figure 2. Weight loss (%) (m), split number (x) of lyocell fibres during
NaOH treatment and carboxyl content (mmol/kg) (0), water retention
value (cm3/g) (A) of lyocell fibres after NaOH treatment.
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of these macrofibrils owing to the loss of
carboxyl content.

At/in a 2.5 M NaOH solution the lyocell
fibres were split into their highest split
number. 2.5 M was also the highest con-
centration in terms of the highest alkali
retention value and fibre diameter value;
in other words for the swelling of the fi-
bre during alkali treatment. By increasing
the concentration up to 2.5 M, the stress
developed in the fibre increased due to
interfibrillar swelling. It was proposed
that the split number gives us an idea
of the distribution of alkali inside fibre,
which results in stress and local weak-
ness, and therefore under pressure a fibre
can be split into its fibrils [19].

Figure 3 shows the lightness (L*), red/
green value (a¢*)and yellow/blue value
(b*) of the untreated-dyed and NaOH
treated-dyed lyocell samples. Lightness
was decreased by increasing NaOH con-
centration, which means darker colours
were obtained for the NaOH treated sam-
ples. The yellow/blue value (b*) and red/
green value (a*) of the samples changed
slightly compared to the untreated sam-
ple, therefore the NaOH treated samples
had slightly more blue and red colour
compared to the untreated dyed sample.

The relative colour strength of the dyed
fibres, expressed as K/S, measured by
the light reflectance technique and total
colour difference (AE*), measured by
CIELAB, are shown in Figure 4 in rela-
tion to NaOH concentration. AE* and
K/S values showed direct relation. As the
NaOH concentration increased, the total
colour difference between the untreated
and NaOH treated samples and colour
strength of the fibres increased.
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Similar results of an increase in colour
strength by increasing NaOH concentra-
tion was found for NaOH-urea mixture
treated lyocell woven fabrics dyed with
a mixture of C.I. Direct Red 81 and C.I.
Direct Green 26 [20]. UVITEX BHT op-
tical brightener was used to measure dye
penetration depth into lyocell, viscose
and modal fibres. Dye accessibility of
the fibres increased after 2.63 M NaOH
treatment of lyocell fabric so that deeper
intrusion of dye could be shown visually
and numerically determined. As a result,
alkali treatment enhanced accessibility
to the fibre internal zones of the lyocell
fibre [21]. As the NaOH concentration
increased, the WRYV of the lyocell woven
fabrics and pilling formation resistance
for the lyocell knitted fabrics also in-
creased [22 - 23].

Conclusions

NaOH treatments increased the WRV
of lyocell fibres. Darker red colours for
lyocell fibres were obtained by CIELAB
and K/S measurements by increasing the
concentration of NaOH treatment. The
Weight loss of the fibres increased in
relation to the decrease in carboxyl group
containing fibre molecules. fibre.

The results presented here are supposed
to represent the behaviour of lyocell fi-
bres after NaOH treatment, but not other
textile structures. Other textile structures
like yarn, fabric and fabric type would
also be an important criterion to consider,
which would have different results than
fibres. It is important to expand the scope
of this study by using

higher alkali concentrations to see the

effect of intrafibrillar swelling,

Concentration of NaOH treatment, mol/l

Figure 4. Color strength measured by K/S (A), Total colour difference
(AE*) (A) obtained from CIELAB.

different alkali types and

different types of regenerated cel-
lulosic fibres. These studies are un-
derway and will be reported at a later
time.
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The 8th International Symposium

i

EL-TEX 2008
Electrostatic and Electromagnetic Fields
New Materials and Technologies

will be held on 26-27 November 2008 in L6dz, Poland.

The Symposium is organised by the Textile Research Institute (IW) in £6dz, the Institute of
Telecommunication, Teleinformatics and Acoustics (ITT&A) of the Technical University
of Wroctaw, and the Polish Committee of Electrostatics (SEP), Warsaw.

El-Tex Symposium has been organised by the Textile Research Institute since 1994. On
the 1st of July 2007 the Textile Research Institute was enlarged by the inclusion of the
following formerly independent institutions:
Institute of Textile Architecture (Instytut Architektury Tekstyliow — IAT)
Institute of Textile Materials Engineering (Instytut Inzynierii Materiatow Wtokiennicz
yeh)
TRICOTEXTIL Institute of Knitting Techniques and Technologies (Instytut Technik i
Technologii Dziewiarskich Tricotextil)

The main aim of El-Tex 2008 is the survey and promotion of scientific, technological and
applicational developments and the exchange of experiences between experts representing
different scientific disciplines.

The program will cover a selection of issues in the scope of:
the effects of electromagnetic fields (EMF) onto human health,
eliminating or restricting the hazards caused by the occurrence of static electricity,
environmental aspects of EMF,
production methods and application of textile shielding materials,
electrostatic evaluation of textile fabrics,
the metrology of electrostatic and electromagnetic fields.

Deadlines:
abstract submission in English (2 pages A4) 25.04.2008
paper/poster acceptance 31.05.2008
manuscripts ready for printing 30.06.2008
submission of presentations in electronic form 30.06.2008
payment of registration fee 30.09.2008

Registration fee:
authors 200 EURO, other participants 250 EURO

The fee covers: participation in sessions, CD with abstracts and presentations, boarding,
and social event. Hotel costs are not included.

Recommended accommodation and Symposium venue: Hotel AMBASADOR,
address: ul. Kosynierow Gdynskich 8, 93-320 £6dz, Poland tel.+4842 646 49 04

Information:
Textile Research Institute (IW), Brzezinska 5/15, 92-103 t6dz, Poland,
fax: +4842 6792638
Contact persons:

Katarzyna Grzywacz tel. (+4842) 6163 195, e-mail: grzywacz@iw.lodz.pl
Joanna Koprowska tel (+4842) 6163 116, e-mail: koprowska@iw.lodz.pl
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