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B Introduction

The first synthetic fibre produced by syn-
thesis in the world is polyamide (PA).
Nylon (PA 6,6) and Perlon (PA 6) fibres
are the most common types of globally
available PA fibres. Nylon was experi-
mentally discovered in 1938 in the Unit-
ed States by Wallace H. Carothers, and
in the year 1939 DuPont began a pilot
production of this fibre. At the same time,
Perlon fibre was also discovered by the
German scientist Prof. Dr. Paul Schlack
[1]. PA 6,6 is obtained by the polycon-
densation of hexamethylene diamine
[HN—(CH,)¢—NH,] with adipic acid
[HOOC—CH,),~COOH], while PA6
fibres are obtained from caprolactam
[CsH;NO] [2]. The importance of syn-
thetic fibres is increasing day by day due
to the wide range of their application.
PA fibres are an important synthetic fi-
bre group used in many fields as carpet,
clothing and tyres as reinforcement ma-
terials [3].

PA fibres can be dyed with acid, chro-
mium and metal complex dyes, as well
as disperse dyes due to their hydro-
phobic structure [4]. Acid and 1:2 met-
al complex dyes used in the dyeing of
polyamide fibres can also be applied for
printing. Printed and dried fabrics are
rinsed and washed after 20-30 minutes
of steaming for fixation. It is beneficial
to use an anionactive reserving agent
with affinity to the fibre in order to pre-
vent the white background from getting
stained by blocking the amino groups in
the places that are not being printed dur-
ing the washing process [5].
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As is known, nylon fibres are commonly
used in blends with elastane. One of the
problems encountered in the printing of
nylon/elastane blend fabrics is the neces-
sity of long steaming times for fixation,
which cause an increase in the energy
consumption of the process. In this study,
the possibility of printing polyamide
fabrics with 1:2 metal complex dyes for
short steaming times was investigated.
Laboratory and sample scale trials were
performed in order to develop a chemical
modification method so that polyamide
fibres can be printed for short steaming
times. The amount of anionic dyes that
polyamide fibres can bind to their struc-
ture is limited, since free amino groups
are present only at the ends of the mac-
romolecules. If the number of cationic
groups in their structure can be increased
by chemical modification, an increase
in their affinity to anionic dyes could be
obtained compared to untreated fibres.
Although there are many studies in the
literature on the cationisation of cellulos-
ic fibres [6-16], studies on the cationisa-
tion of polyamide fibres are limited, and
to the best of the authors’ knowledge, till
today there has been no research on the
effect of cationisation on the printability
of polyamide fabrics.

In the study carried out by Khalfaoui et al.,
experimental adsorption isotherms of
four dyes (Acid Blue 25, Acid Yellow 99,
Reactive Yellow 23, and Acid Blue 74)
from aqueous solution on cationised PA
6.6 were analysed using a double layer
adsorption model. The parameters in-
volved in the analytical expression of this
model, such as the number or fraction
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of adsorbed dye molecules per site, the
number of receptor sites per gram of ad-
sorbent, and the concentration at half-sat-
uration were determined from adsorption
isotherms at four temperatures between
293 and 353 K. The evolution of these
parameters with temperature is discussed
in relation to the adsorption process and
the behaviours of the different dyes, tak-
ing into account their particular structure.
The results are compared with those al-
ready published dealing with the adsorp-
tion of these same dyes onto cationised
cotton. It was found that a double-layer
adsorption model was best at describing
the experimental adsorption isotherms for
all of the dyes. The n plots showed that all
the dyes are anchored parallel to the sur-
face even if the temperature varies [17].

Bahtiyari investigated the dyeability of
polyamide fabrics treated with a cation-
isation agent using the box Behnken sta-
tistical design. It was found that colour
efficiency values were increased when
dyeing treated samples with reactive
dyes, and the fastness values were not
adversely affected [18].

El-Molla et al. investigated the usage
possibility of the cationisation process
with agents having different cationic
groups (Solfix E, Tinofix ECO, Acramine
Berfix K and cetyl trimethyl ammonium
bromide) in the dyeing of cotton and
PA 6 fabrics with commercially available
anionic dyes. Both the impregnation and
exhaust methods were used in the study.
Fabrics cationised with a commercial
product of quarternerammonium struc-
ture showed better colour yield in all dye-
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Table 1. Paste recipes.

Stock thickening paste

Thickening agent 120 g/kg
Anti-foaming agent 20 g/kg
Ammonium sulphate 120 g/kg
Water 740 g/kg

ing conditions than other products. It was
found that the cationic process improves
the colour fastness of cotton and PA 6
fabrics as well as their colour depth [19].

B Materials and method

All experiments were carried out using an
84/16 nylon/elastane blend plain knitted
fabric (260 g/m?). In laboratory and sam-
ple scale production experiments, pure
and soft mill water were used, respective-

ly.

Fabric samples subjected to cationisation
treatment and untreated ones were print-
ed using a 1:2 metal complex dye (Ny-
loset M, Setas Inc.). In these trials, the
cationisation process was carried out at
the conditions of a previously published
study [20] with a modified quaternary
polyalkylamine compound based prod-
uct. Treatment conditions were as fol-
lows: 5% cationisation agent, liquor ratio
1:15, pH 7, 30 min., 60 °C. This process
was carried out on an HT jet dyeing ma-
chine with a capacity of 20 kg. ATR/
FTIR measurements were carried out to
determine the changes in the functional
groups of the treated fibres. In addition,
SEM photographs were also taken to ob-
serve if there was a change in the surface
structures or not.

The fabrics were printed with paste pre-
pared in a specified manner (Table 1) and
then subjected to fixation by saturated
steam for 15 and 30 minutes.

The colour yield (K/S) and CIE L*a*b*
values of the printed fabrics were meas-
ured using a spectrophotometer, and the
average of 3 measurements were taken.
The colour fastness properties of the
printed fabrics with respect to washing,
rubbing and light were all tested.

Optimum conditions determined in labo-
ratory scale experiments were also tested
in sample scale industrial production. For
this purpose, fabric samples subjected
to cationisation treatment and untreated
ones were printed using a 1:2 metal com-
plex dye according to the recipe given be-
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Printing paste

Nyloset Navy Blue M-BR 18 g/kg
Levelling agent 30 g/kg
Urea 30 g/kg
Stock thickening paste 461 g/kg
Water 461 g/kg

low by the Serhas Tekstil Company locat-
ed in Ergene-Tekirdag, Turkey (7Table 2).

In sample scale production experiments,
the fixation of printed and dried fabrics
with saturated steam was done for 30 min-
utes for untreated fabric and 15 minutes
for fabric which was subjected to cati-
onisation. After steaming, fabric sam-
ples were subjected to 5 cycles of cold
washings with 0.5 g/l NaOH and 0.5 g/1
Setawash QW (cationic washing soap).
The duration of each washing cycle was
10 minutes, after which neutralisation was
performed. Afterwards, color yield (K/S)
and CIE L*a*b* values of the printed sam-
ples were measured by spectrophotometer
and the average of 7 measurements were
taken. In addition, washing, rubbing and
light fastness tests were also performed
according to ISO standards.

Color measurements: The reflectance
(R) and CIE L*a*b* values of the dyed
samples were measured with a Datacolor
SF600 Plus C-T reflectance spectropho-
tometer under illumination/observer con-
ditions set at D65/10°. Measurements
were carried out at 630 nm, which was
the wavelength of maximum absorption.
Then the colour yield, expressed as K/S,
was calculated from the Kubelka-Munk
Equation (1), given below:

K/IS=(1-R?2*R (1)

R =reflectance of dyed sample measured
at 630 nm (Ap,y)

K = absorption coefficient

S = scattering coefficient

The total colour difference (AE) values
were calculated according to Equa-
tion (2) below:

AE = [(AL*P+ (Aa¥) > + (AD*P]12 (2)

L* = lightness-darkness value of the col-
our

a* = value + a* represents redness and
value —a* — greenness

b* = value + b* represents yellowness
and value — b* — blueness.

Determination of colour fastness to
washing: Colour fastness determination

Table 2. Chemicals and auxiliaries used for
printing with 1:2 metal complex dye.

Nyloset Black MRX 50 g/kg
Thickening agent (Guar) 60 g/kg
Citric acid 5 g/kg

Urea 50 g/kg
Ammonium sulphate 20 g/kg
Levelling agent 50 g/kg
Water 765 g/kg

of the dyed samples with respect to wash-
ing was carried out according to the ISO-
105 C06 [21] standard test method. For
this aim, the sample was adjusted for test-
ing by sewing a multifibre (4 cm x 10 cm)
on one side of it, and then it was treat-
ed with a detergent solution of 4 g/l for
30 minutes at 40 °C. Afterwards, results
were evaluated with the grey scale.

Determination of colour fastness to rub-
bing: Colour fastness determination of
the dyed samples with respect to rubbing
was carried out in a dry and wet state with
a crockmeter (Prowhite) according to the
ISO 105-X12 [22] standard test method
and evaluated with the grey scale.

Determination of colour fastness to
light: Determination of the colour fast-
ness of the dyed samples with respect to
light was made according to the ISO 105
B02 [23] standard test method on an SDL
Atlas brand I50S + PLUS model light
fastness test device and evaluated with
the standard blue scale.

Fourier-Transform Infrared (FTIR)
analysis: FTIR analyses of samples were
carried out using a Bruker brand Vertex
70 ATR model Fourier transform infra-
red spectrophotometer in order to detect
changes in the functional groups of the
fibres as a result of the cationisation pro-
cess.

Scanning Electron Microscopy (SEM)
analysis: SEM photographs of samples
were taken at S000x magnification using
FEI brand Quanta FEG 250 model scan-
ning electron microscope to determine
whether there was a change in the surface
structure of the fibres after cationisation.

M Results and discussion

Colour yield (K/S) values of the fabric
samples subjected to cationisation treat-
ment and untreated ones printed using a
1:2 metal complex dye, on a laboratory
scale, are given in Figure 1.
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From Figure 1 it can be seen that if the
steaming time is reduced from 30 to
15 minutes, the colour yield decreases
by approximately 15%. However, for the
sample which was subjected to cationi-
sation prior to printing, nearly the same
colour yield can be achieved even after
15 minutes of steaming as compared to
the untreated sample steamed for 30 min-
utes. CIEL*a*b* values of the printed
fabrics are given in Table 3.

From Table 3 it can be clearly seen that
the L* value of the untreated fabric sam-
ple increases if the steaming time is re-
duced from 30 to 15 minutes showing,
that the colour is getting lighter. Fur-
thermore, it is visible that for the sample
which was subjected to cationisation pri-
or to printing, after 15 minutes of steam-
ing the L* value is lower, which means
that its colour is darker compared to the
untreated sample steamed for 30 min-
utes. Based on the results obtained, it can
be concluded that the changes in the nu-
ance of the colour are quite low. Results
of the colour fastness of the printed fabric
samples on a laboratory scale are given
in Table 4.

From Table 4 it can be seen that very
good light, washing and rubbing fastness
values were obtained in all trials. The cat-
ionisation process did not have any nega-
tive effect on colour fastness values.

FTIR analyses were carried out in order
to detect the changes in the functional
groups of fibres as a result of the cationi-
zation process, results of which are sum-
marised in Figure 2.

It is observed that there is an increase in
the band frequencies of the carbon-hydro-
gen single bond (2910-2930 cm!), amid I
(C = O stretching) (1620-1640 cm™),
amid IT (NH twist) (1510-1530 cm™") and
amid III (NH bending/CN stretching)
(1230-1240 cm™!) in the samples treated
with a cationizing agent [24, 25]. In ad-
dition, the peaks around 3300 cm'! show
free and hydrogen bonded N-H strech-
ing. This corresponds to the NH groups
in the polyamide structure [18], and it
can be said that an increase occurred in
these groups after cationisation. Consid-
ering the chemical structure of the cati-
onisation agent used in the experiments
(Figure 3), it can be understood that an
increase will occur in the aforementioned
groups as aresult of their addition to
the fibre structure. The possible binding
mechanism of the modified quaternary
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Figure 1. Colour yield (K/S) values of the fabric samples subjected to cationisation treatment
and untreated ones printed using a 1:2 metal complex dye (Nyloset Navy Blue M-BR).
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Figure 2. FTIR analysis results of untreated and treated fabric samples.

Table 3. CIEL*a*b* values of the fabric samples subjected to cationisation treatment and
untreated ones printed using 1:2 metal complex dye (SD: Standard deviation).

Fabric sample Steaming time, min L* SD a* SD b* SD
Untreated 30 26.56 0.29 0.67 0.02 -15.07 0.1
Untreated 15 29.10 0.39 0.39 0.06 -15.51 0.09

Treated 15 25.85 0.10 0.57 0.05 -15.10 0.04

Table 4. Light, washing and rubbing fastness values of fabric samples subjected to
cationisation treatment and untreated ones printed using a 1:2 metal complex dye.

Fabric Steaming Light Washing fastness Rubbing fastness
sample time, min | fastness = CA  CO | PA  PES PAN WO Dry Wet
30 6 5 5 4-5 5 5 5 5 4-5
Untreated
15 5-6 5 5 4-5 5 5 5 5 4-5
Treated 15 5-6 5 5 4-5 5 5 5 5 4-5

Table 5. K/S and CIE L*a*b* values of printings carried out in sample scale industrial
production with Nyloset Black MRX dye (SD: Standard deviation).

Fabric Steaming * * *

sample time, min KIS SD L sD a SD b sD
Untreated 30 1.63 0.02 24.32 0.19 -0.49 0.01 -2.87 0.03
Treated 15 1.64 0.03 | 23,70 | 0.40 -0.53 0.01 -3.07 0.04
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Figure 3. Possible binding mechanism of modified quaternary polyalkylamine-based

cationicizing agent to PA fibres.

Figure 4. SEM (5000x) analysis results of untreated fabric samples (a) and those treated

with a cationisation agent (b).

Table 6. Light, washing and rubbing fastness values of printings carried out in sample scale

production with Nyloset Black MRX dye.

Fabric Steaming Light

sample time, min fastness CA | CcO
Untreated 30 5 4-5
Treated 15 5 4-5

polyalkylamine compound based cati-
onizing agent to the polyamide fibres is
given in Figure 3.

As can be seen from Figure 3, the prod-
uct based on the modified quaternary
polyalkylamine compound is bonded to
the carboxylate anions (-) in the poly-
amide fibres through electrostatic attrac-
tion forces. In this respect, new cationic
groups are added to the structure of the
polyamide fibres, and the amount of an-
ionic dyes which the fibre is able to bind
is increased.

After determining the changes in the
chemical structure of the fibres with
FTIR analyses, scanning electron micros-
copy (SEM) analyses were carried out to
determine whether there was a change
in the surface structure of the PA fibres
or not. The results obtained are given in
Figure 4.
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Washing fastness

Rubbing fastness

PA | PES PAN | WO  Dry Wet
34| 5 5 5 5 4-5
4 5 5 5 5 4-5

As can be seen from the SEM photo-
graphs presented in Figure 4, the chem-
ical modification did not change the sur-
face structure of the PA fibres. Cationisa-
tion is a chemical modification in which
new functional groups are attached to
the fibres, and it is not expected to cause
a significant change in the crystallinity or
surface structure of the fibres.

It is determined in laboratory scale stud-
ies that steaming times can be reduced
from 30 minutes to 15 minutes if cationi-
zation is performed before printing. How-
ever, the results should also be checked
in industrial conditions. For that purpose,
fabric samples treated by the cationisa-
tion process and untreated fabric samples
were printed with a 1:2 metal complex
dye (Nyloset Black MRX) under indus-
trial conditions as well. The fixation of
printed and dried fabrics with saturated
steam was performed for 30 minutes for

untreated fabric and 15 minutes for fab-
ric subjected to cationisation. K/S and
CIE L*a*b* values of the fabric samples
produced under industrial conditions are
given in Table 5.

From Table 5 it can be seen that the fab-
ric sample which was subjected to cati-
onisation prior to printing gives nearly
the same colour yield (K/S) and light-
ness-darkness (L*) values after 15 min-
utes of steaming as compared to the un-
treated sample steamed for 30 minutes.
Furthermore, it can be concluded that the
changes in the nuance of the colour are
quite low. Colour fastness results of the
printed samples are given in Table 4. If
the nuance of the colours of both samples
is compared, it can be said that the differ-
ence between them is quite small. When
the total colour difference (AE) value is
calculated from CIE L*a*b* values, it is
found to be 0.2, which indicates that the
colours of both samples are very similar.
Colour fastness test results related to the
printings carried out in sample scale pro-
duction are summarised in Zable 6.

From Table 6 it is visible that very good
light, washing and rubbing fastness val-
ues were obtained in both trials. All these
results reveal that after cationisation, the
steaming times of polyamide fabrics after
printing can be shortened from 30 min-
utes to 15 minutes without any loss in
colour yield and fastness values.

M Conclusions

In this study, analysis was conducted
with the aim of developing a method of
chemically modifying polyamide fibres
in order that nylon/elastane blend fabrics
can be printed with short steaming times.
In both laboratory and sample scale tri-
als, it was determined that it would be
possible to reduce the steaming times
from 30 minutes to 15 minutes without
causing aloss of yield in printing and
without affecting the fastness adversely
in the case of applying cationisation pre-
treatment with a 5% modified quaternary
polyalkylamine compound based product
at pH 7, 60 °C for 30 min to nylon/elas-
tane blend fabrics before printing with
a 1:2 metal complex dye. The total col-
our difference between the treated fabric
sample with a short-term steam fixation
(15 min) and the untreated sample with
a long-term steam fixation (30 min) after
printing with a 1:2 metal complex dye re-
mained within the acceptance limits.

FIBRES & TEXTILES in Eastem Eurgpe 2021, Vol. 29, 1(145)



Acknowledgements

We would like to thank to TUBITAK for sup-
porting this study within the 3130834 coded
TEYDEB project. In addition, we are grateful
to the Serhas Tekstil Company for giving us
the opportunity to realise sample scale in-
dustrial printing trials.

References

1.

10.

1.

12.

Andreoli C, Freti F. Reference Books of
Textile Technology: Man-Made Fibres.
Fondazione Acimit, 6-9, Milano, ltaly,
2004.

. Bernstein R, Derzon DK, Gillen KT. Ny-

lon 6.6 Accelerated Aging Studies: Ther-
mal Oxidative Degradation and lts Inte-
raction with Hydolyses. Polymer Degra-
dation and Stability 2005; 88: 480-488.

. Yilmazer D, Kanik M. Poliamid Liflerin-

de Meydana Gelen Kimyasal Hasarin
Tespitinde Kullanilan Test Yontemleri-
nin Incelenmesi. Uludag Universitesi
Muhendislik-Mimarlik Fakultesi Dergisi
2009; 14: 2.

. Wang HH, Wang CC. Dyeing Mecha-

nism and Model of Nylon 6 Fiber Dyeing
in Low-Temperature Hydrogen Peroxide
— Glyoxal Redox System. Journal of Ap-
plied Polymer Science 2006; 100: 4197-
4207.

. Yurdakul A, Atav R. Boya baski esaslari,

Ege Universitesi Miihendislik Fakiiltesi
Tekstil Mihendisligi Bélumu, Bornova
-Izmir, 2006.

. Ozdogan E. Seliiloz Esasli Liflerin Katy-

onize Edilerek Boyanma Ve Baski Ozel-
liklerinin Gelistiriimesi, Ege Universitesi,
Fen Bilimleri Enstitist, Tekstil Mihen-
disligi Anabilim Dali, PhD Thesis, Izmir
-Tuarkiye, 2003.

. Evans GE, Shore J, Stead CV. Dyeing

Behaviour of Cotton After Pretreatment
with Reactive Quaternary Compounds.
Journal Society Dyers and Colorist
1984; October, 100(10): 304-315.

. Lewis DM, Lei XP. Improved Cellulo-

se Dyeability by Chemical Modification
of the Fibre. Textile Chemist & Colorist
1989; 21(10): 23-29.

. Burkinshaw SM, Lei XP, Lewis DM. Mo-

dification of Cotton to Improve its Dy-
eability Part 1 Pretreating Cotton with
Reactive Polyamide-Epichlorhydrin Re-
sins. Journal Society Dyers and Colorist
1989; 105(11): 391-398.

Burkinshaw SM, Lei XP, Lewis DM,
Easton JR, Parton B, Phillips DAS. Modi-
fication of Cotton to Improve its Dyeability
Part 2 Pretreating Cotton with a Thiourea
Derivative of ~Polyamide-Epichlorhydrin
Resins. Journal Society Dyers And Colo-
rist 1990; 106(10): 307-315.

Lei XP, Lewis DM. Modification of Cot-
ton to Improve its Dyeability Part 3 Poly-
amida-Epiclorohydryn Resins and their
Ethylenediamine Reaction Products. Jo-
urnal Society Dyers and Colorist 1990;
106(11): 352-356.

Lei XP, Lewis DM. The Dyeing Behaviour
of Cotton Modified with Chloropropionyl

FIBRES & TEXTILES in Eastem Eurgpe 2021, Vol. 29, 1(145)

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Chloride and Related Compounds. Dyes
and Pigments 1991; 16(4): 273-289.
Lewis DM, Lei XP. New Methods for
Improving the Dyeability of Cellulose
Fibres with Reactive Dyes. Journal So-
ciety Dyers and Colorist 1991; 107(3):
102-109.

Peter JH, Adham HT. Dyeing Cationic
Cotton with Fiber Reactive Dyes: Effect
Of Reactive Chemistries. AATCC Re-
view 2002; 2(5): 36-39.

Arivithamani N, Giri Dev VR. Sustaina-
ble Bulk Scale Cationization of Cotton
Hosiery Fabrics for Salt-Free Reactive
Dyeing Process. Journal of Cleaner Pro-
duction 2017; 149: 1188-1199.
Giacomini F, de Souza AAU, de Barros
MASD. Cationization of Cotton with Oval-
bumin to Improve Dyeing of Modified Cot-
ton with Cochineal Natural Dye. Textile
Research  Journal  2020; https://doi.
org/10.1177/0040517519899652.
Khalfaoui M, Baouab MHV, Gauthier
R, Ben Lamine A. Acid Dye Adsorption
Onto Cationized Polyamide Fibres. Mo-
deling and Consequent Interpretations
of Model Parameter Behaviours. Journal
of Colloid and Interface Science 2011;
296: 419-427.

Bahtiyari Mi. Effect of Applying Cationic
Agent to the Polyamide Fabrics on their
Color Efficiencies when Dyed. Industria
Textila 2009; 60(4): 197-202.

El-Molla MM, Badawy NA, AbdEl-Aal
AY, El-Bayaa AA, EI-Shaimaa HMG. Dy-
eability of Cationised Cotton and Nylon
6 Fabrics Using Acid Dyes. Indian Jour-
nal of Fibre & Textile Research 2011; 36:
88-95.

Atav R, Yiksel MF, Yakin I. Investiga-
tion of a Chemical Modification Method
which Enable Polyamide/Elastane Fa-
brics to be Dyed at Lower Temperatu-
res, International Conference on En-
gineering Technology and Innovation,
Conference Proceedings Book, 65-72,
Sarajevo-Bosna Hersek, 2017.

TS ISO 105 CO06. Textiles-Tests for colo-
ur fastness — Part C06: Colour fastness
to domestic and commercial laundering,
Geneva, Switzerland, 2010.

TS ISO 105-X12. Textiles-Test for colour
fastness — Part X12: Colour fastness to
rubbing, Geneva, Switzerland, 2016.

TS ISO 105-B02. Textiles-Test for colur
fastness — Part B02: Colour fastness
to artificial light: Xenon arc fading lamp
test, Geneva, Switzerland, 2013.

Shim S. Analytical Techniques for Dif-
ferentiating Huacaya and Suri Alpaca
Fibers. MSci. Thesis, The Ohio State
University, Columbus, Ohio, 2003.

Atav R, Goktepe F, Yavas A, Namirti O.
Nanoteknoloji Grlini dendrimerlerle yin
liflerinin boyanabilirliginin ve basilabilir-
liginin gelistiriimesi ve liflere aromatera-
pi fonksiyonel 6zelliginin kazandiriimasi.
TUBITAK 1002 Hizli Destek, Proje No:
110M212, 2011.

Received 14.03.2020 Reviewed 24.06.2020

v

2020 GLOBAL

COTTON

SUSTAINABILITY
CONFERENCE

v

\)

N
A\

N

AN\

MOVING TO
2-4 MARCH
2021

SAME LOCATION
SAME AGENDA
SAME NETWORKING
NEW DATES

The 2020 Global
Cotton Sustainability
Conference
will now take place from
2-4 March 2021 in Lisbon,
Portugal.

The conference will
still dial in on three key
themes:
Climate Action,
Innovation Now,
Social Sustainability
exploring how the sector
can collaborate in these
areas to create and drive
collective impact.

You can find up to date
information on the
conference website:
www.GlobalCotton.org
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