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Abstract

This paper presents an investigation of modified glyoxalic (DMDHEU) and co-polymer acrylic resins
effect on the crystallinity and crystallite Size of finished cotton. Using a modern technical analysis, ATR-
FTIR and X- ray diffraction, is very significant to describe structural modification of cellulose fiber treated
with two types of resins. Investigation of the effect of used resins at various finishing conditions (curing
temperature, curing time, drying temperature, drying time and resins concentration) on crystallinity and
crystallite size of finished cotton can explain the phenomena encountered during this kind of treatment.
The obtained results show the pronounced influence of treatment conditions (higher curing) that reduce
the crystallinity and crystallite size of treated cotton.
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Introduction

Crosslinkers are generally small molecules that enclose a number of functional groups
(commercially known as resin). They are able to link with a number of dynamic groups in the
polymer such as hydroxyl groups in cellulose. In order to develop the durable press applied
on cotton fabric, the advanced application has been to link a covalently crosslinking agent
with adjoining cellulose chains inside fibers [1-3]. Previously, we have studied the effect of
two famous finishing resins; acrylic and Glyoxal resins applied according to various finishing
conditions, on the mechanical and surface properties of different cotton denim fabrics. On
the other hand, we have detail and explain the effect of yarn composition and starch sizing
composition on the quality of resin treatment. The effect of resins treatment conditions: resin
concentration, curing temperature, curing time, dry time and dry temperature. Obtained
results showed that sized cotton yarn is most preserving the mechanical properties under
curing conditions; unlike stretch cotton yarn is more sensitive to high curing temperature
and time [4,5]. The aim of this paper is explaining the impact of Glyoxalic and acrylic resins
on the crystallinity and crystallite size of finished cotton yarns. After finishing treatment, the
structure and organization of cotton cellulose was studied using X-ray diffraction and ATR FT-
IR spectroscopy. It is known that cellulose microfibrils in cotton are composed of crystalline
and amorphous regions. Crystallinity index is known to measure the relative amounts of
amorphous and crystalline cellulose. The obtained change in the amorphous and crystalline
of cellulose fiber is a result of intermolecular and intramolecular hydrogen link [6]. Today, a
characterization of X-ray diffraction allows describing the changes of crystallinity values in
the treated cotton yarns and understanding the resins’ treatment concept. We found that the
change in the internal structure of the cotton is related to a chemical characteristic of resins
and to curing conditions (temperature and time).

Experimental

The experiment consisted in usinga 100 (%) cotton yarns Nm 14. Itis the most used cotton
as warp and weft in the denim woven structure. Two types of finishing resins are used. Table
1 gives details of used resins and catalysts. These resins are usually used in the permanent
press and wash and wear treatments. The selected resins are usually used to improve the
durable press properties of fabrics. In addition, modified Glyoxalic and acrylic resins can
make up ester links with the cellulose chains [7] as shown in (Figures 1a & 1b). For the resin
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treatment, we used a pad dry cure process. The yarn is impregnated
in a bath containing a diluted resins solution: resins agent (resin),
catalyst (15(%) of resins weight) and water. Drying is carried out
in a ream “Mathis AG-Switzerland”, while the curing step is realized
in a drying oven. To examine sequentially the comparative effect
of resins on the mechanical’s properties of finished cotton yarns.
Details of experiments conditions shown in Table 2. ATR FT-IR
Spectroscopy “PerkinElmer-France” used in the investigation of
treated yarns. To determine the crystallinity at different conditions,

the treated samples were discrete on a stump placed in the room of
a (D max) shaft Analytical X-Ray diffractometer “X’pert Pro MRD-
Netherlands” with a wavelength of 1,54 (A). The generator intensity
was 40 (kV) and generator current was 50 (mA). The samples were
then scanned using (26=5-100°). The rotation speed of clinometers
was 8°/min. The crystallinity index CI ((%)) is defined in the
following equation (1):

CI1=100 [(1002 - Tam)/1002]  Eq. (1)
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Figure 1: a) Cross-linking reaction of a cellulose with the modified Glyoxalic resins (DMDHEU) in presence of
catalyst, curing temperature is among 140-160 (°C), curing time 5 (min). b) Cross-linking reaction of cellulose
unit with co-polymer acrylic at 95-140 (°C) curing time 5 (min) and for pH=7.

Table 1: Basic properties of resins.

Resin pH (20 °C) Density Agent Description Catalyst Catalyst Description
Modified DMDHEU (diethylene glycol
. . ) 15 - 22 (%) and Formaldehyde<0,1(%), Contains Magnesium Chloride
Modified Glyoxalic 3-55 13 and methanol<0,5 (%)) crosslinks at MG (MgCL,)
140 (°C)
Water dispersion anionic, soluble
co-polymer self-crosslinked crosslinks of the reticulate agent. IUs totally
Acrylic 55-7,5 1 poly o PAZ y free of thoxylate alkylphenoles,
at 100 (°C) . .
plasticizing agents making conden-
sation already at low temperature.
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Table 2: Details of experiments conditions.

S?:l;lé)‘:e Resins Name | Resins Concentration (g.1") | Dry Temperature (°C) TS ]();1}:;11‘)“3; chiue (Zf:;n'll‘); rature C?Q?E)T;l:e
YS1 Glyoxalic 60 80 1 110 5
YS2 Glyoxalic 150 80 1 110 5
YS3 Glyoxalic 60 100 1 110 5
YS4 Glyoxalic 60 80 5 110 5
YS5 Glyoxalic 60 80 1 140 5
YS6 Glyoxalic 60 80 1 110 30
TYA1 Acrylic 60 80 1 110 5
TYA2 Acrylic 150 80 1 110 5
TYA3 Acrylic 60 100 1 110 5
TYA4 Acrylic 60 80 5 110 5
TYAS Acrylic 60 80 1 140 5

Where (I 002) presents the crystalline peak of the highest
intensity at 26 (between 22° and 23°), and ‘I am’ is the lowest
intensity at 20 (between 18° and 19°), generally used for cellulose
I [8]. The crystallites sizes were definite with a diffraction model
resulted from the (L002) plan of treated cotton yarns. In order to
calculate the crystallite size with (L 002) plan [9], we used a famous
Sherrer’s equation (2) as shown below:

Results and discussion

L002=KA/ (Bcos®) Eq.(2)

Where A is the wavelength of radiation (1,54A), © is the
celebrated “Bragg” angle of the diffraction peak in degree, and K
is the constant habitually taken as 0, 9 and is the full width at half
maximum intensity in radians measured at 26.

Characterization of Resins and treated cotton with ATR-FTIR spectroscopy
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Figure 2: ATR-FTIR spectra of modified Glyoxalic and acrylic resins (wave-number from 400 to 4000 (cm™)).
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In order to provide a further clarification of the effect of
crosslinking agent reaction with a natural fiber, we may begin by
studying the functional chemical group. Actually, ATR-FTIR is yet an
extra advanced technique to investigate hydrogen link in cellulose.
Since 1950, The FTIR has been the best means to examine the full
area of hydroxyl group stretching in the ATR-FTIR wavenumber of
cellulose I (cotton) [10]. Figure 2 shows the ATR- FTIR spectra of
modified Glyoxalic and acrylic resins. It is clear that the detected
values of wavenumbers correspond to a chemical group vibration

for the studied finishing agent. The modified Glyoxalic DMDHEU has
a specific wavenumber 3352 (cm™) that corresponds to the specific
0-H group. As for acrylic agent, it has a wavenumber 1697cm
that corresponds to specific C=0 group. Thanks to ATR-FTIR, the
wavenumbers corresponding to the chemical group vibration of
resins are presented in Table 3. The ATR-FTIR spectra of untreated
and treated cotton yarns with Glyoxalic and Acrylic resins at
different finishing conditions and results is shown in Figure 3.
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Figure 3: ATR-FTIR spectra of untreated and treated cotton yarns with glyoxalic and acrylic resins at different
finishing conditions (wave number from 400 to 4000 (cm!)).

Table 3: Corresponding wavenumbers to chemical group vibration of two resins.

Polymer Sci Peer Rev ]

Resins Wave-Number (cm™) Chemical Group Vibration
1028 C-C
1279 C-0
Acrylic 1o ch
1526 C=C
1697 C=0
3363 0-H
986 C-C
1161 C-C
Modified glyoxalic DMDHEU 1415 C-H
1732 C=0
3352 0-H
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It has long been known that cotton has an important number of
OH groups. The large peak above 3300 (cm™) is designated to the
OH group and the low group at 1640 (cm™) are owed to hydration.
After the resin treatment, new peaks occur at 1730 (cm™), which
can be attributed to C-O stretching vibration of groups in the resin.
These peaks show that the resin agent has been successfully applied
to the surface of cotton. They also have a chemical reaction that was
taken to create the ether bonds in OH group of modified Glyoxalic
(DMDHEU) with cellulose fiber [7,11]. In fact, many factors can be
the origin of change in the wave-number peaks obtained. They have
changed as a function of resins concentration, dry temperature
and time, curing temperature and time. In our case, the change of
the obtained wave-number peaks could not be in relation with a
catalyst nature. Yang et al. [12] note that the quantity of the catalyst
used in a reaction is related to the reactivity of the reactants and
the curing temperature and curing time. Catalyst categories, the
quantity of catalyst, or the curing temperature and curing time are
the most factors that can be varied to help them and make better
their reactivity. It is known that excessive curing temperature and
curing time can burn cellulosic fabrics and color them to yellow. A
temperature of 180 (°C) is usually used as the curing temperature
for formaldehyde-free resin in durable press treatment [12]. Using
ATR-FTIR, the researcher approves the crosslinking reaction
between resins and fibers after finishing.

Characterization of treated cotton yarns with X-ray
diffraction

In order to explain the specific effect of used resins and
applied curing and drying conditions on mechanical properties,
crystallinity and crystallite size of cotton, yarns are treated with

Glyoxalic and acrylic resins at different finishing conditions. We
summarize the obtained results of the X-ray diffraction analysis, in
Table 4. Referring to Table 4, this shows the estimated crystallinity
index CI (%) and crystallite size of untreated cotton and treated
with Glyoxalic and acrylic resins. It is clear that the value of the
estimated crystallinity index CI (%) for all treated samples is less
than CI (%) of untreated cotton. We deduce that the crosslinking
reaction affects the crystallinity of the cotton whatever the type of
resin used, or the treatment factors (concentration, temperature
and time) applied. Nevertheless, the crystallite size values of the
treated samples vary depending on the nature of the resin. On
the other hand, it is clear that the concentration of the resin and
the polymerization temperature have caused a visible change
in the size of the crystallites. Moreover, Ericka et al., suggest that
increasing the concentration of DMDHEU affects the hydrogen
bonding zones between the cellulose molecules. When the
intermolecular crosslinking commences, the competition between
the (-OH) groups of cellulose and the glycol will take place. In fact,
high temperatures as well as the fragility of cellulose (-OH) groups
are factors that could have influenced the non-linear extension of
crystal size. From Table 4 we note that the crystallite sizes of the
yarns treated with the two Glyoxalic and acrylic resins are lower
than that of untreated cotton (3.94nm). Moreover, Weilin Xu [10]
observed a reduction in the crystallinity of the cotton cross-linked
with the resin (BTCA: butane carboxylic acid). He mentioned that it
is possible for the properties to be improved with each crosslinking
agent applied to the crimped cotton fiber, with different effects on
the cotton structure. This is accompanied by changes in the degree
of crystallinity of the cellulose in the fiber. In addition, he indicated
that crystallinity is closely related to the size of fiber crystallites [6].

Table 4: The crystallinity index and the crystallite size of treated and untreated cotton yarns.

Yarns Index Resin Crystallinity Index CI (%) Crystallite Size (nm)

Non traité HkA kX 85,3 3,94
YS1 Glyoxalic 79,80 2,98
YS2 Glyoxalic 75,99 3,56
YS3 Glyoxalic 76,56 3,01
YS4 Glyoxalic 79,67 3,39
YS5 Glyoxalic 78,39 3,22
YS6 Glyoxalic 84,88 3,08
TYA1 Acrylic 76,41 3,20
TYA2 Acrylic 69,92 3,27
TYA3 Acrylic 83,13 3,79
TYA4 Acrylic 81,95 3,93
TYAS Acrylic 79,44 2,86
TYA6 Acrylic 80,77 2,59

Subsequently, Parikh et al. [6] reported such a finding; a
reduction in crystallinity in the cross-linked cotton treated with
DMDHEU and citric acid [13]. In addition, our results show a

reduction in crystallite sizes that can be related to changing drying
conditions. Moreover, Hu & Hsieh [13] analyzed their cellulose
samples treated with DRX. They showed that a decrease in
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crystallite size is typical throughout the drying step. Deformation
could occur in the inter-crystalline and inter-fibril regions and
could be almost on the surface of the crystals (crystalline zone)
when the intermolecular bond is created, which causes the
crystallite size to be reduced without substantially affecting the
total crystallinity dry fibers [13]. Figure 4 presents X-Ray diffraction
of samples treated with modified Glyoxalic resins and acrylic resins
at various finishing conditions. A remarkable change was observed
with intensity peaks for variation (26=5-100°). It is clear that the
modification of finishing conditions (dry temperature, dry time,
and curing temperature, curing time and resins concentration)
has an important effect on the microstructure of cotton, especially
for the (26=18°) and (206=22°). Referring to (Figure 4), it is clear
that the X- ray specters of different conditions applied YSi, , and
TYAj, , have an intensity that results from special comparison
to one to another. This change is certainly due to the reaction of
resins agent’s characteristics or to the finishing parameters (curing

temperature and time, dry temperature and time). The constitution
of cotton was customized with a head reaction with modified
Glyoxalic (DMDHEU). The diffusion of resins molecules added to the
microstructure of cotton was showed with the L002 plan. Referring
to (Figure 4), the appearance of small peaks near values of (26=78°)
and intensity of 100 especially for sample TYA1 is probably due to
the finishing condition or catalyst reaction. We also can conclude
from (Figure 4) that the appearance of a full peak with a higher
intensity of 800 near values of (20=78°) for sample YS2 is probably
due to higher resins agent concentration used equal 150g.1" that
is superior to applied concentration of other samples. A modest
peak also appears with an intensity of 300 near values (26=38°)
for sample YS5 is probably due to a higher curing temperature of
140 (°C) compared to other treated samples. This X-ray result led
us to point out that the effect of resins concentration and curing
conditions is significant on the X-ray diffraction of various treated
cotton yarns.
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Figure 4: X-Ray diffraction of treated cotton yarns with modified Glyoxalic DMDHEU and Acrylic resins at

various finishing conditions.
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Conclusion

The result obtained by using ATR FT-IR spectroscopy confirms
the change on the physical sate of treated yarns with modified
Glyoxalic and acrylic resins, precisely with a functional group OH
responsible for cross-linkage. X-ray diffraction analysis proves
that crystallinity index and crystallite size of treated cotton with
modified Glyoxalic and acrylic resins have an important relation
with physical properties such as accessibility to crosslinking
in amorphous region and especially on mechanical properties.
We conclude that modified Glyoxalic resins cause a decrease on
crystallinity index maximum 15 (%) with modified Glyoxalic when
compared to crystallinity index of untreated cotton. As for acrylic
resins, we have obtained a decrease in crystallinity index about
10 (%) when compared to crystallinity index of untreated cotton.
This is due to the fact that the acrylic resin formed a coating film at
the fiber surface. This film has reinforced the yarn structure. These
results are in concordance with the significant change in crystallite
size after reaction of resins agents inside treated yarns.
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