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INTRODUCTION

Cellulose is a biopolymer that is the most abundant,
easily accessible, and cheap raw material and is
widely used in many commercial applications. The
hydroxyl groups of cellulose allow its conversion into
regenerated cellulose via the formation of ester and
ethers by the reaction with various chemical
species. This modification process gives the desired
physical/chemical properties that are required for
the usage area. The most important commercially
available cellulose ester derivatives are as follows;
cellulose acetate, cellulose acetate propionate and

butyrate, and carboxymethyl cellulose acetate
butyrate. Among all cellulose derivatives, cellulose
acetate butyrate (CAB) has some superior properties
such as high scratch resistance and being
economical. The inelastic rod-like structure of CAB
crystals causes a high viscosity of CAB in a molten
state that restricts the processability of CAB.
Besides, the low thermal stability of polysaccharide
structures of CAB, leads to a narrow processability
range between the melting and decomposition
temperatures, thus lowers the thermal stability of
CAB. In order to overcome the mentioned problems,
some researches based on the modification of CAB

303


https://doi.org/10.18596/jotcsa.634996
mailto:zehra.yildiz@marmara.edu.tr
https://doi.org/10.18596/jotcsa.634996
https://dergipark.org.tr/jotcsa
http://www.turchemsoc.org/
mailto:%20zehra.yildiz@marmara.edu.tr%20
https://orcid.org/0000-0002-1573-2074
mailto:onen@itu.edu.tr
https://orcid.org/0000-0002-7169-608X
mailto:ozangazidehmen@gmail.com
https://orcid.org/0000-0002-6225-3543
mailto:atillag@marmara.edu.tr
https://orcid.org/0000-0001-9562-6265

Yildiz Z et al. JOTCSA. 2021; 8(1): 303-310.

have been performed but there is no research
considering the modification of the CAB by using the

urethane-based oligomers (1-3).

UV-curing technology is favored due to the
requirement of less solvent or none (environment
friendly), processability at low temperatures
(economical), and saving of time with a rapid
crosslinking mechanism just in a few seconds (mass
production). UV-curable coatings can be used as
varnishes, adhesives, inks, functional coating
materials in many industries such as automotive,
printing, dentistry, furniture, micro-electronics,
biomedical, optical, and packaging products. The

reaction of toluene diisocyanate-hydroxyethyl
methacrylate (TDI-HEMA) is often performed in
literature, to prepare UV- sensitive coating

formulations. Here, the UV-curable acrylate groups
are provided by HEMA, which supplies the usage of
solvent/waste-free process and provides time and
cost-efficiency. Whereas the isocyanate groups of
TDI gives an elastic behavior to the oligomer due to
the formation of carbamate ester units. In TDI-HEMA
reaction, some isocyanate functional groups are left
unreacted intentionally in order to give additional
functionalities by introducing other active species in
further reactions. For instance, TDI-HEMA-
functionalized carbon nanotubes, TDI-HEMA-epoxy
acrylate  oligomers,  TDI-HEMA-butyl acrylate
oligomers have all been manufactured via the usage
of TDI-HEMA adduct in the literature (4-9).

Due to the hydrophobic impurities on cotton fibers
such as waxes, pectin, grease, hemicellulose,
protein etc., the solution uptake and wettability
properties of fibers negatively affected during the
finishing processes. Therefore, cotton fibers need to
be scoured in order to enhance the hydrophilicity
and dyestuff uptake, to improve the compatibility
between fiber/finishing agent, and to increase the
adhesion strength between the fiber/coating layer. In
this study, a commercial washing process with
standard ECE washing powder, alkali treatment with
concentrated sodium hydroxide (NaOH) solution,
and enzymatic washing with pectinase enzyme were
all employed for cotton fabric scouring. The ECE
washing powder is a non-ionic, phosphated, without
optical brightening agent and used in textile
fastness tests. It helps to remove the
water/detergent soluble impurities from the fiber
surface. In alkali treatment, concentrated NaOH
solution helps to dissolve the impurities such as
lignin, hemicellulose, grease, and waxes on the fiber
surface. During the alkaline treatment, the surface
area of fibers increases due to the fibrillation which
supplies a better penetration of the coating layer.
The enzymatic washing step presents, some
advantages over the other washing steps such as
being sustainable and eco-friendly, requiring less
energy, and giving less deformation to the fiber
surface. Pectinase enzyme was chosen to
decompose the pectinic impurities on cotton fabric.
In literature, PET fabrics have been treated with
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cutinase enzyme and NaOH solution, respectively.
Accordingly, the enzymatic washing process showed
a better performance in the fibrillation of PET fabric
compared to the alkaline treatment (10-18).

In this study, the hydroxyl groups on CAB structure
were modified by TDI-HEMA adduct in order to
enhance the undesired properties of CAB. Then the
modified CAB oligomers obtained were included in
UV-curable coating formulations on cotton fabrics. In
order to improve the adhesion between the cotton
fiber and coating layer, fabrics were treated with an
alkaline solution, pectinase enzyme, and ECE
washing powder, respectively. The abrasion, tensile,
and adhesion properties of washed and coated
fabrics were all investigated.

EXPERIMENTAL

Materials

CAB (Eastman 551-0.01, 53 % wt. butyryl, 2 % wt.
acetyl, 1.5 % wt. hydroxyl content), 1.6-hexanediol
diacrylate (HDDA, Merck, reactive diluent),
tetrahydrofuran (THF, Merck), toluene diisocyanate
(TDI, Merck), 2-hydroxyethyl methacrylate (HEMA,
Merck), sodium hydroxide (NaOH, Merck), dibutyltin
dilaurate (DBTDL, T12 catalyst, Merck), 1-
hydroxycyclohexyl phenyl ketone (lrgacure® 184,
photo initiator, Ciba Specialty Chemicals), non-ionic
wetting agent (Uniwett HGA Alfa Kimya), ECE
phosphated, without optical brightening agent (SDL
Atlas) were all used as received. Cotton fabrics (115
g/m?, 30 warp/cm, 22 weft/cm) were obtained from
Tavsanli Tekstil Co.

Preparation
Formulations
Figure 1 shows the synthesis steps of TDI-HEMA
modified CAB oligomer. Firstly, TDI-HEMA in an
equimolar ratio, HDDA (30 % wt.), T12 catalyst, and
THF were all loaded to a round bottomed flask,
under nitrogen atmosphere, equipped with a
condenser and magnetic stirrer. THF and HDDA were
used to dissipate a sudden temperature increase
and to dilute the reaction media, respectively. The
reaction was performed for the first half an hour in
an ice bath, another half an hour at 25 °C, then 1 h
at 70 °C. The decrease in the intensity of isocyanate
peak was followed by FTIR spectroscopy during the
reaction. In the second step, certain amounts of
CAB, allowing to react only 50 % of hydroxyl groups
on it, was dissolved in THF and included into the
reaction flask. The temperature was raised to 90 °C
and ended in half an hour by checking the
disappearance of isocyanate peak in FTIR spectra.
The rest of the hydroxyl groups on CAB were
intentionally left unreacted in order to give flexibility
to the oligomer. Due to the differences in reactivity
of isocyanates in para and ortho positions, at first
isocyanates in para position react with the hydroxyl
groups of HEMA, whereas the isocyanates in ortho
position reacts with the hydroxyl groups of CAB in
the second step, at a higher temperature.

and Application of Coating
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Figure 1. Synthesis of TDI-HEMA modified CAB oligomer.

Cotton fabrics were cut in 15x20 cm dimensions that are needed to make the T-peel test. The process
parameters of each washing processes can be seen in Figure 2. The washing processes were all performed
on an enclosed Pyrex glass with 25 cm diameter, equipped with a magnetic stirrer. Fabrics were immersed in
the washing media and were laid out on the bottom of Pyrex. Distilled water was used on each rinsing step.

* 0.2 mL/L wetting
*d4tg/L ECtE agent * 0.2 mL/L wetting
e * 10 g/L NaOH agent
(phosphated, 9 .
wipthou': optical * At 95 °C * 1,8 % wt. pectinase
brighteining agent) *For1lh *enzyme
*At 40 °C *At pH 11 *At 5? °c
*For %z h * Rinsing with . For’z h
* Rinsing with water boiling At pH 8,2-8,5
at room temperature, at 70 * Rinsing with water
temperature. °C, and at room AN at 80 °C

S ~—— temperature
Figure 2. Parameters of each washing processes.

3 min from both sides of the fabric between two
glass plates. The fabric coating process was
performed in both one layer and two layers of fabric
in order to make the tensile testing and T-peel test,
respectively. Figure 3 illustrates the fabric coating
and curing processes.

Fabric samples with various washing processes were
dipped into the coating formulation containing 3%
wt. photoinitiator for 3 min. After that fabrics were
put between two PE films and pressed by a
squeezing roller to dissipate the excess resin from
the fabric. Then fabrics were exposed to UV-light for

Roller

- UV Lamp

| ]
—_— —
| ]

PE Film Glass Layer

HotPlate 50 °C
Figure 3. Application of coating formulations and UV-curing.

oligomer were characterized by FTIR (Perkin Elmer

Characterization
Spectrum 100 FTIR equipped with a ZnSe ATR

The synthesized TDI-HEMA adduct and modified CAB
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crystal) and *H NMR spectroscopic methods (Agilent
VNMRS 500 MHz, with deuterated dimethylsulfoxide
(DMSO-ds) as solvent and tetramethylsilane (TMS)
as an internal standard). In order to evaluate the
hydrophilicity property of fabrics after washing
steps, an absorbency test (AATCC-79-2004) was
employed (19). Tensile testing (TS EN ISO 13934-1)
(20) and abrasion test (TS EN ISO 12947-2 for
fabrics without coating layer, TS EN ISO 5470-2 for
fabrics with coating layer) (21, 22) were performed

in Instron 4411 tensile testing machine, and
Martindale pilling and abrasion instrument,
respectively. The adhesion strength in double

layered coated fabrics was measured by the T-peel
test (ASTM D1876-08) also in Instron 4411 tensile
testing machine (23).

RESULTS AND DISCUSSION

FTIR Analysis

—_——
TDI-HEMA L2l

modified CAB v 1
oligomer 1529 cm™ N

1732 em™! =0

-H
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The FTIR spectra of TDI-HEMA adduct and modified
CAB oligomers can be seen in Figure 4. Accordingly,
in the spectra of TDI-HEMA adduct, the isocyanate
peak at 2270 cm™ disappeared with the reaction of
CAB. This result can be explained by the reactivity
differences of isocyanate groups. Due to the steric
hindrance of methyl groups, the isocyanate groups
of TDI in ortho-position are four times less reactive
than the isocyanate groups in para-position. Thus in
the first step, the isocyanates in para-position react
with the hydroxyl groups of HEMA. Whereas the
isocyanates in ortho-position react with the hydroxyl
groups of CAB in the second step due to the
increased temperature. The characteristic HEMA
peaks of C=C, =CH,, and =CH were observed at
1635 cm?, 1450 cm?, and 810 cm?, respectively.
The characteristic carbamate ester peaks of N-H
bending and C=0 stretching were observed at 1529
cm™ and 1732 cm™ in the spectra of modified CAB
oligomer (24-26).
f\f

f

4 (1]

1635 cm ™l C=C == | |l

TDI-HEMA
adduct

il 1450 cavt =cEd || |

2270 em! NCQ === ! I
i

Wavenumbers (cm-1

810 cmrl

Figure 4. FTIR spectra of TDI-HEMA adduct and modified CAB oligomers.

H NMR Spectra

The 'H NMR spectra of TDI-HEMA modified CAB
oligomer was given in Figure 5. The characteristic
methacrylic proton peaks of HEMA can be followed
from the peaks at 4.27-4.35 ppm (-O-CH,-CH,-0), at
6.10-6.18 ppm (C(CH3)=CH, cis), and 5.59-5.60 ppm
(C(CH3)=CH, trans), respectively. At 2.14-2.17 ppm

region, the methyl proton peak of TDI can be
observed. The existence of carbamate ester groups
(-NH-COO) in the structure can be seen with the
proton peak at 5.01 ppm. The proton peaks of the
cellulose structure can be all observed at 3.32-4.18
ppm region (25, 27-29).
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Figure 5. 'H NMR spectra of TDI-HEMA modified CAB oligomer.

Absorbency Test

The hydrophilicity behavior of fabrics after various
washing processes was investigated by using an
absorbency test according to the AATCC TM79-2018

standard (19). The absorbency test is performed by
following a complete disappearance of a distilled
water droplet, which is dripped from a certain
height, on the fabric surface, by wusing a
chronometer. Accordingly, the absorbency test value
of 142 seconds was recorded on the unwashed
fabric surface. After washing processes, the

absorbency test result was recorded as 3 seconds
for each washing procedure. When the fabric was
coated with the UV-curable formulation, the
absorbency test result was obtained as more than
24 hours, which means the water droplet cannot be
immersed into the fabric surface. The decline on the
absorbency test results from the 142 seconds to the
3 seconds after washing is due to the fibrillation of
fibres. Fibrillation causes a rougher look (Figure 6)
and the formation of more surface area among fiber
structure which means more points are formed to
bond the liquid on the fabric surface.

Without Washing ECE Washed

Alkali Washed

i

Enzymatic -‘Washed

Figure 6. Light microscopy images of single fiber from the fabric without washing and fabrics after each
washing processes.

Abrasion Resistance Test

The abrasion resistance values of pure fabric, fabrics
after washing, and fabrics after UV-coating with their
light microscopy images were all given in Table 1.
The abrasion resistance test for uncoated washed
fabrics was recorded according to the TS EN ISO
13934-1 standard. Fabrics were cut in 5 cm diameter
and allowed to be abraded towards a standard wool
fabric. When a yarn was a break in both warp and
weft directions, the test is ended. Results are given
in terms of “cycle”. Pure cotton fabric showed a
38,000 cycle before damaged. The smooth surfaces
are more durable against abrasion than
corresponding rough surfaces. After washing steps,
due to the fibrillation on fiber surface, fabrics gained
a rougher look, thus the abrasion resistance values
were all decreased. It was recorded as 34,000 cycle
(ECE washed), 32,000 cycle (alkaline-washed), and
30,000 cycle (enzymatically washed), respectively.

After UV-coating process, another abrasion test
which is suitable for resin coated fabrics were
performed according to the TS EN ISO 5470-2
standard. On this test, coated fabrics were cut into 5
cm diameter and allowed to be abraded by a
sandpaper. The evaluation was made in terms of the
weight loss percentage after 100 cycle abrasion.
Accordingly, after UV-coating process, the unwashed
fabric showed a 20.3% weight loss in abrasion test.
Whereas when the fabrics are washed prior to the
UV-coating process, the abrasion results were all
decreased. And the least weight loss value of 11.6%
was recorded in the case of enzymatically washed
UV-coated fabric sample. This result is due to the
highest fibrillation level of enzymatic washing,
resulting a better bonding between the fiber surface
and the coating layer. The light microscopy images
of UV-coated fabrics after 100 cycle abrasion were
also supported this result.
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Table 1. Abrasion resistance values of fabrics before/after washing and UV-coating.

Without } Alkaline- Enzymatically
Washing ECE-Washed Washed Washed
c
Abrasion a
Resistance 38,000 34,000 32,000 30,000 S
(cycle) o
o
20.3 16.4 14.1 11.6
Abrasion 2]
Resistance 8
(weight loss, o
%) Q
Light Microscopy Images After Abrasion Test

Tensile and Peel Testing

Table 2 shows the tensile strength values of pure
fabric and fabrics after each washing processes. Also
the peel strength values of double layered UV-
coated fabrics were given in Table 2. An increase in
tensile strength values were observed due to the
fibrillation after washing processes. This result is
stemming from the increase in surface roughness
with fibrillation, more adherence points are formed
on the fiber surfaces (Figure 6). Thus fabrics become
more durable after washing. The highest tensile
strength value of 1080 N was recorded on the
sample with pectinase enzyme washing. Considering

the peel testing results, as in tensile testing, due to
the increase in surface roughness the adherence
between the coating layer and fiber surface
increases. Thus the highest peel test value of 27.8 N
was also recorded in the sample with enzymatic
washing. Figure 7 illustrates the possible bonding
mechanism between the UV-coating layer and
cotton fabric surface. The strong hydrogen bondings
between the hydroxyl groups of cellulose and
hydroxyl groups of CAB, carbonyl groups of
carbamate esters and HEMA, and NH groups in
carbamate esters are all responsible for the bonding
mechanism.

Table 2. The tensile strength and peel test values of washed and UV-coated fabrics.

Without Alkaline- Enzymatic-
Washing ECE-Washed Washed Washed
Tensile
Strength (N) 950 1001 1070 1080 Uncoated
Double
Peel Test (N) 16.3 20.2 23.6 27.8 Layered UV-
Coated

CONCLUSIONS

In this study, the hydroxyl groups on CAB structure
were modified by TDI-HEMA adduct in order to
enhance the undesired properties of CAB such as
high viscosity due to the inelastic structure, low
thermal stability etc. The obtained TDI-HEMA adduct
and modified CAB oligomer were chemically
characterized by FTIR and 'H NMR spectroscopies.
By using the modified CAB oligomer, UV-coating
formulations were prepared and applied on double-
layered cotton fabrics. In order to increase the
adhesion strength between UV-coating layer and
cotton fabric surface, the ECE, alkaline, and
enzymatic washing processes were applied on
cotton fabrics prior to the UV-coating. All results are
consistent that the washing step with pectinase

enzyme showed the highest performance in the
fibrillation of cotton fibers. Thus the highest
absorbency and the least abrasion resistance by
means of cycle were recorded in the case of
enzymatic washed sample. After double-layered UV-
coating process, the least abrasion resistance by
means of weight loss percentage after 100 cycle and
the highest peel strength were also recorded for
enzymatic washed sample. Considering the
industrial usage, a commercial tarpaulin fabric
properties are as follows; flame resist, water-proof,
and 850 g/m? in weight. The double-layered UV-
coated fabric proposed in this paper is also water-
proof, and having a lower weight of 524 g/m?2. Thus
it can be suggested that the proposed UV-coated
fabric can be used as light-weighted tarpaulin.
Further studies are now in progress modifying the
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oligomeric structure by incorporation of phosphorus-
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containing flame resistant functional groups.

Cotton Fabric

OH OH OH
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Figure 7. The bonding mechanism between the UV-coating layer and cotton fabric surface.
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