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Abstract Vanillin is an active ingredient found in
the crop ‘vanilla’ and is traditionally extracted from
the ‘vanilla pod’. Vanillin intrinsically is not a suit-
able candidate for imparting durable functional fea-
tures into textile substate due to its smaller chemical
structure which leads to leaching of the same during
washing operation. To enlarge the structure, in the
present study, vanillin has been converted into 4-(ben-
zylamino) methyl))-2-methoxyphenol vanillin deriva-
tive (reduced Schiff base) with considerable amount
of yield by using a simple one-step process and the
synthesized product has been characterized by 1H,
C13 NMR, FTIR, and Raman analysis. Thereafter,
the reduced Schiff base of vanillin (RSB) has been
integrated on cotton as well as polyethylene tereph-
thalate (PET) fabric using high temperature high
pressure (HT-HP) technique for imparting multiple
functionalities. FESEM EDX analysis has confirmed
the integration of RSB on both the fabrics by reveal-
ing uniform presence of the nitrogen (of the synthe-
sized derivative) on the treated textile materials. Both
types of functionalized textiles have demonstrated
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appealing color shades with an excellent antimicro-
bial activity of about 90% against Escherichia coli (E.
coli) bacteria. The treated fabrics could cater pleas-
ing fragrance and exhibit 90% antioxidant properties.
Moreover, enlarged vanillin derivative in the form of
RSB can retain its properties in the fabrics even after
repeated machine launderings. RSB-treated cotton
fabric has shown ultra-violet protection factor (UPF)
of 38 which drops to 24 after washing whereas in case
of PET treated fabric, the observed UPF values are
265 and 164 before and after washing, respectively.
The RSB treatment has been found to be cytotoxically
secure and biocompatible as tested on the PET fabric.
Other required properties of the treated fabrics such
as water absorbency, flexibility, etc. have also been
found to be intact. Thus, the presented study reveals
a new class of safe material that can be derived from
eco-friendly vanillin and has the potential to replace
hazardous chemicals that are currently used in textile
chemical processing industries.

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s10570-023-05085-z&domain=pdf
http://orcid.org/0000-0001-8253-5022
https://doi.org/10.1007/s10570-023-05085-z
https://doi.org/10.1007/s10570-023-05085-z

3318

Cellulose (2023) 30:3317-3338

Graphical abstract

CsHsNH2
/NaBHa4

Vanilla Pod Vanillin solution

& drying

Antibacterial

a UV protective
\s“v-‘a %

Reduced ’

Schiff base
(RSB)

[ ~

After
filtration

Anti-oxidant

Color & fragrance

Keywords Vanillin - Cotton - Polyester - Antioxidant - Antimicrobial - UV protective - Biocompatible

Introduction

Cotton and polyester fibers cover a substantial part in
textile manufacturing due to their exceptional proper-
ties. Cotton is a natural fibre having manifold lucra-
tive properties such as comfort, softness, and so on,
and thus is a fibre of choice for clothing. Cotton is a
crop that is cultivated throughout the world, whereas
polyethylene terephthalate (PET) is a synthetic poly-
ester group fibre. In the last decade, the demand for
PET fibre has increased exponentially. The polyester
market has grown very sharply and is accounted for
45% of the total market (Textile 2010). Regrettably,
cotton fabric has issues with bacterial growth as well
as a low ultra-violet protection factor (UPF), whereas
PET has major issues with bacterial adhesion due to
its hydrophobic characteristic. However, in today’s
world, people are more concerned about their health
and hygiene, and thus there is a growing demand for
textile substrates with functional properties which
stimulated the research community to develop fabrics
with multifunctional properties such as antimicrobial,
antioxidant as well as harmful UV ray protection.
Various finishing agents (natural as well as synthetic)
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are applied to textile substrates to impart these func-
tionalities. Finishing agents commonly used in the
textile industry are often unfriendly to the environ-
ment. On the other hand, natural occurring finish-
ing agents have issues with integration over textiles
as well as wash durability. Vanillin (p-vanillin) has
not been closely examined and explored in the tex-
tile field. It has only been investigated as a carrier in
polyester dyeing (Pasquet et al. 2013). Aside from
its function as a carrier, its finishing efficacy as an
antibacterial agent is not very satisfactory due to its
small structure and topological surface area (TPSA)
(Gressier et al. 2019). Among the isomers (ortho and
para), p-vanillin is considerably safer and has been
explored in various industries such as pharmaceuti-
cals, food and beverages, and fragrance, but has not
thoroughly been investigated in the textile segment.
Traditionally, two or more compounds have been
applied to textiles to achieve multifunctional proper-
ties, which are associated with various issues such as
compatibility, multiple process sequences to integrate
them into textiles, and so on. These multi-step pro-
cesses consume a lot of water and energy, and they
invite a variety of other problems associated with
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toxic effluent which make the entire process unsus-
tainable. As a result, there is a growing demand for
a single finishing agent integrated into a textile to
impart effective multifunctional properties. Natural
materials have recently gained prominence and inter-
est in this concept. However, the application of natu-
ral materials on textile substrates remains challenging
to the need for a higher add-on percentage due to the
presence of multiple non-essential components as
well as less-reactive sites in their chemical structure.
On the other hand, the mechanism of interaction of
finishing agent in cotton and PET fabric is entirely
different. Finishing agents interact with amorphous
region in cotton fibre and remain there due to vari-
ous physical interactions such as hydrogen bonds, van
der Waals interaction or by forming covalent bonds.
Other approach of integration of finishing agent in
cotton substrate is physical entrapment of the agent
that is soluble at higher temperature during its inte-
gration process but insoluble at room temperature
during usages. Such an observation has recently been
reported (Sharma et al. 2022a), in which the material
got entrapped in the cotton fabric when the tempera-
ture was reduced, and retained inside in an insoluble
form, along with other interactions such as hydrogen
bonds, etc. In case of PET, diffusion process of fin-
ishing agents in aqueous media is slower due to its
highly compact structure with hydrophobic nature.
For such fabrics, finishing agents can get mechani-
cally entrapped inside the fabric during the treatment
process at above Tg (glass transition temperature) and
get retained inside the fabric once the temperature
is lowered below T, as reported elsewhere (Sharma
et al. 2022b). Also, the finishing agents or dyes com-
monly used on PET fabric stimulate a wide range of
environmental issues. Cotton, flax, and other cellu-
losic derivatives have extensively been researched in
the last 5 years to achieve long-lasting and very inno-
vative functional applications such as UV protective
fabric, fluorescent clothing, contaminant removal,
and antibacterial textiles (Mohajerani et al. 2019;
Ahmed et al. 2021; Emam et al. 2021a, b, 2022a, b;
Marae et al. 2021). Extensive research is also being
conducted to develop functional textiles that could be
used in military, hospital, and waste-water treatment,
among other applications.

Moreover, synthetically prepared materials have
the advantage of requiring a low add-on percentage

to imbue functionalities into textiles or other sub-
strates, which is even more advantageous when the
materials are converted to nano-form (Sharma et al.
2016, 2018; Chawla et al. 2017; Durrani et al. 2020;
Rajpoot et al. 2021; Ali and Sharma 2022). However,
in many cases, these are proven to be health hazard-
ous or environmentally not a benign solution. As a
result, the scientific community is constantly working
to replace hazardous chemicals with environmentally
friendly alternatives (Pasquet et al. 2013; Basak and
Wazed Ali 2018; Shukla et al. 2019). Various bio-
based finishing agents, such as lignin-based com-
pounds, pomegranate rind extract, aloe vera gel, and
other natural ingredients, are being investigated in
this context to impart various functional properties to
textile substrates (Ali et al. 2014; Basak and Wazed
Ali 2018; Shukla et al. 2019; Joshi et al. 2007). How-
ever, in order to achieve satisfactory functionalities,
these finishing agents require a high add-on percent-
age, which stiffens the textile substrates and impairs
other useful textile properties.

Vanillin is extracted naturally from vanilla pods
and can also be obtained synthetically as well as
through biotechnological routes. Vanillin has been
used extensively as flavoring substance in various
food making industries, perfumery and pharmaceu-
tical industries and it is also potential inhibitor of
COVID-19 virus as reported in a recent study (Sinha
et al. 2009; Bezerra et al. 2016, 2020; Gallage and
Mgller 2017; Arya et al. 2021). Because of its inher-
ent structural constituents with various functional
groups, vanillin has many beneficial properties such
as antioxidant, antimicrobial, anti-inflammatory, anti-
cancer, antifungal, anti sickle cell anemia, and so on.
(Ma et al. 2020; Venkata et al. 2020, 2021; Abra-
ham et al. 1991; Tai et al. 2011; Hannemann et al.
2014; Wu et al. 2020). However, its use in the textile
industry is limited due to its smaller structural fea-
ture, and it easily comes out of the textile structure
during washing. Furthermore, in its parent form, its
chemical structure prevents it from forming a cova-
lent bond with any of the textile substrates. Recently,
researchers have experimentally transformed vanillin
into Schiff base to enhance its structural conformation
for suitable entrapment into the amorphous region of
PET fabric, and it has been possible to generate desir-
able functional properties with reasonable wash dura-
bility (Sharma and Ali 2022b). Although the authors
have observed some extent of functional properties on
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fabric such as antibacterial activity, good UPF value,
etc., but the effect against a range of bacteria as well
as the antioxidant property are not up to par. Antimi-
crobial and antioxidant activity are attributed to the
presence of functional -OH groups in vanillin struc-
ture. The overall structural feature protects the treated
fabric from ultraviolet rays.

In the present research work, a unique derivative of
vanillin (i.e. reduced Schiff base) with high yield per-
centage has been synthesized. Initially, vanillin Schiff
base has been synthesized in-situ using vanillin and
benzyl amine, and afterwards it has been reduced to
form reduced Schiff base (RSB) in a simple and cost-
effective single step process. The presence of an —-NH
group in RSB significantly enhances the antioxidant
activity as well as antimicrobial efficacy. The single-
step preparation with simple reagents is quite useful
for commercialization, and the process is, of course,
industrially viable. The synthesized RSB has then
been integrated into both the cotton and polyester
(PET) fabric using a high temperature high pressure
(HT-HP) dyeing machine to impart multi-functionali-
ties. The treated textiles have demonstrated significant
improvements in properties as compared to the previ-
ous study with only Schiff base product (Sharma and
Ali 2022b). The present context demonstrates that
the synthesized novel RSB molecules can provide
multiple functionalities (antimicrobial, antioxidant,
UPF, fragrance) on both the cotton and PET textiles,
without interfering with other useful physical proper-
ties (tensile, absorbance, bending length, etc.) of the

CHO HoN

fabrics. The functionalized fabrics have a lot of poten-
tial for indoor (curtains, hospital bed sheets, etc.) as
well as outdoor (tents, stealth, etc.) applications. The
same value-added fabric has enormous potential to be
explored in reusable mask (usable up to 30 washes) in
pandemic situation like Covid-19 also.

Materials and methods

Ready for dyeing (RFD) bleached cotton fabric
(40x40/132x 72 twill weave) of 100 g/cm? (GSM)
and PET (plain weave) fabric of 100 g/cm2 (GSM)
having no optical brightening agent added into them
were purchased from a local market in New Delhi.
Vanillin, benzyl amine, 2,2-diphenyl-1-picrylhydrazyl
(DPPH), sodium borohydride, methanol, and ethanol
were purchased from Central Drug House (CDH) and
used in the study without further purification. Ana-
lytical grade TLC Silica gel 60 F254 plate and extra
pure Agar—Agar were purchased from Merck and
Luria broth was purchased from Himedia, respec-
tively which were used in the antibacterial study.
CDCl;, Deuterated DMSO and KBr of analytical
grade were purchased from Sigma Aldrich and used
for NMR and FTIR sample preparation, respectively.

Synthesis of reduced schiff base (RSB)

0.1 mol of vanillin and 0.1 mol of benzyl amine
were added at 35 °C in a round bottom flask having

ZT

|

OMe

OH

4-hydroxy-3-
methoxybenzaldehyde

phenylmethanamine

OMe

OH
4-((benzylamino)methyl)-2-methoxyphenol

Fig. 1 Reaction scheme for the synthesis of reduced Schiff base (RSB) from vanillin and benzyl amine
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three times methanol to that of vanillin. Yellow
colored solution was instantaneously formed as
both the reagents were mixed. The reaction mass
was stirred for 30 min at 35 °C. Afterwards the tem-
perature was lowered down to 15 °C and sodium
borohydride (0.1 mol) was added in 3—4 lots. After
this addition, the reaction mixture was again stirred
for 45 min at 35 °C. TLC was used to check the
extent of the reaction for completion (S1 in Appen-
dix). Just after that, methanol was removed using
an evaporator, and water was added 5 times with a
few drops of dilute hydrochloric acid to keep the pH
between 6.5 and 7. The reaction mass was stirred
for an additional hour before being filtered under
vacuum. The filtered material was dried in a hot air
oven at 40 °C until it reached a constant weight. The
reaction was replicated three times, and the same
observation was obtained with nearly the same
yield each time. The reaction scheme for the syn-
thesis of RSB is depicted in Fig. 1 with the advan-
tage of using a simple reagent without heavy metals
which is different than the previously reported pro-
cess (Scipioni et al. 2018).

Characterization of the synthesized RSB

Thin layer chromatography to monitor the extent
of reaction

Desirable dimensions of TLC Silica gel 60 F,s, plates
(UV active plates) were cut and used to study the pro-
gress of the reaction after complete addition of the
reagents.

Nuclear magnetic resonance study for structural
analysis

'H and >C NMR spectra of the synthesized RSB
and vanillin were captured using Bruker Machine of
400 MHz. In an NMR tube, 5 mg of sample was dis-
solved in deuterated solvent and placed in an NMR
instrument.

FTIR analysis to investigate the presence
of functional groups

FTIR analyzer (model Nicolet iSSOFT-IR of Thermo
Scientific company) was used to investigate the func-
tional groups present in the materials. The samples

were scanned from 400 to 4500 cm™! and data was
collected as needed.

Raman analysis to reaffirm the functional groups

Raman analyzer (Reni Shaw model) was used to
examine the functional groups of the material. Both
the vanillin and the prepared RSB were subjected to
Raman analysis. Samples were exposed at 785 nm
laser light to analyze them in the 200-2500 cm™!
wavenumber range.

X-ray diffraction to investigate the micro-structure
the of materials

The X’pert pro machine was used to investigate the
extent of crystallinity of the synthesized samples at a
scan rate of 0.02 s/step in the 20 range from 10° to
80°. The sample was exposed to X-ray (Cu-Ka radia-
tion) of wavelength 1.54 A and data was recorded
accordingly.

Pretreatment of cotton and PET fabric

1 g/L of non-ionic soap (lissapol-N) in a material-to-
liquor ratio of 1:20 was used to pretreat cotton and
PET fabric separately at 70 °C for 30 min. The fabric
was then washed twice with water to remove any fin-
ishing agent that had remained on the surface.

Incorporation of synthesized RSB into cotton and
PET fabric

1 g of each fabric (cotton and PET) was cut and
placed in two separate infrared (IR) beakers. Fabric
(material or M) to water (Liquor or L) in the ratio of
1:30 (M: L) was maintained in each beaker contain-
ing 100 mg RSB separately.

Beakers were then placed in an IR dyeing machine
and heated at 120 °C for 20 min. Once the treatment
was over, the temperature of the beakers was reduced
to 40 °C, and the treated fabrics were removed out
of the beakers. The surface adhered material was
thoroughly washed with fresh tap water. Finally, the
treated fabrics were washed with 1 g/LL non-ionic
detergent, followed by regular water, and air dried.

@ Springer



3322

Cellulose (2023) 30:3317-3338

Color strength of the treated cotton and PET fabric

Premier Color Scan Spectrophotometer (Model no
5100, Lambda (35 model)) equipped with an inte-
grating sphere was used to measure the color value of
treated fabrics. Color parameters were set according
to the standard method (Basak and Wazed Ali 2018).

SEM EDX to analyze the elemental presence on the
treated fabric

SEM was used to scan RSB-treated fabrics, and EDX
analysis was performed to determine the presence of
elements. The treated samples were examined using
a TM3000 tabletop microscope (HITACHI, Swift
ED3000). Prior to scanning, fabric samples were
coated with a thin conducting layer of Gold/Palla-
dium of nearly 100 A thickness using a 20 kV accel-
erating voltage to make the samples conductive in
nature.

Assessment of antimicrobial activity of the treated
fabric

Standard AATCC 100 method was used to analyze
the antibacterial activity of the RSB treated fabrics.
Colony counter was used to calculate the number
of colony forming unit (cfu) for the control and the
treated fabrics. The percentage in bacteria colony
reduction (BCR) was calculated by using the follow-
ing formula:

(A - B) x 100

Percentage Reduction = A

where, A is the number of viable microorganisms for
control sample and B is the number of viable micro-
organisms in presence of treated fabric sample.

Antioxidant activity of the treated fabric

The antioxidant activity of the RSB treated fabrics
was measured using standard 2, 2-diphenyl-1-pic-
rylhydrazyl (DPPH) free radical entrapment method.
DPPH in methanol solution depicts absorption max-
ima at 517 nm. Untreated and treated fabric samples
of the same dimension were placed separately in a
known concentration of DPPH solution for 30 min in
the dark, and absorbance was measured. The decrease
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in absorbance of DPPH solution at 517 nm in the
presence of fabric is directly proportional to the fab-
ric’s antioxidant activity. A UV-visible spectropho-
tometer (Model UV 2450, Shimadzu) was used to
measure the absorbance.

Assessment of ultra-violet protection factor (UPF)

The ultra-violet protection factor (UPF) of untreated
and RSB-treated fabric samples was determined
using a UPF tester (Model UPF 2000, Labsphere).
The UPF of the samples was determined using the
standard method (AATCC 183:2014). Each sample
was scanned three times in different locations and the
average values are reported in the text.

Assessment of tensile strength

Tensile strength of the untreated and treated textiles
was measured by standard tensile testing method
(ASTM D5034, grab test method) using Tinius Olsen
tensile testing machine (Model: HS5KS). Sample
of 20 cmXx5 cm dimension was cut and the tensile
strength was measured at a speed of 300 mm/min.

Washing fastness test

Washing fastness of the treated fabrics was tested
using a laboratory grade launder-o-meter (R.B Elec-
tronic and Engineering) and by following the standard
AATCC 61 1A method. During the washing process,
ECE phosphate reference detergent was used. Fab-
ric sample of dimension 15 cmX5 cm was cut and
treated in 200 mL water containing standard recipe
(AATCC 61A) at 40 °C for 45 min.

In vitro cytotoxicity assay

To evaluate in vitro cytotoxicity of RSB treated sam-
ple, an MTT (MTT is 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide assay that is utilized
for studying cell toxicity) reduction colorimetric assay
was used on a L929-Mouse connective tissue cell
line, following ISO 10993-5. Dulbecco’s modified
Eagle’s medium supplemented with 10% fetal bovine
serum was used to culture all the cells. Primarily,
1x 10* cells were developed in each well of a 96 well
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plate at 37 °C and 5% CO, for 24 h. Then, for another
24 h, the cells were treated with 1 g of fabric sample.
The MTT solution (5 mg/mL in PBS) was added to it
after the treatment. The cells were incubated at 37 °C
for 3 h in a cell culture incubator. Dimethyl sulfoxide
was used to dissolve the formazan crystals, and the
absorbance (optical density (O.D.)) was recorded at
570 nm in a 96 well plate reader. With the following
Eq. (3), the cell viability was calculated:

O :Dat 570 nm for sample

Cell viability (%) = O : D at 570 nm for blank

X 100

Results and discussion

A very simple and industrially viable process was
used to synthesize RSB. Analytical techniques such as
NMR, FTIR, XRD, Raman were used to characterize
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the synthesized product. Finally, the synthesized RSB
was integrated separately into cotton and polyester
(PET) fabric to impart multifunctional effects using
HT-HP IR dyeing machine.

Fig. 3 C13 NMR spectra
of (a) vanillin and (b)
reduced Schiff base (RSB)

@ Springer

Material identification by nuclear magnetic resonance

study

Nuclear Magnetic Resonance (NMR) technique was
employed to confirm the formation of RSB from van-
illin (as represented in Fig. 2a, b). Different hydrogen
absorbs with different chemical shifts in different
environments. For RSB, a well-resolved spectrum
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was obtained, confirming the formation of the struc-
ture. Vanillin represents a sharp aldehyde peak at
9.8 ppm (singlet), which is absent in the RSB spec-
trum, and two equal peaks at 3.57 ppm (singlet) and
3.65 ppm (singlet) have been observed due to the
presence of two —CH, groups in RSB. A broader
peak is found in the spectrum at 8.75 ppm (singlet)
due to —OH groups. The presence of a —-NH peak at
2.42 ppm (singlet) in RSB confirms the formation of
the structure. The —OMe (singlet) peak is present in
both vanillin and RSB at nearly 3.8 ppm. Peaks in
the spectra of the solvents used for analysis are not
identified. CDCl; deuterated DMSO and water peak
are observed at 7.26 ppm, 3.5 ppm and 2.5 ppm,
respectively in the Fig. 2a or b). Area under the peak
also represents the number of protons present in the
chemical structure. Peak splitting due to neighboring
hydrogen atoms is also observed. Aromatic peaks due
to benzylamine are observed in the region 7.23 ppm
(multiplet, 4H) and 7.32 ppm (multiplet, 1H) in both
case, vanillin and RSB treated fabric.

13C NMR spectra of vanillin and RSB were
recorded to confirm the formation of RSB from
vanillin as shown in Fig. 3a, b. The spectrum of
vanillin shows that the —-CHO peak at 190.95 ppm
is present in vanillin but not in RSB. The —-C-OH
peak can be seen in both the spectra. Vanillin has a
peak position of 147.21 ppm, while RSB has a peak
position of 145.67 ppm. The peak at 52.56 ppm is
observed in the aliphatic region, corresponding
to —CH,—CH,. Additional peaks in the aromatic
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Fig. 4 FTIR spectra of (a) vanillin, (b) RSB (reduced Schiff base)

region are observed due to the benzyl amine moi-
ety in RSB, confirming the formation of RSB from
vanillin. Position 7 in Fig. 3b represents four car-
bon atoms (visible in zoom spectrum), whereas two
equal peaks represent four carbon atoms.

Functional group analysis of the synthesized material
FTIR study

FTIR study was conducted to confirm the forma-
tion of RSB. FTIR spectra of vanillin and the pre-
pared RSB were recorded from 400 to 3500 cm™!
and are represented in Fig. 4a, b. Vanillin absorbs
at 1666 cm™! due to the CHO group, whereas RSB
does not absorb at this wavelength (Thirunavukkar-
asu et al. 2018). A new band at 3288 cm™' for -NH
stretching is observed, confirming the formation of
a reduced Schiff base. However, it interferes with
the —OH group present, reducing the peak intensity
of —OH group. 1H NMR spectrum clearly indicates
the absorbance at 8.75 ppm which signifies the
presence of —OH group in the structure.

Raman analysis

The functional groups present in vanillin and syn-
thesized RSB were identified using Raman spectra,
recorded in 200-2000 cm™' range as shown in Fig. 5.
Vanillin absorbs majorly at 1670, 1590, 1270, 1170,
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955, 816, 733, 635, 540 and 430 cm™'. Raman band
at 1670 cm™! corresponds to vanillin aldehyde group
(Thirunavukkarasu et al. 2018) (Fig. 5a), whereas in
case of reduced Schiff base peak at 1670 cm™' was
absent which clearly indicates formation of RSB from
vanillin represented in Fig. 5b.

The band near 1170 cm™' is caused by C-O
stretching of —OCH;. In case of RSB, newly
formed bands at 1603 and 1642 cm™! correspond to
—C=C- of the benzene ring.

The formation of RSB is indicated by the forma-
tion of a new covalent bond and a change in the end
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Fig. 6 XRD pattern of (a) vanillin, (b) RSB (reduced Schiff base)
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aldehyde group to amine, which is clearly visible in
the spectrum (Fig. 5a, b). Furthermore, the NMR
spectrum of the synthesized compound, as discussed
in an earlier section of this article also, supports the
formation of RSB.

XRD study

X-Ray Diffraction (XRD) pattern was studied to
evaluate the extent of the crystallinity of the material.
Both the vanillin and synthesized RSB material were
scanned at a rate of 0.02 s/step in the 20 range from
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10° to 80°. Both vanillin and synthesized RSB are
found to be crystalline in nature. Figure 6a, b show
XRD peaks for vanillin and RSB, respectively.

Vanillin shows many crystalline peaks (Fig. 6a),
but the most intense peak appears at 20 value 13.07°
which is also in full agreement with an earlier
reported values (Hasanvand and Rafe 2019). Small
peaks are also visible for vanillin at 20 value 23.8°
and 39.8° but their intensities are very low as com-
pared to the main peak. XRD pattern of RSB shows
a main peak at 20 value 20°, which confirms the for-
mation of a new compound and is also supported by
NMR results.

Incorporation of RSB into fabrics

HT-HP IR dyeing machine was used to incorporate
RSB in both cotton and PET fabrics separately. Vanil-
lin, on the other hand, is unable to retain in fabrics
due to its very small structure. As PET is hydro-
phobic in nature and vanillin has a high topological
polar surface area (TPSA) (Gressier et al. 2019), the
interaction between PET and vanillin is not much
stronger, and vanillin, due to its smaller structural
feature, leaches out of fabric after washing, making
it unsuitable for use as a finishing agent (Gressier
et al. 2019). As previously reported, there are not
many strong attractive forces in retaining vanillin
within the structure of cotton (only hydrogen bonds
and some degree of solubility) (Sharma et al. 2022a)
also. In the current study, reduced Schiff base is suc-
cessfully incorporated into both cotton and PET fab-
ric through good interaction, which could be attrib-
uted to two major factors: (1) structure enlargement
of vanillin after the formation of RSB and (2) reduced
solubility of RSB. However, integration of RSB into
PET fabric is done at high temperature (120 °C)
wherein solubility of RSB gets increased (due to very
high RSB to water ratio, i.e. 1:300) and it penetrates
within the amorphous zone of PET structure. Once
the temperature gets down at the end of the treatment
process, the molecules become insoluble within the
structure and do not escape out very easily at room
temperature or even in washing conditions [which
is lower temperature than Tg (glass transition)] of
PET. In case of cotton, structural (chemical) enlarge-
ment of vanillin in the form of RSB increases the
attraction forces with cellulosic backbones. As the

molecules also have hydrophilic characteristics due
presence of —OH, —-NH group, they penetrate within
the cotton structure at higher temperature (because
of enhanced solubility) and interact with cellulosic
structure via hydrogen bonds. Also, the solubility
of RSB gets reduced at room temperature or wash-
ing temperature (as mentioned in case of PET also)
and these combined effects make the finishing more
durable on cotton fabric. The water absorbency of
the treated fabric is also not compromised, as deter-
mined by a drop absorbency test. Cotton fabrics, both
untreated and treated, showed water drop absorbency
in less than 5 s (i.e. very good absorbency). Bending
length of the untreated and treated samples is meas-
ured to determine the flexibility. The flexibility of the
treated fabric is found to be almost unaltered because
the required add-on percentage was very low (only
1-1.5%). Untreated cotton fabric shows an average
bending length of 3.5 cm, but after RSB treatment,
the same is measured as 3.6 cm, whereas untreated
and treated PET fabrics represent the value of 2.3 cm
and 2.35 cm, respectively.

The finished fabrics also show good tensile
strength retention (as discussed in the later part of the
article). The percentage of RSB on treated cotton and
PET was determined by UV-Vis spectrophotometer
using Beer-Lambert’s law. RSB solutions with known
concentrations were prepared in DMF (dimethyl-
formamide—30 mL in each solution), and an RSB
calibration curve was derived from absorption data.
The treated cotton and PET fabrics were then dipped
into 30 mL DMF and heated at 70 °C for 30 min to
allow all incorporated RSB to be leached out of the
fabric. The absorbance of this DMF solution was
measured with a UV-Vis spectrophotometer, and the
corresponding concentration was calculated using the
calibration curve. Cotton fabric shows nearly 20 mg
RSB content, whereas the same is measured as nearly
45 mg for PET fabric.

Assessment of the presence of RSB in the treated
fabrics using color measurement and wash durability
study

HT-HP machine with M:L ratio of 1:30 was used to
treat 1 g of cotton and PET fabric (each separately)
with 100 mg RSB. Both types of treated fabrics show
an appealing brownish shade. Figure 7a—c represent
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Fig. 7 a Control cotton
fabric, b cotton fabric
treated with RSB, ¢ cotton
fabric treated with RSB
after 6 washing cycle, d
control PET fabric, e PET
fabric treated with RSB,

f PET fabric treated with
RSB after 6 washing cycle

Table 1 L, a, b values and colour strengths of the untreated and treated fabrics

Sample name L a B K/S value  Standard deviation
CC (control cotton) 82.88 0.237 1.82 0.145 0.003

RSBC (reduced Schiff base treated cotton) 86.79 0453 6.76 0.36 0.005

RSBC 6W (reduced Schiff base treated cotton after 6 washes) 84.65 0.625 4.40 0.236 0.0028

CP (control PET) 81.013 332 —0.306 0.162 0.01

RSBP (reduced Schiff base treated PET) 88.112 1.12 8.850 1.54 0.014

RSBP 6W (reduced Schiff base treated PET after 6 washes) 88.127 1.13 8.83 1.39 0.009

control cotton (CC), 100 mg RSB treated cotton
(RSBC) and 100 mg RSB treated cotton after 30
home laundry washes (RSBC 6W), respectively. On
the other hand, Fig. 7d—f depict control PET (CP),
100 mg RSB treated PET (RSBP) and 100 mg RSB
treated PET after 30 home laundry (RSBP 6W). Even
after 6 machine washes, there is no discernible change
in the colour value (K/S value represents colour
value) of the treated cotton and PET fabric. Table 1
shows that the colour strength of treated cotton fabric
is 0.36 and that of PET fabric the value is 1.54. As
mentioned in the experimental section, the AATCC
61 1A method was used to investigate the wash fast-
ness of the treated samples. The colour strength of the
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cotton fabric and the PET fabric is remained as 0.236
and 1.39 after 6 machine washes, respectively. It
means that the active ingredient (RSB) remains intact
within the fabric structure after multiple washes.
Each machine wash is equivalent to 5 home launder-
ings (Sharma and Ali 2022a). The treated fabrics can
retain their colour even after 30 home launderings,
and the wash durability rating is found to be around
3—4 on a grey scale.

L, a, b values and colour strengths of the untreated
and treated fabrics (both before and after washed)
are represented in Table 1 (at maximum wavelength,
420 nm).
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Fig. 8 FTIR spectra of (a) untreated and RSB treated cotton, (b) untreated and RSB treated PET

Evaluation of presence of RSB on fabric using FTIR
analysis

FTIR analysis confirms the incorporation of RSB
into treated textiles as depicted in Fig. 8a, b. How-
ever, bands are quite weak due to a very low add on
percentage (i.e. 1-1.5% only) and cannot be distin-
guished from untreated fabric effectively. Neverthe-
less, in the case of cotton fabric, if we expand the
region 1400-1700 cm™!, we can observe an addi-
tional band of —-C=C- due to the aromatic structure
of RSB. In the case of RSB-treated PET, no addi-
tional bond is observed, which could be attributed to
the presence of an aromatic ring in the PET structure
itself, which interferes with related RSB peaks. On
the other hand, the colour value of the treated fabric
directly confirms the presence of RSB. The same is
supported by EDX analysis, which is discussed fur-
ther in the article.

Assessment of presence of RSB on cotton and PET
fabric through SEM-EDX

FESEM EDX analysis affirms that RSB treated
cotton and PET textiles have a uniform treatment
throughout the structure as shown in Fig. 9 and
Fig. 11. A peak at 2.2 keV is observed in case of
both the untreated and treated sample which is due
to gold coating to make the fabric conductive as
well as to dissipate the charging caused by moisture

in the fabric. The presence of RSB on cotton and
PET fabric even after 6 washing cycles is investi-
gated further using FESEM (as shown in Figs. 10
and 12), which reflects the homogeneity of RSB
treatment on fabrics. EDX of both the treated fab-
rics is taken in three different locations, and nearly
equal amounts of elements are detected for each
measurement. The presence of nitrogen also con-
firms that RSB is effectively retained in the fabrics
even after 6 wash cycles. The FESEM EDX map-
ping clearly depicts that RSB is uniformly inte-
grated on the textile substrate and is present on
individual fibre as shown in Fig. 9b. The particle
size of RSB is nearly 500 nm as shown in Fig. 9d.
RSB treated cotton contains elements like carbon,
nitrogen and oxygen as represented in Fig. 9c, e, f,
respectively, where carbon is represented by orange
color, nitrogen by magenta color and nitrogen by
green color. The presence of elements is repre-
sented in Fig. 9g whereas correspondence percent-
age is reported in Fig. 9h. EDX results depict 63.2%
carbon, 35.6% oxygen, and 1.2% nitrogen on the
treated fabric.

Figure 10 shows RSB-treated cotton fabric after
six wash cycles. A similar observation is made for
the treated cotton even after 6 washes, confirming the
effective retention of material inside the cotton struc-
ture. Even after washing, EDX reveals 63.4% carbon,
35.4% oxygen, and 1.2% nitrogen on the treated fabric,
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Fig. 9 FESEM mapping and EDX images of RSB treated cot-
ton: a FESEM image, b mapping of RSB, ¢ carbon elements
only presented by yellow color, d FESEM zoomed image, e

indicating RSB entrapment within the cotton fabric as
shown in Fig. 10h.

However, after washing, the treated fabric contains
less RSB, which could be attributed to the removal of
surface-deposited RSB particles.

Figure 11 shows FESEM images, elemental map-
ping, and EDX of RSB-treated PET fabric, and
Fig. 12 shows the results after 6 wash cycles. Both
the treated PET and cotton fabrics show a similar pat-
tern. As shown in Fig. 11b, FESEM EDX mapping
clearly shows that RSB is uniformly integrated on PET

@ Springer

Elements | Wt. %
Carbon 63.2
Nitrogen | 1.2
Oxygen |35.6

y

231 2.64

nitrogen elements only presented by magenta color, f oxygen
elements presented by green color, g EDX of sample, h ele-
ments present in percentage

substrate. RSB-treated PET contains elements such as
carbon, nitrogen, and oxygen, as shown in Fig. 11c, e,
11f, where carbon is represented by orange, nitrogen by
magenta, and nitrogen by green colour. Elements are
shown in percentage (%) in Fig. 11g, and correspond-
ence percentage values are shown in Fig. 11h. On the
treated fabric, EDX analysis revealed 75.8% carbon,
22.5% oxygen, and 1.8% nitrogen.

After 6 washes, RSB treated PET showed 77.4%
carbon, 21.6% oxygen, and 1% nitrogen as shown in
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Fig. 10 FESEM mapping and EDX images of RSB treated
cotton after 6 wash: a FESEM image, b mapping of RSB, ¢
carbon elements only presented by yellow color, d zoomed

Fig. 12h, indicating that RSB is retained on fabric very
effectively even after repeated washing operations.

Assessment of antimicrobial activity of treated cotton
and PET fabrics

The antimicrobial efficacy of untreated and RSB-
treated fabrics was assessed using a standard
method (AATCCI100, colony counting method).
RSB-treated fabrics demonstrate excellent antimi-
crobial activity against the tested E. coli bacteria.
The antimicrobial activity is retained to nearly
85-90% after 30 home launderings, as illustrated
in Fig. 13. The antimicrobial activity of the treated
fabrics was tested three times, and the results are
consistent. As a result, these textiles have the poten-
tial to be used as antimicrobial products in the

FESEM image, e nitrogen elements only presented by magenta
color, f oxygen elements presented by green color, g EDX of
sample, h elements present in percentage

healthcare sector, as well as in a variety of other
indoor and outdoor applications.

Assessment of antioxidant activity of treated cotton
and PET fabrics

The antioxidative activity of the treated fab-
rics was investigated using the ‘2, 2-diphenyl-
1-picryl-hydrazyl-hydrate’ (DPPH) method. In a
UV-Vis spectrophotometer, DPPH free radical
solution absorbs at 517 nm, whereas antioxidant
textiles or materials absorb DPPH and reduce the
intensity of the absorbance peak at 517 nm.

Figure 14 depicts the basic mechanism and moie-
ties responsible for antioxidant properties. The pres-
ence of -NH (in addition to —OH) in RSB makes it a
strong antioxidant agent, and thus the treated textiles
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Fig. 11 FESEM mapping and EDX images of RSB treated
PET—a FESEM image, b mapping of RSB, ¢ carbon elements
only presented by yellow color, d zoomed FESEM image, e

demonstrate very significant antioxidant activity
which is more than 90% with respect to control sam-
ple (Scipioni et al. 2018). The experiments were
repeated three times to eliminate any experimental
errors, but the same result (more than 90% antioxi-
dant activity) was obtained for each measurement.

Assessment of UPF of treated cotton and PET fabrics
The treated textiles show an excellent ultra-violet

protection in addition to colour value, antimicro-
bial activity, antioxidant property, and fragrance.
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nitrogen elements only presented by magenta color, f oxygen
elements presented by green colour, g EDX of sample, h ele-
ments present in percentage

However, different fabric parameters such as fabric
construction, fabric areal density, chemical treat-
ment, etc. influence the ultra-violet protection factor
(UPF) of textiles. Because of its favorable structural
configuration, RSB displays a high UPF value on
treated textiles in the present study. Despite having a
low add-on percentage on the treated textiles, the fab-
rics show a high UPF rating. After 6 home washing
cycles, the UPF value changes marginally. The UPF
of treated cotton is 38.66 on average of three readings
and decreases to 24 after 30 home washing opera-
tions, whereas untreated textile registers UPF of only
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Fig. 12 RSB treated PET after 6 wash cycle—a FESEM
image, b mapping of RSB, ¢ carbon elements only presented
by yellow color, d zoomed FESEM image, e nitrogen elements

9. The UPF value of RSB-incorporated PET fabric is
265 before washing and decreases to 164 after wash-
ing, whereas untreated PET exhibits a UPF value
of 62. It directly indicates that the active ingredient
(RSB) is retained in the PET structure even after 30
home washings. Table 2 summarizes the results of all
experiments conducted according to a standard proce-
dure (AATCC 183:2014).

only presented by magenta color, f oxygen elements presented
by green color, g EDX of sample, h elements present in percent

Cytotoxic study of RSB treated PET fabric

The RSB-treated PET sample was tested for cytotoxic-
ity in vitro at various extract concentrations from 10 to
100%. The standard experiment was carried out on the
mouse connecting tissue cell line 1.929. It was found
that treated PET fabric is completely safe and biologi-
cally compatible in the conc. range 10-100% as rep-
resented in Fig. 15, with a visible cell percentage of
greater than 70%. If the percentage is less than 70%, it
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Fig. 13 Agar plate showing bacteria colony forming unit (a) control cotton fabric, (b) RSB treated cotton fabric, (¢) RSB treated
cotton fabric after 6 wash cycle, (d) control PET fabric, (e) RSB treated PET fabric, (f) RSB treated PET fabric after 6 wash cycle
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Fig. 14 Mechanism of antioxidant activity and groups responsible for the functionality (highlighted)
is potentially cytotoxic (Standard method ISO 10993- Assessment of mechanical strength of the treated
5:2009 (E)). As a result, it is prudent to conclude that textiles
the RSB treatment on textile substrates is harmless
and the treated textiles can be used for apparel, various The tensile strength of the control and treated fabrics
household, and other technical textile applications. was measured and is shown in Fig. 16. Control cotton
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Table 2 UPF of untreated,

Sample name UPF Standard
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RSBC 6W (reduced Schiff base treated cotton after 6 washes) 24 2
CP (Control PET) 62 2.64
RSBP (reduced Schiff base treated PET) 265 13.22
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Fig.15 Cytotoxicity study of RSB treated PET fabric
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Fig. 16 Tensile strength of CC (control cotton), RSB treated
cotton, CP (control PET) and RSB treated PET

ton fabric depicts the tensile strength of around 695
N (standard deviation of 33). Untreated PET fabric
shows a tensile strength of 904 N with a standard
deviation of 16, whereas RSB treated PET displays
a tensile strength of 830 N with a standard deviation
of 20. Tensile testing was performed three times on
each sample. Such findings are due to the basicity of
RSB, which strengthens the cotton structure to some
extent, whereas minor deterioration in tensile strength
of treated PET fabric is due to hydrolysis of the PET
structure in basic condition.

Table 3 represents the comparative summary of
functional properties of the treated textiles using
different functional agents. According to the table,
reduced Schiff base demonstrates excellent multi-
functional efficacy such as UPF, mild fragrance, anti-
microbial and antioxidant activities on both the cotton
and PET fabrics.

Conclusions

Present research article reveals that RSB, a vanillin
derivative (i.e. reduced Schiff base of vanillin), has
enormous potential to be used as a biocompatible and
safe finishing agent for cotton and PET textiles. Van-
illin, on its own, is ineffective due to its small chemi-
cal structure and lacks functional activity in textile
substrates because of its low retention capability
inside the structure. However, by converting vanillin
into RSB, it demonstrates remarkable overall proper-
ties such as nearly 90% antimicrobial activity, almost
90% antioxidant activity, and good ultraviolet ray
protection, all of which are durable against repeated
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Table 3 Comparison summary of functional properties of treated textiles using different functional agents

Sr.no. Name of the functional agent/s Functional properties

Remarks References

1 Nettle plant leaf finishing
agent to cotton

2 Triclosan, silver and chitosan
finishing agent to cotton

3 Hydroxyapatite/silver nano-

particles on cotton applications

4 Ag silver nanoparticles flax Antimicrobial, UPF, color,
fibre
5 CQDs (carbon quantum dot)

were successfully nucleated
pyrimidine-based compound
on cotton textiles

6 Palladium nanocluster on UPF, fluorescence
cotton
7 Biosynthesized silver nano- Antimicrobial, UPF, color,

particles on cotton textiles
(sumac leaf extract)

8 Schiff base polyester Antimicrobial, UPF, color
9 Reduced Schiff base on cotton Antimicrobial, UPF, colour,
and PET fabric and antioxidant

Antimicrobial activity

Antimicrobial activity

Good antimicrobial activ-
ity but tensile strength
decreased slightly

Ketema and Worku (2020)

Excellent antimicrobial Dhiman and Chakraborty
activity, but tensile strength (2015)
decreased

Antimicrobial and biomedical Excellent antimicrobial, UPF  Said et al. (2021)

and tensile strength

Excellent antimicrobial
activity, UPF and tensile
properties

Emam et al. (2021a)

UPF, antimicrobial properties Excellent antimicrobial activ- Ahmed et al. (2021)

ity, but decreased tensile
properties

Excellent UPF, but tensile
properties slightly decreased

Emam et al. (2022b)

Excellent antimicrobial Stular et al. (2021)
activity, UPF and tensile
properties

Excellent antimicrobial, UPF ~ Sharma and Ali (2022a, b)
and mild fragrance

Excellent antimicrobial and Present work
antioxidant activity, UPF

and mild fragrance

washing. Presently available many durable finishing
agents have limited functional properties on textile
substrates and result in loss of basic physical proper-
ties of textiles such as decreased tensile strength, tear-
ing strength, etc. due to use of stringent conditions
during the treatment process which degrade the pol-
ymeric backbone in many cases. But RSB provides
multiple functional properties without interfering the
physical properties of the treated textiles. The present
study demonstrates a new route to imbue molecules
with both hydrophobic and hydrophilic characteris-
tics on both types of textiles, such as hydrophilic cot-
ton and hydrophobic PET to impart multifunctional
effects. However, because of enhanced hydrophobic
character of RSB, it can more effectively be integrated
with PET fabric. RSB treated textiles have an appeal-
ing coloration as well as a pleasant fragrance, which
further add values to the treated textiles. Many other
derivatives can be prepared in the future for potential
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replacement of traditional, non-ecofriendly finishing
to resolve the issues associated with effluent treat-
ment and environmental load. Not only cotton and
PET fabrics, but these green and sustainable finishing
chemicals have enormous potential to be explored for
other types of textile materials to ascertain multifunc-
tional effects for a wide range of applications.
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