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ABSTRACT

The present work aims to utilize AMA/MMA/BA/Aloe Vera (AMBA) nanoemulsion for the preparation of sustainable
antimicrobial coating materials. The AMBA was synthesized using a semi-continuous seeded emulsion
polymerization methodology. The developed coating material has been synthesized by SEM, DSC, TGA/DTA, XRD,
and FT-IR spectroscopy. Some properties such as viscosity, hot box stability gloss retention, solid content, freeze-
thaw stability, scrub resistance, electrolytic stability, weather resistance, solvent resistance, and opacity of the coating
material were also investigated. It has been found that the coating developed with a 70:30 monomer ratio shows the
best results the with highest antimicrobial activity.
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INTRODUCTION
Over the last few years, antimicrobial activity remained the most fascinating characteristic among the
coating materials. Aloe Vera has been evaluated to exhibit anti-tumor, anti-fungal, anti-cancer, anti-
inflammatory, anti-diabetic, anti-aged, anti-oxidative, and antimicrobial properties.'® However, few efforts
have been made to synthesize a cross-linked polymeric network of Aloe Vera. So, it encouraged us to
conduct a thorough study on the synthesis of the copolymers derived from Aloe Vera and also explore their
vital role in the field of nanoemulsion and coating. So far, no work has been carried out on the synthesis of
materials with antimicrobial coating of AMBA nanoemulsion. Acrylate-based polymers and copolymers
have been widely used as polymeric binders for coating material.”'* Acrylic binders were prepared using
different industrial ingredients in the coating materials. Several research groups have been trying to
improve the different properties of an emulsion including mechanical, optical, and weather ability via the
addition of nano-fillers."* A semi-continuous seeded emulsion polymerization process was used to
synthesize the allylic or acrylic nanoemulsion and considered as a binder in the combined form i.e,,
poly(BA/AMA/BDA)) and poly(AMA/BA)!>!¢ and also AIE polymeric nanoparticles with a susceptible
AlEgen prepared in miniemulsion.” Because of the improved mechanical, physical, and thermal qualities,
CaCO:s has been broadly employed as a less expensive filler in polymers.!”!” CaCOj; is abundantly available
in earth's crust and carries a relatively more positive charge than negatively charged TiO», which results in
the electrostatic interaction among them at the neutral pH of paint.2**! The main use of TiO in waterborne
coating is attributed to its high refractive index, good dispersion, and less precipitation.®**?* The stability
of both CaCO; and TiO; in water-borne paints is very poor. So, the composite pigment with high stability
is quite desired. Consequently, numerous methods for making CaCOs;-TiO, composites have been
discovered.”** MMA as the "hard" component and BA as the "soft" component are considered to achieve

Rasayan J. Chem., 17(2), 611-620(2024)

http://doi.org/10.31788/RJC.2024.1728701 This work is licensed under a CC BY 4.0 license.



RASAYAN J. Chem.
Vol. 17 | No. 2 |611-620]| April - June | 2024

the desired glass transition temperature (Tg) in emulsion paints.?’ Several researchers have reported the
preparation of paints/coating with different monomers such as MMA with CaCOs, styrene/methyl acrylate
using SiO,, MMA/BA/Styrene with CaCO3;, MMA/BA with TiO,, and MMA/BA with CaCOs or TiO,.!**
31 Over the last few decades, environmental-friendly coating/paints have been versatile materials with a
significant impact in the field of paint, wastewater, and adhesive.3?** Recently, waterborne coatings have
become a rapidly emergent field of research because of eco-friendly alarms over traditional solvent-based
paints enriched with volatile organic components.?’” Waterborne paint is mostly used to decorate and protect
many surfaces including houses, cars, underground storage vessels, and roads.’ Additionally, some
waterborne coatings are named after the binding constituents e.g. coatings of acetylated Mandua starch,
epoxy paints, chlorinated rubbers, and alkylated paints, etc. Both components of waterborne paints,
including organic and water, could work as nutrients, which have been quickly attacked by different
microbes.*>3® Further, some methods outlined the analysis of industrial dye utilizing bentonite clay coated
with acrylic polymer emulsion and the application of cationic fluorinated polyacrylate copolymer as an
effective waterborne textile finishing agent.*’ In this work, we proposed a novel combination of eco-friendly
AMBA emulsion and CaCOs-TiO, composite pigment to develop sustainable coating materials. Also,
various characteristics such as viscosity, hot box stability, gloss/gloss retention, solid content, freeze-thaw
stability, scrub resistance, electrolytic stability, weathering resistance, solvent resistance, antimicrobial
performance, and opacity of the prepared sustainable antimicrobial coating material were measured. The
prepared coating materials were also characterized by XRD, FTIR, SEM, TGA/DTA, and DSC techniques.

EXPERIMENTAL

Materials

Aloe Vera gel extracted from the leaves grown in the Uttarakhand state of India was stored at 4°C
temperature in the refrigerator. AR grade Sodium lauryl sulfate, span 80, and sodium hydrogen carbonate
were procured from E. Merck. Three typical monomers allyl methacrylate (99% pure), methyl methacrylate
(99% pure), and butyl acrylate (99% pure) were used in copolymerization. All monomers and water-soluble
initiator potassium persulphate (98% pure) were purchased from E. Merck and Sigma-Aldrich. To obtain
the coating material formulation, AR grade titanium dioxide, calcium carbonate (99% pure), sodium
hydroxide, cellulose, benzyl alcohol (99% pure), deformer (99% pure), and dibutyl phthalate were
purchased from CDH and Sigma-Aldrich.

Synthesis of AMA/MMA/BA/Aloe Vera(AMBA) Emulsion
A semi-continuous seeded emulsion polymerization method was considered to synthesize the AMBA
emulsion for coating material and used the proportion of the different components given in Table-1.

Table-1: Quantity of Ingredients Used in Semi-Continuous Seeded Emulsion Polymerization

Ingredients Quantity (gm)
Conc. Aloe Vera 70
Allyl methacrylate 10
Methyl methacrylate 10
Pre-emulsion Butyl acrylate 70
Acrylic acid 5.0
Sodium lauryl sulphate 5%
Span 80 3%
Water Variable
Sodium lauryl sulphate 2.5%
Reactor Sodium hydrogen carbonate 1%
Water Variable
Potassium per sulphate 0.5
Initiator (addition-1) Water 5.0
Potassium per sulphate 0.5
Initiator (addition-2) Water 50
Neutralisation Ammonia Variable
612
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The synthesis of the allyl/acrylate-based nanoemulsion was already reported in previous literature, 634

AMBA emulsion was employed as a binder in the sustainable antimicrobial nanoemulsion coating material.

Fabrication of CaCO;-TiO; Composite

The CaCOs -TiO, composite was synthesized by the reflux method.?*? For this, about an equal ratio of
TiO, and CaCOs was dissolved in DI water. NaOH solution (dispersant) was added to the mixture to
maintain the pH at ~11.0 then reflux at 110°C and stirred over a rota mental. The material was centrifuged
for five minutes at 8000 rotations per minute and the solid materials were collected and washed with DI
water as well as ethanol. The final CaCO;-TiO; composite dried at 80°C in the oven. Additionally, CaCOs-
TiO, composite was used for the preparation of the sustainable antimicrobial coating material.

Synthesis of Sustainable Coating Material

Different ratios such as 70:30, 60:40, 50:50, 40:60, and 30:70 of emulsion coating materials were
formulated using various amounts of monomers. The coating material was prepared by mixing 250.0g
CaCO:;-TiO, composite, 3.0g sodium lauryl sulfate, and 175.0g DI water which was later stirred over a
high-speed motor for 01h. 20.0g AMBA nanoemulsion binder, 2.0g C7HsO, 2.0g NaOH, 0.5g C1sH2204
0.2g deformer, and 2.0g cellulose were then added to the preparation of the paste and mixed with the help
of ball mill for 3 hr. The pH (~8) of the formulated nanoemulsions was fixed using (30% v/v) ammonia
solution.

Characterization of Sustainable Coating Material

The functionality of the developed coating material was investigated by FT-IR (Shimadzu, 8400S). The Tg
of the synthesized coating material was investigated by DSC (DSC, 60 Shimadzu). The coating material
was heated by 10°C/min under an N, gas environment within the range of 30- 500°C. Further, TGA/DTA
analysis was done for the measurement of the thermal stability of the prepared coating material. For this
purpose, an instrument (Shimadzu TGA-50) was used and operated within the temperature range of
ambient temperature to 800°C under a nitrogen-controlled atmosphere with a constant heating rate of about
5°C/min. The structural phase of the CaCOs-TiO, composite and the existence of other components in
coating materials were examined by XRD analysis (Scanning rate of 26=2°min, at 20 scale within a range
of 5°—80°. The surface morphology of the coating materials was examined by scanning electron
microscopy. The particle dimensions of the synthesized coating material were analyzed by Image J-
software from SEM pictures.

Physicochemical Characteristics

The physicochemical characteristics such as weather resistance, pH, viscosity (Brookfield viscometer (DV-
E)) at 50rpm, hotbox stability (at 70°C), change in viscosity on storage, film opacity, gloss/gloss retention
of the coating film with a 60° head gloss meter (KI-353) were also investigated.?® Further, scrub resistance
(ASTM 2486-06), and electrolytic stability of coating materials were also determined.'**' For several days,
a certain quantity of the synthesized coating materials along with a certain quantity of NaCl solution was
kept at 27°C for the determination of electrolytic stability. The freeze-thaw stability of the coating material
was determined after storing it at -4°C for 24 hours. To explore the resistance towards diverse solvents the
solvent resistance was determined and represented by (+) no change, (£) the solvent swelled the coating
material, and (-) the coating material was dissolved.

Solid Content

The gravimetric method was used to determine the solid content in the sustainable coating material. A
constant weight was obtained after drying eight grams of the coating material taken on a petri dish at
105£5°C for 3 hours. The following equation was applied to calculate the solid content (%):

3—My

Solid content(%) = xz—Ml x 100 €))

Where, M| = Weight of the empty Petri plate, M, = Weight of the Petri plate with the coating material
before drying, and M3 = Weight of the coating material after drying.
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Antimicrobial Activities

Antimicrobial activity was determined by using the nutrient agar plates. The freshly prepared cultures of
two gram (+ve) & (-ve) pathogens (MTCC442, MTCC1144, MTCC2474, and MTCC40) were swabbed on
the surface of agar plates using sterile cotton swabs, and the plates were schematically labeled. The wells
in the agar plates were made with the help of a sterile cork borer. Approximately, 50 puL of the coating
material taken in water or DMSO solvent was carefully placed in every properly labeled well which was
eventually incubated after 2 hr at 37°C for 48 hr. All tests were performed at least three times in order to
ensure consistency in the results. Zones of inhibition were examined and measured in millimeters.

RESULTS AND DISCUSSION

FT-IR Spectroscopy

The chemical structure and various functional groups of the sustainable coating materials were investigated
using FT-IR spectroscopy as shown in Fig.-1(a). The FT-IR spectrum of the coating material of
CaCOsdisplays well-resolved characteristic absorption peaks at 1788 cm™ and 2854 cm'which indicates
the presence of the ester carbonyl group and C-H stretching of methyl ether O-CHs, respectively.'* The
absorption peak at 1029 cm™! indicated the Ti-O-Ca bond in CaCOs-TiO, composite.*>** The characteristic
absorption peak that appeared at 1003 cm™' demonstrates the stretching vibration of vinyl and allyl group,
respectively from MMA, BA, and AMA of the coating material.** The stretching vibration at 1735 cm™
indicates the presence of the CO group in the acrylate monomers of the MMA-BA-acrylic acid.** The peak
in the coating material appeared at 3480 cm™! indicating the existence of the phenolic -OH group in Aloe
Vera.* Likewise, the characteristic peaks observed at 1224 cm™ and 2930 cm! indicate the bond stretching
frequencies of the C—C-O stretch and the C—H stretch of the MMA-BA-acrylic acid.4647
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Fig.-1: FTIR Spectrum of the Sustalnable Coating Material (a), DSC Thermogram of the Sustainable Coating
Material (b), TGA and DTA Thermogram of the Sustainable Coating Materials (c, d)

DSC Analysis

The DSC thermogram of the coating material is displayed in Fig.-1(b). The small endothermic peak that
appeared at 118°C was used to determine the T, of MMA in the coating material which was then verified
from the literature.**** Similarly, the T, of the broad exothermic peak (247-337°C) centered at 267°C which
clearly indicates the sustainable coating material.

Thermal Stability Analysis

DTA & TGA techniques were employed to examine the stability of the produced sustainable coating
material against the heat. It has been found that water was not present in the films since no mass loss
corresponding to it was observed at temperatures below 250°C.* Initially, the weight loss seemed to be
observed in the first stage from 250°C to ~320°C (Fig.-1(c, d)). At 1000°C, the paint film loses all of its
weight, but it leaves a thermally stable char. The degradation of the AMBA nanoemulsion is primarily
responsible for the weight loss in the 1%t step.>® The 2" weight-loss stage was identified from 280°C to 540°C
which could be ascribed to the maximum chemical decomposition of the coating material.>' Similarly, 44%
weight loss of CaCOs in the third stage appeared at 710°C from 540 to ~800°C indicating CO; elimination
as a result of the breakdown of the coating material.>>* The DTA thermogram peak maximum appeared at
290°C in the temperature range of 230-350°C due to degradation of the coating material. Further, the
degradation peak maximum observed at 435°C was due to the breakdown of Aloe Vera.*
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XRD Analysis

The crystallinity and the structure of the synthesized sustainable coating material were examined by XRD.
The XRD pattern of the prepared coating material is represented in Fig.-2. Calcium was expected to be
found in the form of calcite (CaCOs) (JCPDS#47-1743). The characteristic diffraction peaks of CaCO3; was
observed at 26=36.2°, 39.7°, 43.5°, 57.7°, and 60.9°. Similarly, the characteristic diffraction peaks at
20=27.3° 41.5° 56.5°and 65.8° demonstrated the presence of titanium dioxide (JCPDS card #75-1753),
which is less intense and described the poor crystallinity of the coating material.>*>¢ The poly (BA-MMA)
linkage was supported by the large diffraction peak displayed 26=29.8° which clearly describes the weak
crystallinity and so the amorphous nature of the AMBA nanoemulsion in the coating material.””>® The large
diffraction peaks for Aloe Vera could easily be seen at 33.2°, 47.8°, and 65.1°.%°
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Fig.-2: XRD Pattern of the Sustainable Coating Material

Surface Morphology

Figure-3 (a, b) represents the SEM images of the coating material at different magnifications. SEM images
of the coating material demonstrate the smooth, glossy, and opaque surfaces. The particle size in the
sustainable coating material was in the range of 39-450 nm. The smooth surface of the coating material will
provide a better appearance when applied on the surface of any object.3+6%63

Fig.-.3: SEM Images of the Sustainable Coating Material

Physical Properties of the Sustainable Coating Material

The results pertaining to the various physical properties of the sustainable coating materials are compiled
in Table-2 it explains that both the scrub resistance and solid content enhance upon an increase in the
number of monomer units and a decrease in viscosity.

Furthermore, the opacity and electrolytic stability of the 70:30 ratios are found to be better than others due
to the higher hiding power and poor coagulation tendency of the sustainable coating material, respectively.
The freeze-thaw stability and weathering resistance, the glass/glass retention of the 70:30 ratios was
observed to be higher than that of other ratios. The solvent resistance of 70:30, 60:40, 50:50, 40:60, and
30:70 ratios of the film to the different organic solvents were examined and the results are compiled in
Table-3. Apparently, the AMBA containing sustainable coating film of 70:30 ratio showed good resistance
towards hexane and ethyl acetate.

Table-2: Physical Properties of the Sustainable Coating Materials

Properties Aqueous mixed monomers ratio in the coating materials
70:30 60:40 50:50 40:60 30:70
pH 7.24 7.37 7.21 7.48 7.53
Viscosity (Cp) 19 28 23 39 46
Hotbox stability 37 31 18 17 12
Opacity lines not lines not lines not lines partially | lines partially
visible visible visible visible visible
Gloss at 60°C head 38/31 34/26 35/27 21/15 19/14
initial/after 10 days
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Gloss retention 81.57 76.47 77.14 73.68 71.42
Scrub resistance (cycle) 578 497 549 320 270
Electrolytic stability no no coagulation no no less
coagulation coagulation coagulation coagulation
Freeze-thaw stability stable stable Stable stable less Stable
Weather resistance stable (30 stable (30 stable (30 stable (26 stable (25
days) days) days) days) days)
Solid content (%NVM) 62.45 58.48 60.57 52.83 51.96
Density 1.177 1.179 1.173 1.152 1.180
Table-3: Solvent Resistance of Sustainable Coating Film
Solvent effect on coating ratio 70:30 60:40 50:50 40:60 30:70
Acetone + - - - -
Methanol - - - - -
Hexane + + + - -
Ethyl acetate + - - - -

The antimicrobial activity of the prepared AMBA nanoemulsion using sustainable coating materials was
evaluated with the agar well diffusion assay method against different kinds of pathogens®-6, MTCC40),
MTCC2474, MTCC1144, and MTCC442. Table-4 shows the average inhibition zone which indicates the
promising antimicrobial activity of the coating material against all tested bacteria. The average inhibition
zones corresponding to the sustainable coating materials were recorded as 24.00, 22.33, 21.22, and 20.33
mm against gram (+ve) & (-ve) pathogens, respectively. The 70:30 ratios of the coating material show
outstanding bactericidal activity against the tested bacteria in comparison to the other ratios which exhibited
less activity.

Table-4: Antimicrobial Activity of Sustainable Coating Material Against gram (+ve) and gram (-ve) bBacteria

Phase ratio Bacterial strains
Zone of inhibition (mm)
MTCCI144 MTCC442 MTCC2474 MTCC40
70:30 22.33 24.00 21.22 20.33
60:40 19.00 19.66 18.66 18.66
50:50 20.66 21.00 19.66 19.66
40:60 19.00 18.66 18.00 19.33
30:70 18.33 18.33 18.33 19.00
CONCLUSION

The sustainable antimicrobial coating material of AMBA nanoemulsion with CaCO3-TiO, composite
pigment was successfully synthesized and characterized employing various analytical techniques viz., DSC,
DTA/TGA, XRD, FTIR, and SEM. Many properties such as scrub resistance, hot box stability, gloss/gloss
retention, solid content, freeze-thaw stability, viscosity, electrolytic stability, weathering resistance, solvent
resistance, and opacity of the synthesized sustainable antimicrobial coating material were sequentially
evaluated. XRD patterns and FT-IR spectra establish the structural properties of the sustainable
antimicrobial coating materials. Similarly, DTA, TGA, SEM, and DSC analysis confirmed the thermal
properties and the surface morphology of the sustainable antimicrobial coating material, respectively. The
compiled results indicated the tremendous enhancement in the different physical properties of the
sustainable antimicrobial coating material specifically for the 70:30 ratio of the organic to water phase
relative to the other ratios. The sustainable coating material with different ratios showed excellent
antimicrobial action against two gram (+ve) bacteria: MTCCIl144 & MTCC442 and two gram (-ve)
bacteria: MTCC2474 & MTCC40.

Abbreviations

AMA: Allyl methacrylate
MMA: Methyl methacrylate
BA:  Butyl acrylate
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BDA: Butane diol diacrylate
KPS: Potassium per sulphate

DI Deionized water
Tg: Glass transition temperature
AMBA (AMA/MMA/BA/Aloe Vera): Aloe vera-allyl methacrylate antimicrobial nanoemulsion
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