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1. Introduction

Nanostructures have been used to alter or improve a material’s surface of well-
designed devices. The material used strongly affects the features of a
nanostructure and its application area. Wood, known for its renewable nature
and commendable mechanical characteristics, is a cost-effective resource with
plentiful reserves. Its versatility finds application across diverse sectors,
ranging from furniture and construction to high-tech industries. Apart from its
traditional roles in furniture crafting and interior adornment, wood
demonstrates potential in advanced technological domains. Centuries ago,
ancient civilizations like the Romans and Egyptians employed alum and
vinegar to diminish the combustibility of wood. The xylem of wood primarily
consists of lignin, cellulose, and hemicellulose, rendering it susceptible to
thermal degradation at moderate to high temperatures. This degradation
releases substantial heat, smoke, and noxious fumes, thereby increasing the
likelihood of fire outbreaks and posing significant risks to human safety. Many
researchers opt to enhance the fire resistance of wood by incorporating flame
retardants through conventional physical techniques. Additive flame
retardants, particularly intumescent types, are widely employed for this
purpose. However, the utilization of traditional carbon sources is often limited
by their high hygroscopic nature and tendency to precipitate on matrix
surfaces during processing. Moreover, with the increasing consumption of
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petrochemical resources, traditional carbon sources derived mainly from
petroleum-cracking products become both costlier and less sustainable. Wood
finds widespread application across various industries such as construction,
furniture making, shipbuilding, and more, owing to its organic nature,
renewability, biodegradability, low-carbon footprint, and environmental
benefits.

2. Methodology

The methodology employed for the fabrication of silver and aluminum-
modified wood coatings involves a systematic approach. Initially, wood
substrates are subjected to dual-layer coating processes. The first layer
comprises a pure deposition of silver and aluminum hydroxide. Subsequently,
variations in coating sequences are implemented: one sample receives a silver
coating followed by aluminum hydroxide, exhibiting enhanced decay
resistance. Conversely, another sample undergoes aluminum hydroxide
coating followed by silver, showcasing superior antibacterial and antifungal
properties attributed to silver. Lastly, a simultaneous deposition of silver and
aluminum hydroxide in a single layer is executed, revealing combined
properties of decay resistance and antibacterial efficacy, despite the absence
of distinct XRD peaks. This methodology facilitates a comprehensive
evaluation of coating configurations, elucidating the synergistic effects of
silver and aluminum hydroxide on wood surfaces. The synthesis process
begins with the preparation of aluminum hydroxide, where wood samples are
immersed in a solution of deionized water containing aluminum nitrate
hexahydrate and stearic trimethylammonium bromide as a surfactant. Sulfuric
acid is then added to adjust the pH to eleven before subjecting the solution to
autoclave treatment at 220 degrees Celsius for five hours.

3. Results and Discussion

Image from SEM showcases silver nanoparticles coated on wood surfaces,
measuring approximately 200 nanometers, with individual particle sizes
ranging between 40 to 50 nanometers. The image reveals uniformly
distributed small-sized silver particles, along with the wood surface featuring
carvings and rough areas surrounding the nanoparticles. X-ray Diffraction
(XRD) is an analytical method utilizing high-frequency X-rays to investigate
and identify crystalline structures.

Thermogravimetric analysis (TGA) is an analytical method used to examine
changes in the physical and chemical properties of materials as a function of
temperature. In this analysis, the weight of the sample is monitored as the
temperature increases from an initial temperature to a higher temperature. The
weight curve in this analysis shows that the sample weight progressively
decreases at different temperatures. At higher temperatures, this weight loss
indicates the decomposition of compounds and chemical changes in the
sample. These changes may be due to water loss, decomposition of organic
materials, or conversion of materials into other forms.

The findings reveal that the diameter of the inhibition zone formed by
Klebsiella bacteria surpasses that of the other bacterial strains. Subsequently,
the diameter of the inhibition zone formed by Pseudomonas appears slightly
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smaller than that of Klebsiella, while the Staphylococcus strain demonstrates
the smallest inhibition zone. These outcomes likely stem from variations in
the bacterial structures, properties, and their unique responses to the presence
of silver. It is plausible that Klebsiella bacteria exhibit heightened
susceptibility to silver, thereby yielding a larger inhibition zone compared to
other bacterial strains. FTIR analysis, a valuable technique utilized for
evaluating the chemical and structural properties of aluminum hydroxide,
reveals distinctive peaks in the infrared spectrum. Specifically, the peak
around 3300 cm™ corresponds to the hydroxyl (-OH) bonds, while peaks in
the range of 950 to 1100 cm! represent various carbon-oxygen single bonds,
and those around 400 to 600 cm™ indicate the metal-oxygen bond. The results
obtained from FTIR analysis on aluminum hydroxide illustrate the presence
of bands related to hydroxyl groups (OH-) and other active groups within its
structure. Overall, FTIR analysis provides valuable insights into the chemical
and structural characteristics of aluminum hydroxide.

The wood appears completely black and green (almost rotten), indicating
likely fungal and bacterial growth. All samples have been incubated in
conditions conducive to fungal and bacterial contamination with high
moisture levels. The first sample utilizes pure silver, and the second pure
aluminum, is applied to the wood. The third sample is initially coated with
aluminum hydroxide, followed by silver coating, while the fourth sample
follows the opposite process. In the last sample, aluminum nitrate and silver
nitrate salts are simultaneously added to the solution, immersing the wood.
While this method may not yield a uniform phase, it creates favorable
antifungal and antibacterial properties.

4. Conclusion

In conclusion, the comprehensive analysis presented in this study highlights
the diverse applications of various analytical techniques in assessing the
properties of silver and aluminum hydroxide-coated wood surfaces. The SEM
images provide valuable insights into the uniformity and distribution of
nanoparticles on the wood surface. XRD analysis reveals the crystalline
structure of the coated nanoparticles, further confirming their presence and
characteristics. TGA analysis elucidates the thermal behavior of the samples,
shedding light on the decomposition and stability of the coatings at different
temperatures. The antibacterial tests demonstrate the effectiveness of the
coatings against different bacterial strains, with varying degrees of inhibition
observed. Moreover, FTIR spectroscopy offers valuable chemical insights
into the composition and structure of aluminum hydroxide. Overall, these
findings contribute to a deeper understanding of the functional properties and
potential applications of silver and aluminum hydroxide-coated wood surfaces
in various fields, including antimicrobial coatings and environmental
remediation.

Keywords: Nanoparticle Synthesis, Aluminum Hydroxide, Silver, Fire-
retardant Properties, Antifungal Properties.
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Fig. 3 Freshly synthesized silver nanoparticles
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Fig. 4 Silver nanoparticles that darken due to the passage of time (Right).
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Fig. 5 Synthetic aluminum hydroxide.
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! Scanning Electron Microscopy
2 X-ray diffraction
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Fig. 6 Scanning electron microscope silver nanoparticles coated on wood
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Fig. 7 Scanning electron microscope aluminum hydroxide nanoparticles coated on
wood
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Fig. 8 Scanning electron microscope double coating with silver and then aluminum
on wood.
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Fig. 9 X-ray diffraction of nanoparticles silver coated on wood
.gﬁé))ﬁa.\.ioﬂb&&ﬁ_aﬁ&\)i‘,}uw&l}}jij‘ﬁ.iﬁ

30y odkd o3ls b dS 5ds o s JT SIS0 WSSl 5 B SV S s
(oY) Olio b s 54 0F 5 FY (YA (Y)Y ‘\Aﬂ;l.aal{ZB LgL;UJ'JijlJaUJ Wl O 5

yls Callas (VYY) s VD) e (V0 (Vo)

e
Yl

o™ \
i J

\ F“ S 1
P et m.w'%d

e e B ]
-
st

o w0
Posison [2Twia)

L

Fig. 10 X-ray diffraction of nanoparticles aluminum hydroxide coated on wood.
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Fig. 11 Image of thermographic analysis of nanoparticles silver coated on wood
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Fig. 12 Image of thermographic analysis of nanoparticles aluminum hydroxide
coated on wood.
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Fig. 13 Antibacterial test of silver by bacteria Coliform
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Fig. 14 Antibacterial test of silver by bacteria Pseudomonas
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Fig. 15 Antibacterial test of silver by bacteria Coliform
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Fig. 16 Infrared spectroscopic analysis of aluminum hydroxide nanoparticles coated
on wood.
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Fig. 17 Pictures related to wood and mushroom test.
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Table 1. LOI coefficient values in wood samples

Sample LOI
Wood 19
Wood-Ag 20
Wood-Al(OH)3 21
Wood-Al(OH)3-Ag 22
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Fig. 18 Schematic of the LOI device
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