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ABSTRACT: Citric acid adhesive is an alternative to formaldehyde-based adhesives that are more environmentally
friendly because they are non-toxic and made from natural ingredients. This study aims to determine the effect of
varijations in citric acid adhesive concentrations on the physical and mechanical properties of jabon plywood. This study
used citric acid adhesive with variations in citric acid (CA) concentrations of 59%, 69%, and 79%. Physical property
tests include density, moisture content (MC), water absorption (WA), thickness expansion (TS), and delamination,
while mechanical tests include modulus of rupture (MOR), modulus of elasticity (MOE), and shear stress (TSS). The
results showed that variations in adhesive concentration did not have a statistically significant effect on the physical
and mechanical properties of jabon plywood. However, at CA, 59% had the highest density, and MC, the highest WA
was recorded at CA 79%, while the highest TS was at CA 59%, but in this study, no delamination occurred. The highest
MOE test result was at a CA concentration of 59%, the highest MOR value was at a CA 79%, and the highest TSS value
was at a CA 69%. CA, with a concentration of 69%, is the optimal CA adhesive based on the strength of mechanical
properties and water resistance.
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1 Introduction

Plywood is a panel made of thin layers of wood called veneers glued together using adhesives. Plywood is
essential as a raw material for the construction, furniture, and household appliance industries [1]. Generally,
the adhesive used for plywood uses formaldehyde-based adhesives, known to have carcinogenic properties
that harm humans and the environment. Research [2,3] explains the dangers of using formaldehyde as an
adhesive: it can irritate the eyes, nose, and throat and cause respiratory problems. The use of formaldehyde
can cause air pollution due to the release of free formaldehyde into the environment.

Finding alternative adhesives to reduce the negative impacts on the environment and health is necessary.
One alternative that can be used is citric acid (CA) as an environmentally friendly adhesive. CA is an organic
compound commonly found in citrus fruits, is non-toxic, and can decompose naturally [4,5]. Research [6-8]
explains that CA can be used as a relatively effective natural adhesive that can be applied to wood-based
materials that are more environmentally friendly than synthetic adhesives derived from fossil resources. The
use of citric acid adhesive applied to particleboard is known to meet the JIS 5908 standard in several physical
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and mechanical properties [8]. Research [9] explains that increasing the molar ratio of CA and glucose can
produce stronger resin bonds than urea-formaldehyde resin. In addition, research [10] also explained that
using CA and starch as adhesives effectively improves the quality of plywood. As an adhesive, CA can reduce
dependence on formaldehyde adhesives in plywood manufacturing to produce safe and environmentally
friendly adhesives. In addition to these environmental benefits, CA’s reactivity as a wood panel adhesive
through the formation of ester bonds with lignocellulose has also been extensively studied [11], including CA
modification with glucose [9], starch [12], and tannin modification [7], which are known to improve adhesive
strength and water resistance. However, research on optimizing CA concentration in jabon plywood is still
very limited. Therefore, this study aims to determine the effect of variations in CA adhesive concentrations
on the physical and mechanical properties of jabon plywood.

Jabon trees (Neolamarckia cadamba) are included in fast-growing trees and are widely planted in
Indonesia. Jabon trees can reach a diameter of 34 cm at the age of 5 years, although the tree is still relatively
young [13]. Jabon trees in the fast-growing category can be used as plywood to increase the efficiency and
economic production. Research [14] shows that plywood from white jabon using citric acid adhesive shows
a low delamination rate and produces high shear strength (TSS). In addition, some of the properties of the
plywood also meet the SNI 8916.2:2023 standard. The results of functional group analysis using Fourier-
transform infrared spectroscopy (FTIR) on jabon plywood glued using CA produced better ester bonds than
jabon plywood glued using maleic acid and molasses [15]. The use of CA adhesive in this study examined
the effect of variations in optimal CA concentration on the quality of jabon plywood produced based on the
results of density analysis, MC, WA, TS, delamination, MOE, MOR, and TSS. By determining the optimal
concentration, the resulting plywood will have good mechanical strength and be safe and environmentally
friendly. The results of this study are expected to significantly contribute to developing a sustainable plywood
industry and support global efforts to reduce negative environmental impacts.

2 Materials and Methods
2.1 Material

The material used was jabon wood veneer (Neolamarckia cadamba) with a thickness of 2 mm obtained
from the Biomass and Bioproducts Research Center of BRIN-Indonesia. The specific gravity of jabon wood
is 0.40 g/cm’. The adhesive used was citric acid (CA) obtained from PT Telagasakti Sakatautama (Jakarta,
Indonesia). To prepare raw materials following [8], the veneer was dried in an oven at 60°C for 24 h until a
moisture content of less than 5% was obtained.

2.2 Preparation and Characterization of Adhesive

The preparation of citric acid adhesive used three different concentration variations, namely 59%, 69%,
and 79% (w/w). The adhesive characteristics analyses included solids content, acidity (pH), and viscosity.

2.2.1 Solid Content

The solid content of an adhesive measures the number of particles in the adhesive. The more adhesive
particles interacting with the wood during the gluing process, the greater the bond strength. 1 g of adhesive
sample was placed on aluminium foil and heated in an oven (Memmert, Germany) at 103 + 3°C for 3 h. After
the sample was dried, the aluminium foil was transferred to a desiccator and weighed.
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2.2.2 Viscosity

This experiment put 20 mL of adhesive sample into a beaker and mounted it on a rotational rheometer
(RheolabQC, AntonPaar, Graz, Austria). Viscosity measurements were performed with a concentric cylinder
(cc) no. 27 type spindle at a rotation speed of 50/s. Tests were conducted at 25°C to determine viscosity, and
dynamic viscosity was measured for 120 s.

2.2.3 Acidity (pH)

The pH value of the adhesive was measured using a pH meter. Once the pH electrode probe is dipped
into the adhesive sample placed in the container, the pH value will be immediately displayed on the screen.

2.3 Plywood Manufacturing

Previous research by [8] became a reference and was slightly modified due to the felt pressure. Jabon
wood was cut into 30 x 30 x 0.2 cm for each sheet. The plywood panel consists of 3 layers with adhesive
applied as much as 140 g/m? for a 3-layer plywood measuring 30 cm x 30 cm x 0.6 cm. The pressing process
of the plywood panels was carried out at 190°C and 5 MPa pressure for 10 min. This research used 27 sheets
of veneer as raw material, which were then processed into nine boards. The plywood was then conditioned
at a room temperature of 20 + 3°C for 14 days.

2.4 Physical and Mechanical Properties of Plywood Testing

The density, moisture content (MC), delamination, and shear strength (TSS) were carried out referring
to the SNI 8916.2:2023 standard [16]. Meanwhile, water absorption (WA), thickness swelling (TS), modulus
of elasticity (MOE), and modulus of rupture (MOR) tests were carried out based on procedures referring
to BS EN 13986:2004 [17]. Different standards were adopted to align each test with the most suitable and
widely accepted procedure. SNI 8916.2:2023 standard was used as the primary reference for testing because it
is the most applicable regional standard for tropical plywood, while BS EN 13986:2004 was applied to allow
broader comparison to international data.

This test was conducted using three test samples for each type of test with random sample selection. The
manufacturing and testing of jabon plywood in this study is shown in Fig. 1. In addition to the test procedures,
the performance requirements were referred to the SNI 8916.2:2023 and BS EN 13986:2004 standard with
minimum value density > 0.4 g/cm3, MC < 14%, and TSS > 0.7 MPa. These criteria were used to evaluate
whether the plywood met applicable product standards.

_________________________________

7\ Sample of Density, MC, WA,  Sample of MOE and
e \ _ TS, and Delamination

___________________________________________________________________________

Figure 1: Manufacturing and testing of jabon plywood
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2.4.1 Density

Density testing was conducted using 5 x 5 x 0.6 cm® samples for length, width, and thickness. Density
determination is expressed in terms of the ratio between the weight and volume of the board.

2.4.2 Moisture Content (MC)

Moisture content testing was conducted on 5 x 5 x 0.6 cm® samples in length, width, and thickness.
After that, the moisture content was calculated by reducing the initial and final weights after drying for 24 h
in an oven at 103 + 2°C.

2.4.3 Water Absorption (WA)

Water absorption was tested on specimens measuring 5 x 5 x 0.6 cm’. The weight changes before and
after immersion in water for 24 h were measured.

2.4.4 Thickness Swelling (TS)

Thickness swelling tests were conducted on samples with dimensions of 5 x 5 x 0.6 cm” for length, width,
and thickness. Measurements were made by comparing the initial thickness before and after immersion for
24 h.

2.4.5 Delamination

The delamination test process involves immersing the material in hot water at 100°C for 4 h, followed
by immersion at room temperature for 1 h. Subsequently, the test samples were oven dried at 70 + 3°C for
18 h.

2.4.6 Modulus of Elasticity (MOE) and Modulus of Rupture (MOR)

MOE and MOR tests were conducted on samples with 20 x 5 x 0.6 cm® dimensions. The universal
testing machine used was a Shimadzu AG-IS 50 kN from Japan. The loading speed during MOE and rupture
tests was 10 mm/min.

2.4.7 Tensile Shear Strength (TSS)

TSS testing refers [16]. When the test was conducted, the sample size was 7.5 x 2.5 x 0.6 cm’. The sample
was slid using a universal testing machine (Shimadzu AG-IS 50 kN, Kyoto, Japan) with a 2 mm/minute
loading speed until the maximum load was reached.

2.5 Functional Groups Analysis

Fourier Transform Infrared (FTIR) spectroscopy was conducted to identify functional groups and
chemical interactions between citric acid adhesive and Jabon wood. Plywood samples bonded with citric
acid at different concentrations were first oven-dried at 60°C for 24 h to remove residual moisture. The dried
specimens were then ground into fine powder using a laboratory mill and sieved to pass through a 60-mesh
screen. The FTIR spectra were recorded using an FTIR spectrometer (Spectrum Two, PerkinElmer, Waltham,
MA, USA) in the wavenumber range of 4000-400 cm™ L,
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2.6 Statistical Analysis

A simple randomised design with one factor from each stage was evaluated using analysis of variance
(ANOVA). Then, Tukey’s test was performed to statistically analyse the differences in properties at a < 0.05.

3 Results and Discussion
3.1 Adhesive Characteristics

In this study, the adhesive characteristics of each sample were measured for viscosity, solid content, and
pH (Table 1). Viscosity measures fluid resistance to flow, reflecting how easy or difficult the fluid flows [18].
The viscosity test results produced the highest viscosity in sample B, followed by samples C and A, with 24.18,
21.49, and 11.18 MPa:s values. The low viscosity in A can be influenced by the SC value, where an increase in
SC can potentially increase the adhesive’s viscosity. This is due to the increase in the number of solid particles
in the mixture, increasing the flow resistance [19]. In addition, the viscosity values of the three samples
are also lower than those of Urea Formaldehyde (UF) adhesives, which have viscosities of 200 MPa-s [20].
The chemical structure affects the viscosity of the adhesive solution. UF adhesives are formed from the
condensation reaction between urea and formaldehyde, forming long polymer chains with amide groups
(-NH) and hydroxyl groups (-OH) that can form strong hydrogen bonds. These hydrogen bonds make
the polymer structure more rigid and organised, increasing the crystallinity and viscosity of the adhesive
solution [21]. In contrast, citric acid-based adhesives have weaker hydrogen bonds as they rely on forming
ester bonds, resulting in lower viscosity as the molecules can move more freely [22].

Table 1: Characteristics of citric acid adhesives of varying concentrations

No. Sample Viscosity (MPa-s) SC (%) pH
1 CA 59 (A) 11.18 58.82 0.22
2 CA 69 (B) 24.18 62.94 0.23
3 CA 79 (C) 21.49 62.38 0.16

The solid content (SC) test showed that sample B had the highest SC, followed by samples C and A with
percentages of 62.94%, 62.38%, and 58.52%, respectively. In general, there is a correlation between SC and
viscosity. Sample B has the highest SC and viscosity values, which is consistent with previous studies. High
SC will produce high viscosity and affect the stability and performance of the adhesive [23]. The higher the
SC, the greater the reaction of adhesive molecules with wood during the glueing process and the strength
of intermolecular attraction, thereby increasing the adhesive strength of the final product [24]. In this test,
the pH value can influence the SC value. Sample C has the lowest pH of 0.16. According to research [25-27],
using the right pH in adhesives can increase the formation of cross-links between polymer chains, viscosity,
SC, and the quality of the resulting bond. The SC value in this study was slightly lower than the SC in urea-
formaldehyde adhesives, ranging from 63.52-64.99% [28].

In this study, the pH value of the CA adhesive is very acidic at <1. Based on the statistical analysis
results (a 0.05), there is no significant difference in CA concentration. However, sample C has the lowest pH
value (0.16). Citric acid (C¢HgO;) is a tricarboxylic acid with three carboxylic groups (-COOH). According
to [29,30], the CA solution will ionise gradually and release H protons at each ionisation. CA with high
concentration will increase H" ions, which cause the solution to become very acidic. A very acidic pH can
cause wood components such as hemicellulose and lignin to degrade. The study [31,32] explained that pH
in acidic conditions can increase the degradation rate of wood components around the adhesive bond line,
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thereby causing a decrease in bond strength. This is related to the mechanism of the chemical reaction
between citric acid and wood. Research [11] explains that the carboxyl group in citric acid reacts with the
hydroxyl group in the carbohydrates and lignin of wood, forming an ester bond during the hot pressing
process. Several studies have developed self-neutralizing systems to address the problem of low pH. The
study [12,33] explains that the use of citric acid-corn starch and tannin-citric acid adhesives has proven
effective in maintaining bond strength without compromising adhesive stability. This shows that pH control
is very important in adhesive formulation to ensure the structural integrity and durability. This study shows
that using the right pH can increase the viscosity and SC of the adhesive. Research [31] shows that higher
conditions can increase SC and viscosity of the adhesive, as well as the mechanical strength and stability of
the adhesive due to increased cross-linking.

Although no clear linear trend was observed between citric acid concentration and viscosity (Table 1),
this behaviour is typical for acid-based bioadhesives. The viscosity of citric acid solutions is influenced not
only by concentration but also by the degree of ionization and intermolecular hydrogen bonding among
acid molecules. At higher concentrations, excessive free hydrogen ions can interfere with intermolecular
interactions, leading to partial molecular dissociation and consequently a reduction in viscosity. Further-
more, preparation factors such as temperature uniformity and mixing homogeneity may also contribute
to these variations. The primary objective of varying citric acid concentration in this study was not to
establish a linear correlation but to determine the optimum concentration that provides the most balanced
combination of adhesive characteristics, mechanical performance, and water resistance of jabon plywood.
Based on the overall evaluation, a concentration of 69% CA exhibited the most stable viscosity profile and
optimal performance, fulfilling the requirements for exterior-grade plywood.

3.2 Physical and Mechanical Properties of Plywood

The research data in Table 2 shows the test results of several parameters with various treatments,
including density, moisture content, water absorption, thickness expansion, and delamination. The research
data in Table 2 shows the density test results of three adhesive samples with varying concentrations of citric
acid: CA 59 (A), CA 69 (B), and CA 79 (C). Samples A and B showed similar density of 0.43 g/cm?, although
with different standard deviations, indicating that the small variation in citric acid concentration between
these samples did not significantly affect density. Sample C showed a lower density of 0.38 g/cm’. Sample C
was significantly different from A and B in producing material density, which was shown through statistical
analysis using Tukey Honestly Significant Difference (HSD) and Duncan’s method.

Table 2: The physical properties of plywood

Parameter Density (g/cm®) MC (%) WA (%) TS (%) Delamination (%)
CA 59 (A) 0.43 (0.03)° (1937 30)b (61002)3 ( éfss)a 0.00 (0.00)
CA 69 (B) 0.43 (0.02)° ( 0732) (f.if)fb ( 35225) 0.00 (0.00)
CA 79 (C) 038 (0.02)° (5?37) (6323?1, ( 03 6867) 0.00 (0.00)
ANOVA o o o ns -

Note: Values in parentheses are standard deviations. The superscript alphabet above describes the interaction between
each factor using Tukey’s multiple distance test; ns describes not significant, while ** describes significant at p < 0.05.
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This lower density can be attributed to the lower pH of 0.16, compared to pH 0.22 and 0.23 in the other
samples. A highly acidic pH increases the chemical reactivity of citric acid, which can lead to increased cross-
linking between molecules in the adhesive. However, this increase may not always be beneficial. If there is
too much cross-linking, the structure may become more porous, lowering the total density of the material.
At lower pH, the ionisation of citric acid increases, which can disrupt the molecular arrangement of the
polymer and lead to pore formation. These pores make the polymer network less dense, reducing its density.
Research [34] showed that increasing citric acid concentration and low pH can reduce particleboard density.
This is due to the formation of a porous network and ineffective cross-linking, which weakens the structure.
Research by [35] explains that although citric acid can increase cross-linking, excessive concentrations can
increase porosity in the polymer network, reducing density.

The results of the water content (MC) test listed in Table 2 show that sample A has the highest value
of 9.70%, followed by sample B with 715% and sample C reaching 7.07%. Sample A produces a significantly
different MC from samples B and C, as shown by the Tukey HSD and Duncan analysis results. All three
samples have a water content below 14%, meaning all meet the SNI 8916.2:2023 standard [16]. From the
analysis, it can be seen that viscosity and solid content play a significant role in determining water content.
Low viscosity and solid content can increase water content, which has the potential to reduce bond strength.
Adhesives with low solid content tend to contain more water or solvents than the solid material needed to
form a bond. In contrast, adhesives with low viscosity will spread and penetrate the wood’s pores more easily.

29 2

This may increase the amount of water carried by the adhesive absorbed by the wood [32,36].

The water absorption (WA) test results showed that sample C had the highest value of 68.90%, followed
by sample B with 64.82%, and sample A, which reached 60.93%. The concentration of CA did not significantly
affect WA, because there was no statistically significant difference using the Tukey HSD and Duncan
methods. This finding indicates that sample C has the best ability to absorb water compared to the other
samples. The high WA in sample C can be caused by a suboptimal reaction due to the high citric acid
concentration. Research by [8] explains that the esterification reaction between citric acid and hydroxyl
groups in wood can be less efficient when the citric acid concentration is too high. This can cause suboptimal
bond formation, so some plywood parts remain susceptible to water, causing increased water absorption. In
addition, the viscosity of the adhesive used also influences WA. Research [32,37] shows that adhesive viscosity
can affect the ability of the adhesive to spread and adhere to the plywood surface. Adhesives with low viscosity
tend to have better WA because they are easier to spread and adhere to wood. Conversely, adhesives with
high viscosity take longer to spread, resulting in lower WA values. Compared to other samples, the high WA
value in sample C is closely related to density. According to [38], plywood with a lower density can cause an
increase in WA value, due to a more porous and rougher surface. This allows the adhesive liquid to spread
better and strengthen the bond between the wood layers.

The test results on the TS value showed that sample A had the highest percentage of 4.35%, followed by
sample C with 3.87% and sample B, which reached 3.25%. The CA concentration did not significantly affect
TS, because there was no statistically significant difference using the Tukey HSD and Duncan methods. Based
on previous analysis of the adhesives viscosity and solid content (SC), sample B showed better viscosity,
contributing to a more even distribution of the adhesive and more effective penetration into the wood pores.
In addition, increasing SC in the adhesive can strengthen the bond and reduce thickness swelling. The
viscosity of the adhesive plays an important role in influencing thickness swelling, where adhesives with high
viscosity tend to be more effective in adhering to the wood surface and filling the cavities of the wood [18].
According to research by [19,39], the solid content of the adhesive affects the bond strength between wood
particles and the adhesive. Adhesives with higher solid content will produce stronger bonds, thus reducing
water absorption and lowering the TS value. Water content also affects the TS value; in sample C, which has



8 ] Renew Mater. 2026;14(4):7

the lowest TS value, the water content is lower than in sample A. The lower water content indicates that the
material absorbs less water from the environment, reducing the potential for thickness swelling due to water
absorption. The water content of plywood also affects thickness swelling, where plywood with low water
content tends to experience less thickness swelling because it reduces the space between wood particles [18].
In addition, the TS value is also affected by density. Although sample B’s density is equivalent to sample A’,
the TS value in sample B is lower, which may be due to better adhesive distribution or higher homogeneity,
so that the bond between the wood layers becomes stronger and more stable against water absorption. The
density of plywood affects thickness swelling [18].

In this study, no delamination was found in the three samples analysed. Although low pH can usually
affect the stability and strength of adhesives, research by [40] showed that citric acid-based adhesives can
form significant ester bonds with wood fibres. This ester bond is formed through a reaction between citric
acid’s carboxyl group (-COOH) and the hydroxyl group (-OH) found in wood components, such as cellulose
and hemicellulose. This process is strengthened by heating during the hot-pressing stage, which produces
a strong and stable bond in the plywood structure. The ester bonds formed contribute to increasing the
adhesion strength of plywood and reducing the possibility of delamination, even when using adhesives
with low pH. Research by [41] also revealed that stable covalent bonds can be formed even under low pH
conditions. Using citric acid adhesives at high concentrations can create cross-bridges between adhesive
molecules and wood fibres, increasing bond strength and reducing the risk of delamination, even at low pH.
The functional groups in citric acid act as stabilising agents that maintain the structure and integrity of the
adhesive, thereby preventing the decrease in bond strength usually caused by acid hydrolysis [6]. The absence
of delamination at all three CA concentrations indicates that the CA adhesive can form stable bonds even
under conditions that would normally cause adhesive failure. This indicates that the adhesive performance
remained consistent across all samples, providing strong evidence of its stability.

Table 3 presents data on the mechanical properties of plywood treated with citric acid adhesive, which
are distributed in various sample codes A, B, and C. The mechanical properties analysed include Modulus of
Elasticity (MOE), Modulus of Rupture (MOR), and TSS. MOE measures the material’s stiffness and ability
to withstand elastic deformation when subjected to a load. The analysis results show that variations in
CA concentration do not significantly affect the MOE, MOR, and TSS values, as evidenced by statistical
analysis using the ANOVA method. The analysis results showed that varying citric acid concentrations
had no significant effect on MOE, MOR, and TSS values, as confirmed by statistical analysis using the
ANOVA method. The ANOVA results in the study by [42] also had similar findings. Although increasing
the CA concentration up to 50% increased wet shear strength, statistical analysis did not show a significant
difference. This suggests that the effect of concentration on mechanical properties is not always linear and
may be influenced by other variables, such as adhesive distribution or wood material properties. The MOE
values obtained ranged from 5.12 to 6.54 GPa, while the MOR ranged from 26.06 to 50.16 MPa. Although
no significant direct correlation was found between CA concentration and the mechanical properties of
plywood, the TSS, MOE, and MOR test results indicated that the 69% concentration produced the best
combination of mechanical strength and water resistance. The TSS value at 69% CA reached 0.87 MPa, which
exceeded the minimum requirement of SNI 8916.2:2023 [16] for exterior plywood (>0.7 MPa), thus it can
be considered the optimum concentration. Furthermore, all MOE values at each CA concentration met the
standards for exterior plywood use (grade 2 or 3), while the MOR values were only met at 69% and 79%
CA [17]. Although the TSS did not reach the 1.0 MPa standard, the results at 69% CA still demonstrated
adequate performance for plywood applications, while ensuring a balance of water resistance and mechanical
strength. When compared with previous research on Mempisang plywood, there are differences in MOE,
MOR, and TSS values. The MOE value in this study was lower than the MOE value (10.85 GPa) of Mempisang
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plywood using CA adhesive. However, the MOR value obtained in this study was higher than that of
Mempisang plywood (44.37 MPa) [8]. In this study, the TSS value ranged from 0.70 to 0.87 MPa, which is
lower than previous studies [8], which recorded the TSS value of Mempisang plywood at 1.06 MPa. Generally,
high MOE and MOR values correlate with material density [43].

Table 3: The mechanical properties of plywood

Parameter MOE (GPa) MOR (MPa) TSS (MPa)
CA 59 (A) 6.54 (0.30)b 26.06 (10.18)* 0.70 (0.14)
CA 69 (B) 5.93 (0.36)b 49.75 (16.46)* 0.87 (0.05)?
CA 79 (C) 5.12 (0.23)* 50.16 (1.36)? 0.77 (0.04)*
ANOVA o ns ns

Note: Values in parentheses are standard deviations. The superscript alphabet
above describes the interaction between each factor using Tukey’s multiple
distance test; ns describes not significant, while ** describes significant at p < 0.05.

3.3 Functional Group Analysis

Fourier Transform Infrared (FTIR) spectroscopy was conducted to identify functional groups and
chemical interactions between citric acid adhesive and Jabon wood. For comparison, the FTIR spectrum of
untreated jabon wood was also recorded. The spectrum of pure wood showed characteristic -OH stretching
(3340 cm™) and C-O stretching of cellulose and lignin (1050-1150 cm™"). In contrast, the spectra of citric-
acid-bonded plywood displayed a new strong absorption peak at 1725 cm™!, corresponding to C=0 stretching
of ester linkages, indicating a chemical reaction between citric acid’s carboxyl groups and the hydroxyl
groups of lignocellulose. The FTIR graph presented shows the absorption spectrum of three samples of jabon
plywood bonded with different percentages, namely 79%, 69%, and 59% (Fig. 2). The FTIR wavenumber
range between 500-1500 cm™! is often called the “fingerprint region.” This area has particular and unique
characteristics for each molecule, so it is often used to identify and differentiate different molecules. At a
wavenumber of 1725 cm™!, this peak is generally associated with the carboxylate (C=0) stretching vibration
of the carbonyl group found in esters, aldehydes, and ketones [44,45].

3340 2899 1725
I I I

Jabon

Jabon + CA 59%
Jabon + CA 69%
Jabon + CA 79%

Absorbance

L I L I 'l 'l I 1 1
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™)

Figure 2: FTIR of jabon plywood bonded with citric acid adhesives at varying concentrations
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Meanwhile, at a wavelength of 3344 cm™! it is usually associated with the hydroxyl functional group
(-OH) or hydrogen bound to oxygen in the molecule. Strong absorption in the 3200-3600 cm™' range is
generally used to identify hydroxyl groups, which can appear in various forms such as water, alcohol, and
phenol [45]. The presence of an ester group in the IR spectrum indicates that the carboxyl group of citric acid
reacts with the hydroxyl group of the lignocellulose chemical compound derived from jabon wood, forming
an ester bond. This finding is in line with previous studies showing the presence of an ester bond between
citric acid and lignocellulose chemical compounds due to the reaction between the carboxyl group of citric
acid and the hydroxyl group of corn stalks [46].

4 Conclusion

The results showed that different CA concentration variations (59%, 69%, and 79%) did not significantly
impact most of the physical and mechanical properties of plywood. The modulus of rupture (MOR), modulus
of elasticity (MOE), and shear strength (TSS) all increased at 79% CA concentration, but these differences
were not statistically significant. The 69% CA concentration met the standards for exterior plywood and
provided the best combination of mechanical strength and water resistance. Overall, citric acid, at 69%
concentration, is a good environmentally friendly adhesive for making plywood.
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