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Abstract: Organic adhesive particleboard has the opportunity to be developed to replace particleboard with 

formaldehyde adhesives which can be detrimental to health. Acacia bark (ATB), pine bark (PTB), and empty fruit 

bunches of oil palm (EFB) are by-products that have no economic value but have potential as raw materials for 

particleboard. This study aims to determine particleboard's physical and mechanical properties based on EFB with 

adhesive ATB and PTB and reduce using formaldehyde adhesive. The combination of using PTB and ATB powder 

for particleboard adhesive is a novelty in this research. The composition of the particleboard consists of 20-30wt% 

ATB and PTB powder with 80-70wt% EFB and 5−6% moisture content. The length of EFB fiber used is 0.1−2.0 

cm, and the size of ATB and PTB powders is that it passes 40 mesh sieves and is retained by 50 mesh. Hot press 

time 15-25 minutes. Quality assessment is carried out using Japanese Industry Standard A 5908-2015 for panel 

products. The test results show that the particleboard meets the standard and prove that ATB and PTB can be used 

as organic adhesives and have great potential to replace non-organic adhesives. 

Keywords: acacia bark, pine bark, particleboard, physical properties, mechanical properties. 

基於油棕空果束的刨花板膠粘劑松樹皮和洋槐皮的研製 

摘要: 有機粘合劑刨花板有機會被開發以用可能有害健康的甲醛粘合劑代替刨花板。相思

樹皮、松樹皮和油棕空果串是沒有經濟價值但具有作為刨花板原料潛力的副產品。本研究旨

在確定基於和油棕空果串的刨花板與粘合劑相思樹皮和松樹皮並減少使用甲醛粘合劑的刨花

板的物理和機械性能。將松樹皮和相思樹皮粉末結合用於刨花板粘合劑是本研究的一個創新

點。刨花板的成分由 20-30 重量％相思樹皮和松樹皮粉末組成，其中和油棕空果串為 80-70

重量％，水分含量為 5-6%。所用和油棕空果串纖維的長度為 0.1~2.0 厘米，相思樹皮和松樹

皮粉末的尺寸為通過 40 目篩並被 50 目截留。熱壓時間 15-25 分鐘。使用日本工業標準 A 

5908-2015 對面板產品進行質量評估。試驗結果表明，刨花板符合標準，證明相思樹皮和松

樹皮可作為有機膠粘劑，具有替代無機膠粘劑的巨大潛力。 

关键词：相思樹皮、松樹皮、刨花板、物理性能、機械性能。 
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1. Introduction 
Non-organic adhesives of particleboards emit 

formaldehyde which damages human health [1-9]. This 

fact has encouraged people to find organic ones that are 

safe. Organic adhesives have evolved over the decades 

[2], especially for particleboards. Various organic 

adhesive materials have been developed, such as 

bagasse [4], totora [5], maize, potato, tapioca and 

wheat starch [1], banana stalks [7], palm kernel kernels 

with the addition of ammonium dihydrogen phosphate 

[8], corn stalks [10-11], Miscanthus stalks [6], soft and 

hardwoods [12], hemp fiber [13], coir pith [14], 

bamboo [15] oil palm trunks[16], rice stalks [17], 

durian rind [18], oil palm trunk and acacia wood [19], 

black spruce and aspen bark [20], corns tarch [10, 21]. 

Tannins, or vegetable tannins, are chelate complex 

polyphenolic compounds derived from plants that taste 

bitter. Tannins react by agglomerating proteins or other 

[22] organic compounds, including amino acids and 

alkaloids. Pine tree bark (PTB) and acacia tree bark 

(ATB) contain tannins up to 23% [23] and ATB 48% 

[22-24] respectively. Therefore, they are very likely to 

be organic adhesives for particleboards. In this work, 

we studied the potential of three agricultural by-

products, namely oil palm empty fruit bunches (EFB), 

ATB, and PTB, which were processed into 

particleboards with properties that meet the 

requirements.  

Acacia and oil palm trunks have been used in 

particleboard [1, 25, 26], but none has used ATB or 

PTB. Combining PTB and ATB powders to make 

particleboard adhesives is necessary to study since both 

contain many types of tannin. Besides, PTB and ATB, 

as plantation by-products, are renewable. In plantations 

of pine and acacia trees managed by paper industry 

companies, the woods are used as raw material for 

paper, while the barks are left behind as a by-product or 

waste. Suppose the study shows that both materials are 

suitable for particleboards, then the use of non-organic-

adhesives can be reduced. Particleboards are beneficial 

for heat insulation, sound insulation, and building 

interiors. The physical and mechanical properties of 

particleboards were also characterized. Variations in 

particleboard behavior were studied concerning the 

binder parameters discussed in this study. 
 

2. Materials and Methods 
 

2.1. Preparation of Raw Materials 

EFB was first washed in a vessel with running water 

for half an hour then dried in the sun from 09.00-15.30, 

at which the radiation ranged from 400 to 770 

Watt.mˉ
2
, based on the solarimeter. The air temperature 

in the city of Padang at that time was around 26-30°C 

with sunny weather. The weight of the fiber before 

drying was 30 kg with moisture content of 8%. The 

drying time was 3-6 days. Then, the fiber was cut into 

0.1-2 cm [27] and dried in an oven to get a 5−6% 

moisture content. Each panel required 496-435 g, and 

the maximum target density was 0.9 g.cmˉ
3
. Pine tree 

bark and acacia tree bark cut using a double blade 

cutting machine were sieved. The powder passing the 

40 mesh (400 µm) sieve but retained by the 50 mesh 

(297 µm) one was used as the raw material for the 

adhesive, as shown in Fig. 1. PTB and ATB powder 

was dried in an oven to get 5−6% moisture content. 

Each panel required 124-186 g of ATB and PTB 

powder. 

 
Fig. 1 Raw materials of particleboard 

 

2.2. Particleboard Making 
The size of each particleboard panel made was 25 

cm x 25 cm x 1.1 cm with a target density of 1 g.cmˉ
3
. 

The raw materials were EFB, ATB, and PTB, with 

weight percents of 80:10:10, 75:12.5:12.5, and 

70:15:15. The hot pressing times were 15, 20, and 25 

minutes at 170°C, 180°C, and 190°C. Each panel 

weighs 688 g, so that the composition of particleboard 

in weight percent, namely: EFB and ATB - PTB are 

550:138, 516:172, and 482:206 g, respectively 

referring to the initial experiment, to facilitate the 

mixing of ATB - PTB powder, 300 mL of distilled 

water was added to prevent the ATB-PTB powder from 

being separated from the surface of the EFB fiber. 

Stirring was done for 10 minutes with a rotation of 45 

rpm using a mixer to get a mixture to be put into the 

mold and cold-pressed for 5 minutes to get a final 

thickness of 3 cm. After removing the mold, the panel 

was hot-pressed until it reached a final thickness of 1.1 

cm. The sequence of cold pressing, hot pressing, and 

product processes is shown in Figs. 2-3. The press 

capacity of the hot pressing machine was 20 tons (3.2 

MPa). The application pressure for molding 

particleboards was 2.5-2.8 MPa at a thickness of 1.1 

cm. The maximum temperature was 250°C. A 

thermostat was used to keep the temperature of the 

heating plate constant. The number of panels produced 

was 30. The cooling of particleboards was done in an 

enclosed space for seven days at an ambient 

temperature of 26-28°C. 
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Fig. 2 Manufacture binderless particleboard 

 

2.3. Physical and Mechanical Properties Testing 

 

2.3.1. Physical Properties Test 

The physical properties tested were density, 

moisture content, water absorption, thickness 

expansion, while the mechanical properties were 

modulus of elasticity (MOE), modulus of rupture 

(MOR), and internal bond strength (IB). The testing 

standards referred to JIS A 5908-2015 [28]. The 

moisture content was calculated using Equation 1. The 

initial weight before drying was W or W1. Panel drying 

was carried out in an oven at 103°C for 24 hours; the 

test object was weighed every 6 hours, and; the final 

weight was recorded as W2. Water absorption and 

thickness swelling were calculated using Equations 2 

and 3. The initial thicknesses before and after 

immersion were t1 and t2, respectively. 

Moisture content = ((W1-W2)/W2) x100%  (1) 

Water absorption = ((W2-W1)/W1) x100%   (2) 

Thickness swelling = ((t2-t1)/t1 x100%                 (3) 

 

2.3.2. Mechanical Properties Test 

The physical properties tested were modulus of 

elasticity, modulus of rupture, and internal bonding 

referred to ASTM D1037-99; the calculations followed 

by equations 4, 5, and 6. The 10 KN Universal Testing 

Machine was used for MOE and IB testing. The 

standard deviation and average value were calculated 

from four replications of testing. The value of density, 

TS, WA, MOR, and IB of the boards was corrected for 

each target composition. 

Modulus of elasticity = (ΔF.L³)/(4b.h^
3
.Δy)         (4) 

Modulus of rupture = (3.ΔF.L)/(2b.h²)    (5) 

The internal bonding was calculated by equation: 

Internal bonding = F/A             (6) 

 

3. Results and Discussion 
 

3.1. Density and Moisture Contents 

Fig. 3 shows the results of the calculation of the 

density of particleboards at the composition of 

EFB:ATB:PTB of 70%:15%:15% with hot-pressing 

times of 15, 20, and 25 minutes. The average density 

obtained was 0.82 g.cmˉ
3
, which met the standard value 

for a medium particleboard density of 0.4-0.9 g.cmˉ
3
 

[28]. The length of hot pressing time allows the 

particleboard to evaporate more water so that its weight 

is reduced and reaches density equilibrium at the end of 

the pressing time. Fig. 4 shows that the moisture 

content of the particleboard meets the standard but 

tends to decrease with increasing hot pressing time. At 

each hot pressing time of 15, 20, and 25 minutes, the 

decrease in water content showed a significant 

difference indicated by a deviation of p<0.05. It takes 

time to remove moisture content from the particleboard 

under hot compression. At 15 minutes, the moisture 

content is 11.45% (the highest), and the compression 

time is 25 minutes, the moisture content is 10.34% (the 

best). Both meet the JIS standard, which is <14%. The 

difference in moisture content with hot pressing time is 

reasonable because both surfaces of the particle board 

are covered by a hot press plate so that it prevents the 

hot steam from escaping into the free air, and the only 

open path is on the thick side of the particleboard so 

that compression time plays a role in releasing water 

vapor freer of air. On the other hand, the role of 

compression temperature, which varies from 170°C, 

180°C, and 190°C, is relatively small for moisture 

content and density. 

 
Fig. 3 The density and moisture content 

 

 

3.2. Water Absorption and Thickness Swelling 

Particleboard at composition 80:10:10 is 95.91%, 

and 56.37% is the highest, at composition 70:15:15, is 

89.55% and 56.37% is the lowest, as shown in Fig. 4. 
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This tells us that the particleboard with the more 

predominant number of fibers will absorb the water 

predominantly as well. Research conducted by 

Nadhari, Ishak, et al. shows the same trend [1]. On the 

other hand, this particleboard product exhibits 

dimensional instability to moisture, which is a 

drawback in its application. Composition, pressure, 

temperature, and time have changed EFB, PTB, and 

ATB into particleboard products. On the other hand, the 

thermo-compression process has also triggered the 

formation of new bonds involving the fiber elements. 

One of the important elements in fibers to form bonds 

is cellulose that, with tannins, can form a bond, as 

shown in Fig. 5. XRD results of particleboard on all 

identified compositions show that S. tabernaemontani 

cellulose contains the highest intensity, the structure is 

C21H28N2O3 then cellulose, the structure is C6H10O5, 

and melting point cellulose is 260-270°C.  

 
Fig. 4 TS and WA of the particleboard 

 

On the other hand, tannins are complex 

polyphenolic compounds with a structure of C76H52O46 

and a melting temperature of 102°C. Applying a hot 

pressing temperature of 170-190°C with a time of 15-

25 minutes has helped trigger the melting of the tannins 

and form a bond with the cellulose, which produces S. 

tabernaemontani cellulose and provides reinforcement 

of the particleboard product. The composition of ATB 

and PTB on particleboard has an important role in 

increasing the intensity of S. tabernaemontani 

cellulose; increasing the composition of ATB and PTB 

can increase the intensity of S. tabernaemontani 

cellulose (Fig. 5). Based on the elements cellulose and 

S. tabernaemontani cellulose, which consists of C, H, 

N, and O, it is believed that these elements form 

hydrogen bonds. 

 
Fig. 5 XRD of the particleboard with two compositions 

 

3.3. Modulus of Rupture and Internal Bonding 

Fig. 6 shows a graph of the MOR values of the three 

EFB: ATB: PTB compositions, namely 80:10:10, 

75:12.5:12.5, and 70:15:15. The value of the MOR test 

was analyzed using the program, and the results 

showed that the deviation was p <0.05. The data in Fig. 

7 indicate that the MOR meets the minimum standard 

of JIS. The lowest value was 8.06 MPa at composition 

80:10:10 with a pressing time of 15 minutes, and the 

highest value was 8.27 MPa at composition 

75:12.5:12.5 with a pressing time of 20 minutes a 

temperature of 180°C. At 25 minutes of compression, 

the MOR values decreased in all compositions, telling 

us that the hot pressing time and temperature greater 

than 20 minutes and 180°C are not good for ATB and 

PTB adhesive particleboard. In all hot pressing time 

variations, the composition's superiority is 

75:12.5:12.5, with compression pressure of 3.2 MPa.    

Nadhari Wan et al. (2014) studied the particleboard 

properties of oil palm trunks (OPT) and acacia trees 

(AT) with a particle size of 5-500 m, hot compression 

pressure of 12 MPa, target density of 1 g.cmˉ
3
, the best 

MOR was 19.96 MPa at composition OPT: AT= 70:30. 

Although the MOR yields differ, indicating differences 

in the particle size of the raw material, density, and 

composition, these three play an important role in 

manufacturing particleboard without synthetic adhesive 

[2]. Liping et al. [29] uses kenaf fiber to improve the 

mechanical properties of the composite. Its tensile 

strength and tensile modulus increase with the 

increasing number of fibers in the composite [29]. This 

particleboard is not a good conductor of heat because it 

is made of organic material and does not have metal 

elements; the top and bottom surfaces in contact with 

the heating plate obtain sufficient heat energy. 

Observations on the cross-section of the test object 

before and after the flexural test showed that there was 

no boundary line of fiber bonds in the middle of the 

cross-section, telling us that the area is getting 

sufficient heat to trigger the melting of the tannins to 
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bind the cellulose, although it is hindered by the low thermal conductivity of the raw material. 

 
Fig. 6 Modulus of rupture 

 

3.4. Internal Bonding  

Fig. 7 shows the particleboard IB, and the average 

value meets the standard. The increase in the 

composition of PTB and ATB in particleboard tends to 

increase the IB value. At 20 minutes of pressing time, 

the best IB value is obtained for all compositions and 

the compression time of 25 minutes tends to decrease. 

In general, the trend is close to the similarity with Fig. 

7. From the three variations in composition and time, 

the IB value is 0.15-0.162 MPa. The particleboard test 

conducted by Nadhari Wan et al. (2014) at the 

composition of 70:30 obtained an IB value of 0.2 MPa, 

and in other compositions, the value was lower [22]. 

 
Fig. 7 Internal bonding 

 

4. Conclusion 
The experimental results showed that pine bark and 

acacia bark as organic adhesives were feasible to 

produce particleboard and reduce non-organic 

adhesives. The properties of the particleboard meet the 

standards, and at the composition of 25 wt%, ATB and 

PTB have good mechanical properties. The weakness 

of this particleboard product is its low dimensional 

stability in wet and humid places. The combined 

application of PTB and ATB as a particleboard 

adhesive is a novelty in this research because a search 

for journal publications in the last ten years shows that 

no research has been found combining PTB and ATB 

as a particleboard adhesive. The limitation of this study 

is that it has not discussed the mechanism of binding of 

PTB and ATB powders containing tannins with EFB 

fibers. 
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