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Abstract 

This study investigated the effects of processing parameters, namely particle mixing ratios, press temperatures, and 
time for the manufacturing of jute stick binderless particleboard (JBPB). Different ratios of fine and coarse particles, 
press temperature (160 to 240 °C) and press time (4 to 10 min) were used for JBPB fabrication with a target density 
of 0.9 g/cm3. The dimensional stability and mechanical properties of JBPB were determined according to Japanese 
Industrial Standard JIS A 5908 (2003). The result shows that the most favorable pressing conditions in the manufac-
turing process were press temperature of 220 °C for 6 min with a mixing ratio of 50:50 (fine: coarse). The modulus of 
rupture (MOR), modulus of elasticity (MOE), and internal bonding (IB) of JBPB was 16.35 N/mm2, 3872.99 N/mm2, and 
1.07 N/mm2, respectively, which met the minimum requirement for type-18 of particleboard JIS A 5908 (2003) except 
for the value of MOR. The bonding mechanism was analyzed by the chemical changes in the raw materials after the 
fabrication of JBPBs. The pentosans present in the raw material decreased with the increased press temperatures. In 
this study, the hemicellulose was decomposed which may accelerate the self-bonding of the JBPB at high tempera-
tures. The thermal gravimetric analysis (TGA) revealed that the JBPB showed good thermal stability with the increase 
of press temperatures. Fourier transform infrared (FTIR) spectra indicated that the removal of hydroxyl groups which 
increased the dimensional stability of JBPBs. Hence, it could be concluded that by controlling particle mixing ratio 
(50:50) at high press temperature with proper press time, high-performance jute stick binderless particleboard could 
be successfully developed which has a variety of applications.
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Introduction
In recent years, demand for particleboard/composite 
materials has been growing rapidly all over the world 
[1, 2] as well as in Bangladesh. Therefore, deforestation 
has occurred due to a complete dependency on forest 
resources for raw material supply with the increasing 
demand for infrastructural development [3]. On the other 
hand, formaldehyde is the main component of adhesives 
which has been widely used in the particleboard industry. 
Hence, formaldehyde-based adhesives are not considered 

as environmentally friendly for end-users because of 
health concerns [4]. Addressing such issues, it is high 
time to thinking about the alternative practice in the 
replacement of the conventional adhesive-based prod-
ucts for the end-users [5]. To eliminate these concerns, 
many researchers have been investigating the properties 
of binderless particleboard (BPB) made from agricultural 
residues such as kenaf core, oil palm, sugarcane bagasse, 
rice straw, almond, and coconut husks [6–11].

The concept of BPB has attracted keen interest of many 
researchers due to its environmentally friendly approach, 
as particleboards are biodegradable and less hazardous 
when compared to the traditional type of panel. BPBs 
appeared to be such products that can be manufactured 
without adding any synthetic adhesive, only activating 
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the chemical components of the board constituents 
during steam/heat treatment [12]. The hemicellulose 
of raw material supposed to be degraded during steam/
heat treatment which produces some furan products 
that can take part in self-bonding for board prepara-
tion [13]. Okuda et  al. [14] reported that the decompo-
sition of hemicelluloses and lignin during hot pressing 
could accelerate the self-bonding of kenaf particleboard. 
Widyiorini et  al. [15] have suggested that the breakage 
of hemicelluloses and cellulose produces simple sugar 
which contributes to self-bonding in kenaf core BPB. 
Generally, BPB can be bonded through the thermo-
compression process [3]. The different chemical reaction 
might have occurred such as degradation of hemicellu-
loses and part of the lignin which produce simple sugars 
and other decomposition products [16]; thermal soften-
ing of the cell wall matrix [17]; and crosslinking between 
carbohydrate polymers and lignin [18].

Bangladesh is an agro-based country and produces a 
substantial quantity of agricultural residues every year, 
especially jute stick which is obtained after separating the 
fiber. The annual production of jute sticks in Bangladesh 
is around 3.0 million tons [19]. These huge amounts of 
jute stick remain unused or only use as fuel in the rural 
area rather has no industrial uses [20]. Meanwhile, the 
chemical composition of jute stick consists of cellulose 
(40.8%), hemicellulose (32.9%), lignin (23.5%), ash (0.8%), 
and other substances (1%) [21]. Hence, the availability of 
hemicellulose richness of jute stick implies that these can 
be the promising candidate for the development of BPBs 
[22]. Many researchers have worked on different press-
ing parameters namely press temperature, press time, 
particle geometry on the properties of BPBs [23–25]. 
However, to our knowledge, no one has paid attention 
to fabricate BPB using jute stick until today. Hence, the 
objective of this study was to examine the optimum pro-
cessing parameters, namely particle mixing ratio, press 
temperature, and press time for the manufacturing of jute 
stick binderless particleboard (JBPB).

Materials and methods
Jute sticks (Corchorus capsularis) were collected from 
the local market of Khulna district, Bangladesh. The jute 
sticks were air-dried for 3 weeks. The sticks were then cut 
into small pieces, and the small pieces were converted 
into smaller particles using laboratory scale grinder, 
(Bangladesh). The particles were passed through 10 to 
60 meshes to get fine and coarse particles. The average 
moisture content of the air-dried jute stick particle was 
13% determined by moisture analyzer (Axis, ATS 120 
Poland). Then the particles were stored in airtight packs 
until further use.

Manufacturing of binderless particleboards
Two types of JBPB namely layered (fine particle in two 
face layer and coarse particle in core layer) and mixed 
(a mixture of the coarse and fine particle) JBPB was 
attempted at first. The air-dried jute stick particles were 
hand-formed into a mat using a forming box. The mats 
were pressed at press temperatures of 180 °C for 10 min 
with 5  MPa pressures [26]. The prepared layered JBPB 
named as JBPB-L and mixed JBPB named as JBPB-M 
with different particle mixing ratio from 30 to 50 wt% 
(fine: coarse) were used in this study. Single-layer parti-
cleboard from 100% coarse named JBPB-0 and 100% fine 
named JBPB-100 was also made under the same condi-
tion as the above was applied. The mixing ratio of parti-
cles for the production of JBPB is presented in Table 1. To 
investigate the effect of press temperature on the proper-
ties of JBPB, temperature ranges from 160 to 240  °C for 
10 min with 5 MPa pressure at an optimized mixing ratio 
was applied in the next. The JBPBs named JBPB-180, 
JBPB-200, and JBPB-220 for press temperatures of 180, 
200, and 220 °C were manufactured. After that different 
press time (4 to 8  min) was applied at optimized press 
temperature and mixing ratio named JBPB-220 for 4 min, 
JBPB-220 for 6 min, and JBPB-220 for 8 min. The dimen-
sions of JBPBs were 300 × 200 × 6 mm. The target density 
of all the JBPB was around 0.9 g/cm3 by controlling the 
thickness bar during pressing. Prior to testing, all of the 
JBPBs were conditioned for a week at 25 °C and 60% rela-
tive humidity (RH).

Evaluation of dimensional stability and mechanical 
properties of JBPB
The dimensional stability and mechanical proper-
ties of the JBPB were evaluated in accordance with the 
Japanese Industrial Standard for Particleboards (JIS A 
5908, 2003) [27]. The static bending test was conducted 
at 300 × 50 × 6  mm specimens from each JBPB using 

Table 1  Mixing ratio of particles for the production of Jute 
Stick Binderless Particleboard (JBPB)

*Layered JBPB named as JBPB-L; **Mixed JBPB named as JBPB-M

Board type Mixing ratio 
(%)

Fine (%) Coarse (%)

JBPB-0 0 0 100

JBPB-L30* 30 30 70

JBPB-L40* 40 40 60

JBPB-L50* 50 50 50

JBPB-M30** 30 30 70

JBPB-M40** 40 40 60

JBPB-M50** 50 50 50

JBPB-100 100 100 0
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a three-point bending test through universal testing 
machine (SHIMADZU AG-50KNXplus, Japan) over an 
effective span of 150 mm at a loading speed of 10 mm/
min. Five 50 × 50  mm test specimens were prepared 
from each sample of JBPB for internal bonding (IB) 
tests. Five specimens of the same size from each sample 
of JBPB were prepared for water absorption (WA) and 
thickness swelling (TS) tests for 24 h water immersion.

Chemical analysis
Jute stick and the manufactured JBPBs were ground 
(40/60 mesh) using a wiley mill, (code 912, India). The 
preparation of extractive free samples was done accord-
ing to TAPPI T 204 cm-97 [28]. The Klason lignin (TAPPI 
T 222 om-98) [29] and pentosans (TAPPI T 223 cm-84) 
[30] were determined in accordance with TAPPI Test 
Methods. Holocellulose content was determined by 
treating extractive free samples with the methods of wise 
et  al. [31], while the α-cellulose content was measured 
by the extraction of the holocellulose with 17.5% NaOH. 
Hemicellulose content was calculated by subtracting the 
α-cellulose content from the holocellulose content. All 
of the chemical component analyses were performed in 
triplicate.

High-Performance Liquid Chromatography (HPLC) 
(Shimadzu Prominence-I) was used to determine the 
neutral sugar composition of the polysaccharide. 100 mg 
of samples were hydrolyzed in 72% (w/w) H2SO4. 
Then the mixture was autoclaved and filtered using a 
microfilter with the pore size of 0.45 μL and the sam-
ple was deionized to water v/v [Acetonitrile (ACN): 
Water = 80:20]. The samples were then placed into the 
HPLC auto sampler rack for analysis and the column 
Shim_pack GIST NH2 5  µm with a mobile phase was 
used with a flow rate of 1 mL/min at 40 °C. The pH of the 

sample was 7–7.5. Pure glucose and xylose were used as 
standards.

Fourier transform infrared spectroscopy (FTIR)
Jute sticks and manufactured JBPBs were ground into a 
fine powder by a high-speed blender and dried in an oven 
at 60 °C for 12 h. Infrared spectrum data were obtained 
through FT-IR Spectrometer (Spectrum Two Perki-
nElmer, USA). Data was recorded between wavenumbers 
of 3500 cm−1 and 500 cm−1 using the Universal Attenu-
ated Total Reflectance (UATR) method.

Thermal gravimetric analysis (TGA)
Jute sticks and manufactured JBPBs were crushed into 
fine powder by a high-speed blender and dried in an 
oven at 60  °C for 12  h. The TG was conducted using a 
LABSys Evo STA (Simultaneous Thermal Analysis, Seta-
ram Instrumentation, France). Scans were recorded from 
room temperature to 500 °C using a carrier gas (N2) at a 
heating rate of 5 °C/min.

Results and discussion
Dimensional stability
The layered (JBPB-L) and mixed (JBPB-M) JBPB showed 
higher WA and TS values among all the manufactured 
JBPBs. Due to the hydrophilic properties of lignocellu-
losic materials and the capillary action induced uptake of 
water when soaking into the water and thus increased the 
WA and TS values [32, 33]. The dimensional stabilities of 
JBPB-L were lower compared to the JBPB-M, as shown 
in Table  2. The proper combination of fine and coarse 
particles in the JBPB-M seems to be the better interlock-
ing among the particles compared with the JBPB- L [9, 
34]. Adding fine particles results in reduced void space 
and irregularities in JBPB-M which could help to reduce 
the penetration of water, whereas in JBPB-L, the surface 

Table 2  Effects of particle mixing ratios on the dimensional stability and mechanical properties of Jute Stick Binderless 
Particleboard (JBPB). Press temperature was 180 °C for 10 min

*Values presented are average of 10 samples; **Values presented in parenthesis are standard deviation; L for layered JBPB and M for mixed JBPB

Board type Dimensional stability Mechanical properties

WA (%) TS (%) MOR (N/mm2) MOE (N/mm2) IB (N/mm2)

JBPB-0 107.78* (7.13)** 89.81* (5.73)** 8.69* (2.06)** 1436.43* (261.23)** 0.17* (0.05)**

JBPB-L30 123.39* (18.50)** 99.43* (4.08)** 11.29* (2.29)** 2926.83* (251.81)** 0.22* (0.07)**

JBPB-L40 109.99* (9.25)** 83.89* (6.32)** 10.94* (1.21)** 2627.82* (241.14)** 0.26* (0.50)**

JBPB-L50 88.14* (5.13)** 70.89* (11.08)** 8.85* (2.38)** 2072.88* (352.69)** 0.28* (0.14)**

JBPB-M30 81.36* (8.24)** 69.38* (17.03)** 12.31* (1.57)** 2630.58* (310.11)** 0.59* (0.18)**

JBPB-M40 68.69* (16.77)** 60.67* (11.24)** 12.34* (3.92)** 3259.08* (325.36)** 0.65* (0.20)**

JBPB-M50 62.57* (10.04)** 41.89* (3.77)** 14.23* (2.15)** 3318.86* (390.72)** 0.73* (0.13)**

JBPB-100 80.96* (15.55)** 69.27* (8.91)** 9.12* (2.37)** 2319.42* (383.12)** 0.25* (0.02)**
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consists of only fine particles and core part is fully com-
posed of coarser particles. The WA and TS values of 
JBPB-M50 were 58.13% and 41.89%, while for JBPB-L50, 
it was 88.14% and 70.89%, respectively. The WA and TS 
values of JBPB decreased with increased press tempera-
ture from 180 to 220 °C, as shown in Fig. 1. For example, 
the WA value and the TS value of JBPB-220 was 46.26% 
and 38.53%, respectively, which is lower than the WA 
and TS values of JBPB-180 for 10 min. It seems that high 
temperature starts to degrade the hemicelluloses which 
reduce free reactive hydroxyl groups thus decreases the 
ability to bind water [26]. Furthermore, considerable dif-
ferences in JBPBs were noticed as a function of press time 
at a press temperature of 220 °C, as shown in Fig. 2. The 
WA value and the TS value of JBPB-220 for 6  min was 
42.78% and 20.69%, respectively, which was lower than 
that of other press times of JBPB-220. Better dimensional 
stability at a high press temperature of 215  °C and at a 
lower press time of 5 min was previously reported [35]. 
In this study, the interaction between two factors (mix-
ing of fine particles and high press temperature) at lower 
press time noticeably affected the WA and TS.

Mechanical properties
Table 2 shows the properties of JBPB-L and JBPB-M with 
different particle mixing ratio at the press temperature 
of 180 °C for 10 min. The results showed that the JBPB-
M had higher modulus of rupture (MOR), modulus of 
elasticity (MOE), and IB values compared to the JBPB-L. 

Interestingly, the mechanical properties of the JBPB-M 
increased when fine particle content increased from 30 
to 50% and above the 50% fine particle content of JBPB 
had poor performance in mechanical properties. Addi-
tionally, JBPB-0 had lower MOR, MOE, and IB values 
than those of JBPB-100. For example, JBPB-M50 had the 
highest modulus of rupture values of 14.23 N/mm2 and 
modulus of elasticity values of 3318.86  N/mm2, while 
JBPB-L50 had 8.85 N/mm2 and 2072.88 N/mm2, respec-
tively. In JBPB-L, the surface consists of fine particles 
and core part is fully composed of coarser particles, on 
the contrary, the proper interlocking of fine and coarse 
particles in the JBPB-M might be effective for increas-
ing the mechanical properties of the JBPB. It seems that 
fine particles work as fillers in coarse particles for JBPB-
M [36]. Lui et al. [37] reported that adding fine particles 
contributes to the improvement of the bonding strength 
of the board. Since, fine particles provide a larger con-
tact area among particles compared to coarse particles, 
resulting in stronger bonding of JBPB-100 compared to 
JBPB-0 [26]. Particle geometry including different shape 
and size of particles may have a potential influence on 
the mechanical properties of the boards [38]. Sackey 
et al. [39] pointed out that the fine particle content and 
the ratio of particle size fractions strongly influenced 
the internal bond strength of the boards. However, fine 
particles require higher energy to manufacture and were 
difficult to handle with a higher percentage in the JBPB 
fabrication process [26]. Thus, the mixing ratio at 50:50 

Fig. 1  Dimensional stability and mechanical properties of jute stick binderless particleboard (JBPB) as a function of press temperatures. Error bar 
indicates the standard deviation
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(fine: coarse) was better compared to the other mixing 
composition in this study.

Figure  1 shows the influence of press temperature on 
the properties of JBPBs at an optimized mixing ratio of 
50:50 (fine: coarse). When JBPBs were hot-pressed at 
160  °C, spring back occurred due to the poor bonding, 
which felt below the target density indicating that bond-
ing was not sufficient at this temperature. On the other 
hand, when JBPBs were hot-pressed at 240 °C, it tends to 
burn due to the gasification of the raw materials; hence, it 
could not evaluate the properties of JBPBs. The JBPB was 
lighter in color at 180 °C press temperature while increas-
ing the temperature from 180 to 220 °C; the color tends 
to be darker due to the effect of degradation of chemi-
cal components. The MOR values of JBPB increased with 
increasing press temperatures from 180 to 220  °C for 
10  min. The JBPB-220 had the highest MOR values of 
15.67 N/mm2 which was 10.12% higher compared to the 
JBPB-180. Similarly, the MOE values improved with the 
increase of press temperatures. Internal bond strength 
was also increased when press temperature increased 
from 180 to 220 °C. For example, the IB values of JBPB-
220 were 0.88 N/mm2 which was 27.54% higher than that 
of JBPB-180 for 10 min. This indicated that a press tem-
perature of 220 °C is the effective temperature in terms of 
bending properties. Due to the high press temperature, 
the degradation of  chemical components of jute stick 
may occur which might play an important role in bet-
ter bending strength [8, 22]. Since the hemicelluloses of 

lignocellulose material, including jute stick, decomposes 
at 220–315 °C, the JBPB-180 might have not reached an 
effective temperature during hot pressing [40]. Hence, 
it can be said that press temperature of 220 °C was opti-
mum temperature for obtaining good mechanical prop-
erties in JBPB fabrication.

The effects of press time on mechanical properties of 
JBPB were investigated under a press temperature of 
220 °C. Figure 2 shows the mechanical properties of JBPB 
at different press times. The MOR, MOE, and IB values 
of JBPB-220 were increased from 4 to 6  min and then 
decreased slightly at 8 min. The IB value of the JBPB-220 
for 4 min showed extremely low value. The internal bond-
ing strength was reported to 1.07  N/mm2 for JBPB-220 
for 6 min, which was 21.5% higher compared to JBPB-220 
for 10  min. The target temperature reached in the core 
layer of particleboard was slower than in the surface lay-
ers during hot-pressing. At 4 min press time, the target 
temperature in the core layer may not be reached result-
ing in poor adhesiveness in the core layer. On the other 
hand, at 10 min press time, the target temperature in the 
core layer may be reached, while the surface layer may 
be degraded due to long press time results in reduced 
mechanical properties. Press time 6 min might be effec-
tive to achieve the target temperature of the core layer 
and did not degrade the surface layer. Press temperature 
of 220 °C for 6 min was needed to obtain good adhesive-
ness in all layers for the JBPB production and showed 
higher mechanical properties. Hence, to understand 

Fig. 2  Dimensional stability and mechanical properties of jute stick binderless particleboard (JBPB) pressed at 220 °C as a function of press times. 
Error bar indicates the standard deviation
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clearly, the chemical changes of manufactured JBPBs 
during hot pressing were investigated.

Table  3 shows the chemical composition of the jute 
stick and manufactured JBPBs as a function of press 
temperatures. The holocellulose content of jute stick 
decreased in manufactured JBPBs, as depicted in Table 3. 
It can be explained due to the degradation of  the hemi-
celluloses during hot pressing. In addition, the pentosan 
content in the original jute stick was 19.7% decreased to 
17.3% after fabricating JBPB-180 for 10  min, which was 
further decreased to 12.63% for JBPB-220 for 6 min. This 
result indicates that pentosans present in the raw material 
might be converted into furfural at a higher temperature, 
which may improve the IB values of the JBPB [26]. These 
results were consistent with the sugar content data of jute 
stick and manufactured JBPBs,  as shown in  Table  4.  It 
was found that glucose and xylose were predominant 
sugar constituents in all the samples. Xylose decreased 
constantly with increasing press temperature which was 
consistent with the decomposition of hemicellulose. For 
example, JBPB-220 for 6 min had the lowest xylose con-
tent (8.37%) compared to the other JBPBs. On the other 
hand, higher content of glucose was found at higher tem-
peratures due to the sum of glucose derived from the 
cellulose [41]. For example, JBPB-220 for 6 min had the 
highest glucose content of 37.14% showed an increment 
in the glucose content compared to the other JBPBs. The 
above analysis can explain that the decomposition of 
hemicellulose produced decomposed components result-
ing in the formation of adhesives during hot pressing 
that binds the particle together. In contrast, α-cellulose 

content has no obvious differences among jute stick and 
the manufactured JBPBs, as presented in Table  3. The 
lignin content cannot ensure its participation in making 
bonding through resinification in this study. Hence, fur-
ther study is underway and will be reported in details in 
another article.

Changes of chemical structure
Changes in the chemical structure of the boards manu-
factured at different press temperatures were meas-
ured by FTIR and the results are shown in Fig.  3. The 

Table 3  Chemical compositions of  Jute stick and  Jute Stick Binderless Particleboard (JBPB) pressed at  different press 
temperatures and times

*Values presented are average of 3 samples; **Values presented in parenthesis are standard deviation

Chemical components
(%)

JS-Raw JBPB-180
10 min

JBPB-200
10 min

JBPB-220
10 min

JBPB-220
8 min

JBPB-220
6 min

Lignin 22.0* (0.74)** 23.0* (0.58)** 21.0* (0.38)** 23.0* (0.74)** 25.3* (0.63)** 24.6* (0.31)**

Pentosan 19.7* (0.58)** 17.2* (0.16)** 15.3* (0.44)** 14.3* (0.23)** 12.9* (0.36)** 12.7* (0.26)**

Holocellulose 63.0* (0.28)** 63.0* (0.61)** 61.0* (0.46)** 60.0* (0.28)** 59.6* (0.49)** 59.5* (0.48)**

α-cellulose 34.0* (0.10)** 35.0* (0.21)** 35.0* (0.43)** 35.0* (0.62)** 35.4* (0.55)** 35.9* (0.28)**

Hemicellulose 29.0* (0.17)** 28.0* (0.21)** 26.0* (0.26)** 25.0* (0.52)** 24.2* (0.31)** 23.5* (0.50)**

Table 4  Sugar contents of  Jute stick and  Jute Stick Binderless Particleboard (JBPB) pressed at  different press 
temperatures and times

*Values presented are average of 3 samples; **Values presented in parenthesis are standard deviation

Sugar compounds 
(%)

JS-Raw JBPB-180
10 min

JBPB-200
10 min

JBPB-220
10 min

JBPB-220
8 min

JBPB-220
6 min

Glucose 29.9* (0.12)** 28.9* (0.40)** 29.2* (0.28)** 31.1* (0.53)** 33.58* (0.52)** 37.14* (0.24)**

Xylose 14.5* (0.43)** 9.8* (0.25)** 9.4* (0.18)** 9.1* (0.18)** 8.83* (0.19)** 8.37* (0.27)**

Fig. 3  Fourier transform infrared spectra of jute stick particles and 
manufactured jute stick binderless particleboard (JBPB) as a function 
of press temperatures
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peak at 3400  cm−1 is attributed to the H-bonded O–H 
stretching within the constituents and the peak inten-
sity decrease with the increase of press temperatures. It 
reveals the weakening of H-bonding and loss of hydrous 
components [42]. In the C=O stretching region, the 
peak at 1750  cm−1 is associated with absorbed water, 
since hemicelluloses have strong hydrophilic nature [43]. 
The lowering of the peak intensity with increasing press 
temperature is directly linked with the removal of water 
contents from the manufactured JBPBs, which yields 
excellent stability. The peak at 1250  cm−1 derived from 
aryl ether structure [44] decreased with pressing tem-
perature which indicates the inter-monomer linkages 
in lignin during pressing [8]. The peaks at 1034  cm−1 
were mainly derived from hydroxyl groups in polysac-
charides [16] and the decreased intensity from 180 to 
220  °C implied that the polysaccharides may lead to the 
enhancement of bonding properties.

Thermal stability of the JBPB
Figure  4 shows the  thermo gravimetric  (TG) curve 
of  manufactured JBPBs at different press temperatures. 
The curve shows that  the minimal weight loss below 
120  °C which is attributed to the removal of hydroxyl 
groups of the materials  [45]. After that, significant mass 
losses  started when the temperature increased between 
200  °C and 300  °C which indicated the thermal degra-
dation of hemicelluloses   [46]. The weight loss occurred 
between 300 and 400  °C, is  associated with the deg-
radation of α-cellulose [47].  The JBPB-180 and JBPB-
200 showed a higher weight loss of  22.91% and  29.41%, 
respectively, while JBPB-220 had the highest initial 
degradation temperature and the lowest weight loss of 

14.48%.  This indicates that JBPB-220 has good thermal 
stability. These results revealed that JBPB-180 and JBPB-
200 were thermally degraded faster compared to JBPB-
220. The reason can be explained by the formation of 
hydrogen bonds due to hot pressing and with increasing 
of press temperature up to 220 °C auto-crosslinking poly-
mer chains started [48] thus tough to be broken in JBPB-
220 board which increases its stability.

Conclusions
Jute stick binderless particleboard was successfully 
manufactured by optimizing the processing parameters 
namely mixing ratio of fine and coarse particles, press 
temperatures, and time in this study. The most favorable 
pressing conditions in the manufacturing process were 
observed at a press temperature of 220 °C for 6 min with 
a mixing ratio of 50:50 (fine: coarse). At optimum press-
ing conditions, the MOR, MOE, and IB of JBPB were 
16.35 N/mm2, 3872.99 N/mm2, and 1.07 N/mm2, respec-
tively. Chemical analysis confirmed the degradation of 
hemicellulose with increasing press temperature. Pen-
tosans might be converted into furfural with increasing 
press temperature which was consistent with sugar con-
tent, as xylose decreased constantly with increasing press 
temperature ensuring the self-bonding of JBPB. Since 
adhesive is not added when manufacturing these JBPBs, 
and the products are free from formaldehyde emission, 
making them especially suitable for a variety of interior 
applications.

Abbreviations
BPB: Binderless particleboard; JBPB: Jute stick binderless particleboard; SD: 
Standard deviation; WA: Water absorption; TS: Thickness swelling; MOR: Modu-
lus of rupture; MOE: Modulus of elasticity; IB: Internal bonding; HPLC: High 
performance liquid chromatography sugar analysis; FTIR: Fourier transform 
infrared spectra; TGA​: Thermal gravimetric analysis.
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