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Abstract. This study is to know the physical and mechanical properties of 
particle board made up of jute sticks (jutex board) and wood chips (woo-
dex board) of Trewia nudiflora. Two leading particle board manufacturing 
industries of Bangladesh were selected first which have the same manu-
facturing process and adhesive composition. Boards of available thick-
nesses were collected randomly. From each thickness category, three 
replications were taken. The parameters were studied as adhesive com-
position, mass of a board, density, bending strength, modulus of elas-
ticity, surface soundness, tensile strength, screw withdrawal, pressure 
and pressing time. Urea formaldehyde resin is used to manufacture both 
types of particle board. For achieving the greater efficiency of boards, 
some chemical compounds were mixed with the resin. Due to the change 
in thicknesses, boards were not always different in terms of the physi-
cal and mechanical properties. Moreover, except the modulus of elastic-
ity (MOE), woodex boards were superior to the properties of jutex boards. 
Keywords Jute particle board, wood particle board, physical & mechanical 
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Introduction 

The rising expectations and improving living 
standards of the developing countries, espe-
cially in Asia, seems certain to increase wood 
use (Sutton 1993). As observed by Alma et al. 
(2004), the world population currently con-

sumes over 3.5 billion tons of green wood an-
nually. If the consumption rate of wood fi ber 
and the rate of population growth stay con-
stant, the demand for wood fi ber will increase 
by over 60 million tones each year. That would 
signifi cantly increase deforestation, creating 
a huge negative impact on the environment 
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(Zheng et al. 2006). Kozlowski & Helwig 
(1998) reported that the particleboard indus-
try supplied a signifi cant portion of total wood 
consumption in the world, which was 0.36 bi-
llion cubic meters and expected to reach 0.47 
billion cubic meters by the year 2010.
 Traditionally, particleboard has been made 
out of wood-based fi bers bound together using 
a formaldehyde resin. The desired thickness is 
achieved by using a hot press that forms the 
board into sheets (ABDP 2005). Particleboard 
has a homogenous structure and can be manu-
factured in different sizes, thickness, densities 
and grades for numerous uses, making it a de-
sirable material with which to work (Strategis 
2003). This type of board is a structural ma-
terial made of wood fragments, such as chips 
or shavings, which are mechanically pressed 
into sheet form and bonded together with resin 
(Anon 2000). Other defi nition of particleboard 
is panel from dry wood particles that have been 
sprayed or dusted with a binder resin, and are 
bonded together with resin and heat (Charles 
1986). Particles for the particleboards can be 
made from almost any type of wood, whether 
whole logs or log residues such as trimmings 
and shavings from lumber or plywood manu-
facturing (Charles 1986).
 The particle board panel is often modifi ed to 
many high-value products for different situa-
tions of usages such as fi re-retardant treated 
particle board (for fi re protection purposes), 
moisture resistant particle board (for outdoor 
use), thin particle board (for furniture industry), 
high density particle board (for fl ooring). The 
fi re resistance of the composite is very impor-
tant nowadays, especially when the composite 
is used as structural components. The primary 
objective of a fi re-resistant structural design is 
to maintain the structural integrity during a fi re 
for a suffi cient period so that all the occupants 
may safely evacuate, fi remen may extinguish 
the fi re, and the loss of property may be mini-
mized (Park et al. 2004). According to Rashid 
et al. (1990), particleboard is a combustible 
material. Previous studies revealed that treat-

ing particleboards with fl ame retardants were 
effective to reduce the combustibility and heat 
release of the panel (Rashid & Chew 1990, 
Izran et al. 2009). Particleboard is widely 
used in furniture, where it is typically overlaid 
with other materials for decorative purposes. 
It is the predominant material used in ready-
to-assemble furniture. Particleboard can also 
be used in fl oor ing systems, in manufactured 
houses, and as underlayment. Thin panels can 
also be used as a paneling substrate. Since 
most applications are interior, particleboard is 
usually bonded with a UF resin, although PF 
and MF resins are sometimes used for applica-
tions requiring more moisture resistance (Stark 
et. al. undated). The demand for glued-wood 
composite products, such as particleboard, 
medium-density fi breboard and plywood, has 
recently increased dramatically throughout the 
world, especially for housing construction and 
furniture manufacturing (Youngquist 1999, 
Sellers 2000). According to Drake (1995), par-
ticleboard consumption in the world represents 
57% of the total volume of solid wood panel 
product consumption. Worldwide demand for 
particleboard has been growing steadily at a 
rate between 2 to 5% per annum (ANU Forest 
Market Report 2002).
 Particleboard is readily made from virtually 
any wood material and from a variety of ag-
ricultural residues. Low-density insulating or 
sound-absorbing particleboard can be made 
from kenaf core or jute stick. Low-, medium-, 
and high-density panels can be produced with 
cereal straw, which has been used in North 
America. Rice husks are com mercially manu-
factured into medium- and high-density prod-
ucts in the Middle East (Stark et. al. undated). 
Wood based particleboard is one of the panel 
products which can be manufactured from low 
quality trees, mill residue and agricultural ma-
terials such as wheat, or rice straw (Basturk 
1993, Cai et. al. 2004). Using of traditional raw 
materials for composite panel manufacture is 
not playing a signifi cant role in the commer-
cial market in developed countries. However, 
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the quality of lumber is dropping with unstable 
prices in many developing and underdeveloped 
countries and future supplies may also be very 
limited in such countries. Consequently, in-
creasing environmental awareness has focused 
research on the exploration of new renewable 
raw materials such as agricultural waste (Kit-
tisiri 1996). 
 In Bangladesh particle boards are manufac-
tured using jute sticks and wood. The board 
which is from jute sticks is named Jutex and 
similarly boards from wood particles are 
termed as Woodex. In the woodex board the 
Pitali (Trewia nudifl ora) was the raw material 
for chips. This study is to know the physical 
and mechanical properties of jutex and woo-
dex particle board. The physico-mechanical 
properties of particle boards are an indication 
of quality and suitability in relation to the pro-
posed use of the board (Cook et. al. 2000).

Material and methods 

Experimental layout. Some particle board 
manufacturing industries of Bangladesh were 
selected fi rst which have same or similar man-
ufacturing process and adhesive composition. 
Two leading companies were found under that 
criterion. Boards of available thicknesses were 
collected randomly. From each thickness cat-
egory, three replications were taken. The avail-
able boards of jutex were 12 mm, 18 mm, 25 
mm, 30 mm, 36 mm and 41 mm and the avail-
able types of woodex boards were 12 mm, 16 
mm, 18 mm and 25 mm. 
Measurement and statistical analysis 
of data. The parameters mass of a board, 
density, bending strength, modulus of elastic-
ity, surface soundness, tensile strength, screw  
withdrawal were measured by using the IMAL 
(IB 600) universal testing machine. Samples 
were taken according to the IMAL (IB 600) 
standard. Digital moisture meter was used to 
measure the moisture of the fi nal products and 
dimensional parameters were measured by us-

ing the measuring tape. Pressure and pressing 
time was found directly from the secondary 
source. Duncun Multiple Range Test (DMRT) 
was used to evaluate the variability in the prop-
erties investigated. 

Results 

UF resin is used to manufacture both types of 
particle board. For achieving the greater effi -
ciency of boards, some chemical compounds 
were added with the UF resin. In Jutex board 
with 100 lt UF resin 2.5 lt of 20% NH4Cl so-
lution was added in surface particle and 2.17 
lt was mixed in core layer particles. Howev-
er, Hexamine was used in a same proportion 
(217.39 g) in both surface and core particles 
bonding. Wax emulsion of 33% concentration 
(14.13 lt) was mixed for the adhesive of sur-
face layer particles and for core particles 13.04 
lt was added. But no fungicide was used in Ju-
tex board manufacturing. 
 For the preparation of one batch adhesive for 
manufacturing woodex board 1.75 lt and 3.47 
lt of 20% NH4Cl solution were mixed in 100lt 
UF resin. In that mixture hexamine was also 
used for the adhesive for the surface particle 
bonding but for core layer this chemical was 
not added. Wax emulsion of 33% concentra-
tion was mixed as 12.5 lt in surface layer while 
in core layer it was used as 7.5 lt. During woo-
dex board manufacturing, 625 g fungicide was 
used in both layers (Table 1).
 Table 2 represents the physico-mechanical 
properties of boards having different thick-
nesses which were made up from jute sticks.   
The mass of a whole (8’ x 4’) board was varied 
signifi cantly (p ≤ 0.05) with 4 mm to 6 mm in-
crease in thickness. But in case of 25 mm and 
26 mm the masses were not varied signifi cant-
ly. The lowest mass was recorded for 12 mm 
board (22.27 kg) where the 41 mm board was 
the heaviest (53 kg). The particle densities in 
12 mm (560.33 kg/m3) and 18 mm board were 
found signifi cantly higher than all others. No 
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signifi cant variation was observed between 25 
mm and 26 mm board and among the 30 mm 
(393.67 kg/m3), 36 mm (385.67 kg/m3) & 41 
mm (365.67 kg/m3) particle boards. Bending 
strengths were measured signifi cantly higher 
for 12 mm (10.96 N/mm2) and 18 mm (9.28 
N/mm2) while the lowest bending strength was 
found for 41 mm (3.97 N/mm2) which was sta-
tistically proved. The bending strengths were 
not varied notably for 25 mm (7.35 N/mm2), 
26 mm (7.07 N/mm2) board and also for 30mm 
(5.39 N/mm2), 36 mm (5.46 N/mm2) jutex 
board. With the change of thickness, elastici-
ties of boards were changed. The MOEs of 12 
mm (1492.30 N/mm2), 18 mm (893 N/mm2), 
25 mm (666.67 N/mm2) and 26 mm (535 N/
mm2) were noticed to vary signifi cantly from 
each other. But for 30 mm (383.67 N/mm2), 36 
mm (274.67 N/mm2) and 41 mm (299.67 N/
mm2) the variation was not statistically signifi -
cant. Surprisingly no signifi cant variation of 
surface soundness was found among the tested 
boards. And only the tensile strength of 18 mm 

board (0.45 N/mm2) was found signifi cantly 
higher than all other board types while no such 
variation among the rest of the board types 
was observed. In case of screw withdrawal, 
the highest value was recorded for 18mm 
board (626.33 N) and the second highest screw 
holding capacity was measured for 12 mm 
(599 N) both of which were varied signifi -
cantly in comparison to other types of board. 
On the otherhand, in 41 mm board (172.67 N) 
the screw withdrawal was found signifi cantly 
lower than all other boards. But in 18 mm, 25 
mm, 26 mm, 30 mm and 36 mm boards, the 
screw withdrawal values were not signifi cantly 
varied with each other. The pressure applied 
to form a board were not signifi cantly varied 
for 26 mm (185 bar), 30 mm (185 bar), 36 
mm (185.67 bar) and 41 mm (183 bar) jutex 
board. Pressure required for 12 mm (165 bar), 
18 mm (173 bar) and 25 mm (178 bar) which 
were signifi cantly varied from each other. The 
variation of pressing time for 36 mm (11.17 
min) and 41 mm (11.83 min) was signifi cantly 

Table 1 Chemical compositions of adhesives for jutex and woodex board manufacturing

Table 2 Physico-mechanical properties of different boards made up of jute sticks

Note: BS - bending strength, MOE - modulus of elasticity, SS - surface soundness, TS - tensile strength, SW - screw  
          withdrawal, PT - pressing time, latter in suffi x represents signifi cant variation where p ≤ 0.05

Components Jutex Woodex
Surface layer Core layer Surface layer Core layer

UF Resine (lt) 100 100 100 100
20% NH4Cl solution (lt) 2.5 2.17 1.75 3.475
Hexamine (g) 217.39 217.39 375 0
33% Wax emultion (lt) 14.13 13.04 12.5 7.5
Fungicides (ml) 0 0 625 625

Type
Parameter Average
Mass 
(kg)

Density 
(kg/m3)

BS (N/
mm2)

MOE 
(N/mm2)

SS (N/
mm2)

TS (N/
mm2) SW (N) Pressure 

(bar)
PT 
(minute)

Temperature 
(o C)

12 mm 22.27f 560.33a 10.96a 1492.30a 1.01a 0.31b 599.00a 165.00d 10.00b 170.00a

18 mm 32.00e 528.33b 9.28a 893.00b 0.93a 0.45a 626.33a 173.33c 7.00c 170.00a

25 mm 36.33d 424.33c 7.35b 666.67c 0.62a 0.26b 331.33b 178.33b 8.00c 171.00a

26 mm 37.50d 424.67c 7.07bc 535.00d 0.62a 0.26b 337.67b 185.00a 7.00c 171.67a

30 mm 42.33c 393.67d 5.39cd 383.67e 0.71a 0.27b 282.00b 185.00a 9.33b 173.33a

36 mm 46.67b 385.67d 5.46cd 274.67e 0.76a 0.29b 271.33b 185.67a 11.17a 170.67a

41 mm 53.00a 365.67d 3.97d 299.67e 0.83a 0.28b 172.67c 183.00a 11.83a 172.67a
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higher than other types of board. For the board 
having thickness 12 mm and 30 mm required 
to press for the similar period of time (10 min 
and 9.33 respectively) while pressing time for 
18 mm (7 min), 25 mm (8 min) and 26 mm (7 
min) were statistically proved as similar. But 
along with the pressing time the temperature 
were need not to change as there was no statis-
tical variation was observed. 
 Table 3 depicts the physico-mechanical 
properties of boards having different thick-
nesses which were made up from wood par-
ticles of Trewia nudifl ora. The mass of a full 
size board (8’ x 4’) board was varied signifi -
cantly (p ≤ 0.05) with 4 mm to 6 mm increase 
in thickness. The lowest mass was recorded for 
12 mm board (29 kg) where the 25 mm board 
was the heaviest (49 kg). The particle densi-
ties in 12 mm (732.33 kg/m3) and 18 mm (682 
kg/m3) board were found signifi cantly differ-
ent from each other. But the variation was ob-
served between 16 mm and 18 mm board was 
not statistically supported. Bending strengths 
were measured signifi cantly higher for 16 
mm (10.96 N/mm2) than the lowest bend-
ing strength of 25 mm (18.09 N/mm2) board. 
The strengths were not varied notably for 12 
mm (19.71 N/mm2) and 18 mm (19.3 N/mm2) 
board. With the change of thickness, elastici-
ties of boards were changed. The MOE of 12 
mm (2309.33 N/mm2), 16 mm (2104 N/mm2), 
18 mm (1868.33 N/mm2) and 25 mm (1428.33 
N/mm2) were noticed to vary signifi cantly 

from each other. Surface soundness of 16 
mm (1.82 N/mm2) and 18 mm (1.85 N/mm2) 
were not signifi cantly different while surface 
smoothness of 12 mm board (0.66 N/mm2) was 
signifi cantly lower among the tested boards. 
And only the tensile strength of 12 mm board 
(0.43 N/mm2) was found signifi cantly higher 
than all other board types while no such varia-
tion among the rest of the board types was ob-
served. In case of screw withdrawal, the lowest 
value was recorded for 25 mm board (859.67 
N) which was varied signifi cantly in compari-
son to other types of board. But in 12 mm, 16 
mm and 18 mm boards, the screw withdrawal 
values were not signifi cantly varied from each 
other. The pressures applied to form boards 
were exactly same as 280 bar. The variation 
of pressing time for 12 mm (3.40 min) was 
signifi cantly lower than other types of board 
while pressing time for 16 mm (4.40 min), 18 
mm (4.63 min) and 25 mm (4.40 min) were 
statistically proved as similar. But along with 
the pressing time the temperature in for the 
bottom platen was found signifi cantly higher 
in case of only for 16 mm board (170 oC) but 
for other types of boards there was no statisti-
cal variation was observed. 

Discussion

Board density, resin and wax and pressing 
condition are the major parameters that affect 

Table 3 Physico-mechanical properties of different boards made up of wood particles

Note: BS - bending strength, MOE - modulus of elasticity, SS - surface soundness, TS - tensile strength, SW - screw  
          withdrawal, PT - pressing time, latter in suffi x represents signifi cant variation where p ≤ 0.05

Type

Parameter Average

Mass 
(kg)

Density 
(kg/m3)

BS (N/
mm2)

MOE 
(N/mm2)

SS (N/
mm2)

TS (N/
mm2) SW (N) Pressure 

(bar)
PT 
(minute)

Temperature 
 (o C)
Top 
platen

Bottom 
platen

12 mm 29.00d 732.33a 19.71ab 2309.33a 0.66c 0.43b 1165.00a 280 3.40b 184.33 175a

16 mm 36.00c 714.00ab 20.16a 2104.00b 1.82a 0.66a 1082.67a 280 4.40a 179.00 170b

18 mm 40.17b 707.33ab 19.30ab 1868.33c 1.85a 0.77a 1068.67a 280 4.63a 185.00 175a

25 mm 49.67a 682.00b 18.09b 1428.33d 1.00b 0.65a   859.67b 280 4.40a 185.00 176a
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particleboard dimensional properties (Razali 
1985). Similar result was also found in this 
study. UF resin was used to manufacture both 
types of particle board. UF adhesives are easy 
to work with, provide strong, durable bonds 
and are economical. Formaldehyde acts as the 
cross linker or polymerizer in UF adhesives 
(Nemlü 2002). For achieving the greater effi -
ciency of boards, some chemical compounds 
were added with the UF resin. In Jutex board 
with 100 lt UF resin, 20% NH4Cl solutions, 
Hexamine, Wax emulsion of 33% concen-
tration were added. For the woodex boards, 
fungicide was added with the other chemical 
components as in jutex boards. But the mixing 
ratios were different between the board types 
and between the surface and core layer of the 
same type of boards.  
 The mass of a (8’ x 4’) woodex and jutex 
board was varied signifi cantly (p ≤ 0.05) with 
4 mm to 6 mm increase in thickness. This 
proves that boards having 4 mm to 6 mm more 
thickness contain larger amount of particles. 
The particle densities in 12 mm (560.33 kg/
m3) and 18 mm board were found signifi cantly 
higher than all others. The particle densities 
in 12 mm (732.33 kg/m3) and 25 mm (682 
kg/m3) board were found signifi cantly differ-
ent from each other. No signifi cant variation 
was observed between 16 mm and 18 mm 
board. Bending strengths were measured sig-
nifi cantly higher for 12 mm (10.96 N/mm2) 
and 18 mm (9.28 N/mm2) while the lowest 
bending strength was found for 41 mm (3.97 
N/mm2). Bending strengths were signifi cantly 
higher for 16 mm (10.96 N/mm2) than the low-
est bending strength of 25 mm (18.09 N/mm2). 
The bending strengths were not varied notably 
for 12 mm (19.71 N/mm2) and 18 mm (19.3 
N/mm2) board. For both types of boards the 
highest thickness contain the lowest bending 
strength. The boards having the high thickness 
include more core particles which are larger in 
size. Presence of larger size particles reduces 
the strength of bonding among the particles. 
Moreover, wood properties infl uence the com-

posite performance especially MOE and tensile 
strength (Maloney 1977, Haygreen & Bowyer 
1996). With the change of thickness, elastici-
ties of both types of boards were changed. But 
in jutex board after reaching the thickness of 
30 mm the boards were not different in terms 
of MOEs. Surprisingly in jutex boards, no sig-
nifi cant variation of surface soundness was 
found among the tested boards. On the other-
hand, surface soundness of woodex boards in 
16 mm (1.82 N/mm2) and 18 mm (1.85 N/mm2) 
were not signifi cantly different while surface 
soundness of 12 mm board (0.66 N/mm2) was 
signifi cantly lower among the tested boards. 
This represents jutex boards ensure smoother 
surface than woodex boards. And only the ten-
sile strength of 18 mm board (0.45 N/mm2) 
was found signifi cantly higher than all other 
board types while no such variation among 
the rest of the board types was observed. But 
in woodex boards the highest tensile strength 
was achieved in 12 mm board (0.43 N/mm2). 
In case of screw withdrawal, the highest value 
was recorded for 18 mm jutex board (626.33 
N). On the otherhand, in 41 mm jutex board 
(172.67 N) the screw withdrawal was found 
signifi cantly lower than all other boards. But 
in 18 mm, 25 mm, 26 mm, 30 mm and 36 mm 
boards, the screw withdrawal values were 
similar. The lowest value was recorded for 25 
mm woodex board (859.67 N) which was var-
ied signifi cantly in comparison to other types 
of board. But in 12 mm, 16 mm and 18 mm 
woodex boards, the screw withdrawal values 
were not signifi cantly varied from each other. 
The pressures applied to form a board were 
similar for 26 mm (185 bar), 30 mm (185 bar), 
36 mm (185.67 bar) and 41 mm (183 bar) jutex 
board. But from 12 mm to 25 mm thickness 
the pressure requirement was signifi cantly dif-
ferent. In case of woodex boards the pressures 
applied for board formation were exactly same 
as 280 bar. The variation of pressure in jutex 
board represents that those were more suscep-
tible to burst than woodex board. The variation 
of pressing time for 36 mm (11.17 min) and 
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41 mm (11.83 min.) jutex boards were signifi -
cantly higher than other types of board. The 
variation of pressing time for 18 mm (4.63 
min) and 25 mm (4.40 min) were statistically 
proved as similar higher than other woodex 
boards. This is may be caused that the boards 
having higher thickness include more adhesive 
and obviously require more time to cure. To 
produce satisfactory contact between particles, 
it is usually necessary to compress the board to 
1.2-1.6 times that of the required specifi c grav-
ity (Suchsland and Xu 1989). Along with the 
pressing time the temperature were need not 
to change as there was no statistical variation 
was observed. In case of woodex boards, in 
the bottom platen the temperature was found 
signifi cantly higher in case of only for 16 mm 
board (170o C).

Conclusions

Jute sticks are usually used as fuelwood in 
the rural areas of Bangladesh. At the same 
time Trewia nudifl ora virtually does not have 
the timber value. But the boards which were 
made from these two added a great value to 
their uses. In Bangladesh, Jutex boards are 
largely used for making fl ush doors, veneered 
boards and woodex boards are used to make 
laminated boards. All these products possess 
high demand in the local market. Since, none 
of those raw materials were coming from the 
natural forest, those paneled products releas-
ing the pressure on the forest reserve. 
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