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Abstract 

This study was conducted to evaluate the properties of cement-bonded composite (CBC) manufactured using jute 
stick particles and expanded polystyrene (EPS) beads to reduce the density of CBC for mitigating the main limita-
tion of CBC in its applications. The CBCs were manufactured by using cement, jute stick particle, EPS and jute fiber by 
cold pressing having the pressure of 5 MPa and pressing time of 24 h. CBCs were also manufactured by replacing the 
jute stick particles with EPS beads, the processing conditions remaining the same. There were at least 5 replications 
for each type of board. Waste jute fibers were added for improving the degenerated mechanical properties of CBC 
caused by the addition of EPS beads. Important physical properties, i.e., density, water absorption (WA) and thickness 
swelling (TS) and mechanical properties, i.e., modulus of elasticity (MOE) and modulus of rupture (MOR) of the manu-
factured CBCs were tested following the Malaysian Standards. Higher percentage of EPS beads significantly reduced 
the density of CBCs and the lowest density (0.91 ± 0.02 g/cm3) was found when the EPS beads replaced 30% jute stick 
particles. As expected, mechanical properties decreased with the gradual replacement of jute stick particles by EPS 
beads. However, the degraded mechanical properties significantly increased when waste jute fibers were added in 
the CBCs. Addition of EPS beads in CBCs reduced the density, which might increase the potentiality for the utilization 
of cement-bonded composites for various applications.
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Introduction
Cement-bonded composites (CBCs) are emerging as 
an important class of construction materials made of 
cementitious matrix and fibers or particles [1] obtained 
from wood, agricultural residues and other natural 
origins [2–4]. However, the increased consumption 
of wood is causing depletion of the forest and need to 
be saved for the future [3, 5] in most of the countries. 
Whilst developing countries have accelerated the gen-
eration of wastes from agro-forestry-based industries 
like jute sticks, bagasse, rice husk and straw, wheat 

straw, oil palm strands and from the demolition of old 
structures such as buildings, railways, telephone and 
fencing poles, bridges [1]. The utilization of these lig-
nocellulosic wastes for making cement-bonded con-
struction materials, a substantial materials consuming 
industry, offers an attractive alternative to their dis-
posal and raw material for the industry of CBCs. This 
can also add a number of suitable features to the CBCs 
including low-density products, low requirements of 
processing equipment, negligible abrasion to the pro-
cessing machinery and abundant raw material availabil-
ity along with the forest conservation. In comparison to 
the resin-bonded composites, the advantages of CBCs 
are low processing temperature, low-cost binder, less 
air pollution and reduction in  CO2 emission, better 
acoustic and thermal insulation, dimensionally stable 
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and a finished product with better resistance to water, 
fire and biodegradation [1, 2, 6]. Alongside the con-
struction, these materials have also the potentiality to 
use for furniture, packaging and decorative purposes 
[7–9].

Numerous studies were carried out on the produc-
tion of CBCs using lignocellulosic materials by many 
researchers [1, 4, 9–14]. However, the development of 
CBCs has been slowed down by the lack of basic under-
standing of the mechanisms involved in the bonding of 
cement and lignocellulosic particles [15]. Additionally, 
these have higher density until now compared to the 
synthetic resin based panels [16], longer curing time 
[13] and water absorption [4]. Lignocellulosic materi-
als contain many inhibitory substances, e.g., hemicellu-
loses, starches, sugars, phenols, hydroxylated carboxylic 
acids which dissolve during hydration of cement and 
affect its crystallization. This negative impact can be 
minimized by drying of lignocellulosic particles [17, 
18] or washing the particles or using additives such as 
calcium chloride and sodium silicate [19, 20]. Alterna-
tively, injection of carbon dioxide in the mixture can 
significantly improve the wood–cement compatibility 
[13], which also reduces the water absorption prop-
erties of the panels [21], and promote rapid strength 
development for the composites [22]. However, larger 
amount of cement is used in the CBCs for bonding 
in comparison to particles (cement:particles ratio is 
higher than 3:1), thus, the final products have higher 
density (> 1.3  g/cm3) [2, 4, 23]. This higher weight of 
the panel has a significant drawback and impedes this 
material against many applications as a commercial 
building component. Additionally, since cement is more 
expensive than wood residue, adding greater quantities 
of cement will increase panel raw material costs. The 
use of low-density non-wood lignocellulosic materials 
like jute stick, kenaf core, straws, rice husk might help 
to reduce the density of CBCs [1, 24, 25] which can be 
further decreased by the addition of ultra-light weight 
materials, i.e., expanded polystyrene (EPS) beads [26, 
27]. The addition of EPS beads to produce lightweight 
concrete is the fastest growing sectors in the building 
construction industry. However, not a single study has 
so far reported to use the EPS beads for the production 
of CBCs. Bangladesh, an agrarian country, produces a 
substantial quantity of agricultural residues every year, 
especially jute sticks which is obtained after separat-
ing the fiber becoming a waste and possess no/limited 
value [28]. Thus, this study was designed to produce 
lower density CBC by using the jute sticks particles and 
EPS beads for wider applications of CBCs. Retaining 
the strength after lowering the density by adding the 
waste jute fibers was also the objective of this study.

Materials and methods
Reinforcement particles, i.e., jute stick, waste jute fiber, 
EPS beads, and ordinary Portland cement (OPC), were 
collected from the local commercial market of Khulna 
district, Bangladesh. The properties of the collected EPS 
beads, jute stick particles and jute fiber in the study are 
summarized in Table  1. The collected EPS beads were 
stored in airtight packs until further use. The jute sticks 
were dried under the sun for 3  weeks. The sticks were 
then cut into small pieces, and the small pieces were 
converted into smaller particles using a grinder. The par-
ticle size ranged between 1 and 2 mm were collected by 
using the sieve. The bulk density of the jute stick particles 
was measured following SCAN-CM 46:92 standard [29]. 
Later, the jute fibers and particles were dried using an 
oven for 8 and 24 h, respectively, at 103 ± 2 °C to achieve 
the moisture content of less than 5%. Distilled water was 
used as setting agent for OPC.

Manufacturing of composite panels
A constant ratio of cement, reinforcement particles and 
water (2.2:1.0:1.1, w/w basis) was used for manufacturing 
of all the panels using a constant pressure of 5 MPa and 
time of 24 h at room temperature of 24 ± 2  °C [30]. Jute 
stick particles, EPS beads and jute fibers were mixed in 
the panels at varying ratio (w/w basis) of 100, 0, and 0; 
95, 5 and 0; 90, 10 and 0; 88, 12 and 0; 85, 15 and 0; 82, 
18 and 0; 80, 20 and 0; 75, 25 and 0; 70, 30 and 0; 70, 27.5 
and 2.5; 70, 25 and 5; 70, 22.5 and 7.5; and 70, 20 and 10 
as shown in Table 2.

All the raw materials, i.e., OPC, jute stick particles, 
EPS beads, waste jute fibers and water, were mixed 
for each type of board in a rotary drum blender and 
blended for 6 min to get a homogenous mixture of the 
components. For CBCs containing waste jute fibers, 
OPC was pre-blended with waste jute fibers in a high-
speed blender and then placed into the rotary drum 
blender with other components. A standardized mat 
was formed using the mixture expecting a panel thick-
ness of 8 mm in a forming box on aluminum caul plate. 

Table 1 Physical and  mechanical properties 
of the collected jute stick, waste jute fiber and EPS beads

Property Average value

Jute stick Waste jute fiber EPS beads

Density (g/cm3) 0.18 0.41 0.01301

Flexural strength (MPa) – – 0.221

Compressive strength 
(MPa)

– – 0.09

Water absorption – – 4.01% by vol.
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The mat was then pressed in a single daylight cold press 
following the manufacturing parameters mentioned 
above. The manufactured panels were conditioned at 
room temperature for 28 days when water was sprayed 
twice in a day for proper curing of the boards [31]. Five 
panels were produced for each type of the sample. All 
the manufactured panels were trimmed to a size of 
35 × 25 × 0.7  cm and dried at room temperature for 
28 days before testing of the properties.

Evaluation of physical and mechanical properties 
of the samples
The physical properties, i.e., density, water absorption 
(WA) and thickness swelling (TS) and mechanical prop-
erties, i.e., modulus of rupture (MOR) and modulus of 
elasticity (MOE) of the manufactured CBCs were tested 
according to the Malaysian Standards for Wood Cement 
Boards [32]. The testing samples were prepared following 
the standard and put into a conditioning room (24 ± 2 °C 
temperature and 60 ± 2% relative humidity) for 24  h 
before testing of the properties. Density of the samples 
was determined by measuring the dimension and weight 
of the samples. WA and TS of the samples were deter-
mined after 2 and 24 h of immersion of samples in water. 
MOE and MOR of the samples were determined by the 
three-point bending test using universal testing machine 
(SHIMADZU AG-50KNXplus, Japan). There were 10 
samples for testing each of the physical and mechanical 
properties.

Statistical analysis
Data analysis was performed using ‘RStudio’ version 
1.1.463 [33]. The descriptive statistics (means, standard 
deviation (SD), standard error (SE), etc.) were calculated 
using the ‘psych’ package [34]. Normality and homogene-
ity were tested with the ‘car’ package [35]. An analysis of 
variance (ANOVA) model and least significant difference 
(LSD) test were also applied with the ‘car’ package at 5% 
significance level. All graphs were made with the ‘ggplot2’ 
package [36].

Results and discussion
Physical properties
The lowest density (0.91 g/cm3) among the manufactured 
CBCs was observed for the PB-30 board while the high-
est density (1.32 g/cm3) was observed for the control one. 
The density of the manufactured CBCs decreased gradu-
ally with the increase of EPS beads percentage (Fig.  1). 
However, gradual addition of jute fiber with the EPS 
beads did not increase the density significantly though 
this addition regenerated the relapsed strength proper-
ties. The density of the board is dependent on compaction 
of the mat, pressing pressure, particle size and the density 
of raw material and binding agent [37]. In this study, den-
sity of raw materials (0.180 g/cm3 for jute stick particles 
and 0.01301  g/cm3 for EPS beads) was lower compared 
to the binding agent, i.e., Portland cement (1.44 g/cm3). 
Thus, the lower density of lignocellulosic raw materials 
helped to bring down the final density of the board. The 
variability of density was dependent on the raw material 
combination and their compaction due to having parti-
cle–particle bondability since the pressure and cement 
ratio were constant for all of the boards. Hydroxyl (OH) 
group is responsible for making bond with particles in 
the cement-bonded particleboard, which increases the 
compactness among particles resulting in higher den-
sity of the manufactured particleboard [27]. Special sur-
face criteria of lignocellulosic material, i.e., fiber origins 
interfacial interactions such as adhesion to non-polar 
and polar materials help to make a strong bond with lig-
nocellulosic and inorganic particles; this enhances the 
compactness in the board matrix [38, 39]. On the other 
hand, EPS beads, which are inert material, cause small 
voids by the reduction of inter-particle bondability [27]. 
Therefore, the increasing percentage of inert EPS beads 
by replacing the jute stick particles in the panel reduced 
the number of OH groups and thus, reduced the bond-
ing strength among particles, which ultimately lowered 
the density of board with higher percentage of EPS beads 
(Fig. 1). This is again improved by the addition of ligno-
cellulosic fiber (waste jute fibers) replacing the EPS beads 
resulted higher density illustrated in Fig.  1. The mini-
mum density requirement for CBC is 1.00 and 1.25  g/

Table 2 Ratios of  reinforcing materials for  the  fabrication 
of different types of CBC

Board types Shorthand 
notation

Percentages of jute particles, EPS 
and jute fiber (w/w basis)

Jute 
particles 
(%)

EPS (%) Jute fiber (%)

1 Control 100 0 0

2 PB-5 95 5 0

3 PB-10 90 10 0

4 PB-12 88 12 0

5 PB-15 85 15 0

6 PB-18 82 18 0

7 PB-20 80 20 0

8 PB-25 75 25 0

9 PB-30 70 30 0

10 PBJF-2.5 70 27.5 2.5

11 PBJF-5 70 25 5

12 PBJF-7.5 70 22.5 7.5

13 PBJF-10 70 20 10
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cm3 according to ISO 8335 [40] and IS 14276 [41] stand-
ards, respectively. Density of the manufactured control 
and PB-5 panel met the minimum requirement of all the 
standards [40, 41]. Different lignocellulosic particles were 
used to produce CBCs by different researchers [4, 23, 27] 
where the density ranged between 1.0 and 1.80  g/cm3 
because of the raw materials variations, and it was higher 
than the present study. Statistical analysis indicated that 
there was significant difference (p < 0.05) among the den-
sities obtained from the different manufactured CBCs.

WA was observed after 2 (WA2) and 24 h (WA24) of 
immersion of samples in water. WA after 2 h (WA2) was 
lower than that of 24  h (WA24) for each type of panel 
(Fig. 2). The soaking time has the effect on the WA, i.e., 
WA increases with the increase of soaking time [42]. As 
expected, the addition of hydrophobic EPS beads in CBC 
decreased WA of the manufactured panels for both after 
2 and 24  h of immersion and it decreased more by the 
addition of higher percentage of EPS beads in the mix-
ture (Fig.  2). Water absorption is affected by the polar-
ity and size of material; the lignocellulosic polar material, 

which contains OH group in cellulose, has a tendency 
to absorb more moisture [4, 37, 43]. EPS beads are non-
polar and they do not have affinity to water [27], thus, 
retarding water absorption water by the panel even 
after adding small quantity of fiber in this study. The 
EPS beads reduced the capillary porosity of the board, 
and it is one of the reasons for this lower water absorp-
tion for the CBC [11]. Additionally, EPS beads reduced 
the amount of hydrophilic OH group in the CBCs result-
ing in lower water absorption. Thus, water absorption 
was higher when there was higher amount of jute stick 
particles in the CBCs. It was observed that PBJF-10 
showed the lowest water absorption of 9.12 and 16.73% 
after 2 and 24  h of immersion, respectively, for both of 
the cases, while the control had the highest water absorp-
tion of 16.96 and 24.38% after 2 and 24 h of immersion, 
respectively. The addition of jute fiber may cause strong 
OH bond with jute stick particle and suppressed the TS, 
which may reduce the water absorption for jute fiber 
induced panels in this study. According to the IS 14276 
standard [41], the maximum WA for CBCs is 13 and 25% 

Fig. 1 Density variation for different types of CBCs produced using different raw materials. Different letters below each point indicate statistically 
significant differences among groups (p < 0.05)
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for 2 and 24 h, respectively. Addition of waste jute fibers 
with EPS helped to follow the IS 14276 standards [41] for 
water absorption. Because of the use of cement as binder, 
WA is always higher in the CBCs, and it was at least 20% 
after 2 h of immersion and 32.5% after 24 h of immersion 
according to the different studies [23, 44]. Compared to 
the previous studies, water absorption both after 2 and 
24 h of immersion was lower in the study, however, it var-
ied significantly (p < 0.05) among the manufactured dif-
ferent types of CBCs.

As can be seen from Fig.  3, TS followed the trend of 
water absorption where 24  h of immersion had higher 
percentage of TS compared to the 2  h of TS for all the 
cases. TS of the manufactured CBCs increased with the 
increase of EPS beads; however, it decreased when waste 
jute fibers were added in the mixer. EPS beads decreased 
the WA, however, increased the thickness swelling as the 
trapped air in EPS beads start to expand during water 
absorption creating more open space, which allows 
more swelling resulting in weaker bonding strength 
[27]. Alongside water absorption, the deformed jute 

stick particles also initiate swelling for restoring original 
forms, which decreases the bonding strength between 
jute stick particles and cement resulting in the expansion 
of the deformed EPS beads. Addition of waste jute fibers 
in CBCs forms a network with polar, i.e., jute stick parti-
cle and jute fiber and non-polar, i.e., EPS beads materi-
als through higher OH groups in cellulose of jute fibers 
compared to jute stick particles in the CBCs matrix [4]; 
thus, this strong network arrests the TS of the panel 
made with jute fibers. The highest TS was 3.15 and 4.18%, 
respectively, for 2 and 24 h of immersion in water, when 
the CBCs contained the highest amount of EPS beads 
(30%). According to ISO 8335 standard [40], the accept-
able range of TS was 2.0% after 2 h of immersion in water. 
There was higher TS in comparison to the standard for 
CBCs in the present study.

Mechanical properties
The values of modulus of elasticity (MOE) for the manu-
factured CBCs are shown as a variation of MOE of dif-
ferent types of boards in Fig.  4. MOE decreased with 

Fig. 2 Water absorption variation for different types of CBCs after 2 and 24 h of immersion in water. Different letters below each point indicate 
statistically significant differences among groups (p < 0.05)
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the increase of EPS beads percentage, however, addition 
of jute fiber with the EPS beads once again increased 
the MOE, which was even more than the controlled 
one during incorporation of 10% jute fiber. The highest 
MOE (4072  MPa) was found for PBJF-10, and the low-
est (1252  MPa) was found for the PB-30 CBC. As per 
the investigation of Maloney [45], the MOE of particle-
boards depends on particle quality, compaction and den-
sity of board. EPS beads have higher void volume, thus, 
these have lower strength. During the pressing of EPS 
beads, most of the air goes out, however, some voids still 
remain reducing the bondability among the OH groups 
[27]. Incorporation of jute fiber with homogenous dis-
tribution in the CBCs results in better fiber matrix bond 
through OH group in cellulose [4] and thus, it increased 
the MOE. Savastano Jr et  al. [46] also reported similar 
results and mentioned that addition of fiber increased 
flexural strength, toughness, reinforcing efficiency and 
durability. Fiber is longer compared to particles and it 
transfers the stress from one fiber to another [47] result-
ing in higher MOE for the panel. Earlier studies had 

found very low MOE ranging from 28.81 to 428.95 MPa 
when the researchers produced EPS beads-based con-
crete without pressure [23, 27]. The MOE was increased 
with the increase of board density (Fig.  5) and similar 
trends were also observed between density and MOE by 
previous researchers [48, 49]. According to ISO 8335-87 
standard, the MOE requirement of cement-bonded panel 
is 3000–4500 MPa. Some of the manufactured CBCs met 
the requirement of standard MOE.

As can be seen in Fig.  5, MOR was the highest 
(9.15 MPa) for the controlled CBC, while PB-25 showed 
the lowest MOR (3.24 MPa). The MOR decreased sharply 
at the beginning and continued until the addition of 12% 
EPS beads; however, further EPS beads addition did not 
change the MOR significantly. Addition of waste jute fib-
ers increased the MOR gradually. Factors affecting the 
MOR are particle quality, panel compaction and density 
of board [45]. Addition of EPS beads in CBCs reduced 
the bonding strength as described by Shalbafan et  al. 
[27], and this strength reduction was optimum when 
there were 12% EPS beads in the mixture. Introduction 

Fig. 3 Thickness swelling variation for different types of CBCs after 2 and 24 h of immersion in water. Different letters below each point indicate 
statistically significant differences among groups (p < 0.05)



Page 7 of 10Rana et al. J Wood Sci           (2019) 65:53 

of waste jute fibers in the CBCs with EPS beads increased 
the bondability as well as compaction because of the 
presence of OH group in it resulting in higher flexural 
strength, toughness, reinforcing efficiency and durabil-
ity, which were reported by Savastano Jr et  al. [46] and 
Mendes et  al. [4]. The density of the board was highly 
associated with MOR in this study. Researchers also 
observed similar trend in their previous studies [50]. 
Ghosh et  al. [23] reported lower MOR (0.98–2.46  MPa 
and 5.38–15.45 MPa) when lignocellulosic particles were 
used to make CBCs. Similar results were also reported 
in previous study [12] where the authors found very low 
MOR. According to ISO 8335-87 standard, the MOR 
requirement of cement-bonded panel is 9–10 MPa. Some 
of the manufactured cement-bonded composites met the 
MOR requirements.

Conclusions
Low-density cement-bonded particleboards (< 1.0 g/cm3) 
can be manufactured using jute stick particles and EPS 
beads following the procedure presented in this study. 
The thickness swelling of the boards was higher (3.15 
and 4.18%, respectively, for 2 and 24  h of immersion in 
water when 30% EPS beads were incorporated in CBCs) 
than that of standard. On the other hand, the mechanical 
properties of the boards were lower (1252 and 3.24 MPa 
for MOE and MOR, respectively). Nevertheless, the 
inclusion of jute fiber with the EPS beads significantly 
improved the mechanical properties (4072 and 9.12 MPa 
for MOE and MOR, respectively) and thickness swelling 
(2.75 and 3.2%, respectively, after 2 and 24 h of immer-
sion) though density increased a bit. Hence, this lower 
density and higher strength lignocellulose-based CBCs 

Fig. 4 Modulus of elasticity and density variation for different types of CBCs. Different letters below each point indicate statistically significant 
differences among groups (p < 0.05)
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can be a very versatile material to be used for a variety 
of applications and get rid of formaldehyde-based ligno-
cellulosic composites. However, further study is needed 
to optimize the production conditions and mixing ratios 
of jute fiber and EPS beads to obtain lower density panel 
with higher mechanical properties and less TS.
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