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Abstract The aim of this research was to evaluate the
potential of using castor husk as raw material for parti-
cleboard production un/mixed with pine wood considering
anatomical, physical and chemical characteristics. The
particleboards were produced with five different levels of
castor husk content (0, 25, 50, 75 and 100 %) in association
to pinewood. The adhesive urea formaldehyde and paraffin
content were applied at 8 and 1 %, respectively. The par-
ticleboards were pressed under a pressure of 3.92 MPa and
160 °C of temperature for 8 min. Properties of castor husks
particleboards such as density, modulus of rupture, mod-
ulus of elasticity, water absorption (2 and 24 h) and
thickness swelling (2 and 24 h) were investigated. There
were no statistical differences between the densities of the
particleboards. The castor husk particleboards produced
with 75 and 100 % had lower mechanical strength. In
general, the addition of castor husk particles in particle-
boards improved their physical properties; although the
thickness swelling for all samples met the requirements
stipulated by EN 312 standard. Overall, mechanical
strength of particleboards decreased with higher castor
husk content. Castor husk may be added up to 50 % to pine
wood in order to produce particleboards suitable for
internal applications. The study concluded that it is feasible
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to produce particleboards with castor husk in combination
to pinewood for production of particleboards.
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Abbreviations

ABNT Associagdo brasileira de normas técnicas
ANOVA  Analysis of variance

ANSI American National Standards Institute
ASTM American Society for Testing and Materials
CEN European Committee for Standardization
FAO Food and Agriculture Organization of the

United Nations
1B Internal bond

MOR Modulus of rupture

MOE Modulus of elasticity

TS Thickness swelling

UFLA Federal University of Lavras
WA Water absorption
Introduction

The industries of reconstituted wood panels have used, in
most of cases, the planted forests wood, mainly the genera
Pinus sp. and Eucalyptus sp. [20]. With the growth of the
sector, it is necessary to search for new lignocellulosic
materials that can contribute to supply the needs of the
industries. Considering the shortage and pressure to
decrease the wood dependence, there is an interest in other
renewable materials, such as agricultural wastes, which are
produced on a large scale worldwide.

Brazil is a basically agroindustrial country which shows
in its territory several products such as wheat, soy, corn,

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s12649-016-9742-7&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s12649-016-9742-7&amp;domain=pdf
https://doi.org/10.1007/s12649-016-9742-7

140

Waste Biomass Valor (2018) 9:139-145

coffee, and others. Among the diverse agricultural products
cultivated is the castor (Ricinus communis L.), which has a
high importance in castor oil production, used by the
chemical industries worldwide [29].

The oil is used in the manufacture of a wide range of
products such as pharmaceuticals or polymers of high
commercial value [33] and is currently considered as a crop
with great potential for biodiesel production [23].

The major castor seed producers of the world are India,
China, Brazil and Mozambique [28]. In 2014, the Brazilian
production of castor seed was approximately 37,600 t [9].
The processing of this culture has been generating a signif-
icant amount of agricultural wastes, such as the castor husk.

An alternative application for this waste could be the
production of composite materials, such as the particle-
boards, which add value to the product, reduce the pro-
duction cost in industry, and consequently become the
industry more competitive in the economic setting [19, 25].

The review conducted by [34] shows the dedication of
studies on non-wood lignocellulosic materials in produc-
tion of reconstituted panels. The authors presented more
than 1000 researches associated to the topic in the last
100 years. Currently, different researchers have reported
the utilization of agricultural wastes in particleboards
production, such as sugarcane bagasse [19], rice husk [17]
maize cob [26, 27], coffee husk [18], castor stalk [11],
peanut husk [12], corn straw [30], and bamboo particle
[32].

The castor husks could be a potential alternative mate-
rial for being applied in particleboards production, due to
the fact that it is a residue mainly composed by cellulose
and lignin. The impossibility for some uses, such as in
feeding, due to the low nutrient content, adds a potential as
a sustainable raw material for castor husks particleboard
production. The aim of this study was to evaluate the
potential of using castor husk as raw material for parti-
cleboard production un/mixed with pine wood considering
anatomical, physical and chemical characteristics.

Materials and Methods

Harvesting and Sampling of Raw Materials

The castor husks were collected from Engineering
Department, Biodiesel Sector of Federal University of
Lavras (UFLA). 25 year-old pine trees (Pinus oocarpa)
were obtained from experimental planting at UFLA.

Basic Density of Materials

The basic density of pine wood was obtained according to
the methodology described in NBR 11941 [1].The density
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of castor husk particles was determined as described in the
same standard with some adjustments in obtainment of
volume (water displacement of particles).

Chemical Composition of Lignocellulosic Materials

The contents of total extractives, lignin and ashes of the
castor husk and pine wood for chemical characterization
(retained on the 60 mesh sieve) were determined. The total
extractives content was obtained according to the
methodology described in [3]. Mineral/ash content and
lignin content followed the [5] and [4] standards
respectively.

Morphological Analysis

The castor husk structure was visualized by light optical
microscopy (LM) in order to identify the layers morphol-
ogy of the particles obtained. A Leica DM4000B com-
pound light optical microscope (Olympus BX51) was used
for the initial investigation of the morphology of the
particles.

Obtaining and Processing of Lignocellulosic
Particles

Pinus oocarpa logs were sectioned into small logs of
55 cm length. Then, they were steamed at 60 °C for 24 h
and 2.0 mm thick rotary cut veneers were obtained from
these steamed logs. The veneers and castor husk were
transformed in particles by a hammer-mill containing a
sieve (2 mm aperture).

The particles of both materials were sieved for selection
of the fraction that was retained in a 40 mesh (0.420 mm)
in order to remove fine and uniform particle sizes. After
these procedures, the particles were dried at 100 °C £ 5
until they reach a moisture level of approximately 3 % (dry
weight basis).

Production of Castor Husk Particleboards

After determining the mass of each particleboard compo-
nents, the particles were placed in a rotating drum for
application of the adhesive by spraying. In all treatments
production, 8 % of urea—formaldehyde (based on dry
weight of particles) was used as adhesive (solid content
57 %, viscosity 261.4 cP, and pH 9.5).

After blending, the mixtures of particles with resin were
put in the mold of 480 mm x 480 mm x 15 mm and
manually compressed at 0.4 MPa at room temperature
using a hydraulic press machine. The resulting sheet was
then subjected to a hot compression cycle at a temperature
of 160 °C, pressure of 3.94 MPa, for 8§ min.
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The particleboards were then dried at room temperature
before trimming to the required size. After trimming, the
samples were conditioned at temperature of 22 £ 2 °C and
a relative humidity of 65 + 5 % and posteriorly tested for
strength and water absorption abilities.

Three panels with a nominal density of 700 kg m™
were made for each treatment produced in five different
associations of Pinus oocarpa and castor husk (Table 1).

3

Determination of Castor Husk Particleboards
Properties

The procedures for determination of WA, and TS outlined
in the [6] were followed. Test specimens of
150 mm x 150 mm x 15 mm were soaked in water for 2
and 24 h. At the end of immersion period, the specimens
were removed from water and then measured and weighed.

Internal bond (IB) of castor husk particleboards was
determined as per [6] procedures, while the properties
modulus of rupture (MOR) and modulus of elasticity
(MOE) for bending were evaluated as per [8] standard
(distance between supports: 200 mm; loading: 5.0 mm/
min).

Determination of Apparent Density and Compaction
Ratio

Apparent density of castor husk particleboards was deter-
mined as per [6] procedures. The value was determined
through the average density of each specimens used for
evaluation of physical and mechanical properties. The
compaction ratio was obtained through the relation
between the panel density and the density of composition
material.

Experimental Design
An experiment in a complete randomized design was used
to generate five experimental treatments. Each treatment

was replicated three times prior to testing. ANOVA and
regression analysis were carried out to investigate the

Table 1 Experimental combinations

Type Castor husk (%) Pinus oocarpa (%)
100Ch 100 -

75Ch_25Pw 75 25

50Ch_50Pw 50 50

25Ch_75Pw 25 75

100Pw - 100

effect of castor husk addition on the properties of
particleboards.

Results and Discussion

Characterization of Lignocellulosic Materials
and Particleboards

Analyzing the values of chemical components found in this
research, the higher amount of extractives and ashes of
castor husk in comparison to pinewood was considerable.
Extractives are hydrophobic compounds of low molecular
weight which can occur in minimal or significant levels and
depend on the species and geographical location of plants
[13].The material ash content does not affect directly the
performance of the adhesive bond. However, materials
such as silica may cause excessive wear of the saw during
the obtainment of the samples [14].

Another important result is the lower amount of lignin in
castor husk (Table 2). Lignin is responsible for providing
mechanical and biological resistance, and has hydrophobic
properties necessary for the functioning of the conductive
water cell [22, 24].

The significant difference in the chemical composition
may influence the physical and mechanical properties of
particleboards. The values found for chemical composition
of pinewood in the present work were according to [21]
(25.18 % lignin, 4.38 % total extractives and 1.26 % ash).
The values observed for chemical analysis of castor husk in
this study were consistent with [10] studying the use of
waste from biodiesel production feed, finding values of
24.1 % extractives, 7.7 % lignin, 9.7 % ash for castor husk.

In addition of chemical composition of materials, the
morphology and arrangement of the anatomical elements
may also influence the properties of particleboards. The
micrograph shows three layers of cells forming the fruit
pericarp of castor (Fig. 1).

In the external part (epicarp), multiple layers of juxta-
posed fibers with variable morphology can be seen, prob-
ably suberized, which may hamper the WA. Additionally,
the internal part (endocarp) shows multiple layers of jux-
taposed, multi-layered, flat and lignified cells, which con-
fers hydrophobicity. The mesocarp, located between the

Table 2 Chemical analysis of the particles

Material Extractives Lignin Ash
Pinus oocarpa 5.20 &+ 0.25* 28.30 + 0.67 0.40 = 0.10
Castor husk 30.10 + 1.16 7.88 £ 0.35 8.22 + 0.06

4 Standard deviation
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Fig. 1 Typical light microscopy (LM) image showing details of
castor husk structure with magnification of x80

internal and external part, is composed of columnar cells
perpendicularly arranged to the endocarp cells. This
arrangement, associated to the epicarp suberisation and the
endocarp lignification, promotes lower WA.

The ANOVA showed significant difference between the
properties of WA and TS (2 and 24 h) for different panels
(Figs. 2, 3, 4, 5).

Scatolino et al. [26], studying particleboards composed
by different percentage of maize cob (0, 25, 50, 75 and
100 %) in association to pine wood, using urea formalde-
hyde adhesive, observed the same trend for TS obtained in
this research. These authors explain that the trend was due
to the gradual increase in compaction ratio and the high
amount of extractives present in maize cobs.

The amount of extractives (see Table 2), coupled with
the morphology and arrangement of the anatomical ele-
ments of castor husks as previously discussed (see Fig. 1),
were the factors which provided lower WA in particle-
boards containing the waste material in composition. Fur-
thermore, the addition of castor husk particles in the panels
improved the physical properties as a result of the gradual
increase in compression ratio (Table 3) by increasing the

y=-0.342387x + 77.476
R2=0.93
Pvalue = 0.0140*

77.6

25 50 75 100
Castor husk (%)

Fig. 2 Average and standard deviation values of WA2h at different

levels of castor husk content. *Significant P value at 5 % significance
level
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y=-0.418147x + 114.401333

140.0 R2=0.93
Pvalue = 0.0028%%*
Q 12008 1174
~ 100.2
=
§ 100.0 963
2 800 =3 76.8
60.0
0 25 50 75 100
Castor husk (%)

Fig. 3 Average and standard deviation values of WA24h at different
levels of castor husk content. **Significant P value at 1 % significance
level

y=-0.110907x + 19.977333
25.0 R2=0.98
Pvalue = 0.0009**

Castor husk (%)

Fig. 4 Average and standard deviation values of TS2h at different
levels of castor husk content. **Significant P value at 1 % significance
level

y =-0.139493x + 33.080667
334 Pvalue = 0.0004**

30.0

20.0

TS24h (%)

10.0
0 25 50 75 100

Castor husk (%)

Fig. 5 Average and standard deviation values of TS24h at different
levels of castor husk content. **Significant P value at 1 % significance
level

proportion of castor husk particles, which gradually
decreases the porosity of panels.

Although the increase of castor husk amount in parti-
cleboards composition improved the physical properties
evaluated, the adhesive used in production of the panels
was urea formaldehyde, which restricts the utilization of
these materials to indoor environments (including furni-
tures) according to [7].

The apparent density of the panels ranged from 611 to
646 kg m~>, therefore all panels produced showed medium
density (551-750 kg m—>), according to [2] standard.
There was no statistical difference between the average
apparent densities of the panels from different treatments.
Oppositely, there was a significant difference between the
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Table 3 Average apparent density and compaction ratio of the
particleboards

Castor husk (%)  Apparent density (kg m~>)  Compaction ratio

0 611 £+ 35 A 1.3 £0.09 A
25 613 £ 11 A 1.5 £ 0.03 AB
50 618 £32 A 1.7 £ 0.09 AB
75 646 £ 27 A 2.1 £0.09C
100 629 = 41 A 26 £0.17D

Means followed by the same letter in the column do not differ sta-
tistically by the Tukey test at 5 % significance

# Standard deviation

compaction ratio of the different treatments, and only the
100Pw and 25Ch_75Pw were in accordance with the ideal
values (1.3-1.6) indicated by [15].

The values found for basic density of castor husk and
pine wood were 247 and 473 kg m ™, respectively. These
basic density values may interfere significantly on parti-
cleboards properties. With the high content of castor husk
particles, the compaction ratio of panels was increased,
consequently, causing a decrease in pore content.

The third order polynomial regression obtained for the
MOR and MOE properties were significant and showed a
decrease of values in panels 75Ch_25Pw and 100Cw
(Figs. 6, 7), while for IB it was not significant (Fig. 8).

The significant decrease of MOR and MOE in panels
75Ch_25Pw and 100Ch can be explained by the low lignin
content (see Table 3), the anatomical arrangement of castor
husk cells (see Fig. la, b) and the low basic density of
castor husk. Lignin increases the rigidity of the panel, since
it operates as a buffer of cellulose microfibrils limiting
movement parallel to the grain and increasing the
mechanical resistance to external forces [31].The low
amount of lignin present in the agricultural waste, con-
tributes to the weak consolidation of particles, since the
lignin is responsible for increasing the rigidity of the cell
wall [16, 30].

Similarly, the anatomical arrangement acted as a barrier
for water penetration, it may also hamper the penetration of

y=0.000052x> - 0.0087x2+ 0.272x + 14.229

R2=0.80
Pvalue = 0.0012**

= 200
E p ¢ 184
~ 16.0
g
= 120 & 120 13.0

8.0

0 25 50 75 100

Castor husk (%)

Fig. 6 Average and standard deviation values of MOR at different
levels of castor husk content. **Significant P value at 1 %
significance level

y=0.0183x3- 3.171x?+ 123.665x + 4178.75

2=
3500.0 R#=0.71

Pvalue =0.0175*

3000.0

2500.0 25279

MOE (MPa)

2000.0
0 25 50 75 100

Castor husk (%)

Fig. 7 Average and standard deviation values of MOE at different
levels of castor husk content. *Significant P value at 5 % significance
level

1.50 y =0.000001x - 0.00019x> + 0.0061x + 0.6754
R>=0.85

Pvalue = 0.2204™

25 50 75 100
Castor husk (%)

Fig. 8 Average and standard deviation values of IB, at different
levels of castor husk content. ™ No significant P value at 5 %
significance level

the adhesive and its connection with the hygroscopic regions
of cellulose, castor husk particles are suberized, thus itis very
likely that the adhesive could not properly penetrate into
particle structure hindering mechanical hooks of the adhe-
sive, decreasing the mechanical properties.

The low basic density of castor husk directly influences
in cell wall thickness and therefore in strength and stiffness
of the material. This may be another determining factor for
the low values obtained for MOE and MOR in panels
75Ch_25Pw and 100Ch.

Decreases in MOR and MOE with increases in the
proportion of alternative biomass mixed with wood for
particleboard production have already been reported in the
literature [26].

Only panels 75Ch_25Pw did not reach the minimum
required by [7] for MOR. The other treatments met the
standard requirements for the properties MOR (13 MPa),
MOE (1600 MPa) and IB (0.35 MPa).

Conclusion
This study investigated the potential of using castor husk as

raw material for conventional particleboard production un/
mixed with pine wood using urea formaldehyde.

@ Springer
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Castor husk significantly improved the physical prop-
erties of WA and TS of particleboards. The panels 100Ch
presented better physical properties.

The panels 75Ch_25Pw and J00Ch had significant
decreases in mechanical properties MOR and MOE. The
castor husk content did not affect the values of IB. Overall,
there was a loss of mechanical strength of particleboard
with castor husk increase. However, these panels (except
75Ch_25Pw) can be applied indoors (including furnitures).
It can be concluded that the castor husk as substitute to the
pine wood for production of particleboard was is viable.
This renewable and environmentally friendly raw material
could be a promising alternative to the declining wood
supply. As the concurrent increasing consumption of
woody materials due to the increasing world population,
maximum gain must be obtained from natural sources.
Additionally, further studies need to be carried out on the
following fields; (1) feasibility studies on economic status
of castor husk particleboards; (2) studies on the properties
of castor husk when mixed with other agricultural wastes
such as maize cob and coffee husks.
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