ONLINE ISSN 2069-7430
ISSN-L 1841-4737

PRO LIGNO

Vol. 13 N° 4 2017

www.proligno.ro

pp. 27-41

ALTERNATIVE RAW MATERIALS FOR BIO-BASED COMPOSITES
Petr KLIMEK
TESCAN Orsay Holding, a.s., Global Applications & Material Science,
Brno, Czech Republic
E-mail: klimekpeta@gmail.com
Rupert WIMMER
University of Natural Resources and Life Sciences, Vienna
IFA-Tulln, Institute for Natural Materials Technology
Konrad Lorenz Strasse 20, 3430 Tulln, Austria
E-mail: Rupert.Wimmer@boku.ac.at
Abstract:
This contribution is a state-of-the-art review and synthesis on alternative materials used for biobased composites, in particular for particleboards. Basic economical and ecological aspects of wood
replacements for particleboards are discussed, and effects of on various mechanical properties are
compiled. Synthesis and Ashby plots provide information useful for the optimization of composite materials.
Is is shown that alternative materials are available at sufficient volumes, at potentially lower prices, and with
benefits such as termite resistance, or reduced swelling rates. However, mechanical properties are mostly
lower, when compared to wood-based particleboards. It can be stated, that bio-based composites, i.e.
particleboards, made from alternative materials, widely show a satisfying overall performance at lower
prices.
Key words: Bio-composite; particleboard; mechanical proeprties; composites; waste; cleaner production;
manufacturing; resource efficiency; agriculture; residues.
INTRODUCTION
Composite materials can be defined as a combination of two or more materials that results in better
properties than those of the individual components used alone. The material components retain their
separate chemical, physical, and mechanical properties, and the (at least) two constituents are called matrix
and reinforcement (Campbell 2010). A composite could be either dominated by the matrix, or by the
reinforcement material, resulting in matrix-dominated and fiber/particle-dominated composites, respectively.
In most cases, the reinforcement is harder, stronger, and stiffer than the matrix, which rules the obtained
properties. There are also materials that can be positions between the two types, such as as thermoplastbonded wood-based panels, moulded chipboards with a higher proportion of adhesives, or non-woven
materials (Fig. 1).

Fig. 1.
Matrix-dominated vs. fiber/particle/strand-dominated bio-composites, and materials positioned inbetween.
Particleboards as a particle-dominated bio-composite have been around for more than 120 years.
They were initially developed to utilize wood wastes coming from sawmills, and other processing sites, to be
used as a low-cost alternative to panels such as plywood, or blockboards (“Tischlerplatte”). Particleboards
hold the strongest market position, representing over 60% of the entire wood-based panel production in the
3
European Union. The total annual volume of particleboards produced in Europe equals to 28.4 million m
(EPF 2014). Today, the majority of the raw material used for particleboards (~70 %) is low-grade virgin
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wood. However, low-grade timber is used for cross-laminated timber, or for glued-laminated timber
(“Glulam”). The high demand of low-grade timber, along with termporary supply shortages are causing cost
increases for wood chips (Eastin et al. 2012). Prices for wood chips have increased up to 30% between 2006
and 2011. Increased wood resource prices may cause unstable particleboard supplies, with the
consequence of higher market prices and reduced competitiveness. As a response, strategies to achieve a
higher resource efficiency have been initiated (European Commission 2011; Fischer-Kowalski et al. 2013).
The goal here is to achieve a cleaner and more environmental friendly production, and also sustain the
European resource situation. The currently increased raw material prices may also motivate companies to
improve productivity, and invest also in resource-efficient technologies (Giljum et al. 2009). Suggestions for
particleboards produced with alterative resources are welcomed politically, and also economically. In this
contribution, particleboards as the most prominent wood-based panel are reviewed with respect to alterative
raw materals to be utilized in their manufacturing.
MATERIAL AND METHOD
A state-of-the-art literature review was done on alternative raw materials used in particleboard
manufacturing. The entire review covers aspects such as (1) availability of alternative materials with respect
to market prices and volumes, (2) alternative particleboard developments using straw, plant stalks, prunings,
other natural materials, and also non-plant wastes, and (3) material selection criteria, including so called
Ashby plots. Ashby (1992) suggested material property charts, by plotting one property against another,
obtaining maps with property-spaces that can be identified. The obtained regions are then usually occupied
by different material classes. These plots help to suggest alternative materials suitable to replace wood, with
properties to be optimized.
RESULTS AND DISCUSSION
Market availability
Market prices for materials obtained from agricultural resources, along with the applicability of
common econometric tools, are widely lacking. There is a lack of knowledge on production capacities, with
insufficient information on potential markets and market prices. Prices are highly dependent on local supplier
volumes, and harvesting costs, the latter including chopping, baling and on-farm hauling of crops, among
baling to be considered as the most expensive step (Khachatryan et al. 2009). A central aspect that may turn
higher prices to lower ones is seen when an utilization of wastes and residues is considered (Gallagher et
al., 2003). It should be kept in mind that many residues are currently utilized for different purposes, such as
for cattle feeding, soil erosion control, or soil nutrition, with the consequence that final prices are strongly
determined by the current demands. Price estimates for materials potentially suitable for particleboard
production are compiled and listed in Table 1.
Prices for wood chips in Europe are reported to be 59–65 €/t (as of 2014). Lesser used crop
residues coming from agricultural plants such as corn stover (stalks and leaves), wheat straw, or plant stalks,
may offer options for substantial particleboard production savings. Estimated prices for these plant residues
are at least 50% below the wood chips prices (Table 1). However, as prices are valid for certain regions only,
they are subject to high variability, and depenedent on transportation costs and the cultivated volumes.
However, by assuming long-term supply contracts, prices for crop residues are estimated to be at 40 €/t
(2014, Table 1).
Wood chips are ranked second within the production cost structure, behind the first-ranked resin costs. For
3
medium-sized particleboard plants (production < 140 000m /year), prices for wood chips may be as high as
4 Mio €/anno, which represents 20% of the entire cost structure for a given particleboard manufacturer.
Thus, replacing wood by cheaper materials may provide substantial production cost savings.
Table 1
Market prices for selected raw materials
Material type
Prices
17 – 32 €/ t
13 – 27 €/ t
US
Crops residues
(Sokhansanj & Fenton 2006; Khachatryan et al. 2009)
(Gallagher et al. 2003)
24 – 35 €/ t
19 €/ t
US
Wheat straw
(Perlack et al. 2011)
(Gallagher et al. 2003)
23 €/ t
6 -37 €/ t
US
Rice straw
(Gallagher et al. 2003)
(Jenkins et al. 2000)
13 €/ t
US
Corn residues
(Gallagher et al. 2003)
59 – 65 €/t
65 €/t
EU
Wood chips
(Malins et al. 2014)
(Spelter et al. 2008)
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A medium-sized particleboard plant requires e.g. 106 000 tons (dry mass) of wooden resources, to
3
3
produce 140 000m particleboards (Spelter et al. 2008). In a nutshell: to produce 1 m of particleboards, 0.75
3
t of raw materials are required. The annual particleboard production in Europa of 28.4 million m is therefore
equaling to an approximated consumption of 21 Mio tons of wood. To convert that biomass to forest land-1
-1
use, assuming 10 t·ha ·year of biomass production (Pretzsch 2009), a total of 2.5 Mio ha forest land is
needed to secure the raw materials required for one year of wood-based particleboard production. If nonwood resources are seen as an option, they don’t have to be necessarily cheaper, but they should show a
similar biomass yield, and also sufficient land availability.
Yield for agriculture plants may be similar to higher, compared to biomasses obtained from forests
(Table 2). Yields with up to three times higher than forests are obtained with Giant Miscanthus (Miscanthus x
-1
-1
giganteus), demonstrating a biomass production at 44 t·ha ·year (Pyter et al. 2007). Miscanthus is
becoming more and more popular in the colder, northern European climates (Monti et al. 2015; Parajuli et al.
2015) as a bioenergy crop (Ameline et al. 2015), or is used as a resource in chemical production (Arnoult et
al. 2015; Kim et al. 2015). Higher yields than wood are also demonstrated by cup-plants (Silphium
-1
-1
perfolatium L.), reaching 40 t·ha ·year . This plant originates from Eastern North America (Stanford 1990),
but is now widely established across Central Europe. This plant has been cultivated in gardens as an
th
ornamental plant during the 18 century, and it is nowadays widely planted for energy purposes (Haag et al.
2015). Aspects of cultivation and utilization of cup-plant is reviewed by Gansberger et al. (2015). Plantations
of these plants may be done on lesser-used, low-productive lands. Currently, 24 Mio ha of land in Europe is
not in-use. It can be assumed that 3% of European unused land could be cultivated with cup plant or
Miscanthus, which would be sufficient to secure the raw material demand for the entire European
particleboard production.
Sunflower stalks are obtained from fields intentioned for sunflower oil seed production, and the same
is true for rapeseed (Brassica napus L.) stalks. In Europe, sunflowers are occupying 4.25 Mio ha, while
rapeseed plants are cultivated on 6.6 Mio ha (Krautgartner et al. 2016). Sunflower stalks may potentially
replace up to 80% of the wood used in European particleboard production, while rapeseed stalks may
provide 41 Mio tons per year, which is twice the amount needed for the entire European particleboard
production.
Table 2
Biomass yields for selected raw materials
Material
Forest biomass
Pulp wood
Spruce wood
Topinambour stalks
Hemp
Rapeseed stalks
Wheat straw
Sunflower
Maize stalks
Cup-plant
Miscanthus

Yield
5.9 t·ha-1·year-1
6 - 16 t ha-1·year-1
(Amaro et al., 2003)
(Pretzsch, 2009)
2 – 10 t ha-1·year-1
(Campinhos, 1999)
6.1 t ha-1·year-1
(Campinhos, 1999)
6 - 8 t ha-1·year-1
8 t ha-1·year-1
(Dix et al., 2009)
(Meyer, 2007)
6 – 7 t ha-1·year-1
(Dix et al., 2009)
6.3 t ha-1·year-1
(Dix et al., 2009)
3 - 5.8 t ha-1·year-1
(Dix et al., 2009)
3.9 t ha-1·year-1
(Dix et al., 2009)
8 – 15 t ha-1·year-1
(Dix et al., 2009)
7 – 16 t ha-1·year-1
40 t ha-1·year-1
(Gansberger et al., 2015)
(Stanford, 1990)
23 - 44 t ha-1·year-1
12 - 20 t ha-1·year-1
(Pyter et al., 2007)
(Monti et al., 2015)

Wheat straw is grown in the EU at a mass that is three-times (74 Mio tons per year) the biomass
needed by the particleboard industry. However, wheat straw is also used for the production of energy
through combustion (Kretschmer et al. 2012). Topinambour stalks are produced at about 600 000 tons / year
(Izsáki and Kádi 2013), which could replace 3% of the wood used for particleboards in Europe. Hemp stalks
are available at amounts of about 105 000 tons (Carus et al. 2013) per year. Hemp is also used as an
insulation material, in polymer-based composites, for non-wovens, or for making paper. Maize is taking 15
Mio hectares of land, with 60% harvested for grains, and 40 % for silage (ESA 2016). This volume exceeds
six times the raw material demand needed for EU-produced particleboards. Availability biomass of wood and
non-wood raw materials for particleboards are summarized in Figure 2.
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Fig. 2.
Alternative materials for particleboard production (calculated from data in Table 1, ha × t/ha). Empty
columns represent cultivated energy crops.
Straw particleboards
One of the most important food plant that is feeding more than 40% of the world´s population is rice
(Pathak et al. 2006; Mohdy et al. 2009). There are numerous examples for non-food utilization of the rice
straw. A study on the production of ceiling boards using rice husks was presented by Ajiwe et al. (1998).
Replacements wood by rice straw at 10% have shown increases in modulus of rupture (MOR) and modulus
of elasticity (MOE). However, MOE and MOR dropped when the wood-replacement by rice straw was above
20% (Yang et al. 2003). Sound absorption panels using rice straw, produced from fine particles at 0.8 mm
mesh size have turned out to be of higher performance than plywood (Yang et al., 2003). Internal bonding
(IB) of rice straw particleboards has proportionally decreased as larger-sized straw particles were used,
while MOR and MOE were proportionally higher. To fulfill EN 312 requirements, particles obtained from
sieving with mesh sizes between 6.35 – 12mm were found as ideal for the production of polymeric
diphenylmethane diisocyanate (pMDI)-bonded rice straw particleboards. Urea formaldehyde (UF)-bonded
rice straw particleboards, however, did not meet the requirements for IB and MOR, irrespective from the
investigated particles geometry. Nevertheless, IB and MOR of rice straw UF particleboards can be increased
by a pretreatment of rice straw using oxalic acid and steam, even though the average MOR was not high
enough to meet EN 312 standards (Li et al. 2011). pMDI bonded rice straw particleboard mixed with coir
fibers had higher IB and lower MOR and MOE (Zhang and Hu 2014), compared to 100% rice straw
particleboards. The particleboards from different parts of the rice straw particleboards without binder were
suggested as well. The IB of these panels was way below the EN 312 requirements, however, results
suggested that rice straw stalks are better suited for particleboards than rice leaf sheaths or leaf blades
(Kurokochi and Sato, 2015). Industrially promising results are presented with low density insulation
3
particleboards made from rice straw (density 220-360 kg/m ), showing thermal conductivities between 0.046
-1
-1
– 0.060 W·m ·K (Wei et al. 2015). These panels are competitive with low-density fiberboards made from
wood.
Wheat straw was also used as a wood-replacement in particleboards. UF-bonded particleboards
made from wheat straw particles met the requirement of class P1 in EN 312, with a pressing time of 320
seconds, and a UF resin content of 12–15 % (Boquillon et al. 2004). MOR, MOE and IB of wheat strawbased particleboards proportionally increased with higher UF resin content. MOR and MOE of UF-bonded
wheat straw particleboards were further improved by mixing them with waste veneer splinters (Azizi et al.
2011). MDI-bonded wheat straw particleboard easily met the requirement of the EN 312. Properties can be
substantially increased by bleaching wheat straw particles prior to the particleboard production (Mo et al.
2003). Aside of UF resin and pMDI resin, soybean protein resin was tried to produce wheat straw-based
particleboards. Here, soybean resin-bonded particleboards did not meet the minimal requirement of P1 class
in EN 312. Nevertheless, MOR, MOE and IB of soybean resin-bonded wheat straw particleboards reached
similar values than those bonded with UF resin. Soybean flour-bonded wheat straw particleboard with a
3
density of 840kg/m did meet the minimal requirements of P1 in EN 312, however, MOR was found to be
weak (Cheng et al. 2004). Wheat straw was used to produce panels of lower density (Wang and Sun 2002)
for potential insulation purposes, using tannin-based adhesive (Tabarsa et al. 2011), or also a soybean
protein-based adhesive (Cheng et al. 2004). Naturally PF-bonded particleboards from wheat straw fulfilled
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the minimal requirements by EN 312, even with 30% of PF resin replaced by a tannin extract (Tabarsa et al.
2011).
In Poland, MDI bonded particleboards with straw coming from rapeseed (Brassica napus L.) stalks
were suggested (Dziurka and Mirski 2013). The particleboards from rapeseed straw were produced with
3
3
densities between 350 - 550kg/m . The 550kg/m pareseed panel fulfilled the requirement of P1 class in EN
312. It has to be noted that the pMDI dosage was 10%, which was almost twice the commonly used dosage
wood
:7
in industry. The rapeseed straw particles were also mixed with polystyrene particles in a ratio of 93 %
polystyrene
, and bonded with MUF (Dziurka et al., 2015). Although these panels were produced at various
%
3
densities (550 – 650kg/m ), the MOR of the panels was not satisfying with respect to EN 312, for boards with
3
a density below 600kg/m .
Plant stalks particleboards
Grigoriou and Ntalos (2001) investigated potentials of Castor stalks (Ricinus communis L.) for the
production of particleboards. Findings have shown reduced values for IB, MOR, MOE and the screw
withdrawal resistance, when castor particles replaced wood at amounts between 25 – 100%. The conclusion
was that wood can be replaced by 50% castor stalks and satisfying properties as defined in P1 of EN 312
can still be achieved. Cotton (Gossypium hirsutum L.) stalks-based particleboards (Guler and Ozen 2004;
3
Khanjanzadeh et al. 2012) with density of 600 and 700kg/m also fulfilled the P1 class in EN 312. Cotton
stalks-based particleboard properties proportionally declined as the density of the panels was gradually
lowered.
Particleboard from sunflower (Helianthus annuus L.) stalks (Bektas 2005) mixed with wood were
also investigated. Mechanical properties of these boards were proportionally lower with the gradual
substitutions of wood (Klimek et al. 2016). However, particleboards with 50% sunflower particles replacing
wood does meet the general purpose class in dry conditions (P1, EN312). Low IB was found to limit standard
applications of the PF-bonded 100%-sunflower particleboards (Khristova et al., 1996). Particleboards from
3
sunflower stalks with densities between 150 and 200kg/m were suggested for insulation purposes (Binici et
-1
-1
al. 2014; Mati-Baouche et al. 2014). Thermal conductivity was 0.0058W·m ·K , which is lower than the one
measured for conventional insulation wood-based fiberboards (Troppová et al. 2014).
Low density particleboards made with topinambour (Helianthus tuberosus L.), Miscanthus
(Miscanthus × giganteus) and maize stalks were used in furniture production (Balducci et al. 2008; Dix et al.
2009). A wall-cabinet was produced from three layer particleboard, with Miscanthus or topinambour as the
core material, and spruce as the surface layers (Dix et al. 2009). As a result, alternative shelfs-fastening was
suggested for the cabinet, to compensate for the reduced IB and fastening withdrawal capacity. Some stalks
from lesser known plants were also used. For instance, roselle stalks (Hibiscus sabdariffa) mixed with wood
met requirements of P1 in EN 312 (Ghalehno and Nazerian 2011; Klimek et al. 2016).
Extensive research on Sorghum stalks (Khazaeian et al. 2015) was reported with respect to the
effects of particles sizes, press temperature and pressing time on mechanical properties. Three-layer tomato
(Solanum lycopersicum L.) stalks (Guntekin et al. 2009) particleboards prepared with melamine-ureaformandlede (MUF) or UF adhesive have shown lower MOR, which restricted their applicability according to
P1 (EN312). Particleboards from tobacco stalks (Acda and Cabangon 2013) were produced in several
alternatives with tobacco stalks gradually replacing wood. Mechanical properties were decreased as wood
was gradually replaced by tobacco stalks. However, termite resistance of these particleboards significantly
improved: The fully wood-based panel type has shown a 100% mass loss after 24-weeks of termite
exposure, while tobacco-based (100%) particleboards had almost no mass loss (~1.5%). Buckwheat
(Fagopyrum esculentum) stalks (Oh and Lee 2012) were found suitable for particleboard manufacturing, if
mixed with wood. Particleboards produced from buckwheat stalks only displayed lower MOR values, which
restricted the range of applications. A similar behavior was found for particleboards produced from vine (Vitis
vitifera L. CV. sultani) stalks/pruning (Ntalos and Grigoriou 2002; Yeniocak et al. 2014). Also, UF-bonded
particleboards from eggplant (Solanum melongena L.) stalks (Guntekin and Karakus 2008) were not suitable
for standard purposes due to low MOR and IB. Pepper (Capsinum annuum) stalks based particleboards did
meet the required IB and MOE levels, however, MOR did not pass the minimum requirements (Guntekin et
al. 2008). Lower mechanical performance was also found for particlebaords produced with cup-plant stalks
(Silphium perfoliatum L.), with properties still at acceptable levels. Especially the pMDI-bonded particleboard
types were found to be a viable alternative to classical UF-bonded particleboards made from spruce (Klimek
et al. 2016).
An interesting approach for alternative particleboard was introduced by Selinger and Wimmer
(2015). A novel sandwich hemp-based particleboard covered with pressed hemp-fibers nonwovens did meet
3
the minimum requirement, although density was only 320kg/m . The review by Youngquist et al. (1994) also
mentioning possibilities of using cornstalks (Zea mays subsp. mays L.), mustard stalks, sugarcane
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(Saccharum officinarum), stalks cassava (Manihot esculenta) stalks, banana stalks, tapioca stalks or
Ragweed (Ambrosia L.) stalks for particleboards.
Prunings particleboards
Various other parts of the trees, bushes, or waste materials were investigated to replace wood in
particleboards. Kiwi (Actinidia sinensis Planch.) prunings (Nemli et al. 2003) replaced wood in particleboards
and these panels had similar MOE and IB than wooden particleboards. Green vine pruning (Yeniocak et al.
2014) were used to gradually replace wood in particleboards. Interestingly, when vine prunings replaced the
wood up to 70%, the mechanical performance remained unchanged. Nevertheless, particleboards prepared
completely with vine prunings shown reduced mechanical properties, all below the minimal requirements of
EN 312 - P1 class. A better performance was shown using tree prunings and branches. Particleboards made
from prunings of native willow (Acacia salicina), buttonwood (Conocarpus erectus), council tree (Ficus
altissima), white leadtree (Leuceana glauca), manila tamarind (Pithecellobium dulce), saltcedar (Tamarix
aphylla) (Nasser 2012) were produced and their properties were similar to those made from spruce.
Bio-based wastes particleboards
Various by-products obtained from the food-industry were investigated to replace wood in
particleboards. Gradual replacement by poppy husks (Papaver somniferum) proportionally decreased
mechanical properties (Keskin et al. 2015). Particleboards with a poppy husks content above 25% did not
meet the requirements for class P1 in EN 312. Particleboards with rice husks (Ajiwe et al. 1998; Ciannamea
et al. 2010; Suleiman et al. 2013) showed a low IB, which limited their applications according to P1 in EN
312. Rice husks were bonded with UF and phenol formaldehyde (PF) in amounts of 6%, 10% and 12%, but
wood
rice husks
IB did not pass P1 requirements, even when mixed with higher amounts of wood (75 %
:25 %
).
When rice husks underwent an alkali treatment or bleaching, the properties substantially increased above P1
(Ciannamea et al. 2010). Çöpür et al. (2007) prepared hazelnut husk-based particleboards with densities of
3
3
600kg/m and 700kg/m . Both types fulfilled the minimal requirements for particleboards used for general
purposes (P1, EN 312). Particleboards were also produced from macadamia shell (Wechsler et al. 2013),
bonded by castor oil based adhesive. Their properties did not fulfill P1. As a benefit, macadamia-shell
particleboards displayed significantly lower thickness swelling than wood-based particleboards.
Particleboards made from almond and walnut shells displayed lower thickness swelling, reduced
water absorption and also lower formaldehyde emissions, compared to the wood-made boards (Pirayesh
and Khazaeian 2012; Pirayesh et al. 2013). The almond and walnut shell-made panels did meet
requirements for particleboards used for interior fitments (P2, EN 312). In the Middle East, particleboards
from date palm biomass have been produced. Palm’s trunk and rachis particles were bonded with MUF and
PF (Amirou et al. 2013), and the physical and mechanical properties of palm trunk-made particleboards were
higher than those made with palms’ rachis. At the same time, PF bonded rachis particleboards along with
both types of palm trunk particleboards fulfilled P1 standrads, while MUF bonded rachis particleboard did not
reach the P1 requirements.
Klimek et al. (2017) have successfully shown that particleboards may be also produced with 10% of
brewer spent grain (BSG) at acceptable properties. BSG is a major by-product of the beer industry,
representing around 85% of the entire by-products produced (Mussatto et al. 2006; Thiago et al. 2014). In
the European Union BSG is generated at amounts of 3.4 million tons per year (Stojceska et al. 2008). While
10% substitution of wood by BSG particles did not change significantly the properties of the produced
particleboards, higher contents of BSG particles resulted in reduced MOR, MOE, and IB, while thickness
swelling and water absorption were increased. This fact is attributed to a different inner structure of the
particleboards. It was found that smaller BSG particles tend to cover surfaces of wooden particles, while
others fill voids between wooden particles. BSG-based particleboards have shown reduced performance,
however, 10% of BSG did meet the requirements for general purpose particleboards used in dry conditions.
PET-flake particleboards
A wood- polyethylene terephthalate (PET) composite boards was produced, with up to 30% of PET flakes.
IB, MOR and thickness swelling were assessed. It was found that the decline of mechanical properties can
be mitigated by an air plasma pretreatment of the PET flakes. The samples with 30% of plasma treated PET
exhibited the same internal bonding strength as the wood-based control panel. Panels with 15% of plasma
treated PET exhibited the same modulus of rupture (Klimek et al. 2015).
Comparing particleboards made with alternative materials
The mechanical properties of particleboards produced from alternative resources were compared with
respect to the related panel densities. The comparisons provided specific insights for particleboards made
with alternative materials, which allows and easier visual comparison of properties. As seen in Figure 3 and
32
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4, MOR of particleboards from agriculture residues do not display trends such as higher MORs with
increasing densities. Strictly speaking, alternative particleboards produced at higher panels densities do not
3
necessarily result in higher MOR. For instance, MOR of high-density (~900kg/m ) particleboards from oil
palm leaves (Hashim et al. 2010 a,b) or particleboards from tissue paper mixed with corn peel
(Lertsutthiwong et al. 2008) did not reach the P1 class in EN 312.

P1 EN 312

Fig. 3.
MOR – Panel density chart for particleboards made with alternative raw materials, for the panel
3
density range 350-700kg/m .

P1 EN 312

Fig. 4.
MOR – Panel density chart for particleboards made with alternative raw materials, for the panel
3
density range 700-1090 kg/m .
MOE values (range 1000 – 3000MPa) for particleboards made from alternative materials were
plotted along with the related density of the produced panels in Figures 5 and 6.
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P2 EN 312

Fig. 5.
MOE – panel density chart for particleboards made with alternative raw materials, for the density
3
range 350 - 700kg/m .

P2 EN 312

Fig. 6.
MOE – panel density chart for particleboards made with alternative raw materials, for the density
3
range 700 - 1090kg/m .
3

IB seems to increase slightly with particleboard densities. IB determined for the 550 – 700kg/m (Fig.
7) range include about 50% of the particleboards made with alternative resources, which ranke below the
3
requirements of P1 in EN 312. For densities above 700kg/m , about 15% of the particleboards had
insuficcient IB values (Fig. 8).
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P1 EN 312

Fig. 7.
IB – panel density chart for particleboards made with alternative raw materials, for the panel density
3
range 350 - 700kg/m .

P1 EN 312

Fig. 8.
IB – panel density chart for particleboards made with alternative raw materials, for the panel density
3
range 700 - 1090kg/m .
Alternative material selection
The important point for material selection is to identify the suitability of the produced particleboards,
and provide also information on possible constrains. EN 312 provides the requirements for standardized
classifications of particleboards that producers usually follow. In this research, general purpose
particleboards used in dry conditions (class P1) are defined.
Ashby ranking
To produce Ashby plots all compiled particleboard data were divided in four material classes: (1)
Particleboards from plant´s stalks, (2) wood, (3) wood prunings, (4) straw and leaves. Data analyzed in
following chapter were obtained from the reviewed literature. MOR in the Ashby graph (Figure 9) showed
that groups of particleboards from wood, wood prunings, plant stalks and waste leaves are overlapping. This
means that these alternative particleboards could be produced with similar MOR like wooden ones.
35

ONLINE ISSN 2069-7430
ISSN-L 1841-4737

PRO LIGNO

Vol. 13 N° 4 2017

www.proligno.ro

pp. 27-41

Concurrently, isolated groups of straw based particleboards and husks and hulls based particleboards
indicated that MOR of these particleboard types need to be improved.

Fig. 9.
Ashby plot of alternative particleboard, showing MOR along with panel density.
MOE of stalks-based particleboards could be similar to wood-based ones, as these two groups are
overlapping (Fig. 10). The same is true for wood prunings-based particleboards. The isolated group refer to
husks based particleboards, their MOE need to be improved with different actions (adhesives, sandwich
constructions, mixing with other materials).

Fig.10.
Ashby plot of alternative particleboard´s MOE, and panel density.
Particleboards made from wood prunings and plant stalks may reach a similar IB than wood-based
particleboards. IB of particleboards made from husks and hulls, waste tea leaves and straw needs to be
improved. Nevertheless, the boards meet the requirements of the class P1 of EN 312. As shown in Figure
11, particleboards from wood prunings, stalks and waste leaves could be produced at the requirements of P1
class in EN 312, while particleboards from husks and hulls or straw are outside the region meeting minimal
required values. This is also illustrated with the IB-MOR graph (Fig. 11 right)
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Fig. 11.
Ashby plot of alternative particleboard´s IB, plotted with panel density (left) and with MOR (right).
CONCLUSIONS
This literature review and assessment delivered the following conclusions: (1) Selected alternative
materials are available at sufficient volumes and in some cases with even higher yields than wood. (2)
Alternative materials may be significantly cheaper than wood. (3) Particleboards made from alternative
materials may have additional benefits such as termite resistance, or lower swelling, however, mechanical
properties are ususally lower compared to wood-based particleboards. (4) Particleboards made from plant
stalks and prunings may have similar mechanical performance as wood-based ones. (5) Particleboards from
alternative materials widely show satisfying mechanical performance at lower prices, compared to those
made from wood. While wood has fully developed supply chains, alternative materials have supply chainds
that are non-existient or only established rudimentarily. Strong logistics strutures, proper storage and
sustainable raw material quality is highly needed and should be developed for alternative raw materials.
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