
Composites: Part B xxx (2011) xxx–xxx
Contents lists available at ScienceDirect

Composites: Part B

journal homepage: www.elsevier .com/locate /composi tesb
Using almond (Prunus amygdalus L.) shell as a bio-waste resource in wood
based composite

Hamidreza Pirayesh ⇑, Abolghasem Khazaeian
Department of Wood and Paper Technology, Gorgan University of Agricultural Sciences & Natural Resources (GUASNR), Gorgan, Iran

a r t i c l e i n f o a b s t r a c t
Article history:
Received 28 April 2011
Received in revised form 2 June 2011
Accepted 6 June 2011
Available online xxxx

Keywords:
A. Wood
A. Resin
B. Chemical properties
B. Mechanical properties
1359-8368/$ - see front matter � 2011 Elsevier Ltd. A
doi:10.1016/j.compositesb.2011.06.008

⇑ Corresponding author. Tel./fax: +98 171 2245964
E-mail address: H_pirayesh30@yahoo.com (H. Pira

Please cite this article in press as: Pirayesh H, K
Composites: Part B (2011), doi:10.1016/j.compo
In this research, the suitability of almond shell as a bio-waste resource in wood based composite manu-
facturing was investigated. Particleboards containing different almond shell particle rations were made
using urea–formaldehyde (UF) resin. Some chemical properties of almond shell (holocellulose, a cellu-
lose, lignin and ash contents, alcohol–benzene solubility, 1% NaOH solubility, hot and cold water solubil-
ity), mechanical (modulus of rupture, modulus of elasticity and internal bond strength) and physical
properties (thickness swelling and water absorption) of the particleboards were determined. The addition
of almond shell particles greatly improved the water resistance of the panels. However, flexural proper-
ties and internal bond strength decreased with increasing almond shell particle content. The amount of
almond shell particles at most should be 30% in the mixture to meet the standard required for mechanical
properties. Conclusively, almond shell, an annual agricultural residue, could be utilized with mixture of
wood particles in the particleboard manufacturing.

� 2011 Elsevier Ltd. All rights reserved.
1. Introduction

The raw material demand of the forest industry has continued
to growth. On one hand, approximately 95% of all ligno-cellulosic
material available for particleboard production is wood [23] on
the other hand, forests, the major sources of wood supply are
declining at the alarming rate of 13.0 million ha each year in devel-
oping countries [2]. This problem along with the necessity of con-
serving natural resources have led to great efforts regarding the
use of agricultural residues in particleboard manufacturing
[23,17]. Among these, some studies evaluated the feasibility of bio-
mass for particleboard manufacturing; hazelnut husk [8], peanut
hull [17], pine cone [7]. There are more than 30 plants that utilize
renewable biomass in production of particleboard all over the
world [6]. Agricultural residues will play an important role in the
future of the forest industry [17].

Almonds are a very important crop throughout the world’s tem-
perate regions [20]. Worldwide almond production in 2009 was
about 2.31 million tons from a total of 1.7 million ha [16]. Almond
shell accounts for 35–75% of the total fruit weight [10] conse-
quently, around 0.8–1.7 million tons of almond shell is left annu-
ally. Almond (Prunus amygdalus L.) shell, an agricultural residue,
is the ligno-cellulosic material forming the thick endocarp or husk
of the almond tree fruit that upon processing the fruit to obtain the
edible seeds is separated and since they have no important indus-
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trial usages are normally incinerated or dumped [32]. Burning agri-
cultural residues causes environmental problems such as air
pollution, soil erosion and decreases soil biological activity [8].
Utilizing agricultural residues not only prevents environmental
concerns but also can mean farmers second income from planta-
tion [4,8].

Iran is one of the low forest cover countries (LFCC) and does not
have sufficient wood resources to supply the raw materials de-
mand for wood and paper industries [34] on one hand. On the
other hand, Iran with production of over 110,000 tons of almond
was ranking as the world third biggest almond producer after the
United States and Spain [35]. Ref. [18] studied the suitability of al-
mond shell for polymer based composite production. Up to now,
there is no information on using almond shell with mixture of
wood particles in production of particleboard. Therefore the aim
of this study was to investigate the suitability of almond shell par-
ticles in production of three-layer particleboard as supplement and
to alleviate the shortage of raw material in forest industry.

2. Material and methods

The raw material of this study included almond (P. amygdalus
L.) shell that collected from the field right after almond harvest
in Faroj, Iran and industrial wood particles, consisted of industrial
wood particles (mixed hardwood species such as hornbeam, beech
and oak) that was provided by a commercial particleboard plant in
Gorgan, Iran. Almond shells were first cleaned from dirt and impu-
rities then were chipped by a knife ring flaker. After that, the
nus amygdalus L.) shell as a bio-waste resource in wood based composite.
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