
Academia Journal of Agricultural Research 3(3): 000-000, March 2019 
DOI: 10.15413/ajar.2019.0400 
ISSN: 2315-7739 
©2019 Academia Publishing 
 
 

 
 

Research Paper 
 

Mechanical and physical properties of particleboards made from different 
mixtures of industrial Hemp (Cannabis sativa L.) and wood 

 
 

Accepted 6th March, 2019 
 
ABSTRACT 
 
Recent interest in environment-friendly materials has led to the use of agricultural 
by-products as raw material for the production of particleboards. This research 
describes an attempt to use industrial hemp (Cannabis sativa L.) as a raw material 
for the particleboards production. Commercial urea–formaldehyde (UF)-resin was 
used as binder. The physical and mechanical properties of the manufactured 
boards such as density, thickness swelling (TS), modulus of rupture (MOR), 
modulus of elasticity (MOE), and screw withdrawal capacity in two directions 
were measured. The variation in particle proportion of the raw materials 
significantly influenced the physical and mechanical properties of the 
particleboard. The results indicated that the particleboards mixed with hemp were 
negatively influenced as concerns static bending strength. On the other hand, they 
showed a positive influence concerning modulus of elasticity, absorption and 
thickness swelling percent after immersion in water. Additionally, screw 
withdrawal resistant does not seem to be affected.  
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INTRODUCTION 
 
Presently, the economic crisis affects most of the countries 
along with the fact that our demands in energy production 
undoubtedly increased, the available natural resources of 
the planet continuously decrease and as such it becomes 
necessary to find resources that are likely to offer raw 
materials. The first solution to the problem would be 
finding raw materials, available in large quantities, low 
prices and probably unexplored, but which can replace, 
completely or partially, wood and which shall not come 
from forests but from agricultural crops or other resources. 
Wood residues from agricultural crops, which mainly are 
composed of lignocellulosic materials seems to be proper 
for replacing wood as their chemical composition is similar. 
The valorization of all lignocellulosic substances is not 
always easy or possible. An inhibitor to their valorization is 
that their availability most of the times is seasonal. This 
automatically leads to long-term storage, resulting in the 
deterioration of their quality due to their menance by 
micro-organisms. Moreover, another inhibitor  is  their  low 

bulk density, which entails high transport costs (Ntalos and 
Grigoriou, 2002). 

Industrial hemp is an agricultural product cultivated for 
the production of many products including food and drinks, 
cosmetics and personal care products and food 
supplements, as well as, textiles, textile products, yarns, 
paper, building and insulating materials, and also processed 
products. Known since the ancient times for its medicinal 
and textile uses (Russo et al., 2008), hemp is currently 
witnessing a revival, because of its rich repertoire of 
phytochemicals, its fibers and agricultural features and 
specifically good resistance to dry soil and pests, well-
developed root system preventing soil erosion and lower 
water requirement with respect to other crops, for 
example, cotton (Van Bakel et al., 2011; Andre et al., 2016).  

Particleboard is a wood-based panel mass-produced 
under pressure and temperature from particles of wood or 
other lignocellulosic fibrous materials and binder. 
Considering the  fact  that  the  raw  materials  especially   in  
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natural resources sector are limited, the woodworking 
industry has made several efforts to ensure the 
sustainability of raw materials (Nemli and Aydın, 2007; 
Bektas et al., 2005; Grigoriou and Ntalos, 2001). The global 
hemp market is expressed by more than 25,000 products.  

Applied research was previously performed regarding 
the use of hemp in structural applications. A research team 
of the company Chimar Hellas S.A., following experimental 
assessments found out that it is possible to produce low-
density particleboards having good mechanical properties 
and which are suitable for interior furnitures. For the 
production of these particleboards plants such as industrial 
hemp, kenaf, jute and ramie enriched with nanomaterials 
were used (Roumeli et al., 2014). 

Several researches were carried out globally regarding 
the development of various lignocellulosic materials for the 
production of particleboards, as well as, fibreboards, purely 
or mixed and in various proportions to wood.  

Azizi et al. (2011) probed the enforcement of 
particleboards manufactured with wheat straw and waste 
veneer splinters. They observed that besides modulus of 
elasticity, all the mechanical and physical properties 
decreased with the increase of wheat straw content. 
Additionally, Khanjanzadeh et al. (2012) in their study 
made inquiries as regards the addition of bio-waste cotton 
stalks and underutilized paulownia in wood-based 
composite particleboard. The results showed that the 
addition of cotton stalks and paulownia wood in 
particleboard significantly improved mechanical properties 
of boards. Although, the water resistance reduced with the 
increasing cotton stalk and paulownia wood particle 
capacity. 

The purpose of this research is to examine the suitability 
of stems of cultivated industrial hemp cultivated by Greek 
producers, for partial or total replacement of wood in the 
production of particleboards. Moreover, we investigated 
the appropriate processes of these raw materials, in order 
to ensure that the produced material (particleboard) obtain 
the best possible properties. 
 
 
MATERIALS AND METHODS 
 
The raw material used for this study consisted of industrial 
hemp (Cannabis sativa), collected in the months of August 
and September, 2016. Extractives, lignin, ash content and 
acidity were determined in material containing the same 
amount of each variety. The determination of extractives 
content solubles in hot water, alcohol- benzene (Co Merc), 
dichloromethane (Co Ridel-de Haen) and wood free of 
extractives was carried out according to ASTM standards 
D1110- 84, D1107-84, D1108-84 and D1105-84 (ASTMD, 
1984). Lignin and ash content were determined according 
to ASTM standards D1106-84 and D1102-84, respectively 
(ASTM-D, 1984). After harvesting, the moisture 
measurement was done according to  European  norms,  EN  

 
 
 
 
Table 1: Different mixtures of wood and industrial hemp for 
particleboards production. 
 

One layer particle boards 

Density (g/cm3) 
Industrial hemp particles: Wood 

particles (%) 

0.55 

100:0 

10:90 

25:75 

50:50 

0:100 

 
 
Table 2: Properties of Industrial hemp (Cannabis sativa). 
 

Cannabis sativa Measuremnts 

Moisture content 10.58% 

Density 0.33 g/cm3 

Extractives content soluble in hot water 15.64% 

Dichloromethane solubility 8.54% 

Alcohol- benzene solubility 7.93% 

Wood free of extractives 16.97% 

Ash 2.87% 

 
 
322 (EN, 1993) (Table 2). The hemps were chipped using 
an automobile chipper, re-chipped in a hammer mill with 
an 8 mm round hole screen and the particles dried with a 
laboratory made hot air dryer afterwards from a moisture 
ranged between 40 and 50% down to 3% m.c. Various 
mixtures of industrial hemp particles and wood chips 
(surface and medium layer particles) supplied from beech 
wood, populous wood and other tropical species were used 
as furnishes for one-layer and as the core of three-layer 
particleboards (Table 1). 

In addition, the fraction analysis, dimensions and bulk 
density were determined. Four experimental 
particleboards of 16 mm thickness were manufactured for 
each board type. The temperature of the press (dynamic) 
was 180°C and the pressing time 5 min. The target density 
for all board types was 0.55 g/cm3. A commercial liquid UF-
resin—which at that time was the most commonly used 
resin in Greek particleboard industries, at 45% solids, 
supplied from the same local particleboard industry where 
the particles were supplied—was applied to particles by 
spraying into a rotating drum-type laboratory blender 
containing the particle furnish. No water repelling agent 
was used during the board construction. Test samples were 
cut from the boards and the following properties 
determined in accordance with appropriate EN and ASTM 
standards: density (EN 323; EN, 1993), static bending 
(modulus of rupture (MOR), modulus of elasticity (MOE) 
(EN 310; EN, 1993), internal bond (EN 319; EN, 1993), 
thickness swelling, water absorption (EN 317; EN, 1993) 
and screw holding strength  (ASTM D-1037; ASTM-D, 1996)  



 
 
 
 
Table 3: Mechanical and physical properties of particleboards made from industrial hemp and wood particles. 
 

Hempstems: 
wood 
particles 

Moisture 
content  

% 

σε g/cm3 

Densit
y 

 

 

Thickness swelling 
(TS) (%) 

 

 

Absorption (%) 

 

 

Modulus of 
rupture 
(MOR) 
N/mm2 

Modulus of 
elasticity 

(MOE) 

σε N/mm2  

 

 

 

Screw withdrawal resistance 
(N) 

After 24 
h 

After 48 
h 

After 24 
h 

After 48 
h 

┴ // 

10:90 9.72 0.57 72.55 75.80 116.24 127.03 3.98 814.38 1482,45 854,28 

27:75 9.56 0.54 63.48 68.92 149.42 142.08 3.56 694.50 1276,21 946,04 

50:50 9.50 0.56 76.30 80.83 171.37 157.80 3.50 745.18 1520,21 863,99 

100:0 9.60 0.52 102 102.54 243.90 101.41 4.44 939.45 1088,15 507,69 

0:100 9.50 0.60 78.34 77.75 143.91 143.91 4.80 909.38 1723,03 1011,99 
 

*┴: vertical to the surface; //: parallel to the surface; 24 h/48 h immersion in water 23°C. 

 
 
 

by using screws with d=4 mm, l=45 mm and hole 
diameter 2.5 mm. Additionally, formaldehyde 
content was determined as well according to 
standard (EN 120; EN, 1992). 
 
 
RESULTS AND DISCUSSION 
 
From the analysis of the values of swelling in 
thickness it was observed that the addition of stems 
of hemp in particleboards at a percentage of 10, 25 
or even 50%, reduces the swelling in thickness both 
after 24 h of immersion into water and after 48 h, 
respectively. This reduction may be attributed to 
the existence of waxes as shown from the following 
measurements of extracts made on the material. 

From the analysis of its values regarding the 
adsorption of moisture content after 24 h of 
immersion into water and after 48 h, it was 
observed that the addition of hemp stems in a 
particleboard at a percentage of 10% reduces the 
adsorption, while at a percentage of 25% has almost 
the same behavior with the pure particleboard 
made of industrial material. In this case, it was 
specified that the existence of waxes identified with 
alcoholic extraction justifies these results. 

From the analysis regarding the value of   
modulus  of rupture, it was discovered that the 
addition of hemp stems to a particleboard at any 
percentage reduces the particle board’s strength. 
However, regarding the modulus of elasticity, the 
effect of introduction of a new material in the 
particleboard increases the modulus of elasticity 
(MOE) of the particleboard. The aforementioned 
results could be interpreted by the existence of long 
fibers from the hemp stems, which are not easily 
broken. These long-fiber materials confer greater 
elasticity to the surface of materials. 

Table 3 shows that regarding the screw 
withdrawal resistance the addition of hemp stems 
in particleboard at any percentage, faintly reduces 
the particleboard’s screw retention strength. 

Screw retention strength that is parallel and 
vertically to the surface, the change of percentage of 
hemp used seems not to significantly affect this 
property, only when it reaches total replacement of 
wood. This fact could be attributed to the similarity 
of woody part of the hemp with the one wood, but 
also to the numerous fibers that may retain the 
screw when removed. All the aforementioned 
results confirmed to some extent the correlation 
degree R2 = 0.346 parallel to the edge and R2 = 0.361  

vertically to the surface. 
 
 
Conclusions 
 
It could be concluded that the utilization of the 
lignocellulosic quantity contained in the stems of 
industrial hemp so far is zero. Regarding the 
attempt to replace the wood particles with 
industrial hemp, which has been properly crushed, 
the final humidity of the produced boards remains, 
regardless of the participation of hemp to the 
fraction from 9.50 to 9.70%, respectively which 
helps us conclude that hemp does not present 
greater hydroscopicity than wood. The results 
expected regarding the performance of hemp shows 
that the more it participated in experimental boards 
the more the adsorption increased, reaching up to 
250% at 48 h in particleboards with 100% hemp. Of 
course this percentage makes it impossible to use 
hemp without wood for the construction of 
particleboards, but it creates other questions to be 
investigated regarding the use of this material for 
the construction of filters. Its nature despite the 
great adsorption of water did not lead to great 
swelling,   with  the  use  of  10  and   25%   of   hemp



 
 
 
 
providing better results than those of wood free from 
impurities. The same is subsequently certified with smaller 
difference at 48 h as well. The bending strength was low in 
relation to the expected results. Other conclusions drawn 
from this study include: 
 
-Big quantities of those two materials both due to the 
cultivation that is expected to increase the production 
mainly of textile products regarding hemp, challenges us to 
find ways out for their exploitation. 
-The results of experimental procedures regarding the use 
of urea formaldehyde as adhesive substance, produced 
discouraging results regarding the water adsorption for the 
valorisation of hemp, but with the latter having a better 
behavior. 
-Mechanical properties of the hemp use offered very 
promising results, both at a small and higher contribution. 
-Finally, the prices for screw extraction both vertically to 
the surface and parallel do certify the capacity to valorize 
the hemp. 
-Further study will be required for the emission of 
formaldehyde which is expected to give us good results due 
to the big adsorption capacity of hemp. 
-Finally, small-scale industrial tests should be effectuated in 
order to prove additionally the capacity to value the hemp 
in this specific use. 
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