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ABSTRACT 

Increasing deforestation worldwide, on the one hand, and the increased production of 

wood-based panels, on the other hand, lead to the need for alternative lignocellulosic raw ma-

terials. In this context, it should be said that significant amounts of lignocellulosic biomass 

remain annually from agricultural production, and unfortunately, that biomass is generally 

burned. However, individual types of lignocellulosic non-wood raw materials can hardly cover 

the needs of wood-based panel manufacturers, which necessitates their combination. 

For the aim of the study, particleboards with a core layer of vine and hemp particles were 

produced. The contents of vine and hemp particles varied from 0 to 100% in steps 20%. A 

control panel composed only of wooden raw material was also fabricated, and the face layers 

of the panels were from hardwood particles. 

As a result of the study, it was found that the variation in the composition of the core layer 

does not affect the waterproof properties of the panels. In contrast, with the increased content 

of hemp particles, the mechanical properties of particleboards improved significantly. 
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INTRODUCTION 

Particleboard production is significant 

worldwide, with an annual volume of over 

100 million m3 (FAO). The output of this 

type of wood-based panels is dominant in the 

EU, and particleboards are used as the pri-

mary construction material in furniture pro-

duction (Jivkov, V. and Elenska-Valchanova, 

D. 2019; Jivkov. V. and Petrova, B. 2020). 

The primary raw material for parti-

cleboards is the small-sized and low-quality 

round wood obtained during logging and the 

waste from wood processing, such as clip-

pings, lids, sawdust, veneer clippings, chips, 

shavings, etc. (Mihajlova, J. 2020 ). 

The deepening shortage of wooden raw 

materials necessitates searching for alterna-

tive lignocellulosic sources (Sackey, E. M. et 

al. 2008; Mohanty, A. K. et al. 2018; Hubbe, 

M. A. et al. 2018). Various lignocellulosic 

residues from annual and perennial crops can 

be used in particleboard production 

(Pallesen, B. E. et al. 1996; Auriga, R. et al. 

2021). These residues have a chemical com-

position close to the wood, making them suit-

able for use in this production (Hubbe, M. A. 

et al. 2018). Some of the possible raw mate-

rials that can be used are grape vines and 

hemp stems (Auriga, R. et al. 2020; Ferran-

dez-Villena M et al. 2020; Kallakas, H.). Tra-

ditionally, on a global scale, viticulture is 

widely practised, which is a prerequisite for 

the presence of large quantities of vine sticks. 

Industrial hemp cultivation is also tradition-

ally advocated and has been growing in re-

cent years (FAO), which means that the 

amount of hemp stalk waste will increase. 

There are studies where vine and hemp 

particles have been successfully used as raw 
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materials for particleboards. These raw mate-

rials are mainly applied in the panels' core 

layer (Réh, R. and Vrtielka, J. 2013; Grigo-

rov, R. et al. 2020; Zvirgzds, K. et al. 2022). 

Due to the large capacities of contempo-

rary particleboard production plants, fabrica-

tion of panels with only one lignocellulosic 

non-wood raw material would not be easy. 

This study aimed to determine the influ-

ence of the composition of the interlayer on 

the performance of three-layer particleboards 

with different contents of vine and hemp par-

ticles. 

MATERIALS AND METHODS 

In this study, seven types of three-lay-

ered particleboards were produced, Table 1. 

Table 1: Experimental plan 

Panel 

Type 

Content of wood 

particles in the face 

layers, % 

Content of hemp 

particles in the core 

layer, % 

Content of vine 

particles in the core 

layer, % 

Content of wood 

particles in the core 

layer, % 

A 100 0 100 0 

B 100 20 80 0 

C 100 40 60 0 

D 100 60 40 0 

E 100 80 20 0 

F 100 100 0 0 

REF 100 0 0 100 

The ratio of face to the core layer was 

40:60. For the face layers of the panels, hard-

wood particles from Beech (Fagus Silvatica, 

L) and Turkish Oak (Quercus Cerris, L) were 

used. This type of raw material for the faces 

was chosen given the higher compression ra-

tio of the face layers and the possibility of uti-

lizing small-sized hardwood. The fractional 

composition of the particles for face layers 

was determined on a laboratory sieve ana-

lyzer and was as follows: fraction 2.0÷1.0 

mm – 39.60%, fraction 1.0÷0.5 mm – 

36.00%, fraction 0.5÷0.2 mm – 19.50%; 

0.2÷0.1 mm – 3.30%, fraction below 0.1 mm 

– 1.60%. The moisture content of particles 

for face layers was 11.3%. 

For the core layer of the particleboards, 

vine and hemp particles were used in substi-

tution at 20%. A control panel with wood 

particles in the core layer was also produced, 

see Table 1. The raw materials were chipped 

on a hammer mill FCh-500, manufactured by 

"Sila", Bulgaria. 

The moisture content of particles for the 

core layer was as follows: vine particles – 

10.8%; hemp particles – 10.6%; and wood 

particles 11.1%.  

As a binder, urea-formaldehyde (UF) 

resin was used with a content of 10% relative 

to the dry wood particles. The UF resin had a 

molar ratio of 1.08 and a dry solids content of 

50%. Ammonium sulphate of 1% based on 

the dry resin was used as a hardener. As a wa-

terproof substance, a wax (paraffin) emulsion 

was used at the content of 1% based on the 

dry particles. 

The panels had a set density of 

620 kg.m-3, a set thickness of 16 mm, a width 

of 450 mm and a length of 450 mm. The par-

ticleboards were produced at 175°C hot-

pressing temperature and a press factor of 

30 s.mm-1. A three-stage hot-pressing regime 

was used: pressure during the first stage of 

2.5 MPa and a press time of 1 min; pressure 

during the second stage of 1.2 MPa and press 

time of 4 min; pressure during the third stage 

of 0.6 MPa and a press time of 3 min. The 

hot-pressing was performed on a single-

opening laboratory press type PMS ST 100, 

Italy. The hot pressing regime is by the rec-

ommended regimes from similar studies with 
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a similar moisture content of the raw materi-

als (Mihajlova, J. et al. 2015; Mihajlova, J. 

2020; Valyova, M. and Koynov, D. 2020). 

The properties of particleboards were deter-

mined by the EN standards (EN 310, EN 317, 

EN 319, EN 323). Eight test samples were 

tested for each property of the panels. 

RESULTS AND DISCUSSION  

The fractional composition of the parti-

cles used for the core layer of the panels is 

presented in Figure 1. 

 

Figure 1: Fractional composition of different lignocellulosic particles 

The results for the fractional composi-

tion of the different particles show that, in 

practice, the vine and hemp particles have 

very similar fractional compositions. Their 

main fraction is 4.0/2.0. While for the wood 

particles intended for the core layer of the 

panels, the main fraction is 1.0/2.0. That 

shows that the non-woody lignocellulosic 

particles have a longer length and hence a 

larger active contact area than the wood par-

ticles. The importance of particle sizes for the 

properties of the particleboards is confirmed 

by the studies of Sackey, E. M. et al. 2008, as 

well as Zvirgzds, K. et al. 2022. 

The bulk densities of the particles used 

for the core layer are as follows: wood parti-

cles – 125 kg.m-3; vine particles –                   

158 kg.m-3; hemp particles – 95 kg.m-3. That 

shows that using hemp particles will lead to 

the highest compression ratio. The vine par-

ticles have the highest bulk density and, 

therefore, the lowest compression ratio. 

When using vine particles as raw material, it 

is recommended to increase the density of 

particleboards and, by that to be increased the 

compression ratio. Lighter (with lower den-

sity) particleboards can be fabricated when 

hemp particles are used. In that case, the 

compression ratio will be sufficient and 

hence physical and mechanical properties of 

the panels will be satisfactory.   

The moisture content, with the main sta-

tistics, of the laboratory particleboards, is 

presented in Table 2. 

The results show that particleboards 

were acclimatized and had reached exploita-

tion moisture content (4 to 9%), according to 

EN 322. 

The data on the density, with the main 

statistics, of the laboratory particleboards, are 

presented in Table 3. 
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Table 2: Moisture content, with main statistics, of laboratory particleboards 

Panel 

Type 

Content of 

hemp 

particles in 

the core 

layer, % 

Content of 

vine 

particles in 

the core 

layer, % 

Content of 

wood 

particles in 

the core 

layer, % 

Moisture 

content 

(mean 

value) H, 

% 

Standard 

deviation 

Sy, % 

Standard 

error my, 

% 

Probability 

Py, % 

A 0 100 0 6.05 0.72 0.12 1.97 

B 20 80 0 6.14 0.43 0.07 1.14 

C 40 60 0 6.16 0.69 0.11 1.82 

D 60 40 0 6.77 0.31 0.05 0.67 

E 80 20 0 6.28 0.62 0.10 1.58 

F 100 0 0 6.62 0.16 0.02 0.37 

REF 0 0 100 6.50 0.24 0.04 0.58 

Table 3: Density, with main statistics, of laboratory particleboards 

Panel 

Type 

Content of 

hemp 

particles in 

the core 

layer, % 

Content of 

vine 

particles in 

the core 

layer, % 

Content of 

wood 

particles in 

the core 

layer, % 

Density 

(mean 

value) ρ, 

kg.m-3 

Standard 

deviation 

Sy, kg.m-3 

Standard 

error my, 

kg.m-3 

Probability 

Py, % 

A 0 100 0 619 31.96 11.30 1.83 

B 20 80 0 630 25.07 8.86 1.41 

C 40 60 0 641 20.04 7.08 1.11 

D 60 40 0 634 37.86 13.39 2.11 

E 80 20 0 625 31.81 11.25 1.80 

F 100 0 0 624 47.60 16.83 2.70 

REF 0 0 100 638 19.80 7.00 1.10 

The density of particleboards varies 

from 619 to 641 kg.m-3. That is, the maxi-

mum deviation in this main property is 3.6%. 

The density is very close to set one of 

620 kg.m-3. The conducted ANOVA, Table 

4, shows that the composition of the panels 

does not affect their density. That is due to 

the production method used, namely the ap-

plication of restraint metal bars during hot-

pressing.  

Table 4: ANOVA for the density of particleboards 

Source of 

Variation 
SS df MS F p-Value Fcrit 

Content of 

hemp particles 
1569.90 5 313.98 0.288 0.917 2.427 

Content of vine 

particles 
2234.90 5 446.98 0.411 0.838 2.427 

Content of 

wood particles 
568.36 1 568.36 0.523 0.473 4.062 

Error 47819.68 44 1086.81 ‒ ‒ ‒ 

Total 52192.84 55 ‒ ‒ ‒ ‒ 

The water absorption of particleboards 

with different compositions of the core layer 

is presented in Figure 2. 
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Figure 2: Water absorption (24 h) of particleboards with different compositions of the core layer 

When analyzing the data on water ab-

sorption of the particleboards with the partic-

ipation of vine and hemp particles in the core 

layer, it was found that the type of non-wood 

lignocellulosic raw material does not affect 

that property. That is confirmed by the con-

ducted t-tests, and the corresponding data for 

p-values are as follows: particleboard types 

A/B – p = 0.542; B/C – p = 0.175; C/D – p = 

0.932; D/E – p = 0.752; E/F – p = 0.695. The 

panels fabricated with lignocellulosic raw 

material have a lower water absorption than 

the particleboards fabricated only with wood 

particles. The t-test shows a statistically sig-

nificant difference in the values of this prop-

erty between particleboards Type F and REF 

(p-value is 1.089.10-5). An explanation of 

that can be sought with the lower bulk density 

of the hemp particles and hence the greater 

compression ratio when using this material 

(Kallakas, H. et al. 2018). When vine parti-

cles are used, a greater amount of waterproof 

substances characteristic of this material are 

included in the composition of the panels 

(Ferrandez-Villena M. et al. 2020; Auriga, R. 

et al. 2022).  

The thickness swelling of the panels is 

presented in Figure 3. 

 

Figure 3: Thickness swelling (24 h) of particleboards with different compositions of the core layer 
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From the data, it is clear that the thick-

ness swelling of the panels is in the range of 

26% to 30%, and there is no clear tendency 

for the effect of the hemp and vine particles. 

That is also confirmed by the conducted t-

tests, where it was found that there is no sta-

tistically significant difference between the 

values of this property in the panels with the 

participation of vine and hemp particles. The 

results of the t-tests are as follows: parti-

cleboard types A/B – p = 0.150; B/C – p = 

0.064; C/D – p = 0.791; D/E – p = 0.311; E/F 

– p = 0.074 The thickness swelling of wood 

particleboards is 1.25 to 1.35 times higher 

than that of hemp and vine particleboards. 

The t-test shows a statistically significant dif-

ference in the values of this property between 

particleboards Type F and REF (p-value is 

5.574.10-5). An explanation of these results 

should be sought in the lower bulk density of 

the hemp particles and the higher content of 

waterproof substances in the chemical com-

position of the vine particles (Kallakas, H. et 

al. 2018; Ferrandez-Villena M. et al. 2020; 

Auriga, R. et al. 2022).  

The modulus of elasticity of parti-

cleboards with different compositions of the 

core layer is presented in Figure 4. 

 

Figure 4: Modulus of elasticity (МОЕ) of particleboards with different compositions of the core layer 

From the results, it is clear that the MOE 

increases with the increase in the participa-

tion of hemp particles in the core layer com-

position. Its lowest value is 1328 N.mm-2 for 

0% hemp content, and the highest MOE 

value is 2316 N.mm-2 at 100% content of 

hemp particles, where we observe an increase 

of 74%. That is because the bulk density of 

hemp is much lower than that of vine parti-

cles. Because of that, to achieve the set den-

sity, more hemp particles are used, which 

leads to the insertion of more lignocellulosic 

fibres into the composition of the panels. 

Panels with more than 20% hemp particles in 

the core layer meet the requirements of the 

standard for Type P2 particleboards for fur-

niture production (EN 312). The modulus of 

elasticity for this type of panel should be at 

least 1600 N.mm-2.  

Increasing the participation of hemp par-

ticles by more than 40% in the core layer 

composition exceeds the particleboards' 

modulus of elasticity. And with 100% partic-

ipation of hemp particles, the modulus of 

elasticity is 34.5% higher than that of the 
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panel fabricated with wood particles. Parti-

cleboards with hemp particles of 60 and 80% 

have a modulus of elasticity above 

1950 N.mm-2, which meets the requirements 

of EN-312 type P3 for non-load-bearing pan-

els and use in humid conditions. 

The panel with 100% participation of 

hemp particles in the core layer meets the re-

quirements of EN-312 type P4 for load-bear-

ing panels and use in dry conditions. 

The data on the modulus of elasticity of 

the particleboards are consistent with those 

reported by Réh, R. and Vrtielka, J. 2013. In 

their study, increasing the content of hemp 

particles to 80% in the core layer led to the 

fabrication of particleboards with a modulus 

of elasticity above 3500 N.mm-2. On the 

other hand, the decrease in the modulus of 

elasticity of particleboards with increasing 

vine particle content was also reported by 

Auriga, R. et al. 2022 and Ferrandez-Villena 

M. et al. 2020. 

The bending strength (MOR) of the la-

boratory panels is presented in Figure 5. 

 

Figure 5: Bending strength (MOR) of particleboards with different compositions of the core layer 

The data show that as the content of 

hemp particles in the core layer increases, the 

bending strength increases from 7 N.mm-2 at 

0% hemp content to 13.2 N.mm-2 at 100 % 

hemp participation. That improvement is 

88.6%. 

According to EN 312-2 standard furni-

ture production requirements, panels' bend-

ing strength must be at least 11 N.mm-2. That 

is fulfilled when the participation of hemp 

particles in the core layer is above 60%. 

All particleboards, in which there is a 

participation of hemp particles, have e higher 

bending strength than the panel produced 

from wood particles. Only the particleboard 

fabricated with a core layer of vine particles 

had a lower value of this property. 

Again, the data on the improvement in 

bending strength with increasing hemp parti-

cle content is consistent with that obtained by 

Réh, R. and Vrtielka, J. 2013, who, at 80% 

hemp particle content in the core layer of 

panels, achieved a bending strength of more 

than 18 N.mm-2. In general, due to their 

higher bulk density, an increase in the content 

of vine particles in the core layer of parti-

cleboards leads to a deterioration in the bend-

ing strength. This was also reported by Au-

riga, R. et al. 2022, and Ferrandez-Villena M. 

et al. 2020. 
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The data on the Internal bond (IB) 

strength of the particleboards are presented in 

Figure 6. 

 

Figure 6: Internal bond (IB) strength of particleboards with different compositions of the core layer 

From the data, it is visible that increas-

ing the participation of hemp particles in an 

amount from 0 to 60% leads to an increase in 

the IB strength from 0.42 N.mm-2 to 

0.64 N.mm-2, which is an increase of 52%. 

All panels, except the one with 100% partic-

ipation of vine particles, meet the require-

ments of EN-312 for use as load-bearing 

structures and use in humid conditions, type 

P5 particleboards (the IB strength must be at 

least 0.45 N.mm-2). 

In this property, the positive influence of 

the low bulk density of the hemp particles is 

most firmly established, and conversely, the 

negative impact of the high bulk density of 

particles from vine sticks. The increased 

compression ratio with increased content of 

hemp particles leads to more contact areas 

and a corresponding increase in the IB 

strength of particleboards (Réh, R. and 

Vrtielka, J. 2013; Kallakas, H. et al. 2018). 

Conversely, a reduced compression ratio 

with increased vine particle content results in 

fewer contact areas and lower IB strength 

(Auriga, R. et al. 2022; Ferrandez-Villena M. 

et al. 2020). 

CONCLUSIONS 

As a result of the conducted research, it 

was found that the different content of hemp 

and vine particles does not affect the parti-

cleboards' waterproof properties (water ab-

sorption and thickness swelling). Increasing 

the participation of hemp particles in the core 

layer of the panels leads to a significant in-

crease in the modulus of elasticity and bend-

ing strength. 

Generally, increased content of hemp 

particles in the core layer, at the expense of 

reducing vine particles, leads to increased IB 

strength of the panels. Tath is mainly due to 

the low bulk density of hemp particles and 

therefore increased compression ratio when 

this raw material is used.  

Particleboards with different percent-

ages of hemp and vine particles have higher 

mechanical properties than panel fabricated 

entirely from wood particles. 
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In conclusion, while in terms of water-

proof properties of particleboards, it was 

found that hemp and vine particles are 

equally suitable as raw material, in terms of 

mechanical properties, hemp particles 

showed significantly more excellent suitabil-

ity as raw material. 
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