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ABSTRACT 
The production of wood fiber mass is a very energy-intensive process This is also one of 

the reasons for the higher cost of this material in comparison of that at particleboards. One 

possibility to partially solving this problem is the inclusion of industrial wastes, which has not 

undergone a refining process, in MDF composition. 

There is a significant amount of industrial wastes resulting from logging – these are mainly 

the sawdust resulting from the processing of solid wood with a band saw. It should be pointed 

out that this method of obtaining solid wood materials is widespread, both globally and in Bul-

garia. 

This report presents a study on the influence of the content of coniferous sawdust on the 

properties of combined panels from wood fiber and sawdust. Produced panels were with varia-

tion of sawdust content from 0 to 50% and respectively the fiber content was from 100 to 50%. 

The increase in sawdust content was with a step of 10%. The main physical and mechanical 

properties of panels were determined and experimentally-statistical equations for the influence 

of coniferous sawdust content on the properties of the panels were derived. It was determined 

at what percentage of sawdust the panels have properties that meet the requirements of the 

relevant standards for MDF. 
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INTRODUCTION 
Fiberboards are a composite wood based 

engineered material with a dispersed phase 

from wood fibers and a compound matrix 

phase formed by adhesion and cohesion 

bonds (Ayrilmis et al., 2017; Benthien, J. et 

al., 2014; Heiko Thoemen et al 2010). 

In a manufacturing plant for Medium 

Density Fiberboard (MDF) about 35% of ther-

mal energy and 44% of electricity are con-

sumed in steaming and refining processes as 

the specific energy consumption at this tech-

nological stage is from 80 to 140 kWh-1.t-1 (Li, 

J et al. 2006). Because of which the refining 

process plays a significant role in the for-

mation of the final cost of production (Jun 

Hua et al., 2017, Martínez et al., Hellström, 

L.M et al 2012). The engineering of MDF 

properties can be effectively accomplished 

by adjusting the parameters of wood pulp 

(Shi, J. et al 2006; Htun, M., and Salmén, L. 

1996). 

In determining the characteristics of the 

raw material, account should be taken of both 

their impact on the MDF properties and the 

cost of production (Li, J et al 2007). Reduc-

ing the cost of the panels can be achieved by 

incorporating in their composition wastes 

from the woodworking industry which do not 

undergo to a refining process. An example of 

such raw material is sawdust obtained by 

sawing of logs with band saw (Bello R. S. 

2017). At present, this waste from the wood 

industry is mainly used in the production of 

pellets (Bergström D. et al., 2008) and bri-

quettes (Pushpa J. et al 2012) and also in the 

production of bioethanol (Irawati D., 2006). 

It should be said that the possibility of using 
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such type of sawdust as a raw material for 

one of the fastest growing industries, namely 

that of MDF production, has not been suffi-

ciently studied. 

The presented shows the relevance of a 

study on the possibility for inclusion of co-

niferous sawdust in the composition of MDF 

and the effect of this inclusion on the proper-

ties of the panels. 

MATERIALS AND METHODS  
For the purpose of the study was used 

industrial wood pulp, produced by Asplund 

thermo-mechanical refining process. The 

pulp is produced in “Wellde – Bulgaria” from 

hardwood tree species – beech (Fagus sil-
vatica L.) and Turkish oak (Quercus cerris 

L.) in a 2:1 ratio.  

The sawdust was from coniferous wood 

species – a mixture of spruce (Picea abies L.) 

and white pine (Pinus silvestris L.), respec-

tively in a ratio of 3:1 and was obtained from 

cutting of logs by band saw. Coniferous saw-

dust was chosen as it is the most common 

waste from cutting logs for construction 

beams. The moisture content was 11% for the 

wood pulp and 12% for the sawdust. The 

pulp freeness was determined by the Shop-

per-Rigler method and was 11 ShRº, which 

corresponds to the pulp freeness of 22 DS. 

The bulk density of the pulp was 32 kg.m-3, 

and of sawdust – 145 kg.m-3. The fractional 

composition of sawdust was as follows: 

2.0 mm/2.0 mm – 1.24%; 2.0 mm/1.0 mm – 

25.71%; 1.0 mm / 0.8 mm – 6.67%; 0.8 mm 

/ 0.5 mm – 34.2%; 0.5 mm / 0.315 mm- 

19.0%; 0.315 mm/ 0.2 mm – 9.25%, 0.2 mm/ 

0 mm – 3.94%. 

The target density of the panels was 

820 kg.m-3 and the target thickness was 

8 mm.  

The combined wood based panels, com-

posed of wood fiber mass and coniferous 

sawdust, were produced according to plan of 

the experiment presented in Table 1. 

Table 1: Experimental plan  

№ 

Content of 

wood fiber 

mass, kg 

Content of 

coniferous 

sawdust, kg 

Content 

of conif-

erous 

sawdust 

Px,% 

1. 1.964 0 0 

2. 1.768 0.196 10 

3. 1.571 0.393 20 

4. 1.375 0.589 30 

5. 1.178 0.786 40 

6. 0.982 0.982 50 

 

The hot-pressing regime was as follow: 

1st stage – duration 3 min at specific pressure 

of 2.5 MPa; 2nd stage – duration of 3 min at 

specific pressure of 1.5 MPa; 3rd stage – du-

ration of 6 min at specific pressure of 

0.8 MPa. The temperature of hot-pressing 

was 185±5º C. The content of urea-formalde-

hyde resin was 10%.  

The properties of the panels were deter-

mined by standardized methods in accord-

ance with EN 310, EN 316, EN 317, EN 319 

and EN 323. Based on experimental data 

were derived approximating functions for the 

influence of the content of conifers sawdust 

on properties of panels. As a measure for ac-

curacy of the approximation was used a coef-

ficient of determination – R2. 

RESULTS AND DISCUSSION  
The results for the properties of the pan-

els at different content of sawdust are pre-

sented in Table 2. 
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Table 2: Physical and mechanical properties of combined wood based panels 

Panel 

№ 

Content of 

coniferous 

sawdust Px,% 

Den-

sity, 

� , 

kg.m-3 

Water ab-

sorption, 

А,% 

Swelling in 

thickness, 

Gt,% 

Bending 

strength, 

fm, N.mm-2 

Internal 

Bond 

strength, 

ft, N.mm-2 

1. 0 827±11 13.52±0.64 13.21±0.64 35.39±0.95 0.54±0.06 

2. 10 815±9 23.51±0.79 15.26±0.73 32.24±0.51 0.51±0.08 

3. 20 832±21 45.74±0.84 24.11±0.90 28.99±0.79 0.48±0.06 

4. 30 844±11 49.13±1.20 27.09±1.30 26.40±0.61 0.35±0.05 

5. 40 847±14 55.76±1.21 28.04±1.22 18.81±0.53 0.33±0.06 

6. 50 836±15 64.70±1.07 29.85±1.48 18.64±0.19 0.28±0.08 

The approximation function for the in-

fluence of sawdust content on water absorp-

tion of the panels is:  

 2.012,0.621.1602.12ˆ
xx PPA ��� ,%, (1) 

where Â  is the predicted value for water ab-

sorption and Px is the content of saw-

dust,%. 

The coefficient of determination for the 

equation is R2 = 0.97.  

The graphical interpretation of the stud-

ied dependence is presented in Figure 1. 

 

Figure 1: Dependence of water absorption of the panels from the content of coniferous sawdust  

The water absorption of the produced 

panel varied from 13.52 to 64.70%. As the 

sawdust content increases, the water absorp-

tion of the panels increase significantly, i.e. 

this property is deteriorating when sawdust is 

added to the MDF composition. In compari-

son of water absorption at 0% sawdust con-

tent and 50% sawdust content, is accounted 

an increase of 4.8. A significant increase of 

the property is also observed with the addi-

tion of only 10% sawdust. The deterioration 

in that case is from 1.74 times. Another sig-

nificant increase in values of the property is 

observed when sawdust content increase 

from 10% to 20%, the deterioration here is 

1.95 times. After 20% content of sawdust is 

passed the deterioration of the property is sig-

nificantly less and ranges from 5% to 7% rel-

ative difference between the individual pan-

els. 

The results obtained for this property of 

the panels can be explained by a reduction in 
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the active contact area between the fibers, re-

sulting in a reduced number of both the cohe-

sion and adhesive bonds in the combined 

wood based panels. 

The dependence of swelling in thickness 

of the panels from content of coniferous saw-

dust can be described by the equation: 

 2.006.0.649.008.12ˆ
xx PPtG ��� ,%, (2) 

where tĜ  is the predicted value for swelling 

in thickness and Px is the content of 

sawdust,%. 

The equation is characterized by coeffi-

cient of determination R2 = 0.95. 

The graphical interpretation of the stud-

ied dependence is presented in Figure 2. 

 

Figure 2: Dependence of swelling in thickness of the panels from the content of coniferous sawdust 

The dependence of swelling in thickness 

is similar to that observed at water absorption 

of the panels, with an increase in sawdust 

content the swelling in thickness increases 

from 13.2% to 29.9%. So the panels with 0% 

content of sawdust have 2.26 times better, re-

spectively lower, swelling in thickness com-

pared to the panels obtained with 50% conif-

erous sawdust. For this property, the deterio-

ration with increasing content of conifer saw-

dust from 0% to 10% is relatively less than 

the deterioration observed at water absorp-

tion. Increasing of the swelling in thickness 

in this case is 1.16 times. The most signifi-

cant is the deterioration of the property when 

the content of coniferous sawdust is in-

creased from 10% to 20% – 1.56 times. After 

this limit for saw dust content, is observed 

evenly, small in value, deterioration of the 

property, as the difference between 20% and 

50% coniferous sawdust content is in the or-

der of 1.24 times.  

Panels containing 10% coniferous saw-

dust meet the requirements for the swelling 

in thickness of MDF for general purpose and 

use in humid conditions (type MDF) and for 

use as bearing structures in dry conditions 

(type MDF.HL). The requirements for the 

swelling in thickness for other types of MDF 

were not covered. Panels with a coniferous 

sawdust content of more than 10% do not 

meet the requirements of the standard in 

terms of swelling in thicknesses (EN 622-5). 

The regression equation reflecting the 

influence of coniferous sawdust content on 

the bending strength of the panels is as fol-

lows: 

 xm Pf .362,078,35ˆ �� , N.mm-2,  (3) 
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where mf̂  is the predicted value for bending 

strength and Px is the content of saw-

dust,%. 

The coefficient of determination R2 is 

0.96 and the graphical interpretation of the 

studied dependence is presented in Figure 3. 

 

Figure 3: Dependence of bending strength of the panels from the content of coniferous sawdust 

As can be seen from the figure, the stud-

ied dependence is linear, with an increase in 

the percentage of sawdust is observed signif-

icant decrease in bending strength from 35.4 

to 18.6 N.mm-2. Therefore, the decrease in 

the property values is 1.9 times. Although in 

this property there is no significant change 

with increase content of coniferous sawdust 

up to 30%, when content of sawdust increase 

from 30% to 40% there is a decrease in the 

bending strength of 1.4 times. The difference 

in bending strength between the panels with 

40% and with 50% sawdust content is within 

the statistical error (below 5%). 

Panels with up to 10% coniferous saw-

dust content meet the requirements for MDF 

for bearing structures and use in dry condi-

tions. Panels with up to 20% sawdust content 

meet the requirements for bending strength 

for general purpose and use in wet condi-

tions, and MDF with up to 30% sawdust con-

tent meet the requirements for general pur-

pose and use in dry conditions. 

The dependence of the Internal Bond 

(IB) strength on the sawdust content is de-

scribed by an equation of the type: 

 xt Pf .006,056,0ˆ �� , N.mm-2,  (4) 

where tf̂  is the predicted value for IB 

strength and Px is the content of saw-

dust,%. 

The coefficient of determination is R2 = 

0.97.  

The dependence between coniferous 

sawdust content and IB strength is negative. 

As with the other properties, there is also a 

significant deterioration in the values of the 

property with an increase in the content of 

sawdust, Figure 4. 
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Figure 4: Dependence of IB strength of the panels from the content of coniferous sawdust 

With the addition of sawdust up to 10%, 

there is a relatively small, 1.07 times, deteri-

oration of the property. When the sawdust 

content increases from 10% to 20% this de-

crease is 1.05 times. In the studied range of 

variation, the biggest drop in the values of IB 

strength, respectively the most significant de-

terioration is observed when the content of 

coniferous sawdust increased from 20% to 

30%. The difference in the value of this prop-

erty at 30% and 40% sawdust content in the 

panels is within the statistical error and the 

drop when content of sawdust increase from 

40% to 50% is 1.21 times. Therefore, to be 

obtained satisfactory values for this property, 

the content of coniferous sawdust should not 

exceed 20%. 

CONCLUSIONS 
As a result of the study can be made the 

following conclusions: 

1. Coniferous sawdust obtained from 

cutting of solid wood with band saw 

can be included as a raw material in 

the production of MDF; 

2. Increasing the sawdust content in-

creases significantly the water ab-

sorption of the panels. This can be 

explained by a reduction in the ac-

tive zone of contact between the fi-

bers and hence the reduced number 

of both the cohesive and adhesive 

bonds in the panels; 

3. The swelling in thickness of the pan-

els also increases with the enlarge-

ment of coniferous sawdust content; 

Significant increase of the values of 

the property is observed with the ad-

dition of only 10% sawdust and 

even more with the increase of saw-

dust content from 10% to 20%; 

However, panels with 10% content 

of coniferous sawdust meets the re-

quirements for the general purpose 

MDF and use in dry conditions; 

4. The bending strength of the panels 

is not as sensitive as other properties 

until the coniferous sawdust content 

is below 30%, but with an increase 

in coniferous sawdust content from 

30% to 40% there is a decrease in 

bending strength of 1.4 times; Pan-

els containing up to 30% sawdust 

meet the requirements for bending 

strength of MDF for general pur-

pose and use in dry conditions; 

5. There is significant deterioration in 

IB strength when coniferous saw-

dust is included in composition of 
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the panels; The most significant de-

crease in the values of that property 

is observed when the sawdust con-

tent is more then 20%; 

6. Coniferous sawdust content of up to 

10% in the MDF composition pro-

vides relatively good physical and 

mechanical properties of the panels, 

that covers the requirements for 

general purpose application and use 

in dry conditions. 
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