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Summary. This paper presents the results of analyses investi-

the compaction parameters of oakwood sawdust. The experi-

universal strength tester and a closed compression die assembly. 

average), and it more than doubled the mechanical strength of 

the agglomerate. Higher compaction pressure increased the de-

of binder contributed to agglomerate density and increased the 

Key words: compaction, pressure, binder, calcium lignosulpho-

nate, sawdust, biomass.

INTRODUCTION

Solid biofuels manufactured from plant biomass are the 

including sawdust. Those plant resources are characterized 

to make this raw material more suitable for energy produc-

tion. This is achieved by briquetting or granulating bulk 

In laboratory analyses of the agglomeration process, raw 

material is compacted in a closed compression chamber with 

a piston. Process parameters, including energy consumption 

and raw material’s susceptibility to compaction, are deter-

mined. Changes which take place in the material during com-

monitored. The compaction process and agglomerate quality 

are determined by process parameters as well as by the phys-

ical and chemical properties of the compacted material [5, 7]. 

-

cantly affects the compression process and the quality of the 

settings can lead to wasteful energy consumption, and they 

may lower the strength characteristics of the agglomerate. 

of lignin binders containing calcium lignosulphonate may 

adhesive properties, and it binds raw material components 

22]. The resulting agglomerates are characterized by greater 

density and higher mechanical strength which, in turn, low-

ers energy intensity of the compaction process, decreases 

storage requirements and facilitates agglomerate transport. 

The objective of this study was to determine the effect 

oakwood sawdust containing various quantities of calcium 

lignosulphonate.

The experimental material was oakwood sawdust sup-

obtained by cutting oakwood with a wooden saw with 22.2 

mm tooth pitch. The granulometric composition of sawdust 

density of raw material was described in line with standard 

material samples with 12% moisture content in the amount 

as a control sample. 

The pressure compaction methodology was described 
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tester with a closed compression die assembly and a com-

puter-controlled system for monitoring compaction param-

eters. Test parameters were as follows: chamber diameter 

-1. Sawdust was compressed at 

compaction process was performed in three replications.

The results were plotted on a compaction curve showing 

the correlation between compaction force and piston speed. 

The curve was used to determine process parameters: max-

imum material density in the chamber , total compaction 

effort (Lc L m-1, where : L – compaction effort, m – weight 

-

bility to compaction kc was calculated from the following 

formula:

)( nc

c
c

L
k -1 -3)), (1)

where:

initial density of raw material in the compression cham-
-3; Lc -1.

) was de-

termined. The degree of material compaction in the chamber 

Szm and the degree of agglomerate compaction Sza (volume

reduction) were calculated as the ratio of densities and

 to raw material density in the compression chamber 

(Szm= -1 -1).

The mechanical strength of the agglomerate was de-

-1

agglomerate with diameter d and length l was compressed 

along the perpendicular axis until damaged, and maximum 

breaking force Fn

ld

Fn
n

2

The correlations between binder content and moisture 

content of the examined material and compaction parameters 

i

describing the correlations between compaction and pressure 

parameters at various binder content levels are shown in 

correlations can be described by quadratic equations of the 

second degree or linear equations. 

were the predominant fraction. 

Fig. 1. Particle size distribution (P
i
) of the studied raw material

Particle size distribution of the analyzed material was 

conducive to pressure agglomeration. 

The average bulk density of raw material with 12% 

moisture content was determined at -3.

The results presented in Figure 2 indicate that the initial 

density of raw material in the compression chamber  in-

creased with a rise in pressure at all binder content levels zl. 

The greatest increase in agglomerate density ra was observed 

had no effect on agglomerate density. The highest values of 

the analyzed parameters were reported for sawdust with the 

highest binder content, and the lowest – for control material. 

Fig. 2. Correlation between material density in the chamber ( ),

agglomerate density ( ) and compaction pressure (P) at various 

binder content levels (zl)

-

terial with 2% binder content was determined in the range of 
-3 -3 for parameter -3

-3 for parameter ra. The applied binder had the 

greatest effect on sawdust density within the pressure range 

in the chamber and agglomerate compaction after storage 
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-

chamber

with initial density of raw material  regardless of its binder 

impact on the analyzed parameter within the pressure range 

Fig. 3. Correlation between the degree of material compaction 

(Szm), agglomerate compaction (Sza) and compaction pressure 

(P) at various binder content levels (zl)

The highest degree of agglomerate compaction Sza was 

reported in sawdust with 2% binder content compressed 

differences in the values of Sza were observed under the 

-

density of raw material. Similarly to the reported changes 

in the value of ra, the highest increase in agglomerate 

Lc -

paction pressure P are presented in Figure 4. Within the 

entire range of examined values, the analyzed parameters 

increased with a rise in compaction pressure. Such a trend 

was observed in all examined samples. The value of Lc
-1, and 

the value of kc -1 . -3))-1.

The highest values of the analyzed parameters were noted 

-

ples with the highest binder content (2%). This suggests 

between material particles and between particles and the 

walls of the compression chamber, leading to an increase 

compaction (Fig. 4).

Fig. 4. Correlation between compaction effort (Lc

of susceptibility to compaction (kc) and compaction pressure (P)

at various binder content levels (zl)

In all the analyzed samples, the mechanical strength of 

agglomerate  increased with a rise in compaction pres-

binder content did not lead to a noticeable increase in the 

increase in the value of  was noted only in control ma-

from sawdust with 2% binder content under the pressure 

-

chanical strength. 

Fig. 5. Correlation between mechanical strength of agglomer-

ate  and compaction pressure (P) at various binder content 

levels (zl)

were reported with 

different binder content of the examined material. Under 

material with 2% binder content was 44% higher on average 

in comparison with control. 
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The following conclusions can be drawn from the results 

of the study: 

1. The density of material in the compression chamber, in-

cluding samples with and without the addition of binder, 

increased by 18% on average with a rise in compaction 

-

crease in agglomerate density. The addition of binder 

2. The degree of material compaction in the compression 

chamber increased by 24% on average within the en-

tire range of tested pressure parameters. The degree of 

-

tibility to compaction increased with a rise in compac-

tion pressure values. The average increase in the former 

addition of binder decreased the analyzed material’s 

susceptibility to compaction. 

-

chanical strength of the agglomerate. In material with 2% 

binder content, the value of 
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Streszczenie. 

-

-

-

-

-

-

fonian wapnia, trociny, biomasa. 




