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Summary. The aim of this study was to explain the effect of the 

2.5% additive of calcium carbonate or 5% additive of rapeseed oil 

cake for chopped plant material of topinambour, prairie spartina, 

-

calcium carbonate and rapeseed oil cake increased the durability 

and calcium carbonate had practically no effect on the change 

in this value. The most marked effect for additives was obtained 

pellet durability were observed.

Key words: pressure agglomeration, pellet, calcium carbonate, 

rapeseed oil cake, mechanical durability.

INTRODUCTION

The use of alternative energy sources, including biomass, 

technology is not complicated and thanks to the availability 

of cheaper raw material its use for energy purposes is more 

way of converting biomass is pressure agglomeration, which 

improves the properties of solid biofuels [4].

One of the stages in the process of pressure agglom-

eration is conditioning. This covers a range of activities 

and treatments that are designed to activate natural binders 

in the material [12]. During conditioning it is possible to 

add water or steam to the material in order to soften the 

lignin and hemicellulose, which improves the pelletisation 

process and results in more durability and better physical 

or other additives.

common [21], there has appeared an interesting possibility 

-

glomerates improved with appropriately selected binders.

Substances that increase pellet consistency are binders, 

which means that they support the pressure agglomeration 

process and, at the same time, they improve their quality 

material in a sustainable product that meets standards and 

possibility of developing a new technology and obtaining 

against the absorption of moisture from the air, with reduced 

energy consumption) than before , which may not only affect 

the combustion process itself, but to a large extent reduce 

emissions of SO
2
, N2O

5
, dust, CO

2
, etc. [8].

-

-

ditives are often used in order to improve the quality of 

of additives are used: binders that improve bindings be-

tween particles and those that reduce energy intensity of 

pellets and improve their combustible properties. There is 

also an interesting possibility to use waste substances from 

agricultural production as additives for the production of 

pellets [15]. In addition to utilising these additives, it can 

be assumed that rational dosing of those substances can 

improve physical and chemical parameters of the obtained 

(calcium hydroxide, calcium carbonate) improves plastici-

ty of organic substance which is to undergo pelleting and 

on the basis of agricultural practice, it can be concluded 

that increasing the participation of protein improves pellet 



worsens it, but positively affects granulate energy [5, 18, 22].

For example, calcium carbonate increases ash melting 

point and thus reduces the risk of ash pollution on grades 

Such additive absorbs heat to decompose, at the same time 

decreasing the temperature of combustion, which in con-

sequence leads to a reduction in the amount of NOx. The 

process of pelletization leads, however, to binding of the 

water contained in plant material. With little moisture of 

organic substance, the durability of bond between particles 

is lower, which results in the reduction of mechanical du-

rability of pellets. In order to compensate for these defects 

value, eg. rapeseed oil cake, should be used in the mixtures.

The aim of the study was to determine the impact of the 

additive of calcium carbonate and rapeseed oil cake into 

energy plants shredded material on the physical properties 

of pellets produced from these mixtures in the pressure ag-

glomeration process.

-

ra ( ), prairie spartina (Spartina pectinata),

topinambour (Helianthus tuberosus

(Sida hermaphrodita) and polygonaceous (Polygonum sa-

chalinense) plantations. The raw material moisture content 

(wet basis) was determined using the dry-and-weighing 

The plant material was broken up on a stationary stand 

by means of a forage harvester and then it underwent pres-

basic parameters are summarized in Table 1.

Ta b l e  1 .  -

-
ciency

Power Weight Dimensions
Die

 die  hole hole length
–1] [kW] [kg] [mm] [mm] [mm] [mm]

7,5 8

Tests were carried out for each of the plants without 

the binder and with 2.5% of calcium carbonate or 5% of 

temperature.

-

mined at a stand made in accordance with the requirements 

–1

durability was calculated according to the formula:

,, (1)

where:

mp – pellet mass before trial, g,

mpt – pellet mass after trial, g.

Combustion heat was determined by the calorimetric 

calculated using the following formula:

,, (2)

where:

Wu –1,

Wt –1,

Ww – relative moisture of fuel,

H – relative proportion of hydrogen in fuel.

Pellet density measurement was made on a random-

group. Two series of measurements were performed within 

1 minute after the agglomeration process as well as after 

15 minutes. Pellet diameter was measured in two perpen-

measurements were made by means of an electronic digital 

mass of each pellet was carried out with an accuracy of 

7,52
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topinambour polygonaceous spartina sida rose

Fig. 1. 



the density of the pellets was determined by the formula:

m

where:
–3,

m – pellet mass , kg,

V – pellet volume , m3.

Data analysis was performed using the Statistica com-

of variance and Duncan’s test.

With additives, pellets of similar size and shape changed 

their colors and appearance (Table 2). Pellets produced with 

the additive of calcium carbonate were characterized by 

a slightly cracked outer surface and were matte, rough, with-

out the characteristic glassy surface which is formed as a re-

sult of thermal conversion of lignin. Pellets with rapeseed oil 

cake were characterized by a darker color and a shiny outer 

surface with burnt lignin. Rapeseed oil cake reduced dust 

in pressure agglomeration, whereas the additive of calcium 

Ta b l e  2 .  Pellets after pressure agglomeration process

Pellets without additive Pellets with additive of rapeseed oil cake Pellets with additive of calcium carbonate

topinambour

polygonaceous

sida

spartina

rose



plant species, the type of the additive, and their interaction 

-

ical durability, as in all cases, the value of the critical level 

Duncan test (Table 4) allow the conclusion that in the case 

of both types of additives and pellets without any additive 

three distinct homogeneous groups of pellet mechanical 

durability values were formed.

Ta b l e  3 .  The results of the analysis of variance of factors 

affecting the mechanical durability of pellets from energy plants 

material

Source
Sum of 
squares

Degrees of 
freedom square

F
factor

p – value

4

2

Interaction:
8 54.1

1.1

Ta b l e  4 .  The results of the Duncan test of the analysis of mean 

values of the mechanical durability of pellets for homogeneous 

groups of plant species and type of additive

Factor Homogenous group

Plant

Topinambour x

Polygonaceous x x

Sida 74.78 x x

Spartina 75.45 x x

Rose 88.21 x

Type of additive

None x

Calcium carbonate x

Rapeseed oil cake x

Plant species formed four homogeneous groups, which 

included pairs of plant species of mixed system; this means 

of mechanical durability of pellets for the investigational 

in Table 5, a graphic interpretation of the interaction of the 

durability is shown in Figure 2.

Ta b l e  5 .  

and type of additive or its lack

Factor Population

Plant

Topinambour 72.87

Spartina 75.45 74.74

Rose 88.21

Polygonaceous

Sida 74.78

None 15

Rapeseed oil cake 15

Calcium carbonate 77.51 15

 without additive

 rapeseed oil cake

 calcium carbonate

topinambour spartina rose polygonaceous sida
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Fig. 2. The interaction of the additive with the species of energy plants on mechanical durability of pellets



the effect of additives on the value rate change of mechan-

ical durability was the lowest and ranged within statistical 

error (Fig. 2). For other plants, additives improved pellet 

durability more effectively. The additive of rapeseed oil 

cake increased durability to a greater extent than the addi-

tive of calcium carbonate (Fig. 2). The additive of calcium 

carbonate and rapeseed oil cake allowed to increase the 

sum up, the greatest effect of additives was obtained for 

topinambour, spartina and sida, but for rose and polygona-

ceous practically no change in the pellets durability was 

recorded. Therefore the durability of the produced pellets 

draw any conclusions about its impact on the durability of 

pellets, especially since the moisture content of the material 

was covariate and was associated with plant species.
–1 for po-

–1 for spartina 

–1. Calcium 

pellets and the additive of rapeseed oil cake generally caused 

species of energy plants, the type of the additive used, the 

time of measurement and all of their double and triple inter-

On the basis of an analysis of the Duncan test (Table 7) four 

-

tiate the density of pellets because it formed homogenous 

groups with the additive of rapeseed oil cake and without 

any additive. Table 7 summarizes the mean density of the 

pellets determined after 1 min and after 15 min from the time 

of pellet production for comparison purposes only, because 

after 15 min indicates the expansion of the pellets associated 

with stress relaxation of the material between the particles 

Table 8, and the graphic interpretation of factors interaction 

on the density of pellets is presented in Figure 4.

4

8

12

topinambour polygonaceous sida spartina rose
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]

without additive
calcium carbonate
rapeseed oil cake

Fig. 3. 

Ta b l e  6 .  The results of the analysis of variance of factors affecting the density of the pellets from energy plants material

Source Sum of squares
Degrees

of freedom
F factor p – value

4

2

Time: C 1

8 47.5

4

2 21.4

8 47.1



Ta b l e  7 .  The results of the Duncan test of the analysis of mean 

values of the density of pellets for homogeneous groups of plant 

species, type of additive and measurement time

Factor –3 Homogenous group

Plant

Spartina x

Rose x

Topinambour x

Polygonaceous x

Sida 1218.51 x

Type of additive

Rapeseed oil cake x

Calcium carbonate x x

None x

1 x

15 x

additive was characterized by the highest density of pellets, 

whereas spartina with rapeseed cake had the lowest pellet 

the pellet production, the additive of calcium carbonate 

increased the density of pellets made of spartina material 

and after 15 min also of the material of topinambour and 

and rapeseed oil cake contributed to a slight decrease in 

of this inference requires an extension of research on the 

participation of additives, extended time of stress relaxation 

in the pellets, increasing the moisture content and diversity 

of agglomerate pressure.
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Fig. 4. The interaction of the additive with the species of energy plants and measurement time on the density of pellets

Ta b l e  8 .  

additive or its lack and measurement time

Factor –3 –3 –3 –3 Population

Plant

Topinambour 7.14

Spartina 7.14

Rose 7.14

Polygonaceous 7.14

Sida 1218.51 7.14

None

Rapeseed oil cake

Calcium carbonate

Time

1 4.51

15 4.51



1. The additive of calcium carbonate or rapeseed oil cake 

allowed to increase mechanical durability of pellets by 

2. The density of the pellets after 15 minutes was small-

production time, which indicates that expansion of the 

pellets is associated with stress relaxation between the 

particles of the material during their storage time.

-

tained for topinambour, spartina and sida, but for rose 

and polygonaceous practically no change in the pellets 

durability was recorded. However, pellets from rose 

were characterized by the highest values of the me-

be due to the structure and physical properties of that 

material.

4. Pellets produced with the additive of calcium carbonate 

were characterized by a slightly cracked outer surface 

and were matte, rough, without the characteristic glassy 

surface, formed as a result of thermal conversion of 

lignin. Pellets with an additive of rapeseed oil cake were 

characterized by a darker color and a shiny outer surface 

with burnt lignin. 
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