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Abstract. The paper aims to use the waste of sun-flower hulls in order to obtain some lignocellulosic 
briquettes as renewable solid fuels. First, the sunflower seed husks were ground, after that they were sorted 
and only the fractions corresponding to the briquettes and pellets were used. After obtaining the stable 
briquettes there were determined the physical and caloric properties of briquettes manufactured from 
sunflower husks, as potential alternative biofuels. The moisture content, ash content and density of the 
briquettes have been determined and correlated with their calorific properties, namely the calorific value 
and calorific density. The experimental results have indicated that, even if the self-adhesion of sunflower 
seed hulls is less than that of wood sawdust, they have a better behaviour in humid environment. Good 
results make it possible to use these briquettes for both household heating systems and thermal power plants. 

1 Introduction 

Nowadays there is an impinging potential crisis of fossil 
fuels, as research shows a shortage for oil and coal in the 
next 50 – 60 years [1,2]. Wood that traditionally was 
used as energy source since ancient times is currently 
under regulation, as most of countries from the European 
Union are concerned with the preserving of the natural 
forest biotopes [2]. Due to these regulations imposed at 
national level, even inferior quality wood (obtained from 
branches and boughs), becomes less available [3,4]. 

Biomass is a renewable energetic source, because it 
increases from one year to another, it is widely spread 
world-wide and presents low costs in comparison to the 
fossil fuels, the biomass resources, from which fuel 
material is produced may include wood and wooden 
wastes, agricultural cereals and wastes resulted from 
their production, aquatic biomass and algae [12,15]. 

Wood industry by-products, such as sawdust, have 
been successfully used for the manufacturing of 
briquettes with satisfactory caloric properties, but 
nowadays a great deal of attention are focused on other 
type of biomass-derived materials, such as fruit seeds, 
peels and so forth [3-8].  

By appropriately modifying the properties of these 
biomass-derived materials, for example by thermal 
treatment, they could be transformed in superior fuels 
such as briquettes and pellets.  

Oleaginous seed husks have attracted attention lately 
due to their generation as byproduct in considerable 
amounts in the oil production industry [9] and to their 
potential use as high caloric-output materials, aided by 
the trace amounts of fatty polyesters. 

A sun-flower seeds processing unit has a current 
capacity of 400 tons in 24 hours, from which it results 
approximately 100 tons of seed shelling.    

Although the sun-flower seed shelling are wastes of 
the main production process (Fig 1), it is necessary to 
manage them, because they can lead to blockages in the 
storage facility of the factories.  

The main uses of sunflower seed shelling are in the 
briquettes and pellets field, and in the lignocellulose 
composites. They are reported to combust with minimal 
emissions of volatile organic compounds in the 
atmosphere, thus making them useful as an alternative 
ecologic fuel. 

 
Fig. 1. Sunflower oil production flow 

2 Materials and methods 

For determining the effective density of the briquettes, 
12 pieces of pellets have been chosen and machined to 
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obtain regular cylindrical specimens, usually by sanding 
ends with disc machine. The effective density is usually 
determined as a ratio between mass and volume. The 
relation in Eq.1 (considering the cylindrical form of 
briquettes) had been used in order to obtain effective 
density of briquettes:   
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Where:  
m is mass of briquettes, in g;  
d- diameter of briquettes, in mm;  
l- length of briquettes, in mm. 

From these briquettes, some samples with smaller 
lengths were extracted in order to be used for 
compressive strength. To determine the breakout 
endurance of the materials, a universal mechanical 
testing instrument was used, where there were installed 
two compression plates, as see in Fig 2.   

 
Fig. 2. Determining the compression strength of briquettes  
       

The compressive strength of briquettes is determined 
as a ratio between force and area of analyzed surface 
(Eq.2). 
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where: 
σc is the compressive strength, in N/mm2; 
F- Maximum force of briquettes crash, in N; 
A –area of compressive crash surface, in mm2. 

  Fig 2 show that all stresses are concentrated in the 
middle zone of briquettes, namely the broken surface is 
given by diameter and length of these samples, that form 
a specifically area of breakage. Taking in consideration 
the above aspects, the compressive strength will be 
determined with the next relation: 
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σc is the compressive strength, in N/mm2; 
F- Maximum force of briquettes crash, in N; 
d- Diameter of briquettes, in mm; 

where: 
σc is the compressive strength, in N/mm2; 
F- Maximum force of briquettes crash, in N; 
d- Diameter of briquettes, in mm; 
l- length of briquettes samples, in mm. 
 

The installation used for determining the calorific 
value of the wooden biomass was the explosive burning 
(bomb) calorimeter type XRY-1C, produced by 
Shanghai Changji Geological Instrument Co., from 
China (Fig. 3).          

Before testing the calibration of the calorimetric 
bomb was performed with benzoic acid with a known 
value of calorific value (26 463 kJ/kg). With this value 
of calorific value, the calorimetric coefficient noted with 
k of calorimeter will be obtained, using the normal 
procedure of determination and equation of CV 
determination (Eq.3). 
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where:  

CV is calorific value, in kJ/kg;  

k- calorific coefficient of calorimeter, in kJ/Celsius;  

tf –final temperature, in Celsius; 

ti-initial temperature, in Celsius; 

m-mass of sample, in kg;  
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is supplementary heat release in time of testing, 

in kJ/kg.
 Supplementary heat is given by burning nickel-

chromium and cotton wires and also by burning of 
HNO3 (usually 40 J). 
    

 

Fig. 3. Section view through calorimetric bomb  
 

The inferior caloric power of the sunflower husk 
pellets is determined based on the superior caloric power, 
expressed in Eq.4:  

(3) 
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LCV= HCV– 6 (MC + 9h) [kJ/kg]             (4) 
where: 
LCV- inferior caloric power, kJ/kg 
MC- wood moisture content of sample, kJ/kg 
h- hydrogen content of the sample, estimated at 3.6%, 
for the lignocellulosic materials. 

The testing sample (1) is tied to the cotton thread (2) 
and is put in the calorimeter chamber (3). The copper 
nickel thread (4) is tied to the sample and the cotton 
thread, after which the protection covers (5) is attached. 
The calorimeter chamber is connected to the calorimetric 
bomb cover 6 through two electrodes (7) and (8), which 
continue with the electrical threads for calorimetric 
bombs coupling (9) and (10). By threading the cover, the 
bomb (11) is coupled to fitting (12) to the oxygen 
supplying unit, generating a total pressure of 30 
atmospheres.  

  In fig. 4 the description of the process to determine 
the calorific power is presented, as there were presented 
by the computer software. The preparation of the test 
facility requires a series of outdoor activities, but also the 
introduction of data on the computer interface (such as 
sample weight, calorific value, etc.) 

The test procedure has three main and different steps 
[11, 18]:  

The first stage ("fore") has as purpose the 
determination of temperature variations of water in the 
calorimetric recipient, due to the heat exchange with the 
exterior before burning. During this period, usually for 5 
minutes, the temperature is determined at specified 
intervals with the precision thermocouple.   

The last reading of the temperature from the first 
period represents in fact the first temperature in the 
“main” period. The values of the temperature registered 
in this period are six. After registering the 6th value the 
flaming/ignition of the material takes place and its 
reading on the menu bar (“burning time”).  
 

 

Fig. 4. Description of the process to determine the calorific 
power  

 
The main period ("main") begins by burning (flaming) 

the sample and has as consequence the increase of water 
temperature in the calorimetric recipient, due to the 
burning of the pellet and heat delivery to container. The 
values of the temperature are indicated at one-minute 

periods. The values registered during this period vary 
according to the burning time of the fuel material in the 
calorimetric bomb. The number of registered 
temperature values may vary between 19 – 42 during 
this period. These periods are usually equaled wit time of 
this period in minutes. 

The final period ("after") has as purpose the 
determination of the average water temperature in the 
calorimetric recipient, due to the heat exchange with the 
exterior vessel after burning.  
Identical to the first stage, the temperature is shown at 
half minute periods, for 4-5 mutes and on average there 
are registered 8 – 10 values of the temperature variation. 
The last temperature value is the final temperature value 
and is recorded by the computer software. After that, the 
computer software displays the end of the test by word 
and position “end " by software. 

  For the superior calorific power, the value obtained 
was of 19256 kJ/kg, while for the inferior calorific 
power, the average value obtained was 18647 kJ/kg.  

  To determine the ash content of the seed husks, the 
general method of standardized determination was used 
(ASTM D2866-11, 2012). According to this method, the 
milled and dried material (dried to 0% moisture content) 
is calcined at a temperature of 750°C in a laboratory 
calibrated oven, for a period of at least 3 hours (Fig. 5).  

The pellets calcination is made on a metallic melting 
crucible resistant to elevated temperature of 750 Celsius 
degrees, and the weighting was made on an analytical 
balance with a 3-decimal precision.  

When determining the ash content, it will be taken 
into consideration that the sample is completely dried 
and the cleaned and empty melting pot weight, as in Eq.5 
[12, 13]. 
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where:  
ma+c -mass of ash, considering the crucible, in g; 
ms+c- mas of sample considering the crucible, in g; 
mc- mass of empty crucible, in g. 
 

 
Fig. 5. Oven for determining the ash content 

3 Results and discution 

The average mean of the sunflower briquettes density is 
0.9934 (g/cm3) (Fig.6). Large variations could be due to 
the differences in compactness. 
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Fig. 6. The density of the briquettes 
 
Fig.7 depicts the observed breakout endurance of 

briquettes, for the twelve samples taken into analysis. 
The average breakout resistance or crash strength for 

the briquettes is 0.3-0.6 MPa. 
 

 
 

Fig. 7. Compressive strength of briquettes  
  
 In fig. 8 presented  the variation of ash content, 

active carbon and volatile substances.  

 
Fig. 8. Ash content, active carbon and volatile substances in 
the briquettes 

 
The amount of ash contained is about 2.4%, the 

amount of active carbon is 22.7%, and the amount of 
volatile is 72% as determined in other research [14]. 

4 Conclusions 

The sun-flower seeds shelling are a waste from sun-
flower oil factory. These huge wastes may be used 

successfully in briquettes, after their grinding, sorting 
and drying without using other additives. From this point 
of view these obtained briquettes are some natural fuel 
materials that can be used successfully for obtaining heat 
in stoves or furnaces.  

The results presented in the paper have indicated that 
the obtained briquettes could in principle successfully 
replace the wooden sawdust briquettes or even the fire 
wood, due to the good density and the very good caloric 
power. The ash content of 2.4% is like some of European 
wooden species. The burning of briquettes obtained from 
sun-flower husk produce a clean energy, used for stoves 
or furnaces. 

This kind of briquettes has not significantly influence 
the general properties of briquettes but it makes a major 
contribution to their combustion properties because of 
low moisture content. This is one of the main reasons 
(apart from economic arguments) why many briquette 
producers are going to do next step namely to change 
raw materials from wood to agricultural waste.  

The crushing strength values obtained in the paper 
should cover the real crushing strengths, even for the 
most restrictive standards. Procedure of determination of 
breaking strength is very simple and elucidates the 
compactness and consistency of briquettes, thus 
improving the quality and properties of these products. 
Consequently this study has practical importance for 
producers and customers of briquettes.  

Biomass is one of the forms of renewable sources 
which may be converted in solid, liquid and gaseous 
energetic fuel and which may generate energy as heat by 
its burning, as well as electrical energy by conversion 
processes. 

Presently the biomass contributes with approximately 
12% to the production of primary energy in the world, 
and in the countries in developing process it covers 40-
50% of the necessary of energy. The Biomass is the 
alternative source that, according to contributed with 7% 
from the energy produced in the world. Presently, the 
use of renewable fuel materials such as wooden wastes 
for producing biofuels increases the chances of biomass 
in the availability level on the energetic market.   

Biomass is environmentally friendly and a neutral 
energy against the emissions of carbon dioxide. The 
carbon dioxide is absorbed by the plants during the 
growing process and forms a closed circuit, because the 
quantity of carbon dioxide which was absorbed by the 
plants during the growing process will be equal to the 
one which was eliminated during the complete burning 
process. 
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