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Abstract 
The most important source of renewable energy in Serbia represents biomass (60.3 %) with total 
potential of 3.405 million toe. Almost half of this amount (1.67 million toe) represents agricultural 
and industrial waste, with further negligible revalorization. Various investigations have demonstrated 
that agricultural byproducts have promising capacities to remove a variety of pollutants, which might 
increase the sustainability of their life cycle. This paper investigates the possible use of lignocellulosic 
waste material (LCW), originating from food industry as biosorbent for heavy metals, and later as a 
solid fuel. For this purpose we have used peach stone particles (PS) obtained by mechanical 
activation of this LCW as Cu(II) sorbent.  The physical and chemical characteristics of PS reveal its 
complex structure which was confirmed by SEM, and FTIR analysis.  PS behavior on pyrolysis 
process was studied by dynamic thermo gravimetric and derivate thermo gravimetric analysis. 
Results show that this lignocellulosic waste can be applied as sorbent and as a fuel. This approve that 
this agricultural waste can be a resource more than a waste and that it does not need to be disposed 
of in the costly and inefficient way, which is especially important in developing economies, like 
Serbian.  
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1. Introduction 
 

Various industries, such as mining and smelting, surface finishing industry, 
energy and fuel production, fertilizer and pesticide industry and application, metallurgy, 
electroplating, electric appliance manufacturing, metal surface treating, etc., produce and 
discharge waste containing different heavy metals into the environment [1]. These metals 
found their pathway to waste waters from these industrial facilities and to surrounding 
natural water streams, presenting serious threat to the environment and human health. 
Heavy metal pollution is one of the most important environmental problems today 
because of non-biodegradability and possibility of metal accumulation in living 
organisms. The conventional, most commonly used techniques for removing heavy 
metals from wastewater include coagulation–precipitation, ion exchange, electrolytic 
extraction, filtration etc. Many of these techniques have certain limitations including high 
operational cost and energy requirements, incomplete removal and sludge that require 
further handling or disposal. For these reasons, there is a need to develop low-cost 
processes for heavy metal removal [2]. Biosorption is one of the promising processes for 
such type of removal, which can be defined as adsorption onto the surface of biomass 
through passive metal-bonding [3, 4]. It is regarded as an effective option for heavy 
metal removal, especially at low concentrations [4].  
Copper occurs naturally in the environment and spreads through the environment 
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through natural phenomena. The production of copper has lifted over the last decades 
and due to this copper quantities in the environment have increased [5]. Soluble copper 
compounds form the largest threat to human health. The acute intake of copper leads to 
severe mucosal irritation, widespread capillary damage, hepatic and renal damage, central 
nervous problems followed by depression, gastrointestinal irritation, and possible 
necrotic changes in the liver and kidney [6]. The World Health Organization (WHO) 
recommended a maximum acceptable concentration of Cu (II) in drinking water of 
1.5mg L−1 [7].  
Worldwide, depleting of non-renewable energy sources are causing a serious economical 
and environmental threats, leading to intensive research and investments in renewable 
resources. The most important source of renewable energy in Serbia represents biomass 
(60.3 %) with total potential of 3.405 million toe. Almost half of this amount (1.67 
million toe) represents agricultural and industrial waste, unfortunately, with further 
negligible revalorization, where most of these wastes is disposed at open landfills. Peach 
(Prunus persica) has an important role in Serbia fruit production with average annual 
production of 96502 t that  generates more than 18000 t peach stone (PS) waste [8]. This 
waste contains significant amount of lignocellulosic material which have been proven as 
renewable source of many chemicals, components and biofuels. On the other hand, in 
the Republic of Serbia electricity production is still based on the combustion of low – 
rank domestic coals in thermal power plants and utilization of available hydro potential. 
Thus it is necessary to employ more renewable sources avoiding generation of waste and 
reducing environment pollution. Also, European Council Directive 1999/31/EC 
pronounces that bio waste with more than 3% organic content is no longer accepted for 
landfilling, intending to avoid uncontrolled GHG emission and soil and water pollution 
introducing strict technical requirements.  
For all the reasons previously described, the authors have tried to investigate the possible 
way to use cheap, wasted material from agricultural and food industry in sustainable 
manner-as a sorbent and later as a bio based fuel. Considering life cycle of this waste 
material, we have concluded that it should be started from small enterprises, where this 
waste is generated and where it can be used to improve energy efficiency and promote 
more sustainable way of resources use.   
 
2. Material and Methods 
 
2.1 Sorbent and sorbate preparation 

Peach stones were sampled from an open landfill in local Juice factory, where 
they have been disposed after fruits processing. After receiving, the stone samples were 
separated from fruit residues, washed, dried at room temperature, and kept in 
polypropylene bottles for further treatment. Prior to experiments, all the samples were 
crushed and separated from kernels, so for further analyse only hard stone part – 
endocarp - was taken. Samples were mechanically treated - milled in ball mill, sieved and 
separated in several fractions. For the purpose of this paper, fraction with diameter of -
0.5+0.1 mm was chosen. In order to eliminate surface impurities and open structure, 
sample was washed in 0.001M HCl and then in distilled water, dried at 60oC until 
constant mass, marked as PS and kept in polypropylene bags prior to analysis. 
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Copper solution was prepared by dissolving CuSO4·5H2O (analytical grade) in distilled 
water using standard flasks. The initial metal concentration ranged from 10 to 300 mg/L, 
and the initial pH value of solution was adjusted to 5. During the experiment, the pH 
value of solution was kept constant by adding either 0.1M HCl or 0.1M NaOH.   
 
2.2 Batch sorption experiments 

The removal of Cu(II) from its aqueous solution was conducted in batch 
reaction mode with stirring speed of 200 rpm. The experiments were done at an ambient 
temperature of 20oC, pH =5 and contact time of 180 min.  
The amount of Cu(II) uptake at equilibrium qeq (mg/g) and the removal efficiency, R (%) 
were computed as follows: ݍ = ሺ஼೔ି஼೐ሻ×௏ெ          (1) 
where Ci and Ce are the initial and equilibrium concentrations, given in mg/L, V is the 
volume of solution (L), M  the weight of biosorbent used (g). Experimental data were 
fitted to three two-parameter isotherm models: Langmuir, Freundlich and Temkin.  
 
2.3 Analyses  

The total copper concentration was determined with atomic absorption 
spectrophotometer (Perkyn Elmer AAS Analyst 300) while the pH was determined by 
pH meter type Sension MM340. Surface functional groups were determined by Fourier 
Transform Infrared Spectroscopy (FT-IR) with a Thermo Scientific Nicolet iS50 
spectrometer with a diamond attenuated total reflectance (ATR) smart accessory at a 
spectrum resolution of 2 cm-1 over a range of 4000–400 cm-1. Morphology of PS 
particles was observed using SEM model JSM - 6610LV (Jeol, Japan). Before the 
analyses, samples were dried 24 h at 60 °C and coated with gold. Thermal analysis of the 
samples was performed on a Netzsch STA 409 EP. Samples were heated (20–1000 °C) 
in an air atmosphere with a heating rate of 15 °C/min and then kept in a desiccator at a 
relative humidity of 23%, prior to analyses. 
 
3. Results and Discussion 
 
3.1 Characterization of PS 

Chemical composition of PS revealed that this waste represents lignocellulosic 
material containing cellulose (62.94%), lignin (17.93%) and hemicellulose (5.42%) [9] 
which indicates presence of many different functional groups that might be involved in 
copper removal, at the first place hydroxyl and carbonyl groups [10, 11]. This is 
confirmed by FTIR analysis which is presented in Figure 1.  
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Figure 1. FTIR spectrum and SEM image of PS sample 
 
As it can be seen from Fig.1, complex FTIR spectra of PS can be divided in two regions: 
first one in the range of 4000-2600 cm-1 which relates to -OH and -CH stretching 
vibrations, and the “fingerprint” region (1800 - 800 cm-1) characteristic for each material. 
It can be seen that the most representative bands in the first region are those assigned to 
–OH intramolecular and intermolecular stretching modes (3600-3000 cm-1) with strong 
peak at 3364.4 cm-1 and to symmetric and asymmetric methyl and methylene groups 
(3000-2800 cm-1). A very broad peak in the region between 3100 and 3600 cm-1 indicates 
the presence of exchangeable protons, typically from alcohol, amine, amide or carboxylic 
acid groups [12]. Significant peaks at 3579 cm-1 (O–H stretching from hydroxyl groups 
with intermolecular hydrogen bonding), 1733 cm-1 (indicative for free and esterified 
carboxyl groups, C=O stretching), 1598 cm-1 and 1508 cm-1 (C=C ring stretching), 1053 
cm-1 (C-O stretching in alcohols and carboxylic acid) are also observable. A peak at 1246 
cm-1 is used to indicate the presence of structural carbohydrate such as celluloses, while 
the absorptions situated around 1510 and 1600 cm-1 (aromatic skeletal vibrations) are 
caused by lignin; the absorption located at 1730 cm-1 is caused by holocellulose-
combination of cellulose and hemicellulose [13].  
It can also be seen from Fig. 1 that PS poses multilayer structure with numerous macro-
pores which enables fluid to penetrate into the internal layer of the material allowing 
deeper diffusion and better contact of Cu(II) ions with present functional groups. The 
average pore diameter of PS structure was found to be 28.5 nm [14] which is considered 
as desirable for diffusion and binding of metal species from aqueous solutions. 
 
3.2 Thermal behaviour of PS 

Thermogravimetric analysis (TGA) represents an important analytical technique 
which is used to study the thermal behaviour and characteristics of carbonaceous 
materials. Results obtained by TGA provide information on the material degradation 
process of occurring different temperatures. It is often used to predict biomass 
combustion behaviour. Interpretation of the experimental data can provide useful 
information about biomass composition and combustion kinetics. Chemical composition 
of PS and FTIR spectrum has confirmed that the main constituents of this material are 
hemicellulose, cellulose and lignin, complex natural polymers. Carbohydrate polymers 
(cellulose, hemicellulose), break down faster and provide volatile products, while the 
aromatic polymer - lignin goes through a slower degradation process [16]. TG and DTA 
curves of PS sample are presented on Fig. 2.  
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Figure 2. TGA and DTA curves of PS sample 
 
TGA result of PS sample shows a typical three-stage mass loss:  
• the first mass decomposition occurred around 100°C, which can be attributed to water 

elimination/desorption. This water represents moisture, water molecules physically 
absorbed in PS. The DTA graph also shows an endothermic peak at 103oC. In this 
region the loss of very small amount of volatile compounds may also be contributed to 
the weight loss. 

• in the range from 200-400oC occurs the greatest mass loss (around 60%) and two 
exothermic phenomena can be seen: they are both occurring due to the thermal 
decomposition of cellulose/hemicellulose portions.  

• the third mass decomposition occurred between 400 and 550°C, corresponding to the 
burning of complex aromatic lignin structure and exothermic peak at 490°C can be 
seen [17]. 

The TGA and DTA results indicate that this material can be used as a fuel, but, the 
development of feasible systems for efficient conversion of agricultural waste material, in 
this case peach stone, to energy by thermo-chemical conversion processes requires a 
fundamental understanding of its thermal properties and reaction kinetics, which should 
be further evaluated.  
 
3.3 Copper sorption  

Sorption experiments were conducted with PS particles whose diameter was 
between 0.1 and 0.5mm. According to our previous studies described elsewhere [9, 10], 
operational parameters were set as: pH = const = 5, contact time 180 min, ratio between 
sorbent mass and copper solution volume, M/V = 10g/l. Copper concentration ranged 
between 10 and 250mg/l. In this paper are presented two most frequent isotherms used 
for describing equilibrium data: Langmuir and Freundlich. Langmuir isotherm is based 
on the assumption that monolayer adsorption is occurring on homogenous sites within 
the sorbent [18]. Another two parameter isotherm model, empirical Freundlich model, 
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assumes that sorption occurs in multilayer, on heterogeneous sites [19]. Redlich – 
Peterson isotherm incorporates both Langmuir and Freundlich model and can be applied 
in homogenous or heterogeneous systems [20]. Equation of these models together with 
corresponding parameter values obtained at 25oC are presented in Table 1. Besides 
parameter values, this table contains the values of error functions which were used for 
goodness of fitting: non-linear coefficient of determination (R2) and non-linear chi 
square test (χ2).   

 
Table 1. Parameters of equilibrium models for Cu(II) sorption onto PS at 25oC 

 Temperature, 25oC

 
Figure 3. Non linearized isotherms for Cu(II) sorption by PS 

Langmuir ݍ௘ = ௘1ܥ ௅ܭ௠ݍ +  ௘ܥ௅ܭ

qm 12.37
KL 0.018
R2 0.908
χ2 0.804

Freundlich ݍ௘ = ௘ଵܥ  ௙ܭ ௡ൗ
 

Kf 0.894
n 0.473
R2 0.968
χ2 0.280

Redlich – Peterson 
௘ݍ  = ௘1ܥோ௉ܭ +  ௘ఉܥߙ

KRP 218.2
a 248.0
b 0.521
R2 0.972
χ2 0.285

 
As it can be seen from Tab 1. and Fig. 3., model that best describes adsorption behavior 
of Cu(II) ions on peach stone particles with diameter between 0.1 and 0.5mm is three 
parameters Redlich – Peterson model, based on lowest R2 and χ2 values. Maximum 
adsorption capacity obtained from Langmuir model, 12.37 mg/g reveals that, compared 
with other sorbents of natural origin, this type of sorbent have satisfactory capacity 
which should be further evaluated.   
 
4. Conclusion 
 

Due to its relative abundance and satisfactory adsorption capacity, the abundant 
waste from agricultural and food industry can be considered as a good low-cost 
adsorbent for removing copper ions from dilute aqueous solutions. The wider 
investigations should be done in order to define the best operating conditions for Cu (II) 
removing, as well as possible physical and chemical modifications that will enhance the 
pollutant. Results of characterization of this LCW material show that this lignocellulosic 
waste can be applied as sorbent and as a fuel. This approve that this agricultural waste 
can be a resource more than a waste and that it does not need to be disposed of in the 
costly and inefficient way, which is especially important in developing economies, like 
Serbian. The food and agriculture sector in the Republic of Serbia have a large potential 
to enable GHG emission reduction and improve environment quality, primarily through 
improve agricultural and environmental practices and wider utilization of agricultural 
waste residues for energy generation as the substitution of fossil based materials. Thus, 
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the authors agree that the application of peach stone waste can reduce the 
implementation of fossil resources and in the same ime reduce negative impacts of 
human activities on the environment.  
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