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Abstract. Torrefaction is the process of drying 

biomass at high temperatures in order to transform it into 

biofuels with properties and composition resembling 

carbon. The impact of high temperature breaks the chains 

of hemicellulose, lignin and cellulose and degrades the 

biomass to simpler organic compounds. The aim of this 

publication was to specify the impact of the duration of 

the heat treatment on the stability of biomass structures 

such as lignocellulose illustrated with examples of 

selected species of conifers. The research material 

consisted of shoot tips of Junniperus sabina and Picea 

abies. The material used in the process was air-dried, 

dried at 150
o
C and torrefied at temperatures of 200, 250 

and 300
o
C in a LECO camera –  TGA 701 apparatus for 

30 minutes. Fresh needles and their torrefied products 

were measured spectroscopically using FTIR Vertex 70v 

made by Bruker. Microscopic photographs of samples 

were taken in the scales 10 µm, 20 µm, and 50 µm using 

the TESCAN VEGA3 scanning electron microscope. The 

unprocessed plant material did not differ significantly 

from one another – the FTIR spectra of both plants 

exhibited the same functional groups. The biomass heat 

treatment led to significant changes in its chemical 

composition and topographic changes in the obtained 

biochars. 
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INTRODUCTION 

Torrefaction is the thermal processing of biomass to 

the form of solid fuel, the so-called biochar [2, 6, 24, 25,]. 

Torrefaction occurs at temperatures of approximately 200 

– 300°C in pressure close to atmospheric and with no 

access to oxygen [2, 3, 4, 25]. The impact of high 

temperature leads to the decomposition of polymeric 

structures and breaking of the biomass fibrous structures 

as it loses its mechanical resistance [19]. Hemicellulose is 

the first to decompose [20]. De-carbonated biomass 

densifies and obtains hydrophobic properties and more 

favourable energy parameters in comparison with the 

untreated biomass, e.g. it is more carbonated and has a 

higher calorific value [2, 18, 8, 28]. 

The duration of the process and residence of the 

material in the reactor depends primarily on the 

conditions of the process and the nature of the input 

material [1, 5, 11]. Although the concept of torrefaction is 

not new, there is still much to be done in terms of 

accurate analyses of the transition process at the level of 

chemical bonds in the constituent structures of the input 

material. Therefore, the following publication arises out 

of the necessity to complete these studies [20]. The 

research on the process may allow to eliminate the surplus 

of plant residues from the agricultural sector, whereas the 

resultant biochar may be used for fertilisers or as fuel 

(charcoal replacement), which will reduce the use of 

traditional fertilisers or energy fuels.  

 The basic components of lignocellulosic biomass 

are: cellulose, hemicellulose and lignin, which differ 

significantly from each other in terms of energy 

efficiency. Cellulose, a structural component of the cell 

wall of plants, constitutes, depending on the species and 

type, 40-60 percent of the dry lignocellulosic mass and is 

a linear polymer of cellobiose (glucose polymer). An 

important structural component in terms of energy values 

is hemicellulose constituting 20-40 percent of dry 

biomass and containing bonded short chains of various 

carbohydrates; pentoses: xylose, and arabinose, as well as 

hexoses: galactose, glucose and mannose. Lignin, whose 

content in the lignocellulose biomass of a plant amounts 

to 10-15 percent, is a complex polymer built out of 

phenylpropane and polyphenol derivatives [7, 17, 27].  

Hemicellulose decomposes more easily than cellulose 

[14, 15, 16, 20, 21]. Lignin is a product of the 

condensation of three phenolic monomers [29]. Lignin 

decomposition is a complex process mainly due to the 

numerous carbon C-C and ether bonds [9, 10]. The 

biomass "resistance" to degradation depends on the 

relation of lignin to celulose quantities, specific properties 

of the plant species (molecular organization of cellulose 

and lignin polymers, presence of sclerenchyma, structure 

of epidermis, cuticle) [10]. The thermal (pyrolytic) 

distribution of biomass is a complex process in which the 

following reactions mutually overlap: dehydration (at 

approx. 155-200°C), isomerisation, aromatisation, 

coalification, oxidation (200-280°C) and others [12, 13]. 
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During the thermolysis of biomass, at the stage of 

torrefaction, biochar is obtained (torrefied products) – a 

substance with properties similar to charcoal [2, 3, 6].   

 

MATERIAL AND METHODS 

 

The research material consisted of shoot tips of two 

species of conifers: juniper (Junniperus sabina) and 

spruce (Picea abies). The process of high temperature 

drying was conducted with the use of a thermo-

gravimetric TGA 701 analyser made by LECO under 

pressure close to atmospheric and at temperatures: 150, 

200, 250 and 300°C for the period of thirty minutes in 

nitrogen atmosphere with the purity of 99.99% and flow 

of 10l/min in eight iterations. The samples for the drying 

process and torrefaction were collected and prepared in 

accordance with the following standards: PN-EN 

14778:2011 and EN 14780:2011. The surplus amounted 

to 6g. The process parameters are as follows: 30 minutes 

of residence time, change time: 8 minutes, total time: 38 

minutes. 

The spectroscopy measurements of fresh plant shoots 

tips and torrefied products were performed using FTIR 

spectroscope (Fourier transform infrared spectroscope) 

Vertex 70v by Bruker. Each sample was measured in 

eight iterations, then using the OPUS programme and the 

"calculate spectrum" function, the spectra were added up 

and averaged. The number of scans amounted to 32, 

resolution - 2cm 
-1

. The region of the average infrared 

(400-4000 cm 
-1

) - biological materials' function groups 

vibrate within these regions [26]. ATR (Attenuated Total 

Reflectance) technique was applied. The amount of 

particular compounds was determined with the help of the 

OPUS programme, determining the absorbance value that 

was assigned to the relevant peak. Microscopic 

photographs of samples for scale 10 µm, 20 µm, 50 µm 

were taken using a TESCAN VEGA3 scanning electron 

microscope.  

 

RESULTS 

 

The jupiter FTIR spectrum exhibits wave numbers 

corresponding to the vibration of groups typical of 

chemical compounds such as polysaccharides, nucleic 

acids and phospholipids, amines, aromatic rings, 

secondary amides, fats, alcohols and phenols. Drying at 

150°C does not cause major chemical changes in the 

analysed material; the nature of the spectrum is slightly 

different but the chemical bonds in organic compounds 

remain unchanged. The increase in temperature to 200°C 

causes the loss of C-C group characteristic of aromatic 

rings (wave numbers 1450 and 1500
-1

). Operating with 

temperature of 250°C leads to the breaking of C-N bonds 

(amines), and the raising of temperature to 300°C 

eliminates vibration for PO
2-

group (nucleic acids, 

phospholipids). The FTIR spectra of fresh material from 

juniper shoot tips and their torrefied products are listed in 

Figure 1. 
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Fig 1. The FTIR spectra of fresh juniper and the products of its torrefaction 
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Table 1. Types of vibrations for function groups together with the assigned wave number - juniper 

No. 
Wave number (cm

-

1
) 

Type of vibration 
Fresh needles 

of juniper 

Needles of 

juniper 300
o
C 

1 750 

Vibration of –C=C 

group 

(polysaccharides) 

PRESENT PRESENT 

2 1045 

Symmetrical vibrations 

for PO
2-

 group (nucleic 

acids and 

phospholipids) 

PRESENT ABSENT 

3 1200 
Vibrations of C-N 

group (amines) 
PRESENT ABSENT 

4 1370 

Vibrations of C-H 

group (polysaccharides, 

proteins) 
ABSENT ABSENT 

5 1450 
Vibrations of C-C 

group (aromatic rings) 
PRESENT ABSENT 

6 1500 
Vibrations of  C-C 

(aromatic rings) 
PRESENT ABSENT 

7 1650 

Secondary amide 

(bending vibrations of 

N-H group and 

stretching vibrations of 

C-N group) 

PRESENT PRESENT 

8 2830 
Symmetrical vibration 

of  CH2 group (fats) 
PRESENT PRESENT 

9 2920 
Asymmetric vibrations 

of  CH3 group (fats) 
PRESENT PRESENT 

10 3610 

Vibrations of  O-H 

group (alcohols, 

phenols) 

PRESENT PRESENT 

11 3700 

Vibrations of  O-H 

group (alcohols, 

phenols) 

PRESENT PRESENT 

 

The FTIR spectrum of spruce exhibits wave numbers 

corresponding to the vibration of groups typical of the 

following chemical compounds: polysaccharides, nucleic 

acids and phospholipids, amines, proteins, aromatic rings, 

secondary amides, fats, alcohols and phenols. Drying at 

150°C causes the loss of vibration with the wave number 

equal to 1200
-1

 corresponding to the vibrations of C-N 

group (amines). The increase in temperature by further 

50°C does not effect in breaking consecutive bonds. 

Torrefaction at 250°C marks the disintegration of 

aromatic rings, whereas a complete loss of C-C groups is 

observed when the temperature increases by 300 °C. At 

this temperature vibrations responsible for nucleic acids 

and phospholipids also disappear. FTIR spectra for fresh 

material from spruce shoot tips and their products of 

torrefaction are listed in Figure 2. 
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Fig. 2. The FTIR spectra of fresh spruce and the products of its torrefaction 
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Table 2. Types of vibrations for function groups together with the assigned wave number - spruce. 

No. 
Wave number 

(cm
-1

) 
Type of vibrations 

Fresh needles 

of spruce 

Spruce needles 

at 300
o
C 

1 750 
Vibration of –C=C group 

(polysaccharides) 
PRESENT PRESENT 

2 1045 

Symmetrical vibrations 

for PO
2-

 group (nucleic 

acids and phospholipids) 

PRESENT PRESENT 

3 1200 
Vibrations of C-N group 

(amines) 
PRESENT ABSENT 

4 1370 
Vibrations of  C-H group 

(polysaccharides protein) 
PRESENT PRESENT 

5 1450 
Vibrations of  C-C group 

(aromatic rings) 
PRESENT ABSENT 

6 1500 
Vibrations of  C-C group 

(aromatic rings) 
PRESENT ABSENT 

7 1650 

Secondary amide 

(bending vibrations of  N-

H and stretching 

vibrations of  C-N group) 

PRESENT PRESENT 

8 2830 
Symmetrical vibrations of 

CH2 group (fats) 
PRESENT PRESENT 

9 2920 
Asymmetric vibrations of 

CH3 group (fats) 
PRESENT PRESENT 

10 3610 
Vibrations of  O-H group 

(alcohols, phenols) 
PRESENT PRESENT 

11 3700 
Vibrations of  O-H group 

(alcohols, phenols) 
PRESENT PRESENT 

 

The wave number of 750 cm
-1 

corresponds to the 

vibration of C=C function group characteristic of 

polysaccharides and present in both plants. The wave 

number of 1045 cm
-1 

is assigned to the symmetrical 

vibrations of PO 
2-

 group – these are nucleic acids and 

phospholipids. 1200 represents vibrations of the C-N 

(amines) group, 1370 represents C-H (polysaccharides 

protein) group, whereas 1450 and 1500 – are vibrations of 

C-C group typical of aromatic rings. With 1650 cm
-1

 

wave number bending vibrations are observed for N-H 

and stretching vibrations for C-N (typical of secondary 

amides) and with 2830 – symmetrical vibrations of CH2 

group and assymetrical vibrations of CH3 group, typical 

of fats. Wave numbers 3610 and 3700 correspond to the 

vibration of O-H group (alcohols and phenols). 

Unprocessed needles of spruce contain a greater 

amount of amines, whereas juniper has a greater amount 

of lipids. There is a difference in the absence of C-H 

group (indicating the presence of polysaccharides and 

proteins) in the spectrum of juniper at wave number equal 

to 1370 cm
-1

. Tips of spruce shoots show greater 

resistance to temperature compared with the material 

from juniper. The argument is that there is a greater 

number of function groups typical of fresh needles in the 

spruce FTIR spectrum than in juniper's after the process 

of torrefaction. At 150
o
C only spruce needles exhibited 

chemical shifts (such as no vibration of amine function 

groups at 1200 cm
-1

), however at 200
o
C and above greater 

resistance to high temperatures was seen in the needles of 

spruce. The temperature of 200
o
C broke function groups 

originating from the vibration of aromatic rings (1450 cm
-

1
, 1500 cm

-1
) only in the needles of juniper. A further 

increase in temperature by 50
o
C broke amine vibrations 

(1200 cm
-1

) in the material from juniper and from that 

moment on, the observations show that a greater number 

of juniper’s function groups were broken under high 

temperature than it was in the case of spruce. The 

torrefaction process at 200
o
C completely destroyed the 

aromatic rings in the material from the juniper, while in 

the case of spruce a complete loss of vibration was 

observed only at 300
o
C. The comparison of temperature 

impact on both materials is shown in Table 1. 

 

Table 3. The juxtaposition of chemical compounds 

degrading at different temperatures during the process 

based on the material from the juniper and spruce 

Temperature The elimination of compounds 

Junniperus sabina Picea abies 

150
o
C - amines 

200
o
C aromatic rings - 

250
o
C amines aromatic 

rings 

300
o
C nucleic acids, 

phospholipids 

aromatic 

rings, nucleic 

acids, 

phospholipids 

Source: Own design 
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In addition to chemical shifts, the torrefaction process 

also brings about topography changes in the processed 

biomass. In the case of spruce needles high temperature 

also brought about deep pores with thin boundaries. The 

surface of needles became more porous. The surface of 

juniper needles became rougher under high temperature; 

the smooth structure weakened. The changes were shown 

in Figures 7 and 8. 

 

 

 

 
Fig. 7. Torrefied products from juniper needles produced at 300

o
C – microscopic view at the magnification of 10, 20 

and 50 µm. 
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Fig. 8. Torrefied products of spruce needles produced at 300
o
C –microscopic view at the magnification of 10, 20 and 

50 µm 

 

CONCLUSIONS 

1. Drying at 150
o
C does not cause major changes 

and damage in the analysed plant biomass. 

2. Together with the increase in temperature, 

further bonds in biomass break and simpler organic 

compounds are created.  

3. Various chemical compounds undergo 

degradation at different temperatures and in juniper the 

compounds degrade as follows: aromatic rings, amines, 

nucleic acids, phospholipids. In spruce material the 

compounds degrade as follows: amines (at a lower 

temperature), aromatic rings (at higher temperatures), 

nucleic acids, phospholipids. 

4. The type of biomass significantly affects the 

process of torrefaction and its products. 

5. After torrefaction at 300
o
C the following 

compounds remain intact: polysaccharides, secondary 

amines, fats, alcohols and phenols (lignin components). 

6. By becoming familiar with the exact mechanism 

of the torrefaction process, one may obtain products of 

desirable properties and chemical composition. 
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