
  
 

 
Abstract— Pyrolysis is the heating of an organic material, such 

as biomass, in the absence of oxygen.  Because no oxygen is present 
the material does not combust but the chemical compounds (i.e. 
cellulose, hemicellulose and lignin) that make up that material 
thermally decompose into combustible gases and charcoal.  Most of 
these combustible gases can be condensed into a combustible liquid, 
called pyrolysis oil (bio-oil), though there are some permanent gases 
(CO2, CO, H2, light hydrocarbons).  Thus pyrolysis of biomass 
produces three products: one liquid, bio-oil, one solid, bio-char and 
one gaseous (syngas).  The proportion of these products depends on 
several factors including the composition of the feedstock and 
process parameters.  However, all things being equal, the yield 
of bio-oil is optimized when the pyrolysis temperature is around 
500 °C and the heating rate is high (i.e. 1000 °C/s) i.e.  fast 
pyrolysis conditions.   Under these conditions bio-oil yields of 60-70 
wt% of can be achieved from a typical biomass feedstock, with 15-25 
wt% yields of bio-char.  The remaining 10-15 wt% is 
syngas[1].  Processes that use slower heating rates are called slow 
pyrolysis and bio-char is usually the major product of such 
processes.  The pyrolysis process can be self-sustained, as 
combustion of the syngas and a portion of bio-oil or bio-char can 
provide all the necessary energy to drive the reaction. 
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I. INTRODUCTION 
IO fuels according to petroleum consecutive fluctuation, 
deteriorate, and demand of industrial world are in 
scientists and government noteworthy. Among the bio 

fuels, bio diesel has in more attention of the world. The recent 
research show that, for producing bio diesel, chemical 
catalysts has been used, and the common catalysts KOH and 
NaOH, combination (mixed) with oil, and soap formation 
from the bio diesel process will be happen, and more energy 
should be used and it is not economical. pyrolysis reactor has 
been made for changing the agricultural residues into the 
carbon in the special condition. according to table number 1, 
pyrolysis has tree type and according to user object has been 
changed[2]. 
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TABLE 1 
 TYPE OF PYROLYSIS 

Model of pyrolysis Temperature 
/◦C 

Residence 
time 

Yields / % 
liquid Char Gas 

Slow 400 Very Long 35 35 30(70% water) 

Intermediate 500 Moderate(10-
20s) 

25 25 50(50% water) 

Fast 500 Short(<2s) 13 12 75(25% water) 

Gasification 800 85 10 5 Long 

II. MATERIAL AND METHODS 
The shape of reactor is cylindrical and the height and outer 

diameter are 60 centimeter. It made by stainless steel with 2 
millimeter thickness[4]. The hit proof of rector include 7 
layers which condense the heat inside it and no more energy 
loss, fireproof cement,2 layers of rock wool, stainless steel 
colored by static Furnace color, fireproof clothes, and 
ceramics from outer to inner respectively. Reactor include  3 
K type thermocouple which located on top, middle, and 
bottom of it. The heat supply by elements which located inside 
of reactor around inner periphery. It include a control system 
that can change setting such as the heat rate and the highest 
temperature, and time of recording data, and the recording 
frequency. All the settings are changeable. The reactor is 
isolate no air or no mass transferred. Thermodynamicly the 
process is adiabatic  and in constant pressure happened. Only 
the heating elements, heat inside of reactor transferred by 
radiation, because there is no air and pressure is about 0 atom_ 
it vacuumed_ according to equal number 1: 

q0 = ∫ ∫ cos B1 cos B2

𝜋𝐿2
𝜎(𝑇𝑒4 −AgAe

𝑇𝑒4)𝑑𝐴1𝑑𝐴2              (1) 

qcond=
𝐴(𝑇𝑔−𝑇𝑤)

𝑅𝑡ℎ
               (2) 

qtotal= q0 + qcond                 (3) 
Eq1 is the radiation formula between glass and heat elements 
Eq2 is the conduction formula between glass and wood 
Eq3 is the total  heat rate 
Ag= the glass area, Ae= the element area, q0=heat transfer by radiation, L=line 
joining these 2 area dA1 and dA2, B1=angle between normal direction of dA1 
and L, B2=angle between normal direction of dA2 and L, Rth=thermal 
resistance, 𝜎=Boltzman constant. 

On top of the pyrolysis reactor there is one pressure valve 
which let the sync gases go out. Figure 1 is schematics of  the 
reactor. 
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Fig. 1 schematic of the reactor 

[1] fireproof cement,[2] rock wool, stainless steel colored by static 
Furnace color, fireproof clothes, [3]ceramics, [4]heating elements, 

[5]pressure valve, [6]thermocouple, [7]the front door with Trapezoid 
section, [8]discharge valve, [9]glass, [10] camera 

 

The heat range is from 20◦ centigrade up to 850◦ centigrade. 
All the standards such as ASTM D 2867-96 ,  ASTM D 5832-
96, ASTM D 2866-96, that for humidity, volatile materials, 
ash content respectively observed[5]. The front of reactor 
covered by a special glass that heat resist, and there is a 
camera which controlled by control system, the frequency of 
capturing and the place of camera. There is a TV port that 
allow the operator to see inside of the rector 

 

 

 

 

 

 
 

Fig. 2 control system front view 
[1]SD card input, [2]turn on and turn off button, 

[3]demonstrator, [4]systems LED,[5]control buttons 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 3 control system front view 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 

Fig. 4 control system behind view 
[1]camera port, [2]TV port, [3]thermocouple connection place, 

[4]electricity input  
 

Camera is a data camera with 600 dpi resolution and can let 
image processing operation. 

 CONCLUSION 
Pyrolysis is an endothermic process that happen in constant 

pressure and adiabatic condition. The effective factors in 
Pyrolysis process are heat rate, time of heating, and 
temperature. The product that Pyrolysis process produce, is 
usable in agricultural aims such as fertilizer and Acid Rain 
filters inside of fields, and in industrial units as fuels or as new 
generation catalysts in chemical processes. Biochar 
advantages are, reusable, environment protectors, economical, 
available, and etc. syn gas from pyrolysis process because of 
significant amount of methane CH4, in big scales, can supply a 
part of industrial units energy, and by Pyrolysis the earth will 
be protected and barricade the green house gasses transpire 
inside the atmosphere. 
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