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The present assessment refers to the technological process of waste treatment  by means 
of the JUD-2005 installation.

The technological  process of treatment  is  designed for the following types  of wastes: 
car/transporter rubber (tyres and tyre casing) containing a big quantity of rubber and other wastes 
of wood, paper, straw, plastics, etc.

Chemical composition of rubber is (%): rubber – 45, technical carbon – 35, plasticizer – 
6, metalcord or polimercord – 11.5. sulfur – 2.5.  Wood composition (%): cellulose – 40-50; 
chemicellulose – 15-30; lignine – 15-30.

The  rubber  structure  is  a  complex  spatial  three-dimensional  network.   The 
macromolecules  (chains)  are  interconnected  through  carbon-carbon,  carbon-sulfide,  sulfide-
sulfide (disulfide), polysulfide bonds.  Apart from the bonds there are lateral bonds between the 
rubber macromolecules formed by the substances used to carry out and accelerate vulcanization: 
bonds with sulfur and oxygen atoms.

At the initial stage of heating the vulcanized rubber is decomposed, the weakest bonds of 
the three-dimensional network of the polymer chains break (the primary process).  These are the 
polysulfide, sulfide bonds and bonds with the oxygen atoms.  Further on there starts the process 
of decomposition of the products of destruction of the polymer chains – the secondary process. 
The principal of waste treatment is a thermochemical treatment at high temperatures using the 
“low-temperature plasma” in a moderate vacuum.  A thermochemical decomposition means a 
degradation of organic substances at high temperatures with a monitoring of the incoming air 
necessary to support the processes of deep destruction of the substances.  The thermochemical 
process  is  performed  in  a  reactor-gasifier  in  the  range  of  temperatures  of  
1400-1800ºC producing as a result of decomposition a mixture of gases CO, CO2, H2, CH4, and 
semiliquid  substances  that  can be used as fuel,  as well  as some quantity of gyps,  and other 
compounds that can be used as construction materials.

The  structure  of  wood  is  mainly  cellulose,  represented  by  linear  polysaccharides 
composed  of  C6H10O5 segments.   The  chains  containing  up to  10000 of  such segments  are 
stretched in the form of bundles by means of carbon bonds.  Normally,  the resultants of the 
process of thermochemical decomposition of wood are products of small molecular weight and 
carbon containing mixtures of gases.
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To have a  maximum output  of liquid fuel  and gas  in this  technological  process  it  is 
necessary to suppress the secondary reactions.  For this purpose, in this technology, a limited 
quantity of heated air is introduced into the thermochemical decomposition zone allowing for a 
simultaneous  supply of  heat  to  the raw materials,  burning in  a  lack  of  oxygen  and a  quick 
withdrawal from the reaction zone of the raw material decomposition products.  The composition 
and  the  physico-chemical  properties  of  the  products  of  thermochemical  decomposition  vary 
depending on the temperature of thermochemical decomposition, gas pressure in the reactor and 
other conditions of the process.

The  accepted  optimum  criterion  for  the  realization  of  the  process  is  the  maximum 
generation of hydrogen and carbon oxide as the gas product and of the liquid fraction.   The 
temperature of maximum hydrogen and carbon oxide generation in the gas fraction is 1420ºC, 
reason why the selected range of temperature for the realization of the process was 1400-1600ºC. 
The following results were obtained in these conditions:

- liquid fraction 40-45%;
- gas resultants 30-40%;
- ash remainders 3-5%;
- metalcord – 10% (n.a. for wood).
In the process of operation the raw material is accumulated in the deposit, which stores 

enough rubber to supply the installation during one week (app. 80 tons).  The rubber wastes are 
fragmented into pieces sized 10x10x15 cm and loaded in containers that are transferred to the 
installation  and  loaded  into  the  sluice  chamber.   At  the  loading  of  this  chamber  the  lower 
charging valve is sealed.  The raw material is kept in this chamber for 5-6 minutes, during which 
the heat, which is eliminated from the reactor dries the raw material (the temperature reaches 
350ºC), while the generated water vapors and the pyrolysis products are sent to the gasifier.  An 
automatic signal (at the decrease in the concentration of hydrogen and carbon oxide lower than 
the permissible limits) the upper valve is hermetically closed and the lower valve is opened to let 
the raw material in the reactor.  Following is the next stage of loading of the sluice chamber with 
the raw material.

The raw material is subjected to thermochemical decomposition in the furnace reactor at 
900-1800ºC.  This process results in semiproducts: the gas phase, carbon containing liquid phase, 
the aqueous phase, remainders containing carbon and metalocord.   Water passed through the 
steam generator is returned in the form of vapors to the furnace gasifier to support the process. 
The necessity of vapors to support the process depends on the composition of the raw material  
and constitutes 150 kg/hr for rubber, 70-100 kg/hr for wood.  Consumption of air heated up to 
100ºC is controlled by an air valve situated on the housing of the furnace-gasifier, criterion for 
the  supplying  of  air  being  the  temperature  inside  the  reactor  determined  by  means  of  a 
temperature probe (the temperature should not be higher than 1800ºC).  If this temperature is 
surpassed it is necessary to decrease air consumption by closing the air valve (this process is 
performed by the automatic process monitoring system).  A high temperature of 1500-1800ºC in 
the  reactor-gasifier  ensures  full  decomposition  of  dioxins,  furans,  benzopyrene,  and  other 
dangerous substances.

The  gas  product  resultant  from  the  thermochemical  process  is  transferred  to  the 
consumers  or is  used to  synthesize  fuel for internal  combustion  engines.   The cooled  down 
carbon containing solid residue is subjected to magnetic separation for the purpose of eliminating 
the metalocord wires.  

The carbon containing liquid fraction (black oil M40 used as raw material for the diesel 
fuel) after being treated is sold to the consumers.

The  technological  process  of  gasification  starts after  the  reaching  of  600ºC  in  the 
gasification reactor.  The temperature rises up to 1350-1800ºC thanks to an exothermal reaction 
of CO and H2 generation.  This temperature is kept in the specified range by a controlled supply 
(injection) of air and water vapors.  The following products result from the operation of the JUD-
2005 installation.
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The liquid phase – contains carbon and consists of two fractions: the light fraction, black 
color  brown tone.   The  ignition  temperature  is  40ºC;  the  second  fraction  –  heavy  fraction 
represents an oily liquid of dark color with a smell of petrol, partially soluble in water (20%). 
The ignition temperature is 107ºC.

The gas product – is a gas without a smell  with a humidity of 10% and inflames in 
proximity to fire.

The solid residues – consist of particles of 0.2-3 cm that represent app. 40% of the initial 
volume of waste and amount to about 30% of the initial mass of the treated wastes.

Metalocord –  represents  metal  residues  that  remain  after  the  thermochemical 
decomposition of the rubber and represent pieces of wire of white or grey color – dark in case 
the metal has been subjected to oxidation for a long time and at a high temperature.

The table shows the types and quantities of gases, which are formed in the treatment of 
some types of wastes by means of the JUD-2005 installation.

Table
Wastes and components produced as a result of thermochemical decomposition

Name of the waste Components of the resultant gas
CO H2 CH4 O2 CO2

Wood 3.5 0.9-1.8 0 0.2-0.35 10-12
Tyres 4.2-5.5 5.4-6.3 1.8-1.9 0.5-0.8 12-18
Solid household wastes 3.9 2.5 0.9 0.4 15
Carbon slurry 0.8-1.2 0.5-0.7 0 0 9.5-10.5

The table data show that the biggest CO and CO2 quantities are formed in the treatment of 
rubber.  Note that the nature and quantity of gases emitted by the JUD-2005 installation were 
determined by the Central laboratory of the State Ecological Inspectorate.

To specify the properties of the products of the JUD-2005 installation investigations were 
made at  the special  laboratory of the Department  of Metrology and Standardization (see the 
testing acts).

The chemical processes that take place in the JUD-2005 installation

Gasification of the raw material takes place according to the following reactions:

C + 1/2O2 == CO +Q
C + H2O ==H2 + CO – Q

C + O2 ==CO2

C + H2O + CxHyOz == CnHm + CH4 + H2 + CO

Incomplete thermal oxidation at temperatures higher than 1300ºC leads to the formation 
of petrol fractions with a high boiling point – black oil is formed.

Physical and chemical processes in the systems of gas purification

Notwithstanding the fact that the technical process of thermochemical treatment of wastes 
is  carried  out  at  high  temperatures  (1600-1800ºC)  allowing  for  the  destruction  of  the  most 
dangerous  substances  (benzopyrene,  dioxins,  furans  and  other  substances)  the  technological 
process of the installation also provides for a chemical  purification meant  to eliminate some 
toxic substances from the gases, which are formed in the process of operation of the installation. 
For this reason the mixture of gases and vapors (at a temperature of 1200ºC) is passed from the 
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furnace of the gasifier into the cyclone where the 10 mkm particles are subject to sedimentation. 
Then this mixture of gases and vapors passing through the cyclone gets into the gas and steam 
generator where the vapors from the gases are partially condensed increasing the size of the 
particles of water and carbon containing fractions with a low boiling temperature up to 50 mkm 
and cooling the mixture to 250-300ºC.

On the next stage the mixture of gases and vapors gets into the wet scrubber to be cooled 
down to 60-70ºC.  Water as a solvent partially absorbs SO2, CO2, organic acids and washes the 
carbon containing liquid fraction having deposited on the Roling rings.  Then the water circles in 
a closed circuit and gets into a separator where the water is separated from the carbon containing 
liquid fraction).  Separation of the water fraction from the carbon containing one is performed by 
means  of  a  physical  method  (separation  as  a  result  of  difference  of  densities  of  liquids 
(SAFLCC)).  (SAFLCC) is secured by a sealed lock from the inside of which the low boiling 
temperature fractions are pumped and transferred to the furnace-gasifier to be supplementary 
burnt.  Carbon containing liquid fractions (raw material for the diesel fuel) is separated from the 
surface of SAFLCC and transferred the accumulation tank.

The mixture of gases and vapors after the scrubber, partially washed is passed into the 
particle trapping system for a final separation of the gas fraction from the liquid one.  The liquid 
fraction from the accumulator is passed into the consumer.  The gas fraction is transferred to the 
installation of gas purification by means of lime milk where SO2, CO2 and other pollutants are 
trapped by a 10% Ca(OH)2 solution.

To assess the impact of the JUD-2005 installation over the environment it is necessary to 
analyze the impact over the ambient air, fauna and flora, surface water and to specify the kinds 
of substances resulting from its operation.

Analysis  of  the  technological  process  of  waste  treatment  allows  the  stating  of  the 
following.  In the sluice chamber the wastes are dried because the temperature in the chamber 
reaches 350ºC.  Then they are transferred to the reactor where in its upper part at a temperature 
of 650ºC the pyrolysis process starts (air-free thermal decomposition).  At the moving of the 
wastes perpendicularly downwards inside the reactor the temperature gradually rises leading to a 
complete realization of the thermochemical  process.  The process comes to an end upon the 
reaching by the wastes of the lower part of the reactor where the temperature is 1600-1800ºC. 
This process runs qualitatively in the presence of certain quantities of water vapors.  Further the 
formed gases are subjected to sedimentation of solid particles containing in them, condensation 
of the liquid phase and its separation of the gas one.

Analysis of the whole technological process of waste treatment demonstrates a minimum 
environmental  impact  as  the  process  itself  represents  a  closed  circuit.   There  are  CO2 and 
minimum SO2 and NO2 emissions to the atmosphere.  This is backed by the analysis carried out 
by  the  Center  of  Preventive  Medicine  from Soldanesti.   This  Center  collected  gas  samples 
resulting from the operation of the installation and carries out analysis for the determination of 
NO2 and CO2 concentration.  The results are included in the Protocols No 1 of 04.10.2005, No 2 
of 05.10.2005 and No 3 of  06.10.2005.   The given results  demonstrate  no surpassing  of  the 
maximum admissible concentrations neither for the noxious substances (NO2 and SO2): for NO2 

there were determined – 0.03; 0.02 with a MAC of 0.085 mg/m3; for SO2 there were determined 
0.1; 0.08 mg/m3 with a MAC of 0.05 mg/m3.

Analysis  of  the  technological  process  and  of  the  regulation  on  the  putting  of  the 
installation into operation demonstrates that this installation represents a modern installation with 
all the processes being monitored by an automatic program.

It should be noted than the operation of the installation does not produce any residual 
waters.   The  water  of  the  technological  process  is  used  to  obtain  vapors  necessary  for  the 
thermochemical process, as well as in the hydrocyclones.  The waters used in the operation of 
the installation are utilized completely in the closed circuit without forming any categories of 
residual waters.
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The solid  wastes  are  represented  by ash  (amounting  to  app.  25-30% from the  initial 
quantity  of  waste)  formed  in  the  pyrolysis  process  and by some  non-essential  quantities  of 
wastes that  are formed as a result  of purification of the gases by means of lime milk.   The 
proposal is to use the ash in the circuit  to dilute the initial  wastes and to create  some more 
optimal conditions for the burning of wastes, and to finally bury as dangerous wastes because of 
the presence of heavy metals, other toxic substances; wastes in the form of CaCO3, CaSO4 and 
Ca(NO3)2 formed as a result of chemical elimination of sulfur, nitrogen and carbon oxides – to 
use as construction materials.

Thus, the ecological assessment of the whole technological process of operation of the 
JUD-2005 installation allows the stating of the following.  The present installation represents a 
technological device that applies a technology based on thermochemical waste treatment.  This 
process  is  of  a  higher  priority  to  the simple  process  of  waste  incineration  as  it  leads  to  an 
essential decrease in emissions if compared with that of incineration.  Given that the process runs 
at  high  temperatures  (1600-1800ºC)  it  excludes  the  emission  of  the  most  toxic  substances: 
benzopyrene,  dioxins  and  furans  and  actually  transforms  the  wastes  into  gas,  liquid  and 
semiliquid  products  that  are  further  utilized  as  fuel.   Note  that  with  a  view to  exclude  the 
pollution of the environment by acid oxides like SO2, NO2, CO2 and HCL and other pollutants 
the installations is fit up by the wet purification method.  The monitoring and control of the 
installation operation process is performed via an automatic system and remotely.

Considering the characteristics of the technological process performed on the JUD-2005 
installation, the need to solve the problem of solid household wastes in the Republic of Moldova 
and the possibility to use this installation in this area it is permitted to use this installation for the 
treatment of rubber, wood, plastics, paper, carton, etc. wastes.

Director of INECO  Signature and Seal Dr., Assistant Professor A. Begu

Ex.: C. Bulimaga
Tel. 73-19-18

Traducerea acestui text din limba română  
în limba engleză a fost efectuată la biroul  
de  traduceri  «Translation  Bureau 
CORCIMARU» de către traducătorul titular  
Ruslana Corcimaru la 31 ianuarie 2007.

The  translation  of  this  Text  from 
Romanian  into  English  has  been 
performed  at  “Translation  Bureau 
CORCIMARU” by the translator  on the 
staff Ruslana Corcimaru on the 31st of 
January 2007.

Semnătura traducătorului
Translator’s signature
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