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Abstract : This paper presents the essential features of an efficient and environmentally attractive
catalytic pyrolysis for used tyres valorisation with energy recovery.
Waste used tyres were catalytically pyrolysed in a batch reactor under atmospheric pressure. The
effects of oxides of alkaline-earth metals MgO and CaO uniformly plated on a single layer of
graver particles of5-7mm are investigated. Through the experimental tests the variation of
pyrolysis products yields, the composition of gases and the heating value of gaseous products at
different thermal ranges is highlighted.
The obtained results show that, compared with thermal pyrolysis, both oxides increase
significantly the amount of gases. Thus MgO generates 32.9% of gas, 27.14% of liquid, 36.8 % of
solid residue while the CaO led to 35.2% of gas, 27.5% of liquid, 36.1 % of solid residue.
Also, from GC/TCD analysis is was found that, in the range of maximum degradation rate, CaO
favours the formation of C2H4, C2H6 and C3H8, but decreases the amount of H2. On the other hand,
the use of MgO on graver particle induced a significant increasing of CH4, from 30% to 38%(vol).
Keywords : waste tyres, pyrolysis, catalyst, oxides of alkaline, energy recovery.

Introduction

Rapid social, economic, environmental and technological changes brought human society in front of
unprecedented challenges and the need for waste valorisation. Among other wastes related with the increase of
economic level of societies, end of life tyres (ELTs) consist a continuously growing environmental problem
with impacts to economy and health matters concerning every modern society Additionally, end of life tyres
consist a high calorific waste and thus it can be used in dedicated energy-to- waste plants as fuel substitute; and
as feed stock to alternative thermochemical conversion plants for both energy and carbon material production.
Apart from energy and carbon material production, a wide range of materials such as steel, fibers, shredders,
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oils, carbon filler could be also recovered, since they are the key components of the raw material, end of life
tyres.

Pyrolysis has been proposed as a viable recycling technology to treat the very large tonnages of used
tyres generated each year throughout the world. Pyrolysis, the thermal degradation of the tyre in the absence of
oxygen, generates oil, char, gas and residual steel wires, all of them having strong recycling potential1-8. The
process has the advantages of producing gaseous molecules with high calorific value that can be used to provide
the energy requirements of the process plant3,4.  The  steel  wires  may  be  readily  recycled  back  into  the  steel
industry; the oil may be burned as a substitute furnace or boiler fuel2,3,7.

Literature papers on catalytic pyrolysis of tyres are scarcer than those dealing with the catalytic
pyrolysis of other residues, such as biomass9,10 or plastics11-15.  An increase in the yield of  BTX aromatics  has
been reported16 based on results obtained by incorporating in situ zeolites in the sample container of a thermo-
balance.

Previous studies mainly correspond to the reforming of the product streams, obtained by thermal
pyrolysis of tyres, carried out in fixed bed17-20 or in fluidized bed21,  and they show a significant catalyst effect
on product distribution and a dependence of results on catalyst properties.

This paper studies the effect of oxides of alkaline-earth metals, MgO and CaO, used as catalysts, on the
pyrolytic products and on the composition of gas, uniformly plated on two layers of graver particles of 5-7mm.

Experimental Work

Materials and Methods

The raw material is a mixture of waste tyres cut in different sizes. Sigma Aldrich analytically pure
oxides, MgO and CaO, were used as catalysts.  In all the experiments the ratio catalysts/waste was kept at 1/30.
To ensure a good distribution of catalysts, 2-5mm particles of graver where used as single layer support.

The proximate and ultimate analysis was performed on tyre rubber using a C, H, N, S – O Analyzer. It
was found the following elemental composition:  0.35±0.10 %-wt of N, 84±0.20 %-wt of C, 8.4±0.15 %-wt of
H, 1.35±0.25 %-wt of S, 3.52±0.2 %-wt of O. The tyres have 3.8±0.12 %-wt of ashes and the higher heating
value is 35±0.40 MJ/kg.

Experimental Set-up

The experimental work was carried out into a laboratory bench scale installation using a fixed bed
reaction system. The fixed bed reactor with one-stage catalytic bed has a simple design. Fixed amounts of waste
tyre and supported catalyst were loaded in the reactor. Heating was controlled via an external electrical heater
and temperature inside the reactor was monitored using three thermocouples.

The volatile mattersresulting from tyre decomposition are condensed and the liquid compounds are
collected into a glass container, while the gases are directed to the gas-chromatograph with thermal conductivity
detector (GC/TCD) for analysis. The yields of pyrolysis liquid and solid residue were determined for each
experiment by weighing their amount after reaction and the gas yield was calculating by difference.

All tests have been performed at 500°C and the heating rate was keptin the range of 5-8 °C/min. The
experimental assembly is outlined in the Figure 1.
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1- Reactor
2- Electrical heater
3- Thermocouples
4- Catalytic bed
6- Condensable fraction collection
7- Ice bath
5- Condenser
8- GC/TCD

Figure 1. Experimental set-up

Results and Discussion

Catalytic Pyrolysis with MgO/ Support

1)  Influence of MgO on pyrolysis product yield:

The main aim of testing the waste tyre pyrolysis under the conditions presented above, was to highlight
the specific differences introduces by the use of catalyst supported on polydisperse sized graver particles. Figure
2 shows the yields of pyrolysis product and total conversion of tyre during pyrolysis in the absence and
presence of supported MgO. It can be seen that the yield of gas was significantly improved by the presence of
MgO. Since the liquid fraction is decreasing with almost the same order of magnitude, it appears that the gas
fraction is growing mostly by the cracking of higher molecular weight molecules at the catalyst surface. The
char yield is registering a very small reduction.

Figure 2 .  Product yield from thermal and catalytic pyrolysis

Thus, the presence of MgO / graver, improve the rate of conversion (3%) and the gas yield (9%)
compared to the simple pyrolysis.
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2)  Influence of MgO on gas quality:

Using packed column gas chromatography, it was found that the main components of the gases
generated through tyre pyrolysis are carbon monoxide (CO), hydrogen sulphide (H2S), hydrogen (H2), methane
(CH4), ethane (C2H4), ethene (C2H4), propane (C3H8), propene (C3H6), and butane (C4H10).

Figure 3 shows the gas composition from thermal and catalytic pyrolysis at 400°C.

Figure 3.  Gas composition in thermal and catalysed pyrolysis with MgO/gravel

The presence of MgO/gravel in the reaction system produced a large increase in gas yield, especially in
CH4. However, H2 showed a decrease from 29 to 23.5 %-vol.

The lower heating value (LHV) of gas is calculated taking into account the volume percentages of
identified gaseous species and they own calorific value. Figure 4 shows that with the presence of MgO the LHV
increases, due to CH4 concentration and also the slightly higher of fractions of CO and C2H4.

Figure 4:  Lower heating values (LHV) of the pyrolysis gases

Catalytic Pyrolysis with the CaO/Support

1)  Influence of CaO on pyrolysis product yield:

The total conversion and pyrolysis product yields (%-wt) obtained in the thermal and catalytic pyrolysis
experiments carried out at 500°C in presence of CaO/gravel are shown in Figure 5. It can be seen that, CaO has
similar influences on overall transformation of tyre. Compared to MgO, the use of CaO can improve the
economic balance of the process due to the fact that it can be obtained from waste materials such as seafood
shells, egg shells etc.
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Figure 5: Product yield from thermal and catalytic pyrolysis

1)  Influence of  CaO on gas quality:

As far as tyre pyrolysis gases are concerned, the following gases were determined and quantified: CO,
H2S,  H2, CH4,  C2H4,  C2H6,  C3H6,  C3H8 and  C4H10. An example of gas composition determined by gas
chromatography with the TCD detector is presented in Figure 6. It appears that in the used catalytic reactor CaO
has negative influence on H2 and CH4 concentration. Concerning the other light hydrocarbons it can be seen
that, at 400°C, C4H10 is detected only in CaO-catalysed pyrolysis.Compared to thermal pyrolysis, the presence
of CaO/gravel bring a rising of C2H6, H2S, C3H6 and C4H10 concentration.

Figure 6: Gas composition for thermal and catalysed pyrolysis with CaO/gravel

The calorific values of the gases generated in thermal and catalysed pyrolysis of tyres in presence of
CaO/ graver have been also calculated and the results are presented in Figure 7. It appears that the presence of
CaO/gravel provided a gas with a slightly higher LHV than that determined for the gas obtained through the
pyrolysis in presence of MgO/gravel.

Figure 7: Lower heating values (LHV) of the pyrolysis gases
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IV. Conclusions

Catalytic pyrolysis of waste tyres in presence of two oxides of alkaline-earth metals has been
investigated in relation to the influence of the catalysts on the yield and composition of the gas products. The
results showed that the presence of either catalyst reduced the yield of liquid fraction with a consequent increase
in the gas yield.

It was found that the presence of both MgO and CaO reduced the percentage of H2, andMgO provided a
higher production of CH4. However, the pyrolysis of tires with CaO produces a higher quantity of the other light
hydrocarbon, which resulted in similar LHV of both gases.

The obtained value reveals that, even if the tyres conversion in presence of CaO/gravel and MgO/gravel
is practically the same, as well as the pyrolysis products distribution, the mechanism of catalysed pyrolysis
doesn’t follow the same pathway for both oxides of alkaline-earth metals.

The improvement of gas fraction yield can be used in the further development of catalytic processes due
to its high gross calorific values (30–40 MJ/Nm3). This gas can provide the energy requirements of the process
plant.
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