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ABSTRACT

Refuse Derived Fuel (RDF) was pyrolysed at temperature ranges from 300°C to 800°C with heating rate of 10°C/
min. The char yield decreased with increasing pyrolysis temperature up to 500°C, from 68.19% to 36.76%. Above
500°C, the cher yield was almost constant. However, the gas yield (includes the loss of fine oil droplets) shows an
opposite trend, with increasing pyrolysis temperature. The oil production was almost stable above temperature
S00°C. Liquid yield was very low which was below temperature 400°C because of the temperature was not sufficient
enough for the RDF to pyrolyse. However, at temperature above 400°C, most of the oil produced has broken to yield
more gas product. The analysis of pyrolysis gas showed that CO and CO; are dominant in the early stage of pyroly-
sis. Hydrocarbon, H, starts to appear at temperature above 500°C.
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Introduction

The pyrolysis and gasification processes, are the two technologies that widely applied for the treatment of special
refuse such as rubber, exhausted oils and plastics, can constitute a valid alternative to incineration of the fraction of
municipal solid waste (MSW) which can be utilized as a fuel, known as refuse derived fuel (RDF). Three products
are usually obtained from pyrolysis: gas, liquid and char. The proportion of which depend very much on the pyroly-
sis parameters and process conditions such as temperature, heating rate, and gas flow rate. The liquid product from
pyrolysis has a moderate heating value, is easily transported and can be burnt directly in thermal power stations. It
can possibly bz injected into the flow of a conventional petroleum refinery, burnt in a gas turbine, or upgraded to
obtain light hydrocarbons for transport fuel (Islam et al. 1999). The solid char can be upgraded to activated carbon.
Also, char can be mixed with water and stabilizer to produce slurry fuel. However, the gas produced from pyrolysis
process has a high colorific value (CV), that is sufficient to be used for the total energy requirements of the pyrolysis
plant (Islam et al. 1999). Much work has been done on MWS especially on incineration and gasification technolo-
gies, but not many researchers have focused their work on pyrolysis of material related to MSW especially RDF.
This study focuses on optimization of products produced from pyrolysis of RDF material. Palletised Desified-RDF
was pyrolysed in fixed bed reactor (130 mm in diameter and 300 mm: height) at 300°C to 800°C. The influences of
the process conditions on the product yields were studied.

Materials and Methods
RDF material

The RDF sample was supplied by CIVIC Environmental Technology, UK. The sample was made from common
municipal solid waste (MWS), which was, palletised of average diameter about 5 mm and length 10 mm to 25 mm.
Table 1 shows the proximate and ultimate analyses of the RDF material pyrolysed.

Pyrolysis reactor

The experimen-al system used was a fixed bed pyrolysis unit. Fig. 1 shows the schematic diagram of the pyrolysis
unit. The reactor size was 130 mm in diameter and 300 mm in height, constructed of stainless steel with temperature
control. The reactor was heated externally and nitrogen gas flow rate was 2 I/min. The RDF sample of 0.3 kg was
loaded on wire mesh in the reactor vessel and slightly tapped to ensure good packing. The furnace control was set to
the desired temperature as follows:
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Setting Temperature °C 332 360 440 550 645 740 840

Final temperature °C

300 350 400 500 600 700 800
(approx.)

Tte solid and liquid products were removed after the rector cooled to room temperature and quickly weighed to ob-
tain the yield. Gas sample was collected at the outlet of the gas analyser by using gas-sampling bottle. The composi-
tion of the gas was measured by gas chromatography.
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Fig. I: Schematic illustrations of experimental apparatus for RDF pyrolysis

Table I: Proximate and Ultimate Analysis of Raw Material (RDF).

Proximate analysis Ultimate analysis

““est Parameters (%) Test Parameters (%)
Ioisture Content 3.7 Carbon 47.0
Ash Content 13.5 Hydrogen 4.1
Volatile Content 70.0 Oxygen 31.8
FFixed Carbon 13.3 .

Calorific Value (MJ/Kg) 20.5

Results and Discussion
Pyrolysis test - Product yields

Fig. 2 shows the solid (Char) yield decreased rapidly from 68.19% (at temperature of 300°C) to 36.76% (at tempera-

406



RAJA RAJUAN RAJA DERIS ET AL

ture of 500°C) Above temperature of 500°C the char yield is almost constant with the values from 36.03%, 33.98%
and 33.23% at temperature of 600°C, 700°C and 800°C respectively. Liquid yield revealed a consistent result for
almost all stagz of temperature tested from 14.32% (at temperature 300°C) to 13.79% (at temperature 800°C). Except
for the value at 400°C and 700°C the results are slightly higher 19.49% and 16.11% respectively. Below temperature
of 400°C, the liquid yield was very low, and this is because below such temperature of 400°C pyrolysis of RDF does
not occur or just started to occur. Above 400°C the temperature is high enough to breakdown the high molecules of
the RDF materials and converted them into a gas form. The gaseous produced are condensed by the condensers to
form liquid. However, above 400°C the temperature is too high which then caused the oil products to quickly break-
down to yield mainly gas product. The gas (includes the loss of fine oil droplets) result shows an opposite trend of
solid yield. It shows a rapid increased from 17.49% (at temperature of 300°C) to 50.02% (at temperature of 500°C).
Above 500°C the oil yield is almost stable with the value of 50.16%, 49.19% and 52.98% at temperature of 600°C,
700°C and 800°C respectively. For this type of RDF materials, temperature of 500°C is a maximum temperature for
the high molecular substances especially plastics materials to breakdown to a smaller form or gas. Further increased
on the temperature does not affect the gas yield because there is no more reaction to breakdown the high molecular
compounds.

80
- | —&— Solid —#— Liquid —&— Gas
“5::’ 60 i
=
E 50 ""‘H*_______‘*_'-’”/—‘
&
O 40
= TT——
3 30
= |
= o /\- |
= — N U i
310 e 5 . ‘
i 0 - -
f 200 300 400 500 600 700 800 900

Temperature (°C)

Fig. 2: Effect of temperature on solid, liquid and gas yield

Pyrolysis test - Gas composition

Fig. 3 shows that the percentage of H; in the pyrolysis gas increases with the temperature because larger molecules
are easier to break into small molecules with increasing temperature. Large molecule contents of CH, and CsHg
started to forrn at 400°C and increased steadily up to temperature of 600°C. Above temperature of 600°C CH, and
C;Hs decrease with increasing temperature; however CO increases steadily below temperature of 600°C. The CO,
gas increases rapidly when the temperature is below 500°C, and then drops sharply with the temperature above
600°C. Nitrogen (N;) gas is not important in this study. It was used as a sweep gas for pyrolysis process. N, gas de-
creases steadily up to temperature 600°C. It is because the pyrolysis gas increases with increasing temperature.
Above temperature 600°C, N, gas increased due to decreases in pyrolysis gas.
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Fig. 3: Analysis of gases during pyrolysis of RDF at different temperatures

Char pyrolysed at 400°C and 700°C

Fesults of RDF pyrolysed at two different temperature, 400°C and 700°C, are shown in Table 2 and Table 3 as stated
telow. Such interesting result shown here is that an increase in pyrolysis temperature will increase the percentage of
ash and fixed carbon content to around 50%, as for ash content from 31.7% (400°C) to 51.3% (700°C) and fixed
carbon from 26.5% (400°C) to 44.3% (700°C). However, the volatile content and CV decrease with increases in py-
rolysis temperature, but the CV on “Dry Ash Free Basis™ are still very high for both temperatures. The CV of 35.3
MJ/kg (700°C) is similar to that of high rank coals. As for ultimate analysis the percentage of Carbon, Hydrogen and
Oxygen content decrease with increases in temperature; 54.5% to 44.5% for Carbon content, 2.6% to 1.9% for Hy-
drogen content and 10.9% to 1.4% for Oxygen content. However, on “dry ash free basis” the Carbon content at
700°C (92.9%) is much higher then at 400°C (80.2%), therefore it is important to segregate (pre-treatment) the MSW
in order to reduce the ash content.

Table 2: Proximate and ultimate analysis of char at 400°C.

Proximate analysis Ultimate analysis

Test parameters (%) Dry ash free basis (%) Test parameters (%) Dry ash free basis (%)
Moisture Content 0.3 - Carbon 54.5 80.2

Ash content 31.7 - Hydrogen 2.6 3.8

Volatile content 32.6 47.9 Oxygen :10.9 16.0

Fixed carbon 26.5 39.0

CV (MJ/kg) 22.6 332
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Table 3: Proximate and ultimate analysis of char at 700°C.

Proximate analysis Ultimate analysis
Dry ash free Dry ash free basis

Test parameters (%) biasis (%) Test pararneters (%) %)
Moisture Coritent 0.8 - Carbon 445 92.9

Ash content 513 - Hydrogen 1.9 4.0
Volatile contzant 3.5 7.3 Oxygen 1.4 2.9

Fixed carbon 44.3 92.5

CV (MJ/kg) 16.9 353

Conclusion

Pyrolysis test

The solid (Char) yield decreased rapidly as temperature rises from 300°C to 500°C. Above temperature of
500°C the char yield is almost constant with the values from 36.03%, 33.98% and 33.23% at temperature
of 600°C, 700°C and 800°C respectively.

The liquid yield shows a consistent result for almost all temperature points. The maximum yield for liquid
1s at temperature of 400°C.

The maximum yield for oil production is at 500°C. Above temperature of 500°C production of oil is almost
constant,

Incrzases in the temperature during pyrolysis of RDF cause the percentage of hydrogen to increase.

CH, and C;Hg start to appear at around 500°C. Above temperature of 600°C the amount of CH4 and C3Hg
decreases with increasing in temperature.

The maximum percentages of CO2 and CO gases were at the temperature of 500°C and 600°C respectively.
The CO, was then stable until 600°C. Above 600°C both gases decreased with increases in temperature.

Raw material analysis

Based on RDF analysis it is concluded as follows:

1.

Proximate and Ultimate analysis showed that RDF could be used as an alternative fuel for better environ-
mert. However, the main problem with RDF materials is that, it contains high ash content that can lead to
corrosion and flue gas treatment problem.

2. Ash and fixed carbon content increased up to 50% with increases in pyrolysis temperature.
3. Calorific value (CV) (on a dry ash free basis) does not change very much as for the temperature of 400°C
and 700°C.
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