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Gas  production  and  analysis  from  pyrolysis  of  municipal  solid  waste  (MSW)  with  zeolite  and  calcined
dolomite  as  catalyst  has  been  investigated  in  a downstream  fixed-bed  reactor  over  the  temperature  range
of  200–750 ◦C. Gas  production  from  pyrolysis  of  MSW  varied  in the  range  of 49–57  mol%.  The  results  indi-
cated  the  presence  of  calcined  dolomite  influenced  significantly  the  product  yields  and  gas  composition
in  pyrolysis  process,  and  revealed  essential  catalytic  performance  on  increasing  gas  yield and  decreasing
oil  yield  and  char  yield  comparing  to  zeolite  and  non-catalytic  process.  A higher  temperature  600–750 ◦C
atalyst
eolite
alcined dolomite
unicipal solid waste
SW

yrolysis
as analyzer

resulted  in  a higher  conversion  of MSW  into  gas  production  with  a greatly  increasing  of CO  contents.
Consequently,  CO  is  a key  factor  to produce  renewable  energy  and  bio-gases  (syngas  and  methane).

© 2014  Elsevier  B.V.  All  rights  reserved.
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. Introduction

Municipal solid waste (MSW)  is primarily waste which is pro-
uced by the household, but also includes some commercial and

ndustrial waste that is similar in nature to household waste and
as been deposited in municipal landfill sites. MSW  can be a liabil-

ty if requiring disposal but also represents a considerable resource
hat can be beneficially recovered, e.g., by the recycling of mate-
ials such as aluminum cans, metals, glass, fibers, etc., or through
ecovery operations such as conversion to energy and composting.
owever, significant quantities of MSW  continue to be disposed of

n landfill largely due to its low cost and ready availability. Clearly,
ew waste management practices are needed.

In landfill the biodegradable components of MSW  (e.g., paper
nd food wastes) decompose and emit methane – a greenhouse gas
3 times more potent than carbon dioxide and the cause of signif-

cant environmental problems. Other components (e.g., leachate)
an also cause significant environmental pollution in air and ground
ater and give rise to odor. In general, valuable resources are

asted (Sakai et al., 1996).

For these reasons most countries aim to reduce their depend-
nce on the use of landfills for MSW.

E-mail addresses: obidtursunov@gmail.com, obi.bob31@gmail.com
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925-8574/© 2014 Elsevier B.V. All rights reserved.
Recycling municipal waste can be done in several ways, includ-
ng some alternative ways that have less of a harmful impact on
he environment. Environmental recycle advocates point out that
he old methods of taking care of municipal waste disposal are not
ffective, and cause great harm to the environment. Landfills have a
arge harmful environmental impact, in the form of leachate which
an contain harmful metals and chemical pollutants, and this can
et into the groundwater. Landfills also accumulate greenhouse
ases, from the decomposition process, which contribute to global
arming. There are other alternative methods of municipal waste
isposal that can be more eco friendly, and some can be a used for
onversion to energy source. Recycling municipal waste can be a
ource of energy for our home and transport.

Nonetheless, different waste treatment, management and dis-
osal methods have been applied besides the traditional methods
f incineration and landfilling. Nowadays massive attentions are
eing paid to energy efficient, environmentally friendly and eco-
omically effective technologies of pyrolysis processing of waste.
SW  pyrolysis is apparently very to reduce and avoid corrosion and

missions by refraining alkali and heavy metals (except cadmium
nd mercury), chlorine and sulfur within the process residues, pre-
ent PCDD/F formation and reduce thermal NOx formation because

f the lower temperatures and diminishing conditions. Application
f pyrolysis technology to MSW  can avoid these problems and it
s one of the promising technologies for waste-to-energy (WTE)
pplication.

dx.doi.org/10.1016/j.ecoleng.2014.04.004
http://www.sciencedirect.com/science/journal/09258574
http://www.elsevier.com/locate/ecoleng
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ecoleng.2014.04.004&domain=pdf
mailto:obidtursunov@gmail.com
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dx.doi.org/10.1016/j.ecoleng.2014.04.004
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Pyrolysis is a well-accepted thermochemical process of produc-
ng pyrolytic oil (a concoction of organic chemicals with water),
as, and charcoal. Number of studies on pyrolysis processes of solid
aste have already been investigated previously in using several

arious types of equipments such as laminar entrained-flow reac-
or (Kawaguchi et al., 2002), TG/DTA analyzer (Sricharoenchaikul
t al., 2001), fixed bed (Demiral and Sensoz, 2008), cyclone gasifier
Guo et al., 2009), fluidized beds (Kaminsky and Kummer, 1999),
nd plasma furnace (Mountouris et al., 2006). For instance, there
re two approaches for the conversion technologies: one of them
alled as fast or flash pyrolysis, which is maximize the yield of liq-
id product and another one called as traditional or conventional
yrolysis, which is to maximum the yield of fuel gas at the preferred
onditions of high temperature, low heating rate, long gas resis-
ance time and as well as, in the presence of catalyst, or to increase
he char production at the low temperature and low heating rate
s well (Maoyun et al., 2010).

The products obtained from catalytic pyrolysis process depend
n the characteristics of the catalyst used. The different catalysts
re characterized by different operating conditions and different
roduct distributions. Catalysis in this context was  used mainly to
rack higher molecular weight compounds to a lighter and more
ommercially valuable product gas. Dolomite were employed in
iomass steam gasification processes to enhance the yield and
uality of product gas and decrease tar yield by cracking and
eforming the high molecular weight organic components with
team, the catalytic activity of calcined dolomite were extensively
nvestigated in fixed-bed reactors (Chaudhari et al., 2003; Xiao
t al., 2006; Hu et al., 2006), but few literatures have been found on
atalytic behaviors of calcined dolomite in the pyrolysis of MSW.

In the present work, the purpose of this study is to investi-
ate the possible use of the organic fractions of MSW  as an energy
esource through a process of pyrolysis in a lab-scale fixed-bed
eactor with calcined dolomite as catalysts. The obtained gas pro-
uction was analyzed and their usability’s as potential sources of
enewable fuels were investigated.

. Experimental

.1. MSW  samples. Proximate and ultimate analysis

The procedure applied for collecting the representative MSW
n waste stream was based on the American Society for Testing
nd Materials (ASTM), the sampling was pick up of the garbage
ag from waste landfill at Padang Siding, Arau, Perlis, Malaysia
hich is usually an amount of 15 or 20 kg and investigated at the

esearch laboratory under School of Environmental Engineering,
niversity Malaysia Perlis (UniMAP), Kangar, Perlis, Malaysia. Next,

he waste was separated according to the selected classification
nd the MSW  samples were a mixture of seven different compo-
ents of wood, kitchen garbage, plastic bag, solid plastic, textile,
lass and ferrous materials. Each category was weighted by using
 weight balance and the materials were discarded after recording
he data. Before the experiments, the samples were shredded and
ieved into particles in size approximately 2 mm.  In the next step,
he MSW  shredded into particles in size approximately 2 mm,  and

e
c
i
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able 1
-ray analysis of the calcined dolomite (950 ◦C – 3 h).

Compound

MgO  SO3 CaO TiO2 V2O5 Cr2O3 MnO  

Conc 15.5 0.27 83.40 0.067 0.04 0.02 0.02 

Unit  % % % % % % % 
ring 69 (2014) 237–243

ixed before performing the experiments to ensure representative
SW samples from the different materials.
Ultimate analyses were used to determine the CHNS and O

ontent in MSW  Sample by using a CHNS/O (Perkin Elmer), ele-
ental analyzer. Such analysis presents the weight percent of

arbon, hydrogen, oxygen, nitrogen, and sulphur in the sample
imultaneously, and the weight percent of oxygen is determined
y difference.

Proximate analysis was  investigated according to ASTM (1998)
or determination of moisture, volatile matter, fixed carbon and ash
n MSW.  The pyrolysis and heating of MSW  sample were performed
nder the nitrogen gas and purified air with a constant flow rate of
00 ml/min and with heating rate of 50 ◦C/min.

.2. Catalyst dolomite and zeolite

The tar formed during pyrolysis is one of the major issues,
atalytic pyrolysis or gasification for tar reduction was promis-
ng (Li et al., 2008). The use of catalyst in biomass gasification
ad attracted much attention. In this study, two types of cata-

ysts zeolite and calcined dolomite were used for gas analysis and
roductivity from pyrolysis of MSW.  However, calcined dolomite
as been more effective than zeolite and also it is inexpensive and
bundant and can significantly reduce the tar content of the prod-
ct gas from a gasifier. However, calcined dolomite is significantly
ctive only above 500 ◦C. Furthermore, during MSW  pyrolysis pro-
ess tar was  formed, calcined dolomite was used to eliminate tar.
atural dolomite was  ground and sieved the particle with a size of
.2–0.5 mm was  calcined in muffle oven at 950 ◦C for 3 h. Calcined
olomite and zeolite was used as catalyst in this study. The X-ray
iffraction of zeolite and calcined dolomite has been researched by
sing PAN analytical PW 4030, model: Mini PAL 4 X-ray Spectrom-
ter. The surface characteristics and X-ray patterns of the calcined
olomite and zeolite were listed in Tables 1 and 2 and Figs. 1 and 2,
espectively.

.3. Pyrolysis apparatus and procedures

Fast pyrolysis was  conducted in a fixed-bed reactor as shown in
ig. 3. The experimental device consisted of a tube reactor with a
olume of 250 cm3, equipped with a K-type thermocouple, an elec-
ric heater, a nitrogen cylinder, a cold trap, water bath and product
ffluent. The water bath was connected to the cold trap to mea-
ure the condensation temperature. In this study, the condensation
emperature was  set up at 0 ◦C for all experiments. Sweeping gas
as been allowed to flow in according to set range in two-level

ractional experimental study. The particle sizes of the MSW  used
n this experiment were prepared at 2 mm.  Pyrolysis experiments

ere run according to fractional factorial and central composite
esign. For all experiments, whenever the pyrolysis temperature
as reached, it was  immediately cooled down to 150 ◦C within

 min. The MSW  sample was loaded in a feedstock hopper with a
apacity (weight) of 9–10 g. The catalytic pyrolysis system consists

ssentially of a OCr25Ni20 stainless tube, a gas cleaning section
ontaining a cyclone solid collector and a fibber wool filter, a cool-
ng system for the separation of water and condensable organic
apors (tar), and various gas measurement devices. The stainless

Fe2O3 CuO SrO RuO2 Pr2O3 Eu2O3 Lu2O3

0.22 0.05 0.035 0.31 0.68 0.04 0.02
% % % % % % %
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Table  2
X-ray analysis of zeolite.

Compound SiO2 CaO TiO2 Cr2O3 MnO  Fe2O3 CuO ZrO2 PdO SnO Eu2O3 OsO2

Conc 98.38 0.39 0.10 0.024 0.003 0.094 0.069 0.030 0.17 0.60 0.11 0.027
Unit  % % % % % % % % % % % %

Fig. 1. X-ray patterns of the calcined dolomite.

Fig. 2. X-ray patterns of zeolite.
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ram of the fix-bed reactor.
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Table 3
Gas analyzer measurement ranges.

Gas yield Range Resolution

HC 0–2000 ppm 1 ppm
CO  0–15% 0.001 vol%

3

3
s

o
o
s

w
f
i
disposed waste stream included of wood waste (37.58%), kitchen
garbage (16.32%), plastic bag (15.27%), solid plastic (14.57%), textile
(9.63%), glass (4.20%) and ferrous materials (2.42%). The high per-
centage of wood waste can be explained by increasing the demand
Fig. 3. Schematic diag

ube reactor was electrically heated with 10 ◦C/min to reaction
emperature. In this study, the reaction temperature was controlled
rom 200 to 750 ◦C in 50 ◦C increments (heating rate h/r), and the
perating pressure in the reactor was close to the atmospheric pres-
ure. Prior to each test, catalyst were held in the stainless tube, and
hen a porous ceramic of 80 mm in diameter and 10 mm  in thick-
ess was placed on the catalyst for collecting the char from MSW
yrolysis and uniform distribution of gas through the catalyst bed.

The procedure for a typical catalytic pyrolysis experiment is
escribed below. Prior to each experiment, calcined dolomite was
eld in the stainless tube. Each run was performed with the same
uantity of representative sample of MSW.  The shredded MSW
eedstock was loaded in a hopper. The solid char residue was mostly
ollected on the porous ceramic, the produced gas and fine parti-
les passed through the cyclone and fibber wool filter, thus the fine
articles were removed. The condensable matter was  quenched
s the gas passed through the water condenser. Subsequently, the
roduct gas was investigated by using gas analyzer. At last heating
f the furnace stopped, and the reactor was cooled to the ambient
emperature.

After each experiment, the char residues collected on the porous
eramic inside the tube and in the cyclone were weighed to deter-
ine the amount unconverted solid char. The weight of liquid

roduced in the condenser was weighed and recorded. In general,
t took 25 min  for the experiment to reach a stable state, to ensure
he reliability of test data, each experiment was repeated several
imes, and the results were in good agreement.

.4. Method of gas analysis

In this research investigation, the Gas Analyzer “Pocket Gas”
br. name: Applus) was used to identify the gas composition from
yrolysis process. Gas Analyzer Pocket Gas uses NDIR measurement
ethod. This method measures HC, CO and CO2 components in the

ample, non-scanning infrared light frequencies to characterize the
as concentrations. NDIR absorption profiles are the basis for mea-
urement. The concentration of a gas volume is a function of the
uantity of gas molecules in the sample. The absorption of infrared

ight increases with the number of gas molecules in the light path.
s the concentration of infrared-absorbing gas increases, the trans-
ission of infrared light decreases. A basic NDIR methodological
easurement system has been applied for pyrolysis process. Gas

nalyzer measurement ranges were shown in Table 3.

The specification of gas analyzer:

Temperature: 0–50 ◦C oper., −20 to 70 ◦C storage
Humidity: Up to 95% non-considering
Altitude: −300 to 2500 m
CO2 0–20% 0.01 vol%
O2 0–25% 0.01 vol%
NOx 0–5000 ppm 1 ppm

Vibration: 1.5 G sinusoidal 5–1000 Hz
Shock: 1.22 m drop to concentrate floor (gas analyzer)
Response time: 0–90% ← 8 s for NDIR measurements
Pocket PC
Power: 5 VDC 2 Amps max
Operating system: Windows Mobile/CE version 3.0 or later.

. Results and discussion

.1. MSW sampling. Proximate and ultimate analysis of MSW
ample

MSW  sampling characterization was investigated for a period
f two  month. Obtained result from sorting process and quantity
f each individual component of the MSW  at Padang Siding landfill
hows in Fig. 4.

As Fig. 4 indicates MSW  such as, wood and kitchen garbage
aste followed by plastic bag and solid plastic make up the largest

raction of generated waste in Padang Siding landfill. Top seven
ndividual materials were most prevalent in the Padang Siding
Fig. 4. Municipal solid waste (MSW)  composition.
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Table  4
Proximate and ultimate analysis of MSW.

Proximate analysis Ultimate analysis

Composition Weight (%) Composition Weight (%)

Moisture 16.9 C (carbon) 53.84
Volatile 55.1 H (hydrogen) 5.73
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Fixed carbon 8 O (oxygen) 32.93
Ash 20 N (nitrogen) 1.68
Calorific value, kcal/kg 2388 S (sulfur) 0.87

n wood by households to use in a different area of building and for
aily use as well. In addition, a few factories are located in Perlis, for

nstance “Sugar Factory”, the waste materials from these factories
ostly include of high volume of wood, different type of plastic
hich are mixed with small amount of glass and ferrous materials.

Proximate analysis involves determination of moisture content,
olatile matter, ash content, fixed carbon and also calorific value of
omposite sample. The analysis was according to ASTM method and
ltimate analysis demonstrates determination of chemical char-
cteristics of MSW  sample. Results from proximate and ultimate
nalysis were shown in Table 4.

Table 4 shows that the proximate and ultimate analysis of MSW
sed in this research. The table shows moisture content (16.9 wt%)
nd fixed carbon (8 wt%). The moisture content is measured with
he amount of water lost from materials upon drying to a constant
eight. It is directly affected by chemical and physical properties of
aterial which enable it to absorb the exiting water in the environ-
ent. Fixed carbon is the carbon remaining on surface as charcoal.

n addition, Table 4 highlights processed MSW  has volatile mat-
er content (55.1 wt%) and ash content (20 wt%); both parameters
ave influence on the pyrolysis characteristics. The MSW  is easier
o ignite and to gasify than coal apparently due its volatile matter
lthough the pyrolysis is expected to be more rapid and difficult to
ontrol. The calorific value (heating value) of MSW  was  obtained to
e 2388 kcal/kg based on the bomb calorimeter test. The results of
ltimate analysis that was investigated by CHNS/O (Perkin Elmer),
lemental analyzer was also shown in Table 4.

.2. Mechanism of catalytic pyrolysis of MSW

According to the literatures (Blasi, 2008; Li et al., 2007), the
atalytic pyrolysis process of MSW  can be divided into two steps:

Primary pyrolysis termed MSW  decomposition. This step is a
hermochemical decomposition of MSW  with production of water,
ar, char and volatiles. In this process, temperature was  the most
mportant parameter influencing the product yields distribution.
his step could perform at a lower temperature ∼300 ◦C, and
ast until a temperature of 700 ◦C or even higher. As the pyroly-
is temperature increases, the moisture inside the MSW  particles
vaporated first, then thermal degradation and devolatilization of
ried portion of the particles took place, and the volatile species
radually evolved out from the particles surface and underwent

urther pyrolysis.

Then, the second step secondary reactions of tar cracking occur
t higher temperatures (>400 ◦C). The main secondary reactions of
ar cracking and shifting include decarboxylation, decarbonylation,

C
o
3
c

able 5
roduct yields and recovery from catalytic (calcined dolomite and zeolite) pyrolysis of M

Type of MSW  pyrolysis Gas (wt%) O

Catalytic (calcined dolomite) 56.67 10
Catalytic (zeolite) 24.98 36
Non-catalytic 39.91 21

ecovery (wt%) = Gas (wt%) + Oil (wt%) + Char (wt%).
ring 69 (2014) 237–243 241

ehydrogenation, cyclization, aromatization, and polymerizing
eactions, which were given in order of increasing pyrolysis sever-
ty (e.g., increasing temperature). Part of vapors (mainly heavy
il fraction) were absorbed by the active surface of the catalyst,
nd then cracked to light vapors. The light vapors then underwent
eries reactions such as deoxygenation, cracking to form H2O, CO2,
O, alkanes, alkenes and aromatic hydrocarbons. These reactions
ould result in a decrease of tar vapors and increase of gas and
ater yields. When all of the volatile species were removed from

he solid, a residue of char was left.
According to above mentioned literatures, temperature and the

resence of catalysts are among the most important parameters
hat influenced the product yield from this process. Studies had also
ound that maximum pyrolytic oil can be obtained in the temper-
ture range of 400 and 550 ◦C. Due to the secondary reactions, the
yrolytic oil yield decreased parallel with gas amount increasing
s temperature operated over 500 ◦C.

.3. Catalysts activity

.3.1. Product yields
The MSW  pyrolysis experiments at the reactor temperature

f 750 ◦C with zeolite and calcined dolomite were carried out to
tudy the influence of the catalysts on product yields, the product
ields (gas, oil and char) from pyrolysis process were presented in
able 5. As illustrated in Table 5, there was a remarkable increase
n gas yield from 24.98 wt% with zeolite to 56.67 wt% with calcined
olomite. The oil yield decreased significantly from 36.35 wt% with
eolite to 10.88 wt%  with calcined dolomite. It was because that the
ow oil yield resulted from oxygen removal to water, CO2 and CO,
rom coke formation on the catalysts and from a significant increase
n gas yield due to catalysis (Tsai et al., 2007; Vitolo et al., 1999).
he char yield resulted 38.66 wt%  with zeolite and 32.44 wt% with
alcined dolomite, the similar tendency was  found by Williams and
orne (1994, 1995), who  pyrolyzed biomass in the form of wood

n a fluidized bed and upgraded vapors with catalysts in a fixed
ed downstream. Furthermore, the details of the materials bal-
nce calculation at different reactor temperatures over the range of
00–750 ◦C were presented in Table 5. The overall material balance
ad a closure of ∼99.99%.

Thus, pyrolysis product yields profile confirmed that the cat-
lysts promote depolymerization processes to yield a strong
ecomposition (low solid yield) or a strong liquid phase cracking
low liquid yield), and hence a higher hydrogen formation, since
his gas was formed from liquid cracking (Encinar et al., 1997).

.3.2. Gas composition
The gas composition with zeolite, calcined dolomite and also

on-catalytic pyrolysis at the reactor temperature of 200–750 ◦C
ere presented in Figs. 5, 6 and 7, respectively. It indicated that

he gas components were HC, CO and CO2. In the presence of
alcined dolomite CO contents increased significantly, while HC,

O2 contents showed the opposite tendencies. Total percentages
f product gas were 24.98% (catalytic pyrolysis with zeolite),
9.91 (non-catalytic pyrolysis) and 56.67% (catalytic pyrolysis with
alcined dolomite). Furthermore, a remarkable decrease of CO2

SW  at 200–750 ◦C reactor temperature.

il (wt%) Char (wt%) Recovery (wt%)

.88 32.44 99.99

.35 38.66 99.99

.72 38.36 99.99
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Fig. 5. Gas concentrations versus of catalyst calcined dolomite at the reaction tem-
perature 200–750 ◦C and time 7–25 (min).
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Fig. 7. The gas concentrations of non-catalytic pyrolysis at the reaction temperature
200–750 ◦C and time 7–25 (min).

F
(

3

i
s
h
t
nificantly. Thus, as the reactor temperature increased, the gas yield

T
C

ig. 6. The gas concentrations with catalyst zeolite at the reaction temperature
00–750 ◦C and time 7–25 (min).

ontent was achieved. In the presence of calcined dolomite, the
ormation rate of gaseous products, especially CO increased com-
ared to zeolite. It was concluded that calcined dolomite is an
ffective to the conversion of MSW  to useful gas production. Con-
equently, comparison of the gas, char and oil yield components

f catalytic pyrolysis with zeolite and calcined dolomite, as well as
on-catalytic pyrolysis were emphasized in Fig. 8.

s
i
w

able 6
atalytic calcined dolomite and zeolite influence of reactor temperature on product conc

Gas concentration Temperature ◦C

200 250 300 350 400 45

Catalytic calcined dolomite influence of reactor temperature on product concentrations and
HC  vol% 0.004 0.18 0.16 0.1041 0.0735 0.0
CO  vol% 0.02 0.27 0.360 0.253 0.214 1.3
CO2 vol% 0.08 0.59 0.50 0.28 0.21 0.4

Catalytic  zeolite influence of reactor temperature on product concentrations and gas charac
HC  vol% 0 0.4977 0.1046 0.0533 0.0504 0.0
CO  vol% 0.01 0.866 0.424 0.215 0.391 0.8
CO2 vol% 0.04 2.96 1.62 0.72 0.59 0.6

Non-catalytic influence of reactor temperature on product concentrations and gas characte
HC vol% 0.0002 0.0015 0.1145 0.0655 0.0378 0.0
CO  vol% 0 0.055 0.588 0.324 0.191 1.0
CO2 vol% 0.01 0.73 2.04 0.97 0.51 0.5
ig. 8. Comparison of the overall gas, char and oil yield components of catalytic
calcined dolomite; zeolite) and non-catalytic pyrolysis.

.4. Influence of temperature

The pyrolysis process is endothermic strengthened by increas-
ng temperature. Therefore, the reactor temperature had a
ignificant influence on pyrolysis process. As shown in Table 6,
igher temperatures would favor tar decomposition and the
hermal cracking of gases to increase the proportion of CO gas sig-
harply increased, while the oil and char yields decreased, the sim-
lar tendencies were found by Williams and Horne (1994, 1995). It

as because that the reactor temperature influenced the heating

entration and gas characterization.

0 500 550 600 650 700 750

 gas characterization
872 0.0032 0.0252 0.0207 0.0133 0.0055 0.0034
05 1.602 2.030 2.480 2.119 1.05 0.901
0 0.37 0.39 0.46 0.41 0.29 0.32

terization
6 0.024 0.0198 0.0202 0.018 0.0106 0.0083
3 0.583 0.776 0.831 0.52 0.444 0.341
3 0.23 0.19 0.2 0.19 0.09 0.06

rization
491 0.0396 0.02 0.0148 0.0101 0.0043 0.0033
71 1.365 1.256 1.018 0.848 0.315 0.255
5 0.35 0.26 0.19 0.11 0.02 0
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ate and the pyrolysis process, which determined products distri-
ution (Encinar et al., 1996; Scott et al., 1988). Volatiles are more
ufficiently released from MSW  particles as the reactor temper-
ture increased. The extent of secondary reactions is affected by
eactor temperature. At the higher temperature (>500 ◦C), the main
ccurring secondary reactions, such as the cracking of cyclanes and
he breaking of the long chains of macromolecules, the reaction rate
f which increases with the increase of the temperature, result in
n increase of the gas yields and a decrease of the tar production at
he higher temperature (Fagbemi et al., 2001; Wei  et al., 2006).

. Conclusion

The pyrolysis of MSW  with catalysts zeolite and calcined
olomite for gas analysis was performed at atmospheric pressure

n a fixed-bed reactor under the same conditions. The calcined
olomite and zeolite has been used under high temperature. The
ata showed that the presence of calcined dolomite influenced
ignificantly the product yields and gas composition in pyrolysis
rocess. Calcined dolomite revealed significant catalytic perfor-
ance on increasing gas yield and decreasing oil yield and char

ield compared to catalytic zeolite process.
Reactor temperature also played a great role on the product

ields and gas composition with calcined dolomite. A higher tem-
erature resulted in a higher conversion of MSW  into product gas
f CO contents. Meanwhile, CO is a main gas product and link
or renewable energy. With temperature increasing from 500 to
50 ◦C, the yield of char and tar decreased while dry gas yield
ncreased.
The results indicated that there is a strong potential for produc-

ng renewable gas from MSW  by a simple pyrolysis process with
nexpensive and abundant dolomite as catalysts. Moreover, this

W

W
W
X

iew publication statsiew publication stats
ring 69 (2014) 237–243 243

aper aims to convert MSW  which are essentially waste materials
o useful and valuable gas product.
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