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Abstract: Production of synthesis gas from gasification of saw dust with oxygen as a gasifying agent in bench scale
batch fixed bed reactor was studied. A series of experiments were performed to investigate the effects of different
operating parameters on the performance of the gasification process. These include, oxygen/fuel equivalence ratio,
reaction temperature, reaction residence time, particle size of saw dust, particle size of the catalyst and the type of
catalyst. The catalysts selected are, olivine, USY zeolite, granulated slag, dolomite, cement kiln dust, calcium oxide
and house red brick. Over the range of the experimental conditions used, the results obtained indicate that the best
operating conditions for a gasification process are: temperature 800°C, oxygen to fuel ratio 0.25, reaction time 90
minutes and calcined cement kiln dust as catalyst. The results also show that the product gas from gasification of
saw dust with cement kiln dust has higher H, and CO concentrations.
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1. Introduction

Sustainable energy plays an important role in the
world due to the increase in energy demand. Biomass
is considered to have more potential as fuel for
transportation. The biomass is more attractive as it is
environment friendly with no net carbon dioxide to the
atmosphere. Biomass is recognized as an important
renewable energy source. The other reasons to use the
renewable sources of energy is due to fast depletion of
fossil fuels. It is well known that the thermo-chemical
gasification is one of the most effective methods for
obtaining energy from biomass [1-2].

Gasification of solid biomass convert it to gas
often referred to as producer gas or synthesis gas
which is mainly composed of CO, CO,, CH, and H,.
The synthesis gas produced from gasification process
are governed by operating conditions including the
reaction temperature, pressure, gasifying agent,
gasification reactor, type of the waste, type and
amount of catalysts [3-24]. The significant parameters
that affects the gas quality from gasification process is
indeed the type of catalyst. Sutton et al have
summarized the following criteria for assessing the
effectiveness of the catalyst; effective tar removal,
capability of generating suitable synthesis gas,
resistance to the deactivation, simple in regeneration
and low price [24].

A fixed bed gasifier is newly developed at
National Research Center, EGYPT, to gasify fine
biomass material such as saw dust for the purpose of
power generation. Sawdust is chosen as the biomass
feed in this study because compared to other materials
saw dust is easily and abundantly available as waste
and generally disposed in landfill areas, as a cheapest
way to manage it. In addition, it is locally available at
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the surrounding areas of our institute. Saw dust is
ready available in dry form which can be used directly
in gasification processes.

In this work, the oxygen gasification of saw dust
was performed in a batch fixed bed reactor. To
achieve the maximum yield of synthesis gas from
gasification of saw dust, the best operating parameters
for saw dust gasification has to be determined. The
low heating value of the fuel gas may indicate better
utilization of the fuel. In this paper, the effects of
operating parameters on the product gas yield and its
heating value are determined and analysed

2. Material and methods
2.1. Biomass samples

Saw dust was obtained from saw mill in National
Research Center, Giza Governorate, Egypt. Saw dust
was used as a model biomass sample for the
gasification experiments. They were screened as to
neglect the particle size effect. The mean particle size
diameter (dm,) used for the gasification process is 90
pm. The proximate and ultimate analysis of saw dust
wastes produced in Egypt are reported in Table (1).
2.2 Catalyst

Seven different types of catalysts were used in
this work. These are, Olivine, CaO, house red bricks,
USY zeolite, dolomite, granulated furnace slag and
cement kiln dust. Cement kiln dust and granulated
slag were brought from the Egyptian Cement
company. Dolomite was brought from Ataka-Suez
Gulf Region. Dry (purified) zinc chloride used was
distributed by Lobachemiepvt. LTD, Mumbai, India.
Calcium hydroxide pellets package wused was
distributed by BDH laboratory supplies Poole. BHIS
LTD, England. Calcination of granulated of slag,
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dolomite and cement kiln dust was carried at 850° C
for 2 hrs. Chemical oxide analysis of catalysts is

shown in Table 2.

Table 1.Proximate and ultimate analysis of saw dust (wt%)

Proximate analysis, based on dry basis (%)

Ultimate analysis (wt %)

Heating value

TVM %

FC%

%Ash

C

O

H N S HHV MJ/kg

82.0

17

1.0

47.2

46.0

6.5 0.3 0.0 19.5

2.3 Energy content of saw dust

The molecular formulas of the biomass wastes
based on the ultimate analysis were estimated for saw
dust as CHj 5 Og 6. The higher heating value for saw
dust was estimated based on the ultimate analysis by
using the following empirical correlation equation 1.
[25].

HHV in MJ/Kg=3491 C+117.83 H-10.34 O
—1.51 N+10.05S-2.11 Ash... (1)

The higher heating value for saw dust was19.5
MIJ/Kg.
2.4 Catalysts:

The catalysts which are used in this study

include: Natural dolomite (calcium and magnesium
carbonate), calcined dolomite, olivine, granulated
slag, ultra stable zeolite (USY) zeolite, red house
brick, calcium oxide and cement kiln dust. The cement
kiln dust and granulated slag have been obtained from
National Cement Company in HELWAN City.
Catalyst properties:

Seven materials were used as catalysts as

mentioned before. The calcined catalyst was prepared

i

n muffle oven at 850 °C for 2h. The properties of

some of these catalysts are shown in Table (2).

Table 2. Chemical component of catalysts, wt%.

Catalyst MgO SlOZ CaO F6203 CI'203 A1203
Calcined dolomite 37.7 3.01 54.2 0.77 - 0..94
Olivine 51.8 36.5 0.73 9.1 0.6 0.57
Cement kiln dust 1.96 16.1 46.7 2.04 - 0.94
Granulated slag 34 39.9 26.3 2.56 - 13.7
Red house brick 1.3 74.8 1.25 5.04 - 14.08
USY zeolite 1.41 68.02 1.94 1.76 - 6.0

Calcined dolomite is a porous catalyst, its
internal surface area and the presence of oxides in its
matrix (CaO-MgO) make it an active catalyst with
respect to the tar reduction. Olivine is a naturally
occurring silicate mineral in which magnesium and
iron are embedded in the silicate tetrahedral. X-ray
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diffraction (XRD) reveals that Olivine has an
Orthombicstructure where as calcined dolomite has a
simple cubic. Figure 1 (a, b, ¢, d, e, f) show typical
X-ray diffractogram for calcined dolomite, Olivine,
slag, red house brick and USY zeolite, respectively
(Figure 1).
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Figure 1. XRD of different catalysts used in gasification of saw dust

2.4 Gasification system

Gasification of saw dust was carried out usinga
bench scale fixed-bed reactor (SS 316, 0.98 mm ID).
The total height of the reactor is 38 cm with total
volume of 42 cm’, externally heated by an electrical
furnace. The reactor consists of three main parts, to
be connected together during preparation for the
experiments. The upper part includes 2 valves and
pressure gauge to indicate the pressure during the
experiment as shown in Fig.2. The biomass and any
additives are added through the lower part. The upper
and lower part are collected together through a
middle fitting connection. In a typical test of
gasification, 0. 2 g saw dust sample (with or without
catalyst) was loaded into the reactor.
2.5 Gasification procedure.

Air in the reactor was purged for at least 5 min
using the selected gasification agent (100% Oxygen).
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The loaded reactor was put into the furnace at
selected reaction temperature where it takes 5-20 min
to reach isothermal heating. The electrical furnace
(60 cm long) with 7 cm ID and 20 cm OD and
insulated with glass wool material is used to supply
heat required to maintain the temperature of reaction
for gasification of biomass. Also there is a
temperature controller supplied with a thermocouple
(type K) which exists beside the outer surface of the
reactor to record and control the temperature inside
the reactor. After a given reaction time, the reactor
was taken out of the furnace to be cooled by an
electrical fan. It takes about 15 min to cool down the
reactor to room temperature. After that the producer
gases are then measured and collected for analysis.
Char and tar are also collected and weighted after
opening the reactor (Figure 2).
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Figure 2. Reactor for gasification of saw dust (Dimensions in cm)

2.6Method of sampling and analysis

Gaseous products were analyzed by VARIAN
model CP-3800 Gas Chromatograph at Egyptian
Petroleum Research Institute (EPRI), Nasr city,
Cairo.

The mass content of syngas constituents
multiplied by their individual higher heating value
(HHV) gave the overall higher heating HHV of the
syngas as shown in eqn. (2). Gasification efficiency
as defined in eqn. (3) is the percentage energy of
biomass conserved in the form of fuel gas.

HHV yngas = X2 HHV + Xco HHV o + X
HHV g (2)

Gasification efficiency =
(HHVsyngas * msyngas/HHVbiomass *m biomass) *
100(3)

In above equations, HHV s is the heating
value of syngas, mgyues the weight of syngas, and
Mpiomass 1 the weight of biomass, while HHV; and x;
are higher heating value and weight fraction of
syngas constituents (i=H,, CO, CHy).

The HHV of H,, CO and CH,4 are 120.9 MJ/kg,
10.11 MJ/kg and 50.2 MJ/kg, respectively.

The heating value of the char was calculated
from the elemental analysis.

HHV=0.34*C+1.4¥*H%-0.016*0%
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The biomass char and tar samples extracted
from the reactor at different conditions during
gasification were analyzed by a variety of materials
characterization techniques at Central Analytical
Laboratories of National Research Centre, Egypt.
Elemental analysis was done by CHNSO elemental
(Vario EL III). Elemental analysis was useful to
evaluate carbon conversion efficiency.

3. Results and discussions

3.1 Effect of operating parameters on the
gasification processes

3.1. Effect of air/biomass equivalence ratio on
gasification process

The appropriate equivalence ratio (ER) for the
gasification of saw dust was varied by changing the
weight of biomass and holding the other conditions
constant. Figure 3 illustrates typical profile relation of
temperature and pressure against time of the reaction
during the gasification of saw dust for one of these
groups of runs.

To study the effect of equivalence ratio on the
producer gas yield, the experimental run at
temperature of 700°C for 90 min is illustrated in
Figure 4. It was observed that the higher gas yield
was obtained at 0.25 EQ for saw dust.
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Figure 3. Profile of temperature, pressure against time of reaction during gasification
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Figure 4. Effect of Oxygen/biomass equivalence ratio on gasification products
Biomass type: Saw dust, Temperature: 700 °C, Time of reaction: 90 min

3.1.2 Effect of temperature on
distribution from gasification process

Gasification temperature of saw dust was
carried in the range of 700 -800 °C for 90 min at ER
25%. The product distribution (gas and char) is
illustrated in Figure 5.

As long as gasification temperature increases
from 700 to 800 °C, gas yield increases from 0. 87 to

product
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1.3 m’/kg while char remains almost constant as it
varies from 21 to 26 wt%, and the tar decrease from
35.6 to 8.3 wt%.

The reaction temperature influences the heating
rate, the rate and equilibrium constants and the space
time due to changes in the producer gas density
which in turn determine the products distribution of
the gasification process.
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Figure 5. Effect of temperature on gasification products
Biomass type: Saw dust, ER: 0.25, reaction time: 90 min

3.1.3 Effect of reaction time on the performance of
gasification process

Figure 6 illustrates the experimental results of
gasification of saw dust while varying the reaction
time from 15 to 90 min at 700 °C and relative fuel
/oxygen ratio constant. The, results show that the

reaction time of 90 min is sufficient for the
gasification tests in our system.

Increasing the reaction time, causes an
improvement of the produced gas quality and yield.
The gas yield rises in the case of saw dust from
0.86to 1.32 (m’/kg) by increasing the reaction time
from 15 to 90 min.
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Figure 6. Effect of time of reaction on gasification processes
Biomass: Saw dust, temperature :800 °C, ER:25%

3.1.4 Effect of particle size of biomass on
gasification of biomass

Figure 7 illustrates the effect of particle size on
gasification of saw dust. All tests were carried at 700
°C and time of reaction 90 min. The results obtained
for the gas yield show a decrease from 0.98 to 0.89
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m’/kg by increasing the particle size from 90 to 1000
um, while an increase in the char from 19.0 to 25.1
w% was noticed. The smaller the particle size of
biomass (saw dust), the more effective are mass and
heat transfer, since the particle external surface
area/volume is higher and the char formed during the
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gasification is expected to be more porous owing to a
higher volatile release which is in agreement with the
results obtained by Babu and Chaurasia (28), as they
concluded that a lower time is required for the
completion of gasification of saw dust when the
particle size decreases. Therefore, the reactivity of
the remaining char increases and thus the gasification
reaction take place to a higher extent. On the other
hand, mass and heat transfer are improved (lower
diffusion resistance coefficients when diminishing

the particle size and chemical kinetics could become
the rate controlling factor) (29).

When reaction controls the processes, reaction
rate grows exponentially with the temperature and
with the increase of the external surface area/volume
ratio. The uniform temperature reached in the particle
allows the reaction to take place throughout the
particle, not only the surface areas (since the internal
heat transfer conduction resistance and thus the
temperature gradient inside the particle is reduced
and thus leading to the’ high quality producer gas.
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Figure 7. Effect of particle size on gasification processes
Biomass: Saw dust, Temperature: 700 °C, ER:0.25, Time of reaction, 90 min

3.1.5. Effect of particle size of catalyst on
gasification processes

For determination of the effect of the catalyst
particle size, three experiments were carried at 800 °
C with three different particle sizes between 90-
1000um. The fine particle sizes of the catalyst gave
best results compared to other runs under our
conditions.

Gasification experiments were conducted using
different diameter of catalyst with pre-heating the
temperature of gasification at 800 °C. The variation
of gasification products and gas characterization with
blast furnace slag (BF) size are shown in Figure8.

The literaturereview in this part show that with
the decrease of BF slag diameter, more light gas H,
CO, less char and condensate were produced.
According to heat transfer theory of dense particle
system, in the initial dense phase accumulation
flowing state biomass particle are mainly heated by
direct contact with hot BF slag. Therefore, heat
conduction is the main heat transfer mode. The
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particle size of BF slag is a key factor influencing
heat transfer efficiency. Under the following
intensive mixing flowing state, BF slag fills the
whole pipe with biomass particle adhesion on its
surface. According to the spherical shell heat transfer
model, heat conduction and convective heat transfer
are the main heat transfer modes, affect by BF slag
particle size. With decrease of BF slag size, the
surface area of particle size increases, improving the
heat conduction efficiency and heating rate of
biomass. Higher heating rate can enhance the
emission of volatiles of biomass in gasification
processes, producing more light gas as well as less
char and condensate.

Product distribution (gas, char) at different
particle sizes of granulated slag (90-1000 um size) is
shown in Figure 7. It can be concluded from this
figure that smallest particle size of granulated slag
give high yield of the gas of1.19 m’/kg. While the
char yield was slightly affected.
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Figure 8. Effect of particle size of catalyst on gasification processes
ER: 0.25, Temp. 800°C, Time of reaction: 90 min

3.1.6 Effect of type of catalysts on the gasification

processes
3.1.6.1. Effect of olivine catalysts on the
gasification process

Natural olivine (iron and magnesium

orthosilicate) has been chosen as catalyst for this
gasification process of saw dust because of its
hardness required for the use in circulating fluidized
bed and its higher catalytic activity than silica in

Product distribution (gas and char) at different
loading of the olivine catalyst ranging from 0 to 10
wt% is shown in Figure 9. The results show that the
best gas yield from gasification of saw dust was
noticed at 5 wt% olivine. Table 3 show the effect of
concentration of olivine on gas composition during
gasification of saw dust. Table 4 Show elemental
analysis of some selected char samples after
gasification of saw dust.

biomass steam gasification.
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Figure 9. Effect of olivine catalyst on the gasification processes

ER: 0.25, Temp. 800°C, Time of reaction: 90 min
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Table (3) Effect of concentration of olivine on gas composition during gasification of saw dust

— 5
Catalyst concentration Sjs compos&tgn, vol. A)C 0 o, CooCe HHV, MJ/Kg
3 % olivine 7.52 10.71 33.34 47.06 1.35 10.68
5% olivine 12.63 15.37 25.31 43.06 1.44 9.89
10% olivine 13.11 9.19 29.54 46.64 1.51 10.32
Table 4 Char analysis after gasification of saw dust
Char C% H% 0% ash N% S% HV MJ/kg
Olivine 3 % 44.9 0.44 34.98 19.6 traces traces 7.29
Olivine 5% 55.1 0.36 33.54 11.0 traces traces 10.16
3.1.6.2 Effect of granulated slag on the gasification BF slag contains some metals oxides such as Al,O;,
processes CaO and MgO. Metal Oxides can prevent the
When blast furnace slag used as heat carrier, formation of stable chemicals structures in
there was a remarkable increase in the gas content hydrocarbons, speeds up the degradation of
(29) and a significant decrease in the tar content hydrocarbons, weaken the C-C bond and there by
(3.1% was detected). This means that BF slag decrease the activation energy of gasification reaction
demonstrated a better catalytic performance in (29). Product distribution (gas, char) at different
improving tar cracking, reducing the activation loading of the BF slag catalyst ranging from 0 to 10
energy on tar conversion and enhancing char wt% is shown in Figure 10.
gasification reaction Catalytic activity of blast furnace slag (BFS) for
The use of BF slag as heat carrier can increase gasification of biomass was studied at temperature
the contents of hydrogen, CO, and decrease the 800 °C. As seen from Figure (10) the effect of BF
contents of CH,;, CO, C,H; and C,Hg.It is known that slag on gasification process is extremely poor, which
water gas shift reaction, carbon gasification reaction is not in agreement with the above mentioned
together with steam reforming of hydrocarbons are literatures which can be attributed to the difference in
the main factors responsible for production of H, and temperatures applied in the two cases.
CO. Table (5) Show the effect of concentration of
This increase of hydrogen contents indicates BF granulated slag on gas composition for gasification of
slag can act as a good catalyst in improving above saw dust.
reactions to generate valuable gases. It is because that
T T T T T T 30
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9 /
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Figure 10. Effect of granulated slag on the gasification processes
ER: 0.25 Temp. 800°C, Time of reaction: 90 min
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Table (5) Effect of concentration of granulated slag on gas composition for gasification of saw dust, ER: 0.25,

Temp. 800°C, Time of reaction: 90 min

— 5
Catalyst concentration g?s com oocs;tlion, VOI'Cg o, CooCe HHV, MJ/Kg
2% slag 1.65 0.0 32.6 64.02 1.69 9.60
5 % slag 18.5 11.3 23.60 45.58 0.967 8.48
10 % slag 3.46 0.0 33.60 60.51 2.32 7.83

3.1.6 3. Effect of USY zeolite on
processes
Role of zeolite in biomass conversion;

Zeolite have found wide application as solid
acid catalyst or catalyst carriers in the oil refining,
petrochemical industries and gasification processes
where they have been gradually replacing
conventional homogenous and heterogeneous
catalysts. In the most of the processes, zeolite and
mesoporous materials are involved in the acid
catalyzed reactions that proceed through the
formation of carbonation like intermediates.
Therefore, the chemistry of transformation is closely
related to the chemistry of the carbonations in the
restricted micro-porous environment. Normally the

the gasification

reactions are performed in a polar gas or liquid phase
where the substrate to be converted is a hydrocarbon
oil [31].

Ultra  stable  zeolite (USY) (H-form,
Si0,/Al,05=12, BET surface arca 480 mz/g) obtained
from Toso Inc., was used as a catalyst without further
treatment.

Product distribution (gas and char) from
different loading of USY zeolite is shown in Figure
11.The gas yield increased by increasing the catalyst
from 0 to 10 wt% and then decrease. While the char
was increased by increasing the concentration of
USY zeolite. Table 6 show the effect of concentration
of USY zeolite on gas composition, carbon and heat
conversion on gasification of saw dust.
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Figure 11. Effect of USY zeolite on the gasification processes
ER: 0.25, Temp. 800°C, Time of reaction: 90 min

Table (6) Effect of concentration of USY zeolite on gas composition from gasification of saw dust. ER: 0.25, Temp.

800°C, time of reaction: 90 min

Catalyst concentration Gas composition, vol.% HHV, MJ/Kg
H, CH, CO CO, C,-Cs

2 wt% USY zeolite 22.39 17.69 24.82 33.98 1.09 9.29

Swt % USYzeolite 26.38 16.88 18.9 36.52 1.29 12.30

10 wt% USYzeolie 11.34 15.46 25.46 46.64 1.49 10.61

15wt% USYzeolie 13.45 12.03 25.03 47.77 1.71 9.16

3.1.6.4. Effect of cement kiln dust on the
gasification processes

Product distribution (gas and char) at different
loadings of cement kiln dust in the gasification of
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saw dust in the range from 2 to 10 wt % is shown in
Figure 12.The gas yield increases and the char yield
also increases, respectively, with additional loading
of cement kiln dust from 0 to 5 wt%. However,
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cement kiln dust is produced at high temperature
(>1000°C) which assumed to ensure being in the
oxidized form but when lasts for a long time in an
open air it transforms to stable carbonate form. The
percentage weight decrease after calcination of
cement kiln dust at 850 °C for 2 hrs was 19 wt%
which refers to presence of carbonates. Therefore,
cement dust catalyst was calcined in this study.

1.2

Accordingly, It is recommended to use fresh cement
kiln dust in gasification to save energy that would be
consumed to have CaO instead of CaCOs. The effect
of calcined cement kiln dust (CCKD) catalyst on
gasification of saw dust is shown in Figure 12.Table
(7) illustrates the effect of concentration of cement
kiln dust (CCKD) on gas composition, carbon and
heat conversion during gasification of saw dust.
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Figure 12. Effect of cement kiln dust on the gasification processes
ER: 0.25, Temp. 800°C, Time of reaction: 90 min

Table (7) Effect of concentration of calcined cement kiln dust (CCKD) on gas composition, carbon and heat
conversion on gasification of saw dust

Catalyst concentration Gas composition, vol.% HHV, MIJ/Kg
H, CH, CO CO, C,-Cq

2wt% CCKD 10.55 17.57 24.32 52.48 1.38 8.22

Swt% CCKD 20.33 14.59 28.25 32.69 1.13 13.26

10wt% CCKD 6.9 11.23 29.29 47.63 1.49 9.67

CCKD: calcined cement kiln dust

The gasification efficiency using calcined cement kiln dust was about 59.2 % obtained using 5 % CCKD.

3.1.6.5 Effect of red house brick on the gasification
processes

Common house clay brick can be effectively
used in a CFB gasifier to reduce tar emission and
enhance hydrogen production. The alkalies deposited
on the bed materials from biomass may potentially
behave as catalysts if their agglomerating effect can
be managed. (33).

Product distribution (gas and char, tar was
neglected) at different loading of red house brick in
the range of 0, 10 wt% is shown in Figure (13). From
Figure 13, it can be concluded that the gas yield
increased slightly by increasing the dose to 2 %, after
which it decreased by increasing the dose.Generally it
can be concluded that the red house brick is not
suitable for improving the gasification process at our
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experimental conditions of comparatively low
reaction temperature (800 °C).
3.1.6.6 Effect of dolomite on the gasification
process

Calcined dolomite include higher CaO content
with respect to marly clay and a considerable amount
of MgO and without SiO, in its structure as has been
shown in Table (2). Basically, the presence of
dolomite causes a decrease in the liquid fraction,
increase in secondary decomposition of tars and the
specific surface area of solid residue which accounts
for big chance of gas contacting solid particle (11,
14).Effective tar destruction was reported using
calcined dolomite in temperature range from 800 °C
t0 900 ° C (15, 16).
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Figure 13. Effect of red house brick on the gasification processes
ER: 0.25, Temp. 800°C, Time of reaction: 90 min
Figure (14) shows the product distribution (gas loading of dolomite reaching a maximum at 5%
and char) from gasification of saw dust with different dolomite while char yield was increasing till 10 wt%.
additives of calcined dolomite catalyst (0- 10 wt %) The effect of dolomite on gas composition and
at 800 °C. Here, gas yield increased with additional gasification efficiency is shown in Table (8).
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Figure 14. Effect of dolomite catalyst on gasification of saw dust
ER: 0.25, Temp. 800°C, Time of reaction: 90 min

Table (8) Effect of dolomite additions on gas composition and heating value during gasification of saw dust;
ER: 0.25, Temp. 800°C, Time of reaction: 90 min

. Gas composition, vol.%
Catalyst concentration H, CH, co o, CooCe HHV, MJ/Kg
Dolomite 5 wt% 32.84 5.17 19.95 40.68 1.33 10.78
Dolomite 10 wt% 22.96 8.25 24.32 42.92 1.51 10.54
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3.1. 6.7Effect of CaO on the gasification of saw
dust

Steam gasification of biomass with CO, sorbent
has raised interest of many researchers and has been
studied extensively (32-35).Among them is Dalai et
al (36).They impregenated CaO with their biomass
sample and found that the rate of hydrogen
production increased in the temperature programmed
gasification. Nevertheless, when CaO was increased,
there was no significant increase in the hydrogen
production. Mahishi and Goswami (37) found that by
using CaO as CO, sorbent in the steam gasification of
pin bark at 600 C, hydrogen yield and carbon
efficiency increased by 48.6% and 83.6%
respectively. The gasification of wet biomass using

Ca(OH), powder as CO, sorbent has been
investigated (32-37). They succeeded to increase the
yield of hydrogen by 51.5% and decrease in the CO,
content by 28.4%.

Khomah Ismail (38) have studied the effect of
particle size CaO as catalyst for gasification of oil
palm empty fruit bunch to produce hydrogen.
NanoCaO showed high production of hydrogen
meanwhile it released significantly low amount of
CO,. The results show that nano-CaO acted as
catalystas well as CO, sorbent. Calcium oxide was
used as catalyst. Nano-sized calcium oxide was
prepared in the department of ceramics, National
Research Center. Particle size distribution analysis of
the finecalcium oxide is shown in Figure 15.

Figure 15. Particle size distribution of CaO

Product distribution (gas, char) at different
loading of nano calcium oxide in the range 0 to
Twt%)is shown in Figure 16. From this figure it can
be concluded that the gas yield increased from 1.06 to
1.1 m*/kg with addition of nano-Cao. The char yield
was increased slightly also. The tar was difficult to be

calculated in these runs due to small amount of the
saw dust used. The composition of gases at 5 % nano
CaO was, 5% H,, 30.4 CH,, 13.02 % CO, 49.87 %
CO,.. In the future work we are going to emphasis the
effect of nano catalysts on the performance of the
gasification process.
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Figure 16.Effect of CaO on gasification of saw dust
ER: 0.25, Temp. 800°C, Time of reaction: 90 min
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Conclusions

The experimental studies carried for gasification

of saw dust at equivalence ratio of 0.25, temperature,
800°C, reaction time 90 min, and different catalysts
type, reveal that,

1. The cement kiln dust is more effective in

increasing the gas yield and decreasing both the char
and the tar during the gasification process.

2. 5 wt% of cement kiln dust was the best for

gasification process.
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