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Abstract. Chemical looping combustion (CLC) is one of the carbon capturing technologies, in
which oxygen from oxygen carrier reacts with fuel inside fuel reactor to produce CO, and H,0.
Fe-based oxygen carrier is widely used in CLC due to the low cost and less susceptible to
carbon formation. This research focuses on synthesizing and characterizing iron ore with
alumina in order to analyse the suitability of Malaysia iron ore as an oxygen carrier for CLC
application. lron ore with alumina was prepared using ball milling at various milling time
which are 1 hour, 6 hours, 8 hours and 10 hours. The phase transformation, morphology and
elemental composition of obtained samples were characterized using X-Ray Diffraction (XRD),
scanning electron microscopy (SEM), and Energy Dispersive X-Ray (XRD), respectively. In
CLC application, high reactivity of CLC can be obtained with the small particle size of oxygen
carrier. This research succeeded in producing Fe,Os/ Al,O5 using ball milling with particle size
that less than 10um with crystallite size 17nm at 10 hours, which favourable to be used as
oxygen carrier.

1. Introduction

Greenhouse gases that released to the environment cause the global warming and subsequent rise in
atmospheric temperature. Many methods were used to control the emissions of carbon dioxide (CO,)
such as increase the efficiency of energy conversion, to use renewable energy and to capture the
emissions of CO,. However, capturing and storing the CO, (CCS) is the best method to reduce CO,
emissions since combustion of fossil fuels will release the CO; into the air [1].

Chemical looping combustion was introduced as one of the carbon capture Storage (CCS) method that
required low energy consumption and capable to increase efficiency of power plant comparing to
conventional method [2]. CLC consists of two reactors, which are fuel reactor and air reactor. In CLC
application, oxygen carriers play a very significant role in the overall process since oxygen carrier
provides an oxygen for the combustion process. The oxygen carrier will react with the fuel in the fuel
reactor in order to produce pure CO, and H,O as a product. Then, this pure CO, can be stored in a
liquid form instead release to the air. The reduced oxygen carrier will be flow into air reactor to
oxidise with the air prior flow into fuel reactor again. Therefore, efficiency of CLC greatly depends on
the performance of oxygen carriers. A good oxygen carrier should have good fluidization properties,
high oxygen carrying capacity, high melting points, low cost, and environmental friendly [3].

The common metal based that was used as oxygen carriers are Fe-based, Cu-based, Ni-based, Mn-
based and Co-based. From these five metals based, Fe-based, Cu-based and Mn-based are widely been
applied in CLC system [4]. However, Cu-based has low melting point, meanwhile Ni-based shows a
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thermodynamic limitation, costly, and needed special safety measure to handle this material due to its
hazardousness [5]. Fe-based is low cost, less susceptible to carbon formation, non hazardous, so the
total operational cost would be low in CLC. However, particle agglomeration becomes major concern
after several redox reactions when using Fe-based oxygen carriers [6]. Therefore, supported materials
such as Al,O;, MgAl,O,4, SiO,, TiO, and YSZ were used with Fe-based in order to increase the
durability of Fe-based oxygen carriers [7]. Iron ore was used continuously as Fe-based oxygen carrier
in CLC since it shows good fluidization properties and minimum attrition [8].

Many methods were used to synthesize oxygen carrier such as mechanical mixing, dissolution method,
freeze granulation method and sol-gel method [9-11]. However, mechanical mixing is a facile method
that can produce small particle size of oxygen carrier. Song et al. [12] stated that, oxygen carrier with
smaller particle size are more stable at high temperature and have superior mechanical properties.
Hence, it can increase the efficiency of CLC.

Therefore, this research focuses on synthesizing and characterizing iron ore with Al,O; using ball
milling method and investigates the suitability of obtained iron ore from iron mining site in Malaysia
as an oxygen carrier. In this research various ball milling time were varied in order to determine
formation of Fe,O3 with Al,O3 since no extensive studies were found on synthesizing Malaysia iron
ore with Al,O3 as an oxygen carrier for CLC application.

2. Methodology

In this research, ball milling method was used to produce Fe,0s/Al,O3 powder. Iron ore that found in
Malaysia was heated up at temperature 950 <C prior to the milling process. This process is to maximise
the oxygen content in the powder that capable to carry more oxygen in CLC application[8]. The
mixture of iron ore and alumina are inserted into the milling jar and milled with the speed of 300 rpm
at various milled time which are 1 hour, 6 hours, 8 hours and 10 hours. Then, the obtained powder was
characterized. The morphology and elemental composition of obtained samples were characterized
using scanning electron microscopy (SEM), and Energy Dispersive X-Ray (XRD), respectively.

The crystalline phase of Fe,Os/Al,0; powder was characterized using X-Ray diffraction (SHIMADZU
6000) at a scan speed 3°/min using CuKao radiation. The crystallite size was calculated by using
Scherer equation. The Scherer equation is given below [13],

0.91
D=z B cos@ (1)

where D is crystallite size (in nm), A is the radiation wavelength (for CuKa radiation, A 1.5418A), 0 is
the diffraction peak angle and f is the broadening of the line (“half width”) measured at half its
maximum intensity (in radians). The morphology and elements of the Fe,O3/Al,O; powder were
observed using Scanning Electron Microscopy, SEM and Energy dispersive X-Ray, EDX respectively
(JEOL).

3. Powder characterizations

3.1. Phase of obtained powder

The phase of obtained powder was analyzed using XRD analysis. Figure 1 shows XRD results of
Fe,0s/Al,O3; when milled at 1 hour, 6 hours, 8 hours and 10 hours. The presence of Fe,Oz and Al,O;
can be observed in figure 1 corresponding to JCPDS no 39-1346 and JCPDS no 01-070-3319,
respectively. However, the XRD reflection intensity decreases with increasing of milling time. The
reduction of this intensity indicates the formation of amorphous structure that caused by the plastic
deformation and disintegration of Fe,O; and Al,Oz. The XRD patterns shows only Fe,O5; and Al,O3
reflections, indicating that both compositions did not undergo significant reaction and physico-
chemical changes [14]. Phourghahramani. P et al. stated that the X-Ray amorphization increases with
increasing of milling time even with the particle size reduction and high BET surface area [14].
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Figure 1. XRD result of Fe203 /Al203 when milling at 1 hour, 6 hours, 8 hours and 10 hours.
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Figure 2. Average crystallite size of Fe203 /Al203 when milling at 1 hour, 6 hours, 8 hours and 10
hours.

3.2. Crystallite size

Figure 2 shows the average crystallite size of Fe,0s/ Al,O3; powder when milling at various milling
time. The average crystallite size starts to decrease from 62 nm to 17 nm when milling time increases
from 1 hour to 10 hours. The decrease in crystallite size is resulted from broken crystals even at the
nanoscales due to the impact and abrasion forces generated inside milling jar [14].

3.3. Morphology of the Fe,03/Al, 03

Figure 3 shows microstructure of Fe,Os/ Al,O5 when milled at 1, 6, 8 and 10 hours. It can be observed
that particle size at 1 hour exhibit the aggregation of large irregular particle. Particle size start to
decrease when milling time was increased from 1lhour to 10hours. This is due to the effect of impact
force and shear friction that generate cracks continuously and decrease the particle into small particle
size [15]. However, no observable effect on the particle morphology when increases the milling time
from lhour to 10hours. Therefore, increases the milling time capable to produce Fe,O; and Al,O; at
small particle size, hence high BET surface area. Song et al. [12] stated that, smaller particle of
oxygen carriers are more stable at high temperature, and have superior mechanical properties which
can increase CLC performance.
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Figure 3. SEM images of Fe,O3 /Al,O; when milling at different time a) 1hr b) 6hrs ¢) 8hrs d) 10hrs.
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Figure 4. Elemental composition of Fe,0; /Al,O; when milling at different time a) 1hr b) 6hrs c) 8hrs d)
10hrs.

3.4. Elements of the Fe,04/Al,04

Figure 4 shows the elemental composition of Fe,Os/ Al,O; when milling at different time. Increases
milling time does not affect the elemental composition of the powder. The presence of Fe, Al and O
can be seen at all these milling times. In addition, the presence of Si and C can be found in these
powders which is in agreement with Wong et al. [16]. Si would not affect the performance of CLC
[17]. Therefore, it can be negligible. Presence of C was due to the contamination from milling process
and carbon tape during sample preparation prior analysis. Hence, this Fe,O; powder is fit to be tested
in thermogravimetric analysis (TGA) for simulating the CLC application.

4. Conclusions

According to the obtained result, Fe,O; and Al,O; was successfully synthesized using iron ore with
alumina by ball milling mixing method. Fe,Os/Al,O3 that was milled at 10hrs exhibit smaller particle
size which is less than 10um with crystallite size 17nm compare to the other milling time. Smaller
particle size can increase CLC performance, hence produced oxygen carrier that can be used in CLC
application. Furthermore, this Fe,O3; with Al,O5 can be tested using TGA analysis in order to simulate
the CLC process for its performance.
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