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ABSTRACT: Freeze granulation, spray drying, impregnation
and mechanical mixing methods were adopted to prepare
Fe,05/Al,O; oxygen carriers. To identify the appropriate
technologies for batch preparation of the oxygen carriers, the
four preparation methods were compared in terms of yield rate,
preparation period, physical and chemical characteristics and
performance in chemical looping combustion (CLC) of lignite.
The experimental results show that freeze granulation has the
highest yield rate of carrier with the best mechanical strength.
CLC tests of lignite demonstrate that the oxygen carriers
prepared by freeze granulation and spray drying bring the
highest carbon conversion rate, followed by impregnation and
mechanical mixing; and the oxygen carriers prepared by the
first two methods have higher chemical reactivity and more
stable performance. In the four reduction processes with
oxygen carriers prepared by all the four preparation methods,
CO, capture efficiencies exceed 88%; the yield rate of CO,
increases with the rate of carbon conversion, finally
approaching 100%; and the combustion efficiencies are above
90%. These indicate that the oxygen carriers prepared by the
four methods all have good performances for CO, capture and
high utilization degree of the combustible components. Freeze
granulation and spray drying methods can be considered
preferentially for batch preparation of oxygen carriers for the
CLC of lignite.
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Chemical-looping combustion (CLC) is a novel
method for the combustion of fuel with inherent
separation of carbon dioxide. This technique runs in two
interconnected reactors, an air reactor and a fuel reactor.
The oxygen demanded in the fuel combustion is supplied
by a solid oxygen carrier, which circulates between both
reactors. Fuel and air are never mixed and pure CO, can
be obtained from the flue gas exit by simple
condensation. High-performance oxygen carriers are the
prerequisite of CLC technique, for which the preparation
method of oxygen carriers is vital. In large-scale
continuous CLC processes, abundant oxygen carriers are
required, so that the laboratory-scale level preparation
can never meet the demand.

This paper presents several oxygen carrier
preparation methods that have the feasibility to scale up.
Fe,04/Al,0; oxygen carriers with the design quality of
200g are prepared respectively by the methods of freeze
granulation, spray drying, impregnation and mechanical
mixing. To determine the appropriate batch preparation
technology, these methods are compared in terms of the
yield of the oxygen carriers, preparation period, physical
and chemical characterization, and thermo-chemical
performance of oxygen carriers in chemical looping
combustion of coal.

The mechanical strength of oxygen carriers is tested
by the FGJ-5 digital dynamometer. The product yield,
preparation period and mechanical strength of oxygen
carriers from each preparation method are presented in
Tab. 1.

Tab.1 Productyield, period and strength of each method

Preparation methods  Yield /% Period T/h Mechanical strength /N

Freeze granulation 38.62 37 1.948+0.202
Spray drying 15.52 20 1.537+0.213
Immersion 40.63 29 2.704+0.106
Mechanical mixing 32.12 39 5.127+0.263

To simulate the real coal direct CLC process, cyclic
redox experiments are carried out in a small fluidized
bed reactor. The gas volume concentration of the reactor
outlet is measured. The CO, concentration peak using

S9

oxygen carriers prepared by freeze granulation reaches
77.9%, which is the highest peak, followed by oxygen
carriers prepared by spray drying and immersion(about
65%) and mechanical mixing (about 45%). The CO,
concentration peak for oxygen carriers prepared by
freeze granulation is maintained about 80% in the four
times reduction reactions reacting with lignite, and the
reaction time required is 73 s, 76 s, 77 s and 76 s,
respectively. The relationship between the carbon
conversion rate and the average carbon conversion rate is
shown in Fig. 1, from which we can tell that oxygen
carriers prepared by freeze granulation have stable
performance. The similar situation occurs for oxygen
carriers prepared by spray drying.
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Fig. 1 Carbon conversion rate Xc and rav(t) in the 4 redox
processes for oxygen carriers by freeze granulation

Besides, other thermo-chemical parameters such as
carbon conversion, CO, capture efficiency, gas yield of
CO, and combustion efficiency are calculated. For
different oxygen carriers the CO, capture efficiencies are
above 88% in the multicycle tests; the gas yield of CO,
increases with the carbon conversion, and finally closes
to 100%; the combustion efficiencies are above 90%.

Based on the above analysis, oxygen carriers
prepared by the above four methods all have a good
effect for CO, capture and a high utilization degree of
the combustible components, and among them the freeze
granulation and spray drying methods should be used for
batch preparation of oxygen carriers for their higher
product vyield, higher mechanical strength, higher
chemical reactivity and more stable performance.



