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Abstract — Carbon dioxide, included in the flue gas from the combustion of fossil fuel, was known as a representative
green house gas and various removal and utilization technologies of it has been studied for the prevention of global
warming. This study was performed as an effort to find out a method to reuse carbon dioxide separated from flue gas by
magnetite powder. Magnetite powder was synthesized using various oxidizers and alkalinity controlled aqueous solu-
tions of FeSO,7H,0 and NaOH at 50, 80, 90, 100 °C and analyzed by XRD and SEM. The analysis results showed that
magnetite powder synthesized at higher alkalinity and temperature had crystalline spinel and cubic structure. The reduc-
tion by hydrogen and the oxidation by carbon dioxide of synthesized powder were studied by TGA. The results showed
that magnetite powder synthesized at low alkalinity and temperature was non-cubical amorphous but crystalline and
cubical at high alkalinity and temperature. Comparing magnetite powders synthesized using oxidants(air and oxygen)
and nitrogen, magnetite powder using more oxygen containing oxidant synthesized more crystalline magnetite powder.
The experimental results of redox reaction of the synthesized magnetite powder showed that the reduction by hydrogen
and the oxidation by carbon dioxide were seldom observed below 400 °C and observed well at 500 °C. Magnetite pow-
der synthesized at 100 °C and alkalinity(molal concentration ratio of FeSO,7H,0O to NaOH) of 2.0 using O, showed the
highest reduction of 27.15 wt% and oxidation of 26.73 wt%, especially at reaction temperature of 500 °C.
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Table 1. The relation between R and pH
R(Fe,SO,-7H,0/NaOH) 0.5 1.0 1.5 2.0
Approximated pH 5 8 12 14
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Fig. 1. Schematic diagram of the magnetite powder synthesis apparatus.
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Table 2. Summary of test method and gas for the redox reaction of
magnetite powder(total flow: 100 cc/min)

Method Gas
Ramp 10 °C/min to 300 °C Ar(99%)
(400 °C, 500 °C)

Isothermal 1,440 min

Reduction: Hy,(5%, Ar base)
Oxidation: CO,(99%)
Ramp 10 °C/min to 20 °C N/A
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Fig. 2. Schematic diagram of TGA system for the redox test of syn-
thesized magnetite power.
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Fig. 3. SEM images of magnetite powders synthesized at various pH’s
and 100 °C.
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Fig. 4. XRD patterns of magnetite powders synthesized at various
temperatures and basic conditions(R=2.0).
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Fig. 5. XRD patterns and SEM images of the prepared powder with
various oxidants.
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Fig. 6. TGA analysis results of redox reaction of magnetite powder under
different temperatures(Oxidant=air, R=2.0).
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Fig. 7. TGA analysis results of redox reaction of magnetite powder at
different temperatures(Oxidant=0,, R=2.0).
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Fig. 8. TGA analysis results of redox reaction of magnetite powder under
different oxidant at 100 °C.

Table 3. The amounts of reduction and oxidation of magnetite powder
synthesized at 100 °C using various oxidants(Reaction conditions:
basic area(R=2.0) and 500 °C)
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