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Reactivity and Attrition Resistance of Three Oxygen Carrier
Particles for Chemical-Looping Combustor

Ho-Jung Ryu', Gyoung-Tae lin

Advanced Clean Energy Process Research Center, Korea Institute of Energy Research,
71-2 Jang-dong Yuseong-gu Daejeon 305-343, Korea

ABSTRACT

To find a suitable oxygen carrier particle for a 50kW chemical-looping combustor,
which was designed and installed to demonstrate continuous oxidation and reduction, three
oxygen carrier particles(NiO/bentonite, NiO/NiALOs, CoO./CoAl;0s) were prepared. The
reactivity and the attrition resistance of particles were measured and investigated by a
thermo-gravimetrical analyzer and an attrition test apparatus respectively. From the viewpoints
of oxygen transfer capacity, optimum reaction temperature(operating temperature range), reaction
rate, carbon deposition rate, and attrition resistance, NiO/bentonite particle showed better
performance than the other particles, therefore we selected NiO/bentonite particle as an optimum
oxygen carrier particle.

FQ2I&80 : Chemical-Looping Combustor (7} | =2k2] 7b22<d 2 7]), Carbon dioxide (o}t
3}Eb2), Nitrogen oxides (HA4F3LE), Power generation (Z7), Oxygen
Carrier Particles (2FA & o ]2}
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Table 1 Raw materials, preparation methods and physical properties of oxygen carrier particles

Particle Raw material Preparation dBulk Appar_ent Porosity
ensity densny o
Name method [ke/em?] [ke/m’] %]
Metal oxide Binder/Support g/cm g/m
NiO/Bentonite Nickel oxide Bentonite Mixing 1130 4010 68.6
NiO DC-B1,G.B
Nippon Chem. Donghae
90%, commercial grade  Commercial grade
NiO/NiALOs  Nickel nitrate hexahydrate Aluminium isopropoxide Dissolution 1490 4920 76.2
NiO(NQOs)» - 6H0 [(CH3).CHOLAL
Dong Yang Chem Aldrich
99% >08%
Co0y/CoALO, Cobalt(ID nitrate hexahydrate Coprecipitation 1180 3970 67.7
Cobalt(Il) nitrate Co(NO3)z - 6H:0 Impregnation
hexahydrate Junsei Chemical Co.
Co(NO3); - 6H:0 >97%
Junsei Chemical Co.
>07% Aluminum nitrate nonahydrate
AI(NOs)2 - 9H0
Junsei Chemical Co.
>08
A 01 pg~100 mg E= 1 ug~1000 mg7bAlels  RAZL F7bslr] @Rel dadgeEe 4%}
FASEAY AELE 01 pg7hAoltt. Y9 A &A4817] 7] wiolt},
£ 7|AE 7kATEHE BAE fRAE 24EHY Bl 52 T4 FdAg b 52 ) Ak
SE(AIZH Bl M2 FARsE TGA-290 P2 v & uyiow sty WA ok
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TGA-29509] #HAIgH AbE 2 HElE 71E Ba”  2¥e 5 08 59 Bas ZHFUA 3
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% HaAYTS Y gd, S AT & F 5L T AFUYLS 80, 00T FLE
AAEL FUESoA xRl g kg oA Tyt AA ok 10 mge] AAaFog)
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Table 2 Summary of experimental conditions

Flow Particle
Experiment Gas rate Temperature condition di
. 1ameter
[m{/min] .
Non-isothermal H,, 13% 100  Heating from 50 to 1000 C at 27C/min 128 um
reduction by N, (-150+106 um)
hydrogen balance
Non-isothermal Air 100% 100 Heating from 50 to 1000 C at 2C/min 128 um
oxidation by air (-150+106 pm)
Isothermal reduction CHs, 5% 100  Isothermal at 800, 9500 C 128 um
by methane N; (-150+106 um)
balance
Isothermal oxidation  Air 100% 100  Isothermal at 800, 900 C 128 um

by air (-150+106 pm)
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Fig. 1. Thermograms and the derivatives of weight
change of three oxygen carrier particles
during reduction by hydrogen.
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Fig. 2. Thermograms and the derivatives of weight
change of three oxygen carrier particles during
oxidation by air.
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Table 3 Comparison between required reaction rates and measured maximum reaction rates

Required Measured maximum Required Measured maximum
Particl reduction reduction rate oxidation oxidation rate
1cles rate [%/sec] rate [%/sec]
[%/sec]” at 800 C at 900 C  [%/secl” at 800 T at 900 C
NiO/bentonite 0.498 2.95 293 2.23 3.25 5.68
NiO/NiAl:O4 0.488 157 1.72 2.18 2.78 1.9
Co0+/CoAl:04 0.417 0.73 1.37 1.88 3.73 5.68

* 50kWth capacity, operating pressure 10 atm basis
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