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Abstract

Most electric arc furnace dust (EAFD) treatment processes to recover zinc from EAFD employ carbon as a reducing agent
for the zinc oxide in the EAFD. In the present work, the reduction reaction of zinc oxide with carbon in the present of iron oxide
was kinetically studied. The experiments were carried out at temperatures between 1173 K and 1373 K under nitrogen atmo-
sphere using a weight-loss technique. From the experimental results, it was concluded that adding the proper amount of iron
oxide to the reactant accelerates the reaction rate of zinc oxide with carbon. This is because iron oxide in the reduction reaction
of zinc oxide with carbon promotes the carbon gasification reaction. The spherical shrinking core model for a surface chemical
reaction control was found to be useful in describing kinetics of the reaction over the entire temperature range. The reaction has
an activation energy of 53 kcal/mol (224 kJ/mol) for ZnO-C reaction system, an activation energy of 42 kcal/mol (175 kJ/mol)
for ZnO-Fe,05-C reaction system, and an activation energy of 44 kcal/mol (184 kJ/mol) for ZnO-mill scale-C reaction system.
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Fig. 1. A schematic diagram of the experimental apparatus.
1. Furnace. 2. Alumina Crucible. 3. Reactor tube.
4. Condenser. 5. Exhaust gases. 6. Control box.
7. Gas flowmeter. 8. N, cylinder.
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Fig. 2. X-ray diffraction pattern of the mill-scale used in the
experiments.
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Fig. 3. Effect of bed height on the ZnO-C reaction.
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Fig. 4. Effect of reaction temperature on the ZnO-C reaction.
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Fig. 5. Effect of Fe,O; addition on the ZnO-C reaction.
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Fig. 6. Effect of mill-scale addition on the ZnO-C reaction.
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Fig. 7. X-ray diffraction pattern of reacted solids from ZnO-

Fe,05-C reaction for 60 minutes at 1373 K.
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Fig. 9.Effect of reaction temperature on the ZnO-mill-
scale-C reaction.

1373 KollA 602 &<t ¥H6-F2 ZnO-Fe,05-C HHA|
o HS-ES Xaay 43 AxE vehd Aot
Figs. 8-9% ZnO-Fe,05-C BFgAI9} ZnO-E2AY-C
Al digk 1He 230 e vehd Aotk o
714 ZnO-Fe,05-C WHAI9] Alake Abglold R
1.0 g(0.0002 g), BrAET 0.1475 g(+0.0002 g), Fe,04
0.05 g(+0.0002 g) 28] ZnO-CHAAY kA=
Akslold R 1.0 g(0.0002 g), BHART 0.1475 g (:0.0002
9, =AY 0.1 g(=0.0002 g) 14T} Figs. 8-9%= Aksh
ojde] #Ugo| Fe,0y = B2AY FH7t glo] ZnO-

C WhgAlolA e Axpe} o] L7} Zrle) o}
A F7hske Ag BRoF Qo) o] A QA
< 7 250X £4.0% oS

Ao Bhhol oJdt Jislotde] Feuke-e A
9] gasification ¥H-g-o| 23l] ZAELGE Ao o|n

J. of Korean Inst. Resources Recycling Vol. 15, No. 4, 2006

1-(1-x)"?

t (time)

Fig. 10. Plot of the results in Figure 4 according to Eq. (4).

1-(1-X)"

t (min)

Fig. 11. Plot of the results in Figure 8 according to Eq. (4).
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Fig. 12. Plot of the results in Figure 9 according to Eg. (4).
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Fig. 15. Arrhenius plot of the rate constants for ZnO-mill-
scale-C reaction.
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