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Effect of Atmospheric Gases on the Reduction of Chromium
Ore Pellet Containing Carbonaceous Material

Synopsis :

Hiroshi G. KaTavyamMA and Masanori TOKUDA

The reduction rate of chromium ore pellet containing coke powder was measured at various tempera-
tures in flowing N,-CO, N,~CO-H,; and N,~CO-CO, atmospheres.
The pellet diameter and the grain size of coke only slightly influenced the reduction rate, while the effect

of the grain size of chromium ore was greater.

The reduction rate increased with the decrease in the partial pressure of CO and with the increase in
that of H,. From the result of kinetic analysis based on a shrinking core model, such an effect was elucidated
to be caused by the decrease in gaseous diffusion resistance through the pore in reduced layer formed on

the surface of chromite grain.

Although CO, was contained at low concentration (for example, Pgo,/Pco=0.02) in furnace atmosphere,
it remarkably retarded the progress of reduction and consumed the coke contained in the pellet.
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Table 1. Chemical composition of commercial pellet and Russian ore (wt %).

Sample Cry0; Fe Si0; Al;O3 Ca0O MgO C 1g. loss*
Commercial pellet 37.42 10. 61 7.62 8. 48 — 11. 76 14. 73 3. 66
Russian ore 47. 40 8. 87 7.32 7. 44 1. 44 18.15 — 3,95
* At 900°C under N, atmosphere.

Table 2. Grain size of chromium ore and coke, N, ¥ At 180°C wEH L. BrERPIAIEH

coke proportion, diameter and porosity of pellet
used.

Pellet Grain size | Diameter Porosity Coke
elle
(mesh) (cm) (=) proportion (%)
Commercial 0. 86
_ 0, 28-0. 31 —
pellet (N) (0.65-1. 14)
—250
Laboratory 0.9 17.5
(—150, 0, 43-0. 47
pellet (L) 325) (0.7-1.3) (14,0, 21.0)

(1) CO gas, (2) N; gas, (3) H; or CO; gas,

(4) Needle valve, (5) Flow meter, (6) Copper powder,

(7) NaOH, (8) Silica gel, (9) P;0s5, (10) Mg(ClO4),,
(11) To rotary pump, (12) Reduction furnace, (13) Mullite
tube, (14) Brass cap, (15) Sample, (16) Pt-Pt-Rh thermo-
couple, (17) Glass tube, (18) Silica glass spring,

(19) Centering ring, (20) Windlass, (21) Gas outlet

Fig. 1. Experimental apparatus.
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Fig. 2. Effect of temperature on the reduction Pellet diameter (cm)

rate of pellet N in flowing N,-CO atmosphere
(Pco=0.35 atm).
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Fig. 3. Effect of Pgo of flowing N,-CO atmo-
sphere on the reduction rate of pellet N.
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Fig. 4. Effect of the diameters on the reduction
rate of pellet N and L at 1300°C in flowing N,-
CO atmosphere (Pgo=0.35 atm).
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Fig. 5. Effect of the grain size of chromium ore
on the reduction rate of pellet L in flowing N,-
CO atmosphere (Pgo=0.35 atm). The grain size
of coke powder : —250 mesh.
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Fig. 6. Effect of the grain size of coke powder
on the reduction rate of pellet L in flowing N,-
CO atmosphere (Pgo=0.35 atm). The grain size
of chromium ore : —250 mesh.
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Fig. 7 Effect of Py, of flowing N,~-CO-H, atmo-
sphere (Pgo+Py,=0.35 atm) on the reduction
rate of pellet N at 1250°C.
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Fig. 8. Effect of Py, of flowing N,-CO-H, at-
mosphere (Pco=0.35atm) on the reduction rate
of pellet N at 1250°C.
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Fig. 9. Effect of temperature on the reduction

rate of pellet N in flowing N,~CO-H, and N,-CO
atmosphere.
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Fig. 10. Weight loss curves of pellet N at 1200°
and 1300°C in flowing N,-CO-CO, atmosphere
(Pco+Pgo,=0.35atm) with various Pco,/Pco
ratios.
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Photo. 1. Cross sections of pellet N reduced at

1300°C in flowing N,-CO-CO, atmosphere (Pgo
+Pco,=0.35 atm) with various Pgg,/Pco ratios.
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Fig. 11. Effect of the Pgg,/Pgo ratio of flowing
N,-CO-CO, atmosphere (Peo+Pgo,=0.35 atm)
on the utilization degree of carbon for pellet N.
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Fig. 12. Effect of the Pgo,/Pgo ratio of flowing
N,-CO-CO, atmosphere (Pgo+ Pco,=0.35 atm)on
the degree of reduction of pellet N.
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Fig. 13. Plot of ¢/F against 3F-2F2 for the data
obtained at 1200°C in flowing N,-CO atmosphere
with various Pgg.

3F-2F2 (-)

~-2.0
‘ ’
T o.:.:,;g R
(1] S L‘\
?"30 \\\ \/o. ‘ Y
-g; ‘A}l‘ ) 97 <05. \
. oa - 05 \
g NG
=1 AN
m—lo.o \/.J‘\~J‘e‘
o Yo\, 6
\%\\eo/
9\, ”
AN
-5.0— —-—:N;-035C0 A ——
—— : N2-035C0-0.10H,
| |
6.0 6.4 6.8 7.2
1047 (K7)

Fig. 14. Temperature dependence ot

D, and .
T T
40 ’ —ito |
[ ]
l » l
% 30—\
- 8, . " [
= a "”\UF\EE?
g NG redsog om0
~ 20 R=0.2 37 ~AT0NT "0 —
£ it S
7 RN
A
1.0 \l.
A
0 |
1100 1150 1200 1250 1300 1350

Fig. 15. Change in tp and ¢, with temperature
in flowing N,-CO-H, atmosphere (Pco=0.35 atm,

PH2=O. 1 atm).
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Fig. 16. Change in ¢p and ¢, with Pgg
of flowing N,-CO atmosphere at 1200°C.

4.0

_— tp
-_— tk
A |
L 30p>
3 \I-\ R:07l
T :
o Sl g--Re0al T
[} g ——
IEYS O 2 &S ahen
‘9 4 ‘\‘ R=0.2
g y —— l A
1.0
0
0 0.1 0.2 0.3 0.4

PH! (atm)

Fig. 17. Change in ¢p and ¢; with Py, of flow-
ing N,-CO-H, atmosphere (Pgo=0.35 atm) at
1250°C.
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