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Carbothermic Reduction of Cr,0, and Fe,0O; under Nonisothermal Condition

Keiji OKUMURA, Tomoko SUGIMURA, Mamoru KuwaBARA and Masamichi SANO

Synepsis : An investigation of the reduction of Cr,0; and Fe,0, by graphite was carried out using a nonisothermal gravimetric technique under an argon

atmosphere, in a temperature range from 600 to 1973K. In the case of Cr,0,~C system, the reduction reaction proceeds through two stages.

At first, Cr,0, is reduced by graphite to form chromium carbide, and then the rest of Cr,0, by the chromium carbide. The activation energies

of the reaction are evaluated from 270 to 293 kJ/mol in the first stage and from 327 to 359 kJ/mol in the second stage. Excess graphite addi-

tion increases the reduction degree, and chromium carbide is obtained. Magnesia addition delayed the reduction, while hematite addition

accelerates it. In the case of Fe,0,~C system, the reduction proceeds through three steps. In the first stage, Fe,0, is reduced by graphite to

form Fe,0,. In the second stage, Fe,0, is reduced to form FeO. In the third stage, FeO is reduced to form Fe. The activation energies of the

reaction are 504 kJ/mol in the first stage, 858 kJ/mol in the second stage and 243-312kJ/mol in the third stage. Excess graphite addition

increases the reduction degree.

Key words: carbothermic reduction; nonisothermal; chromium oxide; iron oxide; oxide mixture; Kinetics; activation energy.
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Table 1. Molar ratio of powder mixture used in the experi-

ment.
Powder Molar ratio
Cr0,C 13,16
Fe,0, -C 13,16
Cr,05- Fe,04 -C 1:1:6,1:1:12
Cr,05- MgO -C 6:7:25, 6:7:50

Cr,0;- Fe,0, - MgO -C |6:6:7:43, 6:6:7:86

Sample - Crucible
Thermooou le Torsion ribbon
P // Quartz glass
- J/  beam

Ray

TG control coil g

XY

TG circuit controller |

Electric furnace
circuit controller

- converter ‘

Fig. 1. Schematic diagram of thermobalance device.
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Fig. 2. Change in reduction degree of Cr,O; with time for
different Cr,0,/C ratios.
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Fig. 3. X-ray diffraction patterns of Cr,0,-C powder at

different temperatures.
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Fig. 4. Effect of graphite particle size on reduction degree
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Fig. 5. Effect of heating rate on reduction degree of
Cr,0;—-C powder.
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Fig. 6. Relation between reduction rate and reciprocal
temperature of Cr,0,—C powder.
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different Fe,O,/C ratios.
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Fig. 8. X-ray diffraction patterns of Fe,0,~C powder at
different temperatures.
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Fe,0,-C powder.
-3 ; :
o E(kJ/mol)
O 005 5043
4} o 015 8580 .
A 050 3115
v 070 2433
= .5t Fe,0,-C 1
3
3
2
= o
£ 6l |
T -
0.0007 0.0008 0.0009 0.0010
/T (K™Y

Fig. 10. Relation between reduction rate and reciprocal
temperature of Fe,0,—C powder.
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Fig. 11. Change in reduction degree of Cr,0;-Fe,O; with
time for different Cr,0;-Fe,0,/C ratios.
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LEERIED2ERAL726:6:7:86 DIRA L TIE, Kb
FRAGIREE I3 D 6 nvdy, IR TIHETTRIRKE L & -
7=o TEIEIIIOD 1650K LI ETid, BITENBBIZAEL
ol T, RIDERIIO Fe s & U Cr,C, D RLARIZEE
LT3 eZELI6h%, ALz 0Ltz ks
Cr,04 9 35 JC B IE O B B i & % Cr,0,-MgO-C iR AR &
Cr,0,-Fe,0.-MgO-CIRARK THIRT 2 &, Zh Tt h
1650K (FEI 11 D FIAGEAE) & 1600K  (FESEK 111 O BRAAIE )
&%, Cr,0,-Fe,0,-MgO-C AR B D A H 50K I <
Bolee ZOZEMNL, EROV IV T—o0IThA
P2 Fe,0, B RIIT 5 Z &1 & 0 BUR FE TCR G AMEE X
ns&E%Zo6Nh%,

4, &

i

Cr,0;, Fe,0,, MgO 5 K O 1 5 DIRA RO EGK TR T
EER A IFFIRB T T, UTOMGERES -,

(1) Cr,0,dEILiE, Cr,C,OHERK E Cr,C, 1 & 5 Cr,0,
DEILO 2EFETHEAT L, B 1 BRSO IR O i1k = 3
F —13270~293 kJ/mol, 5 2 BXF§ 1d 327~359 kJ/mol % 15
7z

(2) Fe,0,MEITIE, Fe,0,—Fe,0,, Fe,0,-Fe0,
FeO—Fe, D3R THATL , BIBRBEOKIEO WML T
A F —13243~312kI/mol %157,

(3) Cr0,CRAMRKZOVWT, 57 74 FDFiE
PN SO HIOEE IEL &5,

(4) Cr,0,C, Cr,0,-Fe,0,-C, Cr,0,-MgO-C, Cr,0;~
Fe,0,-MgO-CIRAGBHZIDWT, 757 74 + &8F):
BT % L BILKIGIIRE SN S5, CrnC, 24K L 2R
ruasi/Eoisn,

(5) Fe,0;D MU Cr,0,DE I # T 5 A%, MgO
DIFINIINEIF 5,

(6) FEBEOVIRYT—20ITHANIZF,0, &1k
M¥3Zeicky, BRFEICRIC»MEEE NS,

997 EEEER
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