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Rate-determining Process in Carbothermic Reduction of Chromites
Hiroshi G. KATAYAMA and Masanori TokuDA

Synopsis:

Synthetic FeCr,O, and MgCr,O, were reduced by graphite powder under various conditions of tem-
perature and gaseous atmosphere. The kinetic data were analyzed by the use of the rate equation offered
by E. T. TurRkDOGAN et al. for the oxidation of carbon with gaseous CO-CO, mixture.

In the carbothermic reduction of FeCr,0O,, the rate was clarified to be mainly controlled by the
BOUDOUARD reaction process, which was accelerated to a great extent by the metallic and carbide phases
formed. On the other hand, the reduction rate of MgCr,O, appeared to be mixed-controlled by the
BouDouARD reaction and gaseous reduction processes.

Furthermore, the rate-determining process in the carbothermic reduction of more complicated chro-
mites and chromite ores was examined on the basis of the rate constants for the carbothermic reduction
of FeCr,0, and Cr,0,. As the result, it was clarified that the reduction rate of those chromites, especially
of Al,O,—containing chromites is mainly controlled by the gaseous reduction process of the chromite particle.
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Table 1. Size, bulk density and porosity of the
tablets prepared for the present experiment.

Chromite Diameter | Thickness Bulk density | Porosity
(em) (cm) (g/ecm?) (=)

FeCr,0, Q.81 0.44 2.21 0. 48

MgCr,0, 0.81 0. 48 2.03 0. 49

#7 900°C y=C 1h mBEMER L. £0KH% 0.1%
UTFThs.

B R4 £ L FeCr,O, o413 5.5, MgCr,O,
Tk 4.5 L L. Chbol&kizzhFh (CrFe),
C; B X CryC, PAERL, FidmryAaix CO oin
ThrHELIcE ZOMUBREGHE (Th¥h 5.28, 4.33)
IO WL HBETHD. —HOERTIE, BEBEOR
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AW BT 5 K,CO, 2K/ T 1% Hinl 1.
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(1) CO gas inlet (11) Pt-Pt.Rh T.C.
2) Manometer (12) Brass cap
(3) Geissler tube (13) Silica spring
(4) Rotary pump (14) Glass tube
(5) Needle valve (15) Windlass
(6) ” (16) Gas outlet
(7) ” (2), (b):
(8) Furnace Three-way tap
(9) Reaction tube (c), (d), (e):
(10) Sample Vacuum stopcock
Fig. 1. Schematic diagram of experimental

apparatus.
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Fig. 2. Reduction curves of FeCr,0O, at various
temperatures (Pgo+Pgo,=0.1atm).
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Fig. 3. Reduction curves of FeCr,O; at various
temperatures (Pgo—+Pgo,=0.4 atm).
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Fig. 4. Reduction curves of FeCr,O, at various

temperatures (Pgo+Pgo,=0.1atm, 1% K,CO,
addition).
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Fig. 5. Effect of the total pressure (Pco+Pco,)
of reacting gases on the reduction rate (dR/dt)
of FeCr,0,.
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Fig. 6. X-ray analysis of FeCr,O, reduced to
various stages at 1090°C.
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Fig. 7. Reduction curves of MgCr,O, at 1180°C

under the various pressures of reacting gases.
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Fig. 8. Effect of the total pressure (Pco+Pco,)
of reacting gases on the reduction rate (dR/dt)
of MgCr,O,.
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Fig. 9. Change in reduction product with the
total pressure of reacting gases and temperature.
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Fig. 10. Relation between a (1+4,Pco) and
[ (Pco,) e— (Pco,) ] for the reduction stage of
FeO component of FeCr,O,.
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Fig. 11. Relation between df/dt(1+k,Pco) and
[ (Pco,)e— (Pco,) g] for the reduction stage of
Cr,O; component of FeCr,0,.
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Fig. 12. Temperature dependence of rate
constants ().
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Table 2. Apparent rate constants for the Boudou-
ard reaction with the carbothermic reduction of
synthetic chromites and chromite ores.

Sample Reduced component ky(atm 2. 57 1)
1150°C 1200°C
Cr;0;+G 4.2 7.3
FeO 1.2 1.9
5.8 9, 2%
Sp 1+ G
Cr;0, 3.1 4,1
15. 4* 20, 6%
Sp 2+ G MgCr,0, — 4.9
Sp 3+ G FeCr; O, 3.7 -—
Sp 4+ G FeCr;0, 1.6 2.3
Sp 54+ G MgCr,0, — 0, 22%*
Pellet N (C) FeCr;0, — 0,51
Russ. ore+ C FeCr,0, — 0.53

* k; value estimated for coke. ** &, value at 1260°C

G: Graphite, C: Coke, Sp1: FeCr,0,, Sp2: MgCr;0y4,

Sp 3: (FeosMgos) Crz04, Sp 4: (FeqsMgos) (CrogAles)204,
Sp 5: Mg (CrosAlo4),0,

(Cro.6Aly.):04 (Sp 5) HDERE 7 m= A1+, RHNE
7wa s~ ry, r(NVBIOVHEHEZ v 28 HDWT
H@BEARY R L. ®ETHEL Boudouard [0
B—gEyREL TR Ly Brdo £ &R,

Z DfE% FeCr,Of (Sp 1) ¥ XUl Cr,O; DRFERTT

Dk LHEEL, Boudouard [Fjihe CO ZFi@a&Etz o |

HRRIESR Y HET S0 Th 5. LERRABDOKREET
HEF — 2 ZERIOW DD LK THBHD, AR e
A PRODOWTIHELEF AL IS 7o Np-35%
CO FEKH CHI-THE L.

Table 2 3 1150° 35 I o8 1200°C (Sp 5 it 1260
°C) TRITHB/RALTOVTORENTD b . i
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2= 7 ARBCIBAED b RBEL O URLAT

MgCr,O; (Sp 2) @ &, it Sp 1 @ Cr,O; 4o &E
TCEBED ky ER I TR TH DA, #i Cr.0s D £k X
DX Is /N E . Sp 1 o CrOp 54 D F LM Tl
B X 5w Cr RO ERBIEF OB AR S
BIGEECEET LD T, Sp 2 © k 3 Cr,0, © £
EHETHAOBEYRTHY, L >TTTRHEEELE
X 5 Boudouard R)n & CO B BREOBAHELR
I N5

2 Zu<4 FRNFHOMEBIER L St

13 Fig. 12 WiREANB LS54T, a—2 2D &k, REBOENI D10
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FeCry0,

MgAl20,

Rate-determining process:
@ : Boudouard reaction
@ : Gaseous reduction

Fig. 13. Rate-determining process in the carbo-
thermic reduction of synthetic chromites and
chromite ores.
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sre=A FOREBTLCE T H2HERE 1101
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BaRARE VT MgCr,O4 B4 @ A& 75 53 FeCrpO,
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FEAVMEL 35413 Boudouard [RGB D B—HHE & #ik
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LR A B T5 2 xR L.

MgCr,O, D413 Boudouard [Ffo B —HE D 5
tha RHe3, ARRICHEORIERE R L HHM L
C, Boudouard K& CO BLERIGOEREAERE L HTE
L.
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B oWChREBZTIC BT 5 8EARY B L. &

mi

BB TR TGO P8 Poo,/Pco ARG 2
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rvq b (&K ALOy REgL s/ r< A1) DHEIX
CO BTLBENEETHZ ENBREINL. LEFD 7
r = MIERIE#ETHAN L ALO; 2k BE
BratroT, MgCrn,Oy oD akic 3T FeCr,Of B
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