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Promotion of the Carbothermic Reduction of Chromium Ore
by the Addition of Borates
Hiroshi G. KATAYAMA, Masanori TOKUDA and Masayasu OHTANI
Synopsis :

The effect of sodium and calcium salts on the carbothermic reduction of chromium ores has been studied.
Among the additives such as chlorides, carbonates, fluorides and borates, the borates was found to have
the strongest promoting effect on the reduction.

The rate of reduction increased remarkably with an increase in the amount of added borates, but their
addition of more than 1 wt%, was less effective. The effect was much more significant in the reduction step
of MgCr,O, component of chromite than that of the FeCr,0O, component. It was found that the borates
facilitated the diffusion of ionic species particularly in Al,O;—containing chromite and the grain growth
of metal produced.

Na,B,O; slightly promoted the Boudouard reaction, but CaB,O, retarded it. Based on the effect of
CaB,0O,, it was examined which of the Boudouard reaction or the reduction of chromite with CO gas mainly
controlled the carbothermic reduction of synthetic chromites and chromium ores. The results were in
good agreement with those from the kinetic analyses in the previous paper.
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Table 1. Chemical composition of the chromium ores used (%) .

Sample Cr;303 FeO Fe; 03 SiO. Al O3 Ca0O MgO Ig. loss
Iran. ore 45.01 7.88 10. 63 9.18 10.01 — 11.0 3.36
Brazil. ore 38.69 5. 87 30. 94 9.26 4. 10 — 7.0 1.28
Russ. ore 47. 40 8.21 3.56 7.32 7.44 1.44 18. 15 3.9
Russ. chromite 61. 91 8.64 4, 47 0.10 8.81 0.43 14. 26 0. 26
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Table 2. Grain size and mixing proportion
of materials.

Chromium ore and

chromite Reductant
Kind G(‘:l]e';hs)lze Kind G(r:::S;;ZC Proportion
Iran. ore —150 Coke —150 | 18wt%
Brazil. ore ” " " 20wt%
Russ. ore ” ” " 18wt%
” —250 ” —250 17. 5wt%
Russ. chromite —150 " —150 | 20wt%

” ” Graphite —325 ”

” —325 ” ” ”
Cr303 4 4 250—-325 | 4.5 mol
Sp1 —250 ” ” 5.5 mol
Sp2 ” ” ” 4.5 mol
Sp3 ” " ” 5.0 mol
Sp4 ” " ” 4.5 mol

Sps " ” ” 3.5 mol
)

Sp 1: FeCr;O,, Sp2: MgCr;O,, Sp3: (Feo s Mgg s ) Cra0,4
Sp4: (Feg. sMgo.5) (Crq.gAlo.3) 304, Sp5:Mg (Cro.s Alo.4) 20,4

O4(Sp 4), Mg(CryAly.0)20.(Sp 5) % 0 HHMRILY
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5.
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Fig. 1.
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Fig. 2. Effect of the addition of various salts on
the reduction rate of Russian chromium ore at
1200°C.
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Fig. 3. Effect of the amount of added Na,B,O,
on the reduction rate of Iranian chromium ore.
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Fig. 4. Effect of added Na,B,O; on the reduction
rate of various chromium ores.
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Fig. 5. Effect of added Na,B,O, on the stepwise
reduction of Russian chromite by graphite (—325
mesh) .
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2, 5 M m, Photo. 1. Reflective electron images of
~—-+ - ~~—< chromite grains reduced at 1300°C.
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Fig. 9. Plot of ¢/F against (3F—2F?) for the
data given in Fig. 2 (b).
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Fig. 11. X-ray diffraction peaks of Mg (Cr, ¢
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Cr,0;-0.4A1,0; mixtures without and with 1
wt?; Na,B,O; at 1300°C for 3h.
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Fig. 12. Plot of ¢/F against (3F—2F?) for the
data given in Fig. 3.
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& LB ERERSES D AEAVNX L 8B,

Fig. 13 1% R'=20, 40, 60% T 5 tp LI t;
% Na,B,O; finEwext LCRd. =< 48 o Na,B,O,
DOEHIMC LD tp BIO £ FHEFLIBWAT 5.

PkXb, @5BECETIREFEMIBRIL 7 -
<A VROEAF VOB ERET S L LB
Ez bhbns, EERH ORI FNILES X Ok
KGO BT B 8. WTFRILBERLO B E
BB ORECHKERE LTBLROSINEAIN B 1
HEFRPTE L. Lo UERRIGETL O WA O ki1 7
HTEY, SHROBRFNEETHS.

5. &

AAROBRELYBENTHERDI > THA.

1) 7 v aFRAORFBETC KT S Na It Ca
BEoORIMEEERL T h Zhigss, KRB E, 5 o1k
¥, F5BECIR kXY, L RESBEORIG
(REEASEETH O,

2) BO5BEOHRMEOHINC L bW BITEE I L
BTan, £k 1% UTo BEmo&EEcr: o &
REEHAEL, SOREBEDHEMNEIDE V HFE 2 7
W Teks, RGBS BEORNG SREIE L.

3) BOIBEORILREMERIZE 1w ALO; &1
rr=qd PRTREFLTCELY. ZogBirBANiL
7r<f PROEZA GV OEMBIERARET S Lk

T

WT5EF2bhbn, FeCr,0, sy % TORBITERM
B AEERFIC L hE, BEACERIEY A DR TN
TRk XML RGO RS2 A S8 5 7 L R X
.

) ZFEEH 7 v~ 1 VB L7 v 2RO RERT
IZE T, Boudouard K LO'H A BTLEE O W3
NI L EERBIC I B0 23 S BEOEA IS UL
THRET L, BISROBBYTRE R 33k Ui,

bk, KARROERTHicb e ST
T RAL KSR G BB BT 2T LIRS g i S0t kB
MREBOEMCHELETS. i, RPFFLE RS
RESOIEM 55 EEREIFREWRCER I TER
LIS DRED—ETH 5 & L& fI5E$5.
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