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Production Test of High-carbon Ferrochrome Using a Shaft Type Furnace with Coke Packed Bed Injected

with Highly Oxygen Enriched Air and a Large Quantity of Pulverized Coal
Yasuo Kame, Tomio Mivazaki and Hideyuki Y amaoka

Synopsis

Key words :

1. #&

Il

: High-carbon ferrochrome has been produced by electric arc furnace in Japan. But its production cost has increased because

of a speedy rising of electricity cost and Japanese ferrochrome has lost competitiveness in the international market. So,
for the purpose of decreasing its production cost, high-carbon ferrochrome production tests (production rate = 50-110kg/
h) were performed using a melting test furnace with coke packed bed injected with highly oxygen enriched air and a large
quantity of pulverized coal. Moreover the operation indices of a commercial plant of 35t/d in production capacity were
estimated, and following results were obtained.

1) It was confirmed that the reduction and melt down rate of chromium ore sinter were superior to that of chromium ore
pellet, and the favorable characteristics of chromium ore sinter were obtained as follows : Ca0/SiO, =1.0-1.3, slag weight =
1100-1300kg/t~(Cr+Fe).

2) It was confirmed that the fuel rate and productivity could be improved under the stable operation by using the
chromium ore sinter. ' '

3)The fuel rate of the commercial plant of this process using chromium ore sinter was estimated to be 1967kg/t in the case
of [Cr]=52.2% with less net energy consumption than that of EAF.

ferrochrome ; ferroalloy ; smelting reduction process ; shaft furnace ; coke packed bed ; pulverized coal injection ; oxygen
enrichment ; agglomeration ; sinter ; chromium ore.
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Fig. 3. Profile of the melting furnace.
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BEAPHEML T, Ca0/Si0,=0.972, A Z 27 81200kg/t
(Cr+Fe) L7205 L 5Bt Lb D% 7 ~25mm
R LTHEHLLZ, 2—2234 4 va—222HL,
Cr - pelletflE HERIZ25~75mm®D b D %% Cr - sinter {# FHE:
IR D ER DAL - TR PSET A L E b, B
R P RET 270D10~50mmicEBR L2 D P AL
12 BCR R 12 200mesh LA R ik L IR K 20 X Y
REAATHEAL

HEASMEE LTI, Ry aX AR (Vi) EH700~900
Nm3/h& L, JFRIES2.48X10°PaTiT->72. 22T, Vg
L13CO, H,, N 2R & LI O AR AER T A B2 3 L,
TZRammOD HFEIZ LI2HT» TElME L, ERE X & U7k
A[ETHELIL
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Table 1. Chemical compositions of ore and fuel, and
operation condition of the test plant.

a) Ore

Chemnical_composition (%] Size
(C1p0gF ¢ 0 [Ca0 S50, [A04M9 O[3F(mem)

Note

Limestone
. 290kg/t-ore
SIIlct.]

60 kg/t-ore
mlce0/si0; 0972

™
—si X ~ Slag weight
Cr-sinter(32.0|20.2|13.9(14.3(10.9/7.0 [7~25 120 kg
t(Cr+Fe)|

ICr -pellet|44.5(16.0/0.3 8.3 |i2.4(15.9| 11.9

b) Fuel

IProximate analysis(%)UItimate analysis (%) | Size
Fc [vMash[Mois| ¢ [H [N ] 0 [ 5 |dp (mm)
il cokepa7|09[03[oiforsloa]1a] ~ Joa] =
~200mesh
Coal [s34[52]e.8]26e325.1]15 [9.5]0.8 [209es
* 45.9mm for Cr-peliet, 26.6mm for Cr-sinter

¢) Operation

Items Conditions
Bosh gas (Nm%h)| 700 ~ 870
Tt (°C)| 2502~ 2637

0, (Nm¥n| 198 ~ 238 _|
N2 (Nm%/h| 205~ 353

Blowing Steamn {kg/h) 16~ 17
Pulverized coal (ke/h)| O ~ 185 |

PC /02 (kg/Nm3) O~ 079

Top pressure (Pa)| 2.48 x 10°
[ tCd | 40 ~ 60 |

Ta ‘
pPing | 5.4~7.5 times/d
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Table 2. Operation results of the test plant.

Case A Case B | Case C
Ore Species Cr —pellet | Cr-pellet |Cr-sinter
PC/0z2  (Kg/Nm3| 0.76 0.60 <]
O2 (Nm¥n| 2360 3690 2287
Steam {(Kg/t) (o} o] 156
Blast
Nz (Nm¥1)| 2080 4236 3308
Bosh gos (Nm¥t)| 8051 13166 8269
Tf (°C)| 2568 2502 2626
Temp. °C) 920 945 687
Top gas
Volume (Nm¥1)| 8765 |13997 8772
Input S (Kg/t) 24 32 12
PC (Kgst)| 1787 2215 o
Fuel Oil coke Kgst)y| 2108 3724 2838
Fuel (Kg/t)| 3895 5939 2838
Temp. (°Cyf 1700 1673 1580
Cr (%) 37.6 60.3 504
Metal C (%) 6.23 8.62 7.79
eta
Si (%) 3.69 3.29 2.39
Products
P (%) 029 0.31 0.03
S (%)| 0.02 0.01 0.02
Ca0/Si0z (=) 0.93 1.07 .14
S99 05 %) 13 27 26
) Cr yield (%) 86.6 77.7 92.2
Production 5 e tivity (17m™|  2.89 1.58 1.85
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Fig. 4. Distribution of the temperature in the furnace
and CaO, Cr,0; in the slag obtained from
dissection of the melting furnace after the
operation producting [Cr] =609 ferrochrome
using Cr-pellet.
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Fig. 5. Effects of using Cr-sinter produced by adding
limestone and silica on the operation.

90} Slag CcO/S[O‘z

S.1. (%)

Sinter yield (%)

[
L ; L L \\
0.6 1.0 1.4
Stag Ca0/Si0;z (=)
Siag weight (t/(Cr+Fe))

Fig. 6. Influence of slag Ca0O/SiO, and slag weight
on shatter strength and sinter yield of Cr-
sinter obtained from sintering pot test.
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Fig. 7. Experimental apparatus of smelting reduc-
tion of Cr-sinter and Cr-pellet.

Table 3. Experimental conditions of the smelting
reduction of Cr-sinter and pellet.

Diameter of graphite )
70 mm¢

crucible
Height of coke bed 50 mm
Height of ore layer 50 mm

Particle size of coke|I0~15 mm

Particle size of ore {I0~15 mm

1650°C

Temperature

Pressure Normal

Nz 20 N2/min
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Fig. 8. Influence of slag CaO/SiO, on reduction rate
and melt down rate of Cr-sinter.
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value of sulfur partition ratio between slag
and metal.
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Fig. 14. Comparison of calculated value and observed
value of chromium partition ratio between
slag and metal.
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Table 4. Estimation condition of operation indices
of ferrochrome production at commercial
plant with 35t/d in production capacity.

a. Ore (%)
T.Fe | FeO |Cr203 | SiOz [ Al203 | MgO Ca0
Cr-sinter 13.5 17.4 | 30.8 17.6 9.9 7.2 161
Stag weight = 1200kg/t(Cr +Fe), Ca0/Si0Oz = 0.915
b. Fuel (%)
Cc H N [¢] S | Ash |H20 | Decomposition | Carrier N2
Heat (kJ /kg) (kg-S/kg-G)
Coke {88.8] 0.2| - - C.5(|11.0 —_— —_—
PC |74.6| 4.3]| 1.6 8.3] 0.5| 8.8| 2.0 862 30
c. Others
Production | Heat loss | Pulverized Top gas Metai composition (%)
Rate Coal/02 pressure
Fe | Cr C Si
35 t/d 500 MJ/t|0.8kg/Nm®|2.48x10% Pa|35.1{52.2| 7.7 | 5.0

Table 5. Estimated operation indices of ferrochrome
production plant (35t/d).

Species Cr -sinter
Ore Ore rate (kg/t) 2653
O2 (Nm3/1) 1101
Steam (kg/1) o}
Blast Nz (Nm¥1) 821
Bosh gas (Nm¥1) 3620
Tf °C) 2500
Gas (Nm¥1) 4187
Top Temperature (°C) 200
Pressure (Po)| 2.48 x 10°
PC (kg/1) 88|
Fue! Coke (kg/t) 1086
Fuel (kg/t) 1967
Temp. °C) 1700
Cr (%) 522
Meral
Products ¢ (%) L
Si (%) 50
Slag R. (kg/t) 1468
Slag | Crz03 (%) 37
Ca0/Si0z (—) 0.90
Cr yield (%) 93.3
Froduction o Suctivity (/- 1.85
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