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Smelting Reduction Process of Manganese Ore for [Mn] Increase both in

Hot Metal Dephosphorization and Decarburization

Tohru MATSUO, Shin FUKAGAWA and Takami IKEDA

Synopsis :

The smelting reduction process of Mn ore both in a dephosphorization and a decarburization converter
has been examined in order to increase [Mn] at blow end of BOF. The new hot metal dephosphorization
process in a top and bottom blowing converter (SRP : Simple Refining Process), in which BOF slag is used
as a dephosphorization agent, is applied for the present study.

The following results are obtained with the experiments in a 2kg crucible and a 2t laboratory scale

converter :

1. 1.5%[Mn] at blow end of BOF can be achieved without [S] increase by the following features of the

present process :

(1) Simultaneous treatment of Mn ore reduction, dephosphorization and desulphurization of hot metal in
a dephosphorization converter. (Coke is charged and combusted in some minutes to supply energy for the

reduction of Mn ore.)

(2) MnO-rich slag from a decarburization converter is used as a dephosphorization agent in a de-

phosphorization converter.

(3) Less slag operation in a decarburization converter with large amount of Mn ore charge.
2. The yield of Mn is increased by about 10% by the recycle of BOF slag; such high yield of Mn as 63% _

can be achieved in the present process.
Key " words : steelmaking; hot metal
reduction ; manganese ore ; converter ; slag recycle.
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Table 1.

Features process.

1. Recycle of MnO-rich slag —  Increase of Mn yield
from decarburization BOF
to dephosphorization BOF

2. Dephosphorization at low —
(T.Fe) with strong stirring
by bottom blowing

3. Oy top blowing at high flow —

rate in dephosphorization BOF
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Fig. 1. Concépt of smelting reduction of Mn ore
in SRP.
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Table 2. Composition of raw materials for experi-
ments (Unit : wt% ).

C ©Si Mn P S
Pig iron 4.2~ 0.10~ 0.20~ 0.10~  0.025~
4.3 0.12 0.25 0.11 0.035
Ca0 SiO; AlO3 MgO T.Fe T.Mn P05 S

BOF slag | 43.6 11.2 0.8 6.5 18.0 3.6 1.5 0.05
Mn ore 0.5 1.7 3.9 0.1 1.9 54.4 0.2 0.01
Iron ore 0.1 2.1 0.7 0.1 65.4 0.1 0.1 -0.01

L 1350°C
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Fig. 2. Change in metal composition during

dephosphorization experiment.
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Table 3. Blowing condition in decarburization

experiments.

O3 top blowing Ar bottom stirring

Lance type Flow rate Lance Tuyeres Flow rate
(Nms/min't) height (Nm3/min't)
3 hole nozzles 3.0 500 mm 8 mm¢Xx4 0.5

FEEAEH L 721E8E (2 t) (3 @ FREE BRI g,
BAE L, [C]14.0~4.5%, [Si]0.05~0.15%, [Mn]
0.2~0.3%, [P] 0.10~0.11%, [S] 0.005~0.015%
& L7-. VESEBEE IR 1300~1350°C TH o 72, BIEE
DEA I, KD AsRFE 30 kg/ch, £AIK 30 kg/ch,
WA 16 kg/ch, Mn #.7G 50kg/ch, BXU'a—2 & 35
kg/ch & L7z, ZEIBEAEHIRE 10~30 mm (CEKL L 72
bOEHW., FHL Mn 80 - 8RIEE 5 01 TEER
THALZLDEFELTHY, I—7 AL EBEFEOEFH
a—2 % (SEEE0.6%) fEAL .

M ER X B E 3.0 Nm*/min-t 2 7~ AH & 800
mm V7 F7u—L, a—27 ABREE-AEHE % 5min
FER L%, LREEEEE 1 Nm*/mintt, 77 XAH S
% 500mm IZ TP, MnSiA 2L, A7 7IEEEH
SEHEICARK-EAFEALT, B ARELH 10
min ERE L 7. WEE, Ar Y Y A% # 10 min 7\, V)
VABOBETH 1350°C IKAhBXIFELE. b,
Fkxs 23T v A EHEY, EKKE Ar R &EL
0.5 Nm*/mint —E & L 7.

3-2 BiERMF [Mn] LARR

2t RERBEF# VT, [Mn] 0.8~0.9% OO AE
SeEMAL, Mn#A% 30kg/t ML 7Z2KHBTL AR
S FREET A+ FEML 7. Table 3 ICKEEHERT.
EIER OB A, EAIK 12kg/ch, #A 3kg/ch, BX
O° Mn 856 60kg/ch & L7, 7, 2t RiFERIZ e —
PaxrkEnizn, BFEE LTRTDIZEAE RV
ANa—2 % 18kg/ch ML 7.
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Fig. 3. Distribution of Mn, P and S in hot metal
dephosphorization.
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Fig. 4. Results of a dephosphorization experiment.

Table 4. Distribution of Mn, P and S in de-
phosphorization experiments.

Mn ore Temp. at Slag compos. Partition ratio

charge end point CaO (%MnO) (%P) (%S)

(ke/t) O | sio, *T-Fe|(ymn] [%P] [%S]
23 1290 2.8 4.0 51 390 20
23 1320 2.8 4.4 32 230 20
25 1330 3.0 4.0 28 360 38
25 1360 3.4 3.8 14 170 56
25 1360 4.0 3.5 16 140 86
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Fig. 5. Results of decarburization experiments.
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Fig. 6. Melting temperature of dephosphorization
slag sampled in experiments.
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Fig. 7. Comparison of experimental results with
Healy’s equilibrium calculation.
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Fig. 10. Effect of (%MnO) on phosphate capacity.
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Fig. 11. Dependence of apparent Mn distribution

ratio ( Kyn ) on temperature.
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Table 5.  Assumptions for calculations.
3 N
3.0 Oz top blow 1.0Nm“/min.t Temp. (°C) Metal slag compos. Partition
scrap melt. de-P period e oo Trleo ® )
20 100 i ep Ca -Fe | (Mn
N Teeming end | "oy gi0, (%) |[Ma] [P] [S)
\
= Unburnt
= \ coke total ¢ o~ deP| 1330 1360 40 3.0 3 [ 15 170 40
= \froction e ' deC| 1340 1650 0.1 3.5 10 27 30 5
0 —
DI 15+ 75
o
< l\ v 5
4~ +
c / o :
2 \ 2 pti
2 e < [$]1 increase <G, = decrease of Mn yield
S 10r ) C in coke 0 g
s \ X<
2 5] S
@ \\ . = 30_‘ 7
3 = o
g /O CR R
3 5t o N ° o__o—| 425 £ é’é 201 .
5 C/ o * 32
2 ~N ﬁ 10_ ]
S e S 8 de-C BOF> de-P BOF
L { L - 0 0
0 5 10 15 0.006} -
time (min)

Fig. 12. Combustion behavior of coke in de-
phosphorization experiment.

SHhBHE Mn ADETICEAFTH AL, X7 7
(T.Fe) # 3% BEICHRBKTELNDT, EIFL XX
FREDFEICEVESFY T M LA ZETLT A
TEMNTEB,
5-2 A= AFMICLBIBY AREANDEE
EELSE Mn BAORDLYICSKIEREMEHL, 22
5y TREAELAEZELSNE Fig 4 LREBEZI—7 R
ERMLARECOBESRB Y AEBRTERKL, 10%
TDAY T v THBEFRLEITRECTHSHZ EEUALL
7220, FOBOa— 7 AOBMBERR %R L7207 Fig.
12 THhH A, Mp, SREBREER IEFHET 2 5HE X
DEHE L, & [Cl BARBRIY ¥ 7V O5H
L hke, MEOEZI—2 AFREREREE LTE
L7 B a— 7 2A0BERERT.
SRFERBEED D b 75% $a— 27 AHRENT B
BEL, B AP ICIZITEEFERL TV,
ABHBIUBRY AHOIRICE ALV SEED -7
ZNHFIEL TWAHDS, Fig. 4 IWRT L)1, EREEER,
Mn #5703 & OERIF S OBRILER 2 6 OBRFEMHRIC XD
25 7 (T.Fe) 13# 10% M Ex#ERHFL 5. Bib
AEED, a— 27 2ARBML2VREIRRE HEICI LB
AEBRERO L~ ETLTWAW, ZOZLPh,
I— 7 AWML BB A~ OBEBII/NS VW EE R
Sh5,

7, B0 ARERICT— 7 23FITEEBERL, L

0,004 N\~ - - — — = h
w2
3 /
0.002} [%S] of hot metal

5 ~170 =
5 82
s 2
20 1% 2
C~ >
S8 =

S, -150 =
8 —
S o
5 Ju0 2
£ 0 .

1
0.8 1.0 1.2 1.4 1.6 1.8
[ZMn] after dephophorization

Fig. 13. Estimation of optimal [Mn] after de-
phosphorization of hot metal in SRP for 1.5%
[Mn] at end point.
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Fig. 14. Calculation results of Mn balance in
SRP for 1.5% [Mn] at end point.
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