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Development of Slag Minimum Refining Process by
- Desiliconization of Hot Metal

Yukiyoshi ITOH, Singo SATOH, and Yuji KAWAUCHI

Synopsis :

New process “SMP” (Slag Minimum Refining Process) which consists of hot metal desiliconization stage
in hot metal containner and dephospharization and decarbarization stage in LD converter has been studied
in order to reduce the consumption of refining fluxes and slag volume yield in conventional LD process.

After experimental studies which have been carried out in KR equipment and conventional LD con-
verter to estimate the feasibility of this new process, it was cleared that hot metal desiliconization treatment
can be done with simple equipment by using proper desiliconization agent and flux and its proper adding
method.

By this new process, CaO consumption for dephosphorization in LD converter and slag volume can be
reduced drastically with decreasing Si content in hot metal and that CaO consumption and slag volume
required is 18 kg/t.s, 42 kgft.s at Si=0.15% by low carbon rimmed steel. As a result of it, linning life of
refractory can be extended and the amount of metal and heat loss can be decreased and it makes the LD
refining very stable.

Based on the results obtained by the above experiments, a practical equipment of hot metal desiliconiza~-
tion treatment has been installed and came in use in October 1979. and now is in a stable operation.
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Table 1. Experimental condition of desiliconi-
zation treatment of hot metal,

Weight B5—-65 torviadle
Hot metal Initial Si 0.40—0.72 %
Initial  temperature 1330 —1380 °C
Kind of agent Scale or Sinter
Vo (" O.1= 2.7 Nm¥mintp
Desiliconizing Chemical composition {weight %

agent TFe | FeO [Feq,[si0,[ca0
Scale |705|593(348| 1.7 | —
Sinter [564| 6.0 | 739 6.0 | 100

Flux Ca0, Na,COs , CaF; , B0
(1) Velocity of oxygen supply (2) Colemanite; 2Ca0 3B,03

Table 2. Experimental condition of LD refining.

50t LD 120t LD
O, blow
Blow (Nm3/h)| 8 000~ 10000 |17 000~ 18 000
pattern {Lance height | 1 300~1 500 | 1200~ 1 400
(mm) .
Flux CaO 15~30 15~-30
Fe,O 0~-53 0~40
(ke/t-P) | CoF," 0~ 5 0~ 3
Dolomite 0~10 0~15
Hot [9Si] 0.15~0.32 0.10~0.35
metal |H-M-R(%) 85~100 83~100
Final [2,C] 0.06~0.60 0.05~0.15
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Fig. 1. Desiliconization behavior by desiliconi-

zation treatment.
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Fig. 2. Relation between quantity of desiliconizing
agent and 4[%Si].
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Fig. 3. Relation between final [9,8i] and
4[%Mn] in desiliconization treatment.
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Fig. 4. Relation between velocity of oxygen
supply and 4[%C].
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Table 3. Chemical composition of desiliconization and LD slags (wt2p),

CaO SiO, T.Fe | MnO | MgO TiO, B,O, P,O, S
De-Si 3.1 48.7 18.2 19.0 1.3 4.9 3.6 0.06 0.05
SMP
LD 46.1 9.5 23.2 4.5 3.2 1.6 0.3 4.75 0.09
Coenventional LD 40.3 17.2 17.9 6.9 5.6 1.0 0.8 2.04 0.07
o Conventional LD
L4 Y SMP © SMP-A ( conventi
® S O IR—( a0 ional blow)
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Fig. 5. Relation between slag volume and
4[%$Si1] by desiliconization treatment.
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Fig. 6. Relation between final [24C] and
final [9P] in 50t LD.
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Fig. 7. Relation between CaO consumpsion and
initial [9S1] in LD refining.
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Fig. 8. Relation between dephosphorization ratio
and initial [9Si] in LD refining.
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Fig. 9. Dephosphorization equilibrium by
modified BaLaJiva’s formula.
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Fig. 10. Relation between slag volume and MgO
dissolution from refractory.

recycling CaQ 42kg/1's
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glgseo Scale 32kg/tp [ Slag 110kg/ts
MnO Flux 1.5 kg/t
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L De-Si Reactor C445y S — sMpP
5.015 ;

025 !
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----------------- De-Si Slag 18 kg/rp""" Seena”

Fig. 11. Total flow of SMP (Refining of low
carbon rimmed steel).
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Fig. 12. Fe balance at conventional LD and SMP.
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~. /2057)
= = —
c c c S
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(26053) (25281 (24850)
Thifial 1370°C Final 1320°C initial 1300°C___ Final 1590°C
DeSi LD

Fig. 13. Heat balance at conventional LD and SMP.
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— IR R EE T A + 5 VARG L, 10 A 18
H MR 7S R ESE i & I R A ok, NEE
BITRFACIE L TR Y, BB 55 R BmEL:
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Table 4. Economical effects of SMP (Refining of low carbon rimmed steel).

SMP Conventional LD

Quantity of CaO (kg/t-s)

18 42

Reduced amount of slag, reduced slo-

Iron yield pping, etc., improve the iron yield by
0.5-0.79% over the conventional LD
Refractory cost 0.3~0.5 1
ST . Utilization of de-Si slag for sintering
Utilization of steelmaking slag process
Controllability at LD refining More controllable by stability of hot
metal components and non-slopping
120 ¢ LD
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Fig. 14. Transition of LD refining (300t LD).
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Fig. 15. Relation between velocity of oxygen supply
and ratio of oxygen combined with Silicon.
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Fig. 16. Agitation energy by N, top bubbling
treatment.
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Fig. 17. Relation between velocity of oxygen
supply and ratio of oxygen combined with Silicon
by N, top bubbling treatment.
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Fig. 18. Relation between Vo, and V;.
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Fig. 19. Relation between initial [2,Si] and
calculated CaQ, slag volume, basicity by modified
BaLajva’s formula.
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Fig. 20. Relation between addition CaQO and
final [9,P].
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Fig. 21. Effect of slag volume and r on
Manganese Slag-Metal distribution.

H-EERY ARRTRB OB AT 7 =< s BE7
reAx (SMP) #EMLI. bk BEHHEL FIAL
BB K L, WHBEEO B RNBA L RS
HEEBIE, TOBERS-ARLLEFEH S meAD
TE¥AL RS LIEFS R R RD TV B,

(1) BGHOMBENBITESY B L Ieh bRER &
LT3 vAy — AV EOEERBLEY IR Lt Ot R E
HFEECa vt —ATBZ XD, BHKE<0.10%,
Wi v v E<0.25% gL Si % 0.60—-0.15% %
CEEMICERILBRET B ENTESL . OTHEHOB
HEABIBET YA X AHEBE L7 ARBEORAR X
O/NEHEE  CARBOREBC I, BHAD LIRS
BHTOMBLWETHS. (71BF LD &kiFLo=.,
F v FIE BTSRRI L.

(2) —7F, BFEHEcRRELET X568 Si ©
ETfE, By ADtdd CaO 5 IVA TS 7EiLK
BB EETH 5. Bl HECMBEHMOBE, R
& S10.60% ‘¢ CaO=40kg/t's, A F 7/BE~=110kg/t-s

DETH 2D L, Bgh Si & 0.15% ¥TETZ
#rorizkb CaO=18kg/t's, =3F FEE=42kg/t's
FTEAT S, Elelst Si<0.25% T AT FOBR
aviir—ARERELD, Ary v I/EOHBL
CREI B D AREENR IR LD, EHILAT FED
WA X bk, #he 2A0ME, WAkHFGOEREDR
BRI BN CRC KT 5 KEL 2 A MERO R#E
(SR F (BN

(3) SMP ki BREAT 7DO3 BREAT /I
DWTITEERE SO, FE LTEETEAD Y 1 7 453
THETH D, FREFAT F T HEHEROTEE
HRIT A E L.

X [

1) FiExR, MEBRD, FARKES, WEER: g
8, 62 (1976) 4, 877

2) PHER, BERLEG, NS, FEER, £H
EHE, EiERSk: gk L$m, 62 (1976) 4, S78

3) K. Barajiva, 4. G. QuarreLL, and P. Vaj-
rAGUPTA : JISI, 154 (1946), p. 115 .

4) \WEKE, HiIF % HLE=: WEKHRE, 264
(1968), p. 21

5) LD £584 10 A aRvHEEEES: LD &
B4 10 AEEMRIE, po 153

6) texkEE, B 1R, MEE: g &M, 6]
(1974) 4, S11

7) RE#ZE, ERZHN, K
(1960) 10, p. 1138

8) K. Naxkanisi, 7. Fuju, and J. SzEkeLY:
Trans. IS1J, 2 (1975) 3, p. 193

9) &R IE: k& #R, 59 (1973) 11, S412

10) EEE 19 EES: REKIG O RT I,
(1968), p. 72

11) D. C. Hiuty, R. W. FARrLEY, and D. [J.
Girarpi: Electric Furnace steelmaking,
volume J[, p. 206

RH: # &, 46

— 114 —



