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Decarburization of Na,CO, Pre-refined Hot Metal in LD Converter

Satomi YAMAMOTO, Hidetake ISHIKAWA, Masatoshi KUWABARA,

Ichiro KOKUBO, Mutsuo NAKASHIMA, and Toshihiro KOSUGE

Synopsis :

Decarburization of desiliconized, dephosphorized and desulphurized (pre-refined) hot metal was
studied. The pre-refined hot metal (45T) was charged in LD converter (75T /heat) and oxidized
with top blown oxygen. Since [P] and [S] contents of hot metal had been reduced to the specified
concentration range for those elements, the flux (lime) was not used. The amount of slag formed at
the turn down was less than 5 kg/t.s and the thickness of slag on the steel bath was estimated to be
5mm.

The metallurgical characteristics of decarburization without the use of flux were summarized as
follows.

1) High efficiency (97%) of oxygen used for the oxidation of elements (G, Si, Fe, etc) was kept
throughout the whole blowing period even in the production of low carbon steel.

2) Very low concentrations of [N] and [H] at turn down were obtained (less than 10 and 2 ppm,
respectively) .

3) Iron yield of heat was improved by 0.37%.

4) The amount of dust evolved during the blowing was the same as that of the ordinary heats.
The iron content of the dust was 109, higher than that of the ordinary heats.

5) Bath temperature was raised at the rate of 120°C/[%C] during the decarburization.
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Table 1., Experimental conditions.

Items ExpeHreiéntesntol Oll'_lcég}cgry
Oxygen Flow Rate (Nm3/h ) | 9000/13000 13000
phecific Dxveen ms/T.ny | 210/300 | 165/207

L/Lo 0.6/0.9 0.8

fharged Hot (T/heat) | 40.1/51.2 |60.2/75.3
Charged Scrap (" ) — 8.1/12.4
Consugption of ¢ yo/7 ) 0/12.1 | 3.7/51.9
Consumption of (W 0/12.1 |27.1/50.3
i o e | sy |
Blowing Time ¢ min. ) | 6,9/13.0 |13.8/17.6

Table 2. Chemical compositions of hot metal and
steel in experimental and ordinary heats.

C (2)[S1 ()M (B[P (RS (B)|T (°O)
Experimental [Hot Metal |3.98 | 0.065| 0.14 (0.020{0.007| 1260
Heats Steel (0.045( tr. 0.14 |0.018(0.006{ 1650
ardinary Hot Metal|4.51 | 0.54 | 0.42 |0.085|0.024} 1274
Heats Steel |0.07 tr. 0.18 |0.015|0,016] 1651

Turn down [%C] < 0.10
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Table 3. Chemical compositions of slags at
turn down.

(%)
Ca0 | Mg0 [Si0z2 [T.Fe{MnO | P

~Heat without Flux 9.08(29.3/25.0(16.4/9,10:0.080

Heat with Ca0:160
Dolomite:80(kg/heat)

—

7.4 114,1117.2(24.7|1.38/0.26

WG RT L Table 3 DX 5Kk 5.
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Fig. 1. Changes in chemical compositions of slag
in consecutive fluxless heat.
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Fig. 3. Relation between [%0O] and [%C]

at turn down.
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Fig. 4. Effect of [¢5C] at turn down on effi-
ciency of Mn ore in increasing of [Mn] content
in steel.
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Fig. 5. Changes in [N] content during the
steelmaking process.
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5. REIEDINIZELV-DIX, Na,CO; CHARES L -
Wk [N1 2 Fig8ppm LEV-D, ZOREADD Lo
EELZbh3.

AT 7V ABRCIERM G, %ig) »BsLe
BROINI#BE b & Fig. 5 DLdicich, kX
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Fig. 6. Comparison of [H] content in ingots.

(High carbon killed steel)
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Fig. 7. Relation between amount of elevated
temperature during the decarburization and
[96C] at turn down.
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Table 4. Chemical compositions of dusts.
(%)

M.Fe Fe0 | Fe,0s | T.Fe
Experimental heats | 14.3 | 68.9 9,231 74.3
Ordinary heats 3,0 | 60.4 | 21.8 65.2

EIhb.
3.3 4R MOREREZDHEN

BB MR K A Ph A 0T 5 min RfREICERR
L, FRFERBICHERYAELL. 27 7 VABKRE
O XA FBEIE 300~600kg/bv — + EEF L. FA—F
ECHE LIOREERERO X A P BIFY 9.4 ke/T. S
(n=12) THBDORI L, AT 7 VAJIR TEFE 10.0
kg/T.S THot. AHRETHDLRILR b OFHARK
%53 & Table 4 DX 5D, A3 7 VvARRK TD
KA MIEBESDBVOIERL V2D

AT 7 UVARRTE, FAEIBRBEECHLGTS
BEAN R DNRS. FAVBERTEKEEHELETH &
F—BREETD F A F REBTHET2023& L v
2%, BEBRECOFA MR 648kg/t— ) AT
7 v ABIR & OFEBKEERE (11.5min/15.6 min) T
METHE 418kg/e— 1 kith, AT 7 VARRTD
gem 421 kg/b — b R EeET . AT S VARIK
THFAPLELTO PREFZHEK Ltz bd. L
L, 2R BIEHEND DR THWIEWDT, HlRogIsic
BRI EfE R V.
3.4 BRMAMORR

25 X VABREED 1 FREHDBHRII/PNE WD
T, BREXERLTE a2k

4. #E =

4.1 B X5 T EDIZDITDFEE

W X 1L EED R T OB D AFEEIE Kp ((P:Os) /[P]*
(T.Fe)®) %, HKEBEL LBFEREEYED (CO) &
DEARTRT L Fig. 8 DX dkcins. ANAL(1)RX
OERFRARES. REFREERERFO K i3 (2)R®
TRIATWVS. (2)RME (CaO) WTHRULTH &
EELT, 1650°C ToitHEE%Y Fig. 8 whfaL L.
E (CaO) R TD Kp 13, & (CaO) ikn HHEE L7fE
Ibod 10 f£LL R &,

log Kpt (=P,O5) /[P12(T. Fe)5) =0.0776 (%CaO)

—0.496 X 104(1/T) —2.67 «reverevneeesuneennnnn (1)
log Ky (= (P,Os5) /[P12(T. Fe)5=0.105(%Ca0)
+2.76 X 104 (1/T) —21.24 «eovvvererrueneeeannns (2)

& (CaO) /T Ky MK EFV-OIE, HfET5 MgO)
(15~25%) X5 :3EZHBhDDT, Surro® HD

2L L J
Present /
study e /
12
‘g 31 fa—__Yamamoto,
X / et al,
o) /
)
2 4k
-5 ® /
//
* , ® Experimental heat
-6 4 O Ordinary heat
1 | . 1 { 1
0 10 20 2 40 50 60

% Ca0)
Fig. 8. Relation between log K'y and (%Ca0O).

Table 5. Comparison of Fe output in Fe material
balance between experimental and ordinary heats.

(%)

in in not
Steel | sjqq | Dust |estimated

Experimental heats | 97.36 [ 0.27 ] 0.86 1,51

Oordinary heats 96,99 | 1.40 ¢ 0.59 1.02

MgO fafnA 5 7 COREb AFERLIMHE LR L.
# (CaO) IRCIL M L SR E 2 T2 &
(CaO) IKCLL HEMEN FEE L /S < AR TR
Ky 0ERHBETE RNk,

W % (B OMuAEHE (3) RCTREh, g~V
VERBEAOEE IR DRIghOT.

(MnO) /[Mn] =0.246 (%T. Fe)

—33.1(Ca0/Si0y) +65.1x 104(1/T) —260.3

4.2 #BHEO

25 7 VABRTIE, gHEYoRESHEIhS.
KOBIERE, SHEMEY RS AEE L.
HEX LS.

25 78St ENRTC I AHEERE LS

FA LB BiRbR XOF0% 15min (e, £LEK
RS ERY Smin HBCBIEL, 0 RNEELZ L
5.
A MARK : BERA A P OFEERY LS.
A5 7 vARBRE LOCBERES e — + OFICIOFH
Exr3 &, Table 5@;12 St b.

25 P UABRTIE, AT FhAOEBRVETIRE
Iy 1.13% Arennd, IGE EOTRBIgEEN 0.49% i
S BicdEE Y O EX 0.37% @l EOTV 5.
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Table 6. Comparison of heat balance between
experimental and ordinary heats.

Experimental heats Ordinary heats
W @ [0

Sensible Neat | 275,23 43,36 | 235.40  35.49
fombustion 87,91 14,05 | 100.56  15.16
pombustign 6,69  1.07 | 40.93  6.17
fomoustion 0.13  0.02 | 59  0.89
gomoustion 0 0 2,92 0.44
foupust ion 17.09 2,73 | 31.84  4.80
feat of slag 0.25  0.04 | 10.68  1.61
g§ggogfogegngo- 19.52 3,12 | 19.90  3.00
Latent heat of | 21,87  35.46 | 215.18 32,48
Total sum. 625.68 100.00 | 663.31  100.00
Sgnsible heat | 335 18 53,57 | 324,76 48,96
ggng}gée heat 482 0.77 | 47.5%  7.17
poneible heat of | 3729 5.96 | 33,20 s.91
Sensible heat of| 3 57 g5 | 265 gl
A o I TR R A
ST 0 o | oss oo
nosent heat of | 221,87 5.6 | 215.18 32,44
Heat loss 15.94 2,55 3,52 0.53
Total sum. 625,68 100.00{ 663.31 100.00

FHEE Y OB — F TR, F VARFERTAOHS
MEVBEIRTHEDT, REERIZT v A OfFBEA
DSHNERCHYTIELEL bhb.

THSKET 0.2~2.6% e — TR ELEBLC
Wh. EREEDA Y, 74 v (SR By A
WEMTRMENHET S 205, KEFAERL LD
NTBY. THSEBNOREERNOBEL LT, (4)
ABR/ONh. L/Ly K&, BRBEEES T2
ETRBBEN DI e DT 5.

B (%) =—3.67(L/L,)
—0.58 (B/R B : min) +10.Leervereene (4)

AN MWK BT 2R E T KORBELTIEL,
HB7 VABITREBVZBRKRIIRD, %705 vAGR
DUNZ T8 % EAKIEHRR EL A EAEZRHLT 5.
AT VABRRTORBEOHRZENR DY, L/L, Akxl
THZLTHEBERIKREL D, FORKERIE A
BSRED R LT LHE IS, REBROBET, B

RBEZRPEL LI ECIBEELBRS.

7 VARFEEND WS B IPHY ) HETFT I 57
TCinls BRELICHRELYIRHECILELDTHB 0
5, AZ 7 VABIRIZHE LI BREOBRAPLETH S .
4-3 BN

AT TVARBRE, BWHISIAME, 25 7E1i Al
Wigd, BERELBWFUIKREIRLD. A5 7L
ARER 24 e — b, BERE 13 v - OWBINETS
%V, FMEEOBIGT® % i+ % & Table 6 ¢
X o51cizrsd. Table 6 355, =25 VAR O L L
TREEDTHZ ENTES.

1) FEREShcEmghis, [Si), [Cl BBEES L
D HEVW DB EREEE D Dy, Table 6 2R LN
Fie LB E, 55.6x100keal/T. S B[\

i) A7 7B dinTcd, A5 7VEBBERITRER
R L Db 42.8kcal/T. S gy,

AT 7 VAR OBRKDBHEEEROWS 5Lk
DTS, BREEHET DR T 7247k, [
—FED DO —EREE L NS VHRE TR LT3 -
EDHT, BHRHPBHEI NS £ CF 57 min s
T2 LR IBDFHHEHNIFEREEL DD, Fr—
N CO M DROBFEA E TORER (BB & 3
RREL ORI, HFREIOER L &b BEAR A X
{IEBEABRZRBID. AT 7 v ABEET FHEER 20
min 225 50min [l kic R IR B &, BIBEEENY
20X 103 keal/T. Sk LT b, Table 6 DB E D
EAWFETORERFBOZ (25 min) 2EET5 &,
COKRERBIRKIZ, AT 7 VABROEG 132
U,

CHhODRENMEIELINIRA T 7 VAR T,
BEO BT (4.5%[C1, 0.54%[Si]) X b} 46.7
X103keal/T. HM /NS Bk, <5 Z/EB (S(b2k
%G| <) % 32.3x10%kcal/T. S A SwChiR LT
BY, WENDOECHLTHABE WBg) ke
THELRENRDS.

FRBRIIERELIRY, BEREIME I E BRI &
HFTfibhTns. ChbD&HRENINLBED
BEEHY, HETRDE. 40%[C]-0.05%[Si]-0.15
%[Mn]-0.020%[P1, 1300°C D¥gEst 20min [Py
DRFETHAE I, SR EFERA 10kg/T. S Lig
FEaEDI. 275y TEHAKE, HEs Al £ P8
(M &1k : [C1=0.05%, 1605°C) T 8.2%, [y
AHEE 50w ER (KEikw: [C1=0.05%, 1680
°C) T 4.4% LEEXRB.

Na,CO; i X 2B EMBE T, R 25, 7H#AR

— 110 —



Na,CO, T X D FATH S L 72358t 0 _ER S #RIF T O i i B 617

IVREEEXHEL TV, XBFECELroEs 40
~100 kg/T. HM rHEINTWEDT, REETDA
77y THBRENKESBATH LRl EEZL DR
A.

5. &

Na,CO, THEREH L BZHDOL Y 5t EREEP
WEAL, B E2EASTC LREETHK T 5HEK
(K X kpEEDOR S 7EH 5 kg/T. S) 1T\, ROKE
& bniol:.

i) Ary, vy, FRTohrAB X ELRRD
ht, BRELICKRENTES.

i) BHERERD BRERYRIT U E D [C1<0.10%
TEBETT oML, A5 7 vARKTOZRIL
kb [C1=0.02% OERIEE CETET, £2ARKR
e — b OFHEE 97% LEL.

iii) PBiaTEEc [P1, [S1, [Mn]l OZBHIA. &
< VHVERYEATS L, 4 Mn @ 50% L EXE
$A[Mn] FREHELTWS. (KX 1E»[C]1=0.10%)

iv) R IEDIONTBEHBRED T LB L\ D3,
& k»INI, [HIixzhFh 10, 2ppm LIF &KL

V) AS S VABRTEA S 7 RADPIREIBWAT
B, ST EOTRHEENK E L nolcled B D
DOFEEE 0.37% g E ok, FA FRERELLIG.

vi) A3 7 vARR TDOREEX 120°C/19[C] T,
[C] 2 CO i & LCEHE LAFREI07°C/1%[C]
X OREV. HIPES L LB ORIGEE /NI,

il

A5 7EEOWL, BgHil A TThElo>Tw 5.
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