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Stainless Steelmaking by the LD-AOD Process

Keizo YAMADA, Hiroyuki AzUMA, Takeshi Hivama, and Kosei SUGIMURA

Synopsis :

Utilization of molten ferroalloys in making stainless steels was succeeded in the Hachinohe Works of
Pacific Metals Co., LTD. (PAMCO), and LD-AOD process which is one of the P.H.A. process (PAMCO-

HOT-ALLOY process) was developed.

The trial heats proved that the LD-AOD process was able to apply to production runs with no diffi-

culties.

The characteristic features of the process are as follows ;

1) An enormous increase in chromium and tapping yield can be obtained. Operation time is also

shortened considerably.

2) The establishment of process to remove the sulfur from the melt of high sulfur content in the AOD
have resulted in the elimination of crude ferronickel’s desulfurization step in the alloy section.

3) Total energy consumption can be saved to a great extent.

4) High-—purity, high—quality stainless steel can be produced constantly.
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Fig. 1. “PAMCO-ELKEM?” system for the production of HCFe~-Ni and HC Fe-Cr,
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Fig. 2. P. H. A. (PAMCO-HOT-ALLOY) process for stainless steclmaking.
Table 1. Chemical composition of the feed. Table 2. Typical silicon removal profile of a heat
(SUS 304) in 30t LD.
Melt c Si P s Cr Ni
Charge and HC FeCr melt 9,800
HC Fe—Ni [2.0~25| ~2~ [0.02~0.03 0.3~0.6| 1~3 | 13~15 . HC FeNi melt 14,500 HCFeNi
addition HCFeNi Ca0
Tap weight
HC Fe—Cr | 6~7 | 1~3 |~0.055~| ~0.2~ | 44~46 | ~0.5~ {Kg/ch) »[ LeO 27,500
Step Charge | Si removal | Slag off | Si removal Tap
HC Ni—Cr | 3.5~4.5| 1.5~2.5[0.02~0.03] 0.2~0.4 | 18~20" | 8~10 Time (min) 5 T 8 10 3
0, (kg/cd) 9.0 9.0
gz (lr\lnoﬂ/rr(-i;;)3) 310 3L.0
. _ _ e e e otal Oz (Nm 300 580
B o oFLErT- Ak LD SRR oREERIDEL S L/Lo © 0.4 0.4
i o emp. 1500 1560
Wicdd, FREEPAESBHELTRO CrB8h 5 S {;:% 3.95 3.68 338
] .. = i 1.73 0.76 0.24
Ls, Table 4 @ EF kLU LD EFOHBREESFSY R 3 E Eg% 8.020 0.020 0.019
. . 7 . 480 0.496 0.429
LT 7. AEL Y [LD-AOD & |HEEHEEHEY, g Egr} 13.20 18.26 12.71
T i .38 8.84 9,29
B CrB@h L bicE, BEMMErLyEfsh S [Go ol Il
= & Uz . .
B Lhbhb. £la| TC 9.2 9.0
s T.Fe 4.4 4.0
S Ca0/Si0; 1.1 1.2
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Table 3. Typical refining profile of a heat (SUS
304) in 30t AOD.

Dolomite
Charge and Melt 27,500 Ca0O
HCFeCr _CaFz_
addition HCFeNi
HCFeM Fe-Si T ight
ey || (egeo e P
Step Charge] 1 I M | Cr redu.|slag off| Desul | Tap

Time (min) 54 | 10 | 18 4 10 4

Oz:Ar (Nz2) 3:1]2:1)1:3 Ar Ar

0z (Nm/hr) 1260 1040| 300

Ar (Nm®/hr) 420 520| 900 650 650

Nz (Nm’/hr) _— ] — _—

Temp. () 1435 | 1700 171541715} 1745 1690 | 1605
= (C] 328 0.164]0.062[ 0.031 0.031 [0.038
s (si) | 0.24 0.66 0.52 |0.60
=| o (Mn) | 0.14 0.54 0.53 [1.01
£ g (P] | 0019 0.028 0.030 0. 030)
a [S] | 0.429 0. 164 0.007 | 0.0086
g (cr] I17.71 18.85 18.72 18.32
3 (Ni) |9.29 9.30 9.33 |9.22

Ca0 485 | 67.2
| Bl | SiOr 35.0-}-14.0 |
£l4| T.Cr 0.9 0.3
| T.Fe 1.5 0.8
o ICa0/Si04 1.39] 4.80
4.0r
3.6
S
~3.2r
~— L
O
— 2.8t
I “‘A\
2.4} R
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0, blowing time (min.)
2.5
N 2.0
— 1.5 8
Loy EED
0.5 '"--:: ‘‘‘‘‘ £

010 20 30 40 50 60
O, blowing time (min.)

Fig. 3. [C] and [5i] as a function of time at
the silicon removal in 30 t LD or 25t EF.
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Fig. 4. Bath temperature and Cr yield as a func-
tion of time at the silicon removal in 30t LD

or 25t EF.

Table 4. Comparison of EF-AOD and LD-AOD

process.
Process 25t EF-AQOD | 30t LD-AOD
Heats 30 Heats 30 Heats
Tapping yied (EF or LD) 91.4% 94.7% +3.3 %
Tapping yield (AOD) 97.6 97.4 A0.2
Total 90.1 92.9 +2.8
Cr yield (EF or LD) 89.6% 95.2% +5.6 %
Cr yied (AOD) 99.0 99.0
Total 89.7 95.2 +5.5
Operation time (EF or LD) 2°—30" 1°—00" Al —30
Operation time (AOD) 2" 00 2°—00"
Total 4" —30" 300 - alt—30
Oxygen efficiency (c) 30.5% 24.9% 285.6 %
in EFor LD (si) |. 448 58.2 +13.4
(%) (Cr) 24.7 16.9 a7.8

MgO, MnO), EEEER(LA (Si0,, ALO) %5 XTE®
foORS (FeO, Cr0y 7 X) Oit4 TRTRT. A5
rdrp (S) €581 Cr B0 1% » 5 BT
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505, BiFR#E il 40ppm BE FTHA LTV 5.
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MnO 7 Xz bhid, ERo0HELYERTS L
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Fig. 5. Sulfur contents and desulfurization rate
of each period in 30 t AOD.
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Fig. 6. Effect of slag composition on distribution
ratio of sulfur in 30t AOD.
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Fig. 7. Relation between desulfurization equili-
brium of different reduction slag and bath temper-
ature.
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Fig. 8. Relation between desulfurization equili-
brium and activity of [Si] at tapping.
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Fig. 9. Relation between the modified distribution
ratio of sulfur and Excess Base.
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Fig. 10. Comparison of energy consumption in
various stainless steelmaking processes.
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Fig. 11. Comparison of energy consumption of
each form in various stainless steelmeking processes.

¥ Fig. 11 &, FiRiC BT 52E M, B, ARO b
— 2 MERBERRD, ABREEEL LHELTRET.

D X5, [LD-AOD & |o#liE= 5 v ¥H MBS
B LT 85.9 L EHTEV-ox, #E$T3 HC
Fe-Ni ¥ X0t HC Fe-Cr # & BB OREBCHHET 2
1D, B ORG OBWGB WAL OPRTT= A L FE ML
B EicXy, {E NGz Ni: 13~15%) % X UK Cr
Rz (Cr:44~46%) OEBEHIZL, ThiKI2THLR
BESEEHFIAL TS &, Sl Fe-Ni %
BT 2B HELHMTEY AL, AOD ¥
BZ—ELTIToTWwWAaZ L, R IBEDTHAS.
PHLAABPTECOES, ERMILAE LY, &
A =3 A X EBCFLLTWAZ LIS EThA
AN

5. AROF®

5-1 FHPETHEOER
Fig. 12 1= [LD-AOD #:| C&H8 L% 2, [EF-

Sn Pb As Cu Mo
(x107) | (x107%) | (x107%) | (x107%) | (x107%)

—

N DWW O
T T T T T

Contents (%)

11w 1o 10m I0WN In@m

I ; LD—AOD
0 ; EF-—AODwith 40% scrap
I : EF—AOD with 60% scrap

Fig. 12. Comparison of the impurities content of
product by different steelmaking processes.
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Fig. 13. Change in nitrogen content in EF-AOD
and LD-AOD process.
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