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Direct Stainless Steelmaking by AOD Process with Top Blowing
from Molten Fe-Ni and Fe-Cr Materials

Keizo YAMADA, Hiroyuki AzUMA, Takeshi Hivama, and Nen NISHIMAE

Synopsis:

The LD-AOD process was previously reported. This report is concerned with direct stainless steel-
making by AOD process with top blowing from molten Fe-Ni and Fe-Cr materials, which has been
investigated in order to get increased saving of materials and energy. The results obtained are as
follows:

1) The steelmaking process can be simplified because of unnecessary pretreatment in the E.F. or
the L.D. converter.

2) AOD with top blowing is effective to refine high carbon (C=3.5~4.5%) and high silicon (Si=
1.5~2.5%) molten alloys. It results in increase of the decarburization and desiliconization rate, and
consequently reduces operation time and Fe-Si consumption.

3) Although 842, of the inert gas consumed is nitrogen, the nitrogen content in the products can

be controlled below 650 ppm.
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Fig. 1. Heat balance in 30t AOD vessel for SUS
304 grade.
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Table 1. Typical operating records of a heat in 30t AOD.
Fe-Cr Melt HC Fe-Cr
Fe-Ni Melt
Charge and — HC Fe-Mn Fe-Si
addition Ca0 LC FeNi g"g
(Ke/ch) HC Fe-Cr __a_Tz_
. ap
HC Fe-Ni Ca0 weight
J N 32,500
Si Slag Cr Slag
Step Charge remov| off 1 I m redu.| off Desul| Tap.
0z : Ar(No) 31 31| 21 | 1:3] Ar Ar
02 (Nm”hr) 1860 1860 | 1400 | 350 | — —
Nz or Ar{Nm/hr) . 620 620 | 700 | 1050 | 800 800
Temp. () 1400 1500 1680 | 1700 | 1710 | 1755 1680 | 1605
C | 6.16] 2.21 3.46 0.220]0.088) 0.053 0.053| 0.053]
S Si | 1.89| 2.86] 0.46 0.47 0.60 | 0.57
< -
~ g Mn | 0.43] 0.09] 0.18 1.26 1.28 | 1.50
8 Cr |44.99] 2.14]18.89 18.45 18.48 {18.32
B Ni | 1.41]13.94 8.99 8.64 8.67 | 8.54
a.
§ Ca0 57.48 54.77 |68.86
= Si0z 25,84 33.4613.20
Q 1]
E = IT.Cr 0.69 1.01] 0.32
@ w)
S T.Fe 0.28 0.56| 0.42
Ca%i0. 2.22 1.64| 5.22

Table 2. Specification of 30t AOD vessel.

Size 4 4851-3 0507
Capacity 30t
Tuyere 105° 4 pieces
Bottom gas flow rate O3 2200 Nm3/h Max.
Ar 2000 ”
N, 2000 ”
Top gas flow rate O, 660 ”
Number of feed bin 8

Gas flow rate
Calculation of additions
Records, etc.

WCMET S 2B L, BAEERE AOD % LCH
HERCEHA LTV 5.

Table 1 iz, E# AOD H:oR¥EMA 7. Fe-Ni
Fe-Cr ¥ » i AOD JFEic3EA L, [C]:3.5~4.5
%, [S1]1:1.5~2.5% %35 loofieh, BRAE
2175, ZOBEE, AOD Ko FEEF AL b O Y
AHRERL E LD, ERES VvALL AT 5.
ChidBEr 2 CO HREEI R, RATHETHEM
REY LA IS THAM LR EF 52 EREHTH
B0%, —EOBERILEMR E EELS L, BEE BUREE
FRELSTHECIEBERG DS, HEAUEROA S /i
i (CaO/8i0;) 11 1.3~1.5 T, FEFEFRDO =
Cr v AT EAE N, PREEMIEIX [Si] ¢ 0.3~0.5%
TV, ZORETAS 7 %HE LBE OBREET
A%, RRUBRIATY [Clik 3% <buwhHbh, ¥

Computer control

Table 3. Comparison of operating records in EF-
AOD, LD~AOD and Direct AOD process.

Process 25tEF-AOD 30tLLD-AOD Direct AOD
Heats 30 Heats 30 Heats 20 Heats
Tapping yield (EF or LD) 91.4% 94.7%
Tapping yield (AOD) 97.6 97.4 94.1%
Total 90.1 92.9 94.1
" Cr yield (EF or LD) 89.6% 95.2
Cr yield (AOD) 99.0 99.0 99.0%
Total 89.7 95.2 99.0
Operating time (EF or LD) 2°30/ 1°00/
Operating time (AOD) 2°00’ 2°00’ 3°00/
Total 4°30’ 3°007 3°00°
. rcl 30.5% 24.9% 29.3%
Oxygen Shciency | [Si] 4478 58.2 59.7
fcr] 24.7 16.9 1.0

EN DTN HER, BERHELLTIERIE L)
T AR ERX BT 560D 5.
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Fig. 2. Comparison of energy consumption in
various stainless steelmaking processes for SUS 304
grade.
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Fig. 3. Exhaust gas analysis in 30t AOD with
bottom blowing for SUS 304 grade.
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Fig. 4. Flow chart of the silicon removal period.
Table 4. Comparison of desiliconization and

decarburization rate at the silicon removal
period.

Bottom Top+ Bottom
dSi/dt (%/min) 0.098 0.116 +0.018
dC/dt (% /min) 0.021 0.030 +0.009
Blow time (min) 19.7 16.7 —-3.0
O, flow rate (Nm3/min) 31 10431 +10

GAHEL 0.3~0.4% #HELL, BEIET THEA
5 7B L, ROAT 7 (BK) .

Table 4 12, BEEHIC T 5B O BRKEEORE
BEHEUURT. EREBRC LD, Bk BREE
i FhFh 0.018% /min, 0.009% /min 3L, WEHE
iz 3min fEff S hie.

3.2 BiRWMA (PEBE)

B¥EAMT,  RERHWMNE 0 26~28t, [C]:2.8~
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7.
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top oxygen flow rate.
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Fig. 8. Effect of top oxygen flow rate on Fe-Si
consumption.
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Fig. 9. Change of nitrogen content in 30t AOD
vessel for grade SUS 304 of low nitrogen.
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