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Acceleration of Nitrogen Removal with Decarburization by Powdered

Oxidizer Blowing under Reduced Pressure

Synopsis:

Kaoru SHINME and Tohru MATSUO

A new refining method has been developed for producing ultra low nitrogen steels. Powdered oxidizer
was blown onto the molten steel using a special top lance with the argon gas under reduced pressure. As the
results, it was found that the nitrogen removal index increased twice as much as that in the oxygen gas
blowing and the final nitrogen content could be lowered below 10 ppm easily. The reasons why the satisfac-
tory nitrogen removal was obtaind by using this new method are considered as summarised below.

(1) The gas-metal interfacial area was increased to twice or five times as large as that the oxygen gas
blowing due to the formation of large number of fine CO bubbles during the powdered oxidizer blowing. (2)
The oxygen content was maintained at a low level, because the oxidizer efficiency of decarburization reac-
tion was quite high due to the existence of oxidizer particles as nuclei of CO bubble-formation which were

penetrated deeply in the molten steel.
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1. Lance for sampling and temperature measurement 2. Ox-
ygen blowing and powder blowing lance 3. Alloys hopper 4.
Vacuum duct 5. Tap hole 6. Melting vessel 7. Coil 8. Porous
plugs

Fig. 1. Schematic profile of a 2.5 t vacuum induction fur-
nace.

Table 1. Chemical analysis (wt%).

T. Fe T. Mn SiO, Aly03
Fe-Ore 67.4 0.1 0.6 0.7
Mn-Ore 26.1 26.0 9. 6.7
MnO, 0.6 60.2 <0.1 <0.1

Table 2. Chemical composition (%).

C Si Mn P S N
0.30r0.8 0.10 0.2~8.0 0.010 0.006 0.003

WECHWEFELT » 22 ERHL, L/ ANhbT L
Ty H A% 0.07~0.13 Nm*/min-t, 3D F/N— )/
XNhHEEE S X 0.38 Nm®/min-t # LIRS L 7=,

B EET L7002, 7L I FEE—F 2
75 ERMFEICERIT T VT Y A A 3~5 NY/min-t % {144
L7.

Table 2 IZ/RFTILFER D2 A XS HAEL-HBHE
1.5t 2B LERS T2 2. BREBEEISREELHA
LD 1600°C — W RF L., BEREE K~/
A= =BTV 75 2RIEEE 2 HOTHIEL
20 Torr =B B L) ICHERB LKL /2.

BEHAFHIAE 20 mm OFEE TRILL /2. AEHE
FERSEEERNZ 7 VT > A AT 2HBHEL TREH,S
DERBAEEFIEL -1, BRI E T2 7. B8R
SRk C, S B & RIMRIINEE T, Si, Mn %58
@AW T 7 ARG THIET, O 2 RIHRIRIE
T, TLTN2#REFECELENTO.

3. £ B # F
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M EFEE I 30 ppm 25 10 ppm KT T 5 2 &A%
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U, <2 H HARAEER X TIE Mo BED0.2% »
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Fig. 2. Behaviours of [C], [Mn] and [N] during Fe-Ore
powder blowing.
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Fig. 3. Behaviours of [C], [Mn] and [N] during Mn-Ore
powder blowing.
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WEZHERY 7 MCHBE L. BESF 2 ERb o CO
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Fig. 4. Behaviours of [C], [Mn] and [N] during oxygen
gas blowing,

HTE, BIREOH 70% 2822 LT a7,
33 & Mn SRTOREBRE ERIC & 3 BEEE)
BT O Mn id Cr LRk, BMECRELOHMN2
W2, & Mo SiOBRRICE R LT 2 &,
HHLCRBERCEZRES LI LFIHELWVLY, 22T
BRI DR A A &0 B ERALHI AR L % v C
& Mn S OBREER LTV, ZOBOBERE S FE
L7z, @SSP Mn RS 8.0% DS OBises8) %
[C] B0 [Mn] D288 & 3612 Fig 7 14, J e

T
1600°C
20 torr

Fe-Ore powder feeding
rate=0.47kg/min -t

s 0.8}

Time (min)

Initial [C] = 0.79%
Fig. 5. Behaviours of [C], [Mn] and [N} during Fe-Ore
powder blowing.

( 1600°C
- 20 torr
MnO. powder feeding rate
40 0.8} = 0.47kg/min-t 42.0
—41.5
=
£
41.0=
0.5
0

Time {(min)

Initial [C] =0.79%
Fig. 6. Behaviours of [C], [Mn] and [N] during MnO,

powder blowing.
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Fig. 7. Behaviours of [C], [Mn] and [N] during Fe-Ore
powder blowing in the 8% Mn steel.
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Fig. 8. Behaviours of 1/ [%N] during powdered oxidizer
blowing.
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MEEEE 2, d1/[%C))C TtETE, (4W)RDEIH I
.

A/T%NY/ AL = KS wooevevrmeererennranannanns (3)
d(1/[%N)°/dt = d(1/[%N))/dt
— d/[%N])°/dt = by — kX ceeeeeeeee (4)

FITHRRKIGICEVIEEINOIBEEOKE S : K
FIEL LCHiER K e % (5) RN TE#ET 5.
a=—d1/[%N)/d[%C]
=(kn‘“k§)/1€c .............................. (5)
(5)30ix S. N. PADERIN & D88 R % 247 24 R0 15
PHRDARE XLAPTRB T EDDRS.

Bl e %) JEoRERR TR (1), (2) ko
(5)A25 (6) X ESh, BKEELG—FETDH 5 HEE
TRERREOFBOLIEZKFREOE{LEIZILH
T 5.

— d(1/[%N)/d[%Cl = kn/kc
zk?\l/kc"‘a ................................. (6)

AEBREMGETTRDZ R OME4.0(% min~ ) 2 H
WS e DfEE RO D A TE, KEEBRDI b
WREZM L AL 7-BE50 a DfEiF 2000~2200(%
) BETHOL. (Fig 9) BEV A LREBROEED
a DEXFEREICRO D EH 10000% 2 &40, BUE
KECTHRET 25610, BLAME LR X O EERE
HZXEREIL O 2EREEN TS,

2500+ e .
-d(1/[%N])/d{%C]
2000 ©e o eN\O = 2400~ 2600
=
= 1500
=
1000}
O : FeOre powder (2200)
e : MnO, powder (2000) B
500} o,
1600°C o
20 torr
0.2%Mn steel
0 1 1 1 |
0 0.2 0.4 0.6 0.8

[% €]

Fig. 9. Relationship between 1/ [%N] and [%C] during
powdered oxidizer blowing.
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Mn i L ¢ & OBR % Fig. 10 12773, Fig. 10 O#E#
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< 1600°C
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Fig. 10. Influence of [Mn] in molten steel on @ value.
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REFHRHMBEIL B LT B 0T L, BRI AL
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Fig. 11. Effect of partial pressure of CO and CO, gas on
@ value.
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