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Development of Technology for Preventing Nitrogen Absorption by Using CaCO,
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Abstract

To reduce nitrogen content in high purity ferritic stainless steel, the method to put CaCO, into
ladle is invented to prevent nitrogen absorption on tapping at converter. The key technology to
prevent boiling of molten steel is preheating CaCO, in the ladle by burner before tapping. By this
method, nitrogen absorption is reduced. According to the analysis of gas composition in the upper
part of the ladle during tapping, CO, remained at high value during tapping. It is considered that
the atmosphere around the ladle is replaced with CO, by decomposition of CaCO,, and nitrogen
partial pressure is calculated to be decreased from 0.8 atm to 0.15 atm and thus nitrogen absorption
on tapping is reduced.
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Process EAF KR LD VOD CcC
t / heat 160t, 2furnaces 80t 80t 80t 80t
Transformer .
Main Rotation speed Oxygen flow rate 2 vessels Type:
No.6 EAF:50,000KVA - . .
specifications No7 EAF - 60.000KVA Max. 120rpm Max. 183Nm?3/min 2 vacuum equipments Vertical bending
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Steelmaking process in Nippon Steel Stainless Steel Corp., Yamaguchi Works Shunan Area

hot metal ladle

Hot metal charging

0, blow

slag
/ molten steel

‘ I refining ladle

Tapping
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Production steps at LD operation
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Experimental conditions for survey of gas composition

No. Putting materials Holding temperature
1 CaCO, 1000°C
2 CaCO, 1200°C
3 CaCoO, 1570°C
4 MgCO 1570°C

gf ’KKK —&—No.1(1 000°C) H
—%—No.2(1 200°C)

20 —O0—No.3(1 570°C) [}
—— No.4(1 570°C)
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Decomposition rate[%]
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Time[min]

3 REHEEZ &M CaCO, MgCO, DR
Decomposition rate of CaCO, and MgCO, at each holding
temperature
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Burner not used

Burner used

slag

boiling

Boiling occurred

Boiling not occurred
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Surfaces of molten steel with or without using burner
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Main chemical compositions of high purity ferritic grades
(mass%)
Steel grade C Ni Cr Mo Ti Nb N
steel A =0.020 =0.60 21.00-23.00 1.00-1.50 0.05-0.50 0.10-0.60 =0.025
steel B =0.030 =0.60 17.00-18.00 - 10 (C+N)-0.80 - —
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Experimental conditions for putting materials in ladle

Putting .
No. | Steel grade . Amount Other condition
materials
1 steel A - - -
2 steel A MgCO, 100kg -
Burner heating
3 steel A CaCoO, 300kg
(1000°C)
4 steel B - — —
Burner heating
5 teel B CaCO 300k
S o £ (1000°C)
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) ) Change of gas composition without putting materials in ladle
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§ 10 \ AN K |
LD o T C+1/20,— CO
rubber hose 3 co ,\ l
. Analyser 5 C02 |
suction pump ——=e02 y ‘ 30s60
0 I ] - S| —>
/ D work floor Start of tapping Time [sec] End of tapping
sample
g2 8 MgCO, ANE DR L&/ MR D HTHER
PN SUS pipe (7000mm) Change of gas composition with putting MgCO, in ladle
""" 60 i ; ’ \ [
. . refining ladle CaCO; — Ca0 + CO, %)
putting material 50 \¥ ‘ coz —
— I\ ——==02
. . . T 40
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Overview of gas analysis method in the upper part of the g 30 1 ¢ + 1,20, - cO
ladle 8 I ‘
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Equipment and method for gas analysis 10 / \ ' 30sec
N ] | +—>
o e
Gas component | Analysis equipment Analysis method Start of tapping End of tapping
CO HORIBA VA3011 Non-dispe.rsive infra?red Time[sec]
€0, absorption analysis 9 CaCO, AniE&XSNOISA LA AR AMHER
o Yanaco ECL8SAO | Magnetic oxygen analysis Change of gas composition with putting CaCO, in ladle
120
! ' d
N=16 1 N=49 ! '
100 ' ! !
' i N=357 !
80 1 i i
§ 0 64ppm | 69ppm | N=26 ! N=73
z E i 57ppm i
40 ‘ ' i
! H 37ppm ! 32ppm
20 ' i l
: : !
0 : . :
No.1 No.2 No.3 No.4 No.5
Experimental condition Experimental condition
(a) steel A (b) steel B

6 EBREMZ & DEIFIRE ~VOD LEFIK N ELEE
Comparison of nitrogen absorption from end of tapping to start of VOD treatment by each experimental conditions
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Experimental conditions and results of A NTap (steel B)

No. Putting Burner Number AN, [ppm]
materials of tests Tap
— Not use 2 40
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AN,
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Schematic view of sites of nitrogen absorption on tapping
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50 e ——
40
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S 30
g 20
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slag coverage o
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Relation between slag coverage (a) and nitrogen absorption
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— = " Nitrogen absorption from entrained air AN1
"""" Nitrogen absorption from the surface of tapping metal A N2

— — — Nitrogen absorption from the surface of metal in ladle AN3
Total

——
—
—_

—_ — — — — =1

ANq, [ppm]
S 8
\
\
\

-‘_‘-::r:‘-—'-;f ------ *
0 v 02 04 0.6 0.8 1

[orssm | Pt

12 FEXN, HXPEERN EORRF (0=52%)
Relation between N, partial pressure and nitrogen
absorption (a=52%)

HEE O N i 12ppm TH 72D T, 7F 7 065K
N, 7 AES1 0.15atm ERKDSN L. ZOFREMRED?S,
CaCO, AMVIE X2 & B G —VEEBL 22 L1248,
P BRGSO N, 47 0.8atm 725 0.15atm & TR
ENTBY, P, DALY B T DR D 81%D
CO, ICHEMS NIz ZZ O, ZOFRR, WN 2 EHTE
7ZEHEES D

1312 N A MO N EOREE RS BEihH
S3an5 O N(AN)), HERER 25 O N(AN,), sl
N O 22 5 D N(AN,) D3 1dh CaCO, DA
NEEXZLDEETETVDY, B AN, OEEA K E
(% B EDbroizs

45 BONitrogen absorption from

entrained air AN1
ONitrogen absorption from the
surface of tapping metal AN2

BNitrogen absorption from the
3

surface of metal in ladle AN

not apply apply
CaCO; in ladle

13 CaCO, ANEBEZHETHOHN BLE (M RMHE :
steel B)

Comparison of nitrogen absorption with or without putting

CaCQ, in ladle (steel B)
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