294 B & @ 744 (1988) E 2 F

R TTHTHTTTHT T

X 1%

HENTIVIUEEEHET LTI

K EZIE*

CEBI >
INEPIMETE*3 « /NS

© 1988 ISLJ

A AN X B 4 o i & SR

AR B

= %2 | ,:,EHn_-ﬁ;*4

The Rate of Nitrogen Removal from Molten Steel by Reductive Gas

Yoshimasa MI1ZUKAMI, Susumu MUKAWA, Tsuyoshi SAEKI, Hiroshi SHIMA
Shuhei ONOYAMA, Tadanobu KoMAl and Shogo TAKAISHI

Synopsis :

The fundamental study has been made on the rate of nitrogen removal from molten steel to gas phase with
reductive gas injection and flushing. A fluid flow on the surface of molten steel is observed in hydrogen

gas flushing. Hydrogen gas increases the rate of nitrogen removal.
It is considered that the fluid flow on the surface of

approaches to the chemical reaction rate constant.

The apparent rate constant

molten steel caused by Marangoni convection increases the liquid mass transfer, and thus, the nitrogen re-

moval rate.

When CO is used as a reductive gas, partial pressure of CO, Pco, must be kept in a suitable range for
each composition of molten steel, because silicon in molten steel is oxidized to silica by CO gas, and this

oxide decreases the liquid-gas interface area for nitrogen removal from molten steel.
partial pressure can be estimated by equilibrium calculation.

The suitable CO
The effects of gas flow rate on nitrogen re-

moval with different gaseous materials in RH degassing equipment can be estimated from the results of the

fundamental study.

Key words : secondary steelmaking ; ladle metallurgy ; nitrogen removal ; reductive gas ; kinetics ; MARANGONI con-

vection ; degassing equipment.
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C Si Mn P S |Sol. Al}] N
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Fe-C system 0.25| Tr. Tr. | Tr.| Tr. 150
Tr.| Tr.| Tr. 150

0.3
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Fig. 1. Experimental apparatus.
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Fig. 2. Schema of gas injection.

Table 2. Condition of fundamental experiments.
Method Injection
Temperature 1600°C

Weight of steel
Gas flow rate
Atmosphere
Pressure
Injection gas

300 ¢
100 Nem®/min
Ar

1 atm
Ar, Hy, CO-Ar mixed

OFEEITIE, Sol. Al HFRIE L 2 WHEIBHAI T Al BiER L
72 RIZ, Fig. 2 /R L72HNEZE 1mm, #HMF 3mm ©J
FRTNVIF TR FHVAMERT 30 mm E S
5 100 ml/min TH A %R EAALZ., FAOEHE IR, &
FTEHAELTAr & CO LEDRBEVAEH, 2%, K
BAAELTAr FAEHAWE., &8, 52 31RE
40mm DEBR~ 7 A3 7AH2F A, ZERE TNV
TUHAGZHRE L, EHREOLE T ER T 572012,
BMEREICHE 10 mm, 74 35mm, E A 15mm O <
FRITI Y TR ENI. T, RBEBEHEE OFRHE
Brkoni-o, FIERICHE) TE SV OHMELE
FEL ZTOMOEERRSMH% Table 2 IR F. B

3 as
200} hid &
X Ar
e 150 A H,
&
— 100} & ® | 50%CO—50%Ar
= \
= | e~
50 i\\!&f\x*x
ok Fe-C system
i | 1 I L L 1
key gas
200+
X Ar
e 1501 A H,
g ® | 20%CO—80% Ar
— 100} k\w
z N~
50F O T —y
S e=—e—y
OF Fe-Si-C system
L L I L )

0O 5 10 15 20 25 30
Time (min)

Fig. 3. Behavior of nitrogen content during gas
injection.
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Fig. 4. Behavior of oxygen content during gas
injection.
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Fig. 6. Effect of oxygen content on the apparent
rate constant for nitrogen removal by H, gas and
Ar gas injection.

wW=1000g e
- Vg =200N cm® /min

Kk 5X102(1/%/s)
N W O ~

—
T

aluminium
content (%)

kind of gas Ar | CO | H: | CH,

Fig. 8. The apparent rate constant for nitrogen
removal by blowing different gases.
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Fig. 7. Effect of oxygen content on the apparent
rate constant for nitrogen removal by CO and Ar
mixture gas injection.

Ve= (0.58 dB)M .................................... (5 )
EROQB»HRO 7z k- A/V &, RO &SI »
LRDI A/VOMmEH»S k=8 L, Fig. 6, Fig. 7
WRY. B, o [%0] 2N FHEER
mEEEH W, Ar A, Hy #AB XY CO HAWT
NOWAZRTSH, [O] BEIEL 2520 RETO
B FCEREEER k 3/hE 22 TBYEROBE L
—HTAH., T2, Ar FREWE LT, Hy XA 2R EA
EHPRBIORBRGEERIRE L DTS, —F,
CO H A %W &AA 1256 O BT DRSS HEBE 8
kid, Hy ¥ ARAH & Ar T ZARAADBE O BT
OREFLHEER L OB TELO2VTRE. ZOFRK
&, BT AH X, BEESICEDT CO HRANE

PHLTABE L, Bt XL LTERL, Bt
[Si] ML LB EEZBL TV DL D EE
Y (-

3:2 BRUHAREDITERER

WA A EBAE R & FRRC, (2)3C [%N] & [%N],
RALTKRDA YV EMEBEMOBEGE?S kA/V %
Kb, Th# Fig. 8 IR, REEREHE Al ks
WMEHBTHE, COTADEELEE Al HEREH®
HFHARERIEEELSEL Z2D2TEH, KAAEERD
Fig. 6, Fig. 7 o s —%3 5. 7, y¥rAEOEE
FRLHE, KHNBRBEROBEGIRT A EDBIT kA/V S
INE L, kA VIEBIIZT H AHOEEILN S WD,
e LTid, COTRIZLLBENRLHEL, 25~
HR, Hy A, Ar TADNEIZEL 22 TWwW5bh, —4,
Al BiBRAS OB AL, 2 ¥V H AR SHEL, Hy X,
Ar T2, CO FADNFIZEL B2 Tw5,

Table 3 (228 FUSHEIZ B XITTHF ARMAE, 7
AEBICBEROBBENEE > ~ERTRY. Ar 7



298 # & S 4 74 4 (1988) & 2 B

(a) Before blowing

Photo. 1.

Z LWL T, Hy TRARREZIRET D5, COF R
BRMOBFEE L > THELRETAHAELHET L
ENHHT VLM S,

Photo. 1 12 Al,O; fy CHEMER B> 727, Hy ¥ A
ERE DTG EDEMERKRRERT. Ar FADY
AERBEEFHCRZS ALOs BHiIF L A EBI»T, &
SETIZE o T 7225, Hy A DAL ALO; Ha5H
AREDITH, 5 ABETILEIOTL2D005b0 5.
COZEDNS, YU DX REIEEERICH LT,
BILHTAERED TS L BEMEBPELDLEEZLN
. COEMKHKH L, SHEETA A 2 7L EL,
WRZPE L7z, ALOs T OREDH D\ id 5 DITHED
BEFDHY, RABRIEHL TS0, Hy, "AOEAIR
BK 17cem/s DRENBE LN, ZOEREREFEO
#i% Knoeee. 5 OB L T ARICTER L 2E
LABETHY), BV AL EMEROEEIIEH
BFEIC XA LFABELEZONS.

4. % &

4-1 BREREOERDKRE

Ar FAEHB LT, Hy, "APHELIREST LER &
L CiE, Marancont 512919 r LT, AHMOTRENIC &
% B Y E R BB LR ky OB & FRE DOEEFIRE OKT
W& B UL REER ke PR O o0 F 2 5
N5, BREEHOERNE LTRETHTARE2TIZLD
BMERIBEOREARS X RESE AL, FH
RNV bizb g Inb. 22T, BEL
BB T2 L TASLIOIZ, Hy A EFEH
BEEEDO K XV He ¥ A W& DiF7-75, REBRSM
TRBEFORHIBZE I 2r22. ZoZ L), R
BRI X 2B 0 BB/ NS <, BREOBRELA

(b) During blowing

Flow of molten steel surface during Hy gas blowing.
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Fig. 9. Effect of oxygen content on the apparent
and chemical reaction rate constant for nitrogen re-
moval by different gases.
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Fig. 10. Effect of partial pressure of CO on the
apparent rate constant for nitrogen removal.
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Fig. 11. Effect of partial pressure of CO and

[Si] on SiO, formation.
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Fig. 12. Estimated amounts of nitrogen removal in RH degassing plant.

Table 4. Values used for calculation.

Gas fow rate 800 N1/min 3000 N1/min
kg (em/%/s) 1.2 (CO+Ar gas), 0.4 (Ar gas)
ki (em/ %/s) 1.1
kg (em/%/s) 1.1
Ag (em?) 3.18%10° 8.17X10°
Ap (cm?) 6.91x10%

Ay (cm?) 0~3100
[N]2 (ppm) 3~15
[N)¢ (ppm) 36~50
[N]2 (ppm) 395
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ERZNBREFTRONIMEY, kn ki 3HES™ 258
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