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Kinetics of Nitrogen Disorption from Low Nitrogen Liquid Iron by Blowing
Ar and Reducing Gas Mixture or by Top Injection of Iron Ore Powder
under Reduced Pressure

Kazuumi HARASHIMA, Shozo MIZOGUCHI and Hiroyuki KAJIOKA

Synopsis:

The effects of blowing Ar and reducing gas mixture or top injection of iron ore powder on the rate of nit-
rogen removal from liquid iron under reduced pressure have been studied using a vacuum induction furnace
containing 12 kg metal at 1 600°C.

1) In the case of blowing Ar and reducing gas mixture, the value of chemical reaction rate constant, k,,
was slightly greater than that in the case of only Ar blowing. Even in the former case, &, depended strongly
on sulfur content in metal in the range of low oxygen content.

2) In the case of blowing Ar and hydrocarbon gas mixture, especialy, oxygen content in metal decreased
and the rate of nitrogen removal increased remarkably.

3) In the case of top injection of iron ore powder, the rate of nitrogen removal was lower than that with-
out the powder, when the decarburization rate, V¢, was lower than the critical decarburization rate, V.
However, the rate of nitrogen removal increased with the increase of when V¢ was greater than V¢*.  V¢?
increased with the decrease of sulfur content.

4) The reason of why the rate of nitrogen removal increased by top injection iron ore powder was attri-
butable to the increase of gas/metal interfacial area by CO gas evolution.

Key words: secondary steelmaking; kinetics nitrogen desorption; reduced pressure; oxygen; sulfur; reducing
gas; nitrogen.
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Table 1. Experimental conditions.

Metal : 12 kg, 1600°C, VIM (3 kHz)
Total gas flow rate : 20 (1/min)
Total pressure: 10~11 mmHg
* X gas: Hy, CHy, CoHs, CO, (CO»)
Ar-X gas-Nj (1 1/min)
¢ Fey03 feed rate: 1~7 (g/min)
Ar-N; (1 1/min)
Nozzle: 7.5 mm, Lance height : 150 mm
Crucible : MgO, 120 mmgX 250 mmH
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Fig. 2. Change in [N], [C] and [O] in iron melt dur-
ing Ar-X gas blowing at 1 600°C.
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Fig. 3. The second order plot for nitrogen remov-
al from 0.2%C-iron melt at 1600°C during Ar-H,
gas blowing.
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Fig. 4. Effect of sulfur content in iron melt on
the apparent removal rate constant, k,, with Ar-X
gas blowing.
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Fig. 5. Change in [N}, [C] and [O] in iron melt dur-
ing Ar-hydrocarbon gas blowing.
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Fig. 6. The second order plot for nitrogen remov-
al from iron melt during Ar-hydrocarbon gas
blowing.
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Fig. 7. Changes in [N}, [C] and [O] in iron melt
during Ar gas top injection of iron ore powder.
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Fig. 10. Relation between V and the average ox-
ygen content in iron melt, [0],,.., at 1600°C with
iron ore powder top injection. '
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IR LRI Fl 2 B - IR EHR TH 5. QFH
R L, KR DR Ve ogime iz REL L
L, BHEWMED &, AV~ F VAR
RAFIFICE 2 TR ZIRE ST D L, HEBHEEITKEL
BAHIELERLTBY, ERE—%T5. LoL, HS
DREIIIBIREEDEEHFAIIHRENTEL T, B
SEREORREEKAEL [S] BEKEEIARHTH
5, REERTIE, [S] 2RIBEOHEGIZIE, Ve d/hs
RPEIT K/ /RS DED L L) /NS B EAER
AN, QHIEET L L, LTO=20Z Lhbhb.

(1) Ve #%, Fig. 12-a-, -b- ®%Hl a TRENLIE
VA IR ABETIE, WTFhoBSLRERCPHEES R
TWBEIITHALNE, TIT, k/ke=1DLE0D
Ve 2 TRRBURERE Ve L ¥ 5.

(2)Ver ofEins [S]BEICKAFL, [S] BEAKY
BRI Ve OEDKE L, SREAMKRTTORRENEL
5.

(3)VeP DL LEofEEB T3, k//kole o, Ve ol
mEFLICKELS 2D, [S]OMHEBICEKSBEZIZEAY
b LN\,

SRELABMRA T BEORIR I, KTAHELUTO2H
HELCTEHTES,

DCO ¥ ARBFEIZIAF - WRABOWEM : K -
WHREREE VeomeicRELS RBLEZEZONS,

@CO ¥ 2ARWEETHHBEHREEFEOBRERE
[0]([0); ASTHIEEZD LD T4 ) OB : Fig.
10 1R L2 X 912, (0] 25 Ve O8N E 3L+
LIEhs, BENVsOBEERE (0], 7 [0],. T
T E B L3, [0]; 45 Ve 0Bl & ik
20, [0, pEXD bERECAD I LXTFEZ
bha. LzzaoT, [0]; & [0], ixfisd % REK
EEE 6 L i, >0 hb.

R oREsicat LTz, QifeEshE s LTE

AL, OIBEEHRE LTEHT 5.

Qo#hFiz [S]BECEKFLEAVEEIZTHLRVT
5. LhL, (5)FUTRL7K I I, k, & 50 ppm[S]
DEF DTS A 350 ppm[S] DHBEHKL D L, [0] D
MOELEZHBLZT5.

L7hDT, Ve A% Ve WTOEET, k'/k<% 0
fEA1 &0 /NS RBEME, [O), DHEMILS &,
DRVEEVD, & - MAHEOWMEA VLD B KA
WD ThsHEBIRTEx S, 85612, [0];, oI &
%k, OWPESCEEREIRE DB S AN E W7
»iz, [S] #%310~360 ppm DESKT k,//k <1 @
EHABECE DO bDEELLNS.  Fig 12
IZBWT, [S]=50 ppm DBEHDOHE, Ve OEAS 310
~360 ppm DEFHOBHE L D DEFKEEEICS 7 P L
TwaHEML, KERBECHG I, [0, ol
X%k ~ADOEEENFRKEVZDIC, K- BREHROH
MEIE, Tabdb Ve WMFIRIBRIISVWAHTHS
EEZLND, IO kR, HREABRKRMATBRIZED
THREIRE L BB, HAHREULOBREE %
ARL 2V EBICHEREOHEZNRDL Z EERLTW
5.

Ve PR & RMEBICB W T, Fig. 12-a~ & Fig.
12-b- DEHOHBMAUTITFHEL VI &2 S, BRI
(O], pEEMIC X AEEELIN S, CO TATIBTE
L5 WREBOWMBRIIORELSFG LA
%, k!/kC HBEEEML- b0 LBIRT & 5.

S50, SREUAMRA I BLR OFRERIR & LT, CO
HARMMBAEN X AR IER L 2R - MmERE
EArORLHETONSETHA ). Fig 12 IRLE
MoEE, LEEFSROBMEL LTHIESAZERTH
%.

2L, REBREFHTCTIREZES ¥ 7HO Py, 1
0.5mmHg T Y, FE [N]EEIZH 9~10ppm TH
D7z, TOEFMEIE Ar FRABMRAIT CTOEFEL 13
ZRILETH D7, Lh2T, CO FRAREICLD Y
2R SRE D Py, DERTRHRIILBEINS W E VRS,

5 & )

12kg DEZEERIF Y, BETICBWORTEY
2L SREAHE Ar FR L IMTBESHREICR XM T,
BHhRoOREEEFH»FAET L. BEREILDTOLIICT LD
HhAb.
(1)BSHFEEICT NV T & IGRTTHET 2 2R EfHF
3 ERERICRES NS, - OREEEDRIISREE
BREBGOBEE L, BRERERSFOBEGLIV LA
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iy Lz ok & v, $512, BRERESREE, K
REBREOEHOGEDHFBREREOBE LD DK
X\,

(2)z oA, BUEF AL THESEREOERR
REAMET L, MERCY 1 M2t s-0Thsb &
HSE L7, SREHREESO T RBEERERELD b
R b, BREEDENKEVEHRE, [0] oS
BERKEVWZDHTHAH, ZOBEICH, BEFEER
[SlickoTHE S Bz, KREEREREHKOLE
DFBRABFEERTOMEIKE (RS,

(3)EEAMOBMEBENKE { &b LIBEHOPLRKE
ML, HEEEIRE 25,

PRELABRAT T X BRSO ER T, F ISR
JHIc & B CO RIBFEEIHE ) R - AT X
DRIREEZOND. 1L, BREEEI/NS WA,
BEs SO A M B S n A HHIE, K - WRERORM
X0 LSBT IS XA EHOKREE BT HRE
Zikg [0], OEMOEELENKEKEHNL LD TH S
EHERE L 7.
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