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Kinetics of Nitrogen Desorption of Liquid Iron, Liquid
Fe-Mn and Fe-Cu Alloys under Reduced Pressures

Takao CuoH, Tooru MORITANI, and Michio INOUYE

Synopsis:

The rates of nitrogen desorption of inductively stirred liquid iron have been measured under reduced
pressure at 1600°C and the effects of manganese and copper on the rates are discussed.

The rates of nitrogen desorption are apparently represented by the equation of 2nd order reaction in terms
of nitrogen content in liquid iron as shown by the previous investigators under argon atmosphere. The
values of the rate constant of nitrogen desorption, ky, decrease with increasing oxygen content in liquid iron
and are nearly agreed with those obtained by other authors at higher concentration range than 0.02%.
At low concentrations of oxygen in melts, however, the values of ky obtained in the present work are higher
than any of those by the others, though there are some discrepancies among them. These results are ex—
plained by the application of the mixed—control model including the mass transfer in both phases and the
chemical reaction at the interface. Although the rate of nitrogen desorption has been regarded as the
chemical reaction control, the mass transfer in liquid iron may play an important role on the nitrogen de—
sorption at the lower oxygen range. It is also found that the vapourization of manganese or copper in
liquid iron decreases the rate of nitrogen desorption, probably because of the local decrease of interfacial
temperature due to the latent heat of vapourization and also because of the decrease of the effective reaction
site for the nitrogen desorption.
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Fig. 3. Nitrogen desorption of liquid iron at
1600°C. (6 mmHg Ar)
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Fig. 5. Effect of oxygen on the apparent rate
constant, ky, and application of the
mixed~control model including the mass
transfer in gas phase and the chemical
reaction at the interface.

P R EERIRE C; vI#eia bulk JRE Cp(mol/ cm?)
WWELWERLT &, RERISHEE n 13
—nr=er§—kr'PN2i ceemrnn (5)
Lish. SLEHREHSE Pr.y EFHT5IRE Co 2
W5 & (Ce=KV'PN,,), (5)R4x(6)Ricix5.
—n,=k,(C}—C?2) e (6)
—75, SHNIEBEERE ne 13(7)RC X 2TRT.
—ng=kg(PNy;— PNyy) wooeeereenneneneenenenn(7)
72721 PNy, 13KHE bulk 21 (atm), & 1ZRER
SIREER (cm?/mol- sec), kg VESARNIEBENRE
(mol/cm?. sec-atm) &3F%5. ZZC PN,,=0, &%
IRBE my=2n, ZINETHLE, (6) BXO (7)R»b
C§=er§'/(ky+2kg/K2) (8)
Z, IHI(8)RZ(6)RICATS EHEHEIX(9)
ALl b.

— =G/ (K2/ 2k 1/k,) vooeeeveineennnnn(9)
FoREFER S EE B koo 1X(10) R TH B IS,
Vkpy= K2/2kg+1/ky eoveveernenicnancene (10)

WERERTE LN kv OEIITAANIE SIS
SFET, k WHELWERRTE, by OEZ/ST 2 —%
— L LT (10) X5 ko DIERRD B EBTES.

Fig.5 ORI O X 575 slEEER 2 EDL T, ko O

JERSHNOBPIOER E LT KT L, 02 DET

DHIEIHRREDOINT & & bic kS < B S 2 5
o, L LshIEkROBEIELEZ BB L TR S &,
W LA DO H AGEO BB ISREL 5 B
FHTICHD, [HNOEIICE T 2R HlEFc L 5
FED Fig. 5 @25 X SckE W EEE LS.
L7ed32T Fig. 5 O ORE R 2 &% E 0 Rkt
G SEKHNEABRERE £ OEZRDBZ L, 5
WISETIR D 2 @R OIREGHE OIS LRI T5 2 & %
B LIV EE L. b A AT AR T TR &ML
PR B, Fig. 5 C kg=2x%10-5 mol/cm?.
sec-atm DR 6 mmHg Ar O&ERICIZIFRG L,
FIBED ERBTMENERO LRAE TS L 2E 2
% &, kg=1x10-5mol/cm?/sec/atm FRIEDREIIITE
HETBERbIS. BT D ke OIEFKELWRES
LROHIBEHRIC OVWTRE LR L 3E—FH LTy
5. v

WiTD 5 1 DO HLERT L 701, (EROHE
2 HRECH W s RIEEOE EE-EE LL 5. 52
EVEIRE D 5 LA T SkHz, $5K 513 20kHz, M
5% 400kHz, ¥/~ L EF —v 2 VD i 5Tl 400
kHz CFECAHEL TR D, ZOEBETIZEWTIRIER
DOEHIRE O F D AN WEBERE PR > TV LR
BB L THRO()RICEMNOEIEINZ, W’
MAWERE), RELSRXOCSHENDERE O 3 @k
DIRGHEDNE» LERELTHS.

WE ZHSO\BBIT BT L EERFRFR (1), (12)
FLO()RD X S icEb T

— =k (Cp—C) oeevemememenneenminaniiennn (11)
Ry =k (CF—CF) eveeersie e (12)
gk (PNyy— PNyy) woveeeveeeeeneeninnnnc (7)

WwE Pn,,=0 Xt ”r=2ng RET S &,
= C2/ (K2/2%q+ 1/k)

=G/ (L/K)) v (13)
% 5 %. f:fi\ L»
1/ = K2/2kg+1/k, (14)

CrT 5. F(DRITUNRL D, m=n, LF5L

—n=ki[Cy— (= ¢ +1/ 2 +-44Cp) /2] -+--ernee (15)
LD XL ¢=ki/k] LT B — R EE
noy % (16) 3

gy =gy evereneeiei e (16)

CEoTEbL, mi=ny LIEETSEKRAE S 5.

_2C+9—V P2 +49Cy .
A = 3T B (17)

— 24 —



BETICR T 358, B Fe-Mn 3 X Ot Fe~-Cu &4 pliRdEE 705

¢=(Cb,2_1)2/,2(]8)
72720 A=ko/ki 5%, 22U BB IR R
B ki BT A — 5L U ky BRDTHES.

X XITHEHE HIX 20kHz & IR E 24 H L Ciisko
HREPHEE 2R E U, BBRBECKRIE LV A=0.05
cm/sec ZHEE T D ENRTERD.  ZOE D SR
Dk ODIEZHE T HICEREEE. 24 VER, BEK,
BgeoE, BREEEZZE LRFRIEL 50w, &
FDOHLETHRG LT HUERDHIZ S+ S OXUE % B
RLTWEWDT, ZZ Tk KNUPPEL 55203 R U7~
BBtz FHIs it L. g% 0 Rhc A
N & a4 vsAmfE Fi ol N/Fy 3AWZEc 0.076
kW/cm2, Bt 20kHz 34113 0.083 kW/ cm? L
BE—FT 50T, BEHRD CIR~72 5 i o0 2 oo B R
Tk DEZELDENCHES 2 i L. $Thbb, R
B DO UREE X L DD G A3 W — T S Vv R R
B 1/4 FoKHEAILD, Fio 8 2RISR 5 k&
IRERE D 1/2 BT 2 DT R b=k f -1/,
(7272 U ke V25880 DBRE SRS, \WE £ =20kHz
TOD k1=0.05cm/sec #HA LT k.=0.172cm/ seco/s
kb E, KD f=3kHz it £,=0.063cm/ sec
Lid. AL DfEER b DL LTERTSZ 2
L7z T Fig. 5 OEBIE kx OER ko BT
L, ZED Kk OfENS 2 DfH, X 5izysgk bulk jEE
i Cp=0.01%N Z#lic i, (18) X2 b ¢ i,
F7 o=k (K2/2ks+1/ky), (KBFFR T K2/2 kg=0
BT bk BEBTES. Fig. 6 iR T Hig
X DFECRkDIz by DEEZERDTH, b OEIL Ay
LERRIRE L OBRTHOLND X 0 LIRHHIEE O/
FRREO IR EFILTVS. 2Rt bk 2HEIERNO
WEBEIEUE & F I VA LRSS E s LT
BHxhiz lick 5. _

— IR DELE T Ar SRS T ClX kg =1Xx10-5mol/
cm?/ sec/atm T YT 5 RAHNWE BB D B &
HILLTEWVD, ZDfEFRIOFig. 6 icR Lk DI
EUHTIIE, kBT A — &2~ LT dDEAEERDS
LENTEDL. FlDdnEZ(INRICRAL, Cp=
0.01% N ZEHITHIEEED b OETD 1, 55
ko ZHWTE 5. FHEFEELNART S L Fig. 6 ()
CRT X 5 CBAR ST k=0.03cm/sec, 1\ EIEEL
DOVERHIR 2R UIBHRTRRE M8 EHE X 1 % 5 529
DFERIE £1=0.01~0.02cm/ sec 23%HE LTV 5. F7-
WA OB DEEE D £;=0.01~0.02cm/sec iTH D L EF
—¥ a VEETUARE U722 30PN EIEREE) 2 R T 3R P e
OEARE I/ NI W EHAIS NS,

10

%g =1x10°(molf cm? sec/atm)
Cb = 0'0’ r{Wto/o)

#y (cm/sec/wt%)

(1) present work

(2) S.Banya, et. it
(3) K. Suzuki et al?

(4)K.Narita, et.al®®
(5)K.Shimmyo, et.al”

001
0.001 001 0.1

.Q ’ {w,.o/o)

Fig. 6. Application of the mixed—control model
including the mass transfer in gas and
metal phase, and the chemical reaction
at the interface.
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Fig. 7. Contribution of the resistance of the mass
transfer in liquid phase and the chemical
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Fig. 8. Contribution of the resistance of the mass
transfer in liquid and gas phase, and the
chemical reaction at the interface for the
nitrogen desorption.
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Fig. 9. Nitrogen desorption of liquid Fe-Mn
alloys at 1 600°C.
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Fig. 11. Vapourization of copper from lipuid Fe-
Cu alloys at 1 600°C.
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