RS RIREBEEROWIE T I BT % BLag H A 1559

© 1987 1SLJ

LU VT BT

(EEES {EF(@@%OD(TEVTLJMT%H"W HE @ X

I THHT TR GV TH T

BRI - HETTES "2 - fRRIEE*S - AR

iy

Kinetics of Nitrogen Desorption from Liquid Iron with Low Nitrogen
Content under Reduced Pressures

Kazuumi HARASHIMA, Shozo MizoGUCHI, Hiroyuki KAJIOKA and Katsutoshi SAKAKURA

Synopsis :
The kinetics of nitrogen desorption from liquid iron with less than 50 ppm nitrogen content under reduced
pressure has been studied between 1 520°C and 1 700°C.
The nitrogen desorption rate was described by 2nd order reaction with respect to [%N] under these
- conditions. The apparent activation energy for desorption rate was 35.4 kcal/mol.
The overall nitrogen desorption rate constant, k,, decreases with the increase in total pressure, [O] and
[S] contents. The degree of harmful influence of oxygen in iron melt on k,, was about 2.5 times that of
iy - sulfur. But, k,, in low oxygen and/or low sulfur concentration range was greater than those of previously
published studies. The rate determining step of desorption in this concentratlon range tends to be mass
transfer in diffusion layer at gas and/or metal.

1:‘"

, Assuming the mixed control model, the chemical reaction rate constant, k,, is estlmated as follows,
k,=15.0 {1/(1+161[%0]+ 63.4{%S))} [em/'s* %]
b The adsorption coefficients of oxygen, x,, and sulfur, x,, at 1 600°C are given as follows,

x,=161, x,=63.4
Key words : secondary steelmaking; low nitrogen iron melt; gas-metal reaction ; kinetics of nitrogen
desorption ; adsorption coefficient ; reduced pressure ; oxygen ; sulfur ; nitrogen.
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Fig. 1. Experimental apparatus.
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Ar: 19 (I/min), N2 : 1 (1/min)

Fig. 2. Change in nitrogen content in metal under
reduced pressures at 1 600°C.
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Fig. 3. Influence of oxygen content on rate of nit-
rogen removal from 0.2%C-iron melt at 1600°C,
showing the 2nd order reaction.
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Fig. 4. Dependence of the overall nitrogen de-
sorption rate constant, k,, and the chemical reac-
tion rate constant, k,, on [O] and/or [S] content at
1 600°C.
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Fig. 5. Influence of total pressure and of the
lance height on k,, at 1 600°C.
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Fig. 6. Relation between k, and total pressure.
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k, DfEE LT 0.05[em/s] #BA$T 5. —F, 2X1073
mmHg DETITHEE L 72 k,, 75, FREACFERIG & LR
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Fig. 7. Comparison of k,, in iron-oxygen melt at
1 600°C with those previously published studies.
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kov: ka/K ............................................. (11)
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Fig. 8. Comparison of k,, in 0.2%C-Fe-S melt at
1 600°C with those previously published studies.

—121—



1564 % & W % 73 4 (1987) £ 11 H

53 ko B THELZ. L BRSO olEiit
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ao, as : [0], [S] oiFE
k: #igk o BUSHEE ER
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Fig. 9. Relation between k, and 1 + 161[%0] +
63.4]%S] at 1 600°C.
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TEA. RIEMERED k(=W OE*RIT 5.
Byrne & BeLton' X BB VASRETE O N, 55 0% 35 3
BEER k& LTRAERL.

k;= —6340/T — 1.38 [mol/cm®-s-atm] ------ (15)
k=k/K &3 iZ, 1600°C T k,=3.25[cm/s* %] DIl
PRONS LaL, HOOMEMIE kL AER SR
T2V, Graws & Fruenan® (31456 L PO EEE
& x fvi7: Fe-Cr-S & To N-1*N 338K s 03 ¢
k, DEZEMEZHERHL, (1.75~2.65) X102 [em/s- deg]
=(2.13~3.22) X107 °[mol/em?-s-atm] R D k, TH#E
REMIELZ. Ok ThkEMIETAE K, 13 16.1~
6.9[em/s- %] &Y, RER,SFESNLMED K,
=15.0[cm/s* %] & HLEAGEVEIC % 5.

Fig. 10 2%, REBRESRELERGE, FX -6
BRMERIE I B L WERE L ORAEETHETT S &
Uy kow % kp, b, 3785 2 — % — & LCEE LR %,
161ao+63.4ag ISAF L CEHE L TR L.

|| P LR IR LI

§ 20} ® 1600 °C 7
S kr kg (mol/cm2.sec.atm)
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@ 3 — 6.0x10 =
~ [ -2 X == 1.0 5 3
oF o N x10 3
§ 50F 50 %1 R -
- 2.5 T
20l 1.25 .
0.625 —5.0-—___
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Q - Present work . A B
= 02 O Fe-C-8 * .
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B M.Byrne and G.R.Beiton!4)
1 Lot il Lt 1l A d 1

01 02 0510 20 50 10 20 50
161-do0 + 63.4-ag

Fig. 10.- Relation between k,, or k,” and 161-ao+
63.4- a at 1 600°C.
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4-5 BEBRICEBBO®KRE

ST, 42 FTRDI kB I, BAESY, K
HO6Y OBATICHEL T, AEEBFEMGTICB) S SR
AT 5.
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FIeDZEBIEIIRD L ) IR TE 5.

BT [N+ =[] e TR (16)
AR + [N = [ + O FELEEBUE -+ (17)
Fer Al =Na(gasyt l:l ............... RS- (18)

REREREOHGOEENIX, —RIUSEEN TR
Xh, KREREEIIRTAHDOTENTS. ky OEHLEE
BIEASY, RHELY OWMFIHLVWOTHEL, &
a7 HEEREEBROROTE R T 5.

FREALFESERDOBGE, ky RN TRENS.

kw=(1401/p) k-« fx

[1/(1 + Z,‘i.ai)]Z .............................. (19)
FE BB AEER T 25613 C0) RoEh s 5.

ke = (1401/0 ). k- xn,e KZN'fZN'

[1/(1 + in.ai)] .............................. (20)-
727, .kr = kg J e eeenstessiiisiiaiienaes (21)

Ky @ SRR D § B OWREFEER L EE

KEBERIZ Q)R TRE R, 19K E LML
(INRTRENBRIEHPERTHH LEZLONS.

Fig. 10 124, F 2 Fe-Cr RNV it B THlES 1
72 ko, DEE BT DAL SUSEEE R & A 7% LT (22)
RTHEELL K &, Fe-S R19192Y o s #EE w8 H
LEFE L k, 2AREBRTREL L/XF X—F—,
16lap+63.4as & DRIRTEEL TRL7Z.

oy = Koy /[y seeeeveerereesesesseneiniienecetiennnn (22)

s @ﬁ’fébliﬂﬁf, eNCr 25) eOCr 26) o Cr 1% 13k
fEx V7. ERICAD L, Fe-Cr &, Fe-S RO
EREEBROWBMEL RERTREL NI A= =T
IR LI LATE 5.
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Fig. 11. Relation between ¢ ..o and In ap (com-
parison of the obsrved values with the calculated
caurve of g.-o).

108 %o = 11 370/ T —4.0977 ¢+ evvreeennncerrenennnncnes (23)
log #5958 = 3600/ T + Q.57 cccrerrenreneeceien (24)
w5 SRR ks
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DRLIERE,PS KT AEE X—FTH. —H, xo
DfE1E Crave & BeLton®” ORL7ED B & % 1.7 552
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EHHERER B L, ko DELRET 5.

EEOEEBEN T Gies DIRBEDRTRENS,

Ore; =0 — T2 R-T-In(14 xra;) soeeeeeeee (25)

Ope-i : Y | & S OEERS [dyn/cm]

oF : RISk D EERS [dyn/cm)
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ore-0 NEREL [0] L OBfR%E Fig. 11 1IRL 7.

Kasama 529 {3 1600°C T, [c°=1.92+0.24X107°
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Opeo NEMEL2 XHBTHI LA TES.
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