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Absorption and Desorption Rates of Nitrogen in Molten Iron by
Bottom Injection of Gases
Masahiro KAwaxaMI, Koin ITO, Masaru OKUYAMA,
Takuzo KiKucHI and Shyunji SAKASE
Sinopsis :

Argon and/or nitrogen was injected into molten pig iron through the bottom orifice. The experimental
conditions are as follows: gas flow rate, 10-25 N1/min ; melt depth, 9-28 cm ; temperature, 1 400-1 600°C.

The absorption rate from pure nitrogen was controlled by the mass transfer in metal phase. When Ar-N,
gas mixture was injected, however, the absorption rate was controlled by the mass transfer in gas phase.
The desorption rate of nitrogen by pure argon was controlled by the gaseous mass transfer.

The volumetric rate constant, which is defined as the mass transfer coefficient multiplied by the total in-
terfacial area between bubbles and molten iron, was obtained in different conditions. The rate constant for
the gaseous mass transfer, Ak,, increased linearly with the gas flow rate and the melt depth. The apparent
activation energy was 64 kcal/mol. The rate constant for the mass transfer in metal phase, Ak,,, increased
proportionally to 0.65 power of the gas flow rate, and linearly with the melt depth. The apparent activation
energy was 43 kcal/mol. Ak,/H obtained in the present work was compared with the published data, includ-
ing not only those of nitrogen transfer, but also of oxygen transfer between bubbles and molten copper and
silver.

Key words : steelmaking; ladle metallurgy ; molten iron; gas injection; reaction kinetics; volumetric rate
constants : apparent activation energy.
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Table 1. Experimental conditions and volumetric rate con-
stants in nitrogen absorption.

Run No. Melt weight Temperature Gas flow rate Ak,
(kg) (°C) (N1/min) (em®/s)
2-A 20.00 1490+10 16.7 11.8
4-A 20.00 150010 10.0 8.1
6-A 20.35 150010 10.0 8.5
7-A 20.35 1500+10 22.3 12.6
8-A 20.02 1400420 10.0 3.2
9-A 20.02 160010 10.0 14.5
11-A 9.95 1500120 10.0 5.2
13-A 29.65 150010 10.0 14.9
14-A 20.00 1500+10 25.0 17.2
15-A*1 20.00 1535+20 16.0 23.3
16-A 20.00 1500+10 8.0Ny, 8.0 Ar (26.9) *3
17-A 20.00 150010 4.0Np, 12.0 Ar  (25.4) *3
18-A%*2 20.00 150010 16.0 17.9

*1; Melt surface was covered with molten slag
%2 120 g of metallic silicon was added just before the experiment
*3'; These values are for Ak,

Table 2. Experimental conditions and volumetric rate con-
stants in nitrogen desorption. !

Run No. Melt weight  Temperature Gas flow rate Akg
' (kg) C) (N1/min) (em®/s)
2-D 20.00 1500420 12.4 27.8
4-D 20.00 1500+10 10.0 22.2
5-D 20.00 150025 25.0 51.7
6-D 20.35 1500410 10.0 26.2
7-D 20.35 1500+10 22.0 39.6
8-D 20.02 1400+05 10.0 6.6
9-D 20.02 1600420 10.0 47.7
10-D 20.30 1500+15 12.3 0.84
11-D 9.95 150005 10.0 11.9
12-D 29.65 150010 10.0 22.6
14-D 20.00 1500+10 25.0 72.9
15-D*1 20.00 1520+20 16.0 45.9
17-D 20.00 150010 16.0 42.4
18-D*2 20.00 1500£10 16.0 54.8

%] and *2 have the same meaning as in Table 1
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Fig. 1. An example of the result of nitrogen absorption ;
Run No. 4-A, N, flow rate of 10.0 N1/min.
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Fig. 2. Examples of the result of nitrogen desorption;
Run No. 4-D, Ar flow rate of 10.0 Nl/min; Run No.
10-D, Ar flow rate of 12.3 NI/min, Ar was blown on the
melt surface.
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Fig. 3. The results of nitrogen absorption from Ar-N,
gas mixture, at 1500°C, the total gas flow rate of 16.0
NI1/min.
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Fig. 4. The first order plot for the absorption and de-
sorption of nitrogen.
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Fig. 5. The second order plot for the nitrogen desorp-
tion, according to equations (5) and (7).
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Fig. 6. The second order plot for the nitrogen absorp-
tion from Ar-N, gas mixture, according to equation (4).
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T, 1580°C T 0.01~0.03cm/s £ RFED 2 CTwa. L
72H32 T, 1600°C T 3.0X10 2em/s, jEMALT 2

........................... (24)

= QinCu Fruehan®
o Qin Ag Fruehan®
Qin Ag Mori etal®

QinCuandAg B

log ( Akm/H(cm?2/s) )

® Nin Fe present work
o o N in Fe Kadoguchi etal™
ONin Fe Fruehan®

~1 o] 1 2
log Qg ( Nl/min )

Fig. 10. Comparison of Ak, /H among the present re-
sults and the published data.

F— 20 keal/mol'® % F\», 1500°C i24MFT 5 &, &,
=2.2X10 %em/s LB, TOEH I, BEHOWE
BEMREBE 220 X —F L7, .

LA L, EREOTER T, S0 ks i
B2 ) KR REZBNTEY, KAAEETICS
BT =5 DB EITH BE, Ak,, Ak, x VB HH
LVBHLEZOND, 2751, EBREMLEZ 270,
EINOHZHEE HTEOLLDT, DTFICHEL -,

Fig. 10 iCix, Ak, /H LFERIRRETO F R & Ot
B7ay PERLZ KEBREREE, 12E AL
1500°C DF— % ThbH o, RENFoiElits 2
F— 43 keal/mol % H\Vy, 1600°C 1285 L -l TH 5.
Fruenan OfE'? 1E 1600°C T 18-8 2 7 > L 25Dk
BEROKETHS. MOLD offiid, 1o nis1
O Fig. 13 OBKO, SOF— % LFHE L/~ EE,
REBRFERE D LI, HE 0.65 CEWbDTHD.
OO DEE e, REBREREOIMEM TS VIS, &
BOGTEHIREOZEEL ZETIE, & Lo, HEREC
BE—FHLTwDEARte¥S. L L, Frupaan OfE &
DF, KIS EBAREOZE D, BEMER O ICERT 5
DHh, TNHTHS., A2z, 52 & Froeaant) |-
L%, BR, BETO0OOBEICHET LT — 5 bR L
B, BHEPON LI~ IMKEREE ZoTWwD, &
FHEDOODEEICE L Tit, MORFREED? 13133
LMEZHELTBY, BT oONOBENL, B &
HHDODBENIH~N, BWERKHRTE L.

Aky/H IZB L Cid, TheMeLis & Scamiot?® 2%, 0.1 wt %
O UFroE#o CO BEEIZBwT, 7 AL 4 VX
BUIxy LEEB L /-, £/, Brimacomse 59 i, Air-SO,
BET 2D OO SO, O HyOp EHE~ DB B3 5 HF
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ZEDHT,

Akso,/H=3.3X1072Re—5.0 =weeee (25)
%5 % 7>, B2, TuemeLis & Scamr O S 5 i B Hf
ExMZ,

Akco/H=0.118Re+ 127 -++eresseseesens (26)
¥5%7. 22K, Re3BZERRECBFL/ ANV
£ VACTHB. KEBRT, 1500°C, Q=20 Nl/min
DBL, Re=6.02x10° £ 50T, (25), (26) K& D,
Akso,/H=14.9, Akco/H=837 & % %. FHE A
2.5 THhoHNE, WFROBEINFELL/ASWV., 0%
¥, CO M clmolE cRERN»AS L, £,
SO, WX T KBER D7D, KiBFEI/hs (, KRR
BAKRENDEEZILND.

5. #&

(1) %6 N, WA i X BIRE I, BEAYEBENIC X
DEsE SN, 1 ROMEENTEMLZ. Ar-N, BREV
25 DEEL LU Ar X BB, TAHUWERE
Wk hfEmEsh, 2KROFEFENXNTEELZ.

() BHmEXD 7ay XD HEEEK Ak, Ak, &
k>, EERGAICK LEEL 2.

(1) Ak W H AFRICIBIL CTHINL 7%, Ak, 1377
ZFED 0.65 FlZ I LTHML %

(ii) Ak, Ak, FHiCHEERS AL THEINL 7.

(iii) Ak,, Ak, OEBEKEE TS, REG OMWEME
ALz RV FE—iE, BDOB®D, 64, 43kcal/mol THD7:.

(3)R\A O F APWERE I L, X0 R 2 EEE
AL, REBRERLY, EFICBTS Ar N7
VK ABETY, RIBREETHEML TRV EH
E L7,

(4)Ri-BEEosFEoORENL, [iN-EH, HMRHE
DBEOBEICIN, ZLLBVILFbrOT.
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