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Rate of Absorption of Injected Nitrogen in Molten Iron
Korehito KADOGUCHI, Masamichi SANO and Kazumi MORI
Synopsis :

A study was made on the rate of absorption of injected nitrogen in molten iron.

Nitrogen was injected into

the melt through an immersed alumina nozzle of 0.1 cm in I. D. and 0.3 cm in O. D. The immersion depth

of the nozzle was 3.3~4.7 cm. The gas flow rate was 1.12~1.67 Ncm?/s.

The oxygen and sulfur con-

centrations in the melt were varied widely. During the nitrogen absorption experiment, the bubble for-
mation time was measured by using a pressure pulse technique.
The measured rate data are compared with calculations from a mixed control model of liquid-phase

mass transfer and chemical reaction at the bubble-metal interface.
From the comparison between calculation and experiment,
It is shown that the chemical reaction rate constant de-
The rate constant for the bubble interface roughly agrees with

formation is taken into account in the model.
the chemical reaction rate constant is obtained.
creases with increasing [9%,0]-+[%S]/2.
that for the free surface of melt.
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Fig. 1. Experimental apparatus.
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3-3 B

Bk A~ DR F A LG TR O WINGHE & % T SRR BT
THEA, 7 ALK 5 KIBAERROEFZRINC
7 ANHEERT S L EOKHWOKE INRMECS. £
Dt-d, BRERBINERFCIHAERFEXIEL, Th
X b SHEREERE RS-

Photo. 1 i3, » ALVROENERD  flERLIL.
BHEHEBT 54— 7 XK EEERRC KT 5EENDOZ
BMicEDNECHIE LTS, Tibb, KEER 1
Biig -7 oBERIGLTE Y, hihKEE
BREEI B LR S.

Fig. 8 iz, KARBEEOHE L LTRDLIS
SHERBEBOREFALR L. KX b, KHAERFEH
RBENEREEC I oTELET, RIE—ETHDHZ &
bbb, ik, BROBRBREIHEH KEL Kk
Wiedd, KHUAERREICEEY s TR EEREIRR
ERBCRININ Dl R IBEEZDRS.

HRT B KO EE Ve(em?®) 13, KHWERBE f-
(7)) OWEMEEAVTERRIVEBELIS.

Ve=Vn,'/fB
Z T, Vi, 12 1580°C i3t} 5885 & AR (cm3/s)
THBH. IHIL, [MEHE Ve L v £RKHEE Gy
BER) ARDLIS.

20 ms/div,
VNy=1.39 Ncm3/s, #=4.5 cm
[%0)=0.011, [%S)=0.004
T=1580°C, fp=18.4 bubble/s
Variation of pressure in gas supply

train during bubble formation.

10 mV/div

Photo. 1.

0.06 1
0o O O O O 0o

©

(@]

H
T

erz 375 g
Vn,=1.62 Nem¥/s
(%0) = 0.042
(*%S) = 0.0051

Bubble formation
time t;(s)

o

o

o

0.2 0.14 0.|6 O.IB 1.0
e (-)
Fig. 8. Bubble formation time.
AREBREMHTICHST HAERK & 1% 0.92~1.08cm
THote. FEEDIL, B2 CWTEHEbOBE—~/ X
APHLOERSIBEOKRE I OWTHEREY B T\ 5

o

B FhIVEEShSLREFEI 0.86~0.96cm TH

At OB AKRIC KT S JIEME L h BEFHE
Vo i, BT OMEBRREIRES TSI CEHET
THERLRALRTH I, REROBAEIEPKMERK
BEARBIIELTWAILRIBEELLRS.
UEXbp, REOBFERINDEER/BTCIZARER
THER L KEERRE R X OSREY Av-7.

4. 8

Rk, 7T vREMTIC I LSBERETIDOBRER
FUTIL, BEHROME, REREOHMNE & HIEFER
JCEEERENZE LSBT A Ermoh T3, Rl
Lk o, [AELELTORSEDOERRINEEHN
Bk, MMBEBEOHMINE LbBITH LD, B
DEFEBRIVC ST HRMUWEBE & & b cKERHE
B HILERGE D EEEHE L o TV B 2 ENEZ D
ha.

Lcdi DT, ZZ TREHFADREAZERORIGE
t FEE ez KozakeviTen 51D QRIEME % FHv iz,




74 g &

#7104 (1985) 1=

B%x, [SBRECKT 2GRN ERBHORS
BEEFACESCTHRMCEHET S, CoHEHEE
L HBRRER L o HERE 2TV, RERARE K-
RIGO RIGHRE, L RUSEEERC I JIx-TEskhR
F, REOFER Y ERTS.

41 RUSEFN

41-1 [P ERRCEITBRIGE T /L

By LAT: 1EoSHECERT S L, [EHFo
FED € L ny, (mol) DRI BELITKRATEINS .

,dn‘NZ o PFe
T "=k A([%N1:—[%N13}) 0 100My,
=k A([%N1;—[%N]) pre/ (100My,) - (2)

nx, » HEOKHEFPOEH D € L4 (mol)
A4 [REFEHE (cm?)

[N, : KPR L PETERRE (mass %)
[%N]i P REUAEC T 5 ERREE (massy)

'kiﬁfﬁ%ﬁﬁ(WVWﬂn

OFe -é?%%ﬁ?ﬁi (g/cnﬁ)

Dy : ﬁ@k@@%?@%*ﬁ%ﬁ (cm?/s)

"""" (cm/s)

dp -éaﬁﬂ (cnn g: Eijjﬂﬂﬁﬁgf (cm/s?)
@)ﬂib,[éNL BERATEZBRAS.
[9N];={—k.

+V ki +4k (k.[%N] 4‘kc[%N125}/ (2%.)

~(3)
4, dp, BIOKHEHNEN P 3R THL M5,
A=ndy -~ (4) dp={bny,RT/(xP)}1/3 ---(5)
P="Py+ ppeg(h—x)/(1.013 x 108)
P QEAES (atm) Po: FEKETS (atm)
R : S4K%E%H (cmd-atm/ (mol-K))
T:HEE (K) h: 5y AREZALES (cm)
x 1 2 A boOERE (cm)
LU EDFEBREAR O Po> ppeg (h—x) /(1.013 x 106)
ERVWT(2)XRI VKA B LS.

—dny, /dx=any S/ BPIZ(0,— 0) +ooeeeeeennes (7)
a=21"7Dx1'2/g (6RT/x)512K ppe/ (100My,)
= (8)

PR TCREERRE (=[%N1L/1%N]s)
K: szﬁmzﬁ( ((mass?;) /atm!/2)
(7)K% x=0:ny,=ne DFEFREMD S L THEX, &

12 RECsT 3 EERRI, BE (LRERG, BEZEY D5,
EDOBEPBREIGEE 2 #3875 0i12bd 56200 T, —FLT
ERRIGEREHC LT R, B, [EFEPERIARYVEEIR
REAE IS 2 MBI EEEERTOREB 2RI Iz, W
YYEBEREGIBTHORBEE, MEBEIRIOTEMLZNEELS
n3.

FHY T2 L X0KRADEFRDO L E ny, ZRD
% &,
ny, = {ne"/12— (7/12) aP12h (0~ 6)}12/7 - (9 )
L30T, [ EARCRINIh2BRO A 1,
(mol) kX TEHEx HhB.
ng=ne— {ne?/12—(7/12)aPs'/12h(@ ;— 0)} 12/7 --- (10)
4-1-2 K[EWERFREORIGE T v
GrooTHIUS B2 IO THREINT-KNERF o
BBESeT A xHGS L, K[URERIEHE t7() OficE
PRI Eh b BRO AR nyp(mol) BERATHEZ D
hb.
np=1.521"7Dyt;d 3KV P (i as—6)
X pre/ (100My,) ooeeeeeseememmanenionienninn, (11)
T IT, dpo IMAERRBRE (em). fok, (IHR&HEL
BB HEAOBRERIUC L A K RO ER LT,
T HLIKRBAE O BRICEREE IR BT
HFHOERTRERE 000 KAV, o, np X
Oiav ZRHVCTOXDIERIEOEERTERINS.
n,=ﬁ’fkc,4 (©) ([%N12 —[%N1%,20) pre/ (100My,) dt

= (8/5)kcm d 3ot s K2P (6% — 07 40)

X pre/ (100My,) +oeeevsreresensnnmnsnniiniinienan (12)
7L, A() =a(6V'Nt/m)¥0 Liens>T, (IHX&
(AR L b, 0540 BRDLZENTES.

4-1-3 HRRINGHERE L OBFHERBE O L

DEHE
(10), (DK XH KW EFHRL XOKBEAERRFC IS
TRINENDBEO T AEIHBETESLM LichioT,
KM tr(s) DEICKEAEFNIERDO L EE
ny(mol) &3, ERBINGE f kAN THEL bR S.
F=(pdng) /ng coreeeeermanminii, (13)

BRNEBFRBECE VW THE L-ERRINEIR Y Ay
T, RAR I DIBERERBEORRELRDD Z &5
T&5.

22400  Whr,

L. 5:+1 6
tig1=¢ti+ 7 IOOMNZ -

[%N]1s

2

272 L, &Rt fo CRITAEATERBEY 6,
O;00 &5, Ft2, fin BERTHEZOLIhS.
Firr,i= (FaarHfo) /2 v (15)
tods, EBEOE B T2 46 (=0,.,—60) % 0.02 & L
T, FORETICHERIER 4t (=t —1) 2 RDI.
Fi, HECEWTROEFDOLEESY H 7.

13 EHEcd B s, ERFBOBRRNZ L 2KEFOBPIIBARTIN
3%Ths.
tt (10K BWT, no=n—ny LT 5.

— 74 —



BERPNORERALZERORINERE 75

0.8
WFQ= 361 g

VN2=1.30Ncm3Is
(0} =0.0054
(%S)=0.0039

0.6

t (-)

0.4

0.2

l

. 1 un
0 0.2 04 06 08 1.0
e (-)
Fig. 9. Determination of chemical reaction
rate constant k.,

Pre=71g/cm3, K =0.0447 massZ; /atm!/2

Dy =0.9x10-4 cm?/s13)
¥, BEPOEROILEIRE Dy OEREL LT, il
T Dy=0.5x10-4cm?/s!9, 1.1x10-4cmz?/s19) AiE 5
RTWBD, &2 TIREREE, BRABELSHLIK
HERTB EEDOH ESPOEREAY A L.
{LERICEERE ke RO ICD, RITHBREC X
DRELA. Fig. 9 ixZo—fExRLEe. Krbb
MH X5, BHRPOBE, MAERENMEVGEEL,
BHHBEBBIEH K E VoD, (LEREREEROHE
RBECE I TLERRGROFHEMEL S E D E
bbbt =7, R3S INEGRE Dy Offiic X oTRK
IRZHR D FH BB D72 D BT B LD, k Off
wIEERD S - LixRETHBH, Fig. 9 1wk s
S L ERED B L v, Dy=0.9x10-* cm2/s % fi
W BECIIRR L L OfEL LT £=0.97cm/%-s 7
ﬁbhb sk, BHFROME, MERELE LD L

FERIGIEFA K & L 1B 709, (LFERIGEETER A
K%E%LX®5_aﬁ1%ax5mma
42 EtH{EELRBREDLE

Fig. 4~7 i3, WHHPERBEORNE(LE X0

FRIHR DG EAE L EEREO B A /R L. Fig. 4,5
R LICEBL, ERODEP/OWT k—oo Fich
LR BB BEELYEE L, Dy=0.9x10"¢cm?/s %
AOCTHELLERTHS. KLy, WAHESBE =S
MT X B EFERIGERE, HROHBEEIEREL » kX
W Edibh . ok, Dy=0.5x10-4cm?/s & By i
BEOHEMLERMBE L v KXW, Thib, HEHE
WEER, HRBECRVTY, BEFEOERERIIK Y
BBHEF A CRHEBETERNC EBBELNTHS. L
T DT, BWEPADERRIN O BB TR A

ts BT 3 Dy O & D TR RIGHEFER O EY & OBRER
BEDPIRDNTIR 44 THRNE.

BEHOMCKBRTC ST HLERIG S5 LHEI R
A

Fig. 9 rRAKRBABET T VT X 55HHME L ER
oD % Fig. 4~7 OZFEREMHFCOWTITV, THE
PELILS—HBHLTVBLEE2 bR A5EMEESIOZD
& X DILERIGEEER % Fig. 4~7 0% 75 7R L
to. foks, FEEB\VTIL Dy=0.9x10-tcm?/s *H
[VAY o
4.3 FTHERKCBITIZZRNOFS

KEBROEE, Bty EATAEROERII I &
F lem, oo EF#EEIX 22cm/s, Lichi2>TEKHED
Rz 0.15~0.2ls THB. ThiIIHLT, [l
£ 0.05~0.07s T, KO EFRRECH LT
R TE .

B s, BERFAOREAZEROLBRINE
w3 B KL ORINE DL AL, KEREMET T
KBE 15~229 ThD. Licn>T, BEIIPIVE
BEMRBEOERC T, [EERBTKT S5 KIG
BEAYEETAILEDOS DL Lhbn5.

44 (ERERSEEEHCHTIME HEREOEE

Fig. 10 i3, BREgFMEBERE * 3 E—E & L T
([%S]1=0.0039~0.0057), EesEEmEE (%01 % 0.0034
~0.065 DRI TEL XK X b RDOIALERIGEE
EH ke R L. RPoOHIZEGFFOEROILEGE
# Dy=0.9x10-4cm?/s #H\ 1 BE& D k OET,
LHID B, Tt £ 4 Dy=0.5x10-4, 1.1x10-4
cm?/s HFGIBED ke DETHS.

Fig. 10 2258 basie X 5ic, [%01>~0.015 T
ke it [%O0] wizigREALTHATS. —F, [%O]
<~0.015 ¢k [%O0] IMEL B DN T k 1T KEZE

----- Choh et al.

Present work

Dy (cmis)
upper limit 0,5 x10°%
N o 0.9x107
tower limit 1.1x10°

T L LA
«-O>

ke (cm/®%.s)

\
AN

L
d
66_’

A
%
(%) = 0.0039~0.0057 -
O
o.] 1 ] 11 111t L lJl}ylll
0.001 '0.00 0.1

(°%0)

Fig. 10. Relation between chemical reaction
rate constant k£, and oxygen concentration.



76 g = M

#7101 & (1985) 1=

5
"5 L
"f 1F o
E F °
A o
. [ °
> ]

= CDO
(*%0] = 0.0034~0.0063
0'1 1 L1 gl 1 Pttt
0.001 0.01 0.

(*%5)

Fig. 11. Relation between chemical reaction
rate constant £, and sulfur concentration.

7B n, EBRFREER C—EM@CHEIT 5 EA LS
5. %, FHLAE Dy X% k DEIESHER
BETNEL, BREEMEL b3 ERkE B, &
L, EBERE CIML¥ERICEECTVA, BREE
MEL Te e o UEF IR A L, REWER
BEASHENNCRES b itk 5.

ROV, BETOESEE»BOREERYT L,
KB W ERE LLFERIEOBEHEEF L% T
CERIGEEER BT 5. ZOERY Fig. 10 24
MTRLE. RO ERPROEREI A — X —HIc—F L
T B & & RGN T6.

Fig. 11 i3, {EREEIEE ([%O1=0.0034~0.0063)
CRWTHEEE [%S] % 0.0039~0.067 ofCc%
LR KBRER L ) ROMACERIGEEER k. %R
L7z 7o, #EIIT Dy=0.9x10-¢4cm?/s 2 F\u 7.
Rpsbh s X 51, [%S]1 4 0.01~0.02 ) k-Cit,
[%S] RGBT ke BNBAT B0, EREBERT
B EC T 5.

BHPCBER LUOREIRET I EAC TR b0
B IO ULERICEEER A & O X 5B b33 2%
BEELMECTHS. Fig. 12 wirnc %01+ [%S1/
2%kb, Fig. 10, 11 @Rl ke B IUBME, HE
BEYRNFCAELIRLERL D Rbfe bk 2T TE
EDTFmy, b L. Fig. 12 v, &k & [%O1+(%
S$1/2 © BARIZIIE 1 XKD g T EINS Z &hbon
5.

45 NAREELFREICHIT 3 BR-FREMRUSOLER

IEW, T VREALIC L2 RGO BIER v e
WEBBEE TH LD L, BERE~DF AKX M
X HBRBOMERIN, BERRAMERE & L2R

16 B, 7T REAHICE BBRHFORBER ST OTE Y, Bk
DERRIN & BB O FHERICE U T ISR carsic s 3.

5
i O Oxygen
@ Sultur
- B O Oxygen and sulfur
° [e]
2L % ¢
- -
I *3,
A K
= - [ s
B .Qé
&
[}
0.1 1 1 L t1til 1 1 L L L1l
0.001

0.01
(40) + [*%S) 12

Fig. 12. Relation between chemical reaction
rate constant &, and [2%0O]-[2,S]/2.
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Fig. 13. First-order plot of nitrogen absorption
in molten iron.
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Fig. 14. Relation between calculated apparent
first-order rate constant &,' and nitrogen concen-
tration in molten iron.
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