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On the Nitrogen Absorption of Liquid Iron Accompanying
Carbon-Oxygen Reaction

Takao CHOH, Makoto SHMIZU, and Michio INOUYE

Synopsis:

The effect of carbon-oxygen reactions on the rate of nitrogen absorption in liquid iron were studied
under N,-O, and N,-CO, gas mixtures.

It was confirmed that the experimental results on the decarburization of liquid iron agreed well with
those obtained by several investigators.

On the other hand, the simultaneous absorption of nitrogen in liquid iron shows a peculiar behavior
as compared with the absorption without carbon-oxygen reaction at the interface. Na‘;'rjely, it was
observed that the nitrogen concentration in liquid iron does not reach to equilibrium with nitrogen
partial pressure in bulk gas phase, although the rate of nitrogen absorption in the initial period is
rather rapid. This may be resulted from the decrease of nitrogen partial pressure at gas-metal inter-
face due toTthe evolution of carbon monoxide from liquid iron. In this case, the nitrogen absorption
may be controlled mainly by the transfer of nitrogen in liquid iron and also in gas phase.

When the oxygen concentration of gas phase becomes nearly 30 percent, the effect of the absorbed
oxygen at the gas-metal interface becomes more predominant in nitrogen absorption than that of de-
crease of nitrogen partial pressure at interface. When liquid iron contains sulphur, the effect of the
adsorbed sulphur at the interface may also be predominant similarly to the case of 309, O,-N, gas

mixture.

(Received Feb. 19, 1973)
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Fig. 1. Decarburization of liquid Fe-C alloy by Ar-O, gas

mixtures at 1600°C.
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Fig. 2. Decarburization of liquid Fe-C alloys by
Ar-CO, gas mixtures at 1600°C.,
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Fig. 3. Effects of the partial pressures of oxygen in
Ar-O, gas mixtures and those of carbon di-
oxide in Ar-CQO, gas mixtures on the rate of
decarburization of liquid iron at 1600°C.
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Fig. 4. Changes of the concentrations of carbon and
oxygen in liquid Fe-C alloys melted in ma-
gnesia crucible under pure argon atmosphere

at 1600°C.
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Fig. 6. Changes of oxygen concentration in liquid
iron during decarburization by Ar-CO, gas
mixtures at 1600°C.
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Fig. 7. Nitrogen absorption during decarburization
of liquid iron in N,-O, gas mixtures at
1 600°C. The dotted line shows the esti-
mated equilibrium value. (a) Np-29, O,
(b) N;4:3% O, (c) N;-30% O,
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Fig. 8. Nitrogen absorption during decarburization
of liquid iron in N,-CO, gas mixtures at
1600°C. The dotted line shows the esti-
mated equilibrium value. (a) N,-29, GO,
(b) N,49%CO,, (c) N,-30% CO,.
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Fig. 10. Effect of sulphur on the rate of decarbu-

rization of liquid iron in Ny-4:79 O, gas
mixture at 1600°C.
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Fig. 12. Applications of Eq.(4) and Fq.(18) to the
experimental results of nitrogen absorption
during decarburization in N,-4°'3% O, gas
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5.

> & Fig. 7(a), (b)X5icix Fig. 8(a), (b)
DOEEZHRELZEY BT, (C)oREEZFXX5. Tikb
5, ThHOREIER R XX, WINEALE 30 min 8
HORERIRED PIERHPEERRECSEL T Wik
V. ZhIZE LT, BERICTRT & 5 KRRMIGZ T
Lo b {EBEIREORSOERTINTIE, 9 15min £
CRFRRESTFERECIZIETET S ZENHELNTHY
(CYDHEXFIEERDD LV D.

—%, (D)OPETIEERC CO X AR TREL
TWHEDTEXVHRENTHAS. £ T CTHRKREERSIHE
M 31T 5 EEEN 25 FOBEBRIT X > TEESh
LrEZONLEENCHED, BRBUIGEE R (D)D
EFADODEREBETLHI LT L.

WEERBRBLERZ Eq(5), 6) XU (7)) k>
THEbL, EFLOBRPOERRIROEN TRV RS
mEEFARIERAL, BiTeEDds.

N,(gas bulk) —= N,(interface) ceeneenen (5)

1/2 N, (interface) ——> N (interface)....----: (6)

N (interface) == N (liquid iron bulk) ---(7)
T, BHRANOREIREREV-0T, Eq(6) 0@
#L, Eq(5) XU Eq(7) o@RicXoT@Esh5

Laded. Zor ETIERS XCBHRAOEZSERE

wEnFh EqQB) X Eq(9) kioTEbLINS.

ng="Fkg(pn,— Pnz1)

ﬂLszL(Cﬂ’i—ClO ( 9)
7272 L, ng, np: fHRIR X CIBESANOEROBEIHE
( mol/ sec), kg : QUIBN O EBENMRE ( mol/ sec- cm?
-atm), kr: EENOMEBENEE (cm/sec),  pn,,
e D EMSV S BIXOREAEO £2FE5E (atm),
Ce;, Cp: R[MEFTE I X OWE V7 OEFRIRE (mol/
cmd), F : SAER(cm?) 235,

REOBFRIRE L BEHFiE Eq(10) o FHEBEHKAS
BT DET 5.
K=CQA/B;.“mum”m“m“m”mnm(w)
WwE Eq(8) & Eq(9) BEEWKBTHET §5L 41
L, Eq(l) oFfRE2ARATS L,
n=ng=n.=F(kg/K?) (Ce?—Ce;?)
=Fkp(Cei—Cp)eeevrnrervmennnmmemnnnenrines (11)
#5%. Eq(ll) T kg/K?=ky' LU, ki/ky'=8 &%
HE,

(Ce+Ce;) (Ce—Ce;) = (Ce;i —Cp) -+ (12)
L%, Fiz Eq(12) 2LEHTH &
Ce Ce+Ce;
[ 3 (Ce+Ce;) +Cb:|/[—‘8—— + 1 ].:Ce,
.............................. (13)

®#5%. —F, Eq(l) oERBIBGEE
n=Fkyn(Ce—C;)
L5 T, Eq(ll) & Eq(l4) X9
kg' (Ce+Ce;) (Ce—Ce;) =kn(Ce—Cp) - (15)
#5%. (Ce—Ce) @ Ce; i Eq(13) ZRATH L

kN=kg'/|:%+ CeiCei].‘............
L5, TR E (CetCei) DAR/NEAGRN D, BRM
IEEESS Eq(8) 5 Wik Eq(9) owThitEe LT
BT oD RES. DFED, BHRREVEIKE Eq
(16) vx kn=ky'(Ce+Ce;) L7523 iz Eq(l4)
CRAL, X5 ZDEXITHKILT S Co=Ce; DFEHZ
BuwaicbiE, Eq8) 218%. —F, /AL
vt Eq(16) X v kn=kr 552, hEk Eq(l4)
AL, ZOEBTTHINTS Co=Ce ZAVHLDL
£, Eq(9) ZRTZENTES.

Lz 57T, Eq(l6) iTXoTEERBUEREY KT
W 51 TA SHOEED B WILELE L g il
LS. FOT, ZOEFATE Eq(6) OERITEN
LEELADT, ETRAEERREIREERSELF
WD EHm L, XLEroRMERSERZEDENCR
E LT ZHED 5.

F7dbb Fig.7(a), (b)I XU Fig.8(a)~(c)iC
35T BRI S LS T IRED IC FATICHE R LERY D FF
B, =Tz i RIEEIEHEK 10 min & 570905
FOLEORRBEIREERESE L FET S DL
EL, RESE pn,i ZRETDHZER L. 2EIR
INEAsS 10 min #Fi@E%O REERIRE Cei VLK DEST
o T LR T AEEEHBRECSE LD LERSh
%, Ei, i E—ETH B LE ETH ERIEEEY)
MORTMOLEEMBED, £0LEORFRER IV

ceveenee (16)
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Fig. 17. Effects of partial pressure of oxygen and
carbon dioxide on the interfacial partial
pressure of nitrogen.

Sieverts LRI LD B Z LN CTES.

L Z AT, Fig. 17 TiX, 10 min{Z@oeRiBEo
B SEER U/ pnyi OfEER pnyi/pw, TEDTHRT S,
Pnyi 1T po, HHWIE peo, DERIDTLEWIE
THozedbdrd. —FBEEEFZSERZBIC/EL
T PNzi/PNz DEEET | XD AXL BB 1EFTH5.
TNRBEHRPORFEL 52 FLORIGICEREST S CO ¥
ADREC L DOTCEEIENBETTEH LA LBTE
EnBTHB.

RZZ DX 5 REBERSIE X 015 SR 5 R T
B Cei #FWT, ¥T h DEZEHLTHAXS. T
b%g@k%@ﬁ@®$%%§%Eﬂ@&ﬁﬁrEM”)

Ce;=Cegi+kit +voaremmmmnaaeninani e, - (17)

Ki?fﬂ%?%u&ﬁf%é%@k?%.LnEEq
(9) xvEshs Eq9)’
dCb/dt=(F/V ) -ky(Ce; —Cb) e (9)!

CHRAL, B35 EqM) &Ry Bq(18) 285,
Cb+k/[(F/V) kp] —Ce;
Cho+KilllF[V )] = Ceoi ~ XPL(—F/V k]

-+ (18)

kkb,@o%IUC%iﬁ@MNWﬁﬁEklUW%
REFEIREEZTT. Eq(18) @ kL DfHIL, kv OHE
DHE LFRCAIEZRERLL AERET 5X5% A
DIEZRFITHIREC I 2TRIR LTk, Fig. 12 %
XU Fig. 13 OSSRz OMETY. Tihbb, 20k
SME R X DML An KT 3EH IV VTHD
AIERRERL, LrbEERRETCEBRTs LR
HET®S. Lsd>T, RAEHERSERSHE VS X
DL, LRPHOBEE 10 min FBHOERBERRE
SECEEFETS & LTS L-RESES X ORI
TEFNVPBEYCHBEVZ LS. i, ZDXS5CLT
‘iz by OBV Fig. 18 TRT X5, FRFEFICE
EAEERFLEV. ZOZ 2 EARO 220 BE)G
BIC SHPEEZ RFI L WEvS YR SEE2TT
BDTH%S. /83 k=50x10-3cm/sec DfEITE XiT
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Fig. 18. Effects of partial pressures of oxygen and
carbon dioxide on the mass transfer coef-
ficient of nitrogen in liquid iron, 4.

'S T T
O N.~0: gas mixture
® N—CO; gas mixture
°
E 1o
9
t
o
o
@
S sp
g <) o
£ * %0
-~ o # >
* >
o] o} 02 o3 04
By Ro, latm)
Fig. 19. Effect of partial pressures of oxygen and

carbon dioxide on the mass transfer coef-
ficient of nitrogen in gas phase, kg.
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Fig. 20. Relationship between B/(Ceo+Cey;) and

partial pressures of oxygen and carbon
dioxide.
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5.

—7%, Eq(16) »H&AERNOEROBENCET 54, @
E2 Rz oWk 5 &, kg DN Fig. 19
RTIOKR po, BBV pco, DEFRIDOTETL,
KA BT BEAS LEWRERT S 2 E8br5.

Fio, REARPIC KT HBHFOERZRPLERD, £
LT Eq (5) »H5wiE Eq (7) oWwThiz IoT
TR XN 52 HET 5 70ic, Eq (16) g x (Ceo
+Ceoi) DRE I HBIRPEARC DOWTHBE L TH X 5.
Fig. 20 i XX, B/(Ceo+Ceoi) DIEIL po, 3D \WiX
pco, D EFIT X VKT BHH, £hix Fig. 17 @ pu,i
/PN, X DRDENS (Cepod-Cep;), Fig. 18 @ kL &
L0t Fig. 19 @ ky OEOFE» LBT, ke OEDE
THRIEFLLAFETHLR LS. Thbb, EFR
WEGEEE LT Eq (7) OBBr > TXEIhD &
LTh, po, ® pco, DAL LB Eq (5) DERD
LEWCERTE R LD Z L RHEEIND.

LT AT, Fig. 7(c) XV#ALPARE S 0°3 atm
bo, DEEWIVE, TOHFTELTTH LN X 5 BEHE
BRE & FTET T 5 ERBEMEI LV, Lds>
T, TOBEOEFRPIBRESICIERIR D T L FIEAD K%
fhZx, REZERSECETFLUNCIELOMELE ZIT
NiXe Hicv. TOEE LIIKHEANOBER T v v v
DR S WHEBEOHKR, 2D (B)oHLEILEX
EETHE. ZDEEITIE Eq (6) OBEBIEL, F
BORFER 5 & LEDRED KL LIV DT, TTIK
BIR L7z kv B X O kL OfEE &L WO % fk & BH
TEELAD. Tixbb Fig. 21 XD LB X5
EifF X ORI 2 minR@ R BBIERREZME L

004 T ’ T
Nz=-30 % 0.
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IN] (wi%)
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Fig. 21. Applications of Eq.(4) and Eq.(18) to the
experimental results of nitrogen absorption
during decarburization in N,-309, O, gas
mixture.

BB,

—7, MEZELESKOBRRKIBEFIC T 5ERRIR
oW TH(B)OBEEREPICHBELTEETHS. T
b, Fig. 15 XL X S Eq (4) 25Tk
DcEHR (kn) 13 Eq (18) opkfg (k) X9 ek
RELLKBRL, MEZE T VWEE LB >HEnE
FY. LR DT, ZoLEOBEFRNEERFRRD Z
LEFHAERSEORT LV IRATCBAETLIMEDOE
WEBLBIDEVEZD. HEL, ZOLED b, O
HICLERFMERESERREELES IR VL EOR UM
BROBEE T A X HHRIERE R Sk 7.

DX SWIBFANOERREXP FHIRECEL X LW
High & UTh, REGEERS O & FECHERL,
DBFERENP LR VE ZCIREOERSFEDET, S0
EERMEERIGEELODODETHAERE AL 5.

Tk kN BXU kL OEHDHD Eq (4) X
Eq (18) DR R~ DEARITAHBEARFEABIFHHE B
FACOM 230-60 % {gH L 7-.

5. #

BHDOBRERILEE I ZFT C-O RGO E %A L
PR B e Ar-0p Ar-CO,;, Np-O, 35X 18 Ny
CO, BAF 2EHAWTliER X OEE WIHE %Rl
L7k, ROFSHRE X 7.

(1) 0°1%C Dl EopRFRERHIC T DEZKDOMNR
REEFRFIRECKEET, [JHERNCHTSEm{EMY
A OBIRBERC Lo TEESND L T5EkDE L
DOWFRERLE X<~ LAk Fi ZORFEELTT
RURWZRBIRECKRF L, SEARMEERIGH B
VIIIABRNOWEBENERC T LTS L AT o H T
%7z

(2) C-O FS%HSHEOEHFOERBIBGEE
BHRADOEEIRESEVGEII L 0iE V. —F, RINES
1549 10min FAEOBERIREIRKE LD LR TS
HERTHIRECETIERL, TOFERECIIILT
FRETHZENEV. ZREBRERIE X 2THELCOH
IRREOEBESELXETEL®S ZeEs LCER
L, 10 minf@0RRIREIILOREMEESE & F4
THLEETD L XV AIEHEREZEOCTHAT S C
EMTED. Fio, ZOLEXBOLNZK[BERITEITS
BEOBTIET S ke DEWX po, DX pco, D E
AELEDTETL, LEWICIERBSHE AT S Z 22505
b ta Al ralt

—%, 30% O,-N, BEH ADBEE IOHE &
BHROGRCIIFAHMOERFEDETORE XL L

il
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