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Investigation on Decarburization and Denitrozenization of Liquid Iron
Syoji ANEZAKI, Koji SHIMIZU, and Tosisada MORI

Synopsis:

Kinetic study of carbon and nitrogen removal in liquid iron has been made by examining separately
or simultaneously the rate of decarburization and denitrogenization. Effect of the content of dissolved
oxygen in liquid iron on the rate of decarburizing and denitrogenizing reaction has also been investi-
gated. The liquid iron sample weighing 4 to 7g was kept on an alumina disc by applying a levitat-
ing power and the dissolved carbon and (or) nitrogen were removed by passing the argon with (or
without) CO; (or O,) through the reaction tube. The results obtained were summarized within the
range of our experimental condition as follows:

1) SteEFAN-MAXWELL equation for the diffusion of the multicomponent system could be fairly well

applied to estimate the rate of decarburization in liquid iron.

2) When the content of carbon in liquid iron is higher than 0°19, the decarburizing rate is
controlled by the mutual diffusion of reacting gases through the gaseous boundary layer.

3) It is considered that the reaction sites for decarburization are on the surface of gaseous side of

the gas-metal interface.

4) The rate of denitrogenizing reaction is proportional to the square of the concentration of nitro-
gen in liquid iron, and its rate is thought to be controlled either by the combination process between
the adsorbed nitrogen atoms at the gas-metal interface or by the desorption process of the nitrogen

molecules from the adsorbed sites.

5) When the decarburizing reaction is occurred only on the gas-metal interface, the rate of deni-
trogenizing reaction is thought to be not affected by the rate of decarburizing reaction.
6) The apparent activation energy of denitrogenization from the liquid iron is calculated to be 32

to 36 kcal/mol.

(Received Aug. 17, 1970)
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Table 1. Composition of samples (%)

Component

G 1-02 0-0015 0-0007
0-004 0-0228 0-0059
CN 0-506 0-0215 0-0019
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Table 2. Calculating method of average gas cbmpositions and flow rates.

Input Output . Average value
G Flow rate Partial pressure | Flow rate Partial pressure | Flow rate Partial pressure
as (cc/min) (atm) . (cc/min) (atm) (cc/min) (atm)
(] —_yc02) Q,Ooz ) ‘ (l — 1/2)’002) QCOz
1— —— 2 f022 =002 (] —1 /2960,
COq Q o, Q o/ Q1 ( )’?02) Q.co; Q1+ Yoo, Qco, ( /2yc0.) Qeos O +1/2900,0 cos
A—yo,) Qo, (1—1/2y,,) Qo,
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CO 0 2yx* — —
0 7KK Or+7x0x =l 0r+1/27x0x
QAr - Q Ar
A _— A -
! Qar Qac/Qx Qe Qrtyx0x Qar Or+1/27x0x
Total | Qr=Qar+Q«k 1 Qr+rxQx 1 Qr+1/29xQx 1
* The suffix “K’ means CO, or Oj. The symbol “»”” is the efficiency of oxidizing gases.
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Fig. 3. Effect of the flow rate of argon on the 0 |
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change of concentration of nitrogen and
oxygen in liquid Fe-N alloys at 1 620°C.

WE, Pa,~0 X LTHERGEERT DL (4) Rix(6)

# Lk R ORBRISGEEEY F BPERS NS,
—d[%N]1/dt=(A/V)K® k;[%N]?
= (A/VYK[%N)2Z oovveeeninnn(6)

t=07T [%N]=[%N]o}
t =1t T [%N]1=[%N]

by p o

(6) &% (8) OFLMHTHLTIE (9) X255,

Time (min)
Fig. 4. Effect of tcmpefature on the change of
: ~ concentration of nitrogen and oxygen in
liquid Fe-N alloys.
(A/VYkt=1/[%N11—1/[%N]o - (9)
(9) RTERIERLEE LD 2Fig.5, Fig. 6°C
B0, BERES—EOHERTERR/RIE (9) N&ib
BLTWBZ b5, ZOER»HUHEOREEE
13 (3) XORGBRCDEEELOND. ¥/2Fig. 7
i INEZ O FIEOR»T O EE(bx 2 ov ¥ — 12k 36

kcal/mol CTH 5.

PERDIREDD 1 Xk Higkep 0 BERIIFLE % B

— 13 —



1112 % & 8 | £ (1971) w715

500 T v T I
"Temperature : | 620°C x
Flow rate . |
of argon CC/min .
400 e (72 S
-~ x 295
g o 497 -
= 300 <
g 4
[} /.
I 200 /"
- x
/9 k=058 ®Mysec-%
100 /E
o}

0o 200 400 600 800 1000
At/ v (sec/¢m)
Fig. 5. Effect of the flow rate of argon on the

‘rate of denitrogenizing reaction in Fe-N
alloys at 1620°C.
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Fig.[6. Effect of temperature on the rate of deni-
trogenizing reaction in Fe-N alloys.
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Fig. 9. Effect of the oxygen absorption on the change
of concentration of nitrogen during the de-
nitrogenizing reaction in Fe-N alloys at va-
rious temperature.
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Fig. 15. Effect of the content of CO, in argon on
nitrogen, carbon and oxygen concentration
during the simultaneous reaction of decar-
burizing and denitrogenizing in liquid Fe-
C-N alloys at 1 620°C.
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B : Site of adsorption

® : Adsorbed nitrogen atom
[ : Direction of reaction

(Gaseous bulk)

N N,
N* N; .I
o ©® —e O n ©D (Interface)
D @ B @ [
®
N (Metal bulk)

Fig. 20. Detailed schewa of processes of nitrogen
removal from the liquid iron bulk to the
gaseous bulk.
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Fig. 21. Comparison of the results of calculation
for kinetic equations (9), (28), (29)and
(30).
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WEWMEBEIE T VEEBRREERE LT Fig.22 x>
CEX, TATUH AR CO; & CO & AHEE KR
L
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ISBRIEHHEE YRRASETT5d0 L35, BRI
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e —fRDA-B-CELRIKEHRT 5L,
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Fig. 22. Model of diffusion of A(CO;) through
the boundary layer to form B(CO).
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+ (Dac/Dap—1)xc—Dac/Dag - (36)'
(PDac/RTNy)dxc/dz
= (L—nDac/Dap)ag -+ voerermerrsennseenne (37)1
Li8%. TZTOEDRBEZAVTGE)!, 37)' X2 dm
KAt T 5.
vac=Naz0RT/PDy¢ l

§ =2Z/s
ra =Dac/Dag e (38)
rc =Dac/Dcp {
R' =1 —nyc
Tiabb
dip/dE=vac{ra(l—myxa— (ya—1)xc
P A e (36)""
dxg/dE =y pCR Kg e er et e (BT) 1P

OEDEREMDOSL LT (36), B7)" REHL .

— 90 —



vl

EE o BRE LR EBRREYT MR 1119

Table 3. Experimental conditions and results of calculation.

Experimental conditions and results Results of calculation
Average ('—) Observeb Calculated ch105 ObSCrVed Z)c/
No (Z“é ) gas flow Average gas composition yc>l</106 ( mol/cm?- sec) - Calculated v,
rate mol/cm? = = o °
rate im| Ar |cO0n| O [(TE/ 5o [ 100°G | 800°G "5 | 400°C [800°C
1| 1620 304 0955 | 0°020 [ 0-025 2:00 1-75 1-57 1-45 114 1-28 | 1-37
2| 1620 319 0-785| 0-098 | 0-117 9-83 8:30 7-47 6'90 1-18 1-32 | 1-42
31 1620 338 0'594 | 0-184 | 0-222 19-74 | 15-11 | 13-52 | 12-58 1-31 1-46 | 1-57
4| 1620 185 0-767 | 0-091 | 0-142 6-91 7-60 678 630 0-91 1-02 ;110
5| 1570 67 0-341 | 0-291 | 0-368 6-55 | 21:76 | 19-42 | 18-03 0-30 034 | 036
6| 1570 301 0:857 | 0070 | 0-073 5-84 5-99 5+34 4-95 0-98 1-09 | 1-18
7| 1570 538 0-924 | 0°044 | 0032 452 3-91 3-50 3-24 1'16 1-29 | 1-39
8| 1570 268 0-962 | 0-021| 0-017 1'18 1-82 1-63 1-51 0-65 0-72 | 0-78
9| 1570 282 0°915| 0-049 | 0-036 2-68 4-21 3-76 3-48 0-64 0-71 | 077
10| 1530 299 0-862 | 0-077 | 0-061 4-82 652 5-82 538 0-74 0-83 | 090
11 | 1620 301 0-840 | 0-078 | 0-082 6-11 664 5:95 556 0-92 1-02 | 110
12 | 1670 302 0-838 | 0-076 | 0-086 6-07 6°51 5-86 5-43 0-93. 1-:04 | 111
13| 1670 319 0-784 | 0098 | 0O-118 9-77 8-33 747 6-99 117 1-31 140
14| 1720 319 0-784 | 0:098 | 0-118 9-71 8-38 7-52 7-04 116 1-29 | 1-38
15| 1530 282 0-935 | (0°034)| 0°-031 468 712 6-38 5'86 0-66 0-74 | 0-80
16 | 1530 - 305 0-865 | (0°069)| 0-066 10°65 | 14-26 | 1278 | 11'74 075 084 | 091
E=0T, xi=xi-=¢o } (39) xar-e=1=%are=o/ (1 +Xcopg=0) oo (48)
§=6 T, mi=xie-e (46), (47)R#SHHT BHAFEIHERE Doo,-ar
TRL IOHSHERE X 0 25 52> LORD TRPRITIIER
i=A or B or C B PP C:11) Bigw. ZZ T Dco,-Ar X HINSCHFELDER 530D 5.
3 @GN b Z IR EAVCERE L
xc-g-g=%c.g=0 CXP(R'vacE) oo (41) Dj—j={1-8583 x 10-3T'3/2/ P5?; _ jQC-1%}

g (36)" RIRALTRREES-
xp.e=e=[xa.g=0+ (1 —74) /{n(1—7C) }*c =0
+1/(n—1)Jexp{—vacra(n—1)¢}
—1/(n—1)—(1—7a)/{n(1=70) }*5c-g=0
xT (42) REEESOEBRFHCEDLYE THREIST
BRALTH5. Tibb

XA=XCO; .
XC=XAr (43)
n =2

Fi
TAzl

re=1 e e e e e s (44)

xcop =10 ) ' - '

s, (42) KRB Neo, RO LNS.
Nco,={PDco,-ar/RT6}n (14 xco,-¢=0) -+ (49)

T xcope=0& 1 THNIIE

Neo,={PDco,-Ar/RTd}-%ca,e=0 =+ (46)
F 72 Nco, VIBLRERE ve EROBGRSS 5-
UC_ANCOZ .......................................... (47)

@) Rz (@45 RERAThERSRETCOT VI
O ENVFER, TinbbyERb» 5.

1/ M; 41/ M2 B P PRI C )

ZZic
8i-;=1/2(8:+5;) reenenseeee (50)
QR = f {(e/h")ioj} -oemmmrmnnessenencenee (B1)
(e/k)izj={Ce/k) i (e/k") j}1/2vvverennn(52)
%70 0 BRI ERO LA TOMEABHOME L LT
F=dp/ Tk wveeerremsenernesensemsses s e (53)

BBk BIVE. Sk HARMROREEZEL
STEINBERGER & TREYBAL OEBRRIDEHAVWHZ LT
L.
$h=2-00+0"569(G7' - 8c) *%
40347 Re062. 52081 woiiviiniiinniinnnneennee (54)
(Gr' - Se<C108) - - -

TR
Gri=Gr'+ (Sc/Pr)lIZ.GT........................(55)33)
Gr'=ng-dpﬁ(x,-.g=1~x,-.e=o)/:72 """""" (56)
Gr=ngdp3(Ts—To)/ﬂ2Tf ..................... &)
B=1/p@P/3x)T erreernrraennecrnneeeenaee (58)
Sc___,,/m(f.g)
vi=n/p U PRV URISOPPRRPPPRY { 510 )]
Pr=y/a e rerierenennenienrarerenennennsneseens (B])
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Fig. 23. Comparison of calculated values of the
rate of decarburizing reaction with those
of the experimental results. Calculation
was made by assuming that the outer
temperature 7y of the boundary layer is

400°C.
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Fig. 24. Effect of the change of outer temperature
of the boundary layer on the rate of de-
carburizing reaction calculated at various
level.
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