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Kinetics of Decarburization of Liquid Iron at Low Concentrations of Carbon

Synopsis:

Hiroyuki NOMURA and Kazumi MORI

The present paper deals with a kinetic study of decarburization of liquid Fe-C alloy in CO-CO, atmo-
spheres at 1600°C. The study has been especially directed towards determining the rate—controlling

steps at low carbon contents of the melt.

In the concentration range above 0:05% C, the rate of decarburization is influenced by the gas flow rate.
It is shown that at carbon content higher than 0'1~015%, the decarburization is controlled by gaseous

diffusion.

In the concentration range below 0'05% C, the rate of decarburization no longer depends on the gas Aow
rate, if it is higher than 1300 cc/min. The views on the mechanism of decarburization under this con-

dition are summarized as follows;

(1) The decarburization by blowing gas of the ratio £co.lbco belowl/4 is controlled by chemical reaction.

k k k
The rcactions conceived here are; g—f-CO;—é*ZCO, COg<—Z_*CO + 0, C+03<—_-*CO. The results can
kzl

k!

k3!

be explained reasonably well by postulating appropriate values for k,, k', &,'jk,'.
(2) At higher gas ratio (pco,/pco=1/4), the rate-determining factor changes gradually. It is shown
that at pcg,/pco=7/3, the decarburization is controlled by the mass transfer of carbon in liquid iron, themass

transfer coefficient being 0:036 cm/sec.

(Received March 9, 1971)
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Table |. Apparent mass transfer coefficient calculated by eq. (1).

Investigator Oxidizing gas

Temp. Experimental furnace | k¢(cm/sec) | ref.

10~5024,0, or 10~509,

Din, FiLiprov
Oy

1 530~1 590°C

0-0088 | (2)

Induction furnace

Resistance furnace 0-0030 (2)

Fujn, Ura N;—O;(Ppy=0-05) .~ - - 1 600°C Induction furnace 0-042 - (4)
MaToea, Fuwa N,-O, (P02=0~0'5)' 1 440~ 1 540°C | Induction furnace 0-002 (8)
Distiv, HaLier, | Os, ,00;, O30, 1700~1850°C | levitation melting 0:032 | (10)

RICHARDSON Ar-H,O :

Nury, Ito, Sano, | Ar-CO; (Pcos=005~1)
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Fig. 1. Relation between the rate of decarburi-
zation and carbon content (Preliminary
experiment).

BRFRE S — mr lEE (FEESH S —neFy s
C), BERIEZRFRAHE, 1 4 v 3B REEE R E
X {7 o

. X B B B

41 RERFEHIZTDONT

ERGEME T D700, T TR R E S £
Zfileofz. Fig. 1 WEREE & C BREOBGT,
pco /bco=1/10 1T \WT, FRRFMERL H A%
TNTNEZ/I2LDOTH 5. HEERE S T 55
TEIED DA RIS VI B AV C A A B S 5
ﬁ%ﬁ%ﬁ@%%%%ﬁfwé.L#LK%EQS05
% DIREFIF TIE A A &% 1300cc/ min [ Fizdh
VW, BBRGERBEVY A ARl X ORI SEBG & 2o
oo L7zisDC ZO%A, BESEE I CIRE & peos/beo
DHIAKGFT 5.

T TR LR BB OBIRIC O W T E TR
FLTELS —RERERIGD X 5 icH 2 - E
—RIGHRTH, FEEWL o0 F@EIC hio > THLT
T5. 205 LTHERT &7 DA & 25 3588 &
LT, 2&D5 o0z bhb.

(1) F2-1EgRE~D CO:(g) Dk

(2) HRA-VESRFRE~DCDOYREY

(3) HR-VESRF T OILERG (F 2 5 FDILSE,
FREE, RIS I L OREARE S 4%)

(4)  HA-FESFE D SIESKNEE~ D O D ks

i

7R
A

o <

— 3] —



32 g & ;W w58 £ (1972) 1%
I \IO-‘ Peo /p' =14
. Pror/p, = /15 15 p——%°
03 CO-CO;
I1.0. of lance : |Omm / A a—| |\ 600 CC/min
o \ Flow rate of CO-CO. 1o , —— ~ op 1 300
IR o | 000 €C/min i/
£ 03 o 1300 p
E \ &, a | 600 5 7
02 \ ' 3
e
ol |- ﬁ)\ 0
D\ \ . xI0 Pecs/Peg= /5
. 1 S==g=%ea0___o g 15
o] 20 40 60 80 i oo 120 140 160 S CO-CO:
Time (min) z A A Aa— | 600 ¢C/min
Fig. 2. Change of carbon concentration with 5 10 %D—“""C o o | 306
time. “,2, Y/ P o= | 000
E e
g o
06 S
el
p“’a /pco |/5 “i O g
OS5 I.D. of lance : |0 mm ‘;c::
% Flow rate of CO-CO: x1 0| Aoor/Peo= /15 CO~CO0:
04 \\ O | 000 €/min 4 gy et Sh===zo— | 600CE/
\U : T 1300 Lo——0————0——0— | 000
‘A
IS \ & 1600 > AQ/}/
o3 C\ 7
E \ lFormotion of FeO E?
o2 . 0 01 02 03 04 05 06 07
\\3\ [c] ¢w)
3 R . . .
o1 - N \ I\ Fig. 5. Relation between the rate of decarburi-
\ Q\\! zation and carbon content.
1 A|\ ol =rH=——0C QO
© 20 40 60 80 (5) #A-HRTE» S HARNEH~D CO(g) @
Time (min) : iki
Fig. 3. Change of carbon concentration with IR
time. BED5HT(2), (3), (4)0BREBEHKAD D
HEERATH b0 THYD, RERLEITLH X
I i 5IISREHETRINGEFMT 5 X 5 EREITRD
O'SIL Peor! Pra = 3/7 TERTERY. —K (1) EG)RFAATOREGRRE
\ L0, of lance + 10mm tH%. CRRELTRIOX > C<0°05% O
0'4£\ : : BT H RFREAEE 1300cc/ min DL THI XL 2
\ Flow rate of CO-CO @@@J?&ﬁ?ﬁ%‘ﬁ#h%%—%ﬁ%@%hf W5, LEdoT
g o3k \ o g COWE (1) & (5) BEEE T bR SN, KEE
> \ & | 600 (D)~ OO TR VEEREhE D EE
" o2 . Z5h5.
\\: ] lF°'m°'i°" of FeO DLEOBEEERICD D&, DIBEARERICIS WL,
o1 \A \ 10 mm ¢ ORFIEZ BV, F& LT 1300cc/ min Ll E
W \? OHFAFBRTER L. A L—#X 1000cc/ min @
. ! z sl = HBIOVTHER L.
10 30 40 50 60
Lo 42 FRREHER
ime ( min)
£ KA TED Wi BRHRO—6% Fig. 2~4 (T

Fig. 4. Change of carbon concentration with

time.

4. ok Fig. 3, 4 THRENWE FeO 234 LIITHD

g

B! el

~
~§



ol

-

1,

ERRERICR T 25850 RR GBS 33

X | O-Q .
50 T ' \
=7/
Peoz/ 1y = 713 CO-CO,
40 ~= a— | 600 c¢/min
/ O Oo— | 300
30+ /
< 20 ¥
> /
~
(&)
°  lof
5 (@/9
§ o
g
g xi10 -
3 fror/ oo = 317 co- co.
o 20 = g— | 800 CC/min |
(o]
° /
5 sl /c,g a- 1300
10
5 -
8

0 (o}] 02 03 04 0S 06
[C] (%) ’
Fig. 6. Relation between the rate of decarburi-
zation and carbon content.

(02
J | 000 ¢¢/min I.D. of lance : 4mm
OS& © Ar - COs Auyp, =110
\ ® CO-CO: Peoyp, = /10
04

(%)
)

[c]
(@]
(8]

02

q
o1 |- \\

P

-y
D
Q 20 40 60 80 100
Time (min)

Fig. 7. Comparison between the decarburization
by CO-CO;, and Ar-CO, gas mixtures.

el %Ry, Fig. 5, 6BiREE e CREORGS
L7z 41 THHAI X 50, & H AWK (#co./bco)
TOWTCHHE 0:05% LITFIinsd & HAFEH: 1300
cc/ min Pl EDBAICH ARBOBENRIL D T L5

|
- | | ! /
X110 ' /
. A
7 Symbol  Peo, /peo / /7¢'
)
a /s / 7 /
o i/ ) N / /- //
! / / /e
6r— ©O |I/s + 7 7
® I/4 al y
' : / /7l /
_ -¢- 3/7 l¢— K /
o a t/ It 7 !
» S / /
~ ® 7/3 /
) / 7
o e 9/ ' /| /
4 pure CO, 1] 4
[~ i / L /
£ ! ! 1/
~N [ / o
y ! // an:
2 .
5 t)’ eg ® ,/ ’
g 3 TR Vs
© et 7/
. A g / i
Z / / // V; ° ,/
S / / / /0/
« 2 a9 o d Cd
e A
) / s
i ViRs "o
? / p” o~
7
f{/ /0 /'0 ~4
I = 4 //// // ,/A
A'%fa'@ o 2o L
'!¢'t 4 : (fOA o - -
08 0e%% A~
Pl
0 o0l 002 003 ° 004 Q0S5 006
€] (%)

Fig. 8. Relation between the rate of decarburi-
zation and carbon content for various gas
ratios.

T T
Peo /s = 115 ] l
Flow rate of CO-CO.: ! 300 ¢/min
l:°/e S]
®* 0
o 0047
4 0091

o 0142

05 K—— —c o2

-==5

: —
Nﬂ———ﬂ——_g___u_ —a-dg.d_g 1015

|
o2 “—_-?I_\j‘;\?“‘-a—"a' B B L o
‘ | \T\

O Fom =0 = — 0= NN P~ O} =0— 4+ ~0—+~g 7 005

[C] (%)

[S1 (%)

, \éi&\n . ~
R =

(o] 20 40 60 80 100 120 140 IGg
Time (min)

Fig. 9. Change of carbon and sulfur concentration
with time (Fe-C-S alloy).

bbb EFRBrHb» 5 X5, pco/bco P/
Be, RREESMET LIZUD 5 REEER Ar-0O;
50k Ar-CO, X BRRTHSNTWAIE 0 1~
0°15%)25%0 J b HFWEE DT WS, 72 & 21E peo,
/bco=1/5 g\ L 1/15 CTHEBREREE C=0-15 7

— 33 —



34 % & 4

% 58 & (1972) ®1 %

pch/R‘,. =7/3

Flow rate of CO-CO, : | 300/ min
05 —t
a S
A o ow
\ A 0096 4015
— C ~~
= —_ o
< 03 -== 5 e
—a [}
.2, D —A_"A“A‘A-Aﬂa-—~-a - 01l (7))
—
02
Q\ -4 005
ol 4

\&3:0‘4—0——0&- 3
0 10 20 30 a0

Time (min)

Fig. 10. Change of carbon and sulfur concentration
with time (Fe-C-S alloy).

x1 6"
40
30
Peoa/, e = /3
Flow rate of CO-CQO,: 1 300 €C/min
20 l
. (5]
o 0]
o a 009
—_— [ )
g #
w
~
O
o (0]
< p‘“a /pco =145
2 xi10 Flow rote of CO-CO; : 1 300 ¢C/min
8 5
3
g
3 4
) /j r———h=
b //‘A
o JE
1l 3 /)
A/ [ 51
2 / o 0]
c/ o 0047
I a 009!
L a 014
P
0 (o} 02 03 04 05 06
[c]
" Fig. 11. Influence of sulfur on the rate of
decarburization.

L 0:252 CIETLIIUHS. Lo L ZDE pco,/beco
PARELHDBLC LAV LEWKERERERKC TS

o 1
x10
o Pror/ Pey = /3
Flow rate of CO-CO,: | 300 Cmir
10 f———o"m=—== ——== o
A= = — —
‘‘‘‘‘‘‘‘ 4
9 5
w
S e ik L a
o ["/cC]
O 005
.5 ° a 004
2 Prog /D = 1115 o 003
.§ 10| Flow rate of CO- -CO0,* | 300%mir
& 15
a
o
5 b
& | BN =
<
a8 0“‘\\\
\\\ \\O\
\\\ 1 \\
S <
>~ S~ S
S ~al ~o
~ .
‘C'[-\\ =<
\\
0 005 o'l T ols
[s] (%)

Fig. 12. Influence of sulfur on the rate of
decarburization.
T el fok ZWE peoy/tco & 3/7T XHDIK
LT 5 &, BBGEER C=0"1~0"15% i TET L
B 5. .
Fig. 7 iz CO-CO; & Ar-Co; I X BRDIEZ
RlU7z E» B pco, BOE LWEE, BERFEKTO
BLEGEEE IS & DIZIFO L LS, ERFE TOMR
KENIPLVRRDZEBDLID
ur@%%#%#%,ﬁzﬂ®ﬁﬁﬁﬁﬁﬂﬁféé

C<0°05% DFEEI>WT, BREEE C% ORfkE

=L wCmELEON Fig. 8 TH5. HrbBHLIARX
51T pcoy/pco<7/3 DEFHTIIBLHEEL CIREDE
PICH ARIE K E LEFT D, SHTH LT peo,/peo
=7/3 TUXBLREE I A A MBI ERRT, CREDZ
CIRET S, chpd, CO-CO, IBE& N RIT X BHEEHR
A AR X D RUSEHES A E K B b L L HEES
ns.

DECN SO RGHEEE ERINCRETT H700, £
EEERS S OB RE T T 5 HE LA~ BRK
[&hS peo./bco WWARTET DHEH & RE LR VWEIFliC oW
THFRDB 72D, pco/pco=1/13 HFLTC 7/3 D2oD 4
ARRIZOWTCER L. TOREL Fig. 9, 10 iR
T wFhd SBRERPETC-ERELRhD L L
BB

34

-

@



R ol

& B AEIBIT 3 1T B 15 5k D B R I S B AR 35

T ORI RRE & CIREOBRE L b, Fig. 1l
wHELi. ZhitXx s, BREENTRVWThO T2
HARICBWTDL SOEEIIKE v, LrLAEBLE
BEAR TR AMERICX D SOMERELRSZ LD
Ho7.

Fig. 12 W 3EREBERITR T DHREE & SRE OB
BZEFLELDOTHSE. Ihhnd SITX BHLREE DR
HDEIEVE pcoy/bco=1/15 DFER L HRE VDS,
pco /pco=T7/3 DFHFIT/NI W EWBbhrD. TOREK
BEORLPIISOCKNT HFEEORELZRL T
BAS 5 2 LIETE L.

Dk 5 R FSEE T 5 S ORENI R G OAuEE
AR LTWEHDTHE, ZhIFO2EDX S kil
ERGOEFTVCIVEHTE S. TihbbMEABIME
Fx ke &L, ERALERIGEEL pco, [C1/[S] Tl
FlTobDLl, TOHEGOEEERE ke L THIT,
T bR D FEFE UG HBEVE

1

= 17k + 051/ Ghhoon) T |
THEbLEND. ZThr bk S2 48] 2L
7B DO EE DA OEIGIE

dve | 1 d[S]

| Ve | ™ 1 kcpeo,/(hL[ST) [S]
LB, ERTHIDED kepeo,/ kL[S ) WX EEH)
BEP IEERIGEBRICE S E/NEL D, Lk
DT WVe/Vel BWEBEERTII/INE W, bR
BICI D ERELRDBZENBDLISE. Thdbd, pco,/
pco=7/3 DFPEVIWETLEND, F7- pco,/pco=1/15D
BEbERENREENTH R EELLNS.

SO X 5 BRERMEERS BEEECEEY 5 2 546
13, fDH Z-2 ZUVHRIETH BWESH TW5HD.
L, WEDBEEETHLENRD DD, HETH
~% X 51 (Fig. 14), €<0°05% T30k 0:035% L
+THY, BEEMTISEFOERIIZORTFH BRI
BETHEELLNDZETHD. Ln>T, Fig. 12
R L7l BB DA, REEEITTES L00gE
PBREFFICHEDPN T WA EEZLDNRYTHSS.

PAEDFEERH» 6, WBGEEN CIRE DI, iy A
BREARIFT B peo,/tco<T/3 TIHMEERED, B E
ERCREDHRIZEDEES pco/tco=7/3 TE C D
MEBIH EERF L LTRAE BT W5 L#lEX h
7=.

DECPHRKIAD FeO Ao T35, PERT
B L 5% FeO 13, pco./pco 5 1/5 X DKREWES
T, 0:02~0'05% @ C REFHETER L. FDBEE

Ve ]

% OERBETCO K4 ) v S OBRESH Sh.

%7 FeO DR B HWIZCO KA Yo 5 D5tk psd
ST b BB EE R I I 2 b, ClLaRsRi s &
HIC—RITET LTV D Z EBRERD R

FeO PBER LI LD 2 CIRENL, pco /pco BAREL
THELEWIEEL LS. L2 L pco/bco=7/3 ODEf
BT, IR0 N 2MRIC X 5F, CilgEss 0:05%
JET FeO HEMT 555145, £WTho# 24
RT3 WTh, FeO RPREESETLIZLDS C iR
EXVEWVRECTAKLIILD, ZOHAEFROEED
DL B DTERY, MERGHEBCEELThET
FETD.

DECHRAETTRIC KT 5 ODRZELD 1 FlZ R

Rﬂ:/pcoz 3/7 o2
Flow rate of CO-CO,: | 300 ¢C/min

05

0-4J °c
; 20 /} Jois
- A8 2
) Jay
e 03 a—A~ §
— \ ~
(&)
[} o - 0 —
or|—N— o | g
\ 2
of A ,/ Oxide 7008
Rl
Jl"——-_" (IJ\C’_D S m— 0
(o} 10 20 30 40
Time (min)

Fig. 13. Change of carbon and oxygen concentra-
tions with time.

05t |
1
\
\ O Pu/p, =15
02 | a 1710
I R — B
\ o 3’7
\
= \
Pt
< o5t }?\.
m—m ﬂ\
& V)
o\
\ \
o} A
\ \ C-0 equilibrium ( fo+ P, = latm)
[a] \
& \/
3¢
005 - N
A T~ e
l ﬁ\\g"&
o} 005 (o]

[C ] (%)

Fig. 14. Relation tetween carbon and oxygen’ in
liquid iron. :

— 85 —



36 g &

w58 & (1972) ®1 %

&, Fig. 13 oXx5wis. Fig. 14 wCLOnHfR%E
¥ Lt RPORBITFER#EREE C<01% OFf
B % A Lk iR (pco+ bco,= 1 atm) T
H5. Er»5, FEEZWTRSFMEEL D HIRWES
D TWH T EHMbrb. ERRROX 5K, BREE
DA AR BEDOEE L Z Y\ CORERMIXIFIE0 05%
LT T2, ThexicT50RER Fig. 14 »56
0:03~0-04%LL L TH D Z LoDl

5. & =

LEd X 51t CO-CO, BEH AifEHS 1 300cc/ min
BLETHBEET, C<005%DEHE T 2{MEATE
BOMPIHSBETE. XS ZOCIREFHFT, pco:
/pco<T/3 TWLFEEIGH, F7o pco/pco=7/3 T
CoMEBREFMEERTF L LTIRALVWTWEEZFZD
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Fig. 15. Relation between Ve/In{(1+pco)/(1+
Pco,i)} and carbon content.
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