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Kinetics of Decarburization of Liquid Iron with High

Concentration of Carbon

Synopsis:

Hiroyuki NOMURA and Kazumi Mor1

A kinetic study of decarburization has been done by blowing CO-CO, gas mixtures onto the indu-

ctively stirred Fe-C melts under various conditions.

At high carbon contents, the apparent rate of decarburization is independent of carbon concen-
tration and markedly influenced by the flow rate of CO-CO; gas mixture. Temperature dependence

of the rate is relatively small.

A reaction model involving the counter diffusion of CO and CO, in gas phase and the adsorption

of CO, on the liquid iron surface has been developed.
the rate of decarburization is controlled predominantly by the diffusion rate in gaseous phase.

It is concluded that at high carbon contents
It is

also presumed that the rate constant of adsorption of CO. on the liquid iron surface is higher than
0-001 mol/cm?-sec-atm, which is consistent with the extrapolated value of the reection constant for

solid Fe-C alloy.

(Received Sept. 30, 1971)
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(1) Gas blowing nozzle, (2) Magnesia crucible,

(3) Liguid Fe-C alloy, (4) Alumina protective crucible,
(5) Alumina tube, (6) Quartz tube, (7) Brass flange,
(8) Sampling hole, (9) Prism for temperature measure-
ment, (10) Induction coil, (11) Gas outlet

Fig. 1. Experimental apparatus.

Table 1. Composition of electrolytic iron.

Element Cc S P Si Mn | Cu

Percentagei 0-04 | 0-004| 0-003| 0-004| 0:004| 0-004

LOBRT 5. MMOCHEAL LCREL %ET 5.
CO; RO E XX b &y, COIBAREST ¥EEZ
FTHozlicxhSEswiz. #AOWERE Fig.2ic
R L7

HZ2OWREAFITIIAFE 4 mm, 6 mm ¥k X U0 mm
D3IFED TN FEER, TORBEXIEELE LS mm
L U7 ERFEYAEREMRTAZ 2~3mm ORE
BIC X DB A Lic. EBRIXEL LT 1600°C TfT
oD, ZOEPTRREEQCRERTFHEZFASLHE
g —35 1 550°C, 1575°C, 1625°C, 1650°C itk
WTHERL -

CO-CO, {4 # 2DHkIE CO,/CO=1/30, 1/25,
1/15, 1/10, 2/3, 7/3 & X % CO; & L7c. CO-CO,
#H AR 200~ 1900cc/ min DFFHCTE LT E .
BRI H 55 U Pt-Pt-Rh FEHEEERIC X DHIIEL T
BUWIREIRSC X 0Tk o7, TOBBIREOLERE)T
+5°C LA\NTH o7k

4. 2 B 7 B

TP DPC Ly AL ¥ 5O LDRIGIK X B
REIZ VT C=005~1% oFifAT EB L.
FORER, TORGE E CiREORICHE B EREER
LANFER DI DT, Pty 0005x10-3gC/secm ZEHE
ERfE s L, DIBEERERICRTRTIDOER X HIER
ez iz,

S ERFEM LRGSR OF% Fig. 3 XU Fig. ¢4
FT. BRESHEREEE T —EEETETT SR8
CAMEL 75 EBRREINRECERTTS. 2o &k
EWENCVITER DO & —F T 523, BEEESMET T
LEERCHLEIIER Ar-CO; 5T Ar-Ox 1I2 X B i
RESTEHONTWBIE (0 15%TF)DODE 9 44
BWEEETWS. TOBRKIT SWSHER LIOMEERIT
BnTbiabh Tk, CO-COREH ARV IHE
WOLEBEINIFRTHEH LEELXLNE. ZORKHE
LTHRIEERE XN TWAIRAE D S5 <D TRHTEMEIT
FELTHIV. KA TIE D OIELMEEES—FET
EFTT DR L T 5.

Fig. 5 [T HERE i OBfRE R Ui BRERX
CO,/CO D iFifif, RAERICE VELTS. T
bbb, BEGEERRE L &b KBciEmL, FaRM
RPN ZVIZERE LB, THIRBRRGHH R
HOWEBIICL Y XBREINTVWEZ LERLTVS.

Fig. 6 13RI X D EFE L RRKCEER 2T

_ E D IR E

7T COL 0 ATEE I o B ER R
B HIE B & 5 ITHEHRCO/COT L2 Tk nRZE
b Ui, mESEEINT 5 &KET 7 28843 S HMA
ObBT ERbrD. ZOXSEBEREERbOELE
HZDEETLHRNEENTWEDD, ZhiMEERG
OEHFAKERIIVWSTL B2 LICE530», BV
VI A A DIESRE T B EMRAARE & & D IKE
T D EoVnWThurick b EEFE2L LR 5.

SECEGEE & CO, FEDEEE Fig. 7 WAL
7o. A ARV 600 35 XX 1000cc/ min o 2 FEHIT D
WCETieD7hs, E & TP ERBERSE LN T
W5, ZOEERMER, TARES—ETHINE, R
BEEEIEL CO; HECILTEE—ETHD T LM
b b.

o E W BLGEE LIBEOMRE Fig. 8 WRLA. 2
SORBILDOWTTHRH, BEFLORZEIHEIXK
<. 205 b H RE 1 500cc/ mind & & DRH
FOELZ A VEFERHET DL, §9 Skeal/mol & 7g

— 32 —



ERFEEBRC T 5BGOMKKICEBICET 2R 1471

@ - Conc. H,SO. | : Bleeder -
b : Askalite 2 : Flow meter
— . ¢ = Silica-gel 3 : Gas mixer
d- P,0s 4 : CO generator
L’J U H ! H € : CaCl; .+ 5+ CO reservoir
| 2 f = Cal
g = ‘CaCOs,
E]_A Furnace
O &=
Ar f , .
“ — . 1 Pd.asbestos heated at 300°C
! ’ A ” I Mg chip heated at 600°C
I Cu net heated at 80Q0°C

o [ ] = EUJ

Furnace

Fig. 2. Gas refining systems.
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Fig. 3. Change of carbon concentration with
time.
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Fig. 4. Change of carbon concentration with
time.
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Fig. 5. Effect of the gas flow rate on the rate of decar-
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Fig. 9. Rate of decarburization calculated from
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Fig. 12. Relation between kgyv, and gas flow

rate.
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k,;=0'001 3 XX 00l mol/cm? secatm @ 2,89 T2
WCERTHRD. Iflnay ZEHARECOWTCEEL

JofE R % Table 2 iR+,

Table 2. Values of I/Inax calculated from the
reaction model.
~ =
;;\\ 500 | 750 | 1000 | 1250 | 1500
AN
0-01 0-960 | 0-945 | 0-940 | 0-935| 0-928
0-001 0-885 0-840 0-818 0-800 0-795
* Qo (cc/min)
*% k) (mol/cm?-sec-atm)
Zhick 3 & k5>0001 mol/cm?2sec atm DL I/

Imax WB&EILbI2TIRLPWEEEDTWS. &
DT TR YBRRIGHIMEBEEREIC L D ETLT
5 LB LI DT

ZO XS KHERISEH AUIOWABENC X h XHES
hTn5BZ EMbro7h, 2T Fig. 6 TRENB
REEEh®R & HAREORBIC>WTE X THS. Fig.
12 R LAEHEHRIZX D & £,>0°01 mol/cm?sec atm
DOFEFETIE X XD H/PIV. ZDZEIE kgav. DI
BRI HHEMBNRMEE EDIETTHIEERLTY
5. ThbbZoZih»b, WEBERELELHES
T, MERICHRSPRE & & DI/NI <KD L5
Eha.
5-3 BRRISOBEKEFYE

5-2 IR T BEHE» LEEMNI A A0 WA BB TRE
LRIGHEEERORE IEHBETE/OT, ZC
ThHREFEREDREXKFEU®ZFELTALS. BEODY
BB HREOBEZ(LT R L2 BRBSRNSHEOW
BIBEREL (kgouD3u-1/8) DIREEZ(LEITIEOCE LV
EE x Iz FHRTLER CO-CO; BE F 2 ORMAREX
1 Wike 2 X 5330C, T dREUREKIE CrapMAaN-
Enskoc IO X VEHE L. E/o k OEEZ{LITIX
H. J. GRaBge?) [T X 05 LR EH KTk 53848
BRATZ2LDELFEET 5-

W% 1600°C o &y & LT 0°001

kgav.

3 X O 0°01 mol/
BYDEERE 2, FAmEDHS 1000 X
XX 1500cc/ min DEBEEITOWT 1550°C, 1650°C
TORREES kD S. Fig. 12 5, 1600°C iz sty
% k,=0'001 mol/ cm?sec atm X LT H xfiE 1000
SHES D MEBEFREL kgav. IZE 0°00017
mol/ cm?sec atm T&H 5. —F k=001 mol/cm?sec
atm b:ﬁb’cﬁ, Ygav.=0"000124 mol/ cm?sec atm ‘T
P5H. chhb 1550°C L 1650°C kT HE/8F
—~ 2 OfElx Table 3 O X S5ikd bhviz. FFRICH R
g 1500cc/ minDFH T DWW CHRDTH %S L Table
4D XD T2

cm?sec atm D 238

cc/ miniZz
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-306 , , h#z Fig. 8 DERBREE TS L, & 13 0001 mol
] Gas flow rate : 1 500 CC/miL 4 (mol/eme sec atm) /em?sec atm Bl EDfEE L g, BEREEDIREREM

St I pa HISERICHETE 52 L bbbt

-310 ™ | 5-4 EKICISIT B BB S & O LB
» —~— > > N . = = E=1N ' :
g -312 [T £-232x10° calimo 5:2 H XV 5-3 DFFIIH T & 13 0°001 mol/ cm?
B ST secatm Dl Eofliw &5 2 LafE SN H. J. Gra-
~3i4t IR BREPIDNIEASL & CO-CO, BAFN XDRSICET 5
Rl M T, COZFOGRME LT ORFEMIEERE 2K

~

1 | | Il

=324 i~ Gas flow rate : | COOCC/mir

~
~
~

~326} N
X N
. ] S
g -328 .
- T ~_E=225%10° Cal/mol
-330| \\t::?‘\“4*-
S~ 662x10°
~
-332 1 1 | ' 1
5t 52 953 54 55 56. 57
177 x10* (%™
Fig. 13. Temperature dependence of the rate of
decarburization calculated from the
model.
Table 3. Parameters for calculation of the temper-

ature dependence of decarburization rate
(1 000cc/ min) unit : mol/cm?. sec-atm,

Temperature
\ 1550°C | 1600°C | 1650°C
Parameter
ky 0-00066 | 0-001 0-00139
k gav. 0-000166 | 0-000170 | 0000174
3 0-00696 | 0-01 % 0-0139
k gav. 0-000121 | 0-000124 | 0-000127

Parameters for calculation of the temper-
ature dependence of decarburization rate
(1500cc/ min) unit : mol/ cm?- sec-atm.

Table 4.

Temperature
\ 1 550°C 1 600°C 1 650°C
Parameter
ky 0000696 | 0-001 0-00139
k gav. 0000254 | 0-000260 | 0-000265
ky 0:-00696 | 0-01 0-0139
k gav. 0-000178 . 0-000182 | 0-000186

INLDRT 4 —2ERFEEFTNVICERBL, RKEE
CEEORBGRE kDB L Fig. 13 RT X553 T

@i Fig. 14 OEMIT GRABKE I X b kb L BHE
THB. ik 1600°C ETIHET B L AR
5k OHEHEICLML RSB Z ENbrDR
BHRORICZEWRSDGE LB T 5 2 LTt
R F BEOSEERGCOVWCTR2TWS. Th
I X NEIESRIT B 1) B RIGEEE I E Rk R IGTE
bnrREERE 1600°C ([ hME LiclEIiziE—5d
5. BEEEOHETS, thiRUSHzitETsn
DOIIER ITEBRE. 7ods, 51 TRBREGEEFIVIC
3-1) KoBEAERTFE LTHERE LR, TIRRL
FoEWEBRIC B D RC LDLEL XD T ERY
TH5BZ bbb,

5-5 REORELOREE

AEERFERE T Fig. 6 »Hb5 X5, BEREE

Temperature (°C)

1, 700160015001400 1300 1200 1100 1000 300
ld T T [] T T T T T l ]
N GRABKES
\ ° RABKES data
Ny \\
N —-= Extrapolation from
10 “\ GRABKES data
\
\ 1 Presumed value
. from present work
\
; " \\
€ -
5 0] \\
¢ \
- \
E \
s .
£ N
< 10 .
\
%.
N

16" 5
N

[

5 6 7 8 g
/r x10° {%™)
Comparison of the rate constants of

decarburization between solid and
liquid iron.

Fig. 14.
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BREEBRICKIIEHORREICERCET 2THE 1477

IRIL 60% 25 75% OHFHKSDSH. LI LENLE
PRoRRI R K ISR OMBMEE TR S, Rk
BRI TIAEEERIZIFE 1009 BRICAER IR DD, =
X S ICEREAV LIRS D RSEIEM 100% X h/hE
WZEEOEDX ) BRIGEHBC LI oTHEATE S LE
Z5h35. '

BRI THE, EATIBIEA ZES SV EEKT
LCOHZREDFTNEGULTEH D LAROTER
EMMRCE TS LS, Kot RAD* #v~OEfL:
FLISERR®D » 2 v SO T 2- 4 2 v 5l OF

—DPFATHT bR EEE, EANTZREEZSLTHLY -

T HABIOETSEFET . FTOELIW CTRIUF R~
2 ZVEIRETH D Ar ¥ Z2RMT I L 5 BHORER
JGOBRP LIRS, BRREIGTIRZO X 5B FZAD
WEBEER O L 2T RISSEMRNE L 2T w
BL:EL2BNB. '

— 5, EROBRE R TR AR T EER & b
DTREVWZEIZED, REMITShH 2T FeO &
LT 2 2NEEINXh, Fhiix il L (emulsion)
DIRFET # ZHHVIIR T FRITHELL THERR ST
FERxhD. LB oTERBERAR $WT, MR
CO iz X 5 # 2 AW EBE DB <, HIGZhEH3100
U ITHRD2TWELDEELD.

6. &
CO-CO; BEH A X DIBHKDOBRE 2TV, 2ED
T Ehba.
(1) BREERNF AR BRI CRMAER CEKF T

5.
(2) BREEX CO, FEIITIEHMATS.

(3) BREEOCREKRFEREEINS L, FRHR
& 1500cc/ min @ & & R FOEHEILT 20 F13{9 5
kcal/ mol ‘TH 5.

LA 2R T S WHBE S X CO; OEHKE
BE~OREMRERREL SURRRIG € F Vv EMRLTH
BT O fER, RRKICORERER T ARONE
BEITH D ENEEMITHL D Ligol. BRBLDER
CO.; piEgkRmE E~OBERHEEEKE 0°001 mol/
cmisec atm PLETH 5 LHEES N, Zhik H J.
GRABKE D3R 7 ERSRDGA O K G EEE O SRIE
ChPWn T Edbork.

E 5 ERO BRI R G & EBREAE L OBRIC
DWTETOEEZIA .

RBICEMEC RN TERETCH IV RWREH=
¥ EHBEIEKIAHEEITIE LS XCUARED

FHBRHKECERT S ETLFARCENCT, BIEE
F D EIIFRBRFEABEFHERE FACOM 230-
602 {EM L7z
it =

ky 1 COy, OWRFEFFEEHEETEH (mol/cm?sec atm)
Dco-co, : CO-CO; FOIREIFREL (cm?/sec)
R : S4kER (82-05cms-atm/deg- mol)
Co: EAEND CO-CO; BEH AhD CO; BE

( mol/ cms?)
Qo: 7~ CO-CO; BEH ATE (cmd3/sec)
d : 7 ARMERE (cm)
R, : 2 2F%FE (cm)
Cr: FFE riTHFH CO; JRE (mol/cm?)
Q,: ¥FErTBIFBHFAKE (cm?¥/ sec)

Koot 7 #REMEBEBER (com/sec)
kgr: 7 # ( mol/ cm? sec-atm)
Pcoyr: 7 €Oy HJE (atm) '
Peogirt 7 HZEGRmMD CO; &5F (atm)

xcopr: 7 COp 2AHER (-)

Ncoy/r: 7 CO,; o flux (mol/cm?sec)
Neco/r: 7 CO @ flux (mol/cm?sec)
dr 7 HRAEREOES (cm)

kgav. * 5 DE M7z 5 FHOWEBENIREK

( mol/ cm? sec atm)
ShyRe: 5% —o v Rk, LA /7 VZXE (&)
X & '
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