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On the Kinetics of C-O Degassing from Liquid Iron by Argon Stream
Kazuo AMANO, Koin ITO, and Hiroshi SAKAO

Synopsis:

This study aims at the kinetic investigation on the reaction between gas and liquid iron. A liquid iron
droplet was levitated in a pure argon stream and the rates of carbon and oxygen removal from the droplet
were measured. The CO absorption and degassing-rates were also measured by using crucibles. The
reaction proceeds according to G -+O=CO until one of these clements is eliminated. The reaction is
found to be controlled by the transfers of the element from iron bulk to gas-melt interface and of CO
from the interface to gas bulk. This mechanism can explain the different reaction behaviors between the
levitation technique and the crucible melting method. In the case of the crucible melting method, the
reaction proceeds complicatedly depending on the extent side reactions between the iron melt and the

crucible. On the basis of the results obtained, a discussion has been made on the degassing reaction

occurring in some practical process.
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Fig. 1. Shematic drawing of experimental appa-
ratus.
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Fig. 2. Change of carbon concentration during
the degassing from the levitated iron.
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Fig. 4. Relations between carbon and oxygen
concentration during the degassing from
the levitated iron at various initial con-
centrations.
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Fig. 5. Influence of Ar flow rate on the degassing
rate of the levitated iron.
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Fig. 7. Change of carbon and oxygen concentration
during the reaction of iron with pure CO in
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Fig. 8. Relations between carbon and oxygen
concentration during the reaction with
pure CO (except for x) at 1600°C.
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Fig. 9. Change of carbon and oxygen concentra-
tion during the degassing from the iron
melt in the crucible.
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centration during the degassing from the
iron melt in the crucible.
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T Pcot+Pco,=1atm & 7T 5 dhfR LoD sz PIERIRE
DELE L. T OROREIREOZELIZ/NE L BHRND
WEBEBEALE L7 0, Ssec LM F A ABEFR B D CO,
DIEIHHELE & 70D T CO H ARG #ITT 5. &
DX HIHXTCRIGEEBPHATERLY. L LHHREG
BT ETRESNI WAD, BFRCBRIREI R
FREBEORENPREIRE & —HT 5 IRBEEL,
Z ORI R EIRERX A 24k CO, IR T F
BECEOTETS. Leh2T, WERREXRER
ErEET3 e RERELEMT X 5.
TN THBEBEERE &L REBRBRE S —HT5META
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ERERTRIRE BN T 525, LThUBEREBEREORL
O THREBRRESBRLTS. £ 2 CHHBENSEL
SHAREMITE LIE OB UEE, BEk-4 X
WA E OWRESR—Td » EBIMEEDEL L v
DT, BERNDKE L BEOBRIIZED 5 F IR EEE 3
EBRC AT 5. —F, HIBREE LD & #AHEk
DAL D WMEABERBSEILT 50T, BHRAD
RE L BEOBGRSHIBEC X o TRk 5 (Fig. 8).

D& S I HHIBB R X 5 CO ¥ 2RI & o kkg
BEZD LEREREATEHAT L LN TES. CO F2
B IS TR AT RET CO, 23554 L, BERifla i1
IMLTWBREORGE(2), (22O ERSHEBI 2T
HEE2LN, TDxEL LT CO; B8F4ETS. £2°T
BHANOKFE LEERIRMED CO-CO, Iz Lo THix
h,

I Tt R R P LT R PR P PP RIS PPN (24)

ORRHB. HARD COs, IESKAID KR & CEER
OBENTHT BEERIRDO L S5 2505,

60, =kS% (1/RT ) (Plo,~Pooy) -~rvrrvro(25)
g = kG (R — G woevreeremvnnremurnneeneiennnensneees (26)
ﬁozkg(ng—no) tasearrerserirenieen ..-...-‘.......(27)

REFHEEREL, RIG@), 22)oRHEzEEeenz
. K[ mol/atmcm?®*], K,[ mol/cm?®] & 3 Hif
8 S 8 S
o e T H |
B ILL, KBREME Péo+Pio,=latm TH5H. Hl
CO HFRABIRKIEDHEIC2OWTEHET S L, Poo,=0
atm TH 12 LRABELND.
kS0,
RT
Fig. 8 TR L ERBEREA VT (9 RoZ L2
5% 5. Fig. 15 oA Fig. 8 5 SHHIEE 40 mm,
HEEE 40g DERBREAEB Vb OT, BEAEIE
E#kbT. ADFB IAZEHRICKITS PeotPeo,= 1
atm L EHTHRELBMEOBBRERLALDIOT, RE
IRV Z O 22T 5. Lo L, CO-CO,
REH A RINS BB E S BHRNORE LBERITIZO
Ui B TR L, ol #ERTHEED KL
EHET S A LEWETH . CORRE R
RO CO TR TH S LBhbhb. £ T T Péo, DE
HUC W HER E B E 2 HIE LAV 2. & T CIEgmERiR
EC st 5 REIRE DX CE» 53 B i
b, BHENERREXFL LIIULD S EETIE (8-
no)=0%,izh, TOROREBEL F bbbz & %%

m

FEMHFELTELXD. BEA, FAORER Fig. 15 5

corneneneens (28)

P8o,=kS(nE—ng) —kS(n§—np) -e-eee-(29)

1.D. of Crucible 40mm
Weight
Temp.

kg = 6.4 SMisec
K= Q045 CMivsec |
k= 0.045 SMysec

50086

| @ Bulk Concentration
o Interface

8
o

o
o
N

Oxygen Concentration (wt Y%

tmq@)//&

0 002 0.04 006 008 010
Carbon Concentration (wt % )

Fig. 15. Relations between bulk and interface
concentrations.

Table 1. Values of the mass transfer coefficient
using £5°:=6.4 cm/ sec.

Initial concentration kS k2
%G ° %Q° cm/ sec cm/ sec
0.00 0.02 0.054 0.06,
0.00 0.00 0.04, 0.04,
0.03 0.00 0.04; 0.04,

Kk, LOMER2NRICRATE L kL BEHHEEh 5.
L BT, HAHD CO, OWEMBENRE  £3°: Xt
LT, B 69 BFRROEREH CHIBE 40mm o
BHEWDOWT 6.4cm/sec #FTWEHEDT, ZOEFH
Wiz, wicCGhE, DEDIREZ (29)Ric oA LEnR 5
Bhuje kL & k3% BFWVB & RS MBEEXNDS. £
HIREWWOWTRIUHEET kn, kn 2EE L, FOR
% Table 1 =5

ka & RIIFEBEOEMMG LN, THIZESRET
B LR E L BESRECHERGRY R TR, *
NEN ORGP EIMIBEHEA~BHTET, — RO DOBE)
BEZIO>THIREIN LD THE LEEXLNS.
ko=k5=0.045cm/sec & kSP2=6.4cm/sec #FHL>,
HAx DBEEAEIRED S (2NR e L 2T, Lhiexct
LREIRE#STE TS L Fig. 15 0 @—0O TTRIHER
MBELNh. ZORD HBESRNIRIRE SR EIRE T BM
LTWa X535 05bh» 5. HiEZAvIcllE T, Bk
LEROHBEED /D H AR E I E D HIBSEMmITRE
o F2AOMNAEEWEEHSNTES. HA
R ESERRC S IR EBOEX R A S OEY
HorbEOeRTmChb s FHEXTHY, ZOWE
B A AR E M Getdita] U T b HHREEIC X2 TRl
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%62 4 (1976) 3=

T5. HEE L ABFEEE £ 27 BEEGRRO BHRR
B AL EbSE Bbhds, T Bl wvil
5E UCHIHAE 30mm, EER 200g of&iconT
kS=k2=0.045cm/sec FHHWT k5% ZkdDTHB X
15cm/sec 3G SNz, HPESLE XS5 LI X ViBEsk
DEERLEEZZTBHELEILNRLHDT, P HR
MOIREHSZEL L L {RE LT £5%:=6.4cm/sec %
R TEsMEBBIGREE Sk 5 £ £=42=0.019
cm/fsec BHLN. Th S50 L5, HEEENX
Llicz ey, ¥AREMFFOLEESRFECT LIS
oL LERABO TFHEREEXNNIL b s, 5
WEE R, EHOBHRLHD LN B Z &R s.
Bl X 5, BREEOBWCXD>TELZCOHF 2
TR T D f% i o> 26 BV, 1B 8- 4 AR BN OWHE
PR ESEETHE EHATHMPETH N TE .
WA AR JEDFBICOVWTERTS. Y ARG
TIEERIREMTI AL T o k2T L REREIRD
LoD 7z(Fig. 9). %7, RELMEOCRBIT4/30D
HEOBEMED S THTIRELE{L L (Fig-10). zhb
DOBRFIIEGNT SIS BB LTI RE LARE
W& B ARG DS - 1A ORI B G 4 U T
WHZEERFRLTEY, BFTERE IEE T2
BORFREOBPVEERBIKICOAE 2D L.
AgkE= 400g, HIAE 40mm OEPFAOERERTIX
X DOFAEEE 8 ppmC/ min BETH D7/ bk,
CO # A EIE S DRIER R 5B 51V {E, £»=0.045
cm/sec, kg=6.4cm/sec ZFEVT (15) s HEsk-H
ARECETT2MBERELXFTRE L CAH 3 &, WIHRE
0.10%C H» MK 2 Lice, RISHIRORK 3 Eix
80 ppmC/min MBF SR, S HICEGH 0.09%C %
T & RKEEE 26 ppmC/ min TEASTSH. Zh

oA, S RIE L Ld - 2 L K I 3R 1 b 3 54N T s
VOV I E AUAYIR C AUFA 7 "o ey LAJPUTIIIIYE = T 1o T TR e

EZERLTWDD, RIGEETIIHRLAICEEHEX DX
{75, WM-IESMORIRIGOMESTT 2 EERSEO
REHECTIE—ETH 5 & ThIE, Vs VWTEl
FIEDEEN 10% BETH Do DRRIGHHiE30%
b B, Fig. 10 @SB RIEHMEHRCE TN T
WHRELEBESEIG(1) THRAARGEEZRT LcEe
R LchDTHD. BIRICOEEIEICYMD» 5B
N, ZOMBORGIRE (BREBEIRENS Yol DOFRED
REIRE) 12ET 5 ETOH 4min fific 40 ppmO i
BB EHAD SR S Rk

5. & 5t
IR & ARSI X » iB8-CO AR K S Hi88

LT ot TOSRICL ESEMhORLTHREZR
FEELE BRI oW THRETT 5. '

ZOMIHBIBRE A RV CiEgko CO-CO, BEH
AMULGHERBEE LTS, TOEERITH L, HRjH
DEZ X 2T, C, ODEREEL~DEEM L VWT &,
BHNORE, BEOMUABHPAEARTCOINIIRE
RN Peo,/Peo THIE SN P ORELEBEEIIFIT
HRHALT BT TH B L LT, RELFEE IS REE
BEChd Bzl TUT, K2, (22), (23)0fE
WS TC RSB Z T Lic. UL L, B oNhiEEE
B3 REREFBZ I 2THPEIELDSVT WS, X5
2, 300G 5 b B RIGE» HokD 7 iEMEL < *
NMF—RBRIGCHIEN LAEZTRLTWS. BRIEDE
PEfb= AV F—pifafER & B EXFZHRT, Lot
2T, XORGERKT HRMIGEHZTHDLERS
5. ZOX S5WHRELFERIGCHEERS 2 {NE U7 gt
BEOMEREATYS. —F, FANROBERRT
VEHHAE R X B LIFERN O R E & BEROBRICH
BERIFLTWVWS. TRIIFTAMEREOIRES B
HOWIBEED /DL LAcbDTH B EF2bNIS. ¥
72 REHDCEBMEBERENSEEEL Lo Ein L 0k
BT BAEME, BT AWSERREANO WEBEHE
ARETH D EEXTCESEHECLVERETH &
MTE, (LERIGEEZE X 50T &b &
NE—DBEERELHTEE, MR TLIER LIS
BYEBEREL SIXFHMATES. L L, HREREX
% CO 7 AP R S (20) Ko BGRZ i L2 5 (25)
(26), NAOFEERCTHITLCEY, £IRETHCDH
e BN BEEREOEEBTE T, EEb sy
— D IBHAITI AT S 72\,

SEARL® IIHHBBHEET Ar R X 5i88ko CO Ji
H 2R RIzE L, KRR B E A BV T RS RS
D D VM LSRG HEE % & D Tl A NS T RUG HEE
R LTWa. L L, BHEOHE, fitoX 5ic
BHR-HHM ORI ICDEHERKE T L BIHLY Tig
D BEBEEEE TRIGHETT 5 CORRH R DS
HE A AET D DI HHREB R E Vv 5 &, 168k-HHE
ORI EAEBTE V. Led2T, LORGEE
BHNCHERE L WIR D IE8- 2B GO RISEE D 7
WAH#ETHY, EBRFEE LTITEYTHELEEX
7.

SAMALIN Z D% < DEED 19 1T L ITIRERN THE
BN IRIEEE S 10-2~10-* mmHg Z T
SETLIEPNTERLTVBHRELEEIY Pco=0.1
atm ICHY T 5 REMIECULIHMTE Y, ERlR
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BHOT VT HARL LD C-Q I 7 2 KIS RE I DT 353

HefTic 5 EMERE »HEINT 5 Z LA L Tn
5. REBREER (Fig. 4) i@ LRERL S 2 BIS St
D CO SHJE & ¥ 5 IRE £ THFT Lz, )y, HIEE
FREECIEY 2 U 72358 1A S BRI o RIR S s T
Sleh ot Lichs>T, BN TOEELER IR
Mot kinzek B L, STt 0ERDS.
AR T SIS R ERE T 5 2 03 ERh
THY, WFEHTAEYS D CRTEEST R 2FEREL D
REBRULFER EDBTbhTwad. 2R LD BB
i, KUEORMEMFIRSBFHSHRLFACTHY, B
EE DT AR FER B BATE 5.

VOD #:d 3\ 1x AOD B X 5 i {big s e o
RIGOR@E, MEALDOHECL LN X ST, B8k
WD KFE L BERS T CIIBEE S E S Uis Peo+
Poo, WHIYT 5 EHRE S @2 TEIL L, £ 0%k
B L AR R ~BEIT 5. il EZL o @ik
CO-CO, REHFARREE LFETHY, —BEED
EXHC LI Q)R EMATHIESHTES. 20
T 2 BfEMREIhCcH 5.

6. %t

T EREY W BHNDORES I UOCBEO T LT
PHRL X BH AR GEE &, HIBEREEBEVW-C
O A AWML Fs & VR A 2 LIk % g U, SEAERE S
BEEECTHIT L, >X¥ofReBr.

(1) IFBIERRERIC X B I 7 A RS 20 # i 4o
729 C+0=CO THEFTL, RISEEIIIESE-H AT
REOMESEPRATETH S & LTCHATE .

(2) REDHRPTOEE L™ 20 £ —i 15keal/

[

mol FIETH D, MENEBBRE,» S5 ShiiE |

IIIESE L.
(3) 7z HAFED RIS EEC BT T 580,

RERETD 57058 bbbk,

(4) CO #AWIRF RN 1T 5 HHRE R & B8
fiE L OERE_EBEH THHACE

(3) HHBEERREE By R RIS, 5 8k-Hiaem
DRUSE THHE SN BB RIBT S F, FISHE DM
s 5.
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