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Kinetic Study of CO Reaction on Steel by Floating Zone Melting

Masahiro SHINMEI,

Synopsis:

Nobuaki KonisHi, and Kichizo N1wa

Kinetic study of CO reaction during floating zone melting of steel was carried out with rimmed steel

samples and Fe—C-O alloys.

discussed as a heterogeneous reaction at gas/liquid and at solid/liquid interfaces.
atmosphere such as in Ar promotes the reaction at liquid surface (gas/liquid interface),
improtant role in decarburization of steel during floating zone melting.
and zone traveling velocity are well explained with the oxygen diffusion control mechanism.
distribution coefficient of solute elements under the condition of

considered.
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The reaction rate strongly depended on oxygen content but had no correlation
to carbon concentration, and to oxygen—carbon concentration product.

The reaction mechanism was
Melting in an inert
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The influences of sample radius
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Fig. 1. Schematic sketch of experimental
apparatus used for floating zone

melting of steel.
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Table 1. Chemical composition of rimmed steel and Fe-C-O alloy (wt 9).
Sample C Si Mn P S Sol. Al nsol. Al O

Rimmed A 0-028 trace 0-27 0-005 0-003 0-003 0-004 0-019
steel B 0-052 trace 0-327 0-013 0-008 0-004 0-002 0-018
C 0-005 0-01 <0-03 <0-005 0-005 _— — 0-0065

Fe-C-O D 0-48 0-01 <0-03 <0-005 | <0-005 i —_ 0-0023
alloy E 033 0-01 <003 0-002 0-005 _— —_— 0-0025
T 5:78 00 002 trace 5-005 — 0-0017

— 929



1954 & & 8

# 58 &£ (1972) wl4=

v
8 e (m!)
,’O‘ /ol2mm.¢ ’
-~ /o/o 15
g o Y
~ o 104mm¢g
o
o -1 10
;’ 4 O/O/ /g/ 85mm ¢
= ©
: /o/.////;/ /-0/
3]
5 A —60mm # -1 s
- 2 o/ @ /o
g ./@/ o//o
o ///
&
ol | | ]
o} 30 c0o SO 120
Time (min)

Fig. 2. CO evolution behavior during floating zone
melting of steel versus melting time (sample
B, zone traveling velocity is 0-5 mm/min).
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Fig. 3. Effect of carrier gas (Ar) flow rates on
apparent CO evolution rate.
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Fig. 4. Effect of sample radius to CO evolution
rate of rimmed steel. (Zone traveling
velocity is 0°5mm/min. Dashed line and
solid line are result of calculation by
equations 6 and 7, respectively).

43 HERORE :

ARIFZENEE O0-Smm/ min @3 & THMEEESY
6mmg¢ 55 12mm ¢ FTLELIHT hicxtt5CO
FeAREREIE Lo RS Fig. 4 Thn. & o TIHHE
A BTl E EBRICRETT 2 0B EINT, Mo
EMBXOCBBIT(6)RXB I () RosTEEERC,
X g =0 (BMuERE T COKMORE TR V) 1T,
ERE 8= (BEMMERAmcHHINBERTFIE T
TCOKEE 2> TRB~BET3) T 5. 3k
AW DWTOERFRIIERRNOFELSE Zic L vw—Fe
ARLTWBBRHREBD PERIE chihkhkxk Brs
AT 5. HRATIE BEREUND BERS D FE -
WTHEBELTWIEWDTHE A & B 0 COZ i

— 30 —



BRI AR X 580 CORGORERMIIE 1955

DEZBEEESDEC X DD EE R LN BEEED
BB DWW T DL 2T vy Mass Balance &5
LR BREOBESTRF+ )V ¥ — A 20 bHEOH
Wb oli-d L Eimdhi. Fig. 5 WiBEREoRs
A, Bz oW T2 b5 O RO 6% Eigatk
OFE (BReECxT5%18) wLTrd. Fig. 4

© Somple A ® Sample B
003 -
105
o002 |- Carbon Manganese
. . 4103
° 3

o1 - . o
) 00t |-o K . 8 e %% o )
@ i w
5 401 2
3 0 8
5 . s
2 BN
T 0005} Oxygen Sulfer do08 *

o
o
0003 - -1004
¢ o
O ¢ e ©
L
TR T S| L1

0 0
O 02 04 06 08 O 02 04 06 08 10
Distance of melted sample
{x/L)

Fig. 5. Results of chemical analysis of zone melted
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Fig. 6. Effect of zone traveling velocity to CO
evolution rate : sample radius is 6 mm,
dashed and solid lines are calculated
values from Egs. 6 and 7.

& Fig. 5 LOiR» S FBE LKL CO HREREED
Mass Balance 328§ A, B it X< —F 3 508 ER
B LT Bt A OB — B LEKL B OS2 & iR
FEEYU LD COBFELTVDHZ Eddbir 5. B
Kl RIS LTTIROBER Ar 2 450°C o Gu iF
& POy ¥k CRAERIK LT W e AR+ Td
DB L, DT Ar OHMEH 99°95% BETHD
7elTh e EREROERIFPTES. Ik —HD
BaEIANDEIZC R VW TR CDEICYE LEME Ar
(99-999%) % 850°C o Ti ffi L P,Os HiERTIHHL T
R L7z,
44 RUEBBEEOZE

12mm ¢ DEPHC DWW TIHRIHSENEE S 0°2mm/
min 7> 5 2mm/ min ¥ TZE{LX & CHEjE L7z CO 5
4EEA Fig. 6 iR L. PO X0 ERI
(6)RBIOC(7T)ReD O EERTLE TN =
0&B=1liTRET5.
4.5 FHBEOXE

CO IS+ HIaERs OREXTA55XTET
AL DR S X O FIRE T 2 llE 2 ERln %
BHEE | mm/ min QEED S S ICERERE B THY
L7z &&= AW T2 BERREEE—% (17~25
ppm) DEHETHREREZRZ 0-005~0°78 wt F TZ1L
XRTHEIE LRy Fig. 7 WiRd. RESHEEOHM
e &b ICIEBEBRERICIRE S 5BHR TN EDOR
BRERET CREIRELZT(ILETED LR TE LML DI
P L COBEOCERIEEOCEHEICIE CORLA R
ERXRERECKFELTVWEWZ B2 5.
REIRECEIRZ D FiCBRFRIRE % 17~190ppm %
TEX B HEORRELBRRECH LTRLAZOR
Fig. 8TH%5. EMBSICHHI(6)RAFIC(7)Hic
P ESLEEBRT, BHITY 4 FIAY BRI
WCDETHS. FUBRYERRELRERE LOHK
TR LTRTE Fig. 90X 5k, REAZEAES

S O85cm #
o3 T °
<8 3l ----gm--8----- o
w2 o
k-] B
JE 2f
RN

l.—

I L 1 !

02 04 06 08
% C >
(7= 1mm/min)

Fig. 7. Influence of carbon concentration to
CO evolution rate of Fe-C-O alloys. -

— 31 —



1956 & & 53

% 58 £ (1972) 142

IZxf9 % MBI Fig. 8 O BE XD B d. ks
Fig. 9 OoFRTITY & FEHHEO CO FAFEERFC
FHOHREBREALITHE L TKERE2R T Fig.
8 DEIRT Y o FIHKI O CORLHENBRERTZS
ERIVCERRICD &S5 HERBL 07 ETR

o] .
o ,’
/
’
/
15 /’ °
/
’
’
/
— ’ .
8] /
3 ’
> o 7
g |Q_ / (]
= o,
° AR
> [e] /’
5 y
3 /
==
S Yy
s ° 7
Yo
o o,’ o
Vi
7 © Fe-C-0 alloy
© Rimmed steel
! 1 ] ! ]
(o] 0004 0008 0012 00I6 002

% O
(F=1mm/min, 1'2¢m#)

Fig. 8. Influence of oxygen content to CO
evolution rate of various samples.
(f=2mm/min., R=6 mm)

15+ .
§ [ ]
~
IS - o
E 1o
o N
e o °
»
3 o
3 o
2 o o
T 5 |- ° o
3
I 1 1
3 10 15

{(%C)-(%0)xI0°
(f=tmm/min, I'2c¢m#)

Fig. 9. Plot of same data of Fig. 8 versus[C][O].

T O ERFESEBHEMBTHTHHEELLE DT
CO BAeREPBERIBEOLICKE LBRERE L RERE
ELOFTREKELTVWEVWEHIK IS D LBREN
5. ¥ L) A RFFEHBrRWTR oo SHED
BV CORIGRFLE LS 5BERIF UBZERED
BRIREEEREOTh I VNS bbb EFiEIXND
PhTHE. FERBABEOEEENEOMBEDDOX
AT MnO OFEPFER S i,

5. & g

51 [BHERAERGEERERARE

EMOETT TRV RO X S AEBREETTD
CO F S [Etafm & EMERET £ L £ 0%4
BAEERS LR SENEE I X 2T 5d 0
Fxbhs. BEEARTRG ESRHEATRSOF 5D
AW (5') Rbd i Lo TIETE 522 2Tt
Mg E LCD =0 & =1 OtERFKRE - EHIE
DIIZ DT LT#A 5. Fig. 4 » bbb X5
BRI OR S 2 7Tmm BEOHERIAEY 2mmge
BESTEEIELLZTTIE =0 & 8=1 OFERH
RBUFE-FHLCLEVCERBARERIGI DWW T OIER
BELh . RO Z & RERIS B EEE ORI
WTHBEEREDO/NIVWIEECEPNS (Fig. 6 £18).
I BIEARERD Ar QURHTITbi, &Mfo CO
SEPRMBTEDIEHETIR D 5 D[RR IGH R
EZXNAERLEZ LRSS 6T LERMAETR
GO FED EETEBIFTE /SIS VbIT TR V. Fig.
10, 11 ¥t Fig. 4, 6 K5z bh-fEEic >\ T B
REREPRERCES L EBELRES (B=1) @
K[BBRERC & EHRARER OSSR 518 Lick

10
I Lig./solid reaction
8| 2 Gas/lig. reaction
—_ 3 Total
2
d
> 6
o
E 3)
nH 4F
=
S ef
S
o 1 1 1
0 (o)} 0?2 o3 04 05 06
Radius of sample (cm)
Fig. 10. Effect of sample radius to CO evolution

rate at gas/liquid and at liquid/solid
interfaces (Calculated results by equation
5', f=2mm/min).

— 32 —



ZHEEFIRIBRLEC X 580 CO KIS O FEERMTT %

1957

1 Lig./solid reaction
30} 2 Gas/lig. reaction
3 Total
P
=
g 20}
}’B 3
=
3
3
3
R ok 2
I
Q- 20 30
0 1 ] !

“F x 10 (cm/sec)

Fig. 1l. Effect of zone traveling velocity to CO
evolution rate at gas/liquid and at liquid
/solid interfaces (Calculated results by
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T BILEREEFRD (A-1) 5 (A-5) RiTF
SND XD OFREVIER L kFE & ORERICEAIT
L0, HHEVIEINX Y X SITHBEREKRGEEO/DE
PO L DERBREAFATHLIXTER . Lid
DT B D EX RE V3 B8 38 O KUK R~ D IR 75 1B TE 4k
BORBCHETH Z LI b.

[EFARE A~ OB R OBIENEEDEEDRIGHIL,

O(Q) +V 7A< O(ads) (9)

LEDLINDZOTEOEEIAOXTEZLN LS. &«
FVRRABMAREC ST BEOBRAERE, 0Q) W&
R B T 5 IES%TOBEY XL T HRIEEE T
HE UCHREOERE S K E W E &Iz O EE L.

d[CO(g)]/dt=const[V]I[O] R ¢ 1))}
5k D (A-6) RILFSINBE X ST DFBEHD [VI A
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BIRECHT2ERERELMET . BROIREGREZ
BELEET S LT TRRVIEDRL 5 KEERE DK

(lJ(i;o—PCO) ...............(8)
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FUERISHATE ST D CREGEEDEEDS
I VT HERBRL XBHPET 5. BEEEDLES
EOFHHEV AR AED REERENC BT 5 M s R +4 7k
HOEEBETHD. LI LINETOHRILLS C+0
—CO0(g) HIGOEMIL = A 0¥ — 2 BFEDFEM{L 2
NF — L Bie T LRI EERIZ LD,
vc(ads) = [VI[O1(kT/h)exp(— 4E*/RT) --- (11)

THMTE LS. VT [V] i SETFEE 2 HEL,
4E*= 1z 28kcal/ mol® #{RE+ 5 & 1550°C i 35T,

20 (aas) = 1073~10-2 mol/ cm?- sec
285, —HEBRMICE SRS CO 4 #mE: 3-5~20
X10-8 mol/cm?sec CTH B H 5 BEOEEDREN TE
LT3 LR XR I BEOIEEEREELER TS
DHEEYKEEDLNS.

RE LD BIBMOBREBROYV I ¥V 7oy 2 LDk
ST HMBEIRED FEr HHET L0 C+0—
CO () RIGOBEERMZBEORISHRE~DOREI H
2ELTVS. BRELORIBVITETS CO ik
ELBRRIRE L OBGRRIESE C0BA L RNENRST
(bco=0 & poo=1latm DEVEZRWT) & 5D TRE
WRZEARITEGRREE L E 2 Th, FoBICikEE
BEERIEXCIMERECEE L3P
.

FEEERS ORECET SR FEES I X oT
RES QBN ATROBAB L LR T DT
MHEN TV 5 RERILERY I X 2 WA IR LS

BREOHMZRELE X LHEORBCHERDOL >

BEZLND. BIEBRESDIIAEOAREE L 1IEY
PR TMRRLH ST EEH LRGN, TOEF
VTR REEERD I X O THE IR SATic LT
bulk & ORI BAEOREAESHEET O EITXY, <
7B ERTCOREHE L REO>TRERE D £5<
TR DOZE I AR IT I 5. 72 Table 2 iAo S
THRGEER T 5 REERSOEECET 550
DMRHER» LB LN EHE R X UBMEO TS FHHER
BELDCHEBEREEOWIAT b bF—E &
RONEWAEFEERCPIEE T X B ERERSMEYAE L
BbhTwd. ZoZ LxRMESERS O RIGERE
TORENEMICRAER G A OWHESLHEER L LTk
AW LI EBERLIFELZLONS. LAaRSTRE
TEMERS ORZENCB L O BB R EHRAOS L v B
FEHEC X 5 WEABBHREZELH O TR Ic DWW
AT a0EXSDEELLNS.
5-3 BREOSEFREE B
(B)RTEHRINA B LEABEBCKIT BT OHER
HEDBREOWTEFTOEERXT L 2>TH 5. EHEME
FREZHH SN2 BERS (ZOBEWEEE) 0568
DEEVD CO HR s 0ig»rn (1— ) EHE R
REORILE» S1E#k bulk KBEIT5LEXTWED
TEBRATIARENS CO OEE,
), -5 aon- 00
TEHE2BN5. —HLED» LAk bulk ~DBEEBH
PR EETH D &L L, TOFMSIBRESBE D —

- (12)

Table 2. Adsorption coefficient of sulfer and oxygen in molten iron has been reported
(Calculated from, or used for, kinetics of reaction on molten iron).

Authors Investigated reaction for the effect of Temp.°K. K K

sulfer and oxygen p- o §

Penike and Erriorr (9) Nitrogen absorption into molten iron 1 606 ~60* ~35%
“Nitrogen absorption into molten iron”

ItTo and Morr1 (11) by Cé and Inoue (10) 1 600 309 107

MaTsuno, OkaNo, and Omnr(7 )| Rimming action of 500 tons ingots 1550 55** 190%*

DaN-Xa, SuiNOmARA, TAZAKL | Niyooen removal from liquid iron 1 600 284 534

and Fuwa (12) ogen remova quic wro

~(T)S}‘[Jfflj‘f“(’1;f)°“”’”’ and CO absorption into molten iron 1570~1670| —— |0-26~0-54*

HoricoMmE, Sinmyo, and Decarburization of molten iron by O, .

Takamr (14) ’ or CO, (Levitation melting) 1630~1700 7°22

* Estimated values by present authors based on their experimental work.

** Calculated value from Halden and Kingery’s work (15).
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d Se
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