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Dissolution of Solid Cr;0; into Liquid Fe-Cr-C Alloys with CO Evolution

Synopsis:

Kanae Suzuxl, Kazumi MoR1, and Toshiro ITO

A kinetic study has been carried out on the dissolution of Cr,O; into liquid iron by immersing a rotating
solid Cr,Oy cylinder into Fe-109%,Cr—C alloys at 1 580°C. The initial carbon concentration is 0.3~1.49,
and the rotational speed is 55~1 800 rpm. At the initial carbon concentration of 0.3%,, dissolution rate
increases with increasing rotational speed. On the other hand, at higher carbon contents, the dissolution

rate is determined substantially by the extent of CO evolution.

It is shown that the dissolution rate is

controlled by the rate of mass transfer of oxygen across the boundary layer in the metal at the solid-melt

interface.
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Fig. 2. Change of carbon and oxygen concent-
rations and sample diameter at 1580°C
(109,Cr).
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Fig. 3. Change of carbon and oxygen concent-
rations and sample diameter at 1 580°C
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ple and rotational speed at various carbon
concentrations.
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Fig. 5. Relation between dissolution rate of sample
and carbon concentration at various rota-
tional speeds.
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Fig. 6. Effects of carbon on oxygen concentration
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Fe-109,Cr alloy at 1 580°C.
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/T o IVCEZBERVERIIL, KARTEbL I A
5.
ky=1.52exp(—17 400/RT)
B Uiz X 5 i AR s Ty, (I3)Ro X 5 ik
TCARBR I BIic DT, ZOBEOEMIb= R F —
P LT A B,

Sh-Sc—2 =const. Reb ......(14)

Sh=k-d/D, Sc=y/D, Re=U-dfy
(14)R I ) >F ORIEAE bh b,
k=onst.(x/60) bd2b-1pa~bD1~2(rpm)b
2Lk WPEBENRE
d: FBHE
v BRHARE
D : JKEARE
rpm : FURHEEREL
rpm, d B—EDHE

ooty \6\ ‘ (a)
£ L oy _E=109 kcal/mol
o !
£0004 g
& o
K \
.0002- . [eD§
§ P75 TE=313kcal/mol (b)
£ T—g
% Ot | °T
x =
S 02 ~a | (c)
@ T~ _E=489keal/mol
£ 01 S
&£ "~ O~
< 006
§ (d)
€ 02 I E=174 kT:Cll/mol
S [ ] Tl
-~
1
0 5.2 53 54 55
104/T (1/°K)
Fig. 10. Effect of temperature on mass transfer
coefficient.

(a), (b), (c) : 1.0~0.7[2%C], 55rpm
dissolution with CO evolution

(d) : 0.3~0.15[2C1, 1420rpm
dissolution without CO evolution

dlnk olny olnD
PRV R IV s B [V 6
ZhiIb

E=(b—a)Eyv+ (1—a)Ep
BEBL. ST a=1/3, $=0.7 THYH, F# Ev, Ep
RENKIME R L OB O b= R A F TH B, CHEED
229 % U BRI

E=16.3 kcal/mol
NELNG. ABFFETE bhie 17.4keal/mol 132 DfE
WL Y THD = L5,

—7 CO KHORERESBE, TTCHBRES
RE Lica (Fig. 10(a)) iy 109kcal/mol & %3
DTREFER =3 AFRE bR, ZhizCoYE
BEOERIE=2AF L LTRELLARERETHD,
¥7: Fig. S wRlLic bk DCREKRFERZIZER TS
L, CBBAEORENZY TR ENH LA LD
7z.
DX OBBEEEYEE LIcEas (Fig. 10(b), (c))
1t 31.3 & 7-11 48.9kcal/mol fENE SR, Th
2 CO FORERHLILVCBEDOMEL b nlth KE
VWA, DEDIX S SRELDHENTES. Fig. 91 v
B2 & S HIICEE 1.0% DBFA Ky ko 120313 500
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i 65 4 (1979) 458 %=

rpm ¥ T rpm KKFERT—ETH L. Tibhb, 0D
HPHic s\ Tk, WEBBREZ CO KR4 0mMmS
DRERIFTHLER LTS, BEOLH o
T, FUG® driving force k& < 7ob &, BAREEL
i 20, Bk CO K[fioReEE M5, £
DI, WEBBERCLC 0BENE T h, HEil=
FAFRREL LB ERTFHEINS.

U ED X5, Gr,05 OSBRI, Bk
TA0ODWEBENC IO CHEIN D Z LB b dis
iz,

ek Cr,05 HALTOAT v AMOBLR KIGHRE
1B LTy FRUBHAND 124 T A e 8l ST\ 5.
s OBECIEB RO C o CO R~ DRE)HHME T
HoEREL, AOD i s A5 v VAR BRI
I T T VRS T, F Rk WRgR & g Ts GO FIEE
ks Fe-Cr-C H&0 BiRD D\ ik #gicsd %
Cr,O; MR BEHERSE L ), CoWEBBHEELY 5 L
P B ENTEILEDNTB. L Linh b, #BE
DIELOENKREL, FREEL2ELIRIERETO
TR DT, fEROFLEIEEMChD. CrO; Bl
Mikowe: Fe-Cr-C £&~0RMICB+ % Sevine
51 OffgE Tt CO FAME 4 B JE LT,
Cr,Oy s BIEEED B\ EEED B CO Ki~D OS5 E)H
EETHLEERMLTVS. Sevine 53 CO F[iFt
DEEBED I WEHFC KT S b & rpm OBIER DT
BN, WOORRE BKICHBIR CRE LKL TR D
L, [F—o ReFuotL Sh-Se-13 OfEITATIRD 2~
2.5 3 AEL, LB OTRROBERELKREL Th
% (Fig. 8). ZoFEEE LT, CO FAHE OHIEE,
BHHVIEIERD CO FAEFEE L RO BT 7 v 7 [HE
FBTHITEE L Q% 2 O IERIC RN B 5 D Tilis»
hEBbhh, FEETRHTHS.

36 X5y VAHMEEORRSEDEE

KFZz A T v U ASRSEIC BT % TR ROTGHEHE D
2, BREeF OB E LR AFERLRHE LD
LHEbWAM, O THELSWDRy ' F LD
LEFO R T2THR 5. L BETTCEWT,
Ar-O, BB\ O, W AREICEE 0.2~0.3% @
18-8 25 v L AEIBICIK 21 H B\ IXR EAA T, It
BRiEx T, FOBRBERT VY 3 LDEGT A
2 & O C, WMIBRECELY v 2ERT S X 57
BEWIT, BREE CEECKFEET—E T, BRK

* (15), (17) RERIN TS,

w5 o COERELT A VFRELL D OWLRH B & 5 iR KIGHE
BV % InV=—(Q/RT)+constant TEDUIEED Q TR
DEOTH Y, AROBEWERR b OFEM L= AV FTR.

8

oD Bt o i\ b= s 1% & LT 100~140kcal/mol
DREREHEDLND  EBRLEM. 20Xk
Te bt i BOG DI EE AL 7 Al O Yy B RS B HOE Tl
BHTe& .

Loy Ui s, KR T el X 5, MK
RIGHEHRb o OB Eic Lo TR Ihs DL
FHIEOED X 5 S5, TibbiEL b O
VT, BRAKOBERITD E v 7, Bth
BRI R T CO GHExRETH ENTFHESR
BDT, ABFED 1.0%C,55rpm ki) 5 X 5 ieikfE
RN EBbha., FIC0FE, BREENROED
RTEbLINBLIDETS.

_A%0) (Mo d1%0) )

dt M, dt
_( M\ 04 0 o
—< M, >< W >/€o([/oo]s [201)
B I Bl DFE L= % L% O 1%, FEEDHEE
BB 5 5 D AR LS
_ 3ln(—d[%Cl/dt) __, dlnk,
Q=—F—Z0m =5
0Im([%01,~1%01)
B SRR, AP LD CO SMiIAN IERTHE
BTt
— RO In ko/d (1) T) = 48.9kcal/mol -+ -+ --(16)

BEBRTWB DT, EREMEVREBThEDL ZDE
NEHTEXL LD ETS. FEo driving force O
BRI
01n([%0]1s— [%O])z 0 In[%O0]s
a(1/T) a(1/T)

TELTE S b D LT 5. BLE Cr,Op &T4UH(2)
ROFEBOBEREE LD

01n[2,0];

1
— RTS8 206,826 ==69kcal 1
R a1/ T) 3 X 69kcal /mo

cerenerneeeeeenn (17)
(15)~ (AKX b
0=48.94+69=117.9 kcal/mol

HELR, EILDFy FEFADHRCENTAT
VASROBR I TE bR & igiE—3T5. Tib
B, AT v UAROBRKIECE TR AR Lz
BEDO RN OESEIL = R A EFPEFBRKE VDI, K
JEOS kD O OEBENC L ) BEIND D TH
5. FORNEE, Rino driving force OB DR KT
W3 7o b LY — A I B T 5 P E OBRE DR
REENEFCREI VW &, BIOYWEBEBFREOEE
RSN CO FEEFETIHHARIREI LT L
X530 Thb.

¥




CO ZMDFAR > FK CrO; OB Fo-Cr-C &~ 0 s 1139

-3
4. L=} afg

Btk Cr,0, A% Ar ZHAKHC, s 0 C§E
B oWl Fe-10%Cr-C & ~RE L, BEHEECRIF
TEREHEE R L O CO JBREDFELH, DX D
RuFi.

1) Cr,O5 o¥#k~ OBMFRHEE T DL E Lot
CO [EREDEERX 515,

2) Cr,0, O~ OBERIBH PR T 50 0HE
BRI oTHEIhSZ WL,

3) 1580°C -« CO s Fed: Lis @i CERE 0.3
% DBE

Sh-Sc=1/3=0.104Re®-7 (3x 103<Re<<3x 104)
L BENE DR, EIWBEBBOER L= ¥ &

LT E=17.4kcal/mol & 5h 7z,

4) CO BRrFETH L, WEERBRIUIELRL,
FloEboiAd & RELS B DX LR IED
7.

Cr,O3 BEARIOIER A K5 T VIV B E
¥ (Fk) HdTrzeinckstle LR ¥ 3.
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