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Mass-transfer in a Slag-Molten Copper Reaction System of Si Oxidation
Kazumi MOR1, Masahiro HIRASAWA, Motoshi SHINKAI and Asao HATANAKA

Synopsis:

A kinetic study has been investigated on the reaction between molten Cu—-0.1%Si alloy and a Li,O-SiO,-
ALO,FeO slag. The explored reaction was Si-+2FeO=8iO,+2Fe. The metal-slag melt was stirred
by an alumina rod. The experimental temperature was 1 250°C.

In one series of experiments, initial FeO contents of slag were varied from 5 to 15% at a constant rota-
tional speed of the stirrer (200 rpm). The rate data could be represented apparently by linear relationship
between log[%Si] and the time (t). Apparent mass—transfer coefficients of Si in metal, £'s;, were calculated.
At initial FeO contents, (%FeQ),, below 9%, the reaction rate is controlled both by Si transport in the
metal phase and FeO transport in the slag phase. At (%Fe0),29%, the reaction rate is controlled only
by Si transport in the metal phase.

In another series of experiments, the stirring speed was varied as 70~400 rpm at (%Fe0),=9%. The
mass—transfer coefficients, k's;, were found to be proportional to the 0.5 power of rpm of the stirrer.
This experimental finding can be ascribed to the fact that the reaction is of mass—transfer controlled.

The present reaction system has been established as a suitable model for the purpose of investigating the
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role of stirring in slag—metal reactions at high temperatures.
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Fig. 1. Experimental apparatus.
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Fig. 2. Changes in solute concentration in metal
and slag phases at 1250°C. ’

6.0 r T 6.0 T .
(*%Fe0), 521 (".Fe0 ), 798
C%Sil, 0409 | [%Sil, 0106

o
o -
[
o

T

&
o
T
2
»
o
T

(*%TFe), (*hFe?) (*hFeit)
(*%T.Fe), ('I.f.‘ e2h) (*IFedt)
Py

30 ('IlFQz') 7
20 9 20F 4
(*hFe?*)
o} . 10} -
("hFet) °M‘"‘Fé+) °
Q‘O-w.-n_n_n X N
%% 5 ) 5 0 15
Time(min) Time(min)

Fig. 3. Change in T.Fe, Fe?+ and Fe3+
concentrations in slag with time.
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Fig. 8. Relation between log [9,Si] and time
for different initial slag volumes.
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Fig. 10. Comparison of [9,Si]-time relation
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0025 T T T

Ksicat (em/s)
o
o
o
L)
8
~N
o
|
) 1
1
1
1
U
1 L

0020

K =1300
0010 ksi = 0.020 cmis A
Kreo =0.005 emis
000S| Wm = 2009 ]
Ws = 33g
0 0 5 10 |l5
(*.Fe0)q

Fig. 11. Change of calculated k'g; plotted
against initial FeO content.

ik Fig. 9 OEBRERL R —H LTk, (%FeO),
WILLETR Ksica. WHE—ET, FhLUTFTTE (%
FeO)y oV & & BT Ksicar. DELVLTHB. 0D
X5, RBREETFAFEOKERO—FHMDH, Lk
T BRI OV T ORI LI b D THH EEL D
has.

3.4 K'si OBRERHICKRBIETIL

BEn ks, AROKEBIMEBHH =T LICLY
BE XN, TOHEYEILIE, x4 Si WEBE
BE DB OV TRBRINCHE L 1.

Fig. 12 1z, (%Fe0),=9, [%Sil,=0.1 0@
o T T, BEEORELR R % 70~400rpm ~ Ak X
BT, AT V-2 2 VIBOBWEML Ksi OBFREY RN
TeEZBROERY RT. BP0, @VAMROBRETHS .
QuAg 7-22 VEHELZBHR LIRS, @IA 7 7H
(Ex 12mm) OLAXBHELCBAOMELYERT. Kb

T v '
010 0.® This work (1250°C) -
= --- Pb-molten salt(550°C)® ]
- ]
EQ%' .
NC:
001 P
0005} ° :
I ®
2 adl a2 aaal . Lo
50 100 500
R (rpm)

O : Metal and slag phases stirred
@ : Slag phase (depth: 12mm) stirred

Fig. 12. Effect of stirring on apparent mass—
transfer coeflicients.

., H#Eio7-, Mori, Hatanaka, Ouno® oK
Brp&H T To Po-BFRERC KT S 2 2 il Cd @
T oW EB BRI kea OERME (£ 2 L IHEBE)
HESMET) R TR,

AMEDORIGIEE\T, AT 72 2 ATHH % B 1
720 (O), Ksi 1t 10-2em/s DA — X —THhH, k'sioc
RY2 pBAERAEIL LT\ B, T hiL, T Morr et
al. OFERLERPHC—FK LTS, —F, A3 7HD
HOBHOEBE (@),ksi=4~5x10"3cm/s L/NX L,
Rz X aFALEORAW., DI &ix, RiEHA2Az0
fl Si OYEBEIC L YV EEIND I EEHLMTRL
Tw5b.

LLEDERD L3 h, RPFRORIGARTEEBE B
e hic. zhicky, RRIERE A7 7§ H K
JGHEE L BB OBGRY BT A DDE T ARIGKRE L
THESIT 5 Z A TE /T

1. & B

FEAERE 1250°C k\C, Wt Si FBEKS
0.1% o 4z Ak, Li;O-810,-AlL0, R&xFEAL L
FeO #EE 5~15% DA 7ORIT Si BILEIGDE
BROERTY TV, D TOREIE LRI,

(1) A5 7 FeO FBENI K 5~9% O TIL
A5 7 FeO & x x A il St OWEBBD, ¥ 9%LL
kT2 z il Si OMEBEBNEEREETHS.

(2) #BREORERC X5 —EDBBKNWEREEDT

17 733, BBFED R F 5 -2 v RIS ERE 2 RBERIG TS 5 B
HERIG & UGBS RZ 3100, RIEORERBEMICZBESR
BRI ER S hs .

— 57 —



1116 ® oL W

% 71 4 (1985) 9=

Tik (EHEE : 200rpm), KB HEBE = F LI LB
HRPIRN 2 S, WEBHHRE LT k5:=0.020 cm/s,
kre0=0.005cm/s AR SR 7.

(3) AMRORIEREY, AT 7-41 2 ARG E E
CRIFTHEBORE BT DT ARE LTH
MT 5 ENTET.

A BT 2R B A E B F KRB G«
va—wFR L. ELARBROBREO BT IRE
PHEBIRBEB LA (B 56 ) o % F
oo EUTRHEOE R HRT.

'8 )

1) J. RaguiN and L. ViNTROU: Rev. Mét., 59
(1962), p. 9

2) P. PatEL, M. G. FrouBerG and D.
PapamanTELLOS: Trans. Metall. Soc. AIME
(1969) 245, p. 855

3) K. N. SuBRAMANIAN and F. D. RICHARDSON:
JISI, 206 (1968), p. 576

4) W. F. PortER, F. D. RicuarpsoN and K. N.

6)
7)

8)

9)

10)

SuBraMANIAN: Heat and Mass Transfer in
Process Metallurgy, ed. by 4. W. D. HiLLs
(1967), p. 79 [The Institution of Mining and
Metallurgy]

D. G. C. RoBerTsoN and B. B. STAPLEs:
Process Engineering of Pyrometallurgy, ed. by
M. J. Jones (1974), p. 51 [The Institution of
Mining and Metallurgy]

K. Mori1, T. HATANAKA and Y. OuNoO:
Trans. ISIJ, 8 (1968), p. 401

J. K. BriMacoMBE and F. D. RICHARDSON:
Trans. Inst. Min. Met. [C], 82 (1973), C63
F. D. RicHARDSON, D. G. C. ROBERTSON and
B. B. StapLes: Proceedings Darken Confer-
ence on Physical Chemistry in Metallurgy
(1976), p. 25 [United States Steel Corporation
Research Laboratory]

J. F. ELLiort, M. GLEISER and V.
RAMAKRISHNA: Thermochemistry for
Steelmaking, Vol. T (1960) [Addison-Wesley]
Y. BorTriNga and D. F. WEILL: Amer. J.
Sci., 269 (1970), p. 169

— 58 —



