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Transport Phenomenon of Oxygen through Molten CaO-SiO,
System Containing Zinc and Nickel Oxides

Minoru SASABE and Shin-ichi KITAMURA

Synopsis :

Oxygen transfer rates, P, through molten NiO-Ca0O-SiO;, ZnO-Ca0-Si0O, and NiO-Zn0O-CaO-SiO,
systems were measured by using a molten thin film penetration method developed by the author.
Temperatures of the measurement were about 1 450, 1 500 and 1 550°C.

The transfer rates were 1 to 5 time 10 2 mol+O,-ecm ™ '+s™!. They were the same order of the magni-
tude as that in the case of iron oxide-CaO-Si0O, system measured previously. In the case of system con-
taining NiO, the more NiO contents the higher oxygen transfer rate. On the other hand, in the case of sys-
tem containing ZnO, the higher ZnO contents the higher oxygen transfer rate in the case of less than
20mol%ZnO and the higher ZnO contents the lower oxygen transfer rate in the case of more than 20%ZnO.

Effects of constituent on oxygen transfer rate, P, with the unit of mol Ozrcm ™ '+s ™! are empirically
expressed as follows :

System less than 12.5 mol% NiO : P= 3.15X10™? (mol%NiO)

System less than 35mol% ZnO : P= —8.5X107 1! (mol%Zn0—22)*>+4.2X1078

Temperature dependencies of the oxygen transfer rates are as follows :

7.5 mol%NiO-46.3 mol%Ca0-46.3 mol%Si0, : P= 3.51X10 % exp(—25.3X103/ T)

10 mol%Zn0-45 mol%Ca0-45 mol%Si0, : P= 3.24 X 10 Zexp(—25.3X10%/ T)

20 mol%Zn0-40 mol%Ca0-40 mol%Si0, : P= 6.39X 10 Zexp(—25.3X10°/ T)

30 mol%Zn0-35 mol%Ca0-35 mol%Si0, : P= 4.96 X102 exp(—25.3X10°/ T)

It was estimated that NiQ and ZnO acted as p- and n-type semiconductors, respectively, on the basis of
the discussion on the dependency of the transfer rate on oxygen partial pressure at the surface of the
molten oxide. :

Key words : ironmaking ; steelmaking ; oxygen ; diffusion; transfer rate; molten oxide; molten slag; NiO;
Zn0 ; SiO, ; temperature.
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Fig. 1. Schematic illustration of experimental

apparatus.
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Fig. 2. An example of EMF change of oxygen

concentration cell before and after permeation of
oxygen through molten oxide into argon. 1st and 2nd
stages show before and after permeation of oxygen,
respectively.
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Fig. 3. Schematic illustration of transverse and
vertical sections of molten oxide hung in shield
tube. The curvature of the surface is expressed
as a paraboloid as L,= ax?+ b Where L,;
thickness of the oxide at point x, x; distance from
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Fig. 4. Relationship between oxygen transfer rate
and oxide content at 1500°C.
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Fig. 6. Effect of NiO content on oxygen transfer
rate through molten ZnO-NiO-CaO-Si0O, system at
1500°C.

1.65 oot &, BREWMARIR/IMEL &L 5.
Fig. 7 12 NiO-CaO-SiO, & 8 X 1 Zn0-Ca0-SiO,
ZR LY OB T RERIC B LT TEREMA B OB ES T
DEEZRLY. 10mol% ZnO ROBGEITIIEEREDE
WEL B EBERMERIINEL L oTWEY, find
DEBEDTEVFRKELBDEKREL 2D, ZFHKOBEE
SEREEEUTO LB THS.
10 mol % Zn0O-45 mol % Ca0-45 mol % SiO; :
P=2.23 X 107 8P,,~ /42

20 mol % Zn0-40 mol % Ca0-40 mol % SiO, :
P=4.59 X 107 8P,"%"

30 mol % Zn0-35 mol % Ca0-35 mol % Si0, :
P=3.39 X 107 8P,,'/¢

7.5 mol % NiO-46.3 mol % Ca0-46.3 mol % SiO, :
P=2.37 X 1078P,,'/3¢

ZIZT, Po, DEALIX atm VTV 5.



BALES B L OBIL= » 7 V& &F ¥ % R CaO-Si0; REM L OREHK O Hik IS 195

—o0 10 mol® ZnO
s 20mol° ZnO
~ -7.0r —— 0 —— 30mol®% Zn0O
T(n —-—0—-— 7.5mol% NiO
g .
& e 5
3 sk —8 /4f/
E 8\ —i‘,/
o ,// o
- 7
(@) — &
-8.0F /D
-1.0 -05 0
log Po2z (atm)
Fig. 7. Effect of oxygen partial pressure at

surface of molten oxide supplying oxygen on oxygen
transfer rate through molten ZnO-CaO-SiO, and
NiO-Ca0-Si0, system with unity of ratio of CaQ
to SiO, at 1500°C.

— 0—2.4mol% NiO
—— o — 7.0 mol°%6NiO
-7.5¢
Tw fo)
E \\8\\\\ ////5/
: [ ] \
S g __— 8
° °
£ o
o
o
2 g5}
-1.0 -05 0.0
log Poz (atm)

Fig. 8. Effect of oxygen partial pressure at
surface of molten oxide supplying oxygen on oxygen
transfer rate through molten 2.4 mol%NiO-9.8
mol%ZnO and 7.0 mol%NiO-4.7 mol%ZnO systems
with unity of ratio of CaO to SiO, at 1500°C.
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%5,

(12)RX2»SHETH L, RKOONIBo T OEHLT
AINEF—E, BEOBRBBEIDF~NOBROT L IV
¥ — LM OEEAL T AV F— D TH SH. FIFEI T,
ZnO ZMALY Tz ZnO BEO/NSVE S I3 ERFER X
HEIBEPETOBRICEIDHETY, ZnO BEOKEVE
XCREOTRER O, T hbLE{EYOXy FU—
ZHEEICHARIN TRV O oL REL T
EEFEBELL LHL, RrUoEHfbn s v F—1i
ZnO BEORBRIROA o7, ZOBRE, WK
DIEMALT AV F— 13EEHE A+~ OILHLD 720 D iEHAL
IANE—ThH5E, LEZHEHFEANOL. $§%bb,
EILCBREFIREEA 4 VI ENERBLD 2 ES
KREITEXS. Thbb, IASOEHOEH LT RV
F—i 07 OFRICHNPRYASVEDEEZLR
5.

5. %

Zn0O-Ca0-Si0, %, NiO-CaO-Si0; &, & A W id
Zn0-NiO-Ca0-Si0, & D EE F ik FF & iR E®E T
BE L., MEERILUTOEBYTCHA.

(1)1500°C 2B HEALERME & BREH X OB
i, AP TROXNTRATE 5.
Zn0-Ca0-Si0, %

P=—28.5X10""(mol%Zn0—22)%+ 4.2 X 1078
NiO-Ca0-Si0, %

P=3.15 X 10" °(mol % NiO)

(2)BHE T L OBFEBWEEORERTFHEIRD LB
NTH5.

10 mol % ZnO-45 mol % CaO-45 mol % SiO, :

P=3.24 X 10" 2 exp(— 50 X 103/RT)

20 mol % Zn0-40 mol % Ca0-40 mol % SiO- :

P=6.39 X 10" 2 exp(— 50 X 103/RT)

30 mol % ZnO-35 mol % CaO-35 mol % SiO, :

P=4.36 X 102 exp(— 50 X 103/RT)

7.5 mol % Ni0O-46.3 mol % Ca0-46.3 mol % SiQ, :
P=3.51 X 10" 2exp(— 50 X 103/RT)

7275 L, R DHATIZ cal-mol '-deg ! TH 5.

(3BT & DEEFMAEEOBENIERAFEE KD
EBNTHS.

10 mol % Zn0O-45 mol % Ca0-45 mol % SiO, :

P=2.23X1078P,, " /42
20 mol % Zn0-40 mol % Ca0-40 mol % SiO, :
P=14.59 X 107 8P,,"/57
30 mol % Zn0-35 mol % Ca0-35 mol % Si0 :
P=3.39 X 107 %P,,/¢
7.5 mol % NiO-46.3 mol % Ca0-46.3 mol % SiO, :
P=2.37 X107 8P,,'/3*
2.4 mol % NiO-9.6 mol% Zn0-44 mol % Ca0-44 mol %
Si0, :
P=1.0 X 1078P,, /33
7.0 mol% NiO-4.7 mol% Zn0-44.2 mol% Ca0-44.2
mol % Si0, :
P=1.6X1078P,,'3*8

ZIT, Py, DEALIX atm 2 VT 5.

U EOEBERPORDZ E2EEL .

1) NiO # &F T 28thcid, BER 0> &L
TEfLE R ICEH%R I NS, $4bb, NiO ik p B E
e LTOMEEET 5.

2) ZnO 2 &4 DB T3, BFEF O L
THBEEFLRCEXSINS, T4bb, ZnO i n fl
ke LTOMEEHETA.

3) FEABIEYMOEFREN DL VE &IT1E, BEEE
RRIZEMBILFOEILD 5 VI BEETFOKIIE
sh, PEEBIEYMOSHEEI SV E 51213, BEEX
RIIHEMBELYR ORI S v P72 ITHAATRT
WHEWEEEA Y OBICKE SRS,

AKfzed, FEILEASSAE B fE (Bl 09X
VEEER(RR)), SeHIVEME (3R : BOLE@RE(ER)), /MRRIZ
(R -EEBETEMR), ZHER (B FhXEma
(%)), ZLE— R-EE£BLTEMRR), ABGEHR
(BH:HBATVYVa rFeXT1 7 (8)) #HE O
HOTFIfThbhl. BLTHELERTS.

X 13

1) %8 %E, KT 28t 64 (1978), p.1313

2) % E, KT #:grH, 65 (1979), p. 1727

3 ) M. SAsABE and Y. KINOSHITA: Trans. Iron Steel Inst. Jpn.,
20 (1980), p. 801

4) &¥ K, WEIFE: %L @, 68 (1982), p. 767

5) M. SASABE and M. JiBIkI: Canadian Metal. Quar., 122
(1983), p. 29



198 B & @ 576 4 (1990) &£ 2 &

6 ) M. SASABE and A. AsaMURA: 2nd Intl. Symp. on Metallur-
gical Slags and Fluxes, Proc., ed.'by H. A. FINE and D. R.
GASKELL, USA (1984), p. 651 [ The Metallurgical Socie-
ty of AIME]

7) K. G. LEewis, W. F. CALEY and C. R. MassoN: 2nd Intl.
Symp. on Metallurgical Slags and Fluxes, Proc., ed. by H.
A. FINE and D. R. GAskeLL, USA (1984), p. 685 [The
Metallurgical Society of AIME]

8 ) U. PaL, T. DEBROY and G. SIMKOVICH: Metall. Trans. B,

16 (1985), p. 77

9) WAHRE, HH W PEEOMBEIEH (F) (1966),
p. 135 [E#5E ]

10) FEMEFAbS R 3 B (E B3 —, EIL/ANKER, NS IERE,
RHEGE, BEHE, ARRE, BASHE, #L #%)
(1971), p. 930 [H#EIE]

11) 3 REREE 1 8% (HAREMHSHE) (1981),

p. 388 [AL#]




