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An Electrochemical Consideration on the Silica Reduction

Masahiro ASHIZUKA, Masanori TOKUDA™ and Masayasu OHTANI

Synopsis:

An electrochemical approach to the kinetics of multicomponent reactions occurring at the molten slag-
metal interface has been proposed and applied to kinetic study of silica reduction.

1. Polarization curves of several elements dissolved in iron were evaluated from the formation free

energy of oxides and available electrochemical data.

2. The limiting current density for the diffusion of SiO, in slag was estimated as nearly 150~200 mA/

cm? from the experimental results.

3. The facts that the rate of silica reduction is accelerated with the increase of the slag-graphite inter-
face area was clearly explained using the polarization curves.

4. The rate of silica reduction approaches to the maximum, that is, the limiting current, under the large
cathodic polarization which could be realized by the increase of slag-graphite interface area, decrease of oxygen

activity or applying the external electric potential.

In this condition, the rate of silicZ*(5i¢*) diffusion in slag is the rate-limiting step.
Such an electrochemical approach as proposed here might be much useful for the treatments of the
multicomponent reaction kinetics in iron-steelmaking processes. :

(Received July 3, 1968)
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Fig. 1. Schematic concentration distribution of

silicon near the slag-metal interface.
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Table 1. Evaluated values of several parameters in eq. (8).
Diffusing species l Phase l Z I wt(%) D*(cm?/sec)| §**(cm) ‘Co(mol/cmﬁ') iL(A/cm?)
Sis+ Slag . 4 40(as SiOy)|  10-7 10-2 10-2 10-2
Si Metal ! 4 01 10-3 >10-3 >10-+ >10-t
O Metal 2 ‘ 001 10-3 >10-3 >10-3 10-2
Al Metal 3 o1 10-3 >10-* | >10-4 >10-1
* Evaluated from reference (5) **  Evaluated from reference (6)
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Table 2(A). Activity of several elements in the
metal used.

No| C (%) [Si(%)|Al(%)| ac asi aa
Mils-a@at) | 02 — |1 [13x10-3|  —
M2 4 0°2i0°12|1 5°0x10-3|0-72%x10-3
M3i0-8(sat) | 18°5 — 1 0-075 —
M45-4(sat) | 0°2 ] 0025 1 |5:0x10-5 |i-5%10-*

Table 2(B). Activity of SiO; and Al,O; in the

slag used.
SiO, CaO Al;Og )

Mool (%)‘(%) 9sicr | @AL0;
Sl 40 40 20 0-08 0-12
S2 50 30 20 0-45 0-10
S3 30 455 245 0-026 —
sS4 55 45 — 058
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Fig. 6. Calculated polarization curves for several electrode reactions occurring at the

slag-metal (Cu) interface.

ANRwcxy
Ecu=Ecu*/cu=—0"1004+03716logacu,o0-- (36)

t5 x50, GOHDOREEIIELDTHENEHEEEINDD
T2, 1873°K 1 B\ CRRAEREE io=40mA/cm?
LB E, acu,0=5"10"4(1)F I 10-2(2) L L Tk
7z

A ENVIBMBOF LRV, PHFEHEATHEIND
7D X OMOBEHREEFZEOFEREI() KX VXE S +5
EWEEZ LG, AT FEEREEPAOKRIET
RS 2RO dceo X EbDTEVS (35) OBAX
Fig. 6 D(1)D T ELELRELERMPMND. Thdb
LRIGOMERICEGHIIE 7/ — FRIGELTHFSL, &
NE@HoMBLHDORIGEIMELEL <785 X D TRIG
EfRVE Fig. 6 @ e} RHESN S0 Si0; DEITLE
BlRAKEW. LALRATFTHD acuo HBELEDBITON
Ecu BWEEINBTT D (RD(2)acu,0=107%)Z5 1
BITROEBELMIT e ~BD, Thits U GETEEREK
T+5%. SiO, OETHET L & & & NERS ISR
DEALITHIEL T 5.

EHWRT FhD acu,o D& L 7ehuE (35) R G
T EERASEEITE L SROBERESIE(23) L (2R TX
BIn3ECELES, S0 OFTEERIZIEF—ED

il R,

Cu iz 8% Bl Al im0l 7234 EFig. 6o (3)
DT EL, Ea R EDLD TR ERBAIBRAINBTT
5721 Si0: OEFETIIAE {{EE S NIRABIREICE
LTw5. Cuf~d Al OFEMAHETH BE41E Cu-
AIRIZ BT D aa DB E DD TPNIWIDLD Si0; DETT
KRESLAVWEEZBNE. |
3.3 Zoft

3.3.1 CO ZHEDEE

INE-FR-FF A R EFNESK-2 7 JHD Si o7
FEECxT 5 COSEDRMEREIIL Fig. 7 0Tk <
FHRE Ar LT CO HFEERKETIEHI LTED
ETTEESEESNSZEEZHREL TW5.

FROERIIISROC I 2T RVWHER TS,

CHR I pco DIEKTWE D Eco REBEREI~NT
, TREHEL TROERER D X W REINSGT TS
7o Si0; OETCHEEZILD Z LB TFREN 5. Fig.
3odERE (3)' 5% pco=0'5 HEL, JIEGLOBEW
2T -2 AL D HEEL 7288 (3) LA Eby
THECRGRER pco=1 WWHT 1'3 izl
Tw5b. FRRIC pco=0"1 DPHITIIRIGEE 2 51
YD pco HEEETI RSB LIIX Si0: OFETEESS
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Fig. 7. Effect of pco on the SiO; reduction rate!®,

KEKRELRPREZL O EBEBRIND.

3:3:2 RAWLING-ELLIOTTO D EEiFR IC 5T 5HEES
B Hvd SiO: JZBITITH 1 HALFBIEIL » 2 vhOEER
DOPEELTH D EL7chs, TOEBRPIMBM S Lz H type
DENVTOREBHDOER (S DT L L T Fig. 8 0 (b)
@QFFEMITONTEETS. FHLAT FiiTable
2b » S3 OHET 1600°C OEET 4 EIHEOERZ
TR OTHVFEREZ—FEL T Table 4 iR T.

ZDRICKTBFEIGT

HY— FEIS Sitt+4de—Si v (24)
7/ — KRG C+02-—=CO+2¢ -oeeerennn (22)
Si(Fe—Si)—>Sit* +4¢ ooonn (37)

BEZLN, BOBOO RGOS 2 #ET g

Fig. 30 (3), (&), W' 0ZTe<kd. Tk 37
wxtd B io=20mA/cm? & RO,
FRITIR(3)L(2) TR D ef TRISH R
TOERI, VL THOMOBREI/NE VT Si0,
DETLRE S /NE <, EriE(b 20 % —3110~130
keal t RS {BERAMCHELEZLOND. EBRI,
Vad7 /= FRIGELTODNTRTHEZRE T S/

Ip
IE

{a)

M.

S
| (b)

b (c)

Fig. 8. Crucibles used by RAWLING-ELLIOTT?>
M, M, : Fe-Cgyy M, : Fe-Cg,—18'594Si
S : Slag

DONRORIEOBMEN. Esi ERO T & <IEH I
s TORBRIBERBELAIEREAINETL e Wb, SO,
DOFTLEEDRE L L VIEHOFE DIEL T 5. —F
QXD RISDOFEIIEFFIC AT < fe D KRS OBERIE
BNRORISI X2 THMHBEND. ZDZ LRFE LS
WL TVWD COHARDBEMITEAEED LN DR
FBELFLCHGLTWS.

DEWERT L EBR N2 HELT 5 L EEBR T T Fe-Cgy,
HMOOEEDAT F#BIELIIES BEBR VD Fe-Cgye
-18'5% Si W4 DELD X5 72t SE4-BE5L0
BIEREPAEL LD ERERER e§ THEHRIC
MRENDLE BV — FRIGDEFEISBONATRENDE T / —
PRSI, BRFEEMEBLC ETHEIN TV 572
DEEZLND.

Fic B7) KT/ — FEIGIE 2 2 Si s
18°5% @V EEICRIERICAS WETT 222 %F
XD, 20z L EBsin® S0BERAENIEREIC X
LZABNPHRATTAD Si OF s — FIEZICET %
EBRPLDLIEMNISNS. LlkX b Eiulorr 50O%EER
BRIZFL T SiO BIEDILEREHAES TH D EL
TAENVHADHBECTR ZHE LT 50T dk <, L
BEHE DR X VE 2T SO, JELOILE R SR IEN I
BVIARR EHIELIES XL, EB 1 DEA0RES
12 Si-O @ bond OYFOILZENIG EHEEZNS.

4. ¥

[l

BRZ 5 V- ERMEBREICHE T 54 T% © WEBH
B AT 57000 —FrE L LT, BEKISEERO

BET, » &0 Me oD Si JBEEM 18°5wt% L&V
Table 4. Experimental results obtained by RAWLING, ELLIOTT.
{ Crucible ! Stirring n si X 10¢( mol/cm2. min)| /(mA/cm?2) Note
Experiment 1 a Without 0-045 289
1 a Slag and metal 0-057 425
i b Slag on the Fe-C side 0-13 836 I}CO gas not
v c Slag on the Fe-C-Si side 0-09 57°9 observed.
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