2056 g & @

# 72 4 (1986) 15%

LIRS HTBT T

Y-
mOX
LTS TR T TR T TR

DERBIR & RITHEE

7k H

gk L IERE R T 7 il O 8k O BRLE T RIS

© 1986 1ISLJ

FIZE* - I - M R

Current Efficiency and Mechanisms of Redox Reaction of Iron at
the Interface between Solid Iron and Molten Slags

Kazuhiro NAGATA, Tsuyoshi KAwAsHIMA and Kazuhire S. Gorto

Synopsis:

Current efficiency and current density-overvoltage relation at the electrode of solid Fe/40Ca0-40SiOz-
20A1203 (mass%) molten slag with 0.55-10 mass% of total iron oxide were measured in Ar at 1573 K. Pt-
air/ZrOz-9 mol%MgO electrode was used as a reference electrode. The current efficiencies of Fe=Fe2++2¢
were 1.0 for anodic polarization within 200 mV and gradually decreased to 0.67 at 600 mV, but were
zero for cathodic polarization. From the current efficiencies, it was concluded that anodic reaction was
Fe—Fe2*+2¢ including Fe?"—Fe3*+e above 200 miV, and from the analysis of current density-overvoltage

relation, it was estimated that cathodic reaction was the reduction of oxygen dissolved in molten slag.
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Fig. 1. Schematic diagram of the electrolysis cell.
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Fig. 2. Relation of the Nernst equation for the
reaction of Fe+ (1/2) O,=FeO at the electrode of
Fe/molten slag.
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Fig. 3. Current and Voltage changes with time

by a) anodic potentiostatic electrolysis in a slag

with 1.02 mass?9, of total iron oxide, Fe;O, and

b) cathodic potentiostatic electrolysis in a slag

with 1.41 mass9, Fe;O.
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Fig. 4. Relation of current and voltage-drop
just after electric circuit was cut off.
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Photo. 1. Changes of the shapes of working elec-
trodes by A) anodic electrolysis at 140 mV in a
slag with 0.85 mass?, Fe;O (Run no. 17) and B)
cathodic electrolysis at —243 mV in a slag with
1.41 mass?, Fe;O (Run no. 28). The electrode
A) became thin, but the electrode B) did not
change.
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Fig. 5. Current efficiency of anodic and cathodic
reactions of Fe=Fe?*+2¢ in 40Ca0-405i0,-20
Al,O; molten slag with 0.55-1.88 mass2, of total
iron oxide, Fe;O, at 1573 K, as a function of
overvoltage which is the difference of supplied
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Fig. 6. Current efficiency of anodic and cathodic
reactions of Fe=Fe?* +2¢ in 40Ca0-40Si0,-20
Al,Og molten slag with 10 mass?, of total iron
oxide, Fe;O, at 1573 K, as a function of over-
voltage.
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Fig. 7. Current density-overvoltage relation at
the electrode of solid iron and 40Ca0-40Si0,-20
Al,O; molten slag with 1.28 mass?, of total iron
oxide, Fe;O, at 1573 K.
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Fig. 8. Comparison of the relations of current
density and overvoltage at the electrodes of (a) and
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of time under galvanostatic conditions.

TR DB CIIRIGERRE TS - IR TH 5.
o THE B DIEENET, B&EVIEREMCLT,
BHKOMENEYE X T BREE-AELED WELTT
.. ZREBIZAREFAETHS. ToMRY Fig.
8 IR L. #ENIBERICY L CHIE LEAEM
DEMTHSD. K, a), b) iZB(bgkE HE\AF
I RGESRTTIORER, ) ik lmassy O£k
t#kx &HFT% A7 7T KB Ar 7 AR T fTo0Rb
B, d) i Fig. 7 LA SOIFAER &R A v
ERTHL. BESEN lam WG dT5 BATT

— 84 —




P R I e
5 L

Bk L BRA 7 7 REOHKOBRILETRIG O BIRIHER & K6 2061

Table 1. Current efficiency of electrode reactions in some electrolysis cells.

Temperature (K) Electrode Reactions Cell for electrolysis Current efficiency Reference
1723 Si (4+)+4e—Si Cu-Si/65Si0,-29Ca0-7MgO/Gr 100% (3)
1713 Si (4+)+4e—Si Cu/Ca0-Si0;-A1,05/Gr 10-60%

Al (34)+3e—Al 5-20%
1573 Mn (2+4)+2e—Mn Cu/MnO-Si0;-Al,05/Gr 90% (4)
1 423-1 493 Mn (2+)+2¢e—Mn Ag/Mn0O-Na,0-S10,/Gr 8-10%
1273-1 303 Pb (2+)+2e—Pb Ag/PbO-5i03-Na,O/Gr 100%
1173-1273 Pb—Pb (2+)+2¢ Pb/PbO-60Si0,/Pt (air) 100% (5)
11731223 Fe (2+)+2e=Fe Fe (s)/Na;O-B;03/Pt (air) 100%
1673 Fe—Fe (2+)+2¢ Fe (s)/FeO-Si0,/Fe or Pt 12-90% (6)
1573-1 673 Fe—Fe (2+)+2e Fe (s)/FeO-Ca0-SiO3/Fe (s) 91% (7
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Fig. 10. Relation between overvoltage and log;,
[1—J-/J|, where J_ is cathodic limiting current
density by diffusion. The data were read from
Fig. 7.
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B J_ 3 Fig. 7 X v —1.3x10° A/m? TH%. (10)
ROE1IHEER LT logwll—J-/J| ZypxL TS
v, b5 & Fig. 10 ERTEESL BRI, O
Emba.n it 1.0 &7cb. 1EFRGTE a- 251 B
Eici bt T Fe3* @ Fert ~DORETLRIGIEE 21T
v, n=2 35 a_=0.50 LigBDTZDHFIL

IAS <+ E

— 7

‘?'g O,O

= &

—
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2 A 3 ] | \ i
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Fig. 11. Dependence of log;,| JI on overvoltage.
The data were read from Fig. 7.

AT IVEHBLTOHMEDORILIIGE 5. Fcdli
HHLELN L RBERBEEIZF 60A/m2 THS.

7 /7 = FERCERABRAFAL TOneDT, B
BEONH L BEEORER, VWhdb -7 2 DRI
2T Fmy P LTABE Fig. 11 O X351 gD,
200mV LAFCEMBERELT EDOEEND an &R
»oE 0.68 TH5., B Ferr ~OBEMRIGTE n=
2 eDT a,=0.34 L s h, FPA»bRBEREE
RDD LK 6.4 A/m?2THO%.

200mV Ll EDBBEETIE Fert o Fe3+ ~DEEH
RBrah, BEELTCWS80 Fe2t ~DRBRIGHERE
BMCEL CinWiesd, BREE-AFEMEDO BT
IEEWC MRS,

INHOERMEROWIE L THB. A&/
r—tAZ 7REDT 7 — FRIGOBBRIG T 2 — &
— I ERMO BB A NVAEDD L RHA V E— K VA
EO- @ XY BRI THE I hicdd, #HEDRT 2 -
2 —%EHCRETHBNETH VEECHENRDS.
¥, ThHORETRRIGHWEIFHE IR T,
5L, PRANGE BIIEBRNL & 7 - AEET Ekgk/
CaF,-FeO BERD MILD BERIG 7 » — & —% AE
L, BR_ERAECHREREE, HBBAREZE4
RSk D, ChbOBERENLEX_ERRE
1 F/m? SBBEREERAS/ VY 7y — AT 7B
T12bE 10 A/m?, [Efkgk/CaF,-FeO BT 325
8.5x10¢A/m? Th 5.

AERBRCTHELI RBBEREEX A%/ V7r— b A
5 PERBOECIEDS PRANGE HOE & IXIEFE S .
ZOBEEITS O EDBRNELEZLDNDLD, FHBF
TRV AERETHERTLILENLDD.
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&
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Bifhsk LR A 7 7 FE O OBILETRIG O BRSE & KIGHE 2063

5. %%

Pt (2240)/ZrO;-9 mol %MgO EF A D &M% v
T, Ar ¥ AEBRKT o2 5 77/EHRSEERD FHE
7, BRAER JOBEE L EHEREZIE LRI
TofEmEgi.

1) 40Ca0-40Si0,-20A1,0, (mass%) = J 7 7. &k
{tst: Fe;O % 0.55~10massy N3 5% & Fe+ (1/2)
0,=FeO H»HELRD XAV R ORI LA 2T
BINE L.

2) 7 — FERTIE 200mV OBEE Tk &0
Fer* ~DBMRIGOBRDEN 1 THONen, 200mV
P BTk Fe o 2 ffids 5 3 i~ DB LG EE TS
HHLPFDETL 0.67 FES\t. H Y — FERTIX
—600mV ¥ CEMOEBEEEMIT IO,

3) BEREBLKSTHEREE LABEOME TILH
V- FERCIBAEABENMEINCLT / — FE
FWTREEOHEM L R LI, TOBIHbD Y —
FRIGD a.n 2 1.0THh, 2BFRIETHHAT 7
CERLCBREOBRTRIG EHE L. CORBERE
EE134) 60 A/m2, BENRE a- 11 0.50 THotk. 7
J — FRIGZ#D Fert ~OWMIET a. Xk 0.34,
LS BERTBREIL 6.4 A/m2 THot.

AR ETOCHI- D AR 2 2 Y PRVEEWRER
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