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Kinetics of Manganese Oxide Reduction from Molten Slag by

Carbon Saturated Iron

Masahiro ASHIZUKA, Atushi MORIBE, and Kiyoshi SAWAMURA

Synopsis:

The rates of MnO reduction from slag by carbon saturated iron and Cu-Si alloy have been measured
in the temperature range from 1 500°C to 1 600°C and the rate controlling steps have been determined by an

electrochemical consideration.
The results obtained are as follows:

. Apparent activation energies of MnO reduction by carbon saturated iron are about 120, 80 and
and 73 kcal/mol for 40Ca0O50Si0,10A1,0,+4-03MnO (slag A), 50Ca040Si0,10AL,0,+3-9MnO (Slag
B), and 50CaO50AL0;+2-:3MnO(wt%) (slag C), respectively.

2. The rate of MnO reduction is promoted by the addition of Si to carbon saturated iron or Cu but
is not increased by the addition of Si beyond 5 wt%, and its rate coefficient is K ;=180 x 10-5 (g/cm?- min)

for slag B at 1 510°C.

3. The rate controlling step of MnO reduction by carbon saturated iron containing small amounts of Si
is an anodic reaction of CO evolution and that by carbon saturated iron or Cu-Si alloy containing Si above

5wt% is Mn diffusion in slag.

(Received April 1, 1974)
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Table 1. Experimental results (present work).

Slag composition (wt%) Metal composi- | Temp E
n K;x 105 | (kcal/
CaO SiO, Al O, MnO | tion (wt%) (°C) mol)
1500 6°6 0-027
A 40 50 10 4-03 Fe-Cgqy 1 550 60 0-080 120
1 600 5-8 0-170
1450 4-8 0-68
. 1 500 4-8 1-29
B 50 40 10 3-93 Fe-Cg,, 1550 48 299 80
1 600 4-8 4-54
1500 53 628
G 50 50 230 Fe-Ceay 1 550 47 11:7 73
1 600 4-5 19-9
. Fe-Cgyz—2-5Si 4-5 0-95
A 40 50 10 4-03 Fe—C::z—S‘OSi 1510 4-2 316
Fe-Cgpp-2-5Si 1-9 109
B 50 40 10 3-93 Fe-Cg,4-5-0Si 1510 1-7 186
Fe-Cqyy-8-0Si 1'5 174
. Fe-Cga4-2-5Si 4-0 54-5
C 50 50 2:30 FeCo 508 | 1910 33 114
Cu ) 74 0-022
B | 50 40 10 3-93 Gu-2 o8 1510 s |
Cu-8-0Si 1-3 199
Dimensions of K are g MnO/min-cm?- (wt%MnO)n
| T ]
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Fig. 6. Arrhenius plot for MnO reduction by
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Table 2. Results having been calculated by using eq. (5) from other author’s data.

Slag composition (wt%) Metal composi- | Temp. E
n K,x 108} (kcal/ Ref.
CaO | SiO, | ALO; | MgO | MnO | tion (wt%) (°C) mol)

1440 1-4 41

D | 49 51 Fe-Ceas 1500 | 1-2 | 63 41 1)
1 575 0-9 100
1 500 56

E | 50 8 42 Fe-Caat 1 500 60 57 1)
1575 0-9 112
1 500 6

F | sl 40 9 Fe-Cqy, 1575 15 114 1)
1575 37
1 500 4 166

G 45 35 10 10 4-76 Fe-Cgqt 1 550 3-8 10-3 (178) 4)
1 550 3-5 10-8
1 600 3-8 | 231

Dimensions of K are gMnO/min-cm?-(wt%MnQO)n
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Fig. 7. Variation of Si and Mn in slag and
metal with time at 1 550°C.
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> MnO D ¥ %% L 200mA/cm?, (7) Ko
RIS 2wWTd Esin 50 BERGHREY, s s
w X pRlEEREYSE LT 0mA/am2, (9), (11) R
DR GOZMEREEIERSEWEC X 52, X8,
BHOT — 2 WE X CRMSBEIC L DEER, KBEOT
— 4@ %3 i LC 20mA/em? L{FE L. (1) &

I | l

Cathodic reaction
@,@) @’ Si*+ 4e — Si
(b), (b Mrfs 2e — Mn

ORRBREEIELZO AR RICREELRLOD, KE
gz X 5 2 3 7' Si0, OFTRIGOERER X

h 200mA/cm? CHEE LR Doz iz izl T
#HEXNhS (6), (1), 9), (1) KOREOHEihiz
Fig. 15 iR,

4.1 FRRST-BRIAZNVEDHETEOEE

Fig. 2, Fig. 3 oI VAL X ST, B|EMK
25 75 b0 MnO OFRTGEED FH, BRIER S 7k b
OBEXD KEV. FOEH%E Fig. 15 oriEihmz
FOTEETS.

EREMEEZS S BTo, Si oBLETIKET 5 FES
Rtz —1°19V o Elsieysi WEHREE NS 729, BEAEM
X e D, Mn ORILICET 5 KISERIE 75mA/
cm? 5.

—FEEER 5 7 ADBER, Si OBLETIET 5
EATVE Efsi/si KERE IS 729, RAERLIZ ¢ 1278
Y, Mn OEICBET 5 RIGEMRE 29mA/cm? 78D,
MRS SOBRCELIEFEELELE2Tnb.

ZDr EFRBICESGTEAI VM50 Si OERTRG
WIEE LTH5 L, RAER es DFEFHFER T 7T S
OB 3 RGERE 10 mA/cm? TIRFE BTV

-1
7 B | @) //
_ L7 ,©

(@ /,/@Siu,}z i —

%fm/' //,{ e, “Elizng”
1 7

(s /// 131 By Anodic reaction
T by () C+0%—> CO+2e
/ o @ Si — Si¥"+4e
4= ' [
200 100 ' 100

Cathodic current (mAfcm?)

Eli :SlagB, 02%Si , Edtys :

Elvtonn: SlagB, 4°%Mn0O, 0.1%Mn

Anodic current (mAlcm?2) ¢

SlagA, 0.2°%Si, Edtysi: SlagB, 4°/.Si
E2v2omn 1 SlagB, 15%Mn0, 1°%Mn

Fig. 15. Calculated polarization curves for several electrode reactions.
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% 6l £ (1975) =12

ThIZR L, JREAEAD e KENESIhSEMER S A
DFEITIE, Si 0BT 5 EEERIE 90 mA/cm?
XY, FEELS LS. chboz kg, Mo g@gy
ELBIDBRI TP 2~D Si OBFETR LY,
Fig. 7 ORBAMIOREKE XLAELTWS.

DECIEEMR T 7 BOFE, RISHIHICIE Mn O
{LZBITIC BT 2 EMERIAS ElMaze/vn, {RIKEAL € T
HObDH, RIGOETE L IR T o MnO
B U, Wi » #0Fhd Mn 258013 % 72, Mn OF
{LRITICEA T 5 FEBAL EMnze/Mn b L2V i BEI~
FTLTWE, ElMnr/Mn WEREIRD L BEERIT e
Tis%d. ZORIKE Mn OBTIEET 2 EEEBKIT 15
mA/em? 2ig ), JEHICEEFL LS. —F Si 0@ETic
B9 5RISEMIZ 45 mA/cm? C, RSO RRKER
€3 DIFED 10mA/em? T L, M7 hiEL b, Mn
DETCIGH BE LIsWBED Si OBTTEE 55mA/
cm? L 7w %. Zhid Fig. 7 R LAEEERS 7
BTW, RS Si ORTRESIZEAER T BT,
FIS#HBC e b Mo OBTRSEER B 2L 75 & [k
2, SiOBTTEENMESNG BEE XIHBLTL
5.

Bl XSz, B2 57550 Mn OMETTEE ek
U HE L2 OBENN, SEHBEES X D FERL
HATES Z L nbnb.

42 BEIASTHSO Mn OFETEECHT B A4
A D Si FTmOEE

Fig. 9, Fig. 10 X f Fig. 12 kv, x40 (J
FEIFEKR) ~ Si 2T 5E, X5 550 Mn 08
TERIGH REIND Z ENBELIE k0. Lind s
OEMESIETE L DCEEEED LEWITImEX RS
B, # 5~6%Si Ll ko Ty, Fh Dk Si o
MRS LT D RISEEEINE XY, Ks=180x10-5
(g/ecm?-min) t 5 —FEH\EEXTRTIS5RES. Zhbd
DOBRE Fig. 15 OH5EMEL#EOTEETS.

WEMR F 7 B TREMIGEN 4% Si 2RI AE
HO Si OFELETHIGCET % FHEEBAE, —1°3V
D Essitysi WRESN, BRKEMIT st/ d. o
D Mn QETTCBT 5 RGEHE 105mA/ecm? 270 1,
BILELL es DFED 75mA/em? it L, X5k
{BED2Tw%. %7 Mn Q4G (b) L CoORKER
es DUHLAEL D HLIR X 51T, ZOBESIIRR
BT 5 RIGERD EIADS ¢ OPFICHLAEL
250, ZOXSBERHTTIE, X751 5D Moo
BILRISOBREBBROPTHHOFENKE L Lo>TW
LT EMbrs.

LI St ORINEZ T LIRREBELA X Hiz BRI~
BT 570, RABRCHT HREBHROHNEGIED
L, DWEREEERSMRRERICE L Lk
BIEECBTT5. 20X 5hkkiBriksd, hilk
AZUHAS ST REIML T RIGEERE k5.
Zhix Fig. 12 @& X HELTWD. Fix 4
NE LTREBMBO D DIC Cu 2 v 2843, Mn
DETTERECNT S Cu D Si iind B8 REH
MEDOBELEILALRUTSHS. FihbEEcio
BB DHPT DR IERERRE Ks 23, » &0 & LTHR
FIAMEKAE A WBE L Cu 2AVEBE L diCigigE—
BIHzErd, 2%~ Si P 5% RIS h-&u
TTOREEZEETEIENT, 27 7Acds LigEx
Nd. Fh, ZOZEX VI 2 VvipADEETE Si
DIRIESLILVE, TR LIRKAERS e IKhE
SN XS REHTCRESEBELHEEINS.

—7% PeHLKRE S 3fifighic 1~49%Si 2 LA=441C
BRI 7050 MaOBTRISHHIE L, HEEpE X
L TIESHR D Mo DA HEE LTV 5.

Pemixe LOEHE AFEOERZE L K LTHD
L, WHODFALIA S SRR AARD X 5 & BiciE
PLTw2 2, BREEMEORE, BehiciEizL
TV5 Si KICRETHBOIC I L, HOHOEE Si
DETHDENEILDOTWS.

WEDOHEL Fig. 15 OSGHHEEs BV TEE+5.
PeHIKE LOERT 4% Si %4 A% §iIC X 5 BEEG
W, iR (b)), (d) TERIhTW5 LEDTE
5. X ORFORKBAIKARR TR L —1119V 1o
G5E S, MnO ORTICBT 5 FEERIE 40 mA/cm?
L b, RUSHELHEESRS.

fths, HEELORBEMHTIE, EiCbB<k diz,
7 /= FRIGE LT COFRARG(C) LEE T 5 -,
X EBALNY PEHLKE SOBE LY, X Sz Bl —1-23
V O e iCFEI N, BEEEICHT M OET SO
BOIRELLDTLB. ThXBTEAIE LT Si o
DERINE N iz PEHLKE SOEER D, FORMEL X bic
B, ERRREFAZFNLTCNOT? / — RRISHES
LTREZD X EB2ESD &, BEER X ST
ENLHDEHBEIEhS. 2Dz &k bifilc PEHLKE 5
X 2TTebhiciighic 1~4%Si #iEm L7841
X BAT U MnO OETTREE, FISHEE & HER)x
ha.
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SC+0"— CO+2e
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= io ; exchange current
lo,crot”

density

log i

Fig. 16. Internal polarization curve for MnO

reduction.

@ Mn OFTCRSOEEERRE & LT, bERGEH#EL
bt ZIZTREDEEDS>H TH, IHEXLDDE
(6) KTRENDH YV — Flllr, (7)) XRTRShD7/
— Ml ZEET L.

Gz (6), (7)) Ro THWBREE L LT, Thlh
200mA/cm?, 30mA/cm? ¢ HEFE L. Zhbr b LT
L, (6), (1) RoREGOs iz XEMCRLZD
?s Fig. 16 TH5. ZOHE, HBOBEDOHEKEZE
ST bz, Fig. 15 LR H V- FEF, 7/
— FEREZ R AW & D/ Fig. 16 X WBALR X
51, IRIREAL es b3 (6) ORIGO FHBERL £Mn2+/Mn
v, (7) ORJEOFEBEL Ec/oz- i» LOFTLENT
WEDx, (6) ORISORWEBRTEID, (1) ORIG
DEHWBRBEEL/NSVE VS EMBRDTWIEWIED
CEWT, EEEEE (7) X Trahsd 7/ — FRIET
b5 EPEHITENG.

5. &

Ik EfaFgkE X Cu-Si & L D25 & ¢ MnO
OETTRIGE 1500°C 25 1600°C R E#iFCHiE
L, RO X SskEmE 21

1. REHIFKIC XS MnO OFRTRET5H2TD
FEME LT & v ¥ —3, 40 CaO 50 SiO, 10 ALO,+4-03
MnO (z35% A), 50CaO 40 SiO, 10 Al,O;+3°93

Ji{l]

MnO (25 # B) % X ¢ 50 CaO 50 Al,Oy+2-30 MnO
(Wt%e) (X527 C) LT, ThLh 120, 80 kX
¢ 73 kcal/mol T 727

2. JREMFEIC XD MnO OFETLEGEEL, Si o
RN X >TIMESNE DS, dSwt% Dl b Si #&TcdH
BT, bk Si iEmEhTchimRI iy, &
DREDEEEE Kr 13254 B, 1510°C 04 180
x10-5 (g/cm?2-min) THo7.

3. Cu-Sifg4icXxs25 4 Brhd Mn ODEITRE
Vi, IREMEKOBETIEUL T

4. Si HEEEHSLEV REHMZC XS MO 03F
TGO EEERENE, CO BEDT / —~ FRIETHS.
Eiz 5wty LA D Si & AN RFEFKS X Cu-
Si B4 X BTG BERMEE, 275 Ho Mn
DB TH 5.
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