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Rate of Reduction of MnO in Slag by Liquid Iron Containing Carbon

Nobuya SHINOZAKI, Kaichirs IsHIDO, Katsumi MORI, and Yasuji Kawar

Synopsis:

Rate of reduction of MnO in slag by liquid iron was studied at mainly 1600°C. Experiments were
carried out with liquid iron containing carbon from 0.8% to saturation and CaO-Si0,-AlL, O3 slag
containing about 5%MnQO. Evolution of CO gas was observed with X-ray technique. Reduction of
MnO in slag took place by exchange reaction with iron and reaction with carbon in iron.

Reaction rate was interpreted by the rate equation derived from the assumption that the reaction
was controlled by transfers of reacting components.

Calculated mass transfer coefficient of MnO in slag was in the same order of the value obtained for
the study of rate of transfer of manganese between liquid iron free of carbon and slag. Therefore, it
was considered that the stirring of slag phase by CO bubbles was not so intensive.
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Table 1. Experimental conditions and composition of liquid iron.

[%Mn] [%C] [%Si]
Run No. Temp. (°C) Time (min)
initial final initial final initial final
101 1600 40 0 0.125 0.85 0.85 0.028 0.128
102 1600 30 0 0.188 0.88 0.89 0.078 0. 131
103 1600 60 0 0.224 0.92 0.88 0.047 0. 107
104 1600 60 0 0.136 0.89 0.83 0.071 0.082
105 1600 40 0 0. 436 0. 90 0.85 — —
106 1 600 70 0 0. 258 1.62 1.33 — —
107 1 600 60 0 0. 224 1.88 1.69 0.047 0.241
108 1600 60 0 0.343 1.90 1.70 0.030 0.137
109 1600 70 0 0.377 1.90 1.78 0.063 0.244
110 1 600 120 0 0. 603 1.90 1.78 — —
111 1600 80 0 0. 526 1.88 1.64 — —
112 1600 60 0. 441 0. 810 1.89 1.61 — —
113 1600 60 0 0. 310 4.27 3.86 0.067 0. 367
114* 1600 90 0 0. 603 5.56 5.51 — —
115* 1 600 60 0 0. 669 5.56 5.51 — —
116 1500 120 0 0. 291 1.88 1.75
117 1500 90 0 0.554 1. 96 179 — —
118* 1500 90 0 Q. 307 4.75 5.12 — —
119 1400 90 0 0.249 1. 69 1.77 —_ —
120 1400 90 0 0. 362 1.83 1.66 — -
121* 1400 180 0 0.526 4. 86 4.95
* : Graphite—crucible
Table 2. Composition (wt%) and basicity (= (%Ca0)/(%Si0,)) of slags.
Initial slag Final slag
Run No.
MnO Fe O CaO Si0, AlO, Bas MnO Fe, O CaO SiO, Al,03 Bas
101 4.6 0.17 22.8 50.8 23.7 0. 45 3.3 1.6 19.1 35.9 29.0 0.53
102 5.7 0.12 26.4 40.1 25.8 0. 66 3.6 2.5 22.1 33.0 36.4 0.67
103 5.2 0. 06 35.3 38.8 17.2 0.91 2.9 1.2 27.4 31.7 34.1 0. 86
104* 4.4 2.6 31.5 31.7 29.4 0.99 2.8 1.5 24.0 25.0 44.8 0.9
105 4.9 0.38 42.7 10.3 42.0 4.15 1.9 1.7 33.8 8.2 53.2 4.12
106 5.0 0.28 25.3 44.2 24.0 0.57 3.0 1.04 20.3 34.9 40.9 0.58
107 5.0 0.28 25.3 44.2 24.0 0.57 2.9 0.92 20.1 31.2 42.2 0. 64
108 4.6 0.11 26.3 31.0 39.3 0.85 2.7 0.81 23.8 23.6 47.6 1.01
109 4.7 0.26 38.9 37.6 17.9 1.03 2.0 0. 66 26.2 29.0 42.4 0. 90
110 5.0 0.10 41.6 10.3 40.2 4.04 1.1 0.49 31.3 8.3 57.5 3.77
111 4.9 0.38 42.7 10.3 42.0 4.15 1.2 0.57 31.5 11.0 54.7 2.86
112 4.6 0.09 45.5 6.9 42.1 6.59 1.6 0. 37 31.4 7.2 59.0 4.36
113 4.6 0.11 26.3 31.0 39.9 0. 85 0. 60 0.27 24.6 18.6 54. 4 1.32
114 5.2 0.06 35.3 38.8 17.2 0.91 0.567 0. 66 39.5 40. 4 19.1 0.98
115 4.9 0.10 47.5 6.9 40.2 6.88 0.08 0.15 49.2 9.5 39.3 5.18
116 5.7 0.12 26.4 40.1 25.8 0. 66 — — — — — —
117 5.0 0.10 41.6 10. 3 40.2 4.04 1.5 1.03 35.1 9.2 52.1 3.82
118 4.9 0.10 47.5 6.9 40.2 6. 88 0. 06 0.12 49.5 7.8 42.2 6.35
119 5.2 0.06 35.3 38.8 17.2 0.83 3.2 0.56 30.9 37.2 25.4 0.83
120 4.6 0.09 45.5 6.9 42.1 6. 59 1.7 - 41.8 7.1 — 5.89
121 4.9 0.10 47.5 6.9 40.2 6. 88 0.11 0.13 50.3 9.4 39.8 5.35

* : initial slag sample at 1/02”
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(a) 1600°C, [%C3=0.85, Bas.=0.45(Run-101)
(b) 1600°C, [%C]=0.89, Bas.=0.99(Run-104)
(c) 1600°C, [%C1=1.90, Bas.=1.03(Run-109)

Photo, 1. X-ray photo.
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(Feo) +Q=Fe+co Ceeessenetsesasessncannaces (8)
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R AF—ZEED D BIOERT — 297 2R,
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5. Run-103(C 0.92%, #HE 0.91) % X 0° Run-1
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Table 3. Change in the Gibbs free energy for
each reaction, 4G (kcal/ mol). '

Run No. (%C] Time (min) 4G, 4G, 4G
103 0.92 5 -8 -7 +1

60 -5 -5 0

108 1.9 3 —13 -—13 ]
60 —4 -7 -3

113 4.27 3 —14 —27 —13
60 -3 —11 -7

4G, for the reaction ; (MnQ)+Fe=Mn+(FeO)
4G, for the reaction ; (MnQ)+C=Mn+CO
4G for the reaction ; (FeQ)+C=Fe+CO
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WOV LFE T 1600°C T kppn=0.130g/cm?s & L
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Dm m
mpm—= 515 N €D
BEALCHESTEER JORE, Lo UEEE X
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PR ZUT I ERE L TR D IREELIC R
5L Lt OFY kppm X Dy WHBITH EELT,
1600°C ¢ » 0.130 g/cm?s % ¥z CARDERON 518
o Fe-Mn %, AKB® o Fe-Mn-C (f1f1) RiCES4
BIEGRE F— % % 2#w1cLC, 1500°C ¢ 0.100,
1400°C ¢ 0.080 g/cm?s & 7-.

Bgk-27 7REEE X BEE L hRDI-. e, O
ROMDEBRT BT AT 7 tho (ALO,;) & B o &
BECYHET A LR LDOTEDENRDLA T 7D
ALO; DEIBEEY KD, A7 VBRIV AT 7RO
B ER L IEEBYT 2T 0%, EERE XIO@H
BIXAFROD LR TH DD TERTS.

EEBPTC Lo TREIICRD I AT 2 —21%, A5
7sdcn (MnO), (FeO) oOWEBEMRK ks &AF
TEE ps LD kps B XORIE (1) DHRIF OFH
BRI TS5 K'yn © 28ETHH, ThbofEik
Table 4 1Z/R L. ko IIRBEXEG TRV AT 7
Ho=vrvoBTEREOHZAYY CHLIhLEL AR
BEThH5b.

RdhAT 2 —x % d LICHPEO Mo W ORELE
L& EE L 767, Fig. 2 © Run-103, 108 3 Lot
Fig. 3 ® Run-106, 108, 109 LK THS. LiHiE:
REFFERBR LB —HL V. ¥, Thboss
5 A =2 b LITHERYY LR~ vy v OBENHEH
R LIcE &b, RIGEH CHEEM OB BT OTT

Table 4. Results of numerical analysis with
experimental data.

Run No. ksPs x 10% (g/em?s) Kin
101 3.5 36.8
102 1.9 15.0
103 3.2 13.8
104 5.5 29.8
106 1.7 9.0
107 1.0 9.5
108 2.0 4.5
109 3.9 3.8
116 0.56 5.8
119 0.60 10. 4
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ksps BIFE K yp-c® 5 2—2¢1, ThbIEY
% S A LT (13) X1 Runge-Kutta 4 EH+5 = &
Xy ARBHRISEC Lo Mn BEAXEBL, T
REBTERHED kps KIV K'yn-chRDdI. Do
ARPT, W Wi 1iZAF 7, BREOEREER, *1XRmE
EAnd.
Bohiet5 2 — 2 kpg X0 K'yn-c % Table 5
TRl ThbofEZAWCTHE L Mo o@EES
k% Fig. 2, 3, 4 WHBEC/RLIH, REEIRL—

N &)

Table 5. Results of numerical analysis with
experimental data.

Run No. ksPs x10% (g/cm?2s) Kinc
105 4.3 0.23
110 2.7 0.27
111 3.3 0.18
112 3.1 0.21
113 0.73 0.077
114 2.2 0.026
115 6.1 0.15
117 0. 90 0.18
118 2.8 0.028
120 0.71 0.12
121 1.6 0. 060

HLTW5.

Table 5 DEILFIFRDITIEIC X % ksps(Table 4) &
FET, FLRELXYEBEBE LW EEBRODT O ko &
LREBETHSH. COZELLREAELLEKEIEZLTLS
25 PHOBRCHEELILEIE LKW X5THS. &
W LoTAS ZHNMERICEEL, A5 7HATH1
BRI Richot-te T kps BEACPNECETHD
7obhDLHEIND., LB LEOMESELT, B
Pe-A 5 7 RETRET 5 KW W EELMIG A
BrRosz ERELL, NGB IETRROEEY
BT 5 2 LixEEECH Ok,

5. %%

vV =, MEFIFEZHVT, Ar FAKWET, T
FFBOELHVITERH B OEFRT, RESEHSIICX
% Ca0-8i0,-A1,0; %A 35 7dd MnO OBRTEEY
1400, 1500, 1600°C CHEELI. LHEWTLTHE
BRI Lo TRBORERNOBE LT Ol KB
BB LU REY T CRET 5.

(1) BHOCEEEDIHLIAZ /OBEXEYE L
TLREE © MnO) @ BTLHEHEIZZEAEEDLD
ot ERETHROBSHO Mn BEIISREESE
P, MEEEA S 7OBFEEEL ok, EeERO
HBHOFHA (MnO) OBRTEER X ORME Mn RBE -
HKRTHDot.

(2) XBXrB80%8, CEEEN 1% UT
T, HEENIPUToOERTRISROBERIHLTMNT
Hote. CEREN 1% UTTHREREDAS 7'k
7B T, B#-AS Z7REE BWTHELEED
S0 BENERIN. CEFRN 2% D EoER
Tz, CO SHEIABARTEELTAS 7 2R
Blic. AT Z7HOBEEIRIGHFELIBETT5 ETFHEX
o EEEEO AT VIt X s ERz L BHECHEEL
7.

il

—_ 79 —



80 % &

%70 &£ (1984) w12

(3) (MnO) ot Fe koI X oTiz
CHELIBelgo CEEEN2Y% UTT, HE
ENIDTOERERCY LT, FCEoRIGK XS
LUk CERFRMN2% UTT, HEE 4UE
DEBRERS JOCEEEN 4.27% Db LS ERE
R oot WIh b EIRIGE S5 LBy ci
BB, A7 7fco (MnO) oOPEBBRELTH
EEAEREYRATE L Z b0k,

AZ 790 (MnO) OWEBEIRE fk 25 7H
E ps EDOE kps X HDOBATC IS TELLTED
(1600°C ¢ 0.7~6.0x10-3g/cm?s, 1500, 1400°C
T 0.6~2.8x10"3g/cm?%), ZhbLIIKRXEFHFLR
WEBH-A S SR TROI(EERABE TH O, DT
Eb, BELELKRBC I AZ Z7HOBHIIS T Vil
AT 27X 5 Th 5P, RIGAEEZYIERECHMS
CENEEL VO TBBRYROBEYHLICT LI LX
T & fehvotz.
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