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Exchange Reactions of Elements between Molten Slag and Alloy

Synopsis:

Yoshio MivasHITA and Katsuhiko INISHIKAWA

Exchange reactions of iron, manganese and silicon between molten slag and alloy were studied using

radioactive isotope of each element.

Small amount of slag containing one or two radioactive elements.

was added to the previously epuilibrated slag-metal system, and the exchange rate of the elements was.
determined from the change of the specific radioactivity in the metal phase. The results are summari-

zed as follows:

(1) Amounts of elements which transfer from slag to alloy, or vice versa under equilibrium were
determined as 2-3%x10-2, 6:2x10-4 and 7-3x10-5g/cm? sec for iron, manganese and silicon, respec-

tively.

These values were also valid for non-equilibrium states.

(2) Mass transfer coefficients of iron or manganese in the system of FeO-MnO slag over Fe-O-
Mn alloy were obtained as 1'1x10-2em/sec in the slag layer and 3-2x10-2cm/sec in the alloy layer.
This was enabled by the simultaneous employment of radioactive iron and mangenese in one melting.

(3) Although the rate of the exchange reaction of silicon obtained in the system of CaO-SiO; slag
over Fe-O-Si alloy is small compared with that of iron or manganese, it is still larger than the rate

of the reduction of SiO; by carbon in blast-furnace-type slage.

The small exchange rate of silicon can

be attributed to the slow transfer of silicon ions in the slag phase.
(Received 22 Sept. 1967)
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Fig. 1. Change of specific radioactivity of an

element in slag (a) and that in alloy (b).
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Fig. 2. Content and specific radioactivity of an
element, and amount of a radioactive

isotope.
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HL7cR—HBR DL BDIREHEK (slag[2]) # 27 &'~
WL, BIECTH 10sec RFHEE, FMEORMI
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Table 1. Amount and specific radioactivity of
used slags. (FeO-MnO)

Heat No. 1
Amount (g) 500
Slag [1]
(inactive) Composition FeO 50
(wt95) MnO 50
Amount (g) 4-10
S(l:(;gti\g)] Specific Fe 1:54x10-1
radioactivity
(mC;/g) Mn 1-97x10-2

#k (FeCy04-2H;0) #% 1000°C piFd-chnEh L ¢ CO-
CO: BEFARMTT LTI DFERL, MnOZREE <~
v (MnCOg) % 900°C THEEL TR L. Th
SHBHFRAHMOL T L13 X HEFC & DFERL
7o ELHMKRZH S LHAT ST, BIZRA
LTEERL .

FeO, MnO %FEFF TR T % &R THE
®Fe (EUHA 4571 day), %Fe (3-0Oyear) XX 6Mn
(2:58hr) AT HR, HHLLINLOER ITILK
$HRE% Table 1 wRd. HRRUAHK Bz vwokci
HNO, Ti5f#t%, KCIO; Tl T T& 5MnO: D
UBEEXOCFOFERICT » £=7KE&MX TTE5 Fe
(OH); otz ThThFRL, EEL<CTDEE G
MBI THARELZHIEL, TORMREELEEL D Th
o BSiEERE L. Fe(OH)s DMSFAERIED
T, GMEZHRE S50 E AL 9Fe DRSTHE
ZITHY, ¥Fe OMAAEIIHEE TE B2, Table |
WiR$ Fe OIHsthEx °Fe @3 5b0TH 5.
3-2 Ca0-8i0; 25/ L FHED Si ORIEFBRK

5y

1'2kg OEMEEE FeO-MnO 25 S OEL LFRLE
HCHREL, Si bg ZBgk~RME, HoLLDRT
ML Tdh 5D CaO-5i0; =5 4 (slag[1])

Table 2. Amount and specific radioactivity of used slags. (CaO-Si0y)

Heat No. 2 3 4
Amount (g) 25-2° 31-2 28°7
Slag [1] (inactive) CaO 53 42 32
Composition (wt%) ‘
SiO, 47 58 68
Amount (g) 4-47 3-39 311
Slag [2] (active) |
5} Specific radioactivity of silicon (mG;/g) 3-95x10-2 3-50x10-2 3-46x10-2

— 94 —



ASF-BHRMOTEORBPRIGITONT 355

Z FEIATRIL TAESKIEES 16004 10°C o7z, &
5T 2min ZITHEREFRANICE 1S GEEEE 2°62hn)
% Si0; L L&D EOR—HMEKD A Z 7 (slag[2])
UL, #9 10sec MIAHEEIT T BITE,. SIOER L
R IC g2 R L, £oRHho Si otlitstieo
R & D ZRMEBUSEE Aokl T BHEITE,
CaO, SiO; MR~ REHBHTMIT D LTI DD
LAUBHRAIZLLTH D, 1600°C 10 THEIREEZR R
DFFANTHKEZ(L S w7 3 OB 2T 07203,
INGOEESY Table 2 1TiRT.

4. RBRBERLEER

41 FeO-MnO 2545 &B@#RD Fe, Mn QFENHF
pg: e

st 2 5 FIRME® Mn J2EE L HHUH B0 L

Fig. 31cm3. Wekdh o Fe X0 Mn DM HUNAES

R L &b ictEmL, RAT—EDMESpews Syne
ET 5. chbHoERThEh 2°:00x10-4, 1-35x10

“*mCi/g THotz. EBRITHALMFERS 7Ol
BHAELEES LA T Y, BHPCT TICHET 5%
RaOEEPD, HLLAITFTmmMINIns Fe
XU Mn 23AfkF O Fe X0 Mn & 1009 3gHi
L7228 T C X L AE Srecss SMnw VEHTRD
F— 2RV TEHELLZER, Thth 2201074,
1-32x10°% mC;/g /e DHEBPE L FE—F L7z 0D

04
(a)
_ O3 e ~ o °
2 a
c 02
=
ol |
0]
o} Aot '
o L)
Y%
08 g

06 ¢
Mn

5 (S}/S%)=1—e™
Q /' | | |
W 04 ki —
Fe 150/min {0025/sec)
Oz Mn | O30/min (0005/sec)
. 1
0 5 10 15 20 25 30

Tirnz ofter addition of radioactive slag  (min)
Fig. 3. Content of manganese (a) and specific
radioactivities of iron and manganese (b)

after addition of radioactive slag.
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% 046, 2°3min X750, MEDEWT Eabhrb.
R L7c A 7 ZVREERD® 7> & S ARK R IR B TR T
HH T ENbPDLY, BRRECKTDMEMEE,»RY &
o7z EBRETHRIERRL 722 7 7045 ERFeO=
435, MnO=42'1, MgO=94, Si0,=2'4 wt?% T
D, A3 FCETAHERIT ] mmEEEEL A, H
W h~D 25 ¥ DR A4 L B Lok
Fig. 3 0EAIE%R (9) RNTIELLT 5 & kre=0-025,
kmn=0°0050/sec X7z b, BIESHDT OEMIC,HLD X
CHOTWBTZ bbb, ZOFERZMH, Fe, Mn
ENENILDERZ Y, BNV IHEOTEOBRBES
LOPERBRBERET 2RO LS TR 5.
4.1-1 Fe DI
HHRONEED 5 3cm TH H7cd A=220cm?, ¥
REC X 58k B WK 100g, ESKEEL 7-0g/
cm?3 T B8 V'=(1100/7) =157 cm?, Cpo =T7g/ cm?,
25T OEER 5°5g/cmd L LT V'=(50"0+4"10)
(1/5°5)=9-8cm3,  Cie=(50"0+4-10) (1/2) (55-85/
71:85)(1/9°8)=2"1g/cm3 X /5 5.
INLOEXEVEE (8) REERL TR 571Gk
N sl Fe OBEIE mre ZROXHIRD BT &
BTED. ,
mFe:/cFev'C'Fe\ﬂ'c;;e
A(V'Cpo+V'"Che)
25 7 ESATERICh DT OBREHY 7220 0%
B mreA 13 0°51g/sec Wis5. AT 7, Ak Fe
Bl nLin V'Cge=21, V'Cge=1100g TH %570 1,
1 sec W25 7, B/ VIR BETSH Fe 5T 2
57, ko Fe Borhrhn 24, 0°059%iC48%§
5. ZOXHERMD T LA T F-EERR O KIS A
HAPNERF T 572D CFF BT TH LA, THET
CEE SN BNTIE & A Elxv. AT S-SR E A B
R i28h3 5 Fe B3, WIS OHNEEXRE A 5
RIGETH AT oI ZE L v, BaRERRS 238
BETHLBEEIRINI DB ISITKRELATS.
TR S OEEBRSMEBREITH HEE, (15
T

~
N

=2"3x10-2g/cm?sec
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V'Che» VIICig wrrrerrrmemtemsms s (19)

.95 —



356 g &

54 £ (1968) E4 =5
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LEBWTHELOh XV E, (IO)RITKRD X S5 KE
Exhs.

kpo=(A/V'") (Dge/dpe) e (21)
Tibb Fe OFHEGORERIEIRS ¥ o Fer
DRI THBDT b5, 2HHK XD Fe OMEHLE
BHELT,

(DYo/d%e) = (ko V' JA)=11x10-2 cm/sec
%#18%. Dfe=10"% cm?/sec LT 5 & je=0'90x10-3
cm L.

4-1.2 Mn ORERIG .

Fig. 3Tk T Mn JBEEEES 0:29% THEHh D,
Cpn=0"0029x7=0'020 g /cm3, Cin=(50-0+4-10)
(1/2) (54°94/70°94) (1/9°8) =21 g/cm?® ric%.

mMn K2V, Fe Of& LFRERIC(BIRX DR X
SIRDBZEMTES.

Magn = ZM(’\‘/YC(;)EZVV%‘;H) =6-2x10-4g/cm?2sec

AT U-BHATHRICh? T OB Y7 o
BiE mmeA VX 1°4X10-2g/sec /s 5b. 255, B%
> Mn EiZENEh V'Cyn=2l, V'Cypa=31gT
b, lsec BICRT Y, HH Vs MEBIT 5
Mn gi325 %, FgdhoMnEoFnFh 0-07, 05
Yl AHY T 5.

WEBEAREIC DV T, 2T FHicisid 5 Mn & Fe
DEFIFC LEZLNED D,

(Dyn/0yn) = (Dpe/8pe) crereerermreereee (22)
EBVT, Mn BT 38ES (15)RICRAT B Lic
Xn,

(Dyn/0yn) =3'2% 1072 cm/ sec
%758%. Dyn=10"%cm?/sec 45 & Sjyn=3"1x10-3
cm r7ch. ZOffiv: DARKEND & p3EfE o B s EED
DI IT, 25 5L ETHERPOEREBES L L
THWE 3X10-%cm K &EhD TV iGN
TR AE A5 &,

(DMn/0un) Cyn=6"4x10-%g/cm?sec

(Dyn/dyn)Cin=23%10-2 g/ cm?sec
Ll DIRADBLT 5.

(Dymn/0yn) Cpn € (Diyn/8yn) Cign +v oo+ (23)
T b Mn QAR S OB EEPEIEEH O Mn 0%
BTHDHT LS. KIFE T, Fel Mn OJig
RN ITTEZFRCER L TWa7z®), Fe r Mn 0B
BiConT, BEEEESLPUDRETHT E7%L,
277, HHEEEOWEY IR MERD 52 L BTE
7o N ~

Fe OERINITTEEZB VT, 2 I -k Fe
DAL [EEE % kD 7= DERGED L DFARET, AT & D
TS RESREE 3 —E DIEIET 57D IR 5 7'
K9 10min 2EL Tk b, ARE T INCHEYT
LE A 3min LE L 2T w5, DERGE 5 DIFTIT
DVTREMLEREHELTHATH S D, TOXOR
ERESLTCEE LI TRWY, 5 IEEERFY
FERLTWB Y, A7 7/-BEHRAEEDS KR0S E
L ONEL DTV BERRELHED 1 DEEZD
ho. FRETEIHEEEFZERL T2, YR
PEBORIICANTEBL TWHID, 2T 5 LIk
DEENI X 2 VIFOPETLN TR L THS. T
DEHBPHCRENTERD, Fig. 3HLRB LS
ARG 7 D ARICHE ATWD T Ebhb.

%l Fe-O-Mn 44 & ¥4 % FeO-MnO 2 7 5'IT
DWTIE FeO, MnO 2USIFHEMEBKE L TEBL, &
NZNDOWERE areo, aMmuo 134 D E V53 HE Nreo, NMno
ThobbT T ENTESL. LB 2>TRIGR

- FeO+Mn=MnO+Fe -oeoremmnnannn (24) -

DFFEERE Ko 2T5E, Thid
Kmn= (@Mno/are0 amn) = (Nmno/Nreo amn)
N ¢4))
LHbbINd. WEgkEIER FeO [ oEEFE D HEHREK
Ly it2owWC
"Lo=(a0/arc0) = (80/Npeo) ++wwweweeeee- (26)
L5728, Nreo+Nuno=1 7 5B0%%E#S & (25),
(26) R X D IRR %155,
Lo

14+KMnoMn 27

ap=
(25), 2NF LY, FeO-MnO =3F & OHKAHREN
i, ThEEET 55E#h O Mn k X CODEIZLNT
N—FEWNCIRESINS T Ebhr 5. ZOBRIZ>WVWT
CHIPMAN LI X o CHE NS %Y Fig. 4 T3R99.
EIEEERR S S OB TH 5-

Fig. 41t X5 s, SEOERIMFRALRAT 7 (FeO
=50, MnO=>50wt%) & Ffii+ H7E8kF O Mn BEE
1650°C I35\ TH 0°4% THH T Lbrd. A5
L BSGA RS BTN EA D Mn, ODiREZEIL
HEZHBDIHI, Mn BER109% OBk (27713
IFEAETV) & 1650°Citizd b, ZDOE~AIEDE
BIMER LIRS 57 60g 2imd S5k Z1T/0\, Fig.
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Table 3. Calculated final specific radioactivity of
silicon and final composition of slags.

(CaO-SiOy)

+  Heat No. 2 3 | 4
Sgiee (MC;/g)  [3°07x10-32:08x 16-32-12%10-3
a0 | 446 | 324 23-8
Final T Ve .
Composition S10. 41-3 46-4 531
of slags . |
(wtze) MgO 98 17°3 186
ji‘Feo 12 1 29

97 —
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Activities in the Iron-Oxide Lime Slags

Haruhiko FUJITA, Yoshio IRITANI and Shigeaki MARUHASHI

Synopsis:

The experimental procedure to reduce contamination of the slag by reaction with crucible in a rota-
ting crucible furnace has been described.

The distribution of oxygen between molten iron and lime-iron oxide slags has been determined and
used to calculated activities of Fe;O, CaO in the system,

The solubility of oxygen in a molten iron at 1560°C under pure iron oxide slag or lime saturated
iron oxide slag conforms to the results of other investigators.

When the lime content is less than 023 mole fraction, the activity of iron oxide, which is defined
as the ratio of the observed oxygen content of the metal to that under pure iron oxide slag, deviates
slizhtly positive from Raoult’s law.

In the range of lime content more than 0°23 mole fraction, it reveals negative deviation, which is
increased with lime content. Iron oxide activity in the lime saturated iron oxide slag is 045 at 1560°C.

It has been determined that a-function for Fe,O defined as log yrei0/ (! —Nrei0)? is a linear func-
tion of lime content, that is, are,0=1"0—4"3 Ncy0.

Taking the components of the system as Fe, O, CaO, the activity of lime has been calculated from
the Gibbs-Duhem equation.

(Received 16 Dec. 1967)

1. 4 RICLOLND LI ITEELTH A2 FHOE#I, F
‘ PR TR 5 oE R VT, k-2 7 o
CaO-F,e0, % 7-13Ca0-FeO-Fe;03% 1751 % Fe,O I OR e AT
F7043 FeO [EROBIE, 55 ETFHMELT » v+ bkl el
WVOBIEIZ2WT INE TR b I ERICE WTTIK LR TE - N E TN =1 UF 5 i o
SR A O & T3 Larson and CripMaN 73 & OB Rk ORI (BR) R RIgkPT

i

— 99 —



