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Activity Measurement of FerO in Molten Blast Furnace T ype'Slags

by EMF Method

Toshiaki ARATO, Masanori TOKUDA, and Maseyasu OHTANI

Synopsis :

Activity measurement of FerO in molten blast furnace(B.F.) type slags by the method of equilibrating
molten slag with iron melt or gas involves great difficulties due to fairly low oxygen potential or a small

content of FerO in molten slags.

Then, in this work, EMF method was adopted for @re;0 measurement in B.F. type slags.

The activity

of FerO (@Fe;0) was calculated from EMF of the following cell.

Fe(pure solid)/CaO-5i10,-Al,0;(-MgO)-Fe1r0O/O,, Pt.

Oxygen pressure in the

cell at EMF measure-ment was kept at approximately 10-1° atm, at 1400°C by CO-CO, mixture.
A Pt-O, electrode with a Pt ring was employed as the standard electrode.

The results obtained are summarized as follows ;

(1) @re;0 in the melt of CaO-Si0,-Al,O;-FerO (CaO/Si0,=0.4~1.2 mol%, ratio, Al,O;=12.5
molY%,) indicates a positive deviation from the ideality in the range of FetO content 0.2~10 mol% at 1 400
°C. Activity coefficient (7Fe;0) at 1 400°C increases from 1.4 to 2.0 with increase in CaQ/SiO, ratio from

0.4 to 1.2,

(2) The value of @Fe;0 in the melts of CGaO-8i0,-Al,0,—-MgO-Fe+O indicates less positive departure
from the ideal solution behavior in the range of FerO content 0.2~2 mol%, at 1 400°C than those in the

melts without MgO.

(3) Thermodynamic quantities of mixing of FerO were calculated by using the data of log @re,0 versus
reciprocal absolute temperature (1/T). Gibbs’s partial molar free energy of mixing of FerO in the melts
of CaO-S8i0,-Al,0; increases from — 17 to — 5 kcal/mol with increasing FerO content in the range of

0.3~10 mol9%,.
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FERT AR A B O Y (1) iRT.
Fe (pure solid) | CaO-SiO;-Al,0;(-MgO) -FeO |
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o' &
_Zi} L T d® e (2)

ZZT, E:REIhSREENC Fe-Pt [HoEMEHE
BHEFHE LE (V)

4G : Fe(S) + (1/2)O;(g) =Fe,O (1) DEEHEARH
B =% v ¥ — 41tk

AG° = —62 000+ 14.94T (cal/mol) ¥

n D BE (Z0BE n=2)

F: 7 535F—%# (23060 cal/V-mol)

R : §{6%€% (1.987 cal/mol-K)

T : fEeRHRE (K)

GFer0 : FerO(l) o¥FEL

Qp, : Fe(s) @ R (Z D& Raoult FHtiz 2 b

ape=1)

Py, : Z¥ERH () KikT B A5 /- BERERTTD

BMARSHE (Po,=1atm)
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1. Gas inlet tube, 2. O3 inlet tube, 3. Platinum-O, electrode,
4. Alumina reaction tube, 5. Fe lead, 6. Pt/Pt-1325Rh thermo-
couple, 7. Alumina crucible, 8. Pure Fe (purity 99.9995),

9. Molten electrolyte, 10. Alumina pedestal, 11. Alumina
support tube, 12. Gas inflow

Fig. 1. GQCell arrangement used for EMF mea-
surements.
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i, REHIFERE 2 hBREREE LSEE+4
EECHESROL, BEYAF FIPFBALL. &
BOEIYHEL, BHIL3E®KEASS Smin 7oL
10min CREHT +5mV OFEANTEE L. Fh
LRACIET 20min L 30 min BB HR—ETH B
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L. ¥, BEBESIIL MBI MimEY
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AT OREICE DT, MK REE» A FRKIEHE 2
v AR YV AfEDE (JIS M8213), £8kik SnCl, F
TE7 v AH Y v AEEE (JIS M8212) $ L L
7 Aa N VBIBEERY I X ) SR To%k.
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WRT L RBBERT Y TLCA S S FICBEI S
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Fig. 2. Relationship between the position of a
Pt ring and observed EMF. (40 wt% CaO-
40810, —20A1,0,, 1400°C, 2 mol%FerO)
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Fig. 3.
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The result of line analysis of slag around the iron electrode by EPMA.
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—EORMBRENRNE L, A7 /i BEYRE
LicE 3R, A7 72 EEI®, Fe HlE-A7 7 R
% T BT USiEHE U CRERRM L L. 2
[P TORETHSD (A)DBERTIE, 80 (ZFe)
2 Fe HEBEEHE I 9 B L TV 200D bhvte. B
EWHD 2Fe i3 EPMA BRI I HIEH 7.4 wt% T
Hote. —F, A7 bR bES P Tl ZFe
=4.4wty THH, Bohic ZFe OHEIVERLE
CHEELTCWS., Thic L, ZFESPOBESEOK
W(B)oHa Tz, BEEEMS 20p LIWTOD ZFe
EfEL K 5.0wty THD, AT 7 FLIRO HHE
2Fe=4.9wt% L X<{—FKLk BPEOZirbiME
DEBBEIENE A, GEEE A5 7P REL
Th, TObLTHEBAI#ET OhT, KEBREER S
DBALG OB L b, BEARIEL, Zhh(2)K
HIHDOIHBENOF G2 b LT, WENEXE
TaeLIDOLEEZLZ RS, X OTEPFIHETIE 1400~
1460°C it} 2 GHEFOBELESRY CO-CO, B&H
AT 10-Yam D v _ACHH LI, ZD&EGFETIEIAS
7O jfiE =Fett/(Fer+ +Fed+) = (g — 2 {figkif
BE) /2 8kUEEEN 0.2 T E7eh, REBEOWIFA S5 708
BO I X HIE LTV 5.

(3) Febr A4 VEOKH

Fig. 4 1z, Ca045.3 mol%-Si0,42.2-A1,0412.5 »
BA S 7@tk ring, A3 7o Fe?r 3 L O
Fer* A4 viBELY Bx1BHE OAF 7D FeO
RELEENE OBGRY T, FeO REW LESHHE
THhsb. Fig. 4 ORI, RBENEL log Npo & DR
i j fEfE & 12 EBIRIC B B —E OH & DOEFRBIRA
WOl ERRLTWA. COBEROEE 12 3 H K
(2) thop —(2.303RT/nF) w1 <, Fig. 4 OfiT
12 n=2 OPH—FTS. HOTZ I TRLLHBET
A7 7 Ferr BEET 558 b ERRIGOREHR
2 ThHhBHLEELD. TOET Fe2t 14 viEH—
EDOHE, JMHEIFIKREL B (Fe3+ 44+ VEBE N
T3) REMMETLTICS, BENOETIIR(2)
RE LT (i )8peo BERTHZ L E, (1) FEIHD

Table 1. Experimental conditions for line analysis
of EPMA.

Fig. 4 (A) Fig.4 (B)
Slag CaO: 8i0;: ALO;  CaO:SiO;: ALO;

Composition(mol%) 45.3:42.2:12.5 45.3:42.2:12.5

Pﬂ2 in gas(atm} 0.21 6x 1019

phase (by air) (by CO-COjymixture)
2 Fe content in slag

before EMF measure- 4.4 5.0

ments(mol%e)

1.20

EMF (V)

. | .
0.90 =5 =5 =
10g Neeo
Feg) (mol)
Fig. 4. Relationship between EMF and logNgeo.

(Npeo=mol fraction of FeO obtained by chemical
analysis)
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iz Fedr 4 5k v ORI Greo DETH 7537
OT(i1)DBRIIEL bhit\v. KHROLHE, Rbo
JERRELOBFESE ERIG LT % D TRENDE
Fix Fed+ ofinic & » EF IR 0% 50l 0P S
Bl 2T, (2)R4 3EHOHEN D i fEHR & i
RIRETHA 3.

1. BRBIUEER

(1) Ca0-Si0,-AlL,0;-Fe O %

Fig. 5(A) AR BT 2 RENE AT 7thd FerO
BE L OBFRERT. o FerO BERNEERA S 7
1D FeO & Fe, O, EHFHIC LD L &3, FeO+
Fe,0;=Fe;O & LT#® moly B oOERFHTTR
LicbhDTHB., HIERKBIIER 7 ZEFE kT
R Fig. 4 oBE LERER, —(2.303 RT/2F) DX
HETHEHECHE L.

Fig. 6 X071 1400°C kit 5 FeyO 0&ZiE &
w4, Fig. 6 13 ALO;=12.5mol% —%F & L,
CaO/Si0, fr#x 25 4 —x L LTELIRIIBEDOEE
B¢, FeqO 0moly niiht CaO-Si0,-12.5A1,0; o
AERCHIGLTVW5., ZOEFBEROL VPR TVSE
i, ARETO #4THRY BT 5 EMAEGCRIEHE
BTRLICEATHS. APk o il E & Co/
SiO,(mol% H) 1T 0.40 ~ 1.07 0B TH 5. =
OHEANT FERHBEO EENL FerO 2moly LUFC
IIBIESETTH D @Fe;0 13 CaO/Si0, BARE T
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1.2 , 1.3
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NEIED AN
\
2.303RT va 2303RT
0.9 2F 2‘\ 1.0 2F 2\\
of 05 10 50 o 05 10 50
FeO+ Fe;03 (mol) FeO +Fe203 (mol®)

Fig. 5. Relationship between EMF and concentration of FerO in (A) CaO-Si0,-AlL,0;-FerO
and (B) CaO-S5i0,-Al,0;-MgO-Fe;O at 1400°C, ¥ :45.3 mol% Ca0-42.2810,-12.5A1,04,
A : 25.0-62.5-12.5, [ : 38.7-48.8-12.5, @ : 37.5-37.5-25.0, [4 : 38.3Ca0-40.3510,-8.9A1,04—

12.5MgO, [} : 43.2-40.3-8.9-7.5
Si02

liquidus

lines at 1400°C

Ca0

Si02

Fig. 6.
content of mother slag is 12.5 mol%.)

—EThHBHZEXRLTWS. FerO BENELLHIT
DRTFRHEKELILD, GFer0 DIEDLBIZIE FerO=
10mol% Tix, Ca0/Si0,=0.4 OFFD 0.16 A% CaO/
Si0,=1.07 Tix 0.20 TE 2T W%. Thbb
Ca0/8i0, o EF it L FerO DiERBEH 1.6 b
2.0 ~BL DI LD B, .

DX 37 FerO 0&FmE Mg o RIE CaO-8i0,--

Fe;O RTHkDBRNT V5 FerO 0FEREBRD OFR
LELILT VS, ¥ Fig. 7 13 Ca0/Si0,=1.0 o
BT ALO, % 8.0mol%~25.0mol% o [ @

Isoactivity lines of FerO in the melts of CaO-8Si0O4;—~Al,O4—FerO at 1 400°C.

0
FeD » F9203 {mol/o) =
(AlOq

1400°C ¢ Fe O 0 S ERMEL R LK TH 5.
Fe;O=10mol% ittt 3 are0 13 ALO;=8molY,
Ca0/Si0,=1 DTz 0.20 TH 5 D xF L,
A1,0,=25mol%, Ca0/Si0,=1 o TIE 0.16 (&
FLTCVB., DX AlLLO;, 2 FeO o FEE% K
TR EXETHZ i, Ca0/Si0,=1 DEKT
AL Oy 7° FeqO 1od LMMRILIEBI X L5 L%
AELTWS, FRAPRTHELC FerO BEH 10
mol% AT OBEEFR CEHEB D AFe0 2 Henry BT
5z b ot. £ T FerO OEEFRE (VFerO)

— 203 —



2268 S : & 4 68 &£ (1982) #1532
ALO3 Termp. a0 |Si02 |ARO3 | MgO

30 —o—|14007C measured
. esnr\:::‘ez 433 {403 |89 |25

o & & ----[1550 alue. _|moits

, A : oA S SN —a—[1s00 | Measured
S0z A / s oo [T 383 |03 | 89 125

value

=== Fe0;  §
Ca0-Sio; \fo
Y8
87.5(CaO~Si0:)-12.5AI203 /
a0y,

100°C
liquidus line

Ca0-Si0z
o} 10 20
FeQ+Fe03 (mol®,)

Fig. 7. Isoactivity lines of FerO in CaO-SiO,-
AL, O;FerO melts at 1400°C. (CaO/SiO,=1.0
mol%,ratio)
Table 2. 7Feq0 in the system CaO-Si0,-Al,0,-
FerO at AlL,O;=12.5 mol% constant, 1 400°C.
Slag composition (mol%) CaQ/SiO, TFoq0
CaO SiO. A), Oy
45.3 42.2 12.5 1.07 2.16+0. 24
38.7 48. 8 12.5 0.79 2.08+0. 32
25.0 52.5 12.5 0. 40 1. 66+0. 08

h EHickkREy Table 2 iRT. ZOXS5EEL
PR TUL TFe0 XWThd 1 XD REL, SHAOE
FAT RS EGERE T 1400°C 23T 7Fe0
=2.1 pix bhi.

(2) Ca0-8i0,-A1,0;-MgO-FerO %

AFRDOAZ 7 X AREREY Fig. 5(B) wrt.
COFRTIIRIERT 2HEFEOEBRDOAT 7% BT K
# L f. (i) CaO=38.3, S5i0,=40.3, Al,0,=8.9,
MgO=12.5, (ii) CaO=43.2, Si0,=40.3, ALO,=
8.9, MgO=7.5 (Hf7ix mol%). Fichb, thbi
(CaO+MgO) /8i0,=1.26, Al,O;=8.9mol%y »: — FE
THh CaO t MgO e MR B DT FeO
DEBECHTHIEENA S 7o MgO B EogHmy
BRidTsz LN TH B, Fig. 8 i 1400°C
1550°C ¥t % GFe0 & FeyO BELOBE G %
T AFHRIC X B GFe,0 OFIERFE 0.15mol%FeO
THDH. 1400°C kR 12 £ JIfE, 1550°C o {13
1400~1460°C T L¥i- RELRE: OBFR%E S
WLUTX A HEBETHS. 1400°C TiV-TFROERE
b QFe,0 IR WETY RTEB I VECRELT
WB, —J, MgO BE o BT ORI AR
INEWT Edh, MgO 13 FerO e LT CaO X v 3
AR S EEER e E L COEBR R T DL

00sp

004}

Ideat solution

002¢

om}
i limit{0.15 mol®/)
0 10 2.0 30 4.0 50
Nrero (mol°)

Fig. 8. Variation of @re,0 with concentration of
FerO in the melts of CaO-8i0,~Al,0,-MgO-
FerO at 1 400°C and 1 550°C. (Values at 1 550°C
were estimated)

EINB. AFe0 KT B RS 7chd MgO o>
WTRIRETEDIZ S OMABCLIIHHL bh T
%. Bismor 591 CaO B 5\t 2Ca0-Si0, faFfio
Ca0-8i0,-Fe;O %A 5 ¥ D @Fe0 % WTE L, MgO £
fip CaO-Si0,-MgO-Fe;O % 2 5 7 OR—BER
BIFsELH 15~30% £ & $E LT %, FiscHER
LI Fe <A Mo Ca0-510,-Fe,O %235 70
are;0 % 1530~1680°C ¢ jllzE L Biswor 5o CaO-
FeO 2MFHRAS VORI HBELTVA, ¥HBET
i, s MgO 881 MgO-SiO,-FerO H& ¥ L U¢
MgO ffn Ca0-810,-MgO-Fe;,O FRA S F iz o\
1550~1650°C @ @re;0 FPELTW5. Fhbok
Bizv-Thd CaO » MgO CEHRT 5 - 21 X b
AFe;0 DEL T B EHRLTE D, AWHREE L T
OEAEETH. Lo, REROBRIILAB LA S
Ca0O, 2Ca0-8i0, 3 L <1 MgO »faf1xe (CaO+
MgO)/8i0;>1.5 oEEE R K L L, ¥ b
FerO BEMH 20~80mol%y LiEd»d CEWEBEIRICE
TH30THB. ¥l ALO; OFEOGHEXERTA
hHUENBHD, FerO BENH % LT & 20~80%
DEVEE LT, MgO BE®D GF0 T &% 558
BETHRERLED, SERFEYETIREEEZ LS
hs.

AR LFAEOBIFERA T 7O are,0 #3RKD-HIE L
T2 1550°C T VENKATRADI & BELLI®Z I 245 HA0
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H 5. VENKEATRADI B3 A T 7-2 2 ARO S D4ELH.
EHNT oA F¥ o5 4 OEHGHER XD EFe0
HEDTNE, FRERLDOTWBAT FEHBIIATTE
DOEALHBELT Si0, & AlLO; oREERMBENAE L
Bl DB HBIZTE VWD, FEHE LT TFe,0
RICELUTERBR L2 TwB. 22T, FEE
NOBEKRFHEDN S 1550°C ~ AiE L & D-HEEE

Temp. (K)
1823 1773 1723 1673
" CaQ-Si02-Ak03 ]
-0.5} 453 422 12.5 mol% Fer0
—ooo—s——ool02
- o-dumitpny ———t———a—u 803
-1.0F & =-=== —rA——g—o——s 441 0
4.63 o
o d005 &
g‘?—tsr e ———— 162 g
g
-2.0f Joo
—— —p——————r
- ?njozw‘.
-2.5}
560 580 5.00x10°%
UT (K)
Temp.(K)
o 1823 1773 1723 1673
"Co0  Si0z AlOs j
375 375 25.0 mol% Fero 050
-0.5
—_— o116
o O ———— ol
& o
g"‘oh P — = — ey 7.7 7 4010 ‘f
o —fge—————a-320 &
8 G —— = Joos
5 e — 0y gee——0-157
Pe———— —_——— 094
-2.0} Joon
560 580 600107
UT (K™)

Fig. 9. Relationship between log @Fe;0 and 1/T
in the system CaO-SiO,-Al,O;-FerO.

Table 3. Thermodynamic values for the system
Ca0-S8i0,(-Al,045)-FerO.
(i) 45.3Ca0-42. 28i0,-12. 5A1,0; at 1 400°C

% VENKATRADI LOEREHE L. FERE»LOHE
Effi%x Fig. 8 iR, 1400°C w0
Ll Qre,0 ET L, 4z MgO=12.5mol% HE D
A F F T GFe;0 1R3E BRBKRE DL T EC -
T 5.

ok, BENOREXKEHC LZ2ERNFLXLOE
SBRIKERT% &, 1550°C Ll BT Trq0<] &ic3
TEEMEA 52, EBRIZLIEWKE TFq0—1 L5
Lok #HMERS, §fE2T 1550°C L EToiRBEHD
BECKT 2EEFEHBA(2)FD (—46°/nF) DR
CRTHEEBCE LB L THEERS.

(3) BIIFRIBRES

Ca0-8i10,-A1,05-Fe;O Fic kit % log @re0 & 1/
T o By Fig. 9 Rt ZoFERICd &5\ T
FeqO() o Ca0-8i0,-AL0; B A5 Z7i2iTHEESD
oy 2L B = A —ZER AGFe05% (3)RIC L D
bbb,

AG’}%T0=RT1n QFey0 = —nF (E—E°)

LD BIEHEILFOR(4)~(6)TH X b h
5.

A0 =0 (RINAFe0) J3 (1) T) - veveeeveeeeens (4)
A@%To= (AITIKTo—AG%iTO)/T ceveneneen (5)
A@&TO=A§xTo—(RInNFCT0) A ()

45.3 mol 9 Ca0-42.25i0,-12.5A1,0, Fd 1400°C i
KT BEHR % Table 3 wiRd. Fi AEKiE CaO-
SiOp-FeqrO R DRIEE D H b FENFHE LiclE% Lk
DIDICR L. BFARAZ Z7CBT5 2 5 L=
BEDH BN BETHEN 5 { Ca0-8i0,-Fe;O #
RIS HE LO BB ICEEELI BT 2D, ¥
F 1400°C DFE 4GP0 KOVTIZHRPIEDOR R
Fe,O g0 # i & & b i —17 kecal/mol 238, -5
kcal/mol ~ LML Tk h CaO-Si0,-FerO ROEE

Npoyo  4Gp, 20 Aﬁllfa.,.o Agr-‘ifwo 455ed - .
(mol%) (keal/mol) (kcal/mol) (cal/mol-deg) (cal/mol-deg) EAEOEEMRED RS, —J), Ca0-5i0,-FerO %
2 % -1es 0t -1l -1z DHFEIAL QFe;0 DBERFMEIT FerO<46molyy &
38 44 -—178 —I25 2.9 -3.3 N —
2 463 —80 —eu 0.9 —5.4 Fe O>50molgy & Cik¥#d i [ % /R L, FerO<46
. 03 — 6.4 — 1.8 2.8 —2.2
a1 10.2 —~ 5.4 3.8 5.5 1.0 mol?%) TIXBREKG, FerO>50moly TiiREFILT
(ii) Thermodynamic values for the system
Ca0-S8i0;-Feq0 at 139%C
Slag « iti 1 = - - -
ag composition (mol%) AGé’.,.,o AHﬁgfo 4532,0 AS;’;;‘,%
CaO SiOg Fe,O (kcal/mol) (kcal/mol) (cal/mol-deg) (cal/mol-deg)
22 48 30 —4.9 —10. 4 —-3.3 -5.7
22 46 32 —4.3 - 91 —-2.9 —5.2
22 42 36 —3.4 - 6.9 -2.1 —4.1
22 38 40 -2.7 - 5.7 -1.8 —3.6
22 34 44 -2.2 -~ 3.4 -0.7 -2.3
22 32 46 —-2.0 - 2.3 —-0.2 -1.7
22 28 50 —15 11 1.6 0.2
22 24 54 —1.1 517 4.1 2.9
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5% 68 4 (1982) 5E15%

BB EERLTE, thEex L, FR 0L AR
aFe,0 DA E I BERFEIR BD bR, CaO-Si0;-
ALO; %2 5 71t Fe,O) MBS, BT »EBOKG
DFEB D U RBRETHhORGTH BN EMET B Z
LI T E IOk,

5. ¥ 5

BFERA S 7ok (FerO) DFRNERZT I
ERERIE LT, EGMSEEEBFRASERY AV
EREOBENMUESRGZRD(1)D X5 THIL,

(2) P ToREREI L bR

(1) BEALESOASRKIIAS 7/ LEMT 5
) v IZRICL, BRA S ZOWEENEREND XS
L.

(2) Ca0-S8i0;-AL0;-Fe O Rtk (CaO/Si0,=
0.4~1.2, AlLLO;=12.5mo0l%) @ @re;0 1% 1400°C,
FepO=0.2~10mol% o i TEHREBFEETHIT X LT
EfRfExRT. FerO<10moly OIREETEE DL L &
BEDBIEMN B b £ DI TBEIHRH (7Fer0) 12 CaO/SiO;
AL 0.4 2 1.2 AEL B DY, 1.4 b 2.0
~HEIn L.

(3) Ca0-Si0,-A1,0,-MgO-Fe O FRflfh D AFer0
13 1400°C = FepO Pufept 0.2~2mol% oflifE ca
BT OEDORMBE 2 R L. (i) Ca038.3-
Si0,40.3-A1,0,8.9-MgO12.5mol% DKL & (ii)CaO
43.2-510,40.3-A1,048.9-MgO7.5 @ 8 i TD 7FerO

2 (1) DA ZYEBTEHRKEERRL, (CaO+
MgO) /810, =1.25 DIEFEE © A F 7 Tk MgO i

FeO L CaO X 9  MHEXHNCTHEREEMRR L ZE
BT EBbhs.

(4) HBHERDAZ ST HT 5B ;0 LBEDOHE &
DOBtRA 5, Gibbs DRAWMAHH=F AL ¥ —2FHL
7.

AP O— LM AR F PRI RBI LI L o7
LTREHOERERTS.
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