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Activities in the Iron-Oxide Silica Slags

Synopsis:

Haruhiko FujrTa and Shigeaki MaruHASHI

The distribution of oxygen between molten iron and silica~iron oxide slags was determined at 1560°C and

the results were used to determine the activities of the components in the iron oxide-silica system.
The activity of iron oxide changes from positive deviation from ideality at low silica concentratlon {o

negative deviation beyond 0-28 mole fraction of silica. .
‘At the silica saturated composition, a value of 0-455 for the iron oxide activity was obtamed S
The activity of silica, which is calculated from GieBs-DUHEM equation, shows conmderable posmven

deviation from ideal behavior for any composition where sﬂlca concentration is greater than about 0-1

mole- fraction.

S

The free energy of formation of liquid fayahte in the melt was calculated through the actavlty data.

These activity data give a value of —5'45 kcal/mol at 1560°C— a result whlch 1s 1n agreement with somel

-other investigators’.

From the phase dlagram, and the thermal data for Wistit, the activities of iren o*cxde in the melt were .
deduced over the range where the liquid is in equilibrium with solid Wastit and the results were ‘corpared

with the values obtained from the slag-metal equilibrium study

lie close to experimental results.
The “ excess stability

23

It was showed that the estlmated valués

curve was constructed from the act1v1ty dlagram The curve has the maximum

value at 2FeO-Si0Q, composition, which is in agreement with the DarRkEN’s finding for the similar system -

studied by scHUHAMANN et al.,

The theories on the ionic structure of the iron oxide-silica melts‘were dlSCUSo(‘.‘d
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Fig. 1. The solubility of oxygen in a molten iron
under silica-iron oxide slags.
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Standard state : pure liquid iron-oxide in equilibrium with
molten iron.

Fig. 2. Activity curve of the iron oxide at 1560
°Cfor the silica-iron oxide binary system
saturated with iron.
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Standard states
FeO : Pure liquid iron oxide in equilibrium with molten iron.
Si0; : Solid silica in the equibrium with the melt.

Fig. 3. Activity curve at 1560°C for the silica-iron
oxide binary system saturated with iron.
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Fig. 8. Activities of liquid FeO in the melt over
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where the liquid is in equilibrium with
solid FeO.
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T 1550°C iz #51F % fayalite O R HBT 20 F — 24
FLIH, ZOFRTIE 4 9+2kcal/ mol &7D7e.

RicHARDSON'® (3T X % 4 +raDgk, BEFRA 4 O
PLEBROBIE ) Fh (b L eERE LT, fa-
yalite DAERKIGERD XS WWREALT-.

2Fe( - 150+ 2xFe+ 810, =FeySi0; -+eve- - (8)
dF gy, =4575 log a%pec1- O a2k - asio, - (9)

BEREFMHLTWBRT FREXM LTI are=1 &5
ZEHBTEB. (RTERbLEINS 4Fy. 1T Ri-
CHARDSON, JEFFEs and WITHERS!® O EIC L5 Lk D
Io5wExb6hTW5.

dF(y. = —6830+0°87 (1808~1986°K)
L72232T 1560°C &\ Tk 4Ffay. = —5"36 keal/
molTdh 5.

PED XS CEERI XHFEEOBIEME,HELND

fayalite OAFBEHHRT AAVF—-DFEE, Zh Ei3msric

A
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Kb bR HEOBMKIER AV THES I IFtay.

DEICHBEHI L —FT 5.

4.3 FeO-Si0; ZRM A T (CH(FB “excess stabi-
lity”

DARKENID[E % < OB DB W IV T “stability” ¥
72Uk “excess stability” & FEITH % B, RIRD AL
SEOHEROHR, 7k ETORTET LAY
AR RS T AERICENT, WHBUBLWALERT
ZEERWHIL.

B <17, “2” X7 s 2 nRIBIKRIEREWT “Yex-
cess stability” D XS TEEXNS.

excess stability=—4-606RT

(d log 71/dN3) - EUURRRRR & 10 )
T b FeO-5i10; ﬁ{ﬁmﬁlx I 7ERTB
stability” X log yreo & NZsio, DEfRE 5 2 HHIRO
FEERECRI L EHROAR»HRDONS. Fig. 30
EEHSEPFIA L TAERFRD “excess stability” %k,
RELOBGRETREE Fig. 9 0X5s. £fE
12 ¥z ScuunMann and EnstoDd EER{H > 5k 7z 1350
°CHHEDREICIIT S FeO-8i0,
bility” #d bbb THRL 7.

T L 4 i FeO (3 66 mol%fhE® fayalite 18
WO KIC “excess stability” DY — 72 &RT. IHIC
(LIBDERETH S Scuumanny 5O HLEL T,
AREEREIT X DRD BRI X D EIRD “excess stability”

““excess

FD ‘“excess sta-
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Fig. 9. Excess stabilityJof iron oxide-silica
binary system.

HRD © — 2 BIEMBA L, D OoBmERNILL2TND
BBERENS.

LAk X5 Fig. 3 @ﬁgﬂﬂ%‘?#%‘k?@f’ “excess
stability” B € — 7 BFE Iz X H T fayalite i
RO ERL BN L, ZOEREBROBIKSENE
AR SR L TR Y, TOBRPIBERYETHE LS
LB ERDbDERDbRS.

5. FRIEBIEOERMNEROEOCONT

BRIA 7 riRr ORI, d5VREOILEDE
EPBERINTVWS LT 50V bR 55 T b
i, BECEVTH R FEBHHDIRLALDLYWD
THEFEISCER SN, ERBRES OREC,bOER
BEATS ZE REDTHETREERMSE ST
5. —F¥l, *OBLEE, ikl ST R
LIARIA S F3E A DA & LR EZE T HRETH S
LDV THALBDLNTV D ELETHTHS.

HerasymENkO and SPEIGHTZD RS S D
41/m%ﬁé%ﬁbr,zvatmﬁﬁ@@&mﬁﬁ
RIS# B L. Tibbiizuigbiy FeO, MnO,
CaO, MgO 7 iR 5 ¥rp TRAKAEEEL, Fei,
Mn2+, Ca?*, Mg B EO&@HA4 A LEERA A~
O 33D EELLNTVWS. —F SiOg, POs,
ALO; iz FOEMELIE, Th SIRAERELm» L
wEhi 0~ 4 x L ERGL, SiOf7, PO, AlOY,
DESLERAF VERRTHLDLET 5.

LDXHREZXDTIC, BNEDIHVDAT THOH
AF L FEOENEERD, i AFLDAFHE N 2
WD LS CEETS.

Ni=ni/Znj ooereeirminneeniinieesnn (11)
72 L, ni i AF L OEME, Znir TRTCDAL T v
BO = AMEROM, fz & 21F j =Fe*,Mn2+, 02—, SiOf-
BETHE. 20X 3T LTkdbNAF HEEH
WSk & 2 5 SHOBEZE OB EEITRO X O ITRE
T3, ' .

Fed O=Fedt £+ 2% ceeerriirnmnmrninmeinieanins (12)

kEe=(NFer+ - No2-)/[%O] e (12)

HerasyMENkO 51¥, FerTers and CHipMANIDOD
CaO-MgO-SiO;-FeO F2z 3 & iagkf D BR O AL
FECHET A ERBEAD EOEZLFCIOTHT L.
ZOEER logkbe 1I—EIRE T logNo- 0—RA L
LT LAEBVWHL. 1560°C kit s k§eL No:-
OfE®R%E Fig. 10 .

—75, FrOHBERG® 1%, HEHEMIERIR T & OHE KT
LT HerasyMEnNkO b X Ak EF 2 @EHL, (Y».%/f *
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This investigation /
. (for FeO-Si0: slogs ) 5
O I~ "ot 1560°C) g—@"‘
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. HERASYMENKO &
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X 04 / / (FETTERS & CHIFMAN,
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Fig. -10. Dependance of £§° on the ionic fraction
of oxygen ion O2-,
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Fig. 11. Dependance of fFez+-_foz- on the ionic
fraction of silicate ion SiQ}-.
vy [BAF o DEAF 5 EETEMKING OFERIZ LI
MOTRD LS CFbLI. :
Neidt=nciy*/ Znay*, Nejy™=n¢j>~/ X neas™
ceneeze e (13)
Fishb Niyt, Ney~™ W34 5 v, B4 4 o458 TH
5. SRS () OERTKO LS CERIND.

s racip=Jaiyt  Nay® - fojp - Nejy™
L fadt, SfoyT WA AL 4,
wHRTHS.

U)K G L Tk
kGe! = fFe2+- NFer+- fO2-+ No2-
TH5. 7272 LUDRD Nrers, Now:- (IR DERE
k5.
FrouserG 3 FETTERs and.CHIPMAN!D (D8l 2 3%
HL T, 1550~1800°C 1T T, 1T & A SIBEILKE
B, (fFer-for-) & Nsiof~ DTz, Fig. 11 R

-

e 42 i DR

FTEI, Nsiol™ <06 12k CISFEMRAIBARA KL
THLEERVWHLTWS. .

Pl X5k BHEERAS @A S 72
MENKO and SPEIGHT, FROHBERG @D 4 # LAIEL D RV 53,
EFRD X5 FeO-5i0; FRICE TR TEBH»ES
BT LTHR, £4F 0 5ROFEHEI LWL LS
i, TNRHOA A VHIR D, AoV Y B (2MO-
SiO:) DAL E TOEY U HIRECHE ICHE b
5.

Fig. 10 2 HERASYMENKO SR L i L7 DT
5. FEICTETISIC FeO-Si0, 235 Zic W\ T
i, log k§® X logNoze D—RkALITELT, Lhik
HoOBWHIELD2TWS. ¥R No:- OfEICK
+% kE® X, Nox- =05, Tibbil FeO 23 Fick
WX, HERASYMENKO B ODESIEL 7=
CHipMAN QfEIZ—F L TV 553, F O R\ CIE, &
EBR TIH7c FeO-Si0; FROEMNE .

Fig. 11 123 FroOHMBERG DENT&EE &ﬁ%i‘yﬁ@%tb
8L TR L7z, log frer+- for- 5 Nsioi~<0'6 Ti,
Nsiof~ DI ERHICHEL, X 51T Nsiol~ D
= CEEE TVREARE S DT A A R T S T
MR e I X PR EZ R, FU SiOf- RE
I D freer for- DIHIENL D Bl D>TW5.

BARIC A7z X 5 WIRHEMER 7 7CGEA & 7-Hera=
SYMENKO 5D A # VIR h k% FeO-Si0O; FHRA 5 5
DXSIEERMER S FCHIGER LBeE, TORBRERTL
TLH—F L7V, FrROuBERG, HERASYMENKO &5 D 4 #
CHIER DRV TVE, REEMEER(E ORI X o TR X
iz O 4 F 4, T Si0y EEAL, SiO- 4
AR THECIEE DD, DT 2Mo.
SiOp CH LT DAL EIT & ) BIRE OBV LK EE
KIDERTE L. L LR bRECRHEITT, Hi
GEA T OEEEEED D D, V) D OFBERIIE VTR
Sit*¥ LEFEAL T O 4 X L OFELEEICAN
HMINELE LWL DEZEZLNS.

BRI GBI WO, BRIZEE, Mk &
OENERNFHICE T LHH, D5V RL0Es»ORiE
S DRIEEEZRIT LT, BrOELAHBRIES N
Twb 5 Toor and Samis?®}3 RICHARDSONZ 6D+

HEeRrAsy-

FETTERS and

FNVITEDWT, HMEBEFOEEZ RO LS CED
kot N

Tibb, BRERETIZIESSI-O-SIKO X5 iItH
Mo St & MicHE L FEREAT EEIA L 0°, >
SiIO-D XS5 WC—FHDHKE S LEELTVWELD 0O, X
DI, Si &R FEBRLAVEEEA AL O2- D3
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MECBEA A PEETSL 0L L, EEERRIET
Y HOBRERIGEERD XS CRbT.
20 =04+ 027 ciiiiiiiii e (15)
P OEEEERR L ORE, REWS U TROTERM%
BELL TV BEDET 5.
k= {(00)(02—)}/(0‘)2.([5)’
7272 L (0%, (0O7), (O)YIERAF # Imol H7h
@ 0°, O, O- 4 AL DENVKTHS. (15)'RICE
FODD BV EWENLOFEEEEL T (07) %k,
Nsio, OIETHERTE 5.
FREDOHBT A VF —ZH L MFmix 1
Frnix/4°575-T={(0-)/2} -logk -
EFEPLEINS. Toop and Samis IEF D 2 TR BANE
ERIRIC DV CDERE & B L,
FeO-510y R o2WTiX k=017 TiI3E—&T5Z L
FRVWHLTWE,

—7, F¥1, #2913 Toor & & iR E 2 HrbUE

FIERIE OB A RO XS IEZL TV S. :
WE ngic, £IVD SIO; & nvo ENDOEIEER{LY Mo

P bl HUAREREE RO Si, M, O OEFIT>WTE -

25. BEAA VRRERBINTEY, BEAA D
R T 2450 4 mIRALEIC St pEFISh SiOf4TH

e T 5. 2o Si0) 4WMERAICLTOEADRE
EA A wBEL, MAOHEAF %2 ED0, 2D

4 HEEESOXFPIHFEND Si OEIIALE, SlOz
@ Si, O DILEERHIL,»LHEIND L5 ICHEEA
VEDNHTH D EEETE. Tiibb (725102-4—1/2"1\40)
EIVDELED, nsic, TND S OEINICFHFENDE DD &
T5. COEEHBEAA EPEICLT Si BEIGEE
4 F L 2EE, Tiobb Si0)7 4 HKEAS DO
T4 A LA SR RBAIT Si-0-8i< O A TR
5. REMBRILhOREC XoTiHE I 0 4
F vk 81 &"ﬂz 51T, TOFRE >S5-0-Si€n 7y v
CERMWEEL, SSI-O- D X5 hiEAERKT L. Thb
LIZDEE, RO S SIEREILTHD AT, T
@%msﬁﬁ%47/M@%¢%n )y UOEED X

0 ECRIFR DTV ZEFLICAE L, LT Si, O ofg
Fwikd D Z LT E2T, £BHBA & o OMNEITETIN
CHEEENSLDEEZLD.

FIEREA A o OWMAIPEL E L DODTWEEE, Th
& O Lhicd.

CLED XS5 EFNE LR ZE, v ) b EIEHEER
IEMCRGITIRD ISR TENTES.

>5i-0-Si€+ 02~ =2(38i-0-) v (17)
(AN RXELFLEWROERBRTH D, 0°, O,

ELLIOTT® OFIZE L7

Or- 4 F L ofwkdb i, Si OFNET S 4 HiE
F ko Si-Si, Si-V, V-V({FZLV:ZEH)D 44~
MO R KDDL EFUENRTH D T, HINE,
EELLED X5 ' F VT DWW TELEOMIEREHE X
H —f%H7s combinatory formula 7> 5y 7-.

AT TR ERR = F Mz v T, GucceEnHEM D (L
ZEROFERIC LD TERM FeO-Si0; FOEEDHBET
FOVE —ZE{b i K OB A kD .

VWE (nsic,+1/2rre0) mol @ Sitt DEIFIRIEIC IS
WO, ngio, D Sitt & 1/2np.0 T IVOZEFLAERR
Femsfml T Si-V e Bld 5FERIE 2xsi-xv TH
S b fall D

“xsi="nsic,/ (nsic,+1/2npeo) ,

vy =1/2npeo/ (nsic,+1/2nFre0)
Thd. Licdo7T Si-V xifofid (ZN/2) - 2xsi-xvT
BbH. TIWZEE2RMBROERE, £ANESHYL
TEHOLET, 7HAHTFoCHEL b X5 TEAT
5. BEFSHIrLOREOERS » TEHRTD &,
Sit* L ZEILOEBEFHoMPBPEFINBVIEED Si-V o3t
DEVE (ZN/2) 2xsi-xv+ ) L RWb I 5. [EFHI Si-
Si, V-V O¥ARL LI (ZN/2)(x%:—1/29),
(ZN/2)(x*v=1/29) L 725 :

ADHKD, BAERD D O>Si-0-Si<, 02, >S8i-
O- ofxLThLiv Psi-si, Pyv-v, Psi-v TFEbT &
ROBRMBEILT 5D EHZB-

Pigi_y/(Psi-si-Py-v)=K oo (18)

A7) KOKR R, xuvF¥—-ZEr 2w/Z &
ThE, (I)FITRDOLH> Tk 5.

(2xsi-xv+ )2/ {(x%i—1/29) (x2vy—1/27)}

= exp(—2ON/Z RT) +ovevvevnrerenrenene (19)
w=0, ¥ bbBEHEFSHTIEy =0 THDrba=4%
Thsd. (19DXXDH
21In(l+ 5 /2xg;-xv) —In(l — 5 /2x%;)
—~In/(— 5 /2x%) = —2wN/Z/RT v -eeve: (20)

BMEFSH»LDREI PNV, Tibdb p <2xsi-xv,
7 /2<x%;, x%v L¥E, (20) KoMHCEZEREL,
QWAL OEAPEBETES. AL LTRKRDXS TS
Zbhs.
p=—2x25 %2y (2WN/ZRT) - erreereeeeeene(21)
L7=hoT Si-V ok
Psi—v=(ZN/2) {2xs; - xv — 2x%; - x2y (2wN/ZRT)}
- (22)
EEASDOL A Y Ll dEniz RO XI5,
AEmix=(ZN/2) {2xs; - xy — 2x2g; - x%y
(2wN/ZRT)Y} (w/2Z)

— 11 —
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=xsi-xv: (WN) —x%1- 2y {2(wN)2/ZRT} ---(23)
REDHMT A NF — 4Fnmix 1
AFmix=Tf T AEmixd(L\)-----.......(M)
v oo T

DOERIC Lo THKES.
Tl BWTERFIMERDZ 200 CHRDMH
SEMMNEELZ LEEELTE3), )R XY dFnix

ZRDIE
AF pix=xsi-xv: (WN) —2%s;-x2v - (wN)2/ZRT
+RT (xg; In xgj+xv Inxy)eererreieieninn e (25)

THbH. 7220 FeO-8i0:; FwkFbv Y hDE VG
E% Nsio,(=nsio,/nre0+nsi0,) & THIE, x51=2Nsi0,
/(1 4+Nsio,), xv={1—Nsgi02)/(1+Nsjo,) TH5.

—7% Fig. 3 W&ZRT areo, asio, LIREDEHZRI SR
AOEHBT A NVX~ LIREOBERERD 52 L HBTE
%. Fig. 3 1Z/RT asio, WEKRMWELEEIL TS
B, YU B (B-cristobalite) DFEIELZ 3°10 keal/
mol » LT IFRMES U had HUE R LAERCHEL
AFmix %%‘fﬁbf:~

#E2 Fig. 12 t5i3. ZOFEER{EE Toor and
Samrs 2 X Dz (16)R, &5 \WIiE(25)R & OMIE
oW T L7 R, Toor 5D Tl k =0-20, (25)
AT w=0 T Fig. 12 R TEEO—H»E LN,
Fig. 12 @A 55 X5 WHHERNIIWIND: v Y 22340
mol % LA OARIR B T Ui R EIT LEpnE W 23, &k
EHE TR RV ENFE LAY, SHKFEEHEEHET
B, RIS FLIBEFEIIVWAV. Ll
TR A7, RN X HIARERRE O € 7 vt FeO-
Si0; ZLIND 2, 3 OFRITOWTIE, T OEIFHIFE
#E IL<HBELTCWS. FeO-Si0: Fizxf L Tx DL
HpeLh b {501, ERBPED2ILFRTEHL, &
i Fed* 4 A UpHBFETEZ LIV E>OREHLRERT
55 LB, Thabbo A2 4 bhd Fe, O D
R — R IH L2 BRE DO TH Y, BIGER DMK 4

o}
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Fig. 12. Caluculated free energy of mixing for
iron-oxide-silica binary system.

FUEIBFEETLEZAONTVEN, ZThbdl
RERLEEFVORFTDLETHESS LRI 5.

L»L7adn w=0 & L&BESI(25)REEREL,
ERRV Y HORIBEGE TEIREN—ST5Z 225
e Ly FeO-5i0; FTHT 5 H—RMAMA T,
A F DS FHTEEFHAR DDLU ENFEFzo T
b0 LBbns. ¥ 20RKR, REDOZ ANV —
ZibixEbd /<, Bl 3 0¥ -F{Licii=z v b
v E—ZLOFENKEVWLD LfEEINS.

w=0 OFPAED Psi-si, Pv-v, Psi-v, TibbH 0°,
02=, O~ 4 # L OFHEIREL (ZN/2)x2s1, (ZN/2) 3%y,
(ZN/2)2xgi-2v X YkDHBN 5. Fig. 13 i3 FeO-
SiO; FHfiltk 1 £ s O°, 02—, O- 4 4 > DEHE
B X Nsio, DEHBRARL.

Fig. 13 wabhsXdic O 44 DRBERYY
H OEINT VW EDII T 558, 2FeO-SiO DRIz B
THFTRERLST A8 R ERG U fRHREZA L
TWw5b.

Toor s DI Y H VT L7252 T (07)/{(0-)+(0°)
+Sit+} T ERATE DR A A LhD O- L XS
THDHEERT, titx o O, 0° Sitv |4
&) HIREOBGRY Fig. 14 WiRLK. #4144
D Sit* DGV Y HIREXEMLTHLNIZEKRE
B bizwvas, O~ RAaBIKRAL, O° 13#imts.
TIRbLERREA X L OEEPY ) HIRECHENT SN
THATWBZ EERLTWS.

2Fe0-8i0; OFAITEV Y H 33 mol% Tik, 7E
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Fig. 13. Value of (0°),(0~) and (O-?) in equi-

librium for iron oxide-silica binary system.
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Fig. 14. The proportions of silicon; Si, double-
bonded oxygen; O° and single-bonded
oxygen O~ in silicate anion for the iron
oxide-silico system.

A FUhs, 7o& xiE, Siost, Si,0f, SikO” DX
7¢ l-ring anion, H5HWidEk S0 O XS 7% chain
anion ZFHKL TV BT LG LTWS. THIERHL
¢, RicHARDSON'® |3 2FeO-SiOy DFRKIZ IV T,
58i-0-Si<€ DT RTDT Y v IBWESH, B4 A
LLTiE SO BEAETH EHEL TS,
ROSDg%K366ﬁ§®M%%%mKI6t,C
DTOYEEL 2Fe0-Si0; DETAMCEL LB T &R
HBRTWD. LT 2Fe0-Si0; #K i\
¥, ¥+ % chain anion O X574 F L OEERT
FFLOBELRO LI CEELNDR, THOEAS
L DEFIC VT, X BITSHE A D O ERAIER
BUETH5.

6. & &

1560°C e 351} B FeO-Si0, TA 5 7 L BAHMOBE
OSEEEPrHIRZA4 L, VY WDOFEREERDIC.

1. v »RafERkc 305 BEkFOFHEEE % &
0°087%, areo=0"455, 7re0=0'875 TH 7.

% 7= FeO-SiO;, FHR 7 Ficat$ 5 ) h OfafliEht
B 43% THo7.

2. LY hREFERKICKIT S areo (ARLKE FeO ZE
#£) 1 Nsio,<0'28 TiXb T M ICEREL Nsio,>0"28
Ipv ) pfEafEE CIARKLTH DT

asio, (EWAS S10, FE#E) 1ILIREHICH VT, ZLWw
FERAZmR L. ,

3. EEREICIR®DTC areo, asio, & D IR fayalite O
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AREET A VF — aHEE LR, —5°45 keal/ mol
Lol '
4. FeO-SiO; FIRAEM & % (0> OFNEE 2 H
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Relation between the Viscosity and Conductivity of Molten Slags

Synopsis:

Makoto KATO and Susumu Minowa

Relation between the viscesity and electrical conductivity was discussed with the molten CaO-S8i0,-Al,04
or [GaO(43)-Si0;(43)-Al,04(14)]-addition system, from the arrangements of the data which were
reported in previcus works. The viscosity coefficient and conductivity were related with each other, in the
equation log y=a+b-log . The calculated viscosity coefficient is in good agreement with observed one.
The estimation of the density, surface tension, viscosity coefficient or conductivity from the slag composition

was tried on the molten Ca0-8i0,-Al,O; system.

(Received July 1, 1968)
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