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Diffusion of Oxygen in Various Binary and Ternary

Liquid Oxide Systems

Minoru SASABE, Kazuhiro Sylvester GOTO, and Mayumi SOMENO

Synopsis:

The oxygen diffusion coefficients in various liquid oxide melts have been measured from the EMF meas—

urement on oxygen concentration cells with solid or liquid electrolytes.

This method can determine the

diffusion coefficient without the solubility data of oxygen in liquid.

The liquid solutions, without transition metal oxides, having compositions of Na,O-GeO,, PbO-SiO,,
PbO-GeO,, and CaO-Si0,-Al,O,, were studied 4t 1 000 to 1 450°C. The liquid solutions, with transi—
tion metal oxide, having compositions of FeO-PbO-5i0, and V,0,;~PbO were studied at 800 to 1 300°C.

Tt was discussed that the diffusion rate of oxygen in a liquid oxide system without a transition metal was
determined by the diffusion rate of diatomic oxygen dissolved in the liquid oxides, and that the diffusion
mechanism of oxygen in a liquid oxide system with a transition metal oxide could be explained by the quasi-

lattice defects model.

(Received Aug. 11, 1972)
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Fig. 2. Schematic diagram of cell assembly used for
FeO-PbO-Si0, and V,0;-PbO systems.

Relation between the dimension of
specimen and diffusion coefficient.

Table 1.

Depth of Diameter of

specimen (cm) specimen (cm) Dg, (cm?/sec)
0-93 1-2 9-6%10-4
2-41 12 10°0x 10-4
1-00 35 9-8x10-4
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Fig. 3. Schematic diagram of the cell assembly
used for the check of EMF measurement.

Si0,-20wt?%AlL,O; T DR S5 4% MgO Y FDHRT
IR L, X ORI v 3 S E R, T Y R
FEOTEHRMBIERT VS, ZD7 L FEDNA
Pt Bz A 7 VOREIT Hidd 5K ST, %727
VR FEDOHNAIC L Pt BiEE A 5 S OREITEAMT
STl Fi, TvEFEMNMIOGIEDOREESE
REET D7D ZrO,-CaO ZEFEMEE L, HEBEEE
FEHER Ni & NiO OFHEEEESTE LT HEREIREE
WAE{ER L.

TD7 v T ) —EETEIPTHEL 1400°C 1T
R’iF L. ZOL EOEERBOKLRENZTIOTHDO/. 2
WTT7 WV FERPICHEELZRE e 2N —50
mV %R L7z, 10 min % 0% E500& UicpsieBE 2
Lichoi. ¥, 7ivi FEPicfiigEZsmE >0
FRSEOBERAE 7 VT iThzic. TOEEREEN
X +15mV AR L7 ZoFEFE 0min KE L5
BIREREL TV, TOHFHEKLLOEEIC LTR

Table 2. Relation between EMF measured by the oxygen concentration cell
with liquid CaO-Si0,-Al,O; electrolyte and temperature.

Atmosphere Atmosphere *akk Fdkk

refeorxénce in Temp. EMF* EMF, ** Calculated Relative
[s]

clectrode furnace (°C) EMF (mV) error (%)
air air 1 400 +425 0 0 0-0
oxygen air 1 400 +425 — 50 — 56 —10*7
oxygen argon 1400 +210 + 150 +165 - 91
oxygen argon 1260 +260 +120 +125 —12-0

* EMFg is measured by the cell with solid electrolyte ZrQ,CaO and Ni+NiO as reference oxygen psessure source.
** EMF, is measured by the cell with liquid oxide CaO-SiO;-Al,Oj; electrolyte.
***  (Caluculated EMF is calculated from Pg, which is measured by the cell with solid electrolyte.

Fkkck

Relative error=

Calculated EMF—EMF,

Calculated EMF

x 100
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Fig. 4. Relation between EMF change (4E) and
time (¢) in 40wt9CaO-40wt%,Si0,-20
wt?%Al,O,; at 1 435°C.
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Fig. 5. Relation between EMF change (4E) and
time (t) in 1 molg; FeO-79mol2,PbO-
20mol94,S5i0, at 1 250°C.

Fig. 6. Relation between EMF change (4E) and
time (£) in 50 mol%, V,05-50mol2; PbO
at 950°C.
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Fig. 7. Relation between diffusion coefficient of
oxygen gas and temperature in liquid
Ca0-5i0,-Al,0;,.
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Fig. 8. Relation between apparent diffusion
coefficient of oxygen and temperature
in FeO-PbO-10mole, SiO,. The
dotted line shows diffusion coeflicient
of oxygen gas in the 90mcl?, PEO-
10mole, SiO,; without FeC.
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Fig. 9. Relation between apparent diffusion
coefficient of oxygen and temperature
in 1 mol¢sFeO-79 mol9,PbO-20 mol
% Si0,. The dotted line shows
diffusion coefficient of oxygen gas in
the 80 mol?,PbO-20 mole;Si0,
without FeO.
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Fig. 10. Relation between apparent diffusion
coefficient of oxygen and temper-
ature in V,05-PbO.
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52 LT DIMHEDHME

5.2-1 Ca0-5i0,-AlLO; %

SRl CaO-Si0,-Al,Oy 134 4 VIEBKRTH D Z &8
MALKIN, KHOKHLOV 33 X (X SHVARTSMAN!®) |Z XD C
HHINTWS. 20X 5 REREBRILNIKEDOEER
A%, KEORA A LIV SaOhidksFEk
BEFCHEREIN TS Tihbb, 44 EEEER
AT FHRTIEROFEBEILL TS,

Mo (dissolved) +1/20,=MO (in oxide solution)
e (13)
K=ayo/am’- PY3 ceeeeeenenennn (14)
ZZTHE M ixdiE &8, O, ikhikoikk, MO 12
Bitchsd KRFHEHRTHY, e RERZH LD
F .5, SMMEELTWBRT FEREFHED A 7 S'H O
ESENHCRMOBESIECEHLTWE EHFEIRE
&, [MOBRSEXBTIHENIERS SHOBRESE
HETT 5. oL &FEIT (14) ABRILLTWiRTHh
W BT, ay®, Gvo BEET 5. L»L, MO
BHBRELTYWS O XU M 2 55t kE
CHET 572, Por OEFNTL DT Guo BRELE
BT 5z EiRELSREV.

Fig. Il & 40wt9 CaO-40wt9, Si0,-20wte, AlLO,
o 1630°C it KT DALy D 4 [Ca®] L
D7 =T n [AlY], FEEDS A E [SI] SXOH
HEEE [0.] OiEE%® C. WAGNER O L ERIC X DERFE S
FEOREE LTHE L ELOHEEZ LD TH D, &t
BHEZTCICHE LD OTEIET 55, ORI,
KEFE RBIOR =FADW OFEF— %, Eruorr X O
GLESER®™ J{DF — & - 7 v 7 ROBHARKER T 40V
FlHMEBORIEDOF — 42 ENFHBWTEHEL
7z, Fig. 11 BRT X STEMRORESET (Por=
0:21~10-%atm) T, PESEOREIFEREDR

-log [0, [a17], [ce?), [Si®]  (mol/er)

(atm)

-log A,

Fig. 11. Estimated concentration of [Q,1, [Al°],

[Si®] and [Ca®] in 40wt9, CaO-40wte)
Si0,-20wt2, Al,O; at 1630°C.
(@cao=0"115, 8si0,=0"5, @a1205=0"003,
by SanBonc! and OHMORI)

Fiz K SAKREWIZ/NE W, —F, BBESTFLPESE
DORE XV, BEOWEDHEEDEEE 5 5D T
VIERBIT T 2 M vds, PauninGg? OFE L7 RT-E
ERICHERBEGEELRAV RIS &, &5F
DERIE O;=2"64A (FKE ), Ca=3"93A, Al=2-86A
Ly, EBSFPEESTFICL SRTNI WO TIX
RWDT, EBSFREBES T ORTELCHLE
B oz iilEzicd v LENOTEMEOLKE T T
X, BEES EDZELIT X 2T Uik R, D iE
EERMAR S SRR T 2 BHRTH D EHFEZ LN 5.

Korros & Kine®®, X ONERE, BHA LW, BEE
DFRTEE "0 B L BO #FHWT 40wte, CaO-40
wt% Si0,-20wt% Al,O; FROEREDIREIZBIEL, W
THhLEWE X DS HOWE R EE TS, Th
LD 2ODOMWMEITWTNHEERLA 4 & LTHL T
5DT, A rbDI—aHE5FTw5EER
TR B, AR CRO P OBEES IR T
DT —a L HESFEVWEDM2EOHEDEL D B
PERES AREL LB b DEEF L BN 5.

e OH 2 SR HIZEEE, 2EFH5F D [0, »»
HEVFHEETELTO [0] TH5E. BEELEH D
MERDERE & BEES T OERE U~ RY
S, AERMOBED EAFEE BESED BGY
WiLLiams'® 23IE L, EBE L BESEIILAT LD
T, BRI REFE O, DJETHINT S, LLTV5.
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Fio, D& EOPEBLOEL = &Zv¥F—iF 29Kcal/
mol CEAFIZEDEIA V. FAROBHEIT D BRF5
Fo [O] HPEMT 5 &+ 5 X0 LinBEhg L 2 5iF
FD [0,] MRINT D EFX I HFPBEUHTHS.

R T S iERE R L e SR BT AR & L
T, Friscuar & OEL® 35X {8 MULFINGER & ScHO-
LzE'M 3 Na,0-CaO-5i0, thod> He D¥hH%,
cHat t OeL'® #3f@ U< Ne OIKBHHRECZE|E L Tw
%. 1300°G Tix He OHERENE D=7"1x10-*cm?
/sec, Ne ¢l D=3-2%X10-cm5/sec TH5H. Thit
NOFEEL=ANVF 11 ELLHHE9 14 Keal/ mol TH
%. He OEfmERx 2°00A, Ne o #hid 2°34A T,
He X O, @ 2'64A iz < B2 78 D/AhE WS, Neldig
IERUCTdHdD. HESELDOTCEMICILBRTER Y
D%, AT CoRked Ao B R EDs, He & Ne D¥RGREK
OREOMETH B &0k, WIERER UBESIER LT
WHBEEZDTLENBYTHHIEEZRLTVD.

5.2.2 Fe,_ ,O-PbO-5i0; F 3 X U8 Vo4 ,0s-PbO F

Fig. 8 33X Fig. 9 wRloh s X 5, PbO-Si0,
FA S S Fer- 20 AR N17 % & AT OYRHERE
MEkELAS. DX ST FRLED HER A LRDLD
v, Ebgkopitkimicksbh0LEXLRDL.
TUREIMETT % & DL O HEEIC D W TIE WAGNER &
GRUNWALD'® H3[E][f&D Cu, O NHBifkpyE % L 5~
I B L7 DA TH D, ZOHT WAGNER
SV, pRE TR R AR X D TR D T & 23
LEEERAICEERE LT 5. [k FeO w2onWTd Wac-
NER OMERZWIFATE 5 T &% HAUFFE & PFEIFFERZD)
MEBANCEEA LTV S, BT >»wTid. Pa-
STUKHOV, YESIN 33 X UF VaTorinD 53, Cu,O 3 X U V05
WCRBRRIMTIDH 5 Z L EBMTRLTWS. IR
FeO »:iithpo a2 L WO ERS T o/ e
VI B 7 570 Vs, StMNAD, DERGE 35 X UF GEORGE? X
Whigk & SE6T L7ciERh FeO-Si0, DA F DWWl
~2, SiO, L EN 8% T TH 1002 B L, 34%
FCRIREIZEE, 34% LA b 90% BED A & AMRET
$5D, FIWELTVWS. Eho 10% BEFERLETHD
LS. BMBRLMCEFEERS S DHEIIX
WacnNER OHEMASEHE T X % FEEPEEERF>TW
HEEZT, BORBEVWEEZLNLDT, Fe O &Y
HEEELh OB ZEOIEE R O>WT Z OB % EH
LCEETS.

4, {AEh Fe,_,0-PbO-SiO, 1> Fe;- O p3EEHET
(quasi-lattice) #HA T 5 & {H%E L Havrre & PrEI-
FFEIR H7R L 7Btk FeO rhopiEfApE e TS

Fris—

5 2
] %
% ]
] IO' 7 ] 2-
% ; f <~ 0., —0'+260 +1/;.‘“
; Fe" Vrar 7(
; Z
] 64 /
i /]
//H Qher/’n’n ] <0y 0528 +igge

Fig. 12. An illustration to show the oxygen
transport by a movement of posi-
tive holes and cation vacancies in
a quasi-lattice model of liquid oxide
solutions.

5 &3 5L, positive hole ik FEER DOl & LT
ROKEEL ZERTE B
1/20,(gas) =02~ +Vre2* +2@  ----o------ (15)
Z =T Vpe?* X Fe?+ ¢ vacancy, (P2 positive hole
THbH.
(15) KoV fjsE s
Qo*- - Gope* - AE?
iy
AR DEEICIE Qupe?t =20@), Go*~=TER L LT K=
K'as®/Py? EFET B0, MWEKER LT $IETEC Zhhs
BT 50 ES»RPTHEDOT, T THEH—FNLD

K=

cereteerens (16)

BbLAELT
K'=@@/PYP ovveerrmvisnnienininn (16)
L. (n B LIRS V).

TD XS5k P BNEKBRILYORTORES ELE
fhxgtxoWEoE% Fig. 12 iR L. Fig. 12
ERTESKAT FhOBLIIIPESEF LR D7D
positive hole D¥AELH[A] & i & D Fe?+ OIEMRET
58NS 5. Fe2r ofials (16) KTix Fer o
vacancy $3 positive hole R A MAIEHLT S, & LT
RFo7. TDX S KBETER» T OFEEOIEROHE
1% Fer+ o vacancy OIAEGEREICEEIND. 1200~
1 250°C Bl LB CiX, B O ZEOIREMRENIIK
B0 7 L= 2OROER LICHE LA, 1200
~1250°C LA ko> &iR{EIT o BERED RO HRELRE
13, BEBEORC I >TREINGIDEEZ LR
5. Thbb, ZOFRTHE, 1200~1250°C 28z LT
BRI E KRB OBBSRILOTVWD, ¢EXD
hb.

Pastukov, YEsIN I X U VAToLNE2D [XIiED V.04
-PbO DERZEE L BESED BEHREMEL, %
V,0;5-PbO 3 n BINEKTH Y, TOREEMIEED
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PbO - Si0,
—-— Ng,0-Ge0,
—=~-— PbO-Ge0,
oL —=---— Ca0-Si0:-Al,0;
g
Y
E 3
(8]
S
o ~
2 o
[ \\\‘
4 - ‘:\:\
\\973\
eso‘vz ~,
N6
R
5 1 1 1
60 70 80
/7 x 10

Fig. 13. Relation between the oxygen diffusion
coeflicient silicate and
gelmanate.

in various

BRR S EDORFHRE T X > ClEBERIC LT 5, &
BELTWS. BB » BT interstitial
DA F 2 LUEBBBFTHANTE S, LiohDT,
V.04-PbO F D BT OBEOHEREE, interstitial
DV A X LEARBETF OB L DTRES DD
LfEESHhD.
53 BEOHLBEHEMORERFR
Fig. 13 i E B X LTSRS U B R D ILENR
B CIBEORBRETR L. 2L, DHcRE LD
DOVIRFFERESIERNT 5 & U THRERE Z kD 7225,
CZTR2ZIAFERESIEHR TS LTRHE LS L
ZIREDHEREZELEDD L,
10094PbO : Dg,=8-3xexp(—23x [03/RT)
90 mol2,PbO-10 mol?;Si0, :
Doy =83 Xexp(—24x 103/RT)
80 mol2,PbO-20 mol94Si0, :
Dp;=8"3xexp(—25%x108/RT)
70 mol%,Pb0O-30 mol %4 Si0, :
Dg,=8"3xexp(—26x 103/RT)
40 mol2,PbO-60 mol2,GeO, :
Doy =4'0x10-2exp(— 13X 103/RT)
30 mol2,PbO-70 mol %, GeO, :
Dp,=4-0x10-2exp(—14x 103/RT)
40 mol%,Na,O-60 mol2,GeQ, :

Do, =20% 10-%exp(—13x 108/RT)
36 mol%Na,0-64 mol2,GeQ, :
Do,=20% 10-2exp(—16x 103/RT)
30 mol 26Na,0-70 mol2%GeO, :
Do, =20 10-2exp(—18x 103/RT)
45wt9,Ca0-40wt9;Si0,-15wt24AlLO, :
Dos=4"5%exp(—32:5x 103/RT)
40wt94,Ca0-40wt2,Si0,-20wt2% Al O, :
Doz=4-5Xexp(—33-0x 103/RT)
25wt2,Ca0-65wt 25 Si0,- 10wt 25 Al O, :
Dy, =4"5xexp(—34-0x 103/RT)
TH5 ZRTTXOSTEBEELZE T VWiARERL
WHOBBEOIEREIR 7 L= 2D0RIicH>.
EREITROREZNBEL L VOTHENRZ 21T vk
s, Fige 13 W O DA RLTWS. 0
1Dl Y — b= 32— bOEBSHREOFERE
FNF — LIRBATFICD b T\wb. BREDOHREIORE
b x A F -T2 Vs — TR 25~35Kcal/ mol T
»0, ¥rwi— Tk 10~20Kcal/ mol D% & 5.
EEBIRFIE, v Y% — P T 5~8cm?/sec THhH, ¥
T h— bTIX04XxX10-1~2X10-1cm?2/sec T, > V) 4
— FOEBT VR — FDOEX D 1~2 HERE V.. G
b= F X —D2EWE, YV — bEF2H— FOD net-
work former DHHDEZRTHIDEHZLOLNS. Tk
bbb, BEAA LT ISV a2DKEWSI DL Ge
T BRERLEOFENMEL, K FoghB% O, 28
BERDITIRXOVAREL T ANF —2ET 5. %/, IRH)
RFD2DERIY Do= (AekT/h) (expdS=/R) pSEET T
5EThiE, Bk bo©— 45 LI ETS
oy o FEEM 1 OMRTkOLRE. LD, v
v POFREEEHE S Y — hEF VTR — FTHED
BbhwnweTsL, vy sr— boEE b o ©—13,
P2 i— FOFERLTY o ¥ — X ) 5~10cal/ mol-
deg kEWZ LT/ 5. 7, Eib=r b -
BiEWwET 5L, vy PO 1 W, YUy — b
1 MEVTEI—FD 2 D 3~10 EokEX LS.
5 —DDFHIT Na,O & PbO ¢ Network modi-
fier $HBTH 5. < Fx— bTHE Na,O ZEMUE
HFOEBF U E LD PbO HIFEMLAEES X VEEED
PRB R A5 K X > T Network modifier %) R1% Nay,O
PO X W REWEEXLND. ZOMHEMIIEE-14
70y 2 DB —ET 5.

6. &
FeO-PbO-Si0,,

Il

Ca0-8i0,-Al,0;, V;04-PbO ¢
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724 # & #

% 59 & (1973) 6=

DERFR O YRR B » B R R E & A L ClllzE L
BHEE, BRLR 7 S POBEOEFANRLI LT
D PR RIS HEIE T & 5 RS 5.

BohkBRIIKROELEVTHS.

1) CaO-5i0,-A1,0; FTOEBEHED HEHGERIIRD
NTCRTZENTES.

45wt CaO-40wto,S810,-15wt2pALO,; Tl
Dos=(4'5+1"3)exp(32°5x 103/RT)
40wt 2% CaO-40wt2,5i0,-20wt 2 Al,05 Tlk
Do,=(4'54+13)exp(33-0x 103/RT)
25wt9%CaO-40wt%Si0,-10wte% ALy TIX

' Doz=(4"5+1-3)exp(34-0x 103/RT)

T&H%. network modifier ‘T 5 CaO DOFEINENESE <
5 &, IRRGRBIIRE KB,

2) Fe,-,0-PbO-8i0, FH TIHKIRA & BiRAITHREL
OBENRRIL S, KRR (1200°C LIF) T, BED
YRR RIS '

© Dyp=(1723+0-2)10-1exp(12:0x 103/RT)
TRENDD, T ZTKRD BN IIREUREIIEE F A PREL
THRECAE IS DT L, positive hole & Fe2+
@ counter flow O EFHALEINS. 1250°C Ll ET
WIBTFRRE N 2 DIRIS BB CH 5.
3) Va4 ,05-PbO TR LIcRIRERIC 2D,

Dyp=(3-8+0-8) x 10-texp(6-0x 108/RT)
EHobT T ENTES. ZOMEGREIEERET L
VE+ @ pair diffusion T X > CT#T 5.
" AR OEFEECEREERILE & BR{LdT
ST EA AR T 5D Tlivwh, L Llcer b
EED 1 AN () KA Ve €. WAGNER
2 LOFBOPTELIOTHS. RHEFT LI LB
BHETET.

r¥x, AMAIZHERERREMEIEEL ST b0
TdH5.
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