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ABSTRACT

Nonstoichiometry(§) and the phase stability region of a ferrite spinel (MgysFepn)i—5Qs have been investigated
by a coulometric titration method as a function of temperature(T) and oxygen partial pressure(Po,). It has
been found that the spinel is thermodynamically stable in the ranges —8.0<log(Po,/atm)< —2.4, —7.0<log(Po,
Jatm)< — 1.7 respectvely at 1600°C and 1100C. The nonstoichiometry extends over the ranges of —0.004<8<
0.007, —0.008<8<0.006, —0.033<5<0.004 at 10007, 1100, 1200, respectvely. The observed Pg,-dependence

of & suggesis that the majority ionic defects are cation interstibals in the low Po, region and cation vacancies
in the high Pg, region,
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Fig. 1. Cross section of the electrochemical cell.
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Table 1. ANg, and Corresponding MNoenstoichiometry Changes (A8) as a Function of Oxygen Partial Pressure
in (MgyaFeqr)s—aly

(@) at 1000T

log(Po,/atm} ANg, Ad log{Ppn,/atm) ANg, AS
—2.39 159 1076 540X 1073 —4.00 0 0
—241 153107 51831073 —4.36 — 242X 1077 —820%107*
—2.50 131X 1076 4431077 —494 — 4.66X1077 —158x107*
—256 119107 405X 107% —5.00 —6.67X10°F —226 %1073
—2.62 1.15x10°¢ 3.90% 10 —5.06 —622%1077 —2,11%107?
—2.60 1.0910°¢ 3.68x1072 —6.37 —3.00% 1077 —258% 1072
—2.67 9741077 3.3010¢ —645 —1.06x10"° —361X107
—2.73 864X 1077 2.93%107° —7.76 —126%10°° —4.26x107°
—2.90 708107 2.40%107° -7.85 —133%10°° — 451107
—339 C BAAX107 225%10 —7.90 — 148X 10 — 501X 107
—2.77 543X 1077 2.18%1073 —7.92 —142X10°° —483%107
—-3.16 4221077 1.43X107
—3.28 267X 107 9.04>10~*
(b) at 1100T (c) at 12000
log(Po,/atm) AN, AS log(Py,/atm) ANop, Ad
—1.76 147X10°¢ 4197%107° — 148 0 0
—207 103%10°6 348X 10 -1.71 —2.08%1077 —1.00x107¢
—247 5.87 %1077 1.99% 107" —154 —417X1077 —200%107°
—3.15 145X10°7 49010+ —2.29 — 626X 1077 —53.00X%10
—3.04 a 0 —2.61 —834X10°F —4.00X10""
—460 —221%107 —7.50% 10~ —3.02 —1.04%1076 —5.00% 10!
—5.34 — 4431077 — 15010 —-332 —125%10"" ~6.00% 10"
—5.87 —6.64% 1077 —225%107 —348 —146X10 ¢ —7.00% 107
—6.26 —885X1077 —300X1079 —3.66 —166X107" - 800X 107
—647 —111%10° —8.75%107 —3.75 —187%10°¢ —9,00% 1072
—6.61 —133%107 — 450107 —383 —2.08X107° —1.00% 102
—6.71 —155%107¢ —525%107 396 —250X10°° ~120%10"2
—6.80 —177x107¢ —6.00%107% —411 —292%107% —140% 1072
—6.87 —1.99%107° — 675107 —4.20 —333x10°° —160% 107
—6.95 —2.21X10°° —750%1073 —4.26 —3.75%10°° —1.80% 107
—7.01 —243%X10°° —8.25%107°
—7.03 —2.66X107 —9.00% 103
—7.06 —2.88107¢ ~ 975X 107
—1496— 5.41%H 5] 7
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Table 2.
{(a) Comparison of Ky of Mg-ferrite and of Magnetite'
Mg-ferrite magnetite
10007C 028 £0.02 105
1048 0.166=+ 0.006 44
1100°C 0.086+ 0.005 20
1200C 0.028+ 0.004 5

(b) Comparison of K; of Mg-ferrite and of Magnetite'”

Mg-ferrite magnetite
1000T (19 £0.3 )x10°¢ 20x1071
110T (1681 0.05)X 1077 3.6x107%
1200 (2.09+ 0.05) % 10°® 3.2x10°°

Eelrls Mgtzh Akl A2 Eojrbar) o 4es
AlAFeE 4= gl B Aae o) 2 A dus F2
goick

4.3, &3

s|ebete) E(FeOnste] Ak oo AAZen 4k
Fabel FobH (MgwFern)li-sOy #lEe|Zoll& Afel
Ala] ofe) 2y} ofel-e wialzlrl ALY FE& o)
FRIER(F, §=[Va]+[Ve]) 4 (2= &7 2o
A},

AS=Ky-Po 2 — (25)

wekA] ASE PoPell tiafl Azd shdAl dge] 4
714771 Kedl Adez epd Flelch 28t Po,7t
v % S7lated Ak dY9E wlehvbH Fe07) A43E
WA oleigt AdE Q) ke 2RE] WoviA F e,
222 & nonstoichiometry 88 Po,™® 2]&Ae] ‘52'151-
A4 Al e} Al Fogde] ARk
e 9] ”ﬁlc' HAAE 7 Wk

EFF 4ld Fgbe] o welR|A] HW ¥ o
HAGgE Alolalz] o]z ® = 4] 4=

—21'376*

ASz= — K Py, (26)

3 oghe] TAbE L, webA] AR Po, tH o|EAde] A4

HE Weluls HL magnesio-wilstiter} & 2E7)
Al=hehe A dlztel Y] Aok oY skl s
gheh Al HZelA] Age Poeoll w2 A3l W
g Fig. 5o 2ol 41 259 26)44 @iz
A4 st Ao 2iE wojur| AlabshE Peghs

— 1498~

A -

T T
02 = 1
MF| MF+H o °
. L]
7 [
<] L J
01 b 1
0.00 L L
0.0 A 2 3
{Pozfatm)ZB
fa)
0.000 T T T
L)
-005 +
]
<]
=010 -
-.015 : . 1
0 20000 40000 60004 80000
(Pozi’alm)'ml
(b}
Fig. 5. Typical chages of nonstoichiometry near the

phase boundaries.

(@) ME/MF+H boundary at 1048 (h) MFE/
MF-- MW boundary at 1100C Vertical solid li-
nes represent phase boundaries.

MF: magnesio-ferrite, H: hematile, MW: mag-
nesio-wistite
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Table 3. Phase Boundaries of (MgpwFesn)—s04 as
Determined by Coulometric Titration

Phase boundary | 1000T 1048C 1100
H+ HF/MF —24+01|—20%£01| —1.7+0.2
MEF/MF+MW | —-80x0.1 - —7.0£0.1

*Phase boundaries are expressed in log(Po,/atm)
H: hematite, MF: magnesio-ferrite, MW: magnesio-
wistite
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Fig. 6. Equilibrium constant Ky for the formation of
cation vacancies in (Mg xFeora—s0s spinel as

a function of temperature.
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Fig. 7. Equilibrium constant K, for the formation of ca-
tion interstitials in (MgyoFeon)s—s0s spinel as
a function of temperature.
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