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Masatsugu Oishi, Keiji Yashiro, and Junichiro Mizusaki

(Received August 30, 2007; Accepted October 11, 2007)

Various properties of the metal oxides are strongly affected by the nonstoichiometry.
Therefore, nonstoichiometry is very important for understanding the basic character of the
metal oxides. Nonstoichiometry of the metal oxides is often measured by the gravimetric
measurements at high temperature under controlled atmospheres. As the vapor pressure of the
metal is negligibly small compared to the oxygen, the nonstoichiometry behavior of the metal
oxides is often measured as a function of the oxygen partial pressure.

In this article, a brief review is made for the experimental technique of nonstoichiometry
measurements by means of high temperature gravimetry under controlled gas-atmospheres: The
oxygen nonstoichiometry is measured as the weight change at different oxygen partial pressures.
The principle of the measurement is very simple. However, as the measurement is carried out
at the equilibrium conditions at the high temperature under controlled oxygen partial pressures,
and moreover, as the measurements often extend over a long period of time, the precision and
long-time stability of the measuring system are important. Other important reminders will also
be shown for the measurements procedure of the gas controlled high temperature microbalance.
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Fig.1 Schematic representation of free energy-

composition of M-O.
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Fig.2 Oxygen nonstoichiometry of Ce9Y0.101.95 5.

[From T. Otake, H. Yugami, K. Yashiro, Y.
Nigara, T. Kawada, and J. Mizusaki, Solid State
Ionics 161, 181 (2003)].
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Fig.5 Oxygen nonstoichiometry and oxygen absorption

of SnO; - s. The right-hand scale shows the oxygen
content in SnO; -, plotted by symbols and solid
curves. The left-hand scale shows the mass
change due to oxygen adsorption, plotted by
broken lines. [From J. Mizusaki, H. Koinuma,
J. Shimoyama, M. Kawasaki, and K. Fueki, J.
Solid State Chem. 88, 443 (1990)].

PEAEEREL THIE L 726 & L TMizusaki 5D Sn0; 5
DOEEFAE A Fig.5 (ORT 1D 518, BIEIEERE
ICEBMEEAT)FUCLD, IR EVEZ &, 7
DHFHEZ RS L7122 &, F AR & &7 AEOHIENC &
DEFNEEI—EBIR 2T RE L2 licky, E&
ZitRE L+l ug, SIZLTI0-4-SHOMETOHIEE
FER L, FEFINShERRbEE, BRZELELKAD
FRFAE = e 2L T LT,

3. #&U

WMERFRIEC L BHIEIR, BFIEWICIIEMTH D05
EICY 2o TE, WEIRXLEPSV, O TG 2 %0
FFHW22 T, BEMA TSRSG5 <, e
FIEDEH AR EOLEPNLE L 22, HIELL
F) 5 F COWGEDSL N ODEEE D LIz,

BE, BRSE —EIR THE SN PHMES R
W T, BEACHEOWES, ZOMAEFED & HEE
F N T A =8 (KIHFUGREE, JEoeth) &k b5k
KT L B 1819 ZRLIAMZY, 278 CTHRALZ
FEWAERNE, SEOREERENE, 20 F 72 FA Ao
JREE R AN AL ER B E 7 &, 2 DInHHRIZIL V.

LGtk sea DERERL ORGSR, 72 oo
SETC R PRI A S s e KA 2 AT W o e E 2

BIEIZ, Az o—ghe 2IUTFENTH 5,

X ®

1) L, B MR, SRRt A M F
F A M) — EERRE, NHEER (1987).

Netsu Sokutei 34 (5) 2007



2)

3

=

4

=

5)

6)

7)

8)

9)

10)

11)
12)

13)

14)

15)

16)

17)

18)

19)

20)

3%

JKH S, FRERE R, BRI - FEERE AR, &
At (2001).

AR bR, BT A4 LAY iEOE
JiE, AR S 5 — (1997).

WA 18, HEEAE BiE - WS, APRBITEIC BT B R
& TR E ZDILH, 74 ¥—— (2002).
ANERE T, ANEIALEW O, BiJafE (1985).

T. Otake, H. Yugami, K. Yashiro, Y. Nigara, T.
Kawada, and J. Mizusaki, Solid State Ionics 161,
181 (2003).

T. Nakamura, G. Petzow, and L. J. Gauckler, Mat.
Res, Bull. 14, 649 (1979).

H. U. Anderson, J. H. Kuo, and D. M. Sparlin, Proc.
Intern. Symp. Solid Oxide Fuel Cell (Electrochem.
Soc.), 111 (1989).

H. U Anderson, Solid State Ionics 52, 33 (1992).
N. Kamegashira, Y. Miyazaki, and H. Yamamoto,
Mat. Res. Chem. 11, 187 (1984).

J. Mizusaki, Solid State Ionics 52, 79 (1992).

J. Mizusaki, N. Mori, H. Takai, Y. Yonemura, H.
Minamiue, H. Tagawa, M. Dokiya, H. Inaba, K.
Naraya, T. Sasamoto, and T. Hashimoto, Solid State
Tonics 129, 163 (2000).

J. Mizusaki, Y. Yamauchi, K. Fueki, and A. Ishikawa,
Solid State Ionics 12, 119 (1984).

J. Mizusaki, M. Yoshihiro, S. Yamauchi, and K.
Fueki, J. Solid State Chem. 58, 257 (1985).

J. Mizusaki, Y. Mima, S. Yamauchi, K. Fueki, and
H. Tagawa, J. Solid State Chem. 80, 102 (1989).
DT, kB RERE f, PR ORI,
LN, 226 (2005).

J. Mizusaki, H. Koinuma, J. Shimoyama, M.
Kawasaki, and K. Fueki, J. Solid State Chem. 88,
443 (1990).

K. Yashiro, S. Onuma, A. Kaimai, Y. Nigara, T.
Kawada, J. Mizusaki, K. Kawamura, T. Horita,
and H. Yokokawa, Solid State Ionics 152-153, 469
(2002).

K. Yashiro, S. Onuma, M. Sase, A. Kaimai, T. Otake,
H. Matsumoto, T. Kawada, and J. Mizusaki, Solid
State Ionics 176, 2411 (2005).

K. Kawamura, T. Nakashima, and T. Maruyama,
Mater. Trans JIM39(7), 747 (1998).

Netsu Sokutei 34 (5) 2007

213

SR AU A R AT 12 & 2 SRR DR AN E LR OAF R E

=
=]

=

MEAGEIES, SRRt otRIcREr 5.2, e
RENTERENE 525, Lo T, BENEREOWEL,
SRR OIEEM IO BRI I RERE E 5 b, SRS
(OB EILIEL, TGOS & OB/ O
RICEDAL, ZOIEMZEEIE, —EiREICBW TR
TR ST A= L LRI L CRBR AU iR
MEERFEZ1T) FHL

FHAHE S RMERIEIR, BERT Y ¥ v Sy
LEREENS, TOBEAEHELHWETLLDTHY,
HEFEMIZEMTH S, LaL, s 2o5cmE T
DOFHETITNEAEYCEL 2 L HrEI5, EE
BV ISRERE & BRI Ze 1B L CREE TN & s
Bl v, FNHEAULIC, FREAHIMSRMERFIEC
& B PHIE ST C oW TR E R E R OTFEE T xR A
¥ %,

KA S| Masatsugu Oishi

FALKST ZICWEFHAITGEAT, Institue
of Multidisciplinary Research for
Advanced Materials, Tohoku Univ.,
TEL. 022-217-5342, FAX. 022-217-
5343, e-mail: oishi@mail.tagen.tohoku.

ac.jp

JUtER]  Keiji Yashiro

FALKST: ZICWBFHATGERT, Institue
of Multidisciplinary Research for
Advanced Materials, Tohoku Univ.,
TEL. 022-217-5341, FAX. 022-217-
5343, e-mail: yashiro@tagen.tohoku.

ac.jp

JKIE#E—ER  Junichiro Mizusaki

WALKRS: LT AR ARITERT, Institue
of Multidisciplinary Research for
Advanced Materials, Tohoku Univ.,
TEL. 022-217-5340, FAX. 022-217-
5343, e-mail: mizusaki@tagen.tohoku.

ac.jp





