]
3
1
]
]
r

Sensing Behavior of Vanadates and Moly-
bdates under Low Oxygen Partial Pressures
at 1,000°C*

Kiichiro KAMATA

Vanadate and molybdate ceramics reproducibly showed a drastie reduction of
electrical resistivity over 108 (f:-cm) or more under the oxygen partial pressure
ranging 10-11 ~ 10-17 (atm) at 1000°C. This large step-wise change in resistivity

was found to arise from the phase transition between the insulating phases as AMOy

{A=Ba, Sr,La,Sm,Y; M=V,Mo) and the high conducting phases as AMOj; Use
of these oxides for fabrication of oxygen sensors or the calibrating materials for a

zirconia cell was discussed.

INTRODUCTION

In recent years, some oXygen sensors have
been presented for the monitoring and control
of the combustion process in an internal com-
bustion engine or a furnacel4), All of these
sensors operate by virtue of the gradual varia-
tion in electrical resistivity proportional to the
ambient oxygen partial pressure (P,,). If a
step-wise change of resistivity in oxide ceramics
takes place with changing P,,, it will serve to
indicate directly the value of the oxygen partial
pressure in terms of its jumping point.

The_prese_nt author discovered a quick phase
change with dissociating Oz gas from BMoO,
(sheelite-type oxide; B=salkaline-earth metals)
te BMoOs (perovskite-type oxide) under the
oxygen partial pressure in the range 10-12~
10-16 atm at 1200°C%., The BMoQ4 compounds
behave as a pure insulator with no conduction
electrons, whereas the BMoO3 compounds show
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a metallic conduction with 4d2 electrons6), Simi-
larly, LnVQ, (Ln=La,Sm,Y) compounds be-
long to an insulator, while LnVO3 compounds
show a good conduction with 3d2 electrons®,
Table 1 summarizes some physical properties,
partially derived from previous reports, for
AMO; (A=Ba,Sr,La,8m,Y; M=V,Mo) and
AMO; compounds®9. The resistivity of AMO.
compounds was roughly measured by the pre-
sent author using the 2-probe method owing to
lack of experimental data. In the present work,
the possibility of a new oxygen sensor using
vanadates and molybdates was reported.

EXPERIMENTAL

Appropriate mixtures between the alkaline-
earth nitrates (or rare-earth oxides) and MoO3;
(or V2035) were presged and heated in air at
1200°C in order to obtain the molybdates
(BaMoOy, SrMo04) and the vanadates (LaVOy,
SmV04, YVO4). A small piece (about 5x3x
3mm) was cut out from the sintered disk of
ceramics. The piece attached Pt wires with Pt

Table 1 Physical properties for AMO, and AMO; compounds

Compouffl“ Structure | 2+cm 1000°C Compound | Structure f2cm 1000°C
BaMoO; sheelite ~10% BaMoOs perovskite | 107* metallic
SrMoO. sheelite ~100 Srio0Os perovskite | 10~* metallic
LavO, huttonite ~10° LavQ; perovskite | 10-2-!semi.
SmvO, zircon ~10° SmVOs perovskite | 107°-2zsemi.
¥YVO, zircon ~107 YVOs perovskite | 10! semi.
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Fig. 1 Aspect of the ceramic piece and zirconia cell

paste as electrodes was fixed near the top of a
zirconia cell for P,, measurement as in Fig. 1.

A furnace, in which the zirconia cell was set,‘

was maintained at 1000°C and the H>-CO:
mixed gas was introduced in order to control
P,, ranging log P,, (atm)=0~-18, The oxy-
gen partial pressure in the furnace was meas-
ured using the zirconia cell. During the meas-
urement for i‘esistivity by the 2-probe method,
the Py, in the furnace was gradually decreased
at 1000°C. X-ray powder diffraction (CuKe)

BaMeO,

RESISTIVITY (arbitrary scale)
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Fig. 2 Relationship between resistivity and oxygen
partial pressure for molybdates and vanada-
tes at 1000°C
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and thermogravimetry were carried out so as
to identify the solid phases.

RESULTS AND DISCUSSION

Fig. 2 gchematically shows the conducting be-
havior of each compound by the 2-probe method.
The ordinates were designated in arbitrary
scales becauge the 2-probe method could not
measure exactly the absolute values of resis-
tivity, particularly in a low resistivity range.
In the high resistivity region of AMO,4, each
compound showed constant values of resistivity
about 108~1010 (Q-ecm), respectively, in spite
of decreasing P,,. However, these insulating
behaviors of AMOQO; changed into the metallic
ones at certain values of P,,. Fig. 2 indicates
the oxygen partial pressures, which bring about
a gignificant change in resistivity over 108 (0-
cm) or more, to be 10-16.68 gtm (BaMo04),
10-15-61 atm  (SrMoQ4), 10280 atm (LaVOy),
101134 aim (SmV Q) and 101134 atm (YVO04),
respectively. The decrease in resistivity for all
cmpounds was so rapid that a stationary value
was observed within 20 or 30 seconds. However,
increasing rates of resistivity in the oxidizing
direction were rather slow. Thus, the molybdate
or vanadate pieces with the funetion of a switch-
ing element could repeat undoubtedly on-off
action in several eycles with changing P,,. In

order to know a more detailed feature in re-
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Fig. 3 Variation of resistivity of SrMoO, with
time at logPo:=—15.51 and 1000°C

RESHRE R




Sensing Behavior of Vanadates and Molybdates under Low Oxygen Pz_artial Pressitres at 1, 000°C

Balﬁ004
AT, BaMal,
AMO3 I RN
PR TN T T T N TR T N
SrMoO,;
BMO
SrHo,
AMO3 I+ RN 1 .
PR NS WO TN M PO MR N D |
Lavo,
AMO4
Lavly
o AMO3 I s e
] TR I DU I NP VSN S S B
SmVD4
AMOy
Sm\l’O3
AT L T
PR TR TN R SR NS TUNE NN T
O,
AMC 4 .
YV03
AnO3 | T R
VL WS N N SUNA TR NS G B
iD T ~70

logPaz

Fig. 4 Thermogravimetric result for molybdates
and vanadates at 1000°C

sistivity, the 4-probe measurement was under-
taken for SrMoO, at 1000°C and P,,=10-15.51
(atm) as shown in Fig. 3. It {ook less than 100

" seconds from an introduction of the mixed gas of _

P,,=10-15:51 (atm) into the furnace till descent
in resistivity. This response time of the piece
wag shorter than that of the zirconia cell. The
other compounds showed almost the same be-
haviors of resistivity as SrMoQ,. Subsequently,
the results of X-ray powder diffraction and
thermogravimetry revealed all AMO, and AMO,
compounds to be just linear phases as inter-
preted from Fig. 4. The P,, of the transition
point between AMO, and AMO3; phases in Fig.
4' was aceurately consistent with that of the
transition point of resistivity in Fig. 2.

Now, considering the system AMO,, AMO;
and Og, the reaction equilibrium is established
as follows.

AMOy = AMO; + 1/204
From the Gibbs phase rule, the system at equili-
brium has only one degree of freedom (F=1).
Thus, if temperature is arbitrarily fixed, P, is
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Fig. 5 Oxygen sensing cell charged with
molybdate or vanadate powder

fixed. Hence, these oxide ceramics can be served
not only as oxygen sensors with a switching
function, but also as calibrating materials which
check the deterioration of zireonia cellgi®-13),

The ceramics pieces prepared in this work
unexpectedly showed small cracks after a few
tens cyeles owing to a difference in density be-
tween AMO4 and AMOg, A container charged
with vanadate or molybdate powder, as shown
in Fig. 5, may be considered to be good for
repeated use.
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