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Abstract:

NOx-detection at high temperatures is complicated due to the thermal conversion of nitrogen oxides.
Moreover, multiple gas combinations in the environment where nitrogen oxides are present require
high selectivity. Nobel metal incorporated BaTi-Oxides have shown good high temperature sensing
ability, although the factors affecting selectivity as well as the sensing mechanism are not fully
established. This work yields a systematic study using different phase and morphologies of the BaTi-

oxide based sensing material.
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Introduction

In case of complete combustion, a hydrocarbon
burns in pure oxygen yielding nitrogen oxides
(NOx), carbon dioxide and water. The products
of the incomplete fuel oxidation are mainly
nitrogen oxides (NOx), carbon monoxide (CO),
CO,, water and unburned hydrocarbons (HC)
[1]: As compared with other emission pollutants,
the amount of NOx generated by combustion
processes is very high in the atmosphere. NOx
may react with atmospheric water resulting in
the formation of acid rain and damage the
upper atmospheric ozone layer [2]. Therefore,
NOx must be catalytically reduced, requiring the
on-line monitoring at high-temperatures by
means of selective sensors.

Generally, metal oxide semiconducting (MOX)
materials are widely employed for the detection
of various oxidizing and reducing gases due to
their simple and cheap fabrication [3]. Despite
having many benefits, limited working
temperature range and poor selectivity are two
of the main drawbacks highlighted in the
literature [4-6]. At lower temperatures (below
150 °C) and at temperatures above 400 °C, the
sensing properties of the semiconducting
materials are reduced drastically due to
decreased  conductivity and/or  thermal
instabilities [5-8].

The literature indicates that perovskites with
different formulations give great opportunity to
detect gas mixtures by means of sensor arrays.
Doping elements either in the lattice of
perovskite or on the surface of perovskite could
help to improve sensing performance of

perovskite oxide and to decrease the sensing
temperature [9, 10]. La-based, Ce and Pd-
doped perovskites are proven to yield good
sensing behavior toward CO and CHy,
respectively.

Our previous results show that trivalent doping
of TiO, enables sensor response towards NO,
at temperatures up to 800 °C, although sensor
response yields a change in the direction of the
sensor signal above 600 °C. The use of a
BaTi0.95Rh0.0503 catalytic filter layer results
in stable sensor response up to temperatures
as high as 900 °C, probably due to the catalytic
conversion of NO; to NO already above 300 °C
through this catalytic layer. No other sensor
study is known to date with the BaTiRhO;
catalytic layer to confirm its behavior. Moreover,
the roles of Rh as well as BaTiO; or other
phases of BaTi-Oxides are not well understood
and require some systematic studies. In this
work, we compared the sensing behaviors of
BaTi-Oxides with and without Rh towards
nitrogen oxides under high humidity in order to
clarify this phenomenon.

High-Temperature Behavior of Nitrogen
Oxides

It is well known that NO, converts gradually to
NO at temperatures above 500 °C as illustrated
in Fig. 1. The thermodynamic equilibrium
conditions may result in the formation of ionized
oxygen species (e.g., O*-ion) taking over the
control of sensing mechanism through surface
adsorption (see Equation (1)):

NO, (gas) + 2e" »NO (gas)+0*(ads.) (1)

17th International Meeting on Chemical Sensors - IMCS 2018 553



200+

E_ 150

a & 2

§ 1004

]

s

e 504

g

o

5 o0

o - P S !
51 500°C | | 800°C '700°C || 800°C || 900°C

120 160 200 240 280 320
Time (minutes)
Fig. 1. Temperature-dependent conversion of NO;

to NO without sensor or catalyst in the test chamber.
Please note: there occurs visible conversion of CO to
COs.

The tests, carried out by inserting a catalytic
perovskite powder on NO,/NO conversion at
high temperatures displayed that full NO, to NO
conversion occurs already at 300 °C (see Fig.
2).
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Fig. 2. Temperature-dependent conversion of NO;

and CO in the presence of BaTip.g5Rho.0503 catalytic
powder in the test chamber.

Materials and Methods

In this work the sensing layers of BaTiO; and
BaTi,O5 and their combinations with or without
Rh incorporation are synthetized by co-
precipitation and sputtering techniques (see
Table 1).

Tab. 1: Test Materials and Synthesis Methods

Material Synthesis
Method
BaTi,Os Sputter
BaTiO; Co-
precipitation
Ba;Ti,RhOg+BaTiO; Co-
Precipitation
BaTi,RhOs-BaTiO3 Co-
precipitation
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Results

Under dry argon carrier gas environment, the
BaTi,Os as well as BaTiRhO; sensor layers
shows high sensitivity towards NO, at
temperatures as high as 800°C. On addition of
5% RH, BaTiRhO3; sensor layers yield stable
sensitivity at 800 °C although some decrease in
the response and recovery times are observed
at 900 °C. In dry synthetic air environment, all
sensors display some instable response
towards NO,, while the sensitivity improves
towards NO.

The phase conditions and morphological effects
of the sensor layers on sensing behavior will be
discussed to explain the influences of targets
gases.
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