
Sensors and Actuators A 173 (2012) 24– 29

Contents lists available at SciVerse ScienceDirect

Sensors  and  Actuators  A:  Physical

j ourna l h o me pa ge: www.elsev ier .com/ locate /sna

Study  of  the  influence  of  nickel  ions  substitutes  in  barium  stannates  used  as
humidity  resistive  sensors

C.  Doroftei a,∗,  P.D.  Popab, F.  Iacomia

a “Al. I. Cuza” University, Faculty of Physics, 11 Carol I Blvd, 7000506 Iasi, Romania
b National Institute of Research & Development for Technical Physics, 47 Mangeron Blvd., 700050 Iasi, Romania

a  r  t  i  c  l  e  i n  f  o

Article history:
Received 24 May 2011
Received in revised form 4 October 2011
Accepted 4 October 2011
Available online 19 October 2011

Keywords:
Barium stannates
Humidity sensors
Preparation
Substitutions
Self-combustion

a  b  s  t  r  a  c  t

In  the  present  work,  we  report  the  results  of  the  influence  of the  Ni  ions  which  partly  substitute  the  Ba
ions  in  the  barium  stannate  (Ba1−xNixSnO3, where  x =  0;  0.1; 0.2; 0.5),  on the  structural  and  electronic
properties,  as  well  as  on  the  sensitivity  to humidity.  With  the  view  to  obtain  a  porous  and  finer  struc-
ture,  thus  providing  a  high  specific  surface,  these  materials  were  obtained  through  the  precursor  method
of self-combustion  (co-precipitation  in  a  colloidal  environment  and  self-combustion),  followed  by  heat
treatments.  The  phase  composition  and  morphology  were  studied  by  XRD  and SEM. The  pure  sample,  as
well as  that with  the  substitution  x  =  0.1,  are single  phased  after  40 min  sintering  at  1000 ◦C. For  substi-
tutions  with  x  >  0.1 secondary  phases  appear,  which  favorably  influence  the  humidity  sensitivity.  All  the
samples  show  a significant  sensitivity  to humidity  within  22%  RH  and  75%  RH  for  the  substitution  with
x  =  0  and  0.1,  and  22%  RH  – 98%  RH  for the  substitution  with  x  =  0.5.  For  this  interval,  the  material  resistivity
logarithmically  decreases  by  over  four  orders.  The  sample  with  the  substitution  x =  0.5  is  characterized
by  a very  fine  structure  (∼250 nm)  and  a high  effective  porosity  (47%).  This  sample  presents  a shorter
absorption  response  time  than  the  other  samples.  Its  high  sensitivity,  its sensitivity  range,  linearity  of
the sensitivity  characteristic  and  the  quick  response  time  recommend  the  material  with  the  composition
Ba0.5Ni0.5SnO3 for  the  realization  of  a very  good  resistive  humidity  sensor.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Sensors are key elements in the rapidly evolving fields of mea-
surements, instrumentations, and automated systems. Measure-
ment of humidity is critically important in chemical/biochemical
fields, food processing, civil engineering, air-conditioning, elec-
tronic processing, etc. [1,2].

The sensing mechanism of resistive sensors consists in the
change of the electrical resistivity resulting from chemical reac-
tion between water molecules and the material surface. The surface
morphology has an essential role on the sensitivity of solid-state
sensors [1,3,4].  The desirable characteristics of humidity sensors
are high sensitivity, wide humidity range, sensitivity uniformity,
quick response time, chemical and thermal stability, reversibility,
long life and low cost [5].  For a perovskite (ceramic) sensor, the
microstructure and specific resistance of the sensor element are
two key parameters on which its performance depends. Concern-
ing the applications of the vapor water sensors, materials with high
porosities and high surfaces properties are preferred [6].
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In the recent years more and more attention has been shifted
to the study of the application of barium stannate as a humidity
and gas sensor material [7–9]. It has been found that the electrical
properties of barium stannate, such as conductivity, capacitance or
impedance, are dependent on temperature, humidity, partial oxy-
gen pressure, the nature and concentration of the measured gases
[10–12].

In this work we  meant to realize new materials with perovskite
type structure (ABO3) as sensitive to humidity as possible. In the
case of barium stannate, the preference of the substitute ions to the
A and B sites in the perovskite structure can modify the material
sensitivity to humidity changes [12,13].

We chose the barium stannate for the following reasons:

- The barium stannate prepared through the precursor self-
combustion method has a marked porosity;

- It has a fine granulation, as compared to that obtained through
other classical preparation methods, which ensures a high spe-
cific surface;

- The Ba2+ ion ensure a high resistivity in dry condition.

Barium stannate is a cubic perovskite oxide compound that
behaves as n-type semiconductor with a wide band gap of 3.4 eV
and is stable at high temperature (up to 1000 ◦C) [14]. Various
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methods of synthesis of the barium stannate have been reported
[15–19]. The humidity sensitive electrical properties of barium
stannate have not been studied in detail [12,14].

The present work reports the results of the influence of Ni2+

ions which partially substitute the Ba2+ ion in the barium stannate
(Ba1−xNixSnO3, where x = 0; 0.1; 0.2 and 0.5), on the structural and
electric properties, as well as the sensitivity to humidity. The Ni2+

ion was chosen as a substitute due to its ion radius very differ-
ent from that of the Ba2+ ion which it replaces in the lattice to a
small extent, up to x = 0.1 [20], while for bigger substitutions, the
generation of secondary phases is expected, which improves the
grain size, porosity and humidity sensitivity. The method used to
obtain these materials is the precursor method of self-combustion
followed by heat treatments [21,22]. This method has some advan-
tages: the heat generated in the exothermal reaction accelerates
the process, and the resulting perovskite powder is fine-grained
and with porous structure.

2. Experimental

The following compositions of barium stannate with nickel sub-
stitutions were prepared: BaSnO3 (BNS-0), Ba0.9Ni0.1SnO3 (BNS-1),
Ba0.8Ni0.2SnO3 (BNS-2) and Ba0.5Ni0.5SnO3 (BNS-3). The compo-
sitions were prepared by self-combustion method starting from
barium and nickel nitrates and stannous chloride as raw materials.
The preparation method includes:

• solution of nitrates Ba(NO3)2 and Ni(NO3)2 in de-ionized water;
• solution of stannous chloride (SnCl2·2H2O) in de-ionized water;
• solution of polyvinyl alcohol (C2H4O)n (colloidal solution);
• stirring of solutions at 80 ◦C;
• NH4OH addition to adjust pH to about 8;
• drying at 120 ◦C;
• self-combustion;
• pre-calcination of combusted powder at 600 ◦C.

The reactions for BaSnO3 can be schematized as follows:

Ba(NO3)2 + 2NH4OH → Ba(OH)2 + 2NH4NO3 (1)

SnCl2 + 2NH4OH → Sn(OH)2 + 2NH4Cl ↑ (2)

C2H3OH + 5NH4NO3 → 2CO2↑ + 12H2O ↑ + 8 N2↑ + Q (3)

Ba(OH)2 + Sn(OH)2 → BaO + SnO + 2H2O ↑ (4)

BaO + SnO + O → BaSnO3 (5)

The resulting powders were mixed in a ball mill and biaxial
pressed in a disc shape in a stainless steel die under a pressure of
about 3 × 107 N/m2. The pressed pellets (17 mm  diameter, ∼1.8 mm
thickness) were sintered in air, at 1000 ◦C for 40 min  and slowly
cooled in the furnace. The weight and dimensions of the pellets
were measured at room temperature, to determine bulk density d
and effective porosity pef (for open pores) using the Archimedes’s
principle [5,12].

The phase composition was identified by X-ray diffraction
(XRD) using a diffractometer type DRON-3 and the CoK� radiation
(� = 1.7889 Å). The values of the lattice parameter for all samples
were obtained by the least square fitting of the XRD data using
the “Crystalographica” software. The X-ray density, dx = M/Na3 [23]
(where M is the molecular weight, N is Avogadro’s number and a is
the lattice constant) was used to evaluate the porosity p = 1 − d/dx.
The morphology was examined using a scanning electron micro-
scope VEGA-TESCAN. The average grain size Dm was  determined
from SEM micrographs. The specific surface area was calculated
from equation Asp = s/v·d = 6/Dm·d [6,24],  where s and v are the par-
ticle surface and volume respectively, Dm is the average grain size,

Fig. 1. Sample with silver porous electrodes on the plan parallel sides (sensor ele-
ment for humidity).

d is the bulk density and 6 is the shape factor. It is assumed that all
the particles have the same size and shape.

To measure the electric resistance sensitive to humidity, two
porous silver electrodes were applied on the plane parallel sides
in shape of disks, like in Fig. 1, and the disc cylindrical surface was
lacquered, to avoid current loss during measurements. The SEM
micrography of the electrodes is presented in Fig. 2, where one can
see numerous pores with diameters of about 10 �m.

The electrical resistance of the sample with silver electrodes was
measured at 10 Hz with a d.c. ohmmeter by means of switching
electronic device executed with this purpose. The measurement of
the wet  sample electric resistance excludes the direct current uti-
lization due to the electrochemical phenomena that appear at the
sample contact with the electrode (polarization), and the utiliza-
tion of the a.c. bridges over 100 Hz is not indicated, due to the high
resistance of the samples at small humidity values. For the humidity
sensing measurements the sensor element was placed in a thermo-

Fig. 2. SEM micrography of silver electrodes.
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