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Abstract: Experimental results on the composites made from NiWO4 and WO3 for electrical
and humidity sensing properties are described. The composites of nickel tungstate – tungsten
trioxide (NiWO4–WO3) in mole ratios 80:20, 60:40, 40:60 and 20:80 were prepared by high
temperature solid state method. The prepared composites characterized by powder X-ray
diffraction, EDAX, scanning electron microscope, electrical conductance and humidity
sensor studies. Powder XRD pattern of composites showed the presence of NiWO4 and WO3
phases and EDAX proved the purity of composites. The SEM studies were carried out to
study the surface and pores structure of the sensor materials. The composites were subjected
to DC conductance measurements as a function of relative humidity in the range of 5 – 98%.
The sensitivity factor, Sf (R5%/R98%)  for  NiWO4 – WO3 composites  were  calculated  to  be
NWWO-82, NWWO-64, NWWO-46 and NWWO-28 is 459, 827, 15535 and 785
respectively. The sensitivity factor of the NWWO-46 composite showed a maximum
sensitivity of 15535. NWWO-46 composite exhibits excellent humidity sensing
characteristics  such as fast response time, rapid recovery.
Keywords: Nickel (II)tungstate, Tungsten trioxide, solid state electrical conductivity and
humidity sensor.

Introduction

Transition metal tungstate type compounds have much scientific interest in recent times because of
their intriguing properties like electrical and electrochemical property, photoluminescence, photocatalyst,
energy storage capacity, and humidity sensing ability1-5. Among these tungstates, nickel tungstates have been
extensively studied.  Mixed nickel tungsten oxide, denote as NiWO4 has important electro chromic properties,
besides a high long – lasting structural stability6 and great catalytic properties7. Devices based on nickel oxide
and tungsten oxide have been found to exhibit excellent performance8 and binary nickel – tungstate oxides have
been seen to yield properties that are supper to these of the pure oxides both at the tungsten rich9-10 and at the
nickel rich11-16 ends of the compositional range.  Over the last decade, considerable interest has been received to
synthesize novel materials with potential humidity sensing characteristics for the fabrication of low cost, rapid
and stable humidity sensors17-20.  An excellent humidity sensor should have high response value, quick response
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and fast recovery, good reproducibility, broad range of operational and low cost21.   Ceramic  and  polymeric
materials have commonly been used as sensing materials for the construction of humidity sensors 22-26.

Experimental

The NiWO4 – WO3 composites were synthesized from different mol percent NiWO4 and WO3.  A 2 %
solution of cetyl alcohol in ethanol was added as an organic binder. The mixture was ground for 6 h in absolute
ethanol, dried and compacted into pellets at a pressure of 100 Mpa. The pellets were then heated at a rate of 10
K min-1 to 873 K and kept at this temperature for 1 h to remove the binder. Subsequently the temperature was
raised to 1023 K at a rate of 2 K min-1 where it was maintained for 2 h to facilitate sintering followed by furnace
cooling of the samples.

DC measurements and temperature dependence of conductance of the samples were carried out using a
two-probe method27. Controlled humidity environments for humidity sensing applications were achieved28

using anhydrous P2O5 and saturated aqueous solutions of CaCl2.6H2O, Zn(NO3)2.6H2O, Ca(NO3)2.4H2O,
NaNO2, NH4Cl, BaCl2.2H2O and CuSO4.5H2O in  a  closed  glass  vessel  at  an  ambient  temperature  of  298  K,
which yielded 5, 20, 31, 42, 51, 66, 79, 88 and 98 % relative humidity (RH) respectively. The response and
recovery characteristics of the humidity sensor was established using a degassed glass chamber having a
provision for a two-way inlet, one for transpiring the dry air and the other transpiring moist air stream.

The recovery and response characteristics for humidity sensing was evaluated by using a degassed glass
chamber (200 cm3), which had a provision for two way inlet stopcock, one for transpiring dry air and the other
for moist air from a wet candle. The air was dried by transpiring the air stream through drying columns packed
with anhydrous CaCl2 and P2O5 connected in series. The resistance measurements in dry air as well as in moist
air alternatively, helped to establish the recovery and response characteristics for moisture sensing.

Results and Discussion

 Figures 1a and 1b show the energy dispersive X-ray spectroscopy (EDAX) analysis and X-ray diffraction
(XRD)  pattern  of  the  NiWO4 and  WO3 composites respectively. The EDAX analysis shows the expected
elements  of  O,  Na,  S,  Ni,  W. The peaks of  the EDAX pattern confirm that  the product  is  highly pure.  XRD
patterns  of  the  tungstates  correspond  to  NiWO4 and  WO3 inferring that there are no impurity phases. In
electrical conductivity measurements, the current was found to increase linearly with the applied voltage,
indicating the ohmic contacts of the electrodes. The temperature dependence of electrical conductivity was
carried out in the temperature range of 323–600 K. The current (I values are given in mA) increased
exponentially with respect to temperature from which lnI vs 1/T plot was drawn to determine the activation
energy. The activation energy for electrical conduction generally involves the combination of the energy
required to raise the carriers from their dominant levels to their corresponding transport bands and the energy
required to create the carriers in the dominant levels29 if they are not already supplied by other means. From the
temperature dependence conductivity data, a lnI vs 1/T plot the activation energy was calculated. The activation
energy of NiWO4 -  WO3 composites were 0.69, 0.42, 0.56, 0.88, 0.48 eV respectively. In the studied
temperature range, the activation energies were found to be low, which predicts that small polaron conduction
dominates in this temperature region.

Fig. 1a EDAX spectrum for synthesized Fig. 1b Powder XRD of NiWO4 – WO3 composites
NiWO4 – WO3                                                (a) NWWO-64, (b) NWWO-46   and   (c) NWWO-28
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 As the samples have high resistance (108 – 104 ohms) and are wide band gap semiconductors, DC
current is considered as negligible in the applied voltage of 2–32 V. The lower activation energy predicts that
small polaron conduction dominates30–31 in the temperature range of 373–573 K. In NiWO4 and  WO3 the
mobility of charge carriers increases with temperature and hence the conduction is mainly due to small polaron
hopping mechanism. In hopping type conduction small polaron move from one impurity site to another by a
thermally activated hopping process. The activation energy of NiWO4 single crystals grown by Czochralski
method is 0.32 eV. The lower activation energy exhibited in single crystals is due to the more orderliness of the
crystal lattices. The lowering of activation energy in transition metal oxides is associated with defects,
impurities and interstitials that are generally present in these materials. The defect chemistry of NiWO4 is well
understood from the studies also from its distorted scheelite structure.

The resistances of WO3 and NiWO4 are in the order of 108 ohms under dry conditions (RH ~ 5%). It
could be inferred from the plot  of  log R vs  RH (%) that  neither  of  the terminal  phases possesses appreciable
sensitivity (Fig. 2) towards moisture when compared to that of the composites. As the humidity is increased, the
log R values drops and the sensitivity of the elements towards humidity increases. The sensitivity factor (S f)
was calculated from the ratio R5%/R98%, where R5% and R98% are  the  DC  resistances  at  5  and  98  %  RH
respectively (Table. 1).

The sensitivity factor  of  the NiWO4 and WO3 composite 459 (NWWO-82), 827 (NWWO-64), 15535
(NWWO-46) and 785 NWWO-28 composite is respectively, with NWWO-46 having the highest Sf value. The
significant features of these composites are that the variation in log R with RH (%) is almost linear in the entire
range of study, a prerequisite for commercial humidity sensors. The sensitivity factor of the composition should
be indicative of the extent of moisture condensation in the pores. The SEM photographs (Fig. 3) of the
composites NWWO-46 with the same magnification suggested the biphasic nature of the composites and the
development of the pore structures with increasing WO3 content.

Fig. 2 RH vs log R plot of NiWO4–WO3 composites

 This is further evidenced from the rapid transient in the recovery and response characteristics indicative of
physisorption of water molecules on the oxide surface (Fig. 4). When the materials are placed in the higher
humid environment, the micropores in the samples will be saturated with water molecules. Due to this the
conductivity increases and the resistance decreases causing the variation of Sf with different compositions of the
composite.

Summary and Conclusion

 The composites of NiWO4–WO3 in different mole % ratios were prepared by high temperature solid state
method. The prepared composites and characterized by powder X-ray diffraction, scanning electron
microscope, electrical conductance and humidity sensor studies. The composites were tested as candidate
materials for humidity sensing by measuring the variation in their DC resistance as a function of relative
humidity in the range of 5-98 % at 25oC under static conditions. The sensitivity factor, Sf (R5%/R98%) for NiWO4
and WO3 composites
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Fig. 3 SEM photographs of NiWO4 – WO3 Fig. 4 Response and recovery behaviour of
Composites. (a) NWWO-64, (b) NWWO-46         NWWO- 46 composite.
and (c) NWWO-28.

Table 1 Sensitivity factor and Activation energy for NiWO4 – WO3 composite

No. of moles

NiWO4 WO3

Sample
code

Resistance
R5% (Ω)

Resistance
R98% (Ω)

Sf
(R5%/R98%)

Activation
energy
Ea (eV)

100
80
60
40
20
0

0
20
40
60
80
100

NWWO-10
NWWO-82
NWWO-64
NWWO-46
NWWO-28
NWWO-01

5.6 ´ 109

8.5 ´ 109

4.7 ´ 109

6.4 ´ 109

7.2 ´ 109

9.6 ´ 109

4.05 ´ 107

1.85 ´ 107

5.65 ´ 106

4.11 ´ 105

9.17 ´ 106

3.24 ´ 106

138
459
827

15535
785
296

0.69
0.42
0.56
0.88
0.48
0.69

were calculated to be NWWO-82, NWWO-64, NWWO-46 and NWWO-28 is 459, 827, 15535  and 785
respectively. The sensitivity factor of the metal oxide composites NWWO-46 showed a maximum sensitivity
(ratio  of  DC  resistance  at  5  %  RH  to  that  at  98  %  RH)  of  15535.  SEM  photograph  of  the  sensor  materials
sintered at 973 K for 5 h indicated that the porosity and grain size of the materials significantly increases. The
scanning electron microscopy (SEM) revealed qualitatively that NWWO-46 composition has greater and larger
number of pores in situ level compared to the other composites. In the presence of such gases, cross-sensitivity
measurements should be made which, however, is beyond the scope of the present investigation. In the present
work, the NiWO4 and WO3 composites have been proved as effective humidity sensor materials.
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