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Abstract : 
The electrical response of cobalt ferrites CoxFe3-xO4 nanopowders with various cobalt amounts were 
tested in presence of reducing gases (NH3). The morphology, shape and chemical composition of the 
powders were fully characterized by transmission electron microscopy. For high cobalt amount, the 
response is typical of a p-type semi conductor, as for x=1, one observes n-type semi conductor 
response. For x=1.8, fast response and good reversibility was evidenced, with detection even at 10 
ppm NH3, well below the accepted level.  
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Introduction 
In the field of sensors, the last decade was rich 
in development of ferrite gas sensors in 
detection of toxic gas and pollution monitoring 
[1-3]. Measurement and control systems for 
pollutant and toxic gas emissions gain 
increasing importance for a sustainable and 
ecologically responsible development. Sensors 
based on CuFe2O4 nanoparticles showed time 
response in seconds in presence of ethanol gas 
[4], and sensors based on MgFe2O4 
nanoparticles exhibit selective behavior, 
depending on the operating temperature [5]. 
Even the magnetic properties of ferrites were 
already investigated for a novel magnetic 
hydrogen sensing [6]. Hence, we were 
interested in studying cobalt ferrites as 
nanoparticles or thin films for applications in gas 
sensors. We concentrated on CoxFe3-xO4 with 
x=1.8 as these concentration proved to be the 
most efficient for catalysis of reducing gases. 
[7-8]. We have chosen ammonia (NH3) gas 
detection, because it is one of the most 
important industrial chemicals, used as 
precursor of various nitrogen compounds 
(including fertilizers) and as refrigerant gas. As 
a consequence of its huge toxicity, the 
acceptable ammonia concentration at the 
working place is 25 ppm for 8 hours exposure. 
A relevant ammonia chemical gas sensor must 
therefore detect ammonia concentrations below 
this threshold. 

Experimental 
Cobalt (II) 2,4-pentanedionate and iron (III) 
acetylacetonate, were dissolved in benzyl 
alcohol. The solution was poured into a teflon 
cup, which was sealed into a steel autoclave, 
and heated in a furnace at 175 °C for 48 hours. 
After cooling, the suspension was washed with 
ethanol and dichloromethane, sonicated and 
centrifuged. A black powder was obtained after 
a final drying at 80 °C. Cobalt ferrites with 
several concentrations were synthesised, 
among them x=1, and x=1.8, which are the two 
compositions studied in this work. High 
resolution electron microscopy (HREM) coupled 
with Energy Dispersive Spectroscopy (EDS) 
and X rays diffraction were used to characterize 
the powders at a sub-nanometer scale.CoxFe3-

XO4 powder were dispersed in terpineol and 
deposited by solution drop casting on SiO2/Si 
substrates with platinum electrodes. As CoxFe3-

XO4 layers are highly resistive, interdigitated 
electrodes were used in order to reduce the 
sensor resistance. The distance between the 
electrodes was 50 µm. They were obtained 
from a sputtered Pt film, using photolithography 
and lift off processes. The samples were kept in 
dry air and no conditioning step was carried out 
before the sensor characterizations.  
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Results 
For the first time, successful synthesis of a 
highly crystalline multi metal oxide by simply 
dissolving two acetylacetonates in benzyl 
alcohol was realised [7]. For each cobalt 
amount, the powder was very homogeneous in 
composition, size and well dispersed. The size 
of the particles decreased with the cobalt 
amount x, but was less than 10 nm. With 
increasing cobalt content, the shape of the 
particles changed from rounded to a very 
irregular shape. Fig.1 shows two HREM images 
of well crystallized cobalt ferrites nanoparticles 
with different composition, and thus different 
size and shape.  

 
Fig.1.Well crystallized nanoparticles of 
Co1.8Fe2.4O4, with irregular shape, and sizes 
around 4 nm. The FFT are indexed in the spinel 
structure.  

 
Fig.2. CoFe2O4 and Co1.8Fe2.4O4   size 

distribution. 

For each composition, narrow log normal size 
distribution was attained, leading to mean sizes 
of 6.5 nm  and 4.5 nm (± 1 nm  ) (Fig.2). 

 
Fig. 3. Optical micrograph of a CoxFe3-XO4 

based microsensor 

Figure 3 shows the design of the sensor we 
used to test electrical responses in presence of 
gas.The optimal working temperature in terms 
of good sensitivity and fast response was 
determined. To investigate the NH3 sensing 
properties of the Cox Fe 3-XO4 films, the sensor 
devices are introduced in a test chamber 
allowing the sensor temperature control under 
variable gas concentrations. Dry synthetic air 
was used as a reference gas. The sensor 
performances were tested under diluted gases 
in synthetic air, at atmospheric pressure. The 
gas flows were measured through mass flow-
meters and the studied concentrations ranged 
from 10 to 50 ppm with a constant total flow of 
0.2 l/min. In order to check the working 
temperature effect on the sensors response, 
CoxFe3-XO4 sensors were maintained at various 
temperatures. The optimum temperature range, 
already determined in previous works [9,10], 
leads us to work between 470-540 K. Figure 4 
illustrates the normalized response defined as 
Rgas/Rair to 40 ppm versus working temperature. 
Rgas is defined as the sensor resistance at 
various ammonia concentrations, and Rair the 
sensor resistance in synthetic air. We can 
notice that the sensor response decreased with 
increasing operating temperatures above 500 
K. This behavior can be explained by 
considering the surface coverage temperature 
dependence of the chemisorbed species. 
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Fig.4. Variation of the sensor normalised 
response versus temperature. (40 ppm NH3) 

At high temperature, the chemisorptions 
equilibrium is possible however the coverage 
decreases with increasing temperature because 
the desorption rate is greater than the 
adsorption rate [11, 12].Consequently, the 
sensor was heated at 500K and exposed to 
ammonia concentrations between 10 and 50 
ppm (Fig.5). The sensor resistance increased in 
ammonia presence as expected from the 
interaction of a reducing gas (NH3) with a p-type 
semiconductor (Cox Fe 3-X O4 with x = 1.8).  

2.0E+04

2.2E+04

2.4E+04

2.6E+04

2.8E+04

3.0E+04

3.2E+04

3.4E+04

3.6E+04

3.8E+04

4.0E+04

0 1000 2000 3000 4000
t(s)

R
 (O

hm
s) 10 ppm

20 ppm

30 ppm
40 ppm

50 ppm

 
Fig.5. Cobalt ferrite CoxFe3-xO4 (x=1.8) 
resistance variation with time for various NH3 
concentration in dry air, at 500K 

The sensor response at concentrations of 10 
and 20 ppm is well pronounced. As the 
maximum NH3 level authorized at the working 
place is 25 ppm, this result already makes 
cobalt ferrite an interesting new material for NH3 
sensing. Preliminary results on CoFe2O4 
showed that the resistance of this compound 
decreases in presence of a reducing gas (CO). 
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