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Abstract

Cobalt oxide CoOOH was prepared from a Co(NOs3), solution via a precipitation with NaOH and oxidation in air. The prepared samples were
characterized by X-ray diffraction (XRD), temperature program reduction (TPR), and thermo-gravimetric/differential thermal analysis (TG/DTA)
techniques. The resulting CoOOH was used as a sensing material in a semiconductor type CO sensor. The optimum CO detection working
temperature was found to be 80 °C (§=6.7) in this study, while the response time was short (~1 min). CoOOOH has better response than Co;0, at
low temperatures and can detect CO concentration of 1 ppm. CoOOH offers high CO detection selectivity relative to H, (Sco/Su, ~ 4) and good
linearity (R? =0.9903) for CO concentrations ranging from 1 to 1000 ppm. A probable explanation of the CO sensing characteristics of COOOH is

proposed.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Carbon monoxide sensors are widely used in many roles, such
as measuring the CO concentration of the indoor atmosphere,
vehicle emissions, natural gas emissions, and industrial waste,
etc. Several different sensing technologies, including electro-
chemical [1], optical [2], potentiometric [3,4], and resistive
[5-15], have been employed to determine CO concentration.
Among these types of sensors, the resistive method has the
advantages of simplicity of construction and low cost of manu-
facture.

In recent years many types of sensing materials have been
used in resistive CO sensors for various applications. For
instance, micro-machining technology [5,6] and the oscillation
amplitude method [7] allow SnO, CO sensors to achieve low
power consumption. However, SnO; gas sensors still have
the drawback of cross-sensitivity. A new type of platinum
resistive film has been used in CO sensors using the principle
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of oscillation resistance [8]. Thin films of CuCl have been
used [9] for CO sensors to sense Hy-rich streams in fuel cells.
The foregoing types of CO sensors have high working con-
centrations in the range of 400-800 ppm [8] and 1000 ppm [9],
respectively.

It has been found [17,18] that the catalyst Co304 can facili-
tate the rapid oxidation of CO at a temperature of 200 °C or less.
By using cobalt oxides as a sensing material, Yamazoe and co-
workers [10] improved the response (S = 160) of an In,O3-based
CO sensor by the addition of 0.5 wt.% Co0304 and 0.04 wt.% Au
at 250 °C. The optimum working temperature of an In,O3z-based
CO sensor is about 200-250 °C. SnO,—Co0304 composite films
[11] have been found to exhibit either n- or p-type response to
CO and Hj at 100-500 °C depending on the Co3zO4 content, but
there is a lack of interference effect data for this type of CO
sensor. Co30g4-based films [12] on a silicon substrate used in
GasFETs (field effect transistors) can be measured by the resis-
tive method at 240 and 460 °C and the work function method
at 30 and 130 °C. Co304 displays p-type semiconductor behav-
ior and is cross-sensitive to gases CHy, Hp, NH3, CO, and NO>.
Since the relative response ratio of CO (50 ppm) to H, (100 ppm)
is about 1.09 [12], the interference effect is large.
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CoOOH is an active material used in conjunction with nickel
hydroxide in Ni—-H cells [16]. Cobalt oxide is coated on the
positive electrodes of rechargeable alkaline nickel batteries to
achieve high electrochemical efficiency. The high conductiv-
ity of CoOOH [16] makes it very suitable for use in resistance
type gas sensors. In addition, CoOOH is non-stoichiometric and
the Co is at a higher oxidation state (+3) than in Co3O4 (the
oxidation states are +3, +3, +2 and the average is +8/3). Some
studies on the oxidation of carbon monoxide [17,18] have shown
that Cobalt Co*? ions are active in this reaction. Our research
team therefore prepared CoOOH and used it as a CO sensing
material. Our results showed that CoOOH had a low work-
ing temperature and encountered little interference from other
gases.

2. Experimental procedures
2.1. Sensing material

The synthesis of CoO, in a basic environment is shown in
Fig. 1 [19]. NaOH was slowly added to an appropriate amount
of the starting material of Co(NO3)2-6H>0 to form a Co(OH)»
precipitate. The pH value was kept below 9 during the mix-
ing process, and the red color of the Co(NO3),;-6H,O gradu-
ally changed to deep blue and finally to pink. When the pH
was increased to 9<pH< 14, the color of the Co(OH), pre-
cipitate turned brown with the formation Co(OH)3.CoOOH
was obtained from Co(OH); by a hydrothermal method in
air.

2.2. Sensor fabrication

A sensing material was prepared in the form of a paste by mix-
ing an appropriate amount of glycerol, 5 g CoOOH powder, and
1 ml tetraethyl orthosilicate (TEOS) binder. The TEOS binder
was a mixture of Si(OC,Hs)4:H>0O:CoH50H in the weight ratio
of 65:8:27. Fig. 2 shows the obverse side of an Al,O3 sub-
strate (4mm x 2.5mm) with gold electrodes deposited with
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Fig. 1. Synthesis of CoO, samples.
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Fig. 2. Structure of a sensing element: (a) obverse, (b) reverse.

screen-printing. The thick film CoOOH sensing material was
also coated on the obverse of the substrate by screen-printing.
The printed RuO; coating on the reverse of the substrate served
to control the reaction temperature.

2.3. Sensing system

The CO sensing chamber employed a dynamic flow system.
CO, Hy, CH4, and NO; of 1000 ppm in pure air were used as
standard gases. CO gas in the test system was diluted to different
concentrations from 1 to 1000 ppm. The flow rate of the testing
gas was fixed at 100 cm3/min during measurements. Resistance
signals from the sensor head were transformed to voltages by a
simple circuit, and a computer performed data acquisition and
processing. A single circuit was designed as follows in order
to facilitate measurements. As seen in Fig. 3, the input volt-
age is Vs (Vy=4V), the cascade sensor head resistance is Ry,
and the reference resistance is R;. The input data consists of
the voltage difference (Vy,) across the reference resistance. The
sensor resistance and gas response can be obtained from Egs.

(1)-(5):
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