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ABSTRACT

The present study deals with analysis of the activity of catalysts prepared by addition of different metals to Copper and Cobalt
based catalysts for CO oxidation and the variation in activity caused by changes in composition. A series of catalysts were
prepared with Cu:Co molar ratio 1:4 and a third metal (M= Ce, Ni, Au, Mg) was added in three different quantities. Compositions
were prepared by coprecipitation method, calcinated at 550°C for three hours. The results reported that the cerium based catalysts
showed the highest activity Tioo% = 390°C in terms of CO oxidation whereas gold based catalysts showed the least activity
Tss.24% = 418°C. The best selected catalyst of each group was characterized by the Scanning Electron Microscopy (SEM), X-Ray
Diffraction (XRD) and Fourier Transform Infrared Spectroscopy (FTIR).
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1. Introduction Copper and Cobalt based catalysts, the two transition
base metals [17-19] along with a third metal such as
cerium, nickel, magnesium and gold (Ce, Ni, Mg, Au)
have been studied thoroughly for CO oxidation.

Carbon monoxide results from incomplete combustion
of fuel and is emitted directly from vehicle tailpipes.
Two-thirds of the carbon monoxide emissions come
from transportation sources, with the largest In this study, catalysts were prepared by coprecipitation

contribution coming from highway motor vehicles. In ~ method, Copper and Cobalt based catalysts with the
urban areas, the motor vehicle contribution to carbon molar ratio of Cu:Co in 1:4, and a third metal in different
monoxide pollution can exceed 90 percent [1]. Thus, quantities was added. The third metal is cerium, nickel,
stringent and continuously changing environmental magnesium and gold (Ce, Ni, Mg, Au). 'The p.repa}red
regulations are being imposed which are to be met by catalysts were tested for carbon monoxide oxidation.
the companies and industries [2-5]. The best selected catalysts of each group were

Use of precious metal catalysts for the low temperature characterized by SEM, XRD and FTIR.

oxidation of CO has been predominant [6—12].
However, the high cost and limited availability of the
precious metal catalysts have necessitated the 2.1. Preparation of the catalysts
development of base metal catalysts for this application
[13]. To use low cost catalysts, transition base metal
catalysts [14-16] have been studied from the past
century and various combinations and techniques for the
catalysts have been developed which are as effective as
precious metal catalysts. Two of the biggest advantages
of base metal catalysts are their low cost and easy

2. Experimental

Copper and Cobalt based catalysts were prepared by the
coprecipitation method [17] with addition of a third
metal (Ce, Ni, Mg, Au), using nitrate salts or pure
elements. Molar ratio of Cu:Co was kept constant at 1:4
and third element varied in quantity. The all chemicals
used were of AR grade. The solution of metal nitrates
was slowly added to the solution of sodium carbonate in

availability. distilled water (0.2 M) under continuous stirring,
*Corresponding author email: chirag13121@gmail.com maintaining pH 10. After a while, precipitates formed
Tel.: +91 98 7212 5806 were filtered and washed several times with distilled
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water and dried in an oven overnight at 100°C. After
drying, the samples were calcined in the muffle furnace
at 550°C for three hours. The compositions are shown
in Table 1. The prepared catalysts were stored in air tight
bottles.

2.2. Catalytic activity measurements

The catalytic activity was measured in the tubular
packed bed reactor at atmospheric pressure. 100 mg of
the catalyst was diluted with 5 gm alumina powder [20]
and placed in the reactor. The reactant gas mixture
consisted of CO (1 ml/min) [21] and air (99 ml/min),
maintaining a total flow rate of 100 ml/min. The flow
rate of CO and of air was monitored by digital flow
meters (SMART INSTRUMENTS INDIA). The air
feed was made free of moisture and carbon dioxide by
passing it through CaO and KOH pellets. The catalytic
experiments were carried out under steady state
conditions. The reactants and products were analyzed
using gas chromatograph (NUCON 5765). Conversion
of CO was monitored as the temperature of the reactor

rises gradually. A K-type controller (NUTRNICS DTC-
201) was used to maintain the temperature inside the
reactor. Schematic diagram of experiment is shown in
Fig. 1. Catalytic activity was expressed in terms of CO
conversion, calculated by equation (1).

c.,. —-C
XCO — ( CO,lré CO,out) (1)
CO,in

3. Results and Discussion
3.1. Catalytic activity of the catalysts prepared

The compositions of the catalysts having the
variable metals cerium, magnesium, nickel and gold
with copper and cobalt in constant molar ratio 1:4 is
shown in Table 1. The catalytic activity of the catalysts
is expressed in terms of CO conversion at different
temperatures as shown in Figs. 2, 3, 4, 5. Various
compositions give the CO conversion at different
temperatures.

Table 1. Table showing the composition of different catalysts prepared.

Catalyst Composition (Molar Ratio) Catalyst ID
1:4:0.5 Catl
Cu:Co:Ce 1:4:1 Cat2
1:4:2 Cat3
1:4:0.5 Cat4
Cu:Co:Ni 1:4:1 Cat5
1:4:2 Cat6
1:4:0.5 Cat7
Cu:Co:Mg 1:4:1 Cat8
1:4:2 Cat9
1:4:0.003 Catl0
Cu:Co:Au 1:4:0.0076 Catll
1:4:0.0153 Catl2
Air Digital
Compressor | | Flow o
Meter Sa?egw KOH cao E';Z Gas
device ™ column [® column Reactor ™ Chromatograph
CO Cylinder |, Digital
Flow
Meter

Fig. 1. Schematic diagram of the experiment.
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Fig. 2. Catalytic activity of Cu, Co, Ce catalysts at different
Cu:Co:Ce ratios (Conditions: Atmospheric pressure, 50°C to
temperature with maximum conversion).

It is clearly shown in the graphs that the catalytic
activity increased in nickel and magnesium based
catalysts as their content in the catalysts was increased
and copper and cobalt contents were kept constant.
Decrease in catalytic activity of cerium and gold based
catalysts were associated with increasing their contents
and keeping copper and cobalt contents constant. Of the
four groups of catalysts, cerium catalysts showed the
highest activity and gold catalysts showed the least
activity.

3.2. Characterization
3.2.1. SEM

Morphology of prepared catalysts has been determined
by SEM instruments Digital Scanning Electron
Microscope - JSM 6100 (JEOL). It has a large specimen
chamber that allows observation of the entire surface of
a specimen upto 150 mm and a tilt of -5 to 90°.
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Fig. 4. Catalytic activity of Cu, Co, Mg catalysts at different
Cu:Co:Mg ratios (Conditions: Atmospheric pressure, 100°C
to temperature with maximum conversion).
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Fig. 3. Catalytic activity of Cu, Co, Ni catalysts at different
Cu:Co:Ni ratios (Conditions: Atmospheric pressure, 100°C to
temperature with maximum conversion).

The catalyst powder is placed directly on double sided
sticky carbon tape for analysis. SEM images in
Fig. 6 can reveal the formation of thread like structures
in nickel based catalyst. The nickel catalyst had long
threads and in bulky mass it had globular shaped
structures. Even magnesium based catalysts had
some thread structures and globular shape but not as
lengthy and not as much as in nickel based catalysts.
The structures found in nickel catalysts might increase
surface area due to which nickel catalyst activity is
more than that of magnesium catalyst in which
density of similar structures was less. The cerium
and gold catalysts had an irregular morphology,
the particles had irregular shape without any thread
structures like those in nickel and magnesium.
The presence of aggregation in the samples may be
due to the occurrence of large surface energy and
surface tension in the samples due to high temperature
treatment [22].
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Fig. S. Catalytic activity of Cu, Co, Au catalysts at different
Cu:Co:Au ratios (Conditions: Atmospheric pressure, 50°C to
temperature with maximum conversion).
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Fig. 6. SEM micrographs of the catalysts (a, b)-Catl, (c, d)-Cat6, (e, f)-Cat9, (g, h)-Cat10.
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The gold catalyst is agglomerated, particle size is large
compared to cerium and magnesium catalysts which had
a smaller particle size, so gold particles have less surface
area for reaction. This is the reason why gold is not as
active as others. Cerium catalyst has advantage of both
small particle size and high pore density making it
highly active catalyst.

3.2.2. X-Ray diffraction

X-Ray diffraction (XRD) of the catalyst samples was
carried out to identify the phases and oxidation states
present in the catalysts. The Rigaku Ultima IV fully
automatic high-resolution X-ray diffractometer system
with Theta-Theta (6-6) Goniometer for routine
characterization of powder samples was used. Standard
X-ray Tube with Electro Magnetic shutter, Cu target and
long fine focus having operating current and operating
voltage of 40 mA and 45 KV respectively was used. The
scanning range 26 was 5.00 — 110.00° with divergence
slit of 2/3°. The continuous scanning was done with the
step size of 0.0200. The XRD pattern of the catalysts is
shown in the Fig. 7.

The strong peaks are due to cobalt species [23] [JCPDS
No. 76-1802], copper species [JCPDS No. 05-0661],
cerium species [JCPDS No. 75-0076], 43.39 is due to
nickel oxide [JCPDS No. 89-1397], 38.9 is due to gold
[JCPDS No.04-0784].
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Fig. 7. XRD of catalysts (a)-Catl, (b)-Cat6, (c)-Cat9,
(d)-Cat10.
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The diffraction peaks of catalysts showed that the gold,
cerium and magnesium catalysts were highly
amorphous whereas nickel had crystallinity. The broad
diffraction peaks in the catalysts are due to the formation
of small crystallites.

At high calcination temperatures, relative intensity of
diffraction peaks decreased which might be due to the
increase in the lattice disorder and strain induced, since
increasing calcination temperature gives atoms more
energy to move [24]. In addition, the crystallization in
structures increases, which is evident from the number
of peaks, formed. The size of crystal grows as the
calcinations temperature is increased. At high
calcination temperatures, continuous grain boundaries
are formed due to bridging of fine particles to increase
the crystal size. This causes a reduction in porosity of
the catalyst, resulting in a reduction in activity [25].

3.2.3. FTIR

From the FTIR data of Fig. 8, it is observed that the
bands are broad which means amorphous phases have
been obtained. Clearly well determined bands with well
expressed peaks, typical of crystalline substances, can
also been observed. XRD proved that -catalysts
containing nickel exhibit crystalline characteristics [26].
Generally, the characteristic bands shift toward a higher
wave number region may be due to the increase in
particle size and also there is a significant shift from
cerium to gold catalyst which shows that the gold
catalyst has particles larger than the other catalysts [25].

Distinctive bands originate from the stretching
vibrations of the metal-oxygen bond. As can be seen in
Fig. 8, the first band ¥, at around 570 cm! is associated
with the BOB; vibrations in the spinel lattice, where B
denotes the Co cations in an octahedral position, due to
the presence of randomly oriented octahedral, i.e. cobalt
is situated in oxygen octahedral environment, i.e. Co*"
ions. The second bands v, at around 651 cm’ is
attributed to the ABOs vibrations, where A denotes the
metal ions in a tetrahedral position. The spectrum
showing bands at 570 and 667 cm™ was assigned to
Co304 [23]. The presence of two absorption bands
around 570 and 667 cm! was assigned to Co-O
stretching vibration mode and bridging vibration of O-
Co-O bond which originate from the stretching
vibrations of the metal-oxygen bond and confirmed the
formation of Co304 spinel oxide [27]. The bands in the
range of 1400-850 cm' are due to stretching of
asymmetrical and symmetrical vibrations of B-O bonds
in BO; and BO4 groups [26]. Generally, the metal oxides
may show absorption bands below 1000 cm™ arising
from inter atomic vibrations, stretching and vibrational
modes of metal oxygen [28-31].
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Fig. 8. FTIR of the catalysts (a)-Catl, (b)-Cat6, (c)-Cat9, (d)-Cat10.
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4. Conclusions

Twelve catalysts were prepared by the coprecipitation
technique, these catalysts were calcined at 550°C. All
the catalysts were tested for CO oxidation.

It has been observed that addition of nickel, magnesium
to copper and cobalt catalyst increases its catalytic
activity (T65.6% = 283°C to T799% = 340°C for nickel,
T73.1% = 340°C to T921% = 391°C for magnesium).
However, with addition of cerium and gold, the catalytic
activity of copper and cobalt catalyst decreased
(Tloo% 390°C to To7e 270°C for cerium,
Tss24% = 418°C to Tsoy = 290°C for gold). Catalysts
having cerium showed the best activity in comparison to
others, whereas gold catalysts showed the least activity.

The SEM analysis showed that nickel catalyst had a
globular structure with thread-like projections, this
might enhance activity with increasing nickel content.
As the globular structures increase, the surface area
might also increase. Agglomeration of the gold catalyst
might result in its lower activity.

XRD and FTIR analyses showed that nickel had a high
crystallinity in comparison to cerium, magnesium and
gold catalysts. The particle size of gold catalysts was
also larger than other catalysts.
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