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Preparation and Characterization of Ag Doped Mn,0O; Nanomaterial for

CO Oxidation
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Abstract: Nano-sized silver doped Mn,03; was synthesized by starch assisted co-precipitation technique. The prepared
samples were tested for CO oxidation reaction. Ag doped Mn,O3 sample was found to show higher activity then pristine
Mn,03. XRD patterns authenticate the formation of Mn,O3 phase. Electron microscopy images show that the particles are
in nano-sized, agglomerated and 40 - 70 nm in range. Thermal analysis data indicates the phase change from Mn,O; to
Mn30, beyond 950 °C. Magnetic susceptibility data indicates the paramagnetic nature of these samples. Electrical resistiv-
ity measurement shows that these samples are semiconductors.
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1. INTRODUCTION

Among the transition metal oxides, manganese oxides are
of special interest because of their varied oxidation states as
exemplified by MnO, MnO;, Mn,03, Mn30,4, Mn,0O etc. and
which is found to be greatly dependent on the preparation
conditions. Manganese oxides are non-toxic, cost effective
and have a wide range of technical applications, viz. cataly-
sis for completely oxidizing various volatile organic sub-
stances, molecular adsorption, ion exchange, biosensor, high
density magnetic storage media, electrochemical super ca-
pacitor and promising cathode material for lithium batteries
[1-4] due to their outstanding structural flexibility and physi-
cal properties.

One such important functional metal oxide is Mn,O3,
which has captured the interest of many researchers owing to
its wide applications [5-7]. Its higher surface area is espe-
cially of great significance for catalytic applications. Mn,03
with different structural features have been extensively in-
vestigated as an inexpensive, environmental friendly catalyst
to remove waste gases. When combined with noble metals, it
shows a higher catalytic activity at a relatively lower tem-
perature [8-10].

Over the years, the oxidation of CO to CO, has remained
the major solution towards CO abatement in air depollution
treatments. The development of catalytic converters has led
to an extraordinary high number of publications on metal
oxide catalysts during the last several years. The appropriate
combination of manganese oxides and some mixed metal
oxides exhibit greater activity and thermal stability for this
reaction than the single metal oxides [11]. Better results were
achieved by using a combination of noble metals with transi-
tion metal oxides which led to a higher catalytic activity at a
relatively lower temperature for the CO oxidation reaction
along with good stability [12-13]. Mn,O3 in combination
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with noble metal either doped or supported are widely used
for low temperature CO oxidation reactions [8-10].
Nanostructured materials have been actively studied as a
catalyst material by many researchers due to the various
advantages offered as a result of size reduction. Various
techniques have been employed to prepare nano-sized
Mn,O3; with different morphologies such as nano-arrays,
nano-wires, nano-spheres, and clusters [14-16] which greatly
influences their catalytic activity for CO oxidation reaction.

In the present investigations, the synthesis of nano-sized
Ag doped Mn,03 using starch is being reported for the first
time. The prepared samples were characterized by different
instrumental techniques. The prepared samples have been
tested for CO oxidation reaction and the results obtained are
noteworthy.

2. EXPERIMENTAL
2.1. Catalysts Preparation

Nano-sized Mn,Oz and Mn;gsAgo0sOz catalysts were
prepared by starch assisted co-precipitation method [17].
Calculated amount of AR grade manganese acetate and sil-
ver nitrate were dissolved in distilled water. Both these solu-
tions were added to 2% starch solution at 100 °C with stir-
ring. Liquid ammonia was added drop wise with continuous
stirring to achieve a pH = 9. Subsequently, the suspension
was subjected to oxidation by drop wise addition of 30%
H,0, solution with constant stirring in order to adjust the
oxidation state of metal ions. The suspension was then
stirred continuously at 100 °C till dryness. The resulting
product was dried at 150 °C for 6 h. Finally, the dried pre-
cipitate was homogenized by grinding using a mortar and
pestle and calcined in air at 700 °C for 5 h.

2.2. Catalysts Characterization

The phase composition of the calcined samples was ana-
lyzed by X-ray diffraction (XRD) using RIGAKU Ultima IV
diffractometer using Cu Ka radiation (. = 1.5418 A) with 26
scanning range 10-80°. Phase identification was made using
the standard XRD reference database. The surface morphol-
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Fig. (1). XRD patterns of (a)Mn,03 and (b) Mny 95sAd0.0503.

ogy was determined with JSM-5800LV scanning electron
microscope (SEM) instrument operating at 20 kV. Transmis-
sion electron microscopy (TEM) images were taken on a
PHILIPS CM 200 electron microscope operating with an
accelerating voltage of 200 KV. The BET surface area was
measured by nitrogen adsorption at liquid Nitrogen tempera-
ture using a SMART SORB-91 surface area analyzer. The
samples were regenerated at 200 °C for 2 h prior to the ad-
sorption experiments. Thermal analysis were carried out on a
NETZCH STA 409 PC TG/DSC instrument in air at a heat-
ing rate of 10 °C min™ and heated from ambient to 1100 °C.
Fourier transform infra-red (FTIR) analysis of the samples
were undertaken in the range 400-1500 cm™ with SHIMA-
DzU IR prestige-21 spectrophotometer. Temperature varia-
tion of electrical resistivity from room temperature to 400 °C
was measured in a conductivity unit cell by two probe
method in air. Samples in the form of pellet of 0.75 cm ra-
dius and 0.15 cm thickness were used. Pellets were heated at
150 °C for 2 h in oven prior to measurements. Magnetic sus-
ceptibility of the samples were measured using the Guoy’s
balance at room temperature in a field of 8600 gauss and
using Hg[Co(SCN),] as the standard material. Magnetic sus-
ceptibility (yy) and magnetic moment (Uer) values were then
determined accordingly.

2.3. Catalytic Activity Test

The catalytic tests for CO oxidation by O, were per-
formed at atmospheric pressure in a continuous flow, fixed
bed glass reactor. The sample powder of 0.9 g was supported
between glass wool plugs in a glass reactor which was
placed in an electric furnace. The reaction temperature was
measured by inserting a thermo-couple in the middle of the
catalyst bed. The catalytic activity was determined using a
feed gas composition of 5% CO and 5% O, in nitrogen. All
these three gases were first mixed in a mixing bulb. The in-
dividual gas flow rates were controlled using flow meters

and precision needle valves, previously calibrated for each
specific gas. Prior to the CO oxidation reaction the catalyst
was activated by passing O, at 100 °C for 30 min. The mix-
ture of gases was then allowed to pass over the catalyst at a
rate of 5000 ml h™. The feed gases and the products were
analyzed employing an online Gas Chromatograph with mo-
lecular sieve 13X and Porapak Q columns, H, was used as a
carrier gas. The CO was prepared in the laboratory by stan-
dard procedure and further purified by passing through alkali
and molecular sieve traps. O,, N, and H, gases were used
from pure commercial cylinders.

3. RESULTS AND DISCUSSION
3.1. Characteristic Properties

Fig. (1a and b) shows X-Ray diffraction pattern for pris-
tine Mn,03 and doped Mny gsAQo0503 Samples. The Fig. (1a)
shows the characteristic diffraction features which can be
indexed to the cubic system of Mn,03 being consistent with
the reported values for Mn,Oz (ICDD card No: 01-1061).
From this diffraction pattern, it is evident that the product
has high crystallinity owing to the well defined sharp peaks.
The Mny95A00.0503 (Fig. 1b) shows almost similar diffrac-
tion features as that of Mn,O;. No extra reflections can be
seen for Ag which indicates well incorporation of Ag into
the Mn,O; lattice.

The morphology and particle size is illustrated using the
SEM images for the pure Mn,O3 and doped Mn; gsAQ0.0503
samples. The pristine Mn,0O3 (Fig. 2a) shows almost spheri-
cal morphology and particles are agglomerated in appear-
ance. The particles were in the range of 40 — 70 nm in di-
ameter. The Mn;g5AQ000s0s shows morphology (Fig. 2b)
similar to that of pristine Mn,0s. The particles were found to
be spherical in shape and agglomerated in appearance to
some extent. The average particle size is approximately 80
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Fig. (2). SEM images of (a) Mn,0O3, (b) Mn; 9sAgo.0503 and TEM image of (¢) Mn;.9sAg.0505.

Table 1. Shows BET Surface Area, Gram Susceptibility (Xg), Magnetic Moment (per7) Values and Catalytic Activity of 50% (Tsp) and

100% (T199) CO Conversion

Sample SA (m’g”) X, pert (B.M.) Tso (°C) Tuo (°C)
Mn,05 6.6 6.8204x10°° 5.1278 210 310
Mn1.95A00.0s03 1.7 6.6912x10°° 5.0380 188 240

nm. These observations are attributed to the preparation
method which is known to influence the morphology and
particle size of the materials.

Furthermore, TEM analysis was employed to examine
the particle nature and particle size of this catalyst. TEM
image of MnygsAQo.0503 is shown in Fig. (2¢). From TEM
image it is clear that the particles are nano-sized and almost
spherical in shape. The particle size was found to be in range
of 40 - 70 nm.

The specific BET surface area of the calcined samples
has been determined using nitrogen physisorption at liquid
nitrogen temperature. The results are summarized in Table 1.
These samples exhibits lower surface area mainly due to
higher calcination temperature and agglomeration of parti-
cles as observed in SEM/TEM images. The undoped Mn,03
shows a surface area of 6.6 m?g™. After incorporation of Ag
in Mn,O; lattice, the surface area decreases.

Thermal study of Mn,03 shows the major weight loss in
950-1050 °C region (Fig. 3a) with a corresponding endo-
thermic peak in DTA curve, this weight loss is due to the
loss of oxygen and transformation of the phase from Mn,03
to Mn30,4[18]. The Mny.95Ado.0s03 Sample also shows similar
weight loss pattern with an endothermic peak as can be seen
in Fig. (3b). However, a little shift in the phase transforma-
tion temperature is observed in case of the MnjgsAQo.0503
sample, which shows a phase transformation at a slightly

higher temperature. This may be one of the consequences of
Ag incorporation into the Mn,O3 lattice [19, 20]. From the
TG/DTA investigations, it is confirmed that the phase form
is Mn,0O3 phase since no apparent weight loss was observed
for MnO, to Mn,03 phase transformation which otherwise is
usually seen above 530 °C [20,21]. This data also confirms
that after calcining the samples at 700 °C, formation of
Mn,0O3 phase takes place.

The samples were also characterized by FTIR in the re-
gion of 1500-400 cm™. Fig. (4) shows the FTIR spectra of
(a) Mn,03 and (b) Mn1'95Ago'0503. The Mn,03 (Flg 43.)
shows several vibrational modes at 673, 608, 574, 530, 453
cm™ which are characteristic of Mn,O; oxide [22]. The
bands at ~673 and 574 cm™ [23] are attributed to Mn-O
stretching vibrations of Mn,0O3 and the one at 530 em™is due
to Mn-0 bending vibrations of Mn,0O3. All the vibrations are
also prominent in Mny.9sAgo.0sO3 Sample indicating that the
crystal structure of Mn,O; is retained even after doping.
These bands are found to be shifted in frequency to some
extent which may be due to the effect of Ag doping in the
lattice structure of Mn,0s.

In order to investigate the temperature dependent conduc-
tivity, the samples were subjected to resistivity measure-
ments from room temperature to 400 °C in static air. Fig. (5)
shows the plot of electrical resistivity verses temperature
in the temperature range from ambient to 400 °C. The dc
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Fig. (3). Thermal analysis (TG/DTA) patterns of (a) Mn,03 and (b) Mn; 9sAgo.0505.
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Fig. (4). FTIR spectra of (a) Mn,03 and (b) Mn; 9sAgo.050s.

electrical conductivity is found to be strongly dependent on
temperature. It can be seen that conductance of both the pure
Mn,03 and Ag doped Mn,0O3 increases with increasing tem-
perature and exhibits semiconductor behavior. Fig. (5) shows
that at lower temperature conductivity of both the samples
have almost similar slopes, i.e. the same activation energies at
the lower temperature range. However, at higher temperature
conductivity increases remarkably and falls in Arrhenius re-
gion. Ag doped sample is found to be slightly more conduct-
ing than the pristine sample. At lower temperature the low

conductivity values are concluded as extrinsic, whereas at
higher temperature linear increase in conductivity is observed
and is called as an intrinsic semiconductivity. In order to
check the reproducibility of conductivity data as a function of
temperature the samples were run several times and the same
trend is observed as that which has been reported here.

The magnetic susceptibility of the oxide samples was de-
termined by using the Guoy’s balance at room temperature,
using field strength of 8600 gauss. The observed gram sus-
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Fig. (5). Temperature variation of electrical resistivity from room temperature to 400 °C.
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Fig. (6). Catalytic performances of catalysts towards CO oxidation. (Conditions : 5% CO, 5% O, in N, at rate of 5000 ml h™").

ceptibility values and magnetic moment values at room tem-
perature are presented in Table 1. The magnetic moment
values were found to be ~ 5.1 B.M. for the samples. These
values confirm that manganese is present in 3+ oxidation
state having four unpaired electrons in Mn,O3; oxide. The
pristine Mn,O3 showed higher values of magnetic suscepti-
bility and magnetic moment values than the doped
Mny.95A000503 sample. With incorporation of Ag these val-
ues were found to be decreasing due to the influence of Ag
ions in Mn,Oj; lattice.

3.2. Catalytic Activity

The catalytic activity of the prepared samples was tested
for CO oxidation reaction. Fig. (6) illustrates the catalytic
activity of the samples. The Ag doped Mn,O; catalyst

showed good activity as compared to pristine Mn,0O3. The
Mn,03; showed complete conversion of CO at a temperature
of 310 °C whereas the Ag doped catalyst show the conver-
sion at 230 °C, which is around 80 °C lower than pristine
Mn,0s. In Table 1 the light-off temperatures of 50% CO
conversion (Tsg) and 100% CO conversion (Tyq0) over differ-
ent samples are presented. Introduction of Ag in Mn,03
greatly improved the catalytic behavior of Mn,03, a drastic
decrease in total CO conversion temperature was also ob-
served. The BET surface area of silver doped Mn,03 was
found to be very less as can be seen in Table 1. Interestingly,
despite having a lower surface area this catalyst showed
good activity. Undoubtedly, the higher activity is due to the
presence of the Ag species.
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Generally CO oxidation on manganese oxides follows a
mechanism proposed by Mars - Van Krevelen [24] implying
that lattice oxygen incorporation occurs during CO oxidation
and that the reduced surface of the manganese oxide is reju-
venated by taking up oxygen from the feed mixture. CO is
adsorbed on the surface as bi-dentate carbonate, the adsorbed
CO extracts surface oxygen atom to form CO, and surface
oxygen vacancy. The oxygen vacancy is filled by gas phase
0,, weakening the bond in O, molecule. This adsorbed O,
species, which is believed to be present possibly as O, ion
radical, may react readily with a neighboring CO molecule
adsorbed as a bidentate carbonate, forming CO, again and
recovering back the catalysts surface. Presence of Ag greatly
improved this activity by increasing the active sites.

4. CONCLUSIONS

Starch assisted co-precipitation method was employed
for the synthesis of nano-sized Mnj;gsAgoesOs. The XRD
diffraction pattern confirmed the formation of Mn,03 phase.
The nano-sized nature of the particles was determined by
electron microscopy. Thermal analysis gave significant evi-
dence of phase change of Mn,0O3 to Mn3O, at around 950 -
1050 °C. FTIR spectroscopy data gives characteristic Mn-O
vibrations typical of Mn,Os. Electrical resistivity data proves
the semiconducting nature of these samples. Magnetic sus-
ceptibility measurements revealed the presence of 4 unpaired
electrons in the oxide samples. Despite having a lower sur-
face area, the Ag doped Mn,03 was found to markedly im-
prove the catalytic activity for CO oxidation reaction as
compared to the pristine Mn,03. These results unambigu-
ously prove the ability of noble metals in enhancing the cata-
Iytic properties of simple oxides.
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