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Abstract:

Present day major global crisis is global warming, which showed its very adverse affects on the
earth, atmosphere, and mankind and on all other living organisms. CO, and N.O gasses are the major
components which cause global warming. N2O is also an Ozone depleting gas. Governments of various
countries are bringing different policies to control these gasses and bring awareness to the people on this issue.
Scientific community has working a lot to mitigate the crisis by developing various method and materials.
Different Hydrotalcites materials were studied by various authors. However there were found separate method
and materials for adsorbing CO>, converting CO> and decompose N2O gasses. Present study focused on
development of single material as best material for adsorbing both CO> and N2O gasses. A series of four
calcined hydrotalcite materials 1HT, 2HT, 3HT and 5HT were prepared with different mole ratios of
Al;03:MgO with 1:1, 1:2, 1:3 and 1:5 respectively. Their physical properties were studie with the help of
XRD, BET — SA, SEM and TEM, their thermal stability was tested using TG-DTA and their CO2 and N2O
adsorption properties were studied with the help of temperature programmed desorption method.
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1. Introduction:

Climate change is a global crisis that has gained increasing attention and concern in recent years. The
current state of our planet is in endanger with rising global temperatures, melting polar ice caps, more frequent
extreme weather events, and shifting climate patterns [1, 2]. The Intergovernmental Panel on Climate Change
(IPCC) reported that global temperatures have risen by about 1°C above pre-industrial levels in 2017, and is
expected to increase at a rate of 0.2°C every decade [2,3]. Another important cause for the global warm is the
stratospheric Ozone depletion [4] Nitrous oxide, N2O, is one of the most harmful gases in our environment
because of its contribution to the depletion of the stratospheric ozone layer and high global warming potential.

N2O catalytic decomposition represents the solution for the reduction of N2O emissions from chemical
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industry. The finding of catalyst with sufficient activity and stability in real off-gas conditions is still a problem

and requires research effort in this field.

COy, primarily released through the combustion of fossil fuels, deforestation, and various industrial
processes, acts as a potent greenhouse gas by trapping heat and intensifying the natural greenhouse effect.
Anthropogenic sources of CO> emissions, predominantly stemming from energy production, transportation,
and industrial activities, accelerated the pace of global warming and led to oceans acidification, putting
tremendous stress on biodiversity. As a result, countries have pledged the Paris Agreement to limit the rise in
global temperature to 1.5 °C above pre-industrial levels [19]. Therefore to mitigate the impact of CO>
emissions on our climate, efficient CO. capture technologies need to be developed with an ambitious goal of

net zero emissions by 2050 [20], so as to limit the impact of global warming [21].

Scientists have published many papers on the emission control of N20O, which has been known as one of
the major greenhouse gases. N20O is an important component of the earth’s atmosphere with about 150 years
of life time in atmospheric condition, and has a global warming potential that is 310 times higher than that of
CO2 on a per molecule basis [1-3]. In addition to the global warming effect, it acts as the main source of
stratospheric NOXx, which is expected to play an important role as an ozone sink when atmospheric levels of
CFCs decrease. Nowadays, the global concentration of N20O is reported to be increasing faster than at any
time in the past, and this has been attributed to anthropogenic contributions. The reduction of N20O emission
into the atmosphere is environmentally very important, and the catalytic decomposition of N20O is an energy-

efficient and promising process to attain this objective.

A variety of catalysts have been tested by many authors for the decomposition of N20O with supported
or unsupported noble metals, metal-exchanged zeolites and mixed metal oxides derived from hydrotalcites.
Some catalysts, such as Cu-ZSM-5 and Rh-ZSM-5 reported by Li and Armor [22], and Rh supported on ZnO
reported by Oi et al. [23], were found to have prominent activities among the catalysts screened so far.
Temperature programmed desorption studies of CO2 were studied to know the surface basicity as well to
study the CO2 reaction on the surface of the material [24,25]. As reviewed by Kapteijn et al. [26], active
catalytic systems include supported metals and oxides, mixed oxides, and zeolites. Recently, mixed oxides
derived from hydrotalcite-like compounds, named ex-HTlcs, have shown high activities for N20

decomposition [5-22].

In view of wide applications of hydrotalcite materials, present work has focused on the study of
hydrotalcite materials as CO2 adsorbent and N20O decomposition material. A series of four adsorbents were
prepared with varing Al203:MgO mole ratio. And studied their temperature programmed desorption
properties of CO2 and N20 gasses.
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2. Experimental:

2.1. Preparation Method:

A series of four adsorbents with mole ratios of magnesium oxide to alumina with 1 : 1 (1HT), 1: 2 (2HT), 1
: 3 (3HT) and 1 : 5 (5HT) were synthesizes by standard co-precipitation method under super saturation
conditions [27]. Metal Nitrates of these oxides were taken as precursors. Corresponding weights of magnesium
nitrate and aluminium nitrate salts were dissolved distilled water to make 10% solution. This salt mixture was
thoroughly stirred with a mechanical stirrer to prepare a homogenous solution. Ten percent each of sodium
hydroxide and sodium carbonate solutions, hydroxide and carbonate are the common interlayer anionic
species, were taken in two different separating flasks and added these solutions simultaneously. Very slow
and continuous addition with stirring was done, at pH 9 a thick viscous precipitate was formed stirring and
addition of the precipitating agents was continued until the pH reaches to 11. Addition of these precipitating
agents was performed at room temperature and after completion of the addition the temperature of the
precipitant was increased to 333-338 K was kept for aging in hydrothermal conditions for 18 hrs. This gel lie
precipitant was then cooled to room temperature followed by filtration. Thus obtained white cake was washed
with distilled water till the filtrate shows pH of 7. Then this cake was oven dried at 393 K for overnight and
calcined at 723 K for 18 h.

The Phase identification and conformation of as prepared support materials was done with the help of Rigaku
XRD 6000 diffractometer with Ni filtered CuKa radiation at 40 kV, 30 mA was used for X-ray diffraction
analysis. N2-physisorption analysis was carried out on a Micromeritics ASAP 2020 at 196 °C. The specific
surface areas and pore size distributions of the dried and calcined hydrotalcites samples were obtained using
the BET and BJH equations, respectively. The thermogravimetric analysis (TGA) experiment was performed
ona SDT Q 600 TGA analyzer (TA instrument). About 10-mg sample was heated from room temperature to
973 K under oxygen atmosphere at a heating rate of 10 K/min. Formation of crystallites, their sizes, changes
in morphology and layer like structure formation with increase in the percentage of magnesium oxide was
studied with the help of Electron microscopic analysis that is Scanning Electron Microscopy (Hitachi S-4100
FE-SEM instrument operated at an accelerated voltage 10 kV) and Transmission electron microscopic
technique on Analytical Transmission Electron Microscope (model — CM30 TEM, Philips) with an
accelerating voltage 200 kV. Carbon dioxide chemisorption tests were carried out at 60°C using AutoChem
2950 Micromeritics equipment. To know the surface acidity and basicity of the calcined hydrotalcite materials
COz (for basicity) and NH3 (for acidity) were studied following temperature programmed desorption studies
of these gases. Quantification and strength of these acidic and basic sites were studied with the help of GC
with TCD detector. A 150 mg catalyst sample was loaded in a reactor and pretreated by pure helium for 1
hour at 200°C. Then the sample was cooled to 60°C in a helium flow. The adsorption of carbon monoxide
was carried by pulse chemisorption method using 10% CO/He mixed gas. After complete saturation the CO»-
temperature programmed desorption (CO.-TPD) analysis performed on the same instrument. Prior to TPD

experiments the sample was purged for 1h at 60°C with Helium gas and raised the reactor temperature to 850
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°C at a ramp rate at 10 °C mint. The same procedure was followed for N2O - temperature programmed

desorption (N2O-TPD) analysis.
3. Results and Discussion:
3.1. X —Ray diffraction analysis:

X — Ray diffraction analysis of as synthesized dried and calcined Mg-Al hydrotalcites with various
Al203:MgO mole ratios were studied, and the diffraction patterns with characteristic peaks indicative of their
crystal structure. These peaks arise from the constructive interference of X-rays diffracted by the planes of
atoms present at specific 20 angles were presented in figure 1 and figure 2 respectively. The XRD patterns of
the dried samples match with the ICDD file number 890460 with sharp and symmetric peaks for (003), (006),
(110), and (113) planes at 2 theta scale 11.65, 23.42, 60.95 and 62.46 respectively as well as broad symmetric
peaks for the (009), (015), and (018) planes at 2 theta scale of 34.90, 39.85 and 47.59 respectively. These
peaks are characteristics of clay minerals having layered structures [28, 29], and they show that in all cases,
well- crystallized hydrotalcites are formed. Another important to be observed from the figure 1 i.e. XRD of
LDH materials is, a perfect LDH crystal structure was present with 2HT and 3HT where the Al.O3:MgO mole
ratio is 1:2 and 1:3 respectively. In 1HT two different materials were formed i) disordered hydrotalcite and (
- aluminium hydroxide i.e. gibbsite phase with ICDD file number 77-0114 (2 theta scale and the planes are
same as given above for 2HT and 3HT) and 05-0712 (2 theta scale and the planes18.74 (001), 20.3 (110) and
40.48 (201) [28, 29& 30]. And as we further increase the MgO mole ratio i.e with Al203:MgO mole ratio 1:5
there observed broadzening of the symmetric sharp peaks of LDH. This suggests that increase in the quantity
of MgO either disordered layer double hydroxide is formed or small crystallites were formed. In other words
increase in the MgO quantity i.e. with Al,03:MgO mole ratio of 1:5 smaller crystallites of LDH were
formed[27] . On calcinations of all these materials at 450 °C for 12 hrs with rate of heating 10 degrees/minut
metal oxides of LDH have been separated. These two metal oxides were clearly seen in 1HT, i.e. MgO (ICDD
—87-0651) with planes 36.42 (111), 43.64 (200), 61.76 (220), 73.66 (311), 78.78 (222) and ©-alumina (ICDD
04-0875) was formed from gibbsite, corresponding to the d-spacing of the 37.44 (311), 46.03 (400), 66.76
(440) planes, and can be compared to the ICDD database (04-0875) for identification. From 1Ht to 5HT as
the mole ratio of Al203:MgO increases, there was an increase in the intensities of MgO peaks and decrease in

the intensities of Al,O:s.
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Figure 1. X —ray diffraction patterns of dried HT adsorbents a) IHT — D b) 2HT — D, ¢) 3HT — D and d) 5HT
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Figure 2: X —ray diffraction patterns of calcined HT adsorbents a) 1HT b) 2HT, ¢) 3HT and d) 5HT

3.2. BET Surface Area:

Surface areas of dried and calcined samples were obtained with the help of Brunauer—-Emmett—Teller (BET)
method. It explains the physical adsorption of gas molecules on solid surface and serves as the basis for an
important analysis technique for the measurement of the specific surface area of materials [31]. In all the four
samples there observed increase in surface area for calcined one compared to the dried samples. This may be
due to presence of water molecules within the pores. There observed a general trend in the surface area of

dried samples. The decreasing trend in surface area of dried samples from 1HT to SHT can be explained due
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to increase in the mole percentage of magnesia. From XRD analysis it has been found that 1HT is with

aluminium hydroxide and hydrotalcite phase and in rest other three samples though there hydrotalcite phase
is present x-ray amorphous magnesium hydroxide may also be present [32]. However, a reverse trend in
calcined samples with increase in mole ratio of MgO was observed. This also can be understood from the
XRD patterns of calcined samples. Peak broadening of magnesium oxide indicated the smaller crystallites of
MgO and Al,Os3 are responsible for increase in surface area of samples upto 3HT. XRD of the calcined 5SHT
sample shows sharp peaks compare to other three samples with lower magnesium oxide, which says the
increase in crystallite size of the MgO in 5HT and overlapping of these large crystallites on to the smaller

gamma-alumina crystallites. These two reasons may cause for the decrease in the surface are of 5HT.

Table 1: BET specific surface areas (m?/g) of dried and calcined hydrotalcite samples

BET-SA (m?/g)
Name
Dried Calcined
1IHT 201 235
2HT 186 254
3HT 172 278
5HT 150 208

3.3. TG - DTA analysis:

Thermal analysis techniques i.e. differential thermal analysis (DTA) and thermo gravimetric analysis
(TGA) are useful to assess decomposition of hydrotalcite materials. The thermo gravimetric and differential
thermal analysis patterns were given in figure 3 (a) and (b) respectively. It can be seen clearly that there are
two broad peaks of weight loss, first one, the lower temperature loss was from 30°C to 225°C this broad peak
again consists of two shoulders. First shoulder was of physically adsorbed second shoulder was of chemically
adsorbed water. The second, high temperature weight loss was observed from 300 °C to 500 °C which is
attributed to the loss of inter layer anions [33]. Authors Ellina Bernard et al have studied the thermogravimetric
analysis of hydrotalcites prepared with various interlayer anions. They found that mono-valent anions were
eluted earlier than the divalent anions [34]. Thermal decomposition mechanism of hydrotalcite materials was
studied along with mass spectroscopy. The mass spectrum of the CO2 was observed in the temperature range
from 250 °C to 450 °C [35]. From the figure 4b sharp and highest weight loss was observed with the

decomposition of inter layer anions i.e. carbonate ions.
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Figure 3: Comparative study of as prepared samples of 1HT, 2HT, 3HT and 5HT samples
(a) Differential thermal analysis (DTA) (b) Thermo Gravimetric Analysis (TGA)

3.4. Scanning Electron Spectroscopy (SEM):

Particles shape, size and morphology of the calcined hydrotalcite materials formed were studied with
the help of scanning electron microscope and the micrographs with magnification scale 200 nm were presented
in figure 4 (a), (b), (c) and (d) are of 1HT, 2HT, 3HT and 5HT respectively. Agglomerations of small
crystallites were clearly seen in 1HT. Layered structure was not observed in this, XRD patterns of calcined
1HT showed small and broad peaks of alumina, peaks for magnesium oxide were not well separated, this can
also be seen from the SEM image also. It can be clearly seen from micrographs (b) to (c) to (d) that as the
mole ratio of MgO increases the increase in the layer structure. XRD patterns of calcined hydrotalcites of
figure 1b showed increase in the intensities of MgO peaks with from 2HT to 5HT, this says that increase in
the crystallite size of MgO Brucite layers. Increase in the layer structure can be observed from SEM images
of 2HT, 3HT and 5HT. These layer structures are of Brucite MgO.

Figure 4: Scanning Electron Micrographs (scale 200 nm) of calcined (a) 1HT, (b) 2HT, (c) 3HT and (d) 5SHT
3.4. Transmission Electron Spectroscopy:

To study more closely about the topography of calcined hydrotalcite materials was studied with the
help of transmission electron microscopy (TEM), the micrographs with magnification scale of 30 nm were
presented in the figure 5 (a), (b), (¢) and (d). Very clear particles of around 15 nm width and 25 nm lengths
were found in sample 1HT. From the dried samples XRD analysis (figure 1a) it was found that in this sample
hydrotalcite phase was not formed completely and aluminium hydroxide phase was also seen. These are of

Al>;03 and MgO phases in calcined 1HT. The same is conformed from the TEM image. Close observation of
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TEM images of 2HT, 3HT and 5HT reveal the decrease in the number of particle like structures which are of

Al>0s. However layer structure is increasing with increase in the mole ratio of MgO. This layer structure was

of Brucite layer.

Figure 5: Transmission Electron Micrographs of calcined a) 1HT, b) 2HT, c¢) 3HT and d) 5HT
3.4. CO2 Temperature Programmed Desorption:

Carbon dioxide holding capacity of the calcined hydrotalcite materials with increase in the MgO mole
ratio was studied with the help of temperature programmed desorption technique. In this experiment after the
adsorption of 10% CO2/He gas, the adsorbed CO was desorbed with increase in temperature in a controlled
program. Thus obtained desorption curves from 1HT, 2HT, 3HT and 5HT were presented in figure 6. All these
samples gave low temperature desorption peaks. 1HT gave a very less intense peak from 90 °C to 140°C, says
very less amount of CO2 was adsorbed on this material. And the desorption peak in 2HT starts from 90 °C to
223°C with a maximum at 121 °C. Desorption curve of 3HT was from 40 °C to 170 °C with peak maximum
at 121 °C and a small shoulder at 80 °C. Sample 5HT shows a single desorption peak from 100 °C to 200°C
with peak maximum at 126 °C. Amount of desorbed CO2 was given in table 2. And the very low amount of
desorbed CO. was observed for IHT compare to other three samples. Though 1HT has equal mole ratio of
Al>;03: MgO from XRD analysis it was clearly seen that 1HT has more alumina phase with less MgO, SEM
images also show the particulates of alumina. As the CO desorption studies gives information about the types
and densities of basic sites present on the surface of the materials. V.K. Diez et al have studied the CO, TPD
in association with IR technique of magnesia alumina spinel [36]. They stated that MgO, Al.Os, and all the
MgyAlOx samples involves surface hydroxyl groups that can be considered as weak base sites on Mg-rich
samples [37]. Single desorption peaks at low temperature might be due to the adsorption of CO2 on the surface
hydroxyl group of calcined hydrotalcite materials. Karthikeyan K. Ramasamy et al [38] have studied CO>
adsorption on hydrotalcites calcined at various temperature and they found that there are two types of basic
sites are present. According to Jianyi Shen et al. hydrotalcites calcined above 400 °C there observed transition
in the Al (octahedral) —-O — Mg to Al (tetrahedral) —O — Mg thus the materials calcined around 400 °C showed
different CO. adsorption [24]. This might be the reason that whatever the mole ratio of the hydrotalcite samles,

as they were calcined at 450 °C all have showed a single CO> adsorption maxima.
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Figure 6: CO, Temperature programmed desorption curves of 1HT, 2HT, 3HT and 5HT

Table 2: Amount of CO> desorbed from calcined hydrotalcite materials

Desorbed CO-
S. No. Sample
(umol/g catalyst)
1 1HT 3
2 2HT 37
3 3HT 39
4 SHT 37

3.5. N2O Temperature Programmed Desorption:

Temperature programmed desorption (TPD) of N20 is a technique used to study the interaction of
nitrous oxide (N20) with surfaces, particularly its decomposition and adsorption behavior. All the calcined
hydrotalcite materials were subjected to N2O adsorption followed by temperature programmed desorption
studies with increasing temperature. M.C. Roman-Mart inez et al have studied the interaction of N2O with a
hydrotalcite-derived multimetallic mixed oxide catalyst. They studies the desorption pattern (decomposition
patterns) at various temperatures starting from room temperature to 325 °C. They reported that that the amount
of adsorbed gas at room temperature is large compare to higher temperatures. And found that there was not a
direct relationship between adsorbed amount and reaction rate [39]. In our study it was observed that all the
adsorbent HT samples show desorption peaks in the region from 100 °C to 160 °C. There observed two to
four peaks merged. 1HT sowed two peaks 2HT gave three peaks 3HT and 5HT showed four peaks. This
concludes that with increase in basicity the interaction of N20 with calcined hydrotalcite materials is different.
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Figure 7: N2O Temperature programmed desorption curves of 1HT, 2HT, 3HT and 5SHT
Conclusion:

Crystallite phase formed before and after calcinations were studied using XRD analysis which, revealed
the formation of hydrotalcite phase in every composition before the calcinations. However, 1HT showed both
aluminium hydroxide and hydrotalcite phases. XRD images after calcinations showing the presence of metal
oxides of Al and Mg. Except 3HT, all samples showed both Al>O3 and MgO phases. As the percentage of
MgO increases there is sharp increase in the MgO phase. And in 3HT only one phase has MgO was observed.
Thermal stabilities of these materials were compared using TG-DTA analysis. High weight loss was observed
for 3HT. From micrographs of SEM and TEM it was clearly seen the increase in layer structure with increase
in MgO ratio. Adsorption capacities of calcined hydrotalcites for CO2 and N2O gasses were studied with the
help of temperature programmed desorption studies. Samples 2HT, 3HT and 5HT adsorbed good amount of
CO:s. Interesting results were obtained from the N.O temperature programmed desorption studies. From 1HT
to 3HTthere observed increased N2O adsorption properties and decreased on 5HT sample. This might be due
to presence of high specific surface area and large amount of basic sites with different basic sites. Among all

3HT sample showed best activity for the CO. and N2O adsorptions.
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