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ABSTRACT:

n — Butane is a natural gas with less reactivity and n-olefins are industrially very important starting
materials for the synthesis of fine chemicals. Thus dehydrogenation of n — butane to n-butenes is industrially an
important reaction. As this reaction is heterogeneous catalytic reactions are carried out at high temperature
results in various products were obtained with cracking, dehydrogenation, isomerization and polymerization
reactions. Among all dehydrogen products are industrially very important. In present work we have studied the
effect of calcined hydrotalcite supports on the activity of Pt and PtSn catalysts for this reaction. A series of
three catalysts of PtyHT and another series of three catalysts PtO3SnyHT were prepared by impregnation
method. All the catalysts were dried, calcined and reduced before studying their properties and testing their
activity. Phase of these catalysts was identified from XRD. Specific surface area was obtained from BET
method. Distribution of the particles and their sizes were obtained from TEM and CO chemisorption studies.
N-Butane dehydrogenation reaction was performed by passing n-butane : Hz: Nafeed flow rate 30 mi/min on
100 mg catalyst placed in a fixed bed SS reactor. Reaction temperature was maintained at 500 °C.

Index Terms — n- butane, dehydrogenation, PtxSnyHT, basicity, Olefin selectivity

1. Introduction:

Synthesis of light olefins from dehydrogenation of lower alkanes (C1-C4) is an industrially important
reaction. n-Butane dehydrogenation has been studied on PtSn catalysts supported on Al2Os and ZnAl>O4 [1-3].
Various undesired reactions such as cracking, isomerization and polymerization were intensified with an
increase in the acidity of the supports [4—6]. Thus, an attempt was made to select the supports with the base
property such as alkali earth metal oxides to reduce the side reactions. MgO with Lewis and Bronsted (O% and
OH") basic sites has been considered as an important solid base catalyst for many organic transformations in
heterogeneous catalysis [7, 8], which has been used as supports to disperse active metal components such as Pt,
Pd, Rh, and Ni [9-15]. However, the inherent properties of MgO such as dissolution and reprecipitation in an
aqueous solution and the strong metal support interactions limited its applications to heterogeneous catalysis
[9, 15-18]. In the process of the catalyst preparation using MgO support, it was observed that the active metal
particles could be encapsulated by the support [16, 17]. The strong metal support interactions and formation of
Pt—-MgO complex were also reported [9, 18]. To overcome the disadvantages of MgO support Veldurthi
Shashikala et al has reported n-Butane dehydrogenation on Pt-Sn supported on carbon modified MgO catalysts
[19]. The modification of magnesium oxide with carbon (CMgO) increased the covalent character of the Mg-O
bond. Hydrotalcite are important materials which showed various applications as an adsorbent, supports for
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various catalysts [20]. Calcined hydrotalcites of Al.Oz and MgO has both the properties of alumina (high
surface area) and magnesia (basicity) [21]. Platinum nano particles dispersed on various supports showed their
best dehydrogenation activity, and tin was being act as promoter by modifying the chemical environment of the
platinum to reduce the cracking products [1-3, 9 22,23]. Thus in the present work we have studied the affect of
support on conversion of n-butane to n-butenes (i.e. n-butene selectivity) with an active catalyst Pt catalyst
with 1 weight percent. And also the promotional effect of Sn was also studied with a standardized 0.3 weight
percentage of tin [19].

Experimental:

2.1 Preparation of catalysts

A series of three adsorbents with mole ratios of magnesium oxide to alumina with 1 : 1 (1HT), 1: 2
(2HT), 1 : 3 (3HT) were synthesizes by standard co-precipitation method under super saturation conditions,
this synthesis procedure was given in detail in our previous report [24]. According to the procedure given by
Shanigaram Prakash et al metal nitrates of alumina and magnesia 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 [25]
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.

After calcinations these materials were named as 1HT, 2HT and 3HT. A series of six catalysts in two
sets were prepared. Among these two sets one was dispersion of 1 weight percentage of platinum and another
set was with 1 weight percent platinum and 0.3 weight percent of tin. These active catalysts were dispersed on
these three supports by impregnation method[26-28]. Chloride precursors of platinum, tin were purchased from
SRL chemicals, India. Corresponding weights of the precursors to yield 1wt% of platinum and 0.3 wt % of tin
were impregnated from their aqueous solutions on to the hydrotalcite supports, these catalysts were named as
PtxSnyHT (x = 0 and 0.3). After impregnation these catalysts were dried in hot air oven for overnight at 120 °C
and then calcined at 500 °C for 5 h. Then each catalyst was reduced in situ under H> atmosphere at same
temperature for 2 hrs before testing the dehydrogenation activity. Reduction and activity tests were performed
at 500 °C.

2.2 Catalyst Characterization:

The Phase identification and conformation of as prepared support materials was done with the help of
Rigaku XRD 6000 diffractometer with Ni filtered CuKo 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 of the dried and calcined hydrotalcites and reduced 1Pt03SnyHT samples were obtained
using the BET and BJH equations, respectively. BELCAT catalyst analyzer was used to study the metal
dispersion by CO chemisorptions studies. Transmission electron microscopic technique on Analytical
Transmission Electron Microscope (model — CM30 TEM, Philips) with an accelerating voltage 200 kV was
used to get the high resolution images.

2.3 Activity Evaluation:

To study the n-butane dehydrogenation activity of theselPtxSnyHT catalysts, 100 mg of calcined
catalyst was loaded in a fixed bed SS tubular reactor at reaction temperature 500 °C, with a feed flow rate 30
ml/min. Before performing the reaction all the catalysts were reduced in-situ using H> gas at 50 ml/min of flow
rate for 2 hrs. The products generated in the reaction were analyzed using an on-line gas chromatography with
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Al>03/KCI capillary column (I1.D.: 0.53 mm, length: 50 m, Agilent Technologies). Selectivity of the products
and stability of the catalysts for reactant conversion was studied with time on stream studies for 5 hrs.

3. Results and discussion

3.1 X-ray diffraction:

X ray diffraction patterns of reduced catalysts after impregnation of platinum and platinum-tin on 1HT, 2HT,
and 3HT were presented in figure 1 and 2 respectively. On close observation of both the diffractogram patterns,
the hydrotalcite phase was reappeared. As stated from our previous paper that, 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 [29-31]. And also it was seen from the dried supports
XRD of the previous paper a perfect LDH crystal structure was present with 2HT and 3HT where the
Al;03:MgO mole ratio is 1:2 and 1:3 respectively [24]. The formation of little of the hydrotalcite phase in
platinum impregnated catalysts may be due to the memory effect of the LDH materials [32]. However
separation of magnesia (ICDD — 87-0651) and alumina (ICDD 04-0875) phases were also observed in figure 1
that is for platinum impregnated catalysts. For platinum tin loaded hydrotalcite catalysts, the phase hydrotalcite
was more prominent compare to platinum loaded supports. This might be due to incorporation of sufficient
number of interlayer anions, i.e. CI from the metal precursors and water molecules from aqueous solution, in
the process of impregnation and this phase might be more thermal stable that this hydrotalcite phase exists even
after reduction. And the intensity of alumina peaks was decreased from PO3Sn1HT to PO3Sn3HT. Less intense
broad peaks of hydrotalcites in PO3Sn3HT might be due to the formation of small crystallites. However in PtSn
loaded catalysts after reduction, MgO phase could not be separated.
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Figure 1: X ray diffraction patterns of reduced catalysts after impregnation
of platinum on a)PtlHT ,b)Pt2HT,c)Pt3HT
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Figure 2: X ray diffraction patterns of reduced catalysts after impregnation of
platinum-tin on a)Pt03Sn1HT,b)Pt03Sn2HT, c)Pt03Sn3HT

3.2 BET surface area:

Specific surface areas of the supports after calcination, (yHT) and the active catalysts PtyHT and
PtxSnyHT after reduction were obtained using BET method and the values were given in table 1. In calcined
hydrotalcites the surface area is increased from 1HT to 3HT which was already explained in previous paper
[24]. There observed large decrease in the reduced catalysts of platinum, platinum — tin loaded yHT. This
might be due to change in the phase of the support material with impregnation and dispersion of active catalyst
in the pores. There observed decreasing order of surface areas of supports, monometallic catalysts PtyHT, and
bimetallic catalysts PtxSnyHT. This can be understood from the XRD patterns of these catalysts. There
observed many phases in bimetallic catalysts than in monometallic catalysts. In the process of separation of
phases the smaller particles might block the specific surface area of the catalysts.

Table 1: Specific surface area of supports yHT, active catalysts PtxSnyHT

BET

IeSamp (r?]zE/T) S Sample (r?]zE/T) =4 Sample SA
IHT | 235 PLLHT 146 TPtO3S”1H 138
JHT | 254 PE2HT 141 TPtO?’S”ZH 104
3HT | 278 PE3HT 121 Tpt°35”3H 92

3.3 Transmission Electron Microscopy:

Transmission electron micrographs of monometallic catalysts (PtyHT) and bimetallic catalysts
(PtO3SnyHT) were presented in figure 3. High resolution images of platinum dispersed on hydrotalcite
materials were presented at the first row of the figure 3, image 3A was of Pt1HT, 3B was of Pt2HT and 3C was
of Pt3HT. Where in the particles size of platinum obtained were below 5 nm size. The nature of dispersion of
the platinum metal was almost same on all the three supports. It was observed that fine dispersion with narrow
size distribution was observed on all the supports. Second row of images were of bimetallic catalysts dispersed
on hydrotalcite supports, image 3-1 was for PtO3Sn on 1HT, 3-2 for 2HT, and 3-3 was dispersion on 3HT
supports. The bimetallic catalysts also showed fine dispersion with narrow size distribution. With change in the
mole percentages of alumina and magnesia there observed change in crystal phases. However, there could not
observe any major difference in the morphological dispersion of the monometal or bimetal catalysts
distribution on supports with different phases. In a an article published by S. Veldurthi et al platinum
dispersion of pure magnesium oxide showed bimodal particle size disteibution. This kind of bimodal
distribution was also observed by Tanabe T et al and Rickard JM et al too. As explained by them this might be
due to the migration and sintering of metal particles (see the HRTEM image of Pt/MgO) present at the lattice
boundaries of MgO [19, 9, 26]. Though we observe MgO phase in calcine 2HT and 3HT supports in the Pt2HT
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and Pt3HT cataltlysts bimodal distribution was not observed. In these calcined hydrotalcite supports though
the phase of MgO was observed in XRD, there is difference in the chemical properties of the MgO present
along with alumina, MgAIO4 spinel etc support. Thus there was not observed any sintering dissolution
properties found.

Figure 3: Transmission electron micrographs of platinum (1 row),
platinum and tin (2" row) dispersed yHT supports, images were obtained after reduction.
A —Pt1HT, B — Pt2HT, C — Pt3HT and
1 —PtO3Sn1HT, 2 - Pt03Sn2HT and 3 — PtO3Sn3HT

3.4 Metal dispersion, metal surface area, particle size by CO chemisorption
In the case of metal catalysts dispersed on a support, the catalytically active component of supported
catalyst was often concentrated in a separate phase distinguishable from inactive phase. This active catalyst
dispersion can be calculated by the chemisrption of various small molecules like CO, Hzor O etc for different
metals. In this study we have used 5% CO in He gas molecules to adsorb on Pt, PtSn active catalysts.

CO pulse chemisorption was performed to acquire average particle sizes, metal surface areas and
distributions of metal particles. Before measuring the pulse chemisorptions, all the catalysts were pretreated as
follows. A total of 50 mg of the prereduced (with H2 gas flow rate 30 mL/min, 500 °C for 2 h) catalyst was
placed in the U type quartz reactor connected to the BELCAT catalyst analyzer. Initially, the catalyst surface
was purged for 1 h with He gas flow (flow rate 50 mL/min) at 400 °C. Then, the catalysts were re-reduced
followed by purging with He gas at the same temperature for 30 min to remove the excess H adsorbed on the
catalysts surface. The reactor was permitted to cool till 40 °C. At this temperature, the 5% CO in He gas
adsorbed in pulses until no further adsorption of CO occurred. The metal dispersion was calculated from the
amount of CO gas adsorbed on the catalysts considering the stoichiometry factor as one.

Vo= 22,414 = 5F =« MW
Metal dispersion = . L_.x . = 100

Where, V was the amount of carbon monoxide adsorbed (mL), MW was the atomic weight of metal (g.
mol 1), SF was the stoichiometry factor, and C was the weight of the supported metal on the sample (g).

Table 2: Percentage dispersion of metal, metal surface area, and particle size of the Pt, PtSn
active metal on impregnation of Pt and PtSn on yHT obtained from CO chemisorptions studies.

Metal Sm:;gé Particle
Catalysts | dispersion diameter
(%) area (hm)
’ (m?/g)
PtIHT 15.87 0.39 7.14
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Pt2HT 51.91 1.28 2.82
Pt3HT 50.77 1.25 2.23
PtO3Sn1HT 57.34 1.42 1.97
PtO3Sn2HT 53.25 1.30 2.12
PtO3Sn3HT 51.22 1.26 2.21

3.5 Activity of mono metallic catalyst:

Activity of mono metallic catalyst was studied by passing n-butane:H2:N> gasses (feed stock) with
equal volume ratio a total flow rate of 30 ml/min at atmospheric pressure with 500 °C temperature. The flow
rate was controlled by mass flow controllers. All the catalysts show high activity in the range from 30 — 38 %
at the initial minutes. However the activity of Pt1HT is decreased rapidly, this might be due to high cracking
products and carbon deposition on Pt1HT. This percentage conversion on monometallic catalysts was in
relation with the metal dispersion obtained from CO chemisorptions. Thus this reduction in the conversion with
time might also be due to decrease in the availability of the suitable active sites for n — butane
dehydrogenation. Selectivity for n-butenes is in-line with the conversion i.e. high conversion less selectivity
and vice versa. The activity of mono metallic catalyst was studied for 5 hrs. Time on stream stream study data
i.e. percentage conversion and selectivity were given as pictorial representation in figure 4.

60

Selectivity p
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<eeeeien Conversion PR2HT
50 4 Pi3

% Conversion & Selectivity
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T T T T T
0 50 100 150 200 250 300
Time (min)

Figure 4: Activity of mono metallic catalyst percentage conversion and selectivity
3.6 Activity of bimetallic catalyst:

Activity of bimetallic catalyst was also studied with same conditions as like monodispersed catalysts
i.e. by passing n-butane:H>:N. gasses (feed stock) with equal volume ratio a total flow rate of 30 ml/min at
atmospheric pressure with 500 °C temperature. The flow rate was controlled by mass flow controllers. With
addition of tin to the platinum increased the percentage conversion from 30-38 to 63-72 and the selectivity was
increased upto 67 percent. All the catalysts show high activity in the 3 minute and there showed almost same
conversion for all the catalysts i.e. PtSn catalysts dispersed on three different hydrotalcite supports. This can be
explained from the metal dispersion values obtained from both CO chemisorptions and TEM analysis.
However there is change in the n — butane selectivities on the three catalysts. Selectivity of n — butane is
increased with increase in the MgO ratio. The activity of bimetallic catalyst was studied for 5 hrs. Time on
stream stream study data i.e. percentage conversion and selectivity were given as pictorial representation in
figure 5. Among all six catalysts PtSn3HT showed good activity with high selectivity.
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Figure 5: Activity of bimetallic catalyst percentage conversion and selectivity
4. Conclusion:

Present work focused on the support effect of calcined hydrotalcites on dehydrogenation reaction.
Active catalyst platinum supporting on calcined hydrotalcites and active catalyst platinum and promoter tin
were supported on calcined hydrotalcites. Phase and surface area of the reduced catalysts were obtained with
the help of XRD and N2 adsorption studies respectively. Platinum and platinum — tin particles size and
distribution were obtained with the help of transmission electron microscopy and CO chemisorption studies.
Butane dehydrogenation activity of just platinum impregnated calcined hydrotalcite catalysts can be explained
from the CO chemisorptions results. On the addition of promoters tin to the platinum i.e. PtSn impregnated on
calcined hydrotalcites, dehydrogenation activity of the all the catalysts was observed same. And the selectivity
to n-butenes is increased with increase in basicity of the support.
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