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Catalytic transformation of n-heptane over HsSiW,040-13H,0 as a
solid acid catalyst was investigated. The prepared heteropolyacid
H.SiW 1,049 13H,0 was characterized by means of XRD and IR. Catalytic
tests were carried out in a continuous flow system under atmospheric
pressure. The effect of the reaction temperature and the support on the
n-heptane transformation was investigated. It has been found that
Brgnsted acidic sites play an important role in n-heptane reaction. The
lack of protons on the heteropolyacid owing to the collapse of the Keggin
structure observed at 320 °C led to a decay of the activity of HiSiW 1,04
13H,0. The decrease of the number of protons through a heteropolyacid-
support interaction favored the cracking reaction to the detriment of
cyclization reaction.
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INTRODUCTION

Transformation of n-alkanes is of great importance in the petroleum refining
industry'?. Transformation through cracking to light alkanes, isomerization to
increase the research octane number (RON) of the feed and cyclization are some of
the interesting processes. Among n-alkane transformation, the process involving
the skeletal rearrangement of n-heptane has been investigated*”. It has been found
that the transformation reaction can lead to various components depending on both
the condition reaction and the nature of the catalyst's sites. This skeletal rearrangement
process, which requires acidic properties, was first investigated using liquid-phase
systems such as HE, H,SO, and halogen-containing solids. These catalysts exhibited
good catalytic performance, but they generated many problems, including corrosion
and storage issues. The need for materials are in agreement with environmental
concerns and regulations has led to the preparation of solid acid catalysts with
particular capacities, including high conversion and selectivity toward isomerization,
high stability under reaction condition and easy regeneration. A number of reports
have described the skeletal transformation of n-alkanes in the presence of hydrogen
over bifunctional catalysts®*"'. The n-alkane undergo primary reaction which lead
to the formation of olefin on the metallic site and then of alkyl carbocation on the
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acidic site. The following step includes competitive reactions of isomerization and
cracking'?.

Heteropolyacids are characterized by their stronger acid strength than conventional
liquid and solid acids. Due to this character, heteropolyacids exhibit high activity
and selectivity to various acid-catalyzed reactions such as alkylation, esterification
and acylation, as summarized in review articles"'* and other reports™"’. Since acid
sites were found to be an important parameter, it was decided to study the role of
Brgnsted acid sites in the skeletal rearrangement of n-heptane. In order to achieve
this aim we have synthesized and tested HisSiW,04-13H,0, looking for the effect
of reaction temperature and the support on the conversion and on the reaction
orientation.

EXPERIMENTAL

Preparation of the catalysts: The 12-tungstosilicic acid (HsSiW,049-13H,0)
was prepared according to known method'®. The alumina supported 12-tungstosilici
acid, HisSiW,04/Al,O; with a loading of HsSiW,04 on AL O; fixed at 15 wt %,
was prepared by incipient-wetness impregnation of Al,O; (GF 254 type 60/E Merck)
with an aqueous solution of HsSiW,040:13H,0 at high enough concentration to
avoid its degradation'®. The slurry of alumina and impregnation solutions was constantly
stirred at 323 K until dryness evaporation. The catalyst was then dried under vacuum
at 100 °C for several hours.

Physico-chemical techniques: The purity, the Keggin structure and the thermal
stability of the sample was checked by IR and X-ray diffraction. IR spectra were
recorded with an infrared spectrometer GENESIS II-FTIR (4000-400 cm™) as KBr
pellets. The XRD powder patterns were recorded on a PHILIPS X PERT, PRO
diffractometer using Cu Ko radiation.

Catalytic measurements: Catalytic tests were carried out at atmospheric pressure
using a fixed-bed continuous-flow reactor made of a Pyrex tube. The catalysts (250 mg)
packed in the reactor, was preconditioned under H, flow for 2 h with a rate of 80
mL/min at 300 °C. After the pretreatment, the n-heptane was admitted in the reactor
(admission of n-heptane was carried out automatically and continuously by micro-
injection through a syringe). The reaction was conducted at 300 °C. Reaction products
were analyzed by gas-phase chromatography with FID type Pye Unicam PU 4500
connected to an integrator-recorder Perkin Elmer LCI-100. The hydrocarbons were
separated by SE-30 packed column of 1.5 m of length.

RESULTS AND DISCUSSION

The infrared spectrum of HysSiW,04:13H,0 is shown in Fig. 1. The main charac-
teristic features of the Keggin structure are observed at 917 cm™ (Y, Si-Oa), at is
970 cm™ (Y.s Mo-0Od), at 850 cm™ (Y,s Mo-Ob-Mo) and at 767 cm™ (., Mo-Oc-Mo).
This result is in agreement with those reported in the literature'®" for this heteropoly
acid.
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Fig. 1. Infrared spectra of HsSiW,04-13H,0O

The X-ray diffraction patterns of HisSiW,04o-13H,O catalyst, is presented in
Fig. 2. The characteristic peaks of Keggin structure of this heteropolyacid are
observed®*!. The four main diffraction peaks that appeared at 10.38, 25.58 and
34.78 can be assigned to the diffraction characteristic peaks of crystalline
H.SiW 1,04 13H,0 Keggin structure®.
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Fig. 2. XRD patterns of HsSiW,040-13H,O

Catalytic reaction

Effect of temperature: The reaction was studied at different temperatures
ranging from 240-320 °C. The evolution of the total conversion with time on stream
for each reaction temperature is represented in the Fig. 3. Under these experimental
conditions HsSiW,04-13H,0 showed almost a stable activity with time on stream
for all reaction temperatures. The changes in the conversion were small for all
cases.
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Fig. 3. Conversion versus time on stream obtained over HsSiW,04-13H,0 at different
reaction temperature
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Fig. 4 shows the evolution of total conversion, isomerization (Siom), cyclization
(Seyer) and cracking (Serck) product selectivities for each reaction temperature. With
respect to the conversion and the selectivity of cyclic products these go through a
maximum when increasing reaction temperature. Considering both, the catalytic
activity and the selectivity of cyclic products, the optimal reaction temperature is
around 300 °C. HsSiW ,040-13H,0 seems to perform better at this temperature than
those with too high or too low temperature. This significant change in the conversion
and the product selectivity beyond 300 °C is mainly due to the modification of the
nature of the active phase. In fact, it has been reported® that the Keggin structure
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Fig. 4. Effect of reaction temperature on the catalytic activity and the selectivity of prod-
ucts for the conversion of heptane over HsSiW,04-13H,O
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collapses at temperatures higher than 300 °C. This result is consistent with the
thermal stability of heteropolyacids. It is now well established that deprotonation
of heteropolyacids occurs when thermal treatment is realized at too high temperature
leading to lower activity in reaction sensitive to the protonic density as n-alkane
isomerization®”?,

Effect of support: The evolution of the n-heptane conversion with time on
stream on the unsupported and alumina-supported HisSiW;,04-13H,0 is given in
Fig. 5. It can be seen from this figure that the conversion is stable along the time on
stream when the reaction was catalyzed by the unsupported HisSiW,04, whereas a
decrease of the conversion was observed after 3 h on time on stream when the
reaction was catalyzed by the supported HsSiW,0.40-13H,0. These results suggest
the possibility of deactivation by coke formation through pore blockage and limitation
to access to the active sites™.

30
28
26

244 —a&— Supported
—e— Unsupported

22

1] o TTT—e e, —*

124 ./'\
10 '\—-/ "
—

Conversion (%)

T T T T 1
50 100 150 200 250 300
Time on stream (min)

Fig. 5. Conversion of n-heptane versus time on stream over unsupported and alumina-
Supported H4SIW] 204()' 1 3H20

The value of the conversion and the products selectivity at the steady state are
reported in the Table-1. The results indicate that the support decreases both the
conversion and the formation of cyclic products in favour of cracking products.
The conversion decreased from 14.71-10.04 % and the selectivity of the cyclic
products from 40.60-24.54 % when the heteropolyacid was supported on alumina.
This result can be explained by a decrease of Brgnsted acidic sites number. In fact,
at lower coverages (< 15 %) all the protons are more and more trapped through an
heteropolyacid-support interaction and the number of Brgnsted acid decreases,
inducing the decrease of the Brg nsted-acid character® leading to a decrease in the
activity and in the cyclic products in favour of cracking. This results are in agreement
with those reported in the literature where it was mentioned that higher conversion
selectivity of cyclic products were obtained in the presence of a maximum number
of strong acid sites in this sample®'.
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TABLE-1
CONVERSION AND SELECTIVIES AT THE STEADY STATE FOR THE
UNSUPPORTED AND ALUMINA-SUPPORTED H,SiW ,0,,13H,0

CatalySt COnV (%) Sisom Scrack chcliz
H,SiW,0,, 1471 14.70 4472 40.60
H,SiW,,0,/AL,0,(10%) 10.04 2227 53.25 24.54

Conclusion

In this work, the transformation of n-heptane was studied over HsSiW,0.40-13H,O
as a solid acid catalyst. The role of Brgnsted acidic sites in the n-heptane transformation
was investigated by studying both the effect of the temperature and the support.
The best activity of the heteropolyacid was observed at 300 °C owing both to the
temperature effect and to the preservation of Brgnsted acid sites on this catalyst. At
320 °C the collapse of the Keggin structure was observed. Consequently a decay of
the activity occurred owing to the lack of protons of the resulting oxides from the
heyteropolyacid. When H4SiW,04- 13H,O was supported on alumina, the number
of the available protons decreased leading to a decrease of the activity and to an
increase in cracking products. Thus, this work demonstrates that Brgnsted acidity
plays an important role in n-heptane reaction.
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