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Non monotonous product distribution dependence on Pt/y-Al,Os3-
Cl catalysts formulation in n-heptane reforming.

Olivier Said-Aizpuru,®® Ana T.F. Batista,® Christophe Bouchy,™ Vittorio Petrazzuoli,! Florent Allain,®
Fabrice Diehl,”™ David Farrusseng,® Franck Morfin," Jean-Francois Joly,™ and Aurélie Dandeu*

Abstract: The synthesis of 19 carefully selected Pt/y-Al,O3-Cl
formulations was followed by high-throughput catalytic testing in
order to unravel the effect of an active phase formulation change on
n-heptane reforming performances. Pt/y-Al,O3-Cl catalysts were
prepared with different Pt (0.3-1%.,:) and CI (0.1-1.4%.:) contents
and using two y-Al,O3 supports so that both sites concentrations and
sites locations at the crystallite surface vary among the catalyst pool.
Catalytic tests were conducted in mild conditions for a comparison of
catalysts in kinetic regime. Results show that Pt and CI
concentrations control the competition between hydroisomerisation,
hydrogenolysis and hydrocracking pathways. Aromatisation, on the
contrary, is poorly affected by formulation changes. Non-
monotonous trends linking Pt/CI ratio to isomerisation selectivity are
found for both y-Al,Oz supports. This study provides new insights for
the description of bi-functional transformations in catalytic naphtha
reforming.

1. Introduction

Catalytic naphtha reforming overall process global performances
are intimately linked to the control of the catalyst selectivity
towards branched paraffins and aromatic compounds.™ These
transformations  preferably occur through  bi-functional
mechanisms enabling proton and hydrogen transfers.?® The
choice of the fresh catalyst formulation as well as its
regeneration conditions are paramount process operating issues
and depend on the targeted aromatics and isoparaffins
selectivity.™ There is therefore a strong motivation for methods
enabling the prediction of active phase formulation impact on
catalyst performance. A better understanding of this issue shall
also provide valuable information for process optimisation and
operation.

Bi-functional redox/acidic catalytic processes are widespread in
the refining industry. Hydroisomerisation or hydrocracking
catalysts both exhibit a metalic phase (affording
hydro/dehydrogenations) associated to acid sites located on the
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support (usually zeolites or SiO./Al;0s). Those catalysts are
often designed, compared and optimised on the basis of criteria
such as site balance’®™, site intimacy® %, or support porous
structure™ @, Applying these concepts to the description of
reforming catalysts is challenging. First, y-Al,O3 supports present
in practice less organised surfaces than zeolites.*® Second,
naphtha reforming transformations involve a weak acidity and
are predominantly afforded on the metallic phase. The physical
characterisation of the active phase is challenging and hardens
the identification of active sites and their investigation.

Typical catalysts correspond to a reduced metallic phase (Pt
sub-nanometric particles combined or not with other metals)
supported on a weak acidic support (chlorinated y-Al,03).M4
Direct observation of the metallic phase requires high resolution
electron microscopy techniques.>*® y-ALO; surface exhibits
hydroxyl groups and uncoordinated Al atoms that are
respectively potential Brgnsted and Lewis acid sites. Chlorine
fixation is generally described as the exchange of a Cl atom with
a surface hydroxyl group.'”*® This phenomenon leads to an
overall increase in acidity that is either explained by electron
withdrawing effect®™ or by the disturbance of the H-bond
network at the alumina surface®. Chlorine also interacts with
the metallic phase and contributes to the stabilisation of Pt
particles.'® The impact of chlorine on platinum intrinsic reactivity
through potential electronic effect is still debated in various
cases including hydrocarbon oxidation®*?? or hydro-
dehydrogenation!*®%3,

Catalytic testing is often carried on model compounds instead of
full naphtha cuts.?*?® This strategy helps to better understand
surface transformations by simplifying the reaction network or
mitigating undesired phenomena such as the formation of a
carbonaceous deposit. Catalytic naphtha  reforming
performances can be extrapolated from tests carried on n-
heptane (nC;).*?"! This molecule is likely to undergo most of
reforming transformations (including aromatisation,
isomerisation and cracking) while handling a limited number of
compounds compatible with detailed kinetic modelling. By
comparison with a naphthene rich hydrocarbon cut, n-heptane
reforming is also less prone to catalytic deactivation by coke
deposition.”®?! nC; is also widely used as a model molecule for
the study of other kinds of bi-functional catalysts.*°-2

The purpose of this study is to understand the effect of active
site localisation and concentration for Pt/y-Al,O3-Cl catalysts in
n-heptane reforming. This work compares the catalytic
performances in n-heptane reforming obtained on a set of
nineteen active phase formulations for Pt/y-Al,Os-Cl systems.
Catalysts differ by both Pt content, Cl content and alumina
crystallites morphology. The testing strategy is specifically aimed
at comparing the intrinsic activity of different catalytic
formulations. Experiments are conducted in a range of mild



operating conditions. Pt/Cl site molar ratio is hereby proposed as
a descriptor for the metal/acid balance of the catalyst. Results
exhibit a non-monotonous dependence of product distribution
upon this Pt/Cl ratio. The definite explanation of this trending
range as well as the conclusive impact of Pt and CI localisation
on the crystallite surface are not provided. Yet, results bring
hints for the application of site balance or site intimacy concepts
in naphtha reforming.

2. Methodology

2.1 Presentation of the catalyst library

In  bi-functional heterogeneous catalysis, surface site
concentration ratios, site locations on the support and inter-site
distances are frequently suggested as possible selectivity
descriptors. Here, the set of samples tested was selected
among a collection of catalysts specifically prepared in order to
exhibit different Pt/Cl ratios as well as a different spatial
repartition of Pt particles and chlorine atoms on the y-Al,Os
crystallite surface. Pt impregnation and chlorine loading
adjustment is achieved by the same method (in a fluidized bed)
whatever the sample. Hexachloroplatinic acid (H2PtCls.6H.0) is
used as platinum precursor whereas dry oxychlorination or
dechlorination with water are used to adjust the chlorine content
to the targeted value. Platinum amount varies between 0.3%:
(very close to the industrial value) to 1%.,:. Chlorine maximal
quantity is equal to 1.4%.,: whereas lowest content is around
0.1%u:. Chlorine amounts close to the industrial values (1%w: Cl)
are included. Two y-Al,O; supports are prepared following
extrusion and calcination of commercial boehmite gels (Sasol®
PuralSB3™ and TH100™). N, adsorption and Hg porosimetry
indicate fine differences between the supports. PuralSB3™
specific surface and mesoporous diameter are respectively
equal to 183+9 nm?.g* and 9.840.02 nm against 149+7 nm?.g*
and 15.1+0.3 nm for TH100™. On the contrary, previous
electronic  microscopy observations revealed significant
crystallite size and morphology differences between the two
supports. Crystallites obtained with PuralSB3™ samples are
“roundish” or “egg-shaped”.®® They are referred to as P-egg
crystallites. TH100 based crystallites are bigger and exhibit
wider facets as well as shorter overall cumulated edge length.F!
These crystallites are called T-flat. Geometric representations of
the two crystallites with average dimensions are displayed in
Table 1.3

X-ray Fluorescence Spectroscopy (XFS) is used to measure the
mass amount of Pt and Cl per gram of catalyst. Direct
investigation of the metallic particles was afforded by high-
resolution electronic microscopy technigues on reduced system.
Metallic phase observation® is in overall agreement with
thirteen Pt atoms Density Functional Theory (DFT) based
particle models predictions that are often suggested when it
comes to these systems.'®*! Whatever the sample, Pt
dispersion values around 0.85 are calculated following H2/O»

titration. A fine characterisation of chlorine localisation on the vy-
Al,O3 surface as well as its interaction with surface hydroxyls
was afforded by Batista et al. thanks to a multi-technique
approach coupling 'H NMR and DFT calculations. Results
indicate that the repartition of chlorine on y-Al,Osis not uniform.
Based on a new 'H NMR assignment of surface hydroxyls
including y-Al,O3 crystallite edges, authors found that
chlorine/hydroxyl exchange is energetically favoured in the case
of terminal hydroxyls (u:-OH) at the edge (intersection) between
(100) and (110) surfaces. According to this new NMR
assignment, authors observed that with both chlorinated P-egg
and T-flat systems (up to 1.4%,: CI), chlorine atoms are
preferentially located on crystallite edges. In the case of T-flat-
1.4%,Cl catalysts only, the total edge sited are not sufficient to
host all Cl atoms and some facet positions must be filled. Taking
into account shape differences between T-flat and P-egg
crystallites, this preferential location of chlorine on edges may
have an impact on the relative localisation between platinum
particles and chlorine atoms.®

Table 1. Catalyst library features and nomenclature.
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2.2 Catalytic testing strategy

One can distinguish two principal n-heptane reforming catalytic
testing strategies. Tests may be conducted close to industrial
reactor inlet conditions that is to say up to 500°C and over a
catalyst that presents a significant amount of coke (more than
5%w). The aim of these experiments is typically to estimate
process catalytic performances®®”, to estimate the impact of
various factors on coking phenomena?®*®* and to study
catalyst regeneration®®®. Instead, catalysts can be deliberately
tested in a broad range of contact times and partial pressures
and at lower temperatures (up to 450°C) to hinder coke
deposition. These experimental strategies are typically used in
intrinsic kinetic studies. 252840

Yield structures obtained in mild conditions are dominated by
isomerisation and cracking products. Naphthene proportion is



comprised between 1 and 2%me and aromatic yields are lower
than 25%m. In severe conditions, yield structures can be
significantly different. For instance, Beltramini et al. report
toluene yields that are up to 80%me at 515°C, weight hourly
space velocity (WHSV) equal to 6 h™ and after a dedicated
accelerated aging procedure.”!

Table 2. Ranges of operating condition explored in nC; reforming.

Condition Range Unit Comment
Temperature [390-430] °C <450 to limit coking
Total pressure  {5;10} barg

H2/nC5 {3;5} mol/mol >3 to limit coking
Contact time [3.75-46] JeataMiN.g ner Overlaps between
WHSV (1.3-16] Gnern™.Geaa gg?;ﬁwc;;r:tejiﬁerent
nCyinletflow  [0.3-3.75] gt I:?é"’;f?;;" sfst'g:;n .
Catalyst mass [75-150] mg velocity

Here, contact times, temperatures, total pressure and Hy/nCy;
inlet molar ratio are explored in a range of values representative
of mild reforming conditions in order to explore low and middle
conversion levels and to alleviate catalyst deactivation so that
the intrinsic kinetics of the catalysts are compared (see Table 2).
Tests are conducted on a high-throughput catalytic testing set-
up (Avantium Flowrence™) equipped with eight parallel fixed
bed reactors of 2 mm inner diameter. The geometry of the
system permits to test small quantities of catalyst (around 100
mg) and allows for the use of an ideal isothermal plug-flow
reactor model, which is adequate to the measurement of intrinsic
catalytic reactivity.
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Figure 1. nC; conversion on P-egg-0.3%,Pt_1.3%,Cl. Blue points
correspond to the pre-coking equilibration phase, brown points to the
iterated condition (at 390°C, 10 barg, nC7/H2 molar ratio equals to 5 and
an inlet nC7 mass flow of 0.2 g.h’1 for each reactor) and green points to the
exploration of different operating conditions. Operating conditions ranges
are given in Table 2 and detailed protocol is described in ESI.

Once loaded in the reactors, catalysts are first reduced for two
hours at 500°C under H; flow. Then, a preliminary 48 hours pre-
coking phase is required in order to increase the stability of
catalytic performances. Later in the test, activity loss and
selectivity variations due to time on stream is probed by iterating

periodically during the run an identical condition (at 390°C, 10
barg, nC+/H, molar ratio equals to 5 and an inlet nC; mass flow
of 0.2 g.h™ for each reactor). Figure 1 presents the variation of
conversion obtained for a given catalyst when this standard
testing protocol is applied (operating conditions ranges are
displayed in Table 2). Product distribution can be measured from
on-line gas chromatography analysis at each condition variation
all along the standard testing protocol. Further details regarding
the testing protocol and the experimental set-up are given in the
Electronic Supplementary Information (ESI).

3. Catalytic testing results

3.1 Results obtained for one example
catalyst: P-egg_0.3%,,.Pt_1.4%,,Cl

As illustrated in Figure 1, broad n-heptane conversion levels are
successfully explored in different conditions during the test.
Once the testing protocol is complete, the dependence of
product distribution on the conversion level can be investigated
by representing the yield of different products in function of the
conversion level (the resulting charts are hereafter called “yield
structures”). Analyses distinguish six main families of products
that represent between 97.5 and 100%me Of all detected species.
As presented in Scheme 1, each family of products can be
associated to a reaction pathway as listed below: C;isoparaffins
(hydroisomerisation products, noted iP;), Toluene (nC;
aromatisation  product, noted A7), C; naphthenes
(dehydrocyclisation products, called N;), Cs+Cg (hydrogenolysis
products), Cs+C,4 (mainly hydrocracking products) as well as
C1+C; (hydrogenolysis products). Remaining products are
mostly benzene, linear single double bond olefins, traces of Cs
aromatics as well as unknown compounds. According to
Scheme 1, most of mentioned n-heptane reforming
transformations require bi-functional catalysis. Naphthene
dehydrogenation and hydrocarbon hydrogenolysis appear as the
only mono-functional pathways and are considered to occur on
the metal phase.

Hydro-isomerisation iP7 Yield

Aromatisation A7 (toluene) Yield
Hydro-cracking C3+C4 Yield
Hydrogenolysis C5+C6 Yield
Hydrogenolysis C1+C2 Yield
Dehydro-cyclisation N7 Yield
NN
cycz ns N\ \
? SN /; + /J\\/\\/\zn
P AW / H* |
C5/C6 T AN
N7 iP7 N
'"\ N
C3/C4
Toluene

Scheme 1. Hypothetic pathways leading to the formation of n-heptane main
reforming product families.
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Figure 2 - Catalytic performances obtained for P-egg_0.3%,:Pt_1.4%,,Cl. a) Yield structure b) Total pressure dependence of iP; , A; and C;+C, products c) iP;
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conversion levels and using P-egg_0.3%Pt_1.4%Cl catalyst.



This work required to evaluate the competition between the
different reforming pathways. Yields were then normalised by
carbon atom number using the following expression where
Feyny and Yoy, respectively stand for the molar flow and the
normalised yield of generic species CxHy . Ygu, (%onorm) =
100 * xFypy, outtet/ 7Fnc7,mier- N-Heptane conversion is noted
Xoc7 and is

XnC7(%mol) =100/(1 — FnC7,outlet/FnC7,inlet)‘

Figure 2 represents the yield structure obtained on P-
egg_0.3%wPt_1.4%.Cl starting from the operation exploration
steps (after the 48 hours of stabilisation). One should note that
yield structures are plotted irrespectively of operating conditions.
On these charts, close overall conversion levels are reached at
different P, T, reagent velocities and times on stream. On first
approximation, product distributions obtained at a given
conversion but for different operating conditions are close. The
variety of both operating conditions and times on stream at the
same conversion level is nevertheless responsible for the
dispersion of yield values around the main trends. Figure 2 b), c)
and d) display the dependency of products selectivities upon
operating condition variations. Shifting total pressure from 10 to
5 barg has a deep influence on catalyst activity but slightly
affects product distribution at a given conversion level (see
Figure 2 b) ). Similarly, as shown in Figure 2 d), at a given total
pressure, the explored H,/nC; inlet ratio variations have a
moderate influence on product distribution. According to Figure
2 c), temperature variations between 390°C and 430°C have a
more significant impact on the balance between different
pathways, which is in agreement with different activation
energies for each kind of transformations.

Naphthene vyield was found to be systematically lower than
3%nom and is relatively constant. In particular it slightly
decreases at conversion values higher than 50%mg. This
observation is consistent with the fact that naphthenes are
intermediate species in a dehydrocyclisation/aromatisation
pathway transforming n-heptane into toluene. As reported by
other authors®*“% n-heptane reforming product distribution is
controlled by the competition between cracking and
isomerisation reactions. As soon as a n-heptane molecule is
cracked, the lighter (C¢) products formed do not undergo
aromatisation transformation any longer. Linear paraffin cracking
phenomena are usually divided into two families.[®”!
Hydrocracking results from a multi-step mechanism including
isomerisation followed by acid cracking at the vicinity of
secondary carbon atom. On the contrary, C-C bond
hydrogenolysis is a single step reaction that takes place on
metallic sites. The relative activity associated to hydrogenolysis
and hydrocracking as well as the nature of the hydrocarbons
formed by each pathway is known to depend on the nature of
the metal. In the case of n-heptane reforming on Pt/y-Al,Os-Cl
systems, C;, C;, Cs, and Cs compounds are considered as

calculated as

hydrogenolysis  products.  Although  reduced platinum
hydrogenolysis activity is reported to lead to some extent to Cs
and Cs products, bi-functional hydrocracking is mainly

responsible for the formation of these compounds.*?

Figure 3 provides the carbon atom distribution of cracking
products obtained at different conversion levels on P_egg-
0.3%wPt_1.4%,,Cl. Whatever the conversion level,
C1+C,+Cs+Cs represent more than 60%me Of all cracking
products. This repartition underlines the coexistence of both
hydrogenolysis and hydrocracking reactions with a
predominance of hydrogenolysis.

3.2 Comparison of performances within
the catalyst pool

This section presents the variability of catalytic performances
over the set of formulations tested. This comparison is aimed at
understanding the effect of Pt and Cl content at the crystallite
scale on the balance between different reforming pathways. A
common legend specified in Figure 4 is used on the graphs
presented hereafter. Each active phase formulation is
represented by a specific mark shape. Color is chosen to
distinguish P-egg catalysts (blue) from T-flat catalysts (red).

Hydrogenolysis products resulting from transformations occuring
exclusively on the metallic phase, their yield can be taken as an
indicator of Pt hydrogenolysis activity. Methane and Ethane
yields are representative of both hydrogenolysis of C-C bonds in
alpha and beta position of linear paraffins. Therefore, it is
expected that surface metal site density is directly correlated to
the C,+C; yield. The total number of available/exposed platinum
atoms was deduced from the amount of Pt calculated by XFS
and the metal dispersion. Figure 5 represents the impact of the
total number of available Pt atoms on C;+C; yield extracted in a
given condition (H2/nC7 equal to 5, 410°C and contact time equal
t0 101 geawa.h.Oner ). Results indicate that whatever the chlorine
content of the catalyst, the richer the catalytic surface in metallic
sites, the higher the C,+C, yield. This effect is higher on T-flat
than P-egg crystallites. The amount of Pt also appears as the
principal descriptor of overall catalytic activity as illustrated by
the comparison between n-heptane conversion levels obtained
in an identical condition with distinct catalysts (see Figure 6).

P;eég T-flat

< Pt0.3%,, Cl1.4%,, © Pt0.6%,. Cl1.4%,, 0O Pt1%,, Cl1.4%,,
_ClI1.3%,, _Cl1.3%, _CI1.3%,,:

© Pt0.3%,,. Cl1%,,
_Cl0.9%,,,

© Pt0.6%,,_Cl1%,,
_Cl0.9%,,,

4 Pt0.3%,,. Cl0.6%,,; @ Pt0.6%,, Cl0.6%,;
_CI0.5%,

& Pt0.3%,, Cl0.1%,, @ Pt0.6%,, Cl0.1%,, H Pt1%,, Cl0.1%,,

Figure 4. Legend used in order to indicate catalyst formulation.
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Gamma-alumina supports with a chlorine amount lower than
1.5%.,: are weak acidic systems presenting a variety of surface
hydroxyls and uncoordinated Al atoms that can act as potential
Brgnsted or Lewis acid sites. It is very difficult to calculate a
Metal/Acid site ratio for classical naphtha reforming catalysts
due to a lack of analytical methods for the quantification of acidic
sites. Knowing that the addition of chlorine is used to increase
the acidity of a reforming catalyst, a global surface Pt/Cl molar
ratio is taken in this study as an indicator of Metal/Acid site
balance. This Pt/Cl ratio is defined as the total quantity of
available Pt atoms per gram of catalyst (Pt atom.g™, as
described above) divided by the quantity of Cl atoms per gram of
catalysts (Cl atom.g™, inferred from XFS measurements of Cl
amount). In the catalyst library, variations of Pt and ClI content
lead to the exploration of Pt/Cl ratios from 0.02 to 1.

It was observed that the higher the Pt/Cl ratio (Pt increase + Cl
decrease), the higher the selectivity towards cracking products.
Figure 7 represents the value of different families of products
selectivities at 40%mo N-heptane conversion (2%ma). The
vertical error bars correspond to the selectivity values
dispersions in the range of picked-up points. Figure 7 c) and
Figure 7 d) show that C,;+C, as well as C3+C,4 selectivities
present comparable trends in function of the Pt/Cl ratio. This
global increase in both hydrogenolysis and hydrocracking
selectivities related to an increase in Pt/Cl ratio is compensated
by a loss of n-heptane isomerisation selectivity. However, as
highlighted in Figure 8, an optimal isomerisation selectivity is
found for intermediate chlorine content samples at a loading of
0.5%,-Cl.

Similar dependence of n-heptane product distribution on
catalysts formulation is observed for both supports. Activity
levels in a given operating condition and identical catalyst
formulation is roughly the same for both supports. The non-
monotonous shape of the trend linking Pt/Cl ratio with C7 paraffin
and cracking selectivities is also the same for both P-egg and T-
flat based catalysts. As highlighted in Figure 8, 0.5%u-Cl
catalysts were systematically identified as outliners on the
selectivity curves plotted in function of Pt/Cl. That is to say that
on both supports and at different amounts of Pt, 0.5%: chlorine

catalyst were found to be more selective towards C7 isoparaffins.
Aromatisation selectivity at a given conversion shows a bigger
dispersion. Average aromatisation selectivity does not present
significant differences between catalysts. As presented in Figure
7 b).Pt/Cl also appears a relevant descriptor of catalyst
deactivation and selectivity loss among the selected
formulations tested in the conditions of this study. Catalyst
stability was investigated by comparing the activity and
selectivity loss between the first and the last iterated conditions
(390°C, 10 barg, nCy/H, molar ratio equals to 5 and 0.2 g.h™ of
nC; at the reactor inlet). The stability of the catalyst mainly
depends on its formulation, with activity loss in the iterating
condition ranging from 2%me (chlorine poor catalysts) to more
than 10%ma (for T-flat_0.3%.Pt_1.3%.Cl). Figure 9 indicates
that this activity loss corresponds principally to a loss in
isomerisation activity, as cracking and aromatisation activities
are more stable throughout the run.

The comparison of product distribution at other n-heptane
conversion levels (20%mo and 60%mo) as well as the activity
measured at other contact times leads to identical observations.

12

10 ¢
E ]
E
© o
~ 8 A
a 0
o o0
e 6 49 Oo
.8 ©
§ad°
>
s . o -
o 2 4 Y
.
0 | 1 T 1
0 0.25 0.5 0.75 1
nby;,(Pt)/nb(Cl)
10
E o
< 87
~—
2a6{ °
0
— ¢ olp
T 4 {F
1 0
~
a 5 |
< @
0 L e u ® n
0 0.25 0.5 0.75 1
nbdisp(Pt)/nb(Cl}

Figure 9. Conversion and iP; yield losses between the first and the last
iterated condition analysis.



4. Discussion

In this study, n-heptane reforming catalytic performances are
globally driven by the competition between C; paraffin
isomerisation, on the one hand, and hydrogenolysis and
hydrocracking, on the other hand. The higher the Pt loading on
the catalyst, the higher its activity and its selectivity towards
hydrogenolysis and hydrocracking products. It is suggested that
the reaction system is dominated by transformations on the
metallic phase and that an enrichment in Pt leads to the
hydrogenolysis of intermediates otherwise involved in bi-
functional transformations. It is to be noted that this
phenomenon is opposite to what is reported for Pt/zeolithes
hydroisomerisation catalysts. This second family of bi-functional
catalysts behaves differently with a stronger acidity leading to
acid cracking reactions. For hydrocracking catalysts, an increase
in the number of metal sites increases the selectivity in
isoparaffins until a plateau is reached.3*4

Here, aromatisation selectivity is poorly affected by the
formulation changes. This first suggests that aromatisation is not
limited by metal phase reactions as a three fold increase in
metal site density does not significantly affect aromatisation
selectivity. One can also advocate that the potential acid sites
required for the heptane dehydrocyclisation step are already
present on 0.1%,Cl catalyst and that they are not necessarily
affected by a further increase in chlorine content. The
hypothesis of a direct cyclisation step on the metallic phase
(though reported as rare and slow) cannot be ruled out.?*®
T-flat and P-egg catalysts were tested in the same conditions
and with equal site coverages. The effect of formulation change
on product distribution is comparable. On the whole, P-egg
catalysts were found to be more selective towards isomerisation
than T-flats solids and the difference between the two families of
catalysts is bigger at low chlorine coverages (0.1%-Cl
systems). Site geometric repartition at the crystallite scale (and
possibly site intimacy) might be responsible for this selectivity
discrepancy. Intrinsic acid site strenghth could also be taken into
consideration. Moreover, it is to be kept in mind that P-egg and
T-flat alumina supports present variable textural properties and
reactant diffusion differences are not to be excluded. Sensitivity
towards coke deposition is an additional potential cause of
performance disparity between the catalytic systems owing to
their distinct mesoporous diameter value.

For the best of our knowledge, the peculiar reactivity observed
for intermediate chlorine contents has not been reported so far
and cannot be qualitatively explained. The fact that it occurs at
the same CI level on very different supports excludes
experimental errors or bias. We can assume that second order
phenomena such as intricate relations between chlorine, coke
formation and intrinsic metal phase activity could be involved
and lead to hydrogenolysis selectivity loss at this specific
chlorine coverage.

5. Conclusions

A high-throughput mild conditions n-heptane reforming testing
campaign was successfully conducted on a pool of Pt/y-Al,Os-Cl
catalysts comprising nineteen formulations. Two sets of
catalysts differing by both the textural properties of their support
and the spatial repartition of Pt and chlorine (at the same
surface concentration) were tested. Product distributions plotted
in function of the Pt/Cl ratio presented similar trends for the two
families of catalysts. Whatever the support, an increase in Pt
content leads to a rise in hydrogenolysis selectivity. This
suggests that the competition between mono-functional
hydrogenolysis and bi-functional hydroisomerisation is deeply
affected by the formulation changes. However, the yield in
aromatics did not present a clear dependence upon formulation
change and confirms that aromatisation reaction is not limited by
dehydrogenation reactions on the metal phase.

At a given PY/CI ratio value, one set of formulations (P-egg
based catalysts) is systematically more selective towards
isoparrafins. The origin of this selectivity gap between supports
is unclear. Among the possible explanations, one can propose
either an effect of site intimacy, different intrinsic acidity between
the two supports or a different sensitivity towards coke formation.
The effect of chlorine content variation on reforming selectivity is
an industrial issue insofar as dechlorination happens during
operation and continuous catalytic recycling technologies
enables to tune the chorine content of the recycled catalyst.
Contrary to what Parera et al. reported in different conditions
(highly coked catalysts tested at 500°C?™), this study shows that
in mild conditions and over the 0.1-1.4%, range, the effect of
chlorine content on C; isoparaffins selectivity in n-heptane
reforming is not monotonous and suggests the existence of a
local optimum around 0.5%.-Cl.

This work shows that systematic catalytic studies of reforming
catalysts are still of importance to gain a better understanding of
their complex bi-functional reactivity. N-heptane reforming
testing appears as a useful strategy to study metal/acid balance
for Pt/y-Al,O3-Cl systems. Complementary reactions can be
studied for a deeper investigation of the catalyst reactivity.
Methylcyclohexane or methylcyclopentane dehydrogenation to
aromatics could be taken as an indicator of
hydro/dehydrogenation activity of the metallic phase. Model acid
catalysed reaction such as branched olefin isomerisation can
shed light on the nature and the strength of acid sites existing at
the reforming catalyst surface.
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