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SBA-15 materials exhibit important properties including large surface area, highly ordered mesopores, and high
stability in a variety of catalytic reactions. In this study, Al and Zr-loaded SBA-15 materials (Si/Zr = 30, Si/Al = 30),
50 molar ratio with Pd (1, 2, and 4% (w/w)) and Pt (0.5 and 1% (w/w)) were tested in the isomerization of C5–C7
linear alkanes. These solids were characterized using thermal gravimetric analysis–differential thermal analysis
(TGA–DTA), nitrogen physisorption, and energy dispersive X-ray (EDX). Interestingly, the low porosity SBA-15
materials loaded with 2% (w/w) Pd were most active catalysts for n-heptane isomerization. The mechanochemical
addition of tungsten also resulted in the increase of catalytic activity for the reaction. The results herein demonstrate the
possibilities of SBA-15 catalysts as a commercial catalyst alternative in the catalytic isomerization of hydrocarbons.
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1. Introduction

Mesoporous materials have been the subject of several
research studies in past years for industrial catalytic applications
because of their large surface area, versatility, and high catalytic
activity [1]. SBA-15-type structures comprise a family of hex-
agonally ordered materials which emerged as an alternative to
MCM-41 with thicker walls and improved stability as a catalyst
or catalyst support even in high temperature reactions. A num-
ber of efforts have been devoted to develop various functional
SBA-15 materials to overcome the inherently inert nature of
their siliceous counterparts [2]. While the addition of acids
including hydrofluoric (HF) or sulphuric acid increases acidity
in SBA-15 materials, these mineral acids are also hazardous and
synthesized materials have not been shown to be thermally
stable [1]. The direct incorporation of heteroatoms (e.g., Al,
Zr, Ti, etc.) into the SBA-15 structure or post-synthetic mod-
ification methodologies have been largely explored as alterna-
tives to develop highly active functional materials for a range of
catalytic applications [3, 4].
Light gasolines generally comprise a mixture of C5–C7

linear and branched alkanes and cycloalkanes, with small
amounts of benzene. In order to improve the octane number in
gasolines, hydro-isomerization processes are commonly used in
industries to convert linear alkanes to their branched isomers
under hydrogen pressure [5]. During the reaction, benzene also
undergoes hydrogenation to form cyclohexane. The mentioned
reduction of benzene is an environmentally favorable process
due to its known carcinogenicity, being very beneficial for its
partial removal from a commodity such as gasolines. Due to the
inherent issues of exposure to benzene, legislation has pushed
suppliers and manufacturers to limit benzene content in gaso-
lines and fuels. In the European Union (including Czech Repub-
lic), for example, the tolerable limit of benzene in gasoline is
only up to 1% (v/v) [6, 7]. Updated useful information about the
reduction of benzene to cyclohexane in gasoline range feed-
stock has been recently reported [8, 9].
Nevertheless, the process of isomerization of light paraffins is

limited by thermodynamics and kinetics. Lower temperatures

benefit the equilibrium to isomers, but the energy of activation
required to isomerise compounds and kinetics implied depends
on the utilized catalyst and different temperatures of reaction
[10]. A clear example of these limitations is the equilibrium
RONC (research octane number clear) for C5 and C6 paraffins
represented by V.G. Deak and coworkers [11] or the compara-
tive activity of differently used catalysts in industry as reported
by Yasakova and colleagues [12].
Traditionally employed catalysts for hydro-isomerization

processes include noble metal-containing bifunctional catalysts
such as chlorinated alumina, zeolites, and sulfated zirconia
(e.g., Pt/ZrO2–SO4) [5, 13]. The bifunctional nature of these
catalysts is able to provide acid sites for isomerization processes
and cracking of long chain alkanes as well as metal sites for
subsequent hydrogenation of generated alkenes [3].
The reaction mechanism of isomerization has been exten-

sively studied. This process takes place over bifunctional cata-
lysts containing acid (skeletal isomerization via carbenium ions)
and metallic sites (hydrogenation/dehydrogenation) [14].
Alkane dehydrogenation takes place over the metal sites gen-
erating alkenes which are subsequently protonated on Brönsted
acid sites producing alkylcarbenium ions. Then, a consecutive
β-scission, followed by deprotonation and hydrogenation,
occurs on metal sites to obtain the isomer product [15, 16].
These isomerizations increase the research octane number
(RON) (from n-alkanes to isoalkanes). For example, n-heptane
and n-hexane have a RON of 0 and 25, respectively, while
3-methyl-hexane and 2-methyl-pentane have 52 and 73.4,
respectively [17].
Recent trends in the development of novel systems for alkene

hydro-isomerization include the development of Pt/WO3–ZrO2

and Pt/SBA-15 systems [18, 19]. In literature, there is not much
information about the use of SBA-15 materials to isomerate
light paraffins C5–C7. However, some reported results could
help to understand the current state of the art on this topic
(Table 1).
Albayati et al. synthesized bimetallic SBA-15 catalysts for

the isomerization of n-heptane, which showed a low yield to
isomers at high temperatures (250–400 °C) [23].
In continuation of the research endeavours of the group
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materials for catalytic applications, we report herein the mecha-
nochemical synthesis of metal-containing SBA-15 materials
and their application in alkane hydro-isomerization reactions.
Advantageously, low metal loaded SBA-15 catalysts have been
found to provide excellent yields of products. This method
could possibly offer a future alternative catalytic reaction for
industrial processes.

2. Experimental

2.1. Materials. All chemicals and reagents used in this study
(at least 99% purity) were purchased from Sigma-Aldrich
(unless otherwise stated) and were not further purified.
2.2. Synthesis of Catalyst Support. Two types of catalyst

supports were synthesized in this study: Al–SBA-15 and
Zr–SBA-15. In a typical synthesis, a solution (300 mL) of hydro-
chloric acid at pH = 1.5 was prepared and then added to a vessel
containing 8.07 g of pluronics P123 as a structure-directing agent.
The mixture was stirred until a transparent solution was obtained.
Then, 0.93 g of Zr (IV) oxynitrate hydrate (or 0.82 g of aluminum
isopropyl) was added to the mixture followed by the dropwise
addition of 18 mL of TEOS (tetraethyl orthosilicate). The final
mixture was stirred for 24 h, filtered, and eventually calcined at
600 °C for 8 h (4 h under nitrogen + 4 h under air). Catalyst
supports were synthesized using different Si/metal ratios, similar
to previous reports from the group [24].
2.3. Metal Incorporation. Varying amounts of Pd or Pt (1, 2,

and 4% w/w, using Pd acetate, and 0, 5 and 1% w/w, using
tetramine platinum nitrate as metal precursors, respectively) or
W (12% (w/w) using ammonium metatungstate hydrate as metal
precursor) were incorporated into the preformed supports using a
previously reported mechanochemical approach [25]. In a typical
synthesis, the preformed support (2 g) was ground as a solid in a
Retsch PM 100 bioMETA ball mill (milling optimized condi-
tions: 350 rpm, 10 min grinding [25]) together with the desired
quantity of Pd acetate to reach the target metal quantity in
the final material. Upon milling, the Pd-containing material
was calcined at 475 °C under air for 1 h. The mechanochemi-
cal incorporation of Pt and W precursors was performed in a
similar way.
Samples have been denoted as X–Y%/Al–SBA-15 and

X–Y%/Zr–SBA-15, where X and Y stand for the metal content
(% w/w) of Pd, Pt, and/or W in the materials. For example, the
material 1%Pt–12%W/Zr–SBA-15 is a Zr-containing SBA-15
with 1% (w/w) Pt and 12% (w/w) W.

2.4. Catalytic Tests. Catalytic reactions in this study were
performed using a stainless steel fixed bed microreactor packed
with the catalyst and enclosed in a hot box at 125 °C. Under
5 bar hydrogen pressure, the isomerization reactions were car-
ried out for 2 h at temperatures ranging from 200 to 400 °C
(5 °C/min heating rate). Reactants were then directly separated
and analyzed using gas chromatography–mass spectrometry
(Agilent 7890A equipped with a 30-cm Supelco column, oven
set at 80 °C) which was attached to the effluent side of the
reactor. The amount of catalyst used in the reactor was 0.167 g,
while the hydrogen/hydrocarbon feed ratio was set at 8. A
summary of reaction conditions has been included in Table 2.
n-Heptane was the selected starting feedstock for all pro-

cesses as widely used in literature [26–28] and more reactive
raw material as compared to n-hexane or n-pentane [29]. This
compound is also present in the gasoline fraction. n-Hexane
was used only for the most active catalyst which presented high
activity in the isomerization of nC7. In the special case of
catalyst 7.1%Pt–12%W–Zr/SBA-15, a mixture of alkanes was
used to model industrial mixtures. The system was also com-
pared to Pt/WO3–ZrO2 (from research) or Pt/SO4–ZrO2 (tung-
stated zirconia catalysts from industry). After the reaction,
products were analyzed by gas chromatography (GC) (connected
to the reactor): C1–C4 at time retention of tr = 0–13 min; iC5 at
tr = 14.8 min; nC5 at tr = 16.0 min; iC6 (monobranched isomers)
at tr = 20.3–21 min; nC6 at tr = 22.9 min; iC7 (2-methyl-hexane)
at tr = 26.3 min; nC7 (n-heptane) at tr = 31.8 min.

2.5. Characterization
2.5.1. TGA–DTA (Thermal Gravimetric Analysis–Differen-

tial Thermal Analysis). Thermal analysis was performed by si-
multaneous TG–DTA measurement using a System Setaram
Setsys 12 TGA instrument. Samples were heated at a heating
rate of 5 °C/min, in air (40 mL/min), at the temperature range
100–1000 °C. The compound α-Al2O3 was used as a reference
material.
2.5.2. Nitrogen Physisorption. Nitrogen adsorption measure-

ments were carried out at −196 °C using an ASAP 2000
volumetric adsorption analyzer from Micromeritics. Samples
were degassed for 2 h at 100 °C under vacuum (p < 10−2 Pa)
and then subsequently analyzed. The linear part of the Bruna-
uer–Emmett–Teller (BET) equation (relative pressure between

Table 1. Literature results for the isomerization of n-pentane and n-hexane using different catalysts

Reference 20 21 22

Catalyst SBA-15 Heteropolyacids supported on SBA-15 Platinum-promoted W/Zr mixed oxides
supported on mesoporous silica (SBA-15)

Sulfated Zr–SBA-15
materials

Paraffin n-Hexane n-Pentane n-Pentane
Pressure/flow/gas Atmospheric pressure / 5 mL/min / argon Atmospheric pressure / (WHSV) of

0.24/h / mixture of H2–N2–pentane
Not indicated / batch
reactor / not indicated

Temperature 200 °C 250 °C 35 °C
Total conversion (% w/w) 40 to 10 in TOS = 0–8 h 65 to 55 in TOS = 0–20 h 61 TOS = 1 h
Selectivity to isomers (% w/w) 60 at conversion 10 98 83

Table 2. Hydroisomerization reaction conditions conducted for each
catalysta

Catalyst/nomenclature Reactor temperature (°C)

1.1%Pd/Al–SBA-15 250, 300, 350, 400
2.2%Pd/Al–SBA-15 250, 300, 350, 400 (300 using n-hexane)
3.4%Pd/Al–SBA-15 250, 300, 400
4.0.5%Pt/Zr–SBA-15 250, 300, 350, 400
5.1%Pt/Zr–SBA-15 250, 300, 400
6.1%Pt/Al–SBA-15 250, 300, 350, 400
7.1%Pt–12%W–Zr/SBA-15 250, 300, 400

a 0.167 g of catalyst; WHSV (weight hourly space velocity) = 1.5/h;
pressure = 2 bar (H2); H/HC = 8 (hydrogen/hydrocarbon molar ratio).

Table 3. Nitrogen physisorption and EDX elemental analysis of mechano-
chemically synthesized Pd and Pt-containing Al–SBA-15 materials

Catalyst Si/M
(M = Zr, Al)a

Surface area
(SBET, m

2/g)
DBJH

(nm)
Pore volume
(VBJH, mL/g)

Al–SBA-15 – 756 8.9 0.72
1%Pd/Al–SBA-15 30.2 533 8.5 0.32
2%Pd/Al–SBA-15 28.2 363 8.1 0.24
4%Pd/Al–SBA-15 33.5 527 6.8 0.51
Al–SBA-15 – 772 8.0 0.73
1%Pt/Al–SBA-15 51 647 7.4 0.45
Zr–SBA-15 – 660 6.9 0.58
0.5%Pt/Zr–SBA-15 27 645 6.9 0.50
1%Pt/Zr–SBA-15 30.2 572 6.5 0.56
1%Pt–12%W/Zr–SBA-15 33 355 6.8 0.28

aMeasured by EDX.
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0.05 and 0.22) was used for the determination of the specific
surface area. The pore size distribution was also calculated from
the adsorption branch of the N2 physisorption isotherm and the
Barret–Joyner–Halenda (BJH) formula. The cumulative meso-
pore volume VBJH was obtained from the power spectral density
(PSD) curve.
2.5.3. EDX (energy-dispersive X-ray spectroscopy). EDX

measurements were performed using a scanning electron micro-
scope (SEM) JEOL JSM 6300 provided with a microanalysis
system Inca Energy 250, with a SiLi detector. Detection interval
is from boron to uranium, and resolution is 137 eV to 5.9 keV.

3. Results and Discussion

Textural properties of mechanochemically synthesized sup-
ported nanomaterials have been included in Table 3. As
expected, a significant decrease on the surface area of all
catalysts is observed upon metal incorporation. Pore sizes were
also observed to decrease particularly for samples with higher
metal loading (e.g., 4%Pd/Al–SBA-15), with no noticeable
differences observed for low-loaded materials (Table 3, 0.5%
and 1% metal loadings). These findings indicate that there is no
significant pore blocking at low incorporated metal loadings
(incorporated nanoparticles are distributed within the external
surface and the pores of the material as previously demonstrated
[11, 30]). The sample 4%Pd/Al–SBA-15 experienced a remark-
able reduction in pore size as compared to the parent Al–SBA-
15 (from 8.9 to 6.8) which is due to a partial pore blocking upon
Pd incorporation within the pores of the material. Pore volumes
also followed a similar trend, although these trends vary
depending on the type of support. Pore volumes were signifi-
cantly reduced upon metal incorporation in materials prepared
from Al–SBA-15 while these properties remained almost iden-
tical (with the exception of Pt and W incorporation) for Zr–
SBA-15 (Table 3).
Representative transmission electron microscope (TEM)

images of the metal-containing SBA-15 materials have been
included in Figure 1. The images clearly depict a good disper-
sion of tiny Pd or Pt nanoparticles in the materials, with <5 nm
as average nanoparticle (NP) size. No observable sintering
could be found for low loaded materials (e.g., 0.5 to 2%Pd)
although significantly larger aggregates seemed to be present at
higher loadings.
After characterization, the activity of the different SBA-15

catalysts was investigated and compared to that of a commercial
catalyst in the isomerization of C5–C7 alkanes [12, 31, 32].
The influence of different metals, metal loadings, and reac-

tion temperatures were studied and correlated to the different
product profiles obtained. Results are included and summar-
ized in Tables 4, 5 and Figures 3, 4, and 5 for n-heptane
conversion.
Blank runs (in the absence of catalyst) were carried out under

identical conditions to those of catalyst runs, at temperatures
from 250 to 400 °C obtaining negligible conversion to products
under the investigated reaction conditions.
Among all screened systems, 2%Pd/Al–SBA-15 provided

unprecedented results in the conversion of n-heptane. The best
results were obtained at 300 °C (Figure 2). Similarly, loaded
materials (e.g., 1%Pd/Al–SBA-15), on the other hand, exhibited
higher selectivities towards hydrocracking (particularly at
increased temperatures, Table 4) [33].
A remarkable selectivity to iso-C7 (>85% (w/w)) was

achieved for 2%Pd/Al–SBA-15 at reasonably high conversion
(48-67%, Figure 2). Importantly, the catalyst exhibited a low
hydrocracking selectivity (4–10% (w/w) of C1–C6 products,
Table 4) and a significant stability in terms of conversion and
selectivity with time on stream. Upon reaching the optimum
level for selectivity and conversion for 2%Pd/Al–SBA-15, a

Table 4. Activity at 300 °C for all catalysts using n-heptane as feedstock

Catalyst Conversionc

(% (w/w))
SC7isomers

d

(% (w/w))

1%Pd/Al–SBA-15 (TOS = 260 min)a 11 95
2%Pd/Al–SBA-15 (TOS = 250 min) 66 91
4%Pd/Al–SBA-15 (TOS = 230 min) <5 <5
0.5%Pt/Zr–SBA-15 (TOS = 210 min) <5 21
1%Pt/Al–SBA-15 (TOS = 160 min) <5 97
1%Pt/Zr–SBA-15 (TOS = 160 min) – –
1%Pt/W/ZrSBA-15 (TOS = 160 min)b 64 28

a TOS = time on stream
b The calculations were based in the initial composition of nC7 in the

feedstock. The selectivity calculations to iC7 were done expecting only iC7
formation from n-heptane.

The total conversion was calculated in agreement with the next
formulation:

c Total conversion (% (w/w)) = 100*[1–(n-heptane final amount/n-hep-
tane initial amount)].

d Selectivity to isomers iC7 after reaction (% (w/w)) = 100*[iC7 amount/
∑Pi (total amount of products)].

Figure 1. TEM images of A) 2%Pd/Al–SBA-15 and B) 1%Pt/Al–
SBA-15

Table 5. Isomerization reaction of n-hexane at T = 300 °C. XT is the total
conversion of n-hexane % (w/w) and Si the selectivity to monobranched
isohexanes. nC6 accounts for n-hexane and iC6 (monobranched isohexane,
methyl-pentane). Sc relates to the selectivity to hydrocracked products

TOS (h) 3.8

nC6% (w/w) 82.0
iC6% (w/w) 11.9
C1–C5% (w/w) 1.2
XT % (w/w) 18.0
Si % (w/w) 91.2
Sc % (w/w) 8.8
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further increase in Pd loading produced a material with very low
activity (<10% conversion) and selectivity to iC7. Results from
Pd systems pointed out the required acid/metal sites balance for
the reaction. Acidic materials with low metal content (0.5–1%
(w/w)) predominantly favor hydrocracking as compared to
higher Pd-containing materials in which the low activity of
large Pd aggregates. Partial Pd migration to the pores

(originating pore blocking as indicated by textural properties)
of the support prevented the diffusion of the alkenes to the
active sites in the material.

Figure 3. Product composition from the reaction of isomerization of
n-heptane using 1%Pd/Al–SBA-15 and 2%Pd/Al–SBA-15 catalysts.
Reaction conditions: pressure, 5 bar; temperature, 300 °C; WHSV =
1.5/h; H(H2)/HC (hydrocarbon) = 8 (molar ratio). Product composition:
C1–C6% (w/w) (hydrocracked products), nC7% (w/w) (n-heptane
composition), and iC7% (w/w) (isoheptane composition) 0.5%Pt/Zr–
SBA-15 and 1%Pt/Zr–SBA-15 presented low activity in the isomer-
ization of n-heptane (conversion <5% (w/w)). 1%Pt/Al–SBA-15
was found to provide optimum activities in this reaction (Figure 4).
Al–SBA-15, in this case, provided better activity in the isomerization
reaction as compared to Zr–SBA-15 materials. The higher activity of
this type of materials could be due to its higher Lewis and Brönsted
acidity. Zr–SBA-15 materials synthesized by our group [24] using a
similar protocol to that described for materials prepared in this work
exhibited high Lewis acidity but lower Brönsted acidity. Comparing
Al–SBA-15 and Zr–SBA-15 acidities (similar syntheses published in
literature), Al catalysts presented higher Brönsted acidity as compared
to that of Zr–SBA-15. A direct comparison of such acidity was also
previously reported [34].

Figure 4. Product composition from the reaction of isomerization of n-
heptane using 1%Pt/Al–SBA-15 catalyst. Reaction conditions: pres-
sure, 5 bar; temperature, 300 °C; WHSV = 1.5/h; H(H2)/HC (hydro-
carbon) = 8 (molar ratio). Product composition: C1–C6% (w/w)
(hydrocracked products), nC7% (w/w) (n-heptane composition), and
iC7% (w/w) (isoheptane composition) 2%Pd/Al–SBA-15 was tested in
n-hexane isomerization, with much lower yields to monobranched
isohexanes.

Figure 5. Product composition in the reaction of isomerization of
mixture (n-heptane 40.1% (w/w), n-hexane 17.5% (w/w), and n-pen-
tane 42.4% (w/w). Reaction conditions: pressure, 5 bar; temperature,
300 °C; WHSV = 1.5/h; H(H2)/HC (hydrocarbon) = 8 (molar ratio).
Product composition % (w/w): iC5 (isopentane), nC5 (n-pentane), iC6
(isohexanes), nC6 (n-hexane), iC7 (isoheptane), and nC7 (n-heptane)

Figure 2. Data representation for the test performed using Al/SBA-15 with 2% Pd. Reaction conditions: pressure, 5 bar; temperature, 300 °C; WHSV
= 1.5/h; H(H2)/HC (n-heptane) = 8 (molar ratio). Product composition: C1–C6% (w/w) (hydrocracked products), nC7% (w/w) (n-heptane
composition), and iC7% (w/w) (isoheptane composition). Conversion Xt (% (w/w)) and selectivities to isomers (isoheptanes) S(iso) (% (w/w)) and
to lighter hydrocarbons (C1–C6 alkanes) S(C1–C6) (% (w/w)) 1%Pd/Al–SBA-15 presented low activity (Figure 3) for the isomerization of n-heptane.
A low selectivity to iC7 (only higher at 300 °C) was reached. The reaction produced much lighter hydrocracking products at higher temperature. At
400 °C, the same amount of C1–C6 and nC7 was analyzed in the product, indicating a high activity of the hydrocracking reaction.

Continuous-Flow Hydroisomerization

14



Surprisingly, catalyst 4%Pd/Al–SBA-15 presented no ac-
tivity in the isomerization of nC7, only some hydrocracking
(<5% (w/w), to lighter isomers).

Changing metal (from Pd to Pt) did not seem to improve the
conversion and iC7 selectivity in the systems, which only
provided moderate activities at temperatures over 350 °C. Max-
imum selectivity towards iC7 isomers (35% (w/w) com-
position in the mixture) at 350 °C was far from the optimum
85–95% (w/w) achieved with 2%Pd/Al–SBA-15. Comparably,
Zr-supported systems provided low n-heptane conversions at
temperatures below 350 °C (Table 4), regardless of the metal
(Pd or Pt) present in the mesoporous materials; these systems
are currently under investigation in our lab. Interestingly, the
simultaneous milling of a W precursor with the Pt/Pd precursor
and the mesoporous SBA-15, rendered materials with remark-
ably increased activities (64% at 300 °C) but reduced selectiv-
ities towards iC7 compounds (Table 4, 28% (w/w)), with a
predominant generation of lighter paraffins such as C1–C6.
The activity of these catalysts was only tested with model

feedstocks (heptane, hexane, and pentane) and not industrial
feedstocks. Nevertheless, 2%Pd/Al–SBA-15 exhibited a much
lower activity as compared to those reported with commercial
catalysts [12, 32]. In any case, the activity of these new materi-
als could further pinpoint new research in the development of
alternative metal-containing aluminosilicate catalysts for paraf-
fins isomerization.
An additional experiment was also carried out to study the

influence of W in the activity of isomerization of short chain
alkanes. 1%Pt/W/ZrSBA-15 was synthesized with the addi-
tion of tungsten via grinding as described in the experimental.
The processes were performed under close-industrial conditions
(a mixture of nC7, nC6, and nC5 alkanes as raw materials).
During the reactions, low yields of isomers and hydrocracked
products at low temperatures (143 and 160 °C) were obtained
from a mix of heptane, hexane, and pentane (mixture of
n-heptane 40.1% (w/w), n-hexane 17.5% (w/w), and n-pentane
42.4% (w/w)).
No information about the activity of these types of catalysts

was found in a literature survey. No reaction was also obtained
at low temperatures (140–160 °C). Some products could only
be observed at 250 °C (Figure 5).
One of the aims of the utilization of these types of cata-

lysts was to study if a similar mechanism found for cata-
lysts Pt/WOx–ZrO2 could take place over the surface of 1%
Pt/W/ZrSBA-15material. Thementionedmechanism of reaction
was reported by Iglesia et al. [35, 36] in which the W played an
essential role in the isomerization of paraffins. Isolated WOx

species or bulk WO3 could undergo reduction to different WOx

species which depending on their oxidation state have been
reported as active Bronsted acid sites for the isomerization proc-
ess [35, 36]. Nevertheless, the low yields to products using the
W-containing system did not justify additional studies to confirm
a similar mechanism for the isomerization of light paraffins.
TGA–DTA analyses were carried out to study the desorption

of different carbonaceous species present on the catalyst sur-
face upon deactivation with time on stream. The most active
catalyst Al/SBA-15 (with 2% Pd) was analyzed by TGA–DTA
(Figure 6). The first weight loss at 100 °C (endothermic DTA
signal) of 2–3% (w/w) was due to the presence of water over the
catalyst. The next weight loss (exothermic signals) is assigned
to the combustion–desorption of carbonaceous species.

4. Conclusions

Unprecedented results were obtained using Zr–SBA-15 and
Al–SBA-15 materials. Catalysts Al–SBA-15 and Zr–SBA-15
were tested to isomerize light chain paraffins C5–C7. Pd or Pt

was used as noble metals. Catalysts Al–SBA-15 were more
active than Zr–SBA-15 materials. In the case of catalysts using
Pd, the most active was the material with a 2% (w/w) of noble
metal. The 1%Pt/Al–SBA-15 was the most active material
among Pt catalysts. 1%Pt–12%W/Zr–SBA-15 was synthesized
at first time and compared with Pt/WO3–ZrO2. A high activity
towards lighter hydrocarbons and low selectivity to isomers
iC5, iC6, or iC7 was found for 1%Pt–12%W/Zr–SBA. The
most active catalyst 2%Pd/Al–SBA-15 for the isomerization
of n-heptane was the material with the lowest surface area and
the lowest pore volume but larger aluminium content.
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