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In this paper, the monofunctional acidic γ-Al2O3 catalyst was treated with Pt metals 

with a percentage ranging from 0.5 to 1 wt% to obtain a bifunctional nanocatalyst 

represented by Pt/Al2O3, for the purpose of increasing the active metal sites on its 

surface, and thus enhancing the extremely important 

hydrogenation/dehydrogenation reactions in catalyzing hydroisomerization 

reactions of n-heptane with an octane number of zero. Experiments were 

conducted in a pilot unit at a temperature of 230°C and under a pressure of 5 bar 

in the presence of H2-gas for the purpose of producing desirable fuel hydrocarbons 

with a high octane number. A number of characterization techniques, including 

XRD, SEM, EDX, BET and FTIR, have been used to evaluate the physical 

properties of the catalysts. The catalytic behavior of the prepared catalysts was 

compared by calculating the conversion of the hydrocarbons formed and the 

selectivity towards the generation of isomers in the reaction products. The 

comparison results indicated that the conversion, selectivity and yield track the 

following order according to the catalytic efficiency of the catalysts: 0.5wt% 

Pt/Al2O3 > 1wt% Pt/Al2O3 > γ-Al2O3. The highest conversion, selectivity, and 

yield were found on the surface of the 0.5wt% Pt/Al2O3 catalyst, which are 62.50, 

80.96, and 50.60 wt%, respectively, while the lowest weight percentages of 

products were found on the surface of the unloaded-parent γ-Al2O3 catalyst, which 

are 52.8, 67.7, and 35.75 for conversion, selectivity, and yield, respectively. It was 

found that increasing the metal loading percentage from 0.5 wt% to 1 wt% causes 

the closure of a number of pore openings on the surface of the catalyst, which 

reduces the surface area. It also causes an increase in the activity of Lewis acids 

and rapid breakdown of the reactant hydrocarbons, thus resulting in a reduction in 

conversion and selectivity for isomers. 

Keywords: Alumina Oxide, Bifunctional nanocatalyst, n-Heptane hydroisomerization, acidity, conversion. 
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المعدني النشط ضمن دعامة الكاما ألومينا على توزيع المنتج في التفاعلات دراسة تأثير التحميل 

 الأيزومرية للهبتان العادي
 

 الخلاصة:

% 1 إلى 0.5 من تتراوح بنسبة Pt معدن باستخدام 3O2Al-γ الوظيفة أحادي الحمضي المحفز معالجة تمت البحث، هذا في

 وبالتالي. سطحه على النشط المعدن مواقع زيادة بغرض ،3O2Pt/Al يمثله الوظيفة ثنائي نانوي محفز على للحصول بالوزن

 برقم للهبتان العادي بوجود الهيدروجين الأيزومرية التفاعلات تحفيز في للغاية المهمة الهيدروجين نزع/الهدرجة تفاعلات تعزيز

وبوجود غاز  بار 5 ضغط وتحت مئوية درجة 230 حرارة درجة عند تجريبية وحدة في التجارب أجريت. صفر يساوي أوكتان

 في بما التوصيف، تقنيات من عدد استخدام تم. عالي أوكتان رقم ذو فيه مرغوب هيدروكربوني وقود إنتاج لغرض الهيدروجين

 التحفيزي السلوك مقارنة تمت. الحفازة للعوامل الفيزيائية الخواص لتقييم ،FTIRو BETو EDXو SEMو XRD ذلك

. التفاعل منتجات في الأيزومرات توليد تجاه والانتقائية المتكونة الهيدروكربونات تحويل حساب خلال من المحضرة للمحفزات

3O2wt% Pt/Al : للمحفزات الحفزية للكفاءة وفقًا التالي الترتيب تتبع والإنتاجية والانتقائية التحويل أن إلى المقارنة نتائج أشارت

3O2Al-γ>  3O21wt% Pt/Al> 0.5  .3 المحفز سطح على وإنتاجية وانتقائية تحويل نسبة أعلى على العثور تمO2Pt/Al 

wt%0.5 سطح على للمنتجات وزن نسب أقل على العثور تم حين في التوالي، على% وزن 50.60و 80.96و 62.50 وكانت 

 وقد. التوالي على والإنتاجية والانتقائية للتحويل 35.75و 67.7و 52.8 وكانت محمل بالمعدن، غير 3O2Al-γ المحفز الاساسي

 سطح على الموجودة المسام فتحات من عدد إغلاق إلى بالوزن تؤدي% 1 إلى% 0.5 من المعدني التحميل نسبة زيادة أن وجد

 السريع وبالتالي يؤدي الى التكسر لويس أحماض نشاط في زيادة يسبب أنه كما. السطحية مساحته من يقلل مما المحفز

 .للأيزومرات والانتقائية التحويل في انخفاض ينتج عنه مما المتفاعلة، للهيدروكربونات

1. Introduction 

The catalytic naphtha reforming reactor relies heavily on the reaction mechanism between the 

gaseous and solid phases of the catalyst, according to the principles of multiphase reactors. 

Therefore, the key factor in controlling the overall reaction mechanism in a reforming reactor is 

the heat and mass transfer rates at the catalyst surface [1] [2] [3]. Catalytic reforming typically 

involves a variety of different reactions, including the hydrocracking of paraffins to light 

hydrocarbons, hydroisomerization of paraffins and naphthenes, dehydrogenation of naphthenes 

to aromatics, dealkylation of alkylaromatics, and dehydrocyclization of paraffins [4] [5] [6]. All 

of these reactions have a big impact on the bifunctional method that happens on acid and metal 

sites. For reforming processes, Pt/Al2O3, Pt-Ru/Al2O3, Pt-Re-Sn/Al2O3, Pt/Zeolite, and 

Pt/Zirconia catalysts are the most frequently used industrial catalysts. From the point of view of 

heterogeneous reaction mechanisms, all the catalytic behaviors of these catalysts, as well as their 

deactivation rates, have a significant impact on the diffusion of reactant molecules that occurs 

within the solid catalysts [2] [6] [7]. 

 The textures and pore sizes of catalysts have a significant impact on the heat and mass transfer 

processes that take place on their surfaces. In addition, nanocatalysts have great catalytic 

performance, high surface area, and strong resistance to deactivation [1] [6]. The production of 

high-octane gasoline with high-quality aromatics and branched hydrocarbons is usually the main 
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focus of continuous improvement of traditional- or nano-catalysts [8] [9] [10] [11]. Catalyst 

deactivation often results from the formation of unwanted compounds, coke formation being a 

prime example. Depending on the ability of the catalyst to resist deactivation processes, the 

performance of the catalyst in this case is modified. Moreover, the operating conditions and 

reaction rate have a significant impact on the performance, morphology, and crystal structure of 

the catalyst. To improve catalytic performance and stability, other metals are often used as 

promoter with catalysts [2] [12]. Due to its excellent thermal stability and important role in 

heterogeneous catalysis, platinum is a significant noble metal used for this purpose [13]. 

Improving catalytic activity using Pt-atoms atomically dispersed or in tiny clusters on supports 

has received much attention recently.  

With more active sites and strong metal-support interaction, metal-based catalysts are used with 

atomically dispersed Pt-species [14] [15], and can significantly increase their catalytic activity 

and/or selectivity in a variety of reactions including oxygen reduction reactions, electrochemical 

catalytic reactions, and dehydrogenation/hydrogenation reactions  [16] [17][18]. However, there 

is still much controversy about the fundamental roles that these structures, such as tiny Pt clusters 

or single atoms, play in alkane-reforming mechanisms [4] [19] [20] [21]. For instance, there are 

differences of opinion about how single Pt-atom affects the cyclization scheme. Since the 

coordination of the aromatic ring requires many Pt atoms prior to the hydrogenation, it is believed 

that the cycling process was not possible over single Pt-atom. 

Possible catalytic reaction pathways for n-heptane in the presence of metallic (M) and acidic (A) 

sites are illustrated in Figure (1). The catalytic reaction pathway depends on the M/A ratio and 

the strength of each site. Commercially, Pt is supported on acidic alumina, which is used as 

catalysts in such hydroisomerization reactions. The role of alumina is as an acid site for the 

purpose of hydrocracking the reactant molecules, while the role of platinum metal is as a metal 

site for catalyzing hydrogenation/dehydrogenation reactions [22]. 
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Fig. (1): Possible catalytic reaction pathways for n-heptane via acidic (A) and metallic (M) sites 

through the pores of the solid catalyst [22]. 

 

Kalashnikov studied the stability of the Pt/Al2O3 -BEA catalyst in the hydroisomerization of the 

heptane/benzene mixture model, and it was found that the investigated system is highly stable and 

does not deactivate for 53 hours of operation, while retaining its acidic properties and pore 

structure [23]. Hamied et al were investigated the kinetic modeling of light naphtha 

hydroisomerization over a Pt/Al2O3-Cl catalyst. They used a genetic algorithm stochastic 

optimization technique [24]. Medellin prepared and characterized the properties of Pt/Al2O3, 

PtGe/Al2O3, Pt/Al2O3–CeO, and PtGe/Al2O3–CeO2 catalysts. The PtGe/Al2O3–CeO2 catalyst 

showed high selectivity towards isomeric olefins in the n-heptane reforming and high resistance 

to self-deactivation [25]. Pashkov tested and modified Pt/Al2O3 catalyst with Group III (Ga) and 

Group IV (Ge, Ti, and Zr) elements in the reaction of propane and n-heptane. He found the 

conversion of propane and the concentration of C7+ were higher than those found on the 

unmodified Pt/Al2O3 sample [26]. René studied the effect of chlorine on the catalytic performance 

of the bifunctional catalysts Pt/Al2O3 and Pt/Al2O3/Zeolite Y with intimate ranges, and the 

observed differences between the behaviors of the catalysts were due to the addition of chlorine 

content to the catalytic performance of the Pt/Al2O3 references and mainly caused by the variety 

in the average platinum nano-particle size. The bifunctional catalysts and reference samples in n-

heptane conversion were subsequently examined [27]. Mansour tested a high chlorinated alumina 

catalyst Pt/γ-Al2O3 (0.25 wt. % Pt)  treated with two mixtures of CCl4 /N2 and CCl4 /N2 /H2, for 

the hydroisomerization of the C6  alkane diluted with hydrogen and performed with different 

H2/HC ratios in the range of temperatures. It was found that there was superior conversion and 
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selectivity at 160°C and 120°C, and the highest octane number was observed at low space velocity 

(LHSV) of 1.2 h-1 [28]. 

This work aims to study the effect of loading γ-alumina (γ-Al2O3) nano-catalysts with platinum 

metal and its relationship to the catalytic behavior of the treated catalyst in n-heptane hydro-

isomerization reactions. This is to determine the best type of catalyst loaded with metals that can 

be used in such a process. The results obtained for hydrocarbon conversion as well as the 

selectivity towards isomer from the use of monofunctional γ-Al2O3 and bifunctional γ-Pt/Al2O3 

were carefully calculated and compared. In this study, the focus was on the Pt/Al2O3 nanocatalyst 

for the purpose of obtaining the optimal amount of metal that can be loaded onto the surface of the 

acid catalyst to reach the required balance in the dehydrogenation / hydrogenation processes 

necessary to produce isomers. 

 

2. Experimental Work 

2.1. Materials 

Table (1) lists the types and sources of chemicals utilized in the experimental aspect of this study. 

Table (1): Details regarding the materials purchased from commercial providers. 

 

No. Material Structure Company Origin Purity 

1 Alumina Oxide 

Nanoparticles 

γ-Al2O3 < 50 nm 

particle size 

Fluka AG, Buchs SG. Switzerland 99.9%~98% 

2 Hydro-HexachloroPlatinic 

Acid 

(H2PtCl6).6H2O Direvo Industrial 

Biotechnology 

Germany 99% 

3 n-Heptane CH3(CH2)5CH3 J.T.Baker USA 99% 

4 Hydrogen gases H2 Research and 

Development Center 

Iraq 99.9% 

5 Nitrogen gases N2 Research and 

Development Center 

Iraq 99.9% 

6 Deionized Water H2O University of 

Technology - 

Baghdad 

Iraq 99.99% 

 

2.2. Characterization methods 

The XRD Panalytical X'Pert Pro UK conducted the X-ray diffraction (XRD) analysis using a Cu 

Kα anode with λ=1.540 Å. The detector employed is called X'Celerator, which is a very fast X-

ray detector based on Real Time Multiple Strip (RTMS) technology. TESCAN, MIRA3 XMU, 

Brno, Czech Republic, a scanning electron microscope (SEM), was used to determine the 

structural morphologies of the various catalysts. BRUKER Inspect S50, energy-dispersive X-ray 
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spectroscopy (EDX), was utilized to verify the elemental compositions on the surface of a 

specimen. Brunauer-Emmett-Teller (BET) technique was applied to calculate the BET-surface 

areas of the catalysts by means of using a HORIBA SA-9600 according to the gas adsorption-

desorption isotherm phenomena at 77 K. SHIMADZU IR PRESTIGE-21 FTIR, AIM-8800 

MICROSCOPE, Japan, Fourier transform infrared spectroscopy (FTIR), was employed to provide 

a view of the different bonds of chemicals and functional groups contained within the catalysts. 

 

2.3. Bifunctional nanocatalyst preparation 

In order to prepare the metal solution used for platinum loading, 1 g of the metal salt (i.e., 

H2PtCl6,6H2O Hexahydrate of Chloroplatinic Acid) is dissolved in 100 mL of deionized water 

using a magnetic mixer under 60°C for 1 h to be ready for the deposition of platinum metal on the 

support nanoparticles (γ-Al2O3). Following that, as seen in Figure (2), the produced metal solution 

was delicately dropped while being continuously stirred over the alumina aqueous solution. In 

order to get a homogenous solution, the resultant solution was agitated for 2 h at 80°C, adding the 

required amount of deionized water droplets. The solution was then allowed to dry overnight at 

100°C in accordance with the metal loading method described in the literature [29]. The porous 

surface of the alumina nanoparticles was loaded with two specific concentrations of platinum metal 

(i.e., 0.5 and 1 wt%).  

 
Fig. (2): (A) Weighing γ-Al2O3 nanocatalyst (B) γ-Al2O3 particles dissolution with distilled water (C) 

Loading with Pt-metal 

 

2.3.1 Pelletizing of catalyst 

As illustrated in Figure (3), the Pt/Al2O3 catalysts produced were pelletized by squeezing the 

sample powder into a small circular disk and applying a pressure of about 10 tons/m2. The circular 

disk was then milled and sieved using a 125-300 μm mesh sieve to achieve the desired particle 

size of bifunctional nanocatalyst pellets with spherical and/or geometric shapes. The goal is to 

avoid a rapid drop in pressure within the reactor bed during n-hydroisomerization experiments.  

A B C 
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Fig. (3): (A) Catalyst powder, (B) Pressing device, (C) Casting equipment, and (D)  

Compressed disc of catalyst 

 

2.4. Catalytic experimentation 

As shown in Table (2), all nanostructured catalysts supported with various Pt-metal percentages 

were used in the n-heptane catalytic hydroisomerization reactions.     

 

Table (2): Abbreviations of catalysts utilized in this study 

NO. CATALYST CODE CATALYSTS TYPE 

1 Cat-1 Alumina Oxide: [γ-Al2O3] 

2 Cat-2 [γ-Al2O3] loaded with 0.5%Pt: [0.5%Pt/Al2O3] 

3 Cat-3 [γ-Al2O3] loaded with 1%Pt: [1%Pt/Al2O3] 

 
 

A fixed bed reactor constructed of stainless steel with an inner diameter of 10 mm and a length of 

30 cm was filled with around 6 g of catalyst particles with sizes ranging from 125 to 300 μm. Two 

layers of ceramic spheres of 3 mm in diameter were utilized to fill the dead space in the reactor 

and stabilize the catalyst that was sandwiched between them. Before the reactants come into touch 

with the catalyst particles, these beads can assist in stabilizing the heating of the reactants. Prior to 

the start of the reaction, the metals that have been placed onto the catalyst surface undergo in situ 

reduction for a period of 3 h at a temperature of 350°C, a pressure of 5 bar, and a hydrogen flow 

rate of 5 L/h. Once the reactor reached a reaction temperature of 230°C, it was steadily cooled 

down. The n-heptane feed is then pushed into the liquid phase at a flow rate of 20 mL/h by the 

dosing pump – a positive displacement pump designed to inject a measured amount of liquid 

chemical into a flow of gas or steam. The feed stream eventually meets the hydrogen gas stream 

when it reaches at the catalyst bed together inside the reactor and begins the hydroisomerization 
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reaction. The reaction products were subsequently sent to a chromatography analyzer outfitted 

with a flame ionization detector (FID) so as to identify the hydrocarbon components that resulted 

from the reaction. This was done after the reaction products were condensed using a custom-built 

condenser that was operating at temperatures low enough to condense all of the resulting 

hydrocarbons (i.e., -15°C). The following equations were used to calculate conversion, selectivity, 

and yield [30].  

 

𝐶𝑜𝑛𝑣𝑒𝑟𝑠𝑖𝑜𝑛 =
𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝑛𝐶7 − 𝑈𝑛𝑟𝑒𝑎𝑐𝑡𝑒𝑑 𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝑛𝐶7 

𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝑛𝐶7 
 ×  100                 (1) 

 

𝑆𝑒𝑙𝑒𝑐𝑡𝑖𝑣𝑡𝑦 =
(𝑇𝑜𝑡𝑎𝑙 𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝑖𝑠𝑜𝑚𝑒𝑟𝑠)

𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝑛𝐶7 − 𝑈𝑛𝑟𝑒𝑎𝑐𝑡𝑒𝑑 𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝑛𝐶7
 ×  100                    (2) 

 

𝑌𝑖𝑒𝑙𝑑 =
𝑇𝑜𝑡𝑎𝑙 𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝑖𝑠𝑜𝑚𝑒𝑟𝑠

𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝑛𝐶7
 ×  100 = [Conversion×Selectivity]×100         (3) 

In order to test the catalytic behavior of the prepared Pt/Al2O3 catalysts, multiple experiments were 

performed inside the hydroisomerization rig that shown in the block diagram in Figure (4). The 

ideal parameters used in this study were determined experimentally after conducting a series of 

experimental tests under a range of operational conditions published in the literature for this type 

of reaction [31] [32] [33]. By calculating the difference between the weight of the liquid n-heptane 

that was introduced as a feed and the total condensed liquid products, material balancing was 

performed to measure the quantities of non-condensed gases produced (i.e., C1 and C2). It has been 

shown that light gases are almost negligible due to highly efficient condensation. 
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Fig. (4): Hydroisomerization rig 

3. Results and Discussion  

3.1. Characterization of the solid catalysts 

The characteristics of the prepared nanocatalysts were analyzed using a variety of characterization 

techniques, including XRD, EDX, SEM, BET, and FTIR. 

3.1.1 X-Ray diffraction (XRD) analysis 

The structural frameworks of γ-Al2O3 & Pt/Al2O3 catalysts were examined using X-ray diffraction 

tests. The XRD patterns shown in Figure (5) were found to be similar to the equivalent XRD 

patterns of previous published studies [34][35]. 

 

Fig. (5): XRD-patterns of γ-Al2O3 and Pt/Al2O3 of as-prepared catalysts loaded  

with two percentages of Pt-metal. 
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The structural characteristics of platinum metal-loaded alumina supports have an important role in 

determining the catalytic performance of catalysts. They are widely used as catalyst supports in 

the hydroisomerization process, and as a result their structural framework must be compatible with 

the standards lattice of the γ-Al2O3 catalyst [36][37]. The X-ray diffraction (XRD) patterns of both 

γ-Al2O3 and Pt/Al2O3 nanocatalysts have very similar patterns. Practically, all diffraction peaks 

were assigned identical to the standards Al2O3 peaks as shown in Figure (5). Due to the low amount 

of Pt (i.e., 0.5 & 1 wt%) in the mixture used to load the metal onto the catalyst surface, no clear 

distinction was seen on the diffraction peaks attributed to the Pt-species, and thus the diffraction 

patterns of the Al2O3 catalyst did not change after loading the metal on its surface [38]. 

3.1.2. Scanning electron microscope (SEM) analysis 

Using scanning electron microscopy (SEM) at various magnifications, the surface morphologies 

of the Pt/Al2O3 catalysts loaded with two proportions of Pt-metals were examined. The SEM 

images are shown in Figure (6). No noticeable aggregation or deformation can be seen in the 

crystal forms, and they are all identical in crystal character with a semi-sharp edge. From SEM-

analysis, the average particle size of the prepared nanocatalysts was determined to be about 11.03 

nm of Al2O3, 14.15 nm of 0.5%wt Pt/Al2O3 and 15.65 nm of 1%wt Pt/Al2O3. In addition, it is noted 

that the particle size of the parent γ-Al2O3 catalyst is slightly smaller than that of the platinum-

loaded nanocatalysts, which is due to the effective addition of Pt-metal atoms to the as-prepared 

catalyst particles and that is consistent with what has been documented by other authors [39][40]. 

 

 

 

 

 

 

 

 

Fig. (6): SEM-images of (A) The parent γ-Al2O3 (B) and (C) γ-Al2O3 nanocatalysts loaded with (0.5 

and 1) wt% of Pt-metal 

 

3.1.3. Energy dispersive X-ray (EDX) analysis 

The EDX spectra of alumina oxide and alumina oxide loaded with 0.5 and 1 wt% Pt-metal 

nanocatalyst are shown in Figure (7) and the material components on the surface of the catalysts 

 A 

 

B C 
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are investigated by this analysis. The platinum loading percentages on Al2O3 catalysts were 

practically the same in the range of 0.5 and 1 % by weight, according to the results of analysis of 

the amounts of each element. Due to the dispersion of Pt-atoms within the pores and cavities of 

the nanocatalyst, they are not accurately captured by this technique because it was created to scan 

only the percentage of elements present on the surface of the sample. Therefore, it is noted that 

there is a slight difference in the percentage of loaded Pt-metals calculated from the EDX analysis 

from the percentage required to be loaded, which is 0.5 and 1% by weight. Depending on the 

position of the spots selected during the EDX-test, a slight increase in the percentage of metal 

loaded may sometimes indicate agglomeration in the Pt distribution in certain regions rather than 

others. The other spectra of the EDX analysis show the weight percentages of the main 

nanocatalyst components, which are oxygen and aluminum with very small percentages of the 

other components appearing attributable to some impurities. 

 

 

Fig. (7): EDX-spectra of (A) The parent γ-Al2O3 (B) and (C) γ-Al2O3 nanocatalysts loaded with (0.5 

and 1) wt% of Pt-metal 

 

3.1.4. BET-surface area analysis 

The BET method was used to evaluate the catalyst surface area according to the physical 

adsorption of N2-gas at 77 K. Before the BET measurement was conducted for 8 h and in order to 

get free of moisture and other contaminants, the catalyst samples were heated to roughly 350°C 

for out-gassing under vacuum pressure. The surface area and pore volume of the as-prepared 

catalysts are shown in Table (3). 

Table (3): BET-surface area and pore volume of the parent γ-Al2O3 and the prepared Pt/Al2O3 

nanocatalysts 
 

No. Catalysts Type BET-surface Area (m2/g) Pore Volume (cm3/g) 

1 γ-Al2O3 177.961 0.967951 

2 Al2O3 loaded with  0.5wt %Pt 132.122 0.718626 

3 Al2O3 loaded with  1wt %Pt 124.756 0.678561 

 

A 

 

B C 



    
Journal of Petroleum Research and Studies                                       Vol. 15. No. 04, December 2025, pp. 88-108 

 

99 

As a result of the presence of new active metal sites in the case of the Pt/Al2O3 catalyst, the results 

showed that the parent γ-Al2O3 catalyst had a slightly larger surface area and pore volume than 

those that were loaded with metals. In fact, these metal sites reduce the total surface area of the 

catalyst because they close part of the opening pores on the surface of the catalyst, which may 

prevent nitrogen gas molecules from entering the catalyst framework structure. The results of this 

study are consistent with what was reported in the literature [41], wherein it is noted that the surface 

area and pore volume of the catalyst decrease with the increase in the percentage of metals loaded 

on its surface. 

 

3.1.5. Fourier-Transformed Infrared Spectra (FTIR) analysis 

As illustrated in Figure (8), FTIR characterization technique is utilized to examine the functional 

groups and chemical bonds present within the parent γ-Al2O3 and the prepared Pt/Al2O3 

nanocatalysts. The use of this test also aids in verifying the active loaded metal sites inside the 

structural framework of the catalyst to prove the success of the metal loading treatment and 

confirm the results of EDX-analysis. 

 

 

Fig. (8): FTIR spectra of the parent γ-Al2O3 and the prepared Pt/Al2O3 nanocatalysts (A) Wave number 

scale 1000-1500 cm-1 (B) Wave number scale 500-4000 cm-1 

 

The Pt/Al2O3 catalyst spectra show the existence of a wide band in the 1500-1000 cm-1 region that 

is connected to several electronic Pt-species, demonstrating that Pt exists in a variety of oxide 

species. After Pt loading, the vibration band at 3620 cm-1 has nearly completely vanished, 

indicating that Pt loading has decreased the acidity of the alumina sample. Since some Pt-atoms 

fit inside the Al2O3 pores, while others are present on the outer surface of the catalyst [42]. The 

most indicated broadband for 0.5%Pt loading is at 1276.87 cm-1 while the broadband of 1%Pt 

loading is at 1271.08 cm-1. 

 

A 

 

B 
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3.2. The catalytic hydroisomerization reactions results  

The conversion, selectivity, and yield were determined using experimental data of n-heptane 

hydroisomerization processes overs three nanostructured catalysts that have previously been 

reported in Table (2). The results of the experimental work are illustrated in Table (4). 

 

Table (4): Experimental values of conversion, selectivity and yield 

Catalysts Cat-1 Cat-2 Cat-3 

Conversion (wt%) 52.8 62.50 60.10 

Selectivity (wt%) 67.7 80.96 78.78 

Yield (wt%) 35.75 50.60 47.35 

 

Figure (9) shows the catalytic performance of the catalysts used based on the data in Table (4), and 

it is clear that Cat-2 catalyst (i.e., 0.5wt% Pt/Al2O3) showed suitable catalytic behavior in n-

hydroisomerization reactions, giving 62.5 wt% conversion and selectivity to isomers, including 

Isoheptane (i-C7), 80.9 wt%. This conversion and selectivity are of the highest magnitude 

compared to the conversion selectivity obtained on the surfaces of the rest of the used catalysts. 

Iso-heptane (i-C7H16), produced in a percentage of about 71.6 wt%, is usually the most important 

type of hydrocarbon component within the isomers formed during the n-heptane 

hydroisomerization reaction. The remaining resulting isomers are both iso-butane (i-C4H10) and 

iso-pentane (i-C5H12) and were generated in total percentages of approximately 28.4 wt%. These 

results are almost identical to those previously reported by Yunus et al [43]. It is expected that the 

change in the amount and distribution of the resulting product on the surface of the catalysts will 

be caused by the effect of the strength and distribution of the acid sites present on them, and that 

this change will also be affected by the operating variables of the process, as previously reported 

in the published literature [44]. Due to the thermal cracking of the reactant molecules that take 

place on the surface of the catalysts, especially during the beginning of the reaction, it is expected 

that heavy and light coke will be accumulated within the structural framework of the catalysts, this 

may cause the catalyst deactivation by covering acid sites and/or blocking pores. The amount of 

coke deposition can be calculated using TGA analysis and determining the weight loss of the 

catalysts. This process helps determine the temperature necessary to remove the coke from the 

catalyst and consequently reactivate it by burning under the influence of airflow, often at high 

temperatures [45]. In general, since hydrogen gas is present during the reactions to help accomplish 

the hydrogenation process, such as the n-heptane hydroisomerization reaction in this study, the 

amount of coke that builds up is greatly reduced, and the presence of H2-gas also helps in activating 
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the hydrogenation/dehydrogenation reactions on the surface of the metals loaded on the catalyst. 

Hence, it activates the overall isomerization process [42] [46]. This is the reason for the clear 

increase in the production of isomers on the surface of the catalysts loaded with metal (i.e. Cat-2 

and Cat-3) compared to the parent γ-Al2O3 catalyst (i.e. Cat-1) not loaded with Pt- metal. In 

addition, the speed at which linear paraffin chains (n-C), such as n-heptane, are broken tends to 

produce unsaturated olefins (C=) regardless of the increase in hydrocarbon conversion at the 

catalyst surface. In fact, it is very important that there are sufficient metal sites on the catalyst 

surface to maintain hydrogenation/dehydrogenation activity, which is necessary to produce 

significant rates of isomerization [47]. Isomer compounds with branched hydrocarbon chains and 

unsaturated olefins have a higher octane number than paraffins with linear hydrocarbon chains. 

Complete conversion of reactant hydrocarbons is often related to the level of reaction temperature 

required. Therefore, a more active catalyst with a lower reaction temperature is used. Reaching an 

appropriate balance between the acidic and metallic sites within the catalyst, as well as the 

hydroisomerization reaction temperatures, is a major challenge in this type of industrial process. 

Figure (10) shows the distribution of the spectra of hydrocarbons that appear in the n-

hydroisomerization reaction on the surface of the used catalysts. It is noted that the lowest 

percentage of isomerized branched hydrocarbons was generated on the surface of the parent γ-

Al2O3 catalyst, which is not loaded with platinum metal. On the other hand, a higher percentages 

of olefins and paraffins appeared on its surface. Moreover, the selectivity of the catalyst in catalytic 

reforming refers to the percentage of the desired product generated from the raw material (i.e., 

feedstock). The high yield of reformate at the appropriate octane number is good selectivity in 

motor fuel reforming. In other words, the selectivity of a catalyst refers to its ability to produce the 

desired products, which are often intermediate compounds. Conducting the reaction in the 

direction of the intended reaction is known as catalyst selectivity. Selectivity (i.e., branched 

hydrocarbons) is the ratio of the desired product (i.e., isomers), represented by Wi, to the total rate 

of transformation of the original substance, represented by W, and can be described by Equation 4 

[48]: 

                            𝑆 =
𝑊𝑖

𝑊
                                                                  (4) 
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Fig. (9): Measurement of the catalytic performance of the parent γ-Al2O3 and the prepared Pt/Al2O3 

nanocatalysts according to the ratio of platinum metal loaded on their surface. 

 

According to the experimental results obtained, doubling the amount of platinum loaded on the 

catalyst surface reduces the conversion of hydrocarbons and the selectivity towards the isomer 

production, as observed when comparing the results of conversion and selectivity on the surfaces 

of Cat-2 or Cat-3 catalysts. The reason behind this is that excess metal can enhance the 

hydrogenolysis of hydrocarbons, increasing the formation of low molecular weight gases, and 

progressively reducing the production of isomers [49] [50] [51]. Accordingly, it is recommended 

not to load twice the amount of metal on the γ-Al2O3 catalyst.  In addition, as previously pointed 

out, the presence of Pt atoms close to some catalyst pores can be attributed to the low conversion 

on the catalyst surface, when a large amount of Pt-metal is used. Because this leads to a decrease 

in the surface area or a complete closure of the opening pores on the surface of the catalysts, as 

shown in Table (3) previously, and this is consistent with what has been documented in other 

publications [51] [52].  

 
Fig. (10): The distribution of the spectra of hydrocarbons that appear in the n-hydroisomerization 

reaction on the surface of the used catalysts.  
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4. Conclusions  

Hydroisomerization of n-heptane was catalyzed by adding Pt metal to alumina (γ-Al2O3) in two 

proportions (i.e., 0.5 and 1 wt%) at 230°C and 5 atm. It was found through the study that adding 

platinum metal to the surface of catalysts greatly enhances the hydrocarbons conversion as well as 

selectivity by increasing hydroisomerization towards the production of branched hydrocarbons 

with high octane numbers, which are the desired compounds in the produced fuel. In general, 

increasing the conversion and selectivity leads to increasing the yield of the materials produced 

from the reaction by reducing the amount of coke accumulated on the surface of the catalyst. The 

essential role that platinum metal plays in hydroisomerization reactions has been confirmed. It 

helps in the dehydrogenation process to convert naphthene into aromatic substances, and in the 

hydrogenolysis and dehydrogenation processes to convert paraffin into olefins, thus increasing the 

percentage of resulting isomers. As a result, both metal site function and acid site function are 

essential and both contribute sometimes individually and sometimes together to the 

hydroisomerization process. It was found through the study that doubling the amount of metal 

loaded on the surface of the catalyst from 0.5 to 1% has negative effects on conversion, selectivity, 

and yields because the increase in the atoms of loaded metal leads to the closure of the pores on 

the surface of the catalyst and reduces its total surface area. Metallic sites can also play a role as a 

Lewis acids sites and can accelerate the decomposition or breakdown of hydrocarbons rather than 

producing isomers. The conversion and selectivity can be increased by designing a precise balance 

for the amount of metallic and acidic sites on the catalyst surface, as well as adjusting the operating 

conditions, such as the applied pressure, reaction temperature, and the hydrogen gas supplied to 

the process, to avoid unwanted reactions that lead to an increase in by-products. 
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