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ABSTRACT 
 

The catalytic activity of silica gel and silica gel supported nickel (viz., 2, 5 & 8 wt.% 
Ni) and γ-alumina supported platinum (viz., 0.3 and 0.6 wt.% Pt) was studied for n-
hexane or n-pentane cracking and cyclohexane dehydrogenation adopting pulse 
technique. The results showed that Pt/γ-alumina could be selective catalyst for 
cyclohexane dehydrogenation reaction. Ni/silica gel catalyst was a good cracking 
catalyst, the activity of which increased by increasing the metal content up to 8 % Ni. 
For cyclohexane, dehydrogenation over Ni/silica gel the activity increased by 
increasing the metal loading. N2 sorption characterizations showed that both silica 
gel- and γ-alumina-supported catalyst samples exhibited mesoporous structures. 
Silica gel and silica gel-supported samples having the ink-bottle type pores while γ-
alumina and γ-alumina supported platinum samples having plate like type pores. BET 
surface area and total pore volume decreased by increasing metal loading for both 
catalyst samples. 
 

Electrical properties of pure γ-alumina and silica gel supports were functions of metal 
content and frequency of the applied field. The increase of the conductivity is 
considered as a good indicator of the decrease in the activation energy (increase of 
catalytic activity). The observed increase in conductivity with the increase of metal 
loading may be due to increase in the mobility of the free charge carriers, i.e. ions 
and free radicals taking part in the mechanism of catalytic conversion of 
hydrocarbons over the catalyst polarized active centers which increased by 
increasing of metal loading. These charge carriers diffuse in the bulk of pores and 
reach electrodes where they discharge giving rise to diffusion impedance (Warburg 
impedance). 
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1- INTRODUCTION 

Nickel catalysts have been used for several years for many industrial processes, 
such as hydrogenation, dehydrogenation, hydrogenolysis, reforming and gas shift 
conversion due to its availability, high activity and selectivity [1-6], It could be a cheap 
substitute for plate forming catalyst either in the form of Raney nickel, or supported on 
different materials. 
 

High surface area supports, usually oxides, are used extensively in industry for the 
preparation of metal catalysts. The traditional view of the support is that it should be 
passive, inert carrier, whose function is to improve the efficiency of metal catalyst by 
increasing the dispersion and stability of metal particles. Generally, it has emerged that 
the support may play a more active role [7]. Nickel catalyst may be loaded over 
different supports such as: silica, alumina and alumosilicates (either natural clays or 
synthetic zeolites). 
 

Mesoporous alumina have widespread uses as catalyst supports, which are superior 
to silica because of the higher hydrolytic stability and the different point of zero 
charge which makes it easier to load with different metal species. However, 
mesoporous alumina materials had considerably less attention compared to 
mesostructured silica [8-12]. 
 

Silica is known to be used as a common support for nickel catalysts [13] it usually 
exhibits a weak interaction with the active phase. It is chemically and physically 
stable with high surface area and wide pores which permit metal entrance during 
preparation without hindering the reactions taking place over its surface [14]. 
Mesoporous silica containing accessible function groups has a variety of potential 
applications, including catalysis, sensing and separation [15].  
 

The Electrical properties of the studied systems and related pores or channel 
structures have been the object of intense studies for many years. Most of the 
experiments on these mesoporous solids have been done by [16-17] focusing on the 
mobility of the exchangeable cations (Pt or Ni) in silica gel or γ-Al2O3 supports by 
means of electrical methods of characterization. Such methods of characterization 
can be expressed in terms of the impedance Z or the admittance Y. The 
admittance , where G is the parallel conductance of the sample (Ohm-1), jwCGY +=

1−=j , fw π2=  (f is the frequency of the applied field), and C is the parallel 

capacitance of the sample (in Farad). The impedance Z is given by: 
S

s jwC
1RZ += , 

where  and  are the series resistance (in Ohm) and capacitance (in Farad), 
respectively. The complex conductivity , where 

SR sC
'''* σσσ j+= ''' εσ w=  and ''' εσ w= , ''ε  

and 'ε  being the dielectric loss and dielectric constant, respectively [18]. Electrical 
properties are suggested for the interpretation of the mechanism of the catalytic 
process [19] and characterization of semiconductor catalysts. Thus Bahga and Khalil 
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[20] found that the electrical conductivity of Egyptian clays is the only criterion which 
is in parallel with their catalytic activities more than other physical characterization. 
  

This work is aimed at studying the relation between the electrical properties of 
Ni/silica gel and Pt/γ-alumina and their catalytic activities towards n-paraffin (n-
pentane or n-hexane) and cycloparaffin (cyclohexane) conversion. 
 

2-SAMPLE PREPARATION AND MEASUREMENTS 

2.1. Catalyst preparation 

Catalysts samples were prepared by loading nickel over silica gel support (containing 
2, 5 & 8 wt. % Ni) and platinum over γ-alumina support (containing 0.3 and 0.6 wt. % 
Pt) using wet impregnation technique. 
Before metal impregnation, the support was treated as follows:- 
i) Silica gel support (Merck) was refluxed with concentrated HCl solution for 45 

minutes and washed several times with hot distilled water until the decant 
became free of chloride ion. After washing, the sample was dried at 110o C and 
calcined at 350o C in a stream of air for 4 h [21]. 

ii) γ-Al2O3 (containing Na2O and Fe2O3 <0.02 wt. %) was supplied by Institute of 
Catalysis (Novisipersk, Russia) and was calcined at 450oC in a stream of air for 
6h. 

iii) Nickel catalysts containing 2, 5 and 8 wt. % Ni were prepared using wet 
impregnation technique [22], by adding slowly the required amount of an 
aqueous solution of Ni(NO3)2.6H2O to the silica gel support in order to obtain the 
desired metallic content in the final catalysts. To ensure the complete 
absorption the mixture was stirred vigorously for 15 minutes and dried at 110o C 
for 16 h according to Ciapetta technique [21]. After that, the dried sample (nickel 
nitrate/silica gel) was decomposed in a stream of hydrogen, at a reduction 
temperature of 450o C for 4 h to obtain Ni/Silica gel catalyst [23-25]. 

 

For loading Platinum, the pretreated support was impregnated with 0.002 M solution 
of H2PtCl6.6H2O. Appropraite volume of impregnating solution was added to the 
supports in order to obtain 0.3 & 0.6 wt.% Pt in the final catalysts. The mixture was 
stirred for few minutes and dried at 110o C for 16 h and calcined at 450o C for 2 h. 
Calcination befor reduction was to remove the water molecules that were still 
contained in support pores and to allow the stabilization of active sites. The Pt (IV) 
ions become very mobile in the presence of water at higher temperature leading 
thereby to agglomeration of metallic Pt particles [26]. The oxide samlpes were then 
reduced at 350oC in a stream of purified dry hydrogen gas with a flow rate 100 ml/min 
for 4 h. 
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2.2. Surface characteristics 
Nitrogen adsorption-desorption isotherms at liquid nitrogen temperature were 
obtained with a NOVA 3200, USA. Prior to analysis, samples were outgassed in 
vacuum at 300oC for 3h to remove the moisture and other impurities of the samples. 
Brunauer Emmett and Teller (BET) surface areas (SBET) [27] were calculated from 
nitrogen uptakes at relative pressure (P/Po) ranging from 0.05 to 0.35 for all 
investigated samples.  The total pore volume was derived from the amount of 
nitrogen adsorbed at the relative pressure close to unity by assuming that all the 
accessible pores had been filled with condensed nitrogen in the normal liquid state. 
Pore size distribution was calculated from Barrett, Joyner and Halenda (BJH) method 
using desorption branch of the isotherms. The desorption leg of the isotherms is 
preferred for pore analysis as it is thermodynamically more stable than the adsorption 
leg due to the lower Gibb's free energy change [28]. 
 

2.3. Catalytic activity 
Catalytic activity of all investigated catalyst samples was tested through n-hexane 
and/or n-pentane cracking and cyclohexane dehydrogenation as two model reactions 
using a micro catalytic pulse technique. Reactants were injected in micro quantities 
(2μL) by micro syringe in the form of pulses into a micro reactor containing 0.25 gm 
of the tested catalysts. The reactor effluent was passed through a chromatographic 
column for separation and determination of products using flame ionization detector 
connected to computerized data acquisition station. The column is 200 Cm length 
and 0.3 Cm internal diameter, containing acid washed PW chromosorb (60-80 mesh 
size) loaded by 15% by weight squalane. The reactions were carried out under 
atmospheric pressure and at temperature rang 210-480oC. Hydrogen flow rate was 
kept constant at 50ml/min. Prior to catalytic activity test, the reduced catalyst samples 
were heated in H2 flow up to 450o C with a heating rate 100o C/h and kept 2 h at 450o 

C for their activation. Few doses of reactants were injected first to reach steady state 
of the activity. The chromatographic column temperature was adjusted and controlled 
at 50o C. 
 

2.4. Electrical properties 
Electrical measurements were made on thin disk-shaped samples with different 
dimensions of thickness and diameter. A two electrode technique was used with 
electrodes (of Agilant dielectric test fixture 16451B) on the two opposite faces of the 
sample disk (Fig. 1). Data were collected in the frequency range from 0.1 Hz up to 
100 KHz at room temperature (~200 C) and a voltage of 1V using a Hioki 3522- 50 
LCR Hitester Impedance Analyzer. The samples were covered with an aluminum foil 
in order to enhance the contact between the sample surface and the electrode. All 
experimental parameters were kept constant in order to obtain comparable values. 
The Impedance Analyzer measured the total impedance (ZT) of the equivalent circuit. 
The total impedance (ZT) is the sum of two contributions in series, the impedance ZC, 
which accounts for the capacitance of the cell and of the interconnecting wires, and 
the series impedance ZL of the inter-connecting system. ZL could be measured 
directly by short-circuiting the cell and ZC can then calculated from the difference (ZT-
ZL) [29-30]. 
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The series and parallel capacitance and resistance were measured at different 
frequencies. The complex relative dielectric constant could be written as "'* εεε i−= , 
where the real part of the complex dielectric constant AdCp 0' εε =  and the imaginary 
part AwdGp 0" εε =  are related to the measured parameters, A being the cross-
sectional area of the sample, d its thickness, 0ε  the permittivity of free space 
(  F/m), w the angular frequency,  the parallel conductance, and  the 
parallel capacitance. 

121085.8 −× pG pC

 

3-  RESULTS AND DISCUSSION 
3.1 Surface characteristics 
The obtained isotherm for silica gel (support) showed that it is of type IV (Fig. 2), 
characteristic of mesoporous material [31]. H2 hysterisis loop in the range 0.4-0.8 
p/po which indicates the presence of ink–bottle type pores. The obtained adsorption-
desorption isotherms for the different silica gel supported- nickel catalysts posses 
almost the same behaviour as that of pure silica gel support (Fig. 2).  
 

Upon loading with Ni, a gradual decrease in surface area is observed up to 5 wt. % Ni 
catalyst sample (from 476 to 348 m2 g-1). This decrease is accompanied with a parallel 
decrease in the main hydrolic pore radius (from 17.5 Å to 16.5 Å). This may be attributed 
to the penetration process and the incorporation of Ni metal inside pores [32]. This is 
confirmed by pore size distribution of BJH method, where blocking of main pore radius at 
r =17.5 Å. For loading >  
 

5 wt. % Ni, an increase in the surface area is observed (to 361 m2g-1) with retaining the 
original pore radius at r =17.5 Å was observed (Fig. 2). However the total pore volume 
decreased gradually with loading, as a result of the penetration of Ni atoms into the silica 
pore system.  
 

From the surface characteristics of γ -Al2O3 (Fig. 3) in relation to their Pt supported 
catalysts it was found that, the obtained N2 adsorption-desorption isotherms forγ -
Al2O3 support and variousγ -Al2O3 supported samples are of type II [32]. These 
isotherms are characteristic of macroporous material with H3 hysterses loop referred 
to plate like pores.  
 

The data illustrated in Table 2 indicates that the specific surface area of pure γ -Al2O3 
decreased by loading platinum particles (from 180 to154 m2 g-1 for 0.6 wt. % Pt); the 
decrease being relatively slight by changing the Pt loading from 0.3 to 0.6 wt. %. A 
parallel decrease is observed in Vp values. This may favour the penetration process 
of Pt particles in alumina pore system as evidenced from pore size distribution (Fig. 
3).  Mixed pore systems seem to be displayed. The distribution of the wider fraction 
of the mesopores for the 0.6 wt.% Pt, appears narrower than other samples, which 
may related to the above penetration phenomenon.  
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3.2. Catalytic activity of Ni /silica gel and Pt /γ -alumina catalysts 

The pure silica gel support appeared inert in the studied reactions. The obtained 
samples became promising cracking catalyst showing pronounced activity even in 
lower temperature range, viz., 300-350oC. All catalyst samples showed nearly 100% 
conversion and almost 100% selectivity for this temperature range (Fig.4). For n-
pentane, the activity behaviour was almost the same for the different supported Ni 
samples, mainly cracking with some little isomerization activity. This phenomenon 
appeared with 2 wt.% sample, nickel seems to be enough to unbalance the charges 
in silica gel and the activation of OH groups leading to its cracking activity. It is known 
from literature that cracking takes place at stronger acid sites (Lewis acid sites) while 
isomerism takes place at moderate acid site (Brönsted acid sites). Cracking occurs 
predominantly at high temperature region while isomerization takes place at lower 
temperatures. The rise of reaction temperature enhances the temperature of 
(Brönsted acid sites) into the Lewis ones. The markedly low isomerizing activity 
shown in our cases at lower temperature range, suggests that supported Ni particles 
cover the weak- moderate acid sites of supported silica, leaving the strongest ones 
available for cracking process. 
 

The catalytic activity towards benzene formation increased by increasing Ni content 
(Fig.5). In general the cracking activity seems to be predominantly due to the 
availability of strongest acid sites of silica support. 
 

However, the dehydrogenation activity start to appear markedly for the sample of 8 
wt% Ni where aggregation of Ni particles existing over weaker- moderate acid-sites 
takes place which favours of the dehydrogenation behaviour observed in the 
temperature region up to 330oC. After this temperature, formation of propane, 
produced during homolytic cracking of cyclohexane, may then take place, achieving 
its maximum value at 420oC [21]. 
 

The catalytic conversion of n-hexane over Pt/ γ-Alumina catalysts with different Pt 
loading (Fig. 6), gives rise to different types of reactions (e.g., cracking, 
isomerization, dehydrocyclization and cyclization) since many products are obtained. 
The yield of each of these reactions was quantitatively very small and increased 
slightly by increasing temperature and Pt loading. However, isomerization reaction to 
C6 isomers showed high selectivity in comparison with other reactions up to 330 oC 
(Fig. 6). 
 

The catalytic activity of Pt/ -Al2O3 in cyclohexane conversion was shown in (Fig. 7), 
where the total conversion increased by increasing the reaction temperature in the 
range 240-480o C.  Benzene yield (mole %) increased sharply with temperature and 
reached 100 % at 330o C for the sample containing 0.6 wt. %, compared with that of 
0.3 wt. % Pt (85%). The selectivity of benzene formation, reached 100 % over the 
whole range of temperature (Fig. 7), being in line with zelinsky reaction [33].  This 
behaviour reflects that the activity of the catalyst for cyclohexane dehydrogenation 

γ
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3.3. Electrical properties of Ni /silica gel and Pt /γ -alumina catalysts 

Electrical measurements on the studied samples were carried out in the range of 0.1 
Hz to 100 KHz at room temperature (~200 C). Assuming that, Ni or Pt particles are 
optimally dispersed over the surface of the supports, this may give rise to electrical 
behaviour which differs from both constituents (host and guest; i.e. support and 
loaded metal). Materials studied herein are silica gel (host) loaded by (2, 5 and 8 wt. 
% Ni) and γ-alumina (host) loaded with (0.3 and 0.6 wt. % Pt). The electrical 
properties of the studied samples showed a dependence on metal content, i.e., the 
conductivity increases with the increase of metal content (Fig. 8 and 9) as well as the 
dielectric constant (Fig. 10 and 11). In the frequency domain studied of such 
systems, the frequency of the applied field was found to play an important role in the 
characterization of the system. The sample conductivity or dielectric constant showed 
a great dependence on the applied frequency. Such dependence is called dispersion.  
 

Generally, the electrical conductivity and dielectric constant are directly related to the 
amount of free or bond charge carriers as well as their mobility. The ionic conduction 
of samples results from the migration of exchangeable cations along the channels 
and cavities of the grains according to an ion-hopping mechanism. The activation 
energy of ion hopping depends on the temperature, water content and conductor 
content (module) [12]. 
 

Catalytic reactions, involving surface hydroxyl groups, can change both the surface 
potential and concentration of point defects, which control electro-physical properties 
of poly- and nanocrystalline metal oxides. 
 

Figure (8) shows the variation of the conductivity with frequency for silica gel 
supported nickel with different nickel loadings (0, 2, 5 and 8 wt. % Ni). The pure silica 
gel curve (zero wt. % Ni) had a conductivity of nearly  S/m at 0.1 Hz. The 
curve had nearly two slopes. At low frequency (up to 1 KHz) the conductivity showed 
nearly no dispersion with frequency (slope ~0.03). At high frequency (above 1 KHz) 
the sample conductivity showed a dependence on frequency (slope~0.5). For 2 wt. % 
Ni/silica gel catalyst sample, the conductivity increased to nearly  S/m at 0.1 
Hz. The curve has nearly one slope (~0.38), which obeys the universal power law 
[34]. Also, by increasing Ni loadings (viz., 5 and 8 wt. % Ni) the value of the 
conductivity increased to ~  S/m at 0.1 Hz (for 8 wt. % Ni catalyst) which 
indicates that the pure silica gel (support) is inert compared with silica gel loaded with 
nickel samples [35]. This may explain why parent silica gel support is catalytically 
dead towards n-pentane cracking pathways. The observed increase of conductivity 
with the increase in metal loadings may be governed by mixture laws [34,36-37] 

6106 −×

6109 −×

5104 −×
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and/or mobility of charge carriers [38-39], giving rise to semiconductors like 
mechanisms in electronic circuits.  
 

Figure (9) shows the variation of conductivity with frequency for γ -Al2O3 supported 
platinum with different Pt loadings (0, 0.3 and 0.6 wt. %) where the γ -Al2O3 
conductivity reached  S/m at 0.1 Hz. The curve has two slopes. At low 
frequency (up to 1 KHz) the conductivity shows nearly no dispersion with frequency 
(slope ~0.03). At high frequency (above 1 KHz) the sample conductivity showed a 
dependence on frequency (slope~0.5). This may be also related to the inert 
behaviour of this support in the different catalytic reactions under study. 

5108 −×

 

For 0.3 wt. % Pt, the conductivity increased to nearly  S/m at 0.1 Hz. The 
curve had two slopes (as the 

6102 −×
γ -Al2O3 curve), which obeys the universal power law 

(Jonscher 1999) [34]. Also, with increasing Pt loadings (0.6 wt. % Pt), the 
conductivity increased to ~  S/m at 0.1 Hz. The observed increase in 
conductivity is in accordance with the increase of the catalytic activity [34, 37 & 40] 
and/or mobility of charge carriers [37, 39, 17, 35]. 

6105 −×

 

It is known that Pt existing in very small atoms, behave as highly magnetized 
particles with super-high mobilization ability required for highly active catalytic 
agents. At low frequency (<1 KHz) the behaviour of the conductivity may reflect 
production of charge carriers at the interfaces accompanied by transport of such 
charge carriers to reach measuring electrode and discharge there. At higher 
frequencies (> 1 KHZ) such charge carriers cannot reach the electrodes. These 
charge carriers are collected around grains and undergo local motion which gives 
rise to frequency dependence conductivity. By increasing metal content (Fig. 8 and 
Fig. 9) an increase in the production of charge carriers takes place with much 
transport of diffused charge carriers to reach electrodes and discharge there. Such 
process dominates all over the applied frequency range. 
 

Figure (10) shows the variation of the dielectric constant with frequency of silica gel-
supported nickel catalyst samples with different nickel loadings (0, 2, 5 and 8 wt. % 
Ni). It could be noticed that the silica gel has dielectric constant of nearly  at 
0.1 Hz. The curve has nearly two slopes; the first in the low frequency (up to 1 KHz) 
is very steep (slope~ -1). The second slope (above 1 KHz) is less steep (~ - 0.5). For 
2 wt. % Ni/silica gel catalyst sample, the dielectric constant increased up to nearly 

 at 0.1 Hz. The curve has only one slope which is nearly the same slope as the 
pure silica gel (support). Also, with increasing Ni loadings (5 and 8 wt. % Ni) the 
value of the dielectric constant increased to be (~ ) at 0.1 Hz [40-42]. 

5103×

5108 ×

6103 ×
 

Balaya et al. (2004) [44] showed that silica containing relatively low concentrations of 
conductor materials exhibits relatively high dielectric constant (higher than calculated 
from mixture laws). It is likely to state that conducting constituents (Ni particles in our 
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case) coats insulating base material (mainly the moderate Brönsted acid sites leaving 
the strongest acid ones) and electrostatic force arise at interfaces, giving rise to 
higher dielectric constant [41, 43-45]. 
 

Figure (11) shows the variation of the dielectric constant with frequency for γ -Al2O3 
supported platinum catalyst samples with different Pt loadings (0, 0.3 and 0.6 wt. %). 
It could be noticed that γ -Al2O3 has dielectric constant of nearly  at 0.1 Hz. 
The curve has nearly two slopes, the first in the low frequency (up to 1 KHz) is very 
steep (slope ~ -1). The second slope (above1 KHz) has gentle slope (~0.33). With 
the increase of Pt (0.3 wt. % Pt) the dielectric constant increases to nearly  at 
0.1 Hz. With additional increase of loadings (0.6 wt. % Pt) the value of the dielectric 
constant increased to (~ ) at 0.1 Hz. That increase in dielectric constant may be 
attributed to the decrease of the distance between grains [40, 41, 43]. 

4106×

5102×

5103×

 

In the low frequency range (lower than 1 KHz) the dispersion of the dielectric 
constant showed an inverse proportionality with the applied frequency (a straight line 
with a slope~-1), which reflects diffusion of charge carriers to reach electrodes and 
discharge there. At higher frequencies (> 1 KHz) charge carriers had no time to reach 
electrodes. Its capacitance showed a little dependence on the applied frequency 
field. By increasing metal content in the measured samples (Fig. 10 and 11) the 
production of charge carriers increased. Diffusion mechanism dominates all over the 
applied frequency range (0.1 Hz up to 100 KHz). 
 

By increasing Ni or Pt loadings on SiO2 or Al2O3, some aggregate of metal particles 
took place (with less dispersion). i.e. less distance between supported particles being 
in accordance with the increase in dielectric constant and conductivity 
measurements. Finally from the above mentioned results, it could be concluded that 
the electrical conductivity increases with the applied frequency and which is in 
agreement with increasing of metal loading associated with increasing of catalytic 
activity and could present prior information about the catalytic activity of such 
catalysts. 
 

4. CONCLUSIONS 

• Pure silica gel and γ-Al2O3 supports were inert towards all reactions under study. 
They had relatively the lowest conductivity and dielectric constant values.  

• By increasing Ni loadings the catalytic activity towards n-pentane cracking 
increased. 8 wt.% Ni samples displayed promising dehydrogenation activity at 
330oC after which it exhibited mainly cracking pathway. Such behaviour was also 
in good accordance with the increase of the conductivity and dielectric constant. 
The catalyst sample of 0.6 wt. % Pt/γ-Al2O3 was the most active and selective 
catalyst for cyclohexane dehydrogenation into benzene (100% selective) among 
the catalyst samples studied. This was in good accordance with the increase of 
the conductivity and dielectric constant. 
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• The increase of the conductivity and dielectric constant could be considered as a 
good  indicator of the increase of charge carrier production and mobility. At low 
frequencies (<1 KHz) the behaviour of the conductivity and dielectric constant 
might reflect the production of charge carriers at the interfaces (metal/support).  
At higher frequencies (>1 KHZ) charge carriers has no time to reach the 
electrodes and accordingly collected around grains while undergo local motion. 

• By increasing the metal content in the measured samples the production of 
charge carriers increased and the diffusion mechanism dominated all over the 
applied frequency range (0.1 Hz up to 100 KHz). By increasing Ni or Pt loadings 
over SiO2 or Al2O3, some aggregate of metal particles took place (with less 
dispersion). i.e. less distance between supported particles being in accordance 
with the increase in dielectric constant and conductivity measurements, i.e. ions 
and free radicals taking part in the mechanism of catalytic conversion of 
hydrocarbons over the catalyst polarized active centers which increased by 
increasing metal loading. 
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Fig. 1: Schematic representation of the sample holder used for the measurements.
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Fig. 2: Pore size distribution and isotherms for silica gel (A) and nickel/silica gel 
catalysts with different nickel loading; 2 wt. % Ni (B), 5 wt. % Ni (C) 

and 8 wt. % Ni (D). 
 

0.000

0.003

0.006

0.009

0.012

0.015

dV
(r

)

(A')

 
0

50

100

150

200

250

V(
Sc

c/
g 

at
 S

TP
)

(A)

S.BET = 180 m 2/g

Tota l  P .V . = 0.5292 c m3/g

 

0.000

0.003

0.006

0.009

0.012

0.015

dV
(r

)

(B')

 

0

50

100

150

200

250

V(
Sc

c/
g 

at
 S

TP
)

(B)

S.BET = 162 m2/g

Tota l  P .V . = 0.3275 c m3/g

 

0.000

0.003

0.006

0.009

0.012

0.015

0 50 100 150

radius (Ao)

dV
(r

)

(C')

 

0

50

100

150

200

250

0 0.2 0.4 0.6 0.8 1

P/Po

V(
Sc

c/
g 

at
 S

TP
)

(C)

S.BET = 154 m2/g

Total P.V. = 0.3266 cm3/g

 
 

Fig 3: Pore size distribution and isotherms for alumina and Pt/ alumina catalysts with 
different platinum loadings: 0.3wt.% (B) and 0.6 wt.% (C). 
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Fig. 4: Catalytic conversion of n-pentane over nickel/silica gel catalysts of different Ni 
loadings: 2% Ni (A), 5% Ni(B) and 8% Ni (C). 
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Fig. 5: Catalytic conversion of cyclohexane over nickel /silica gel catalysts with 
different nickel loadings: 2% Ni (A), 5% Ni (B) and 8% Ni (C). 
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Fig. 6: Catalytic conversion of n-hexane over Pt/ γ-Alumina catalysts: 0.3% Pt (A) 
and 0.6% Pt (B). 
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Fig. 7: Catalytic conversion of cyclohexane over Pt/ γ-Alumina catalysts: 
 0.3% Pt (A) and 0.6 % Pt (B). 
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Fig. 8: The variation of the conductivity with frequency for silica gel (support) and 
silica gel supported nickel with different nickel loadings (2, 5 and 8 wt. % Ni). 
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Fig. 9: The variation of the conductivity with frequency forγ -Alumina (support) and  
   γ -Alumina supported Platinum with different Pt loadings (0.3 and 0.6 wt. % Pt). 
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Fig. 10: The variation of the dielectric constant with frequency for silica gel (support) 
and silica gel supported nickel with different Ni loadings (2, 5 and 8 wt. % Ni). 
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Fig. 11: The variation of the dielectric constant with frequency for γ -Aumina and 
 γ -Alumina supported Platinum with different Pt loadings (0.3 and 0.6 wt. % Pt). 
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Table 1: Surface characteristics of Ni/Silica gel catalysts  

 

Catalyst name ( ) 12, −gmSBET
13, −gCmVp( ) 

Silica gel (support) 476 0.7391 

2% Ni/ Silica gel 387 0.6973 

5% Ni/ Silica gel 348 0.6369 

8% Ni/ Silica gel 361 0.6280 
 
 
 
 

Table 2: Surface characteristics of Pt/γ -Alumina Catalysts  
 

 
Catalyst name ( ) 12, −gmSBET ( ) 13, −gCmVp

γ -Al2O3 (support) 180 0.5292 

0.3% Pt/ γ -Al2O3 162 0.3275 

0.6% Pt/ γ -Al2O3 154 0.3266 

 
 
 
 
 
 
 
 

 

 




