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         ANOTECHNOLOGY can be understood as a technology of 

…….design, fabrication and applications of nanostructures and 

nanomaterials, as well as fundamental understanding of physical 

properties and phenomena of nanomaterials and nanostructures. 

Nanomaterials, compared to bulk materials, have the scales ranging from 

individual atoms or molecules to submicron dimensions at least in one 

dimension. Nanomaterials and nanotechnology have found the significant 

applications in physical, chemical and biological systems. The discovery 

of novel materials, processes, and phenomena at the nanoscale, as well as 

the development of new experimental and theoretical techniques for 

research provide plenty of new opportunities for the development of 

innovative nanostructured materials. Nanostructured materials can be 

made with unique nanostructures and properties. This field is expected to 

open new venues in science and technology. 
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A major goal in catalysis research is to design catalysts that can achieve perfect 

selectivity and desirable activity. Between activity and selectivity, it is 

commonly accepted that the latter is much more difficult to achieve and control. 

A reaction of perfect selectivity would generate no waste products, thereby 

reduce energy and process requirements for separation and purification
 (1,2)

.  

 

Catalysts are of great importance in the modern world. Recently, almost all 

major chemicals are produced by catalytic processes. Among these catalytic 

processes, heterogeneous catalysis plays a very active role, because of 

environmental concerns: in the near future, non-environmentally friendly liquid 

acid catalysts will be replaced by green solid acid catalysts. To ensure an 

efficient reaction in heterogeneous catalysis, the active phase (usually the metal) 

on the catalyst surface must be highly dispersed over a large specific surface area 

and the specific activity maximized. To achieve this objective, catalytically 

active species are usually deposited as very fine particles on the surface of a 

highly porous support material (such as alumina, silica, titania, and zeolites) with 

high thermo-stability, high surface area, and suitable mechanical strength
 (3,4)

. 



Seham A. Shaban 

  

Egypt. J. Chem. 55, No. 5 (2012) 

454 

Catalysts are used in all sectors of the chemical industry
(5) 

such as: basic 

chemistry; synthesis of nitric acid, sulphuric acid, ammonia, methanol and 

aromatics; in petrochemistry, synthesis of intermediate chemicals and polymers; 

refining, essentially in reactions of fluid-catalytic cracking and hydrotreatments; 

technologies for the abatement of pollutants, for removal of NO, CO and 

hydrocarbons in emissions of stationary and mobile combustors;  production of 

fine chemicals, for synthesis of intermediates and active compounds.  

 

The field of nanocatalysis (the use of nanoparticles to catalyze reactions) has 

undergone an explosive growth during the past decade, both in homogeneous and 

heterogeneous catalysis
(6)

. It can be seen from literature survey that catalysis 

with nanoparticles is a growing field. Since nanoparticles have a large surface-to-

volume ratio compared to bulk materials, they are attractive to use as catalysts. 

The main apparent difference between bulk material and nanomaterial lays on 

the size difference. With the decrease of the particle size, distinctly different 

properties of nanomaterial emerge compared to its bulk structure. This makes the 

nanomaterials a class of novel materials with tremendous new applications. The 

terminal, size effects, is used to describe the properties change accompanied with 

particle size, with reducing particle size, the performance of surface atoms 

becomes dominant, as can be seen from Fig. 1, the surface atoms became 

dominant only when the palladium particle size reduced to below 10nm
(7)

 . 

Moreover, the properties changing with the particle size are also observed. 

 

 

 

Fig. 1. The percentage of  surface atoms changing with the palladium cluster 

diameter
(7)

. 

 

Heterogeneous catalysts enable many chemical transformations of fossil 

resources (natural gas, methane, liquid petroleum, coal…, etc.) into useful 

products
(8,9). 

Catalysts are responsible for the production of over 60% of all 

chemicals and are used in some 90% of all chemical processes worldwide
(10, 11)

. 

Catalyst manufacturing alone accounts for over $10 billion in sales worldwide in 

four major sectors: refining, chemicals, polymerization, and exhaust emission 

catalysts. However, the value derived from catalyst sales is greatly eclipsed by 
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the total value of the products that are produced. Products produced from fossil 

resources include chemical intermediates, polymers, plastic packaging, paints, 

cleaning products, pesticides, sweeteners, cosmetics, antibiotics, 

pharmaceuticals, and, of course, fuels. The global annual impact of catalysis  is 

estimated to be $10 trillion
(10)

. As we look to the future, heterogeneous catalysis  

increasingly holds the key to “green chemistry” and the promise of eliminating 

or at least dramatically curbing pollution from chemical and refining 

processes
(12)

, through atomically tailoring the structure of active and selective 

reaction sites in order to convert reactants directly to products without generating 

by-products that typically end up as harmful emissions
(13)

 or as wastes
(14)

. 

  

The majority of industrial catalysts contain an active component in the form 

of nanoparticles < 20 nm in size that are dispersed onto high-surface-area 

supports. The importance of nanoparticles and nanostructure to the performance 

of catalysts has stimulated wide efforts to develop methods for their synthesis 

and characterization, making this area of study an integral part of nanoscience
(15)

. 

 

Classification of nanomaterials 

The nanomaterials formed are classified as zero-, one-, and two-dimension 

nanostructures; 

1) Zero-dimention nanostructures, also named as nanoparticles, include 

single crystal, polycrystalline and amorphous particles with all possible 

morphologies, such as spheres, cubes and plates. Generally, the characteristic 

dimension of the particles is one hundred nanometres or bellow. Some other 

terminologies are zero-dimension nanostructures: If the nanoparticles are single 

crystalline, they are often referred to as nanocrystals. When the characteristic 

dimension of the nanoparticles is sufficiently small and quantum effects are 

observed, quantum dots are the common term used to describe such 

nanoparticles.  

2) One-dimension (1D) nanostructures have various  names including: 

whiskers, fibres, nanowires and nanorods. In many cases, nanotube and 

nanocables are also considered one-dimension structures. Although whiskers and 

nanorods are in general considered to have smaller length to thickness ratio 

(aspect ratio) than fibres and nanowires.   

3) Thin films are two-dimensional nanostructures, another important 

nanostructure, and have been a subject of intensive study for almost a century, 

and many methods have been developed and improved. 

 

Synthesis approaches and techniques 

In order to explore novel physical properties and phenomena and realize 

potential applications of nanostructures and nanomaterials, the ability to fabricate 

and process nanomaterials and nanostructures is the first corner stone in 

nanotechnology. There are two approaches (Fig. 2) to syntheses nanomaterials 

and to fabricate the nanostructures: top-down and bottom-up.
(4)

 Top-down 

approach refers to slicing or successive cutting of a bulk material to get 

nanosized particles. Bottom-up approach refers to the build-up of a material from 

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TF5-4V4VY4T-1&_user=8194203&_coverDate=03%2F01%2F2009&_alid=1509872050&_rdoc=62&_fmt=high&_orig=search&_origin=search&_zone=rslt_list_item&_cdi=5217&_sort=r&_st=13&_docanchor=&view=c&_ct=1946&_acct=C000009958&_version=1&_urlVersion=0&_userid=8194203&md5=74217e9efaf797f12870890f4f889943&searchtype=a#bib3
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TF5-4V4VY4T-1&_user=8194203&_coverDate=03%2F01%2F2009&_alid=1509872050&_rdoc=62&_fmt=high&_orig=search&_origin=search&_zone=rslt_list_item&_cdi=5217&_sort=r&_st=13&_docanchor=&view=c&_ct=1946&_acct=C000009958&_version=1&_urlVersion=0&_userid=8194203&md5=74217e9efaf797f12870890f4f889943&searchtype=a#bib6
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TF5-4V4VY4T-1&_user=8194203&_coverDate=03%2F01%2F2009&_alid=1509872050&_rdoc=62&_fmt=high&_orig=search&_origin=search&_zone=rslt_list_item&_cdi=5217&_sort=r&_st=13&_docanchor=&view=c&_ct=1946&_acct=C000009958&_version=1&_urlVersion=0&_userid=8194203&md5=74217e9efaf797f12870890f4f889943&searchtype=a#bib6
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TF5-4V4VY4T-1&_user=8194203&_coverDate=03%2F01%2F2009&_alid=1509872050&_rdoc=62&_fmt=high&_orig=search&_origin=search&_zone=rslt_list_item&_cdi=5217&_sort=r&_st=13&_docanchor=&view=c&_ct=1946&_acct=C000009958&_version=1&_urlVersion=0&_userid=8194203&md5=74217e9efaf797f12870890f4f889943&searchtype=a#bib6
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TF5-4V4VY4T-1&_user=8194203&_coverDate=03%2F01%2F2009&_alid=1509872050&_rdoc=62&_fmt=high&_orig=search&_origin=search&_zone=rslt_list_item&_cdi=5217&_sort=r&_st=13&_docanchor=&view=c&_ct=1946&_acct=C000009958&_version=1&_urlVersion=0&_userid=8194203&md5=74217e9efaf797f12870890f4f889943&searchtype=a#bib6
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the bottom: atom-by-atom, molecule-by-molecule, or cluster-by-cluster. For 

example, milling is a typical top-down method in making nanoparticles, whereas 

the colloidal dispersion is a good example of bottom-up approach in the 

synthesis of nanoparticles (Fig. 2). Both approaches play very important roles in 

nanotechnology. Controlling growth of nanomaterials with different 

morphologies is of great importance because of the difference in resulted 

exposed crystalline surface. Specifically, in catalytic applications, this 

controlling is necessary for improving selectivity. Zaera et al
(16)

. reported the 

tuning of selectivity, by controlling Pt particle shape, in the formation of cis 

olefins to minimize the production of unhealthy trans fats during the partial 

hydrogenation of edible oils. The results shows clearly those tetrahedral Pt 

nanoparticles, which expose Pt (111) facets exclusively, exhibited better activity 

than sphere Pt particles with less (111) facets. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 2. Schematic representation of the ‘bottom-up’ and ‘top-down’ approaches of 

nanomaterials
(9)

. 

 

Characterization techniques 

Characterization of nanomaterials and nanostructures has been largely based 

on the surface analysis techniques and conventional characterization methods 

developed for bulk materials. For example, specific surface area (SSA) based on 

the measurement of the average particle size, pore volume and specific surface 

area of the catalyst samples prepared; X-ray diffraction (XRD) has been widely 

used for the determination of crystallinity. Crystal structures and lattice constants 

of nanoparticles, nanofibres and thin films; scanning electron microscopy (SEM) 

and transmission electron microscopy (TEM) together with electron diffraction 
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used as routine techniques in characterization of nanoparticles; optical 

spectroscopy is frequently used to determine the size of semiconductor quantum 

dots or the band gap and electronic structures of semiconductors. Besides the 

established techniques of electron microscopy, diffraction methods and 

spectroscopic tools, scanning probe microscopy (SPM) is a relatively new 

characterization technique and has found wide spread applications in 

nanotechnology. The two major members of the SPM family are scanning 

tunneling microscopy (STM) and atomic force microscopy (AFM). Although 

both STM and AFM are true surface image techniques that can produce 

topographic images of a surface with atomic resolution in all three dimensions, 

combining with appropriately designed attachments, the STM and AFM have 

found a much broadened range of applications, such as nanoindentation, 

nanolithography, and patterned self-assembly. Almost all solid surfaces, whether 

hard or soft, electrically conductive or isolative, can all be studied with STM and 

AFM. Surfaces can be studied in gas (e.g. in air), in vacuum or in liquid. 

 

Methods of catalysts preparation 

Classification of the catalysts can be done using different criteria: (a) type of 

reaction in which they are used (b) chemical nature of the catalytic material (c) 

number of component (d) preparation procedure. The details of the 

manufacturing process for catalysts is a business secret of the catalyst 

manufacture. However, the most common (traditional) methods followed up for 

nanocatalyst preparation
(17)

 are: precipitation or coprecipitation method, 

impregnation method, deposition method, sol-gel method and pyrolysis. 

 

In addition, there are other methods used for preparation of nanoparticles, 

some of these methods are
 (18)

: High energy ball milling, photocatalysts, solvent 

extraction reduction, spray conversion reduction, transition metal salt reduction 

and microemulsion techniques. 

 

Preparation of catalysts by precipitation or coprecipitation method 

In this method, the precursors of active components, often in their salt forms 

(nitrate) is the preferred salt than chloride or sulfate; carboxylate is the best 

except it is more expensive and often less soluble in water; carbonate can  not  be 

used in preparing (basic catalysts), are first dissolved in water or suitable 

medium to form a homogeneous solution. The solution is then subjected to pH 

adjustment, it has been shown that by adjusting the pH and the ionic strength of 

the precipitation medium
 (19)

, the size decreases as the pH and the ionic strength 

in the medium increases. During this precipitation, to which a precipitating agent 

is added, such as NaOH or NaHCO3, as a result hydroxides or hydroxy salts 

precipitate and form a homogenous mixture that is filtered off. This step is called 

hydrothermal process; the concentration of salt, temperature, the actual pH value, 

and the rate of pH change all influence crystal growth and their aggregation. 

Removal of CO2 and water during drying and calcination, and of oxygen during 

reduction, yields a porous catalyst. Calcination is undertaken to convert the salt 

or hydroxide form of the active components into oxides by reacting with air at 
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suitable temperature, for instance, acetate, carbonate or nitrate decomposes into 

oxide. The catalysts also solidify into final form, i.e., amorphous into crystal; 

therefore, the surface and mechanical properties of the catalyst are decided 

mainly in this process. The flow sheet of the preparation of precipitated catalysts 

can be presented in Fig. 3. 

 

 
Fig. 3. Flow sheet of the preparation of precipitated catalysts. 

 

Preparation of catalysts by impregnation method 
This method starts with a support in the desired specification, size and shape; 

the precursor of the catalyst is then coated or impregnated onto the surface of the 
support by an incipient wetting with a minimum amount of saturated solution of 
the precursors mixture. Once the catalyst is impregnated on the support, it is then 
dried, calcinated or reduced as described above. This method is faster, and allows 
the final property and configuration to be controllable in advance. It is, however, 
harder to prepare high concentration catalyst and to obtain even dispersion of 
catalyst components on the surface. Special techniques are developed to deposit 
the catalyst on the surface skin of the pore structure (eggshell) or in the inner 
pore structure (eggyolk) by a competitive chemisorption of special adsorbate, 
e.g., citric acid, formic acid or hydrochloric acid. The eggshell arrangement of 
catalyst components is desirable in a diffusion-controlled reaction. The eggyolk 
arrangement allows the smaller reactant molecules to contact with the active 
component of the catalyst; this is sometimes used in the case where the reactant 
stream contains impurity of high molecular weight substance. Both arrangements 
enable the saving of precious metal

(20,21)
. The flow sheet of the preparation of 

impregnation catalysts can be presented in Fig. 4. 

 
Fig. 4. The flow sheet of the preparation of impregnation catalysts. 

 

Preparation of catalysts by deposition method 

This method uses a preformed support like that in impregnation; the active 

components and additional salt of support (e.g. aluminum nitrate) after 

dissolving in water are slowly and homogeneously precipitated by hydroxide ion 
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generated from a hot urea solution. By this way, the hydroxide of the active 

components and support are co-precipitated together onto the support; after 

drying and calcination the active components are surrounded by a thin layer of 

freshly formed support depositing on the original support surface. In general, this 

method yields a catalyst with smaller particle sizes in better dispersion and larger 

surface area and allows incorporation of higher loading of the active 

components.  

 

Sol-gel technique for catalysts preparation 

The sol-gel technology was used in order to synthesize materials with good 

homogeneity and high purity; using this method the materials can be processed at 

low temperatures and during short periods; it is possible to control the size and, 

in most of the cases, also the shape of the particles. Urea is used as gelifying 

agent due to its low decomposition temperature (200-250ºC) compared with 

other gelifying agents (citric acid, polyvinyl alcohol…, etc.)
 (19)

. 

 

Previous studies have caused big interest in using the sol-gel process for the 

preparation of oxide compounds. The inorganic sol-gel process is one well-

known synthetic route for the preparation of various oxide materials (SiO2, V2O5, 

and SnO2). The sol-gel synthesis is based on the hydrolysis of inorganic 

precursors in aqueous solution followed by the condensation, gelation,  aging,  

drying and densification (Fig. 5). In this process, liquid precursor materials are 

reacted to form a sol, which then polymerizes into an inorganic polymeric gel 

and hence the gel was dried to produce aerogel and xerogel. 

 

 
Fig. 5. Schematic of the routes that one could follow the scope of sol-gel process. 

 

Preparation of catalysts by spray pyrolysis 

Spray pyrolysis is a process in which a solid is obtained by spraying a 

solution into a series of reactors where the aerosol droplets undergo evaporation 

of the solvent and solute condensation within the droplet, followed by drying and 

thermolysis of the precipitated particle at higher temperature
(22)

. This procedure 
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gives rise to microporous solids, which finally sinter to form dense particles. 

This method represents a convenient procedure for obtaining finely dispersed 

particles of predictable shape, size, and variable composition. The resulting 

powders generally consist of spherical particles, the final diameter of which can 

be predetermined from that of the original droplets. The method offers certain 

advantages beside other more commonly used techniques (such as precipitation 

from homogenous solution) as it is simple, rapid, and continuous. Recently, for 

example, it is used for the production of materials with relevant properties, say 

mesoporous microspheres
(23)

 and phosphorescent nanoparticles
 (24)

. 

 

Preparation of catalysts by high energy ball milling 

Processing of materials by high-energy ball milling (HEBM) is an attractive 

new method in preparing novel materials
(25)

, which decreases the crystallite and 

particle size and induces the continuous formation of the structural defects 

through the cycling cut and deformation of large crystallites. Therefore, high-

energy ball milling techniques are well suited for manufacturing large quantity of 

nanomaterials (Fig. 6)
(26)

. 

 

 
 

Fig. 6. High energy ball milling. 

 

Photocatalysts preparation 

Photolytic chemical process such as splitting of water
 (27,28)

, reduction of 

carbon dioxide for the conversion of solar energy into chemical energy
(29)

 and 

wet-type solar cells
(30)

. In addition to applying photocatalysts for energy renewal 

and energy storage, applications of photocatalysts to environmental cleanup have 

been one of the most active areas in heterogeneous photocatalysis
(31)

. This is 

inspired by the potential application of TiO2 based catalysts for the complete 

destruction of organic contaminants in polluted air and waste water
 (32)

.
 

 

In chemistry, photocatalysis is the acceleration of a photoreaction in the 

presence of a catalyst.  In photogenerated catalysis, the photocatalytic activity 

(PCA) depends on the ability of the catalyst to create electron–hole pairs,  which 

generate free radicals (hydroxyl radicals: OH) able to undergo secondary 

reactions
(33) 

.
 
Its comprehension has been made possible ever since the discovery 

http://en.wikipedia.org/wiki/Chemistry
http://en.wikipedia.org/wiki/Catalyst
http://en.wikipedia.org/wiki/Carrier_generation_and_recombination
http://en.wikipedia.org/wiki/Free_radical
http://en.wikipedia.org/wiki/Hydroxyl_radical
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of water electrolysis by means of the titanium dioxide.  Commercial application 

of the process is called Advanced Oxidation Process (AOP). There are several 

methods of achieving AOP's, that can but do not necessarily involve TiO2 or 

even the use of UV light.  Generally the defining factor is the production and use 

of the hydroxyl. 

 

Preparation of catalysts by microemulsions 

Microemulsion media is formed on addition of an aliphatic alcohol (co-

surfactant) to an ordinary emulsion. However, a three-component system 

consisting of oil, water and surfactant may produce microemulsions as well. 

Three factors characterize a microemulsion: transparency (optical isotropy), 

droplet size (6 to 80 nm) and stability (thermodynamic). There are three types of 

microemulsions: water-in-oil, oil-in-water and bicontinuous microemulsions
(34)

. 

 

The synthesis of inorganic nanoparticles is usually carried out in water-in-oil 

microemulsions which consist of small aggregates (micelles) at the microscopic  

level. The  water  core of  these aggregates is  surrounded  by  the surfactant 

molecules which have the polar part of their molecules towards the oil phase. In 

the water core of these aggregates, electrolytes may be solubilised, for instance 

metal salts. These metal salts will then be transformed into inorganic precipitates 

by using an appropriate reducing or precipitating agent. These agents can be 

directly added to the microemulsion containing the metal precursors, or first 

solubilised in a microemulsion similar to the one containing the metal precursor, 

as illustrated in Fig. 7. 

 

 
 

Fig. 7. Formation of metal particles from reverse (w/o) microemulsions (35). 

http://en.wikipedia.org/wiki/Water
http://en.wikipedia.org/wiki/Electrolysis
http://en.wikipedia.org/wiki/Titanium_dioxide
http://en.wikipedia.org/wiki/Advanced_Oxidation_Process
http://en.wikipedia.org/wiki/Hydroxyl
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The latter way of preparation is more favorable for achieving a homogeneous 

distribution of the precipitating/reducing agent which will rapidly react with the 

metal precursors through the collision and coalescence between two aggregates 

containing the different reactants. The reaction (nucleation) will take place 

essentially at the same time in the whole microemulsion media which will favor 

the formation of a large number of nuclei inside the water cores of the micelles. 

These nuclei will very rapidly grow through material exchange between micelles 

(particle growth) to give the final particle size. At this stage, inorganic particles 

stabilized by the surfactant molecules, and water-containing micelles, are 

suspended in the oil phase. Two other important parameters that affect the final 

particle size are the W0 (Water-to-surfactant molar ratio) and the metal salt 

concentration in the water phase. These parameters contribute to the 

determination of the number of nuclei formed (relatively slow process) upon 

addition of reducing/precipitating agents before the particle growth (fast process) 

starts
(36)

.
 

 

Nanotechnology and the environment 

Nanotechnologies identify ways to support environmentally beneficial 

approaches such as green energy, green design, green chemistry, and green 

manufacturing. Responsible manufacturing which incorporates principles of 

green chemistry and environmentally responsible production of nanomaterials 

such as making use of reusable and recyclable materials, restricting the use of 

environmentally friendly materials such as reducing agents, capping agents and 

dispersants… etc. that are multifunctional. Examples of green manufacturing 

range from processes employing environmentally friendly chemicals with 

minimum energy requirements to producing silver and gold nanoparticles, 

among other noble nanometals, using benign reagents such as vitamin B2, 
(37)

, 

vitamin C
(38)

 and tea and coffee extract
 (39)

.         

 

Applications
 

Alkylation  
 

The alkylation of aromatic compounds is widely used in the large-scale 

synthesis of petrochemicals, fine chemicals, and intermediates
(40)

. This reaction 

consists of the replacement of a hydrogen atom of an aromatic compound by an 

alkyl group derived from an alkylating agent. If the hydrogen being replaced is 

on the aromatic ring, the reaction is electrophilic substitution, which requires an 

acid catalyst. If the hydrogen being replaced is on the side chain of an aromatic 

molecule, then base catalysts or radical conditions are needed. 

 

Acid catalysts used for alkylation of aromatic hydrocarbons are Brønsted 

acids containing acidic protons. These typically have included acidic halides 

such as AlCl3 and BF3; protonic acids, especially sulfuric acid, hydrofluoric acid, 

and phosphoric acid; acidic oxides and zeolites; and organic cation exchange 

resins. The acidic halides and protonic acids are being rapidly replaced for large-

scale applications by solid alkylation catalysts, especially zeolites, because these 

are much more desirable for environmental reasons. They are noncorrosive and 
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offer additional advantages for controlling the selectivity via their shape-

selective properties. This brief overview focuses on recent developments related 

to the synthesis and applications of novel solid catalysts in the alkylation of 

aromatic compounds in which the nanoscale pore environment of a solid catalyst 

is exploited to achieve superior activity and shape selectivity. 

 

Dehydrogenation and hydrogenation 

There is a number of recent developments related to synthesis and application 

of novel metal nanoparticle and other nanostructured catalysts in two broad 

classes of heterogeneously catalyzed organic reactions, dehydrogenation and 

hydrogenation. A wide spectrum of both dehydrogenation and hydrogenation 

reactions is catalyzed by noble metal catalysts (e.g., palladium [Pd] and platinum 

[Pt]) dispersed on metal oxide supports, whereas dehydrogenation reactions, 

including oxidative dehydrogenation reactions (ODH), are also catalyzed by 

supported transition metal oxides, such as vanadium pentoxide (V2O5), 

molybdenum trioxide (MoO3), and chromic acid (Cr2O3). 

 

Dehydrogenation 

Recently, McCrea and Somorjai
(41)

 demonstrated that the rate of cyclohexene 

hydrogenation and dehydrogenation is influenced by the symmetry of the 

platinum single crystal faces. They concluded that the maximum turnover rate of 

hydrogenation appeared at lower temperature than the dehydrogenation, and the 

maximum hydrogenation rate was higher on Pt (1 1 1) while lower on Pt (1 0 0) 

faces compared to the rate of dehydrogenation. The phenomenon was traced 

back to the difference of reaction mechanisms on the two different surfaces and 

serves as an excellent test reaction occurring with different rates over different 

crystal faces. Such nanostructured catalytic materials confined to cavities and 

pores of regular nanoscale dimensions are the subject of continuing interest 

because they have unique size-dependent catalytic properties, which are 

significantly different than those of the corresponding bulk catalysts
(42)

. The 

fabrication of metallic Pt nanoparticles with controllable size and shape has 

become an important topic in nanotechnology owing to their unique catalytic 

performance.  

 

Hydrogenation 

The use of well-defined metal nanoparticles (1–10 nm) for catalytic processes 

is a rapidly growing area
(43-46)

. Similarly to molecular complexes, metal 

nanoparticles have been proved to be efficient and selective catalysts not only for 

hydrogenation of olefins or C–C couplings, but also for reactions that are not 

catalyzed or are poorly catalyzed by molecular species, such as hydrogenation of 

arenes. However, despite impressive progress in asymmetric catalysis,  few 

colloidal systems have been found to display an interesting activity in this field. 

Those systems that show promise include Pt(Pd)/cinchonidine for the 

hydrogenation of ethyl pyruvate and Pd-catalyzed kinetic resolution of racemic 

substrates in allylic alkylation. 
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Selective oxidation 

Selective oxidation processes represent a large class of organic reactions 

where the development of clean and efficient “green chemistry” processes can 

have a significant positive economic and environmental impact to mitigate the 

accumulation of greenhouse gases in the atmosphere and other environmental 

concerns resulting from the world's growing consumption of fossil fuels and 

current fuel processing techniques. Selective oxidation processes leading to 

chemical intermediates and fine chemicals have up to now largely relied on 

stoichiometric reactions employing chromate, permanganate, and renate species. 

Simple catalytic reactions making use of molecular oxygen or hydrogen peroxide 

that require minimal energy and produce minimal by-product waste are highly 

desirable in order to replace stoichiometric reactions that are expensive and 

environmentally unfriendly
(47)

. 

 

Recent development of a new generation of hydrotreating  

Catalysts presents an example of commercial success in this direction. 

Hydrotreating catalysts comprising Co, Ni, and Mo supported on γ-alumina have 

been widely used in refinery for upgrading heavy crude oils and for production 

of ultra-low sulfur diesel and gasoline fuels. The hydrotreating process has been 

in commercial use for many decades. As shown in Fig. 8, incremental 

improvement was made by optimization of catalyst bed structures, catalyst 

particle shape, pore size and pore size distribution, and catalyst loading, typical 

macro- and micro- scale modification. A step change is realized by nano-scale 

catalyst engineering. Instead of using a support, a composite of metal oxides is 

prepared of desired composition and size that is particularly active for 

hydrotreating reactions
(48)

. The resulting catalyst powder is formed into catalyst 

particle shapes suitable for packed bed loading, which gives much higher density 

of active catalyst “sites” than the supported ones
(49,50)

.   

 
Fig. 8. Development of HDS catalyst in the past 50 years (50). 
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The Argonne
(51)

 technology can be used to produce transparent nanoclay 

dispersions in many thermoplastic polymers at clay loadings of 2-20 percent or 

higher (as picture). The oxygen barrier properties of these nanocomposite films 

are more than 200,000 times better than oriented polypropylene and over 2,000 

times better than Nylon-6. The technology reduces by tenfold the requirement for 

costly organic modifiers (Fig. 9). 

 

 

 

 

 

 

 

 

 

 

 
Fig. 9. The Argonne technology 

 

Nanotechnologies for renewable energy applications 

As the world faces serious energy challenges, the development and 

implementation of renewable energy technologies became increasingly important 

Fig. 10). Mao and Chen
(52)

 offer a glimpse of the role nanotechnology, in 

particular, innovations of nanostructures and nanomaterials, is playing in the 

development of selected renewable energy technologies. These technologies, 

based on the authors’ research interests, include (1) converting the energy of 

sunlight directly into electricity using solar cells; (2) converting solar energy into 

hydrogen fuel by splitting water into its constituents; (3) storing hydrogen in 

solid-state forms; and (4) utilizing hydrogen to generate electricity through the 

use of fuel cells. It is clear that nanotechnology enabled renewable energy 

technologies starting to scale up dramatically. Later on, as they become mature 

and cost effective in the decades to come, renewable energy could eventually 

replace the traditional, environmentally unfriendly, fossil fuels.  

 

Fig. 10. Renewable energy technologies. 
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Catalytic converters 

Catalytic converters (Fig. 11) change poisonous molecules like carbon 

monoxide and various nitrogen oxides in car exhausts into more harmless 

molecules like carbon dioxide and nitrogen. They use expensive metals like 

platinum, palladium and rhodium as the heterogeneous nanocatalyst. The metals 

are deposited as thin layers onto a ceramic honeycomb. This maximises the 

surface area and keeps the amount of metal used to a minimum.    

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Fig. 11. Ceramic honeycomb and catalytic converters. 
 

Future of nanocatalysis  

Unprecedented opportunities are arising for re-engineering existing products. 

For example, cluster of atoms (nanodots, macromolecules), nanocrystalline 

structured materials (grain size less than 100 nm), fibres less than 100 nm in 

diameter (nanorods and nanotubes), films less than 100 nm in thickness provide 

a good base to develop further new nanocomponents and materials. 

 

The buckyball (C60) has opened up an excellent field of chemistry and 

material science with many exciting applications because of its ability to accept 

electrons. Carbon nanotubes have shown a promising potential in the safe, 

effective and risk free storage of hydrogen gas in fuel cells, increasing the 

prospects of wide uses of fuel cells and replacement of internal combustion 

engine. The potential of nanotubes can be further exploited in oil and gas 

industry. The nanotube market is likely to hit 1.35 billion dollars in 2005. 

Nanotechnology offers a myriad of applications for production of new gas 

sensors, optical sensors, chemical sensors, and other energy conversion devices 

to bio implants.  

 

Solar cells 

Nanoporous oxide films such as TiO2 are being used to enhance photo voltaic 

cell technology. Nanoparticles are perfect to absorb solar energy and they can be 

used in very thin layers on conventional metals to absorb incident solar energy. 
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New solar cells are based on nanoparticles of semi conductors, nanofilms and 

nanotubes by embedding in a charge transfer medium. Films formed by sintering 

of nanometric particles of TiO2 (diameter 10-20 nm) combine high surface area, 

transparency, excellent stability and good electrical conductivity and are ideal for 

photovoltaic applications. Non porous oxide films are highly promising material 

for photovoltaic applications. Nanotechnology opens the opportunity to produce 

cheaper and friendlier solar cells. 

 

Nanofibres 

In China and U.K., nanocarbon fibres have been produced. The production of 

nanofibres offers the potential of using the woven  reinforcement as body 

armor.The future soldier’s uniform would incorporate soft woven ultra strong 

fabric with capabilities to become rigid when a soldier breaks his legs and would 

protect him against pollution, poisoning and enemy hazards.  

 

Sensors 

Nanotechnology offers unlimited opportunities to produce new generation 

pressure, chemical, magneto resistive and anti-collision automobile sensors. 

Many of the novel applications such as new sensors, better photovoltaic cells, 

lighter and strong materials for defense, aerospace and automotives are already 

in use, and applications such as anti-corrosion coating, tougher and harder 

cutting tools, and medical implants and chips with 1 nm features may be 

developed in another 5-15 years. Nanostructured materials for nanoelectronic 

components, ultra fast processors, nanorobots for body parts are still in the state 

of infancy. 

 

Ultra light materials 

Nanotechnology is viewed as a key technology for the development of ultra 

light materials which would result in energy, fuel and materials savings and 

development of spectacular materials with complete control over structure and 

properties at a subatomic level not hitherto known to scientists and engineers. 

With the  future  development of nanocatalyst, diesel oxidant  using  nanoscale 

layers of Pt, Pd, the major environmental killers smog, pollution and toxic 

pesticide would be eliminated and humans will be able to breathe in healthy air. 

Improvement in nanofilters would enable bacteria less than 30 nm to be filtered 

and achieve water purity of 99.999997. The future avalanche of nano-age 

involves replacement of existing chips by super chips, plastic semiconductors, 

stronger and lighter jet fighters, amazingly invisible clothing for soldiers, super 

fuel cells and super batteries. The next twenty years would unleash a new era of 

nanotechnology when a fullerene molecule (C60) would be described in a high 

school chemistry book and all materials science textbooks would contain 

chapters on nanomaterials. 
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Corrosion and corrosion prevention 

Despite the progress in understanding the structure of nanomaterials, there is 

no evidence to show that nanomaterials are more resistant to corrosion than their 

conventional counterparts. A typical feature of nanomaterials is the defect core 

structure, which is caused by incorporation of vacancies, dislocations, grains or 

interphase boundaries, which alter the density and conduction in defect core 

regions where 50% of the atoms are located. All misfits are concentrated in the 

grain boundary. The grain boundary is associated with high diffusivity and 

higher electrical resistivity. Solute atoms with little solubility also segregate into 

the boundary regions. Summing up, the grain boundary region is highly active in 

nanomaterials. Nanograin size, enhanced diffusivity and concentration of defects 

would make grain boundary sensitive to attack by corrosion. Increased electrical 

resistivity due to electron scattering would enhance corrosion resistance. 

Increased number of grain boundaries would also lead to development of more 

anodic sites for nucleation of corrosion. Theoretically, the structural evidence 

does not present an optimistic picture of corrosion resistance. There is no clear 

evidence to prove that nanomaterials are more resistant to corrosion than 

conventional materials. This is in contrast to the corrosion prevention of 

nanostructured materials as the studies on coatings have proved. Nanoparticles 

incorporated in coatings have shown a dramatic resistance to corrosion of the 

substrate due to their hydrophilic, anti-wear, anti-friction and self-cleaning 

properties. Engine components are subjected to severe environmental stimulus 

for corrosion. Diesel engines produce sulfuric acid and formic acid as 

combustion products. Nano Zirconia powder has been used to coat engine 

components by plasma spray with success. Nanocoatings create a lotus effect and 

properties, which keeps corrosion away. 

 

Space Elevator 

The space elevator was first proposed in the 1960s as a method of getting into 

space. The initial studies of a space elevator outlined the basic concept of a cable 

strung between Earth and space but concluded that no material available at the 

time had the required properties to feasibly construct such a cable. With the 

discovery of carbon nanotubes (Fig. 12)  in 1991 it is now possible to 

realistically discuss the construction of a space elevator (Fig. 13). Although 

currently produced only in small quantities, carbon nanotubes appear to have the 

strength-to-mass ratio required for this endeavor.  However, fabrication  of the 

cable required is only one of the challenges in construction of a space elevator. 

Powering the climbers, surviving micrometeor impacts, lightning strikes and 

low-Earth–orbit debris collisions are some of the problems that are now as 

important to consider as the production of the carbon nanotube cable. We 

consider various aspects of a space elevator and find each of the problems that 

this endeavor will encounter can be solved with current or near-future 

technology. 
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  Fig. 12. Carbon nanotubes.                            Fig. 13. Space elevator. 
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 التكنولوجيا النانويةو لحفزا

 
 سهام على شعبان

 .مصر –القاهرة  -مدينة نصر –معهد بحوث البترول 

 

 

يمكن فهم تكنولوجيا النانو والتكنولوجيا من تصميم وتصنيع وتطبيقات النانو 

ية للمواد متناهية الصغر والمواد النانوية، وكذلك فهم أساسي من الخصائص الفيزيائ

تتراوح بين مقاييس المواد النانوية مقارنة بالمواد كبيرة الحجم لديها . والنانوية البناء

وقد . على األقل في بعد واحد submicronالذرات أو الجزيئات فردية ألبعاد 

وجدت المواد النانوية وتكنولوجيا النانو في التطبيقات الهامة في النظم الفيزيائية 

اكتشاف مواد جديدة، و طرق وظواهر في المقياس . والكيميائية والبيولوجية

النانوي، وكذلك تطوير تقنيات تجريبية جديدة والنظرية لبحث توفير الكثير من 

ويمكن تصنيع البنية . لتطوير المواد ذات البنية النانومترية المبتكرة فرص جديدة

ومن المتوقع لهذا المجال . النانومترية مع المواد ذات الخصائص النانونية الفريدة

 .ان يفتح مجاالت جديدة في مجال العلوم والتكنولوجيا

 

 

 

 

 

 

 


