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Abstract :
Catalysisdiscovered by man in the Neolithic Period (10,000 years ago). Fermentation of sugars to alcohol preceded the discovery of bronze and iron by many thousands of years. Platinum is the best known of the six elements that make up the platinum group metals. Its catalytic properties complement those of the other five elements to such an extent that they are frequently used in combination as alloys and mixtures. Use of Pt as a catalysts dates back 1838 and some of the processes are still in use till date. This short review takes into account various aspects of catalysis with Pt metal.
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1. History
Catalysisdiscovered by man in the Neolithic Period (10,000 years ago). Fermentation of sugars to alcohol preceded the discovery of bronze and iron by many thousands of years.1Bacterial oxidation of alcohol to vinegar (acetic acid) soon followed2. By time of Christ, potash used to hydrolyze fats for soaps1. Within historic period, Gessner recorded the use of sulfuric acid to catalyze the dehydration of alcohol to ethyl ether3. By 1740’s, nitric oxide was catalyzing the oxidation of sulfur dioxide for sulfuric acid manufacture4. In 1974, Mrs. Fulhame discovered the catalytic properties of water while investigating the oxidation of carbon monoxide and metals5.

Table 1. Catalysis by platinum
	No.
	Chemistry of Invention
	Discoverer
	Year


	1
	Decomposition of NH3
	Thenard
	1813

	2
	Oxidation of H2, C2H5OH, (C2H5)20
	Humphrey Davy
	1817

	3
	Oxidation of C2H5OH to CH3COOH
	Edmund Davy
	1820

	4
	Oxidation of C2H5OH and H2
	Dobereiner
	1822/3

	5
	Oxidation of C2H5OH  and H2
	Dulong and Thenard
	1823

	6
	Combination of H2 and Cl2
	Turner
	1824

	7
	Poisoning of catalysts
	Henry
	1825

	8
	Investigation of supported catalysts
	Dobereiner and Henry 
	1824

	9
	Selectivity of Pt in oxidation reactions
	Henry 
	1825

	10
	Oxidation of SO2
	Phillips
	1831


1.1. History of Platinum Industrial Catalysis
Most of the reactions over platinum catalysts illustrated here are still in use today. Ammonia synthesis over platinum alloys is no longer practiced, but platinum is still used for sulfur dioxide oxidation, as a final oxidation catalyst in some commercial plants where it is necessary to drive the equilibrium to achieve low levels of sulfur dioxide in the vent gas 6
Table 2. Industrial catalysis by platinum 
	No.
	Chemistry of Invention
	Discoverer
	Year
	Catalyst, Metal

	1
	Oxidation of SO2 to SO3
	Kuhlmann
	1838
	Pt

	2
	Oxidation of NH3  to HNO3
	Kuhlmann
	1838
	Pt

	3
	N2 + H2 ---- NH3
	Johnson
	1881
	Pt alloys

	4
	Reforming catalysts
	Haensel
	1950
	Pt

	5
	Bimetallic reforming catalysts
	--
	1967
	Pt/Re,Pt/Ir

	6
	Emission control catalysts
	--
	1976
	Pt/Pd/Rh

	7
	High stability zeolite cracking catalysts
	--
	1977
	Pt

	8
	Fuel cells
	--
	1980
	Pt


The bulk of the world nitric acid is produced by oxidation of ammonia over platinum-rhodium gauzes. Emission control catalysts impregnated with platinum now sell over 200 million units per year6.
2. Overview 
2.1 Platinum Group Metal Catalyzed Reactions
Platinum is the best known of the six elements that make up the platinum group metals. Its catalytic properties complement those of the other five elements to such an extent that they are frequently used in combination as alloys and mixtures7,8.

Table 3. Platinum Group Metal Catalyzed Reactions

	No.
	Reaction
	
	Pt
	Pd
	Ru
	Rh
	Ir
	Os

	
	
	
	
	
	
	
	
	

	1
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Table 4. Platinum Demand in the Western World

	No.
	Application
	% Pt Demand


	1
	Autocatalyst
	31

	2
	Jewellery
	29

	3
	Others
	10

	4
	Chemical
	8

	5
	Hoarding
	9

	6
	Electrical
	7

	7
	Glass
	5

	8
	Petroleum
	1


Table 5. Consumption of platinum catalysts has been growing in value terms9.

	Year
	% all Catalysts


	1972
	18%

	1978
	40%


Platinum not consumed exclusively by catalysis. Also used in jewellery, glass manufacture and in the electrical and electronic industries. Catalysis commands the lion’s share of platinum production10,11,12.

Table 6. Consumption of Platinum by Catalytic Use

	No.
	Application
	% Pt Consumption


	1
	Pollution Control
	87-88

	2
	Chemical
	9

	3
	Refining
	3


The distribution of platinum among its catalytic uses is one sided. Pollution control in all its forms consumes between 87- 88% of platinum, with petroleum refining consuming 3%and chemical/petrochemical taking 9%. Importance of platinum in the oil refining, chemical/petrochemical industries can be seen when it is remembered that each gallon of gasoline consumed and pound of nitrate fertilizer used has been processed over a platinum catalyst (G.C. Robson cited above, P.M. Wanton, et al cited above). Of the top fifty petrochemicals, about 10% are processed over platinum, and this grows to about 40%, if the other platinum group metals are included13.

3. Fundamentals of catalysis 
3.1 Heats of adsorption of O2, CO2& CO and H2 over Transition metals
The heat of adsorption is a measure of the strength with which a reactant bonds to a surface14. If the substance is strongly adsorbed it will be bonded too strongly to the surface to react with other bonded species. It might even displace less strongly adsorbed substances to eventually cover the whole surface, when reaction stops and the catalyst is said to be poisoned15. 

Weakly bonded substances require such a small amount of energy to displace them from the surface and spend so little time there that they do not have time to react. This means that the surface is virtually noncatalytic for these reactants.

What is required is something between these two extremes. A major advantage of platinum compared to other catalytic metals is the wide spectrum of substances it adsorbs with moderate strengths. These include hydrogen, oxygen, carbon monoxide, unsaturated hydrocarbons, nitrogen compounds (such as imines, azines, hydrazones, oximes, nitro and nitroso compounds), oxygenated compounds (acids, esters, anhydrides, aldehydes, ketones) and the inorganic compounds sulfur dioxide and ammonia. Methane only weakly adsorbs, so that platinum must be doped with other metals to improve its ability to act as a methane combustion catalyst. Platinum will not adsorb nitrogen at all, making it a very poor ammonia synthesis catalyst16,17,18,19.

The thermodynamics of reaction to be catalyzed also plays an important part, particularly at the catalyst selection stage. For example, in the reversible reaction 
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where G = G (C,D) - G (A,B), if G is <0 the chances of finding a catalyst for the reaction would be quite good. With 0<G<40 KJ the chances are lower, but still worth investigating. If G exceeds 4OKJ, it is not worth pursuing.
Reaction rate versus Periodic group number

When reaction rate is plotted against periodic group number a “Volcano” plot frequently results. Plot in figure is for hydrogenation of ethylene. Although platinum is not at the peak of the curve, it is high on the curve. Only exceeded by palladium, rhodium and ruthenium -- all of which are platinum group metals20.

Expected that alloying platinum with one of these three metals would raise the activity of platinum. In broad terms it does, but other factors affect the result21. 

Surface segregation for example may enrich or deplete the promoter metals at the surface22.

Recently found that reactions with multiple pathways are susceptible to selectivity modification by metals surface topology23. 

3.2 Surface Topology of platinum Catalysts
The surface of a platinum crystallite is not flat and undifferentiated. Examination by various physical techniques, such as LEED, show that the surface exhibits steps and kinks as well as flat areas. The metal atoms show different adsorptive powers depending on their location, i.e., in flat surfaces, kinks or steps. The adsorptive power coupled with the atomic geometry determines the types of reactions that take place. With some adsorptive sites, hexane is hydrogenolyzed to gaseous products plus carbonaceous material which remains on the surface. These carbonaceous over layers together with deliberately sulfur-poisoned sites allow the industrial catalyst chemist to control the selectivity of the reaction to obtain the required product molecular spectrum24,25,26,27,28,29. 

4. Platinum Catalyst Systems
To a large extent, industrial platinum catalysis has become a matter of locating the platinum in environments in which the adsorptive powers of the platinum atom are modified to suit the reaction. Some methods by which this is achieved are shown in this section.

Hierarchy of supported metal catalysts. (In order, bottom left through to top left)30.

(i) Supported mononuclear metal complex

(ii) Supported metal cluster.

(iii) Zeolite encapsulated metal cluster.

(iv) Supported metal crystallite.

Hierarchy defined by degree of aggregation of the metal atoms. Lowest degree of aggregation is “supported mononuclear metal complex” bonded to silica or poly (styrene-divinyl benzene). Here, metal atom is surrounded by ligands that modify its adsorptive power31,32,33,34,35,36. 

Supported metal clusters are compounds with metal-, metal bonds, consisting of frameworks of 3 or more metal atoms. Frameworks stabilized by ligands such as carbonyls, hydrides, phosphines & halides37,38,39,40,41,42.

Structures of metal clusters suggest that they are intermediates between mononuclear compounds and crystallites of traditional supported catalysts. Supported mononuclear complexes and cluster compounds suffer from instability of the bond to the support surface. One method of overcoming this is to trap the metal complex or cluster within a molecular sieve43. 

Last member of hierarchy is supported metal crystallite, so common among supported industrial catalysts.
4.1 Homogeneous Catalysts
Homogeneous catalysis is latest addition to rapidly expanding field of catalysis. Most homogeneous catalysts are mononuclear. Consist of single metal atoms surrounded by ligands. Used either dissolved in a solvent or in the reactants if they are liquid44,45. 

In solution, mononuclear complexes act as single metal atoms with modified bonding properties relative to those of a single platinum metal atom. In cluster compounds of three or more platinum atoms bonded to one another by metal-metal bonds and surrounded by ligands, bonding properties of the platinum are further modified. Advances in organometallic chemistry now allow compounds with catalytic properties to be made with large numbers of platinum atoms. 

The figure shows a compound with 19 platinum atoms, [Pt19(CO)22)4-.
Metal atoms in such clusters may be arranged like individual lattice layers of metal atoms, or tight clumps of metal atoms each surrounded by ligands46,47. Catalytic behavior believed to more closely resemble to that of a metal crystallite as number of metal atoms in the cluster increases.

Homogeneous platinum catalysts, in which the platinum compound is dissolved in a solvent and exists as individual molecules, are used in a limited number of reactions48,49,50. 

5. The technology of platinum catalysts
5.1 Classification of Platinum Catalysts
Fundamental catalysis deals with catalytic surfaces that can be well-defined from the physical-chemical point of view. These include metal films51-58, single crystals51,54,59-64, unsupported platinum blacks65,66.

Industrial catalysis is concerned with large volumes of reactants; requires rapid separation of catalyst from products. Hence, emphasis placed on heterogeneous catalysts in which the active component, such as platinum, is used unsupported or dispersed upon a support such as alumina or carbon. Dispersing the metal as single atoms on a support has the following disadvantages

(i) Platinum atoms behave differently to bulk platinum in catalytic reactions.

(ii) Platinum atoms at commercially significant temperatures are very mobile.

(iii) Platinum atoms rapidly coalesce under reaction conditions to form larger sintered entities.

Better from an industrial viewpoint to have stabilized platinum surfaces exhibited by platinum metal crystallites whose optimum size is determined by the reactions for which they are to be used.
5.2 Physical Form of Catalysts, wire Gauzes
The physical form of a catalyst is largely determined by its operating environment. For example, platinum-rhodium gauzes convert ammonia into nitric oxide which is subsequently absorbed in water as nitric acid:
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The catalyst operates at a very high temperature (~ 900 0C) with very large gas flows (GSHV-106). Gauzes are the best form to retain mechanical strength at high temperature and present a low resistance to the gas flow. First used as a catalyst during 1914-18 War. Still used today despite many attempts to replace it67. 
5.3 Liquid Phase Platinum Catalysts
Catalysts for liquid phase reactions differ from gauzes in that the liquid medium is denser than that of the gas, so liquid flows are smaller than gas flows, and the liquid may be used to suspend the catalyst.

Two broad types of liquid phase catalyst may be found in use today:

(i) Powders: Catalyst suspended in liquid medium and the three phase system, solid (catalyst), liquid (reactant) and gas (reluctant or oxidant), is vigorously mixed.

(ii) Pelleted/granular catalysts: Catalyst is packed in columns and the liquid phase trickled by gravity over catalyst. The gas phase oxidant/reductant is flowed co-current or counter-current to the liquid flow.
5.4 Mass Transport Resistances
One of the major factors in using heterogeneous catalysts is that of overcoming resistance to transfer of reactants to and products away from the platinum surface. In exothermic reactions, transfer of heat from the catalyst surface is also a problem68A,69.

This figure illustrates the transfer of hydrogen, one of the reactants, to a platinum surface during a hydrogenation in a stirred dead-end reactor. Only hydrogen is considered, although other reactants and products will be present. The reaction is considered as first order in hydrogen. 

The overall hydrogen flux at the platinum surface is given by the equation

1/N =db/6kh x 1/Ce + pdp/M x 1/Ce [1/Ks + 1/Kc]

where N = molar hydrogen flux

db = gas bubble diameter

k  = gas-liquid mass transfer coefficient

H = gas holdup (cc gas/cc expanded slurry volume)

Ce = Concentration of H2 at gas-liquid boundary. 

p = particle density

dp = catalyst particle diameter.

M = catalyst loading (g catalyst/cc slurry)

Ks = catalytic reaction rate constant

Kc = liquid-solid mass transfer coefficient

If in-pore diffusion has to be considered (where the platinum metal is located within the pore system of the support), then a further diffusional resistance is encountered which is defined by:

N = 12 DeffMCe/dp2

Deff = effective diffusional coefficient of hydrogen within the pore structure.

N = hydrogen flux within the pellet

At each stage, as the hydrogen crosses a phase boundary (gas-liquid, liquid-solid and diffusion within the pore system), a resistance to flow occurs and a concentration gradient results. The faster the gas is consumed by the reaction the greater the concentration gradient. Many industrial catalysts operate under conditions of hydrogen starvation70,71,72. 

Platinum being a very active catalyst must be operated with great attention to reactor operation (temperature, pressure and agitation) and catalyst design (particle size/density, platinum metal location and metal loading on the support)73-78. 

The resistance to reaction imposed by in-pore diffusion is often sufficient to preclude porous supports from use in some applications. For example, in fuel cell electrodes, use of porous supports would give rise to in-pore diffusion for that portion of the platinum located within the pore system. This, in turn, would limit the rate of reaction so creating diffusional current limitation in the electrode. For this application, non-porous graphitized carbon blacks are used. The platinum may be seen as individual clumps of atoms (crystallites) 20A in diameter. The irregularly-shaped chains of carbon spheres are also important in fuel cell electrode manufacture, as the chains lock together to give a stable porous structure on the current collector surface79. 
5.5 Platinum Catalyst Manufacture
The manufacture of platinum catalysts is a technology in its own right and very different to that of base metal catalysts, oxides, zeolites, etc. Of the preparative methods shown in the figure, aqueous methods of impregnation are the most common.

17 Woven gauze catalysts are also produced in large quantities.Platinum oxide/black catalysts are infrequently used, and supported homogeneous compound catalysts are at present laboratory curiosities, platinum film catalysts will be found only in the academic laboratory. The preparation of industrial platinum catalysts is described in greater detail80.
6. Applications of  platinum catalysis 
Platinum is employed in four major areas of industrial catalysis.

Platinum in environmental control is by far the largest of these, with platinum in petroleum refining and ammonia oxidation equal second. Last in market size is platinum in liquid phase catalysts81-83. 
6.1.1. Platinum in Environmental Control Catalysts
One of the more recent developments in industrial catalysis is control of exhaust emissions from motor vehicles. Well-known that motor vehicles burning hydrocarbons emit in their exhaust fumes water, carbon dioxide, carbon monoxide, nitrogen oxides and unburnt hydrocarbons. In the presence of ultraviolet light, these form a photochemical smog detrimental to health. Engine modifications have not been successful in reducing emissions. Catalytic systems have been developed that reduce the CO,NOx and hydrocarbons to very low levels. Two systems have been developed which are generally referred to as oxidation and three way catalysts. 

The two systems are externally identical, but differ in catalyst composition and control and monitoring equipment. The first system is designed to remove only the unburnt hydrocarbon and carbon monoxide content of the exhaust. The catalyst is a promoted platinum catalyst. This system requires an air pump to supply oxygen for the oxidation process
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In the U.S., the oxidation catalyst (which removes hydrocarbons and carbon monoxide) was accepted technology only for the period 1975-80. Thereafter, catalysts fitted to automobiles were required to remove a portion of the NOx from the exhaust stream. Standards have gradually been tightened.
6.1.2. Mandated Emission Standards for the U.S. and Europe
By the mid-l990s the NOX standard is expected to be 0.4 gm/mile, while the hydrocarbon level will drop to 0.25 gm/mile.

In contrast, European legislation will not be introduced until October 1988 and then only for larger engine vehicles (over 2 liters capacity). Not until 1993 all new European cars were fitted with catalysts86-87. 

The present mandated durability of 50,000 miles in the U.S. is expected to be increased to 100,000 miles. This will require a very stable catalyst capable of being exposed to maximum temperatures of 1000°C without sintering and commencing combustion to give a self-sustaining reaction at temperatures around 150-200°C.
6.1.3. Low Temperature Activity of Promoted Platinum Catalysts 
Platinum metal catalysts “light of f” (i.e., enter a self-sustaining reaction mode) at temperatures of 220-250 0C. Here, conversion of carbon monoxide is virtually complete, and better
than 95% of the hydrocarbons present are combusted. Basemetals are less effective than platinum. The catalyst does notcombust more than about 60% of the carbon monoxide and even less of hydrocarbons until a temperature of about 300C. Exotherm not sufficient to sustain the reaction without external heat.

Rhodium—promoted platinum catalysts even more active thanplatinum; “light off” at about 160C88. 
In the second system, the combustion runs close to the stoichiometric ratio of fuel to air. Hydrocarbons and carbon monoxide are used as reductants for the NOx. Hence, all three pollutants are removed and the system is called “Three Way.”
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Control about the stoichiometric point varies, however, and the gas composition changes with the air-fuel ratio.

To enable the catalyst (a platinum-rhodium alloy) to cope with these conditions, an oxygen storage capacity is built into the catalyst. Under fuel-rich conditions, oxygen is abstracted from the oxygen store. When operating under air-rich conditions, the depleted oxygen store abstracts oxygen from the gas phase and stores it89. 
Platinum-rhodium catalysts have been developed for diesel engine vehicles to control particulates (smoke), polyaromatic hydrocarbons and odor90. 
Control of pollutants from stationary combustion sources requires more radical approaches. These pollutants form the well-known “acid rain” currently occupying public attention. In the U.S., in 1980, stationary fuel combustion (coal-fired power generation, hydrocarbon—fueled turbines and domestic and commercial heating boilers) accounted for 52.2* of combustion emissions. Mobile sources (cars, vans, trucks, etc.) created only 45.6%. The sulfur component of the combustion emissions may be controlled by a number of solutions, including catalytic fuel desulfurization. NOx, however, is a bigger problem. Its formation is a function of temperature. One way to lower NOx is to lower combustion temperature and eliminate the flame altogether. This can be done by platinum catalytic combustors. Gas turbines have been successfully operated with catalytic combustors replacing the conventional flame combustors. The use of catalytic combustors virtually eliminates NO formation without loss of engine efficiency91. 

This technology is applicable to oil- or gas-fired burners and is likely to constitute a major new use of advanced platinum metal catalysts.
6.1.4. Platinum in Petroleum Refining
Crude oil straight from the ground is a complex mixture of molecules which cannot be used without further processing. Petroleum refining is the name for a series of unit operations performed on crude oil to convert it into smaller molecules. These can be used to generate energy or be further reacted to provide useful products. Each unit operation is simple in itself and consists of a single step such as distillation, cracking, reforming, desulfurization, alkylation, etc. Products from these unit operations can be split into two broad fractions, fuels and petrochemicals92,93. 

One of the unit operations is catalytic reforming, which converts low octane molecules (hexane, etc.) into aromatic molecules such as benzene and toluene.

Reaction pathways of hexane that occur simultaneously during platinum catalyzed conversion include “isomerization, ”cyclization” and “aromatization” reactions that produce branched or cyclic organic molecules. The “hydrogenolysis” reaction is not desirable as it produces mainly gases94.

A Two-Stack, Four-Reactor Continuous Catalytic Reforming Unit Catalytic reformers use platinum on alumina catalysts to effect molecular transformations. The majority of such catalysts are doped with rhenium to improve the selectivity of the platinum and to confer on it resistance to coking. A small number of reforming catalysts are doped with iridium to the same end.

A very large number of individual reactions make up the reforming reactions. These include dehydrogenation of naphthenes, dehydrocyclization of paraffins and hydrocracking of paraffins. The alumina support is not inert in some of these reactions, acting as an acid-base catalyst95.

Most feedstock to a reformer unit must by hydrotreated to remove sulfur, nitrogen and oxygen from heterocyclic compounds that act as catalyst poisons.

6.1.5. Platinum in Ammonia Oxidation Catalysts
Many of the features of platinum-rhodium ammonia oxidation catalysts have been described in previous sections.

In the figure, the reactor is 8 and the nitric oxide tail gas combustor is 19. Combustion of the tail gas has become an essential feature of ammonia oxidation plants in order to meet NOx emission standards, and to recover the considerable energy remaining in the gas stream96. 
The catalytic reduction of nitrogen oxides to nitrogen takes place on a catalyst, such as platinum on a ceramic honeycomb support or alumina pellet support, or nickel-chromium alloy support ribbons. This method involves an increase in the capital cost of the plant, but recent estimates show that for a 450 ton/day plant, the cost for lowering the NOx outlet concentration to 300 ppm would be $200,000 lower for the catalytic combustion than for an increased absorption capacity at higher pressure and the same efficiency97. 
6.1.6. Platinum in Liquid Phase Catalytic Reactions for Chemical Industry
A good general reference for this area is98
The value of catalysts used in organic syntheses is $85 million in the U.S. and $50 million in Europe in 1984. A large proportion of this was due to platinum catalysts for small to medium size hydrogenation/ dehydrogenation reactions99. 
These reactions are illustrated by taking the example of nylon 6 and nylon 6,6 manufacture. 

The precursor to nylon 6 and nylon 6,6 include adipic acid and hydroxylamine both of which contain platinum-catalyzed stages.

Adipic Acid

The platinum-catalyzed stage here is conversion of benzene to cyclohexane over a 1% platinum on alumina catalyst. The reaction is conducted in the liquid phase at temperatures of 170-230°C and a pressure of 20-40 atm. Exotherm heat must be removed to prevent the temperature from exceeding 230°C. Residence time to the product cyclohexane must be short to prevent it from isomerizing to methylcyclopentane. In some plants, the conversion is halted at 95% in the first reactor to be completed in a finishing reactor. In this way, cyclohexane containing less than 100 ppm of benzene or methylcyclopentane can be sent to the oxidation step100-102. 
6.1.7. Hydroxylamine manufacture
The reduction of nitrate/nitrite ion, derived from nitric oxide in acid solution over platinum on carbon catalyst, is used as an industrial process for the manufacture of hydroxylamine. Yields of 83% at 40-60°C have been claimed103-106. 

Temperature is an important parameter with yields dropping from 80%+ at 50°C to 4% at 5oC. Many additives have been purported to improve selectivity, and the process is only rarely used without them.

Among the industrially used additives, sulfur, selenium and tellurium have proved by far the best107-110.
The addition of gold or iridium to the platinum catalyst to form alloys is also practiced111. 
6.1.8. Reductive Alkylation to Produce Antioxidants and Detergent Amines

Use of reductive alkylation of a primary amine and a ketone hasbecome the most important route to antioxidant secondaryamines. The use of ketones rather than aldehydes ensures that the further alkylation of the secondary amine does not take place.

Tertiary amines can be formed if the alkylating agent is an aldehyde (particularly formaldehyde) and this route is used to produce dimethyl tertiary amines for detergent amine oxide manufacture.

Both platinum and palladium may be used in the hydrogenation step. However, platinum is by far the most selective catalyst. The normal support is carbon, but attempts have been made to use alumina and silica. The tendency with industrial catalysts has been to either use the platinum in the form of platinum sulfide112-113 or to sulfide the platinum surface prior to use in the reaction114,115. 

Typical conditions for the reaction are 120-1850C at 120-140 psig. The reactors are usually dead-end slurry reactors with vigorous agitation. Frequently the amine to be alkylated is produced in situ in the reactor by hydrogenation of the corresponding nitro compound using the same catalyst as for the secondary amine hydrogenation.
6.1.9. Dehydrogenation of LongchainParaffins to alfa olefin for Detergents
Unbranched higher olefins for detergent alcohol productionmanufactured by two processes:

(i) ethyleneoligomerization

(ii) dehydrogenation of longchainparaffins

Ethylene oligoinerization route produces by far the largest proportion of alfa olefins but dehydrogenation route is still important for some companies in the U.S. and Europe.

The Pacol-Olex process, invented by Universal Oil Products, is a combination of the Pacol (paraffin catalytic olefin manufacture) process in which linear paraffins are dehydrogenated over a platinum catalyst, and the Olex (Olefin extraction) process in which the unconverted linear paraffins are separated from the linear olefin product by a liquid phase adsorption of the olefin on a molecular sieve115-117. 

Process commercialized in 1970. Taken up by companies able to integrate it into their linear alkyl benzene sulfonate plants.The dehydrogenation stage operates at a pressure of 1 atmosphere and 300-5000C. Conversion deliberately maintained low, 10-15 wt.%., to limit production of undesirable diolefins and aromatics. The hydrogen-paraffin feed usually kept at a molar ratio of 5:1. The platinum catalyst is usually low percentage metal (0.1-1% Pt) on alumina118. 

The extracted olefins are claimed to contain 96% linear olefin, which represents a yield of 93% on the linear paraffin feed. Product olefins can cover the range C6-C19. In 1986, 462 million pounds of linear paraff ins were converted into clef ins for alkyl-benzene production, while 68 million pounds were converted into linear alcohols. Capacity for n-paraffin production (mostly for conversion to linear olefins) was 1075 million pounds in 1986, distributed 525 million pounds to Exxon, 220 million pounds to Shell and 330 million pounds to Vista.
6.2.0.
Platinum Catalyzed Hydrosilylation
This reaction is basically the addition of a Si-H unit across a double bond.The normal platinum catalyst for this reaction is chloroplatinic acid, although heterogeneous platinum catalysts have been used. The catalytic efficiency of chloroplatinic acid is illustrated by the reaction of trichlorosilane with ethylene, where the addition of 10-7  mol catalyst/ mol substrate at ambient temperature rapidly gives a quantitative yield of ethyltrichlorosilane. A wide range of olefins and silanes are catalyzed by chloroplatinic acid119. 
The reaction is applied commercially to the preparation of monomers for silicone production, the cross lining (or curing) of silicone elastomers and resins, and joining of silicone and organic polymers to give graft co-polymers.World production of all silicones is 3.4 x 105 tons, worth $2 x 109 per annum. The U.S. accounts for approx. 50%. The distribution of production among fluids, resins and elastomers is120: 
Fluid/fluid based 65-70%

Resin/resin based 5—10%

Elastomers 25-30%
6.2.1.
Fuel Cells
Fuel cells produce electricity by direct combination of fuels without the limitations imposed by burning fuel, raising steam and rotating a conventional turbine generator. They can achieve over 80% efficiency in combined heat and power modes. Concept is not new which was first demonstrated by W.R. Grove in 1842. It is, however, one thing to demonstrate a concept and quite another to produce a practical device. 
Catalyst technology for hydrogen/air cells using either alkaline or acid electrolytes is now well-established. Platinum on carbon catalysts exist in which the platinum is dispersed on the support in an almost atomic state. The normally used catalyst has metal crystallites of about 20A diameter. The limiting factor with these cells is not platinum technology, but capital cost. Examples of currently used fuel cells are the space shuttle 12kW unit, that supplies both power and drinking water, and the combined heat and power 40kw unit incorporating a reformer and inverter using either methane or naphtha as the primary hydrogen source. The big brother to this unit is the 4.8 MW peak lopping station, which again uses natural gas as the hydrogen source via an incorporated reformer. Both the 40kW and 4.8 MW units are on extended field trials both in New York and Tokyo arid more trials are planned. The principal benefits of these units are high efficiency and environmental compatibility‑121. 

A breakthrough in the use of fuel cells is likely to occur if one that directly uses “a readily available fuel” can be developed. Possibilities exist for using methanol as a direct fuel; already, a prototype golf cart exists which uses a direct methanol fuel cell. However, the exploitation of these cells is currently limited by the relative low activity and durability of the platinum-ruthenium on carbon catalysts. This forms a major challenge to platinum catalyst technology, which must be met if methanol-fueled cells are to be widely exploited
7.0.
Platinum catalysis in the future
It is not possible to forecast with any accuracy the part that platinum catalysts will play in the future. It would seem reasonable that an element with such a high catalytic activity will play a prominent part in some of the new processes needed in the 21st century. What are these processes likely to be? The energy crisis may have receded in recent years, but the total amount of oil and gas available to us today is no greater than it was before the crisis passed. Energy prices have decreased as a result of the diminution of political power wielded by OPEC. With lower prices has come a scramble to maintain revenue from oil and gas, leading to overproduction. Sooner or later, we will have to face the fact that gas and oil resources are finite. At this point, we will first eke out the resources remaining to us, and second, seek new sources of energy. In seeking to stretch our resources, we will need to extract more of the energy that resides in gas and oil in a usable form, most likely as electrical power. By combining heat and power extraction from our power stations, this could rise to 70% of the input energy to the boiler. Most of our power stations, unfortunately, are remote from industry and centers of population and many burn coal, a highly polluting fuel. All of these fossil fuels also produce carbon dioxide which appears at first sight fairly benign.

However, it may be responsible for the “greenhouse” effect which has the potential to drastically alter the climate of the planet. Only one fuel is known to be benign and that is hydrogen. Perhaps we will convert that fraction of oil, gas and coals that is used as transport fuel, steam raising fuel and space heating fuel into hydrogen before we use it. If done centrally, we could collect the carbon dioxide before it escapes into the atmosphere. This is already done with carbon dioxide from gas-burning power stations, and it is then used in carbonated drinks and in enhanced oil recovery to help us produce more fuel from almost depleted oil wells. Can carbon dioxide be used as a petrochemical feedstock? Already it is possible to use all of the carbon dioxide produced in making hydrogen for ammonia synthesis in converting ammonia into urea fertilizer122. 
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Some ammonia remains for other uses.

Both of the new developments that will be presented here are energy producing and non-polluting. One is well developed, but not commercialized yet -- the fuel cell. The other tries to convert solar energy into usable chemical products for chemical and energy use.
7.1.1.
Photocatalytic Hydrogen
Finally, a speculative look at the years ahead in terms of a challenging goal that requires advanced platinum group metal catalyst technology, namely the visible light induced decomposition of water. One of the systems being investigated is highlighted here.

The process uses a sensitizer plus a dual function catalyst. The decomposition mechanism involves the excitation of a ruthenium compound dissolved in water by visible light, resulting in the transfer of electrons from the compound to a platinum plus ruthenium catalyst. The electrons migrate to the platinum covered areas of this catalyst where they split waterand produce hydrogen; at the same time, oxygen is tormeci at tne ruthenium covered areas. One of the problems that must be overcome if this system is to find application is the spatial separation of the hydrogen and oxygen generating centers, so that the two gases can be recovered in pure form123. 
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