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{s4) Supported hoterogeneous
catalyst and process for its
manufacture

{57) Catalysts for use in promoting
hatarogenaous chermical reactions,
siich as hydrogenation, cracking,
dehydrogenation and Fischer-Tropsch
reactions, are prepared by depositing
& caislytically active metal such as
nickel onto an anodized aluminum
substrate in such a manner that the
metal particles are deposited in micro-

particulate form to enhance their
catalytic activity. The aluminum
substrate is prepared by cleaning and
anodizing it, so as to deposit thereon
an aluminurn oxide surface film having
micra porosity. Then the substrate is
Immersed Into an electrolysis bath of
soiution of salt of the metal to be
deposited, and subjected to

.alternating current electrolysis to

cause the required deposition. Prior to
use, the catalysts so prepared should
be heated to remove absorbed gases
from their porous surfaces.
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SPECIFICATION
Heterogeneous catalyst and process for its manufacturs

This Invention relates 1o heterogensous catalysts and processes for their manufacture. More
particularly, it relatas to processes and catalysts which have catalytically active metals deposited upon
a support substrate, namely alumlsium oxide, useful for prometing chemical reactions in the gas phase.

A largs number of commerclat catalytic chemical processes, such as hydrogenation, cracking,
dehydregenation and Fischer-Tropsch, are carried autin the presence of solid compaositions comprising
small metal particles dispersed on support matarials which are commaonly oxides such as those of
silicon, aluminium, titanlum or zirconium. These compositions act as the catalyst which speeds up the
desired chemical reaction to a rate sufficient to make it commercially feasible.

Currently these catalysts are made by various processes, S0ms of which are propristary, which in
broad terms involve the impregnation of the support material with a soluble compound of the desired
metal, heating in vacuo and reduging the compound to the zerovalent matal in hydrogen, carbon
monoxide or ancthsr suitable reducing agent.

Although catalysts of good quality have been made in this manner over the past fifty years or 50,
there is still activa interest in industry In new techniques for making both established and new
catalysts. This interest stems from several needs. One is the desirability of catalysts which are specific
to one ar a specific set of reactions, so that in a mixture of reagents (for example, in crude oil) one or
several are caused to undergn a given process while others are untouched, This has lately been
aceomplishad by making mixed metal catalysts. Another is the requirement to minimise the energy
used to make catalysts: clearly the reduction of the cempound to metal is an anergy-consuming
process. Another is the nead to make a catalyst raproducibly so that its efficacy compares well from
batch to batch.

The present invantion provides a novel technique for fabricating supported metal catalysts which
is capable of a continuous manufacturing process, allows reproducibility, and enables one to support
simultaneously a mixture of metais In a variety of proportions.

In the present invention, catalysts useful in promoting heterogeneous catalytic chemical
reactions, and comprising an aluminium or giuminium metal containing substrate having depasited
thereon at least one catalytically active metal, ara prepared by a process comprising cleaning the
aluminium or aluminium metal containing substrate;

anodising the cleaned metal substrate, to produce a suitably pitted or porous oxide substrate
surface

tinsing the anodised substrata, substantially to remove therefrom acid restdues remaining from
the anodlsing step;

sublecting the substrate in contact with a liquld solution of a salt of said at least one metal to
electrolysis with alternating current, to deposit the metal onto the substrate in small particle,
catalytically active farm;

and removing excess liquid solution fram the so-treated substrate.

A coatalyst according to the invention for promoting heterogeneous catalytic chemical reactions
comprises a substrate of aluminium or aluminium alley containing 2 high proportion of aluminium and
at least ohe catalytically active metal thatis present on the surface of the substrate In discrete, micro-
particulate form in pits and pores created in tha substrate surface by anodising theraof and thatisin
direct contact with atmosphere surrounding the substrate.

The present invention also includas a method of conducting a heterogeneous catalyst-promoted
reaction which comprises contacting at feast one reagent with a catalyst as previously described, and
recovering tha reaction products therefrom.

The catalytically active metal is one that is active in such processes and is genaraily selected from
nickel, copper, cobalt, iron, manganase, titanium, vanadium, silver, gold. platinum, scandium, hafniurm,
niobium, chromium, molybdenum, zirconium, tungsten and patladiom.

The substrata of the catalyst of the present invention is aluminium metal or an alloy or
compositicn theraof, e.g. aluminium-magnesium alloy, containing at least 2 major propariion of
ajuminum maetal. It is suitable and convenient to use aluminum in the form of thin metal foil, for
example tha type af foil commonly used in domestic cooking appilcations. Such a form of substrate
[ends itsalf well to gontinuous handling and treatment, being available in long rolled lengths capabia of
bainy rolled and unrolled continuousty. However, the Invention is not limitad to any specific form of
aluminurm substrate, and is applicable to use with aluminum strips. rods, sheets, plates, films and the
like.

One particularly advantageous feature of the present invention pertalns 1o the use of the catalyst
of the invention in promaoting exothermic reactions. Since the catalysts are based upon an aluminum
metal or aluminum metal alloy substrate, thay have very geod heat conducting properties, Advantage
may be taken of this feature, in ¢aslgning structures of catalysts according 1o the present invention
which will conduct heat of reaction away from the reacilon zone, e.g. to apprapriata heat exchangers.
Specific examples of highly excthermic reactions which can be catalysed by a solid phase catalyst
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according to the present invention are catalytic oxidations such as the formation of ethylene oxide from
ethylene and oxygen.

Thus, the catalyst of the present invention may be made from an aluminum sheet substrate,
which 1= cleaned, enodized and onto which the chosen metal is electrolytically deposited as dascribed
harein, fellowing which the shest is cut into cupans, or alternatively rolted or formed into a reactor
vessel of into heat exchange tubing. Alternatively, the catalytic metal may be depasited, by the
technigues describad herein, onto aluminum particles. spheres, gauze, wire, chips, flakes or wool. In a
further alternative, using the process of the present invention, one can deposit catalytic metal directly
onto a surface of an aluminurm or an aluminized reactor vessal or tubing through or in which the
feedstocks will pass and hence contact the catalytic surface. The heat can be conducted away by
means of appropriate heat exchangers.

As an early step in the process of the presant invention, the substrate is cleaned for the purposa
of removing graase fram the surface thereof. This is best accomplished with a suitabzle organic solvent
and then with an alkaline chemical liquid, s0 as to achieve a degree of surface etching, foliowed by
neutralization of any residual alkali excess with acid. Sedium carbonate solution is 2 suitable base,
followed by nitric acid, but many other chermicals can be chosen and used for this purpose. The
preferred cleaning process Is ultrasonic cleaning in dichleromethane, followed by traatment with dilute
sodium carbonate and than with diluts nitric acid. [t may also be desirable to ramove oxide formed
during the etching process.

Then the treatad substrate is electrolytically anodlzed, for the purpose of depositing on the metal
a surface parous layer af oxide. This anodizing is best accomptishad by making the metal the anode of
an electrolytic cell, using inert (e.g. lead) countar-electrodes, in an acidic bath. Sultably, the bath is a
retatively dilute salution of 8 streng inorganic acid, such as sulphuric acid or phosphorlc acld. In
practice, a 10% phosphoric acid solution has baan found to be mest satisfactory, in providing peres af
suitabie diameter. Direct current Is passed through the cell between the electrodes, at a current and
vottage suitably adjusted to provide the correct film deposition. This operation is suitably conducted at
room temperatures, In practice, a currant of the order of fourteen milli-amps per square centimeter, at a
voltage of fourteen valts, In 10% phosphoric acid has been found to pravide suitable surface oxide
characteristics.

After suitable anodizing as described, the substrate is removed from the anodizing bath and
rinsed, 1t is Important to rid the surface of the treated substrate of residual acid, and neutralize it at this
paint. Itis, however, undesirable to neutralize tha acid chamically, since this might have the effect of
damaging the deposited film. However, if rasidual acid is laft at the subsequent clectrolysis step,
hydrogen will be generated, which Is undesirable. It is preferred to rinse the anodized film with suitable
quantities of water, to remove acid and effact sufficient neutralization.

Next, the catalytic metal or metals are daposited electrolytically onta the so-prepared substrate.
In this process, the substrate Is placed in an electrolyte having dissolved therein ions of the metai or
metals 1o be deposited, along with an inert counterelectrode, ¢.g. graphits, and giternating current is
passed between the two electrodes in the electrolyte. Normally the elactrolyte will be an agquecus
solution of suitable salts of the metals to be deposited, but it can under certain circumnstances if desired
be a non-aqueous solution. When nickel is to be deposited, nickel sulphate is suitably dissolved in the
electrolyte medlum. It Is preferred to maintain the electrolyte at a substantially constant, slightly acidic
pH, e.g. ahout 5. This is suitably done by addition to the bath of appropriate quantitios of a weak acid
such as boric acid, to avaid substantial evolution of gasaous hydrogen during the process. Ons should
avoid use in the electrolyte bath of salts of metals which contribute to the solution anions which would
themselves harm the coating on the aluminum substrate during the process, e.g. by oxidation.

The use of alternating current in this electralysis step is essential in the pracass of the invention.
Alternating current causes the metal ions to become reduced {or in some casas axidized) and deposited
as metals in the porous oxide coating, in the desired small particla form for enhanced catalytic activity,
The time for which the current is passed does not appear to be particuiarly critical, provided that itis
tonger than about 2—3 minutes. Results indicate that there Is an injtial surge of metal deposition, the
rate of which rapldiy daclines after the first few minutes. Times of about 15 minutes, at RMS 9 volts
alternating current have been found suitable, when depostting nickel from nickel sulphates in a baric
acid sontalning bath. increased voltages, at least with nickel sulphate, appear to give inferior results.
The optimum voltage needs to be determined with raspect to sach selected metal for deposition, and is
ralated to the electrochemical property of the chosen metal.

Following the electrolytic deposition of the metal, the treated matal substrate is suitably rinsed
and cleaned, to rid the metal of residual boric acid. it may further be cleaned, e.g. by ulteasonic cleaning
in athanol. In practice, these final cleaning steps to remove the residual borie acid are best conducted
immediately prior to use of tha material in & cataiytic reaction, since it appears that the residual boric
acid may afford some protaction against deterioration of the surface guality of the material on storage.

Whiiat It is not intended to be bound or limitad by any particular theory of aperation of the
present invention, it is believed that the process has the effect of creating on the oxide surface of the
aluminum subgtrate pores or pits of the optimum size for deposition therein of the catalytically active
metal, such as nickal, In a highly catalytically active form. The pores or pits arc smali encugh to prevent
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the farmation therein of macro-metal daposits, which are catalytically lass active, but are large enough
ta permit the entry of reactant gases, in the heterogenecus catalytlc process, to contact these gases
with the active metals. [n any avant, the process of the present invention produces highly active
catalysts, and is relatively simpie, inexpensive and rapid to conduct. The results obtalned thereby ara
reproduceable.

In order ta use these materials as heterogeneous catalysts, it is preferred initially to vacuum treat
them, which results in evelution of gasas which have been absorbed in the pore structures of the
surfaca layers from the air during storage. In fact, the evolution of such gases on vacuum treatment is
an indication of surface activity of the catalysts. This removal of absorbed gases takes place by heating
under vacuum, suitably at temperatures not exceeding about 350°C, to avoid destruction of the
surface activity of the catalysts. This “activation” pracess Is marely & heating under vacuum, e.g. for
about one hour, as opposed to an energy intensive reduction process normatly conductad on the
preparation of heterogeneous catalysts, The haating under vacuum process appears to enlarge the
surface area of the catalytic material.

Now the catalyst is ready for use in promoting heterogeneous catalytic reactions. Its manner of
use is substantially the same as known for other forms of heterogeneous catalyst. Reagents are
contacted with the catalyst under appropriately chosen reaction conditions of temperature and
pressura. The processes may be sanducted batchwise, o continuausly, with the reagents flowing over
a stationary ar maving batch of catalysts. Details of suitabte operating conditions and procedures will
ba well known to those skilled in the art.

In the preferred catalyst preparation process according to the present invention, on a large scals,
the catalyst is made by continuously unrofling commercial aluminum foil off a roll, and passing it
continuously through the required cleaning, anedizing, rinsing, AC-electrolysis and final claaning baths,
getting the times required in each station by a combination of the overall feed rate and the length of
path in each tank. The final product may be re-rolled for compact starage.

The process and materials according to the pregent invention have several advantages over
sxisting catalyst fabtication techniques. For given conhcentrations of alectrolytes, temperature and
voltage-current settings, one can obtaln catalysts of highly reproducaable guality. Multimetal catalysts
can be mede with ease, by choice of suitable mixtures of metal salts in the AC-electrotysis bath. The
highly energy-intensive raduction step used in most catalyst preparations is greatly curtailed, since, In
the process according ta the present invention, the matal Is reduced electrochemically while undsr
ordinary circumstances the metal salt and its support materlal must be heated to a high temperature in
order to effect reduction.

The catalysts made according to the present Invantion have been found ta be highly catalytically
reactiva in tha same range of gas phase catalytlc reactions for which they are previousty known, in
raspact of particular metal or metals deposited on the substrate. Thus, nickal has been found actively 10
catatyse the reaction between carbon monexide and hydrogen, to produce methane and carbon
dioxide. Similarly, it catalyses the dehydrogenation of cyclohaxane to benzene and the hydrogsnation
of prepylene with gasacus hydrogen to propane.

In ¢atalytic reactions which are highly exathermic, such as ethylene oxidation on silver and
Fischer-Tropsch synthesis on iron, the particular physicaf form of the catalysts of tha pressnt invention,
ramely a metal particle [oaded oxide in intimate contact with an aluminum backing is of great benefit
in dissipating the heat of reaction. The Intimate contact is ensured by the slactrochamical process used
ta manufacture the catalyst. The enhanced heat dissipation is advantageous in prolonging the catalyst
life and altering the progress of the reaction in other ways.

Indeed, the catalysts of the present invention behave differently from known commercial
catalysts, of superfisially similar compositions, in several respects, [argely on account of their novel
structure. For axampla, a niskel-on-aluminum catalyst according to the present invention, as compared
with a commaerciaily aveilable Alpha-Ventron catalyst (cataloguas N11847) consisting essentially of
nickal-atuminum-silica, gives turnover humbars for room temperature hydrogenation of propyiene
larger by factors between two and four. As set out in tha specific exaimples given below, a palladium-
on-aluminum catalyst behaves substantially differantly from a commercially avaifable Unien Carbids
palladium-on-aluminum catalyst of similar composition, in respect of diene and acetylena
hydrogenation. Nitric oxide (NO) reducilon with a nickel-cn-aluminum catalyst of the present invention
preceeds just as rapidly as, and uses lass hydrogen than, a similar process using a commercially
available nobel metal catalyst (platinum-nickel catalyst from United Catalysts).

The invention is further illustrated in the following specific examplas.

Example |

A sample of commercial househotd aluminum foil of slze about 10 cm by & cm., was
ultrasanically cleaned in dichloromathane, dipped for one minute in 2.5% aqueous sodium carbonate
solution at 70°—90°C, then dipped in 50% aqueous nitric acid for 20 seconds. The sample was then
ancdized in 10% phosphoric acid for ana hour using lead counterelectrades. Approximately 14 volts
DC. were applied to the sample. The current changes during ancdization pracess from an initial surge
1o a very low value as anadization proceeds.
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Aftar rinsing In distilled water, the sample was placed in an aqueous nickel sulphate solution
made in the proportions 120 grams nickal sulphate per liter and 45 grams boric acid per liter.
Approximately 9 volts (RMS8) AC was appliad between the anodizad aluminum sample and graphite
counterelectrodes for 15 minutes.

After rinsing in distfllad water, the sample was given a tinal ultrasonic ¢leaning in athanol. The
sample so generated was velvet-black in colour.

The sample was then used to catalyse a gas phase hydregenation of propylene with hydrogen, to
procuca prapane.

The sample was cut into several thin strips, packed into g glass tube and mounted onto the inlet
of 8 vacuum system equipped with a |.eybold-Heraeus 1 200 quadrupole mass spectrometer. The
glass tube was surrounded by an electric furnace for heating purposes, with a thermocouple connected
to the aluminum foil, sccurately to determine its temperature. On evacuation at room temperaturs, and
at higher temneratutes, the catalyst evolved oxygen, carbon monoxide, carbon dioxide, water vapaour,
hydrogen and several other spacies, indicating its surface activity. The sample was then heated for gne
hour at approximately 300°C as gauged by the thermocouple. After cooling to room temperature, a
Stoichiometric propylene/hydrogen mixture was admitted to the tube to contact the catalyst, at a total
pressura of approximately 30 torr. Close to 50% conversion to propane was reallzed after 40 minutes
of such contact, and as much as about 25% conversion after 15 minutes.

This experiment was repeated several times, using different pressures, in the range 30—70 torr,
In the glass reaction tubs containing the reactant gases and the catalyst, and substantially similar
results in terms of conversion were obtained in each af the experiments.

Surface area determinations were conducted on a sample of the catalyst, by admitting a
nitragen/helium mixture inta a known volume containing the catalyst. The Initlal nitrogen/helium ratio
and the total pressura were measured with a mass spectrometer and diaphragm gauge respectively.
The sample was cooled to the temperature of liquid nitrogen and the measurements repeated. By
repeating the entire procedure with varlous values of total pressure, a BET isotherm is generated, and a
surface area of approximately 2.5 squara meters is obtained for a catalyst sample of approximately 78
squars centimeters (counting both sides of the foil).

Example 1l

A nickel catalyst was prapared using tha procedure described previously, activated as described,
in the same apparatus, and used to catalyse the gas phase reaction between carbon monoxide and
hydroget, to produce methane and carbon dioxide.

The reactant gases were admitted to the glass tube contalning the catalyst, and the reaction
conducted inltially at a pressure of 47 torr, at 350°C. The progress of the reaction was followed by
mass spectrometer measurements, with the following results:

Time (Minutes! Par cent reaction

2 3.8
20 ¥
40 8.2
60 10.7
75 18.0

136 18.0

it will be appreciated that these conversion figures are remarkably high for & reaction conducted
at this pressure level. Normally, such a process is conductad &t superatmospheric prassures, up to
about 400 atmospheres, The catalysts of the present invention, however, produce aceeptable reaction
figures even at pressures as low as 47 torr, so that their parformance at higher pressures is likely to be
extremely impressive. .

Example I}

A nickel catalyst on an aluminum substrate was prapared as describad in connection with
Example 1, similarly activated, and then used in the same apparatus to catalyse the dehydroganation of
cyclohexans to benzene. The gas phase catalytic reaction was conducted, in the same apparatus, at a
temparature of 306°C, and a pressure of 60 torr, the gases remalning in contact with the catalyst for a
length of time of approximately 12 hours. Twenty-two per cent conversion to bahzene was achieved
over this period of time.

Exampla IV

In a similar manner to that described above, a catalyst was prepared having iron deposited on
aluminum foil substrate, using in the electralysis bath a solution of farrous sulphate, along with boric
acid, instead of the nickel sulphate described in Example |. Otherwise, the catalyst was prepared as
described. A catalyst was activated by heating with hydrogen using microwave heating techniques, to
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temperatures about 600°C. Then it was used In the praviously described

apparatus to catalyse the

gaseous decomposition of ammonia into nitrogan and hydrogen. In the first such experiment, the
reaction was conductad at 500°C, and a pressure of about 50 torr, and 45% canversion was

accomplished, aftar a reaction time of about 220 minutes.

In a second experiment, the raaction was conducted at 300°C at a pressure of about 25 torr, and

829% conversion was achieved in a ime of about 30 minutes.

In the third experimant, the reaction temperature of 265 and the reaction pressure of 25 torr
were chosen, and 60% conversion in about 15 minutes was achieved. All of these experiments appear

ta be independent of the pressure in the reactor.

Example V

A catalyst was prapared as described above, except that copper was deposited onto the
aluminum substrata, as the catalytic metal, using an electrolyte of copper sulphate in the presence of

sulphuric acid. The suitable deposition of copper for catalytic purposes is
colour of the catalytic material used.

Example VI
Using the techniques described ahova, but elsectrodepositing palladi

chioropalladinic acid solution using AC and Bn gluminum foll electrode, a 0.5% patladium on aluminum

catalyst was prepared, comparabis in composition to a 0.5% paliadium-o

clearly indicated, by the

um metal from

n-aluminum from Union

Carbide Corporation, which is undarstood to be prepared by a process involving solution impregnation

of the substrate with a solutlon of a pailadium compound, followed by he

ating In vacuo and reduction

in hydrogen. The catalysts were used in diene and acetylana hydrogenation reactions, out of the same

reaction conditions. for comparison purposes.
When each catalyst was contacted with a mixture of hydrogen and

butadiene at room

temperature, the catalyst of the invention showad a slower rate of hydrogenation reaction than that of
the Union Carblda catalyst. When mixiures of vinyl acetylene and hydrogen were used, however, the

situation was reversed, thus indicating that the catalyst of the present invention have a high-selectivity

towards hydrogenation of acetylenes as compared to dienes.
Furthar experiments were conducted with each catalyst, contacting

them each with a 1:1:2

mixture of 1, 3 butadiene, vinyl acetylene and hydrogen, at room temperature. After 1 or 5 minutes of

cantact, tha product distribution was analysed. The results ara given in the following tabls A
Catalyst of the Commercial union
Product invention carbide catalyst

n-hutane 33.1% 46%
1-biutens 29.9% 49,
-2 butene 18.3% 7.3%
e-2 butene 7.1% 2.8%
1,3-butadiene 18.3% 22.4%
1-buten-3-yne 10.4% 18.1%

Example Vil

A catalyst was prepared according to the procedure described in Exampie |, except that silver was

electrodeposited onto the cleaned ancdized aluminum substrata from a silver nitrate salution, to form a

5% {by weight)} silver-on-aluminum substrate catalyst. A gas mixture consisting of 90% ethylene and

10% oxygen was contacted with the catalyst at 180°C. A selectivity towards the formation of ethylene

oxida of about 80% was obtained, an extremely high figure for an unpromaoted catalyst.

Example VIt
An iron-on-aluminum catalyst (about §% iron by weight) was prepa

procedure described In example IV, and activated by dipping in approximataly 1M potassium hydroxide

red by the electrolysis

solution before claaning in vacuo, and oxldizing in oxygen gas. The catalyst so prepared was used in

Eischer Tropsch reaction, reacting carbon monoxide with hydrogen in the

gas phase, at a variaty of

starting pressures, temperatures and reactant ratios. The results ware compared with thoss obtained
with commercial iron/alumina catalysts supplied by Alpha Ventron corporation, using equivalent .
massas of catalysts, In each case, tha catalysts were promoted with potassium hydroxide and oxidized

in oxygen before the reactions were begun.

The results given in Table B are typlcal. These derive from experimanis using 3:1 hydrogan 1o

carbon manoxide (v/v) mixtures, and show the preduct distribution after t

wenty-four haurs of contact.
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Catalyst FelAl, Catalyst
Example 7 Alpha Ventran
Initial temperature
{=C) 470 415
5 initial pressure 5
{Torr) 420 330
H, 112.6 66.8
Finat co 3.9 240
CH, 13.0 11.8
10 Gas C,H; 1.6 0 10
C.H, 2.64 0.39
Composition | CO, 12.8 10.2
H,0 3.5 6.9
Efficlency H% 13 103
15 % 156.1 15.3 15
These rasults illustrate that the catalysts of the invention, under similar conditions, produce
significant quantities of ethanse and propana, whilst the commercial catalyst produces almost
exclusively methane. This occurs at low reagent pressures, usually unfavorable circumstance for the
production of hydrocarbens higher than methane.

23 ExampleIX 20

The nickel containing catalyst prepared according to the invention as describad in example | was
used for the reduction of nitric oxlde by methane and by hydrogen to form nitrogen, ammonia and
water. The reaction was conducted at a temperature of 300°C, using a 2:1 molar mixture of hydrogen
to nitric oxide. The nitric oxide was reduced at approximately the same rate as in a similar experiment,

25 conducted under similar conditions, using a platinum-nickel catalyst (G43) supplied by United 25
Catalysts Inc. Thus, the base metal catalyst produced accotding to the pracess of the present Invention
performs as well on a program of ¢atalyst basis, as the noble metal commercial catalyst.

Claims

1. A process for preparing catalysts useful In promoting heterogeneaus catalytic chemtcal

30 reactions, and comprising an aluminium or aluminium metal contalning substrate having depositad 30
therecn at least one catalytically active metat the process comprising

cleaning the aluminivm or aluminium metal containing substrate;

anodising the cleaned metal substrate, to praduce a suitably pitted or porous substrats surface;

rinsing the anodised substrate, substantially to remove thersfrom acid residues remaining from

35 the anodising step; 35

subjacting the substrate in contact with a liquid solutlon of a salt of sald at least one metal to

stectrolysis with altarnating current, to deposit the metal onto the substrate in small-particle,
catalytically active form;

and removing excass liquid solution from the so-treaied substrate.

40 2. A process according to claim 1 whereln the substrate is aluminium foil. 40

3. A process according te claim 2 wherain the process is conducted continucusly by passing a
continuous long length of aluminium foll through successive cleaning, anodising, rinsing, AC-
etectrolysing and final cleaning stations, with appropriate residence time in each station.

4. A process according to any preceding claim whereln the catalytically actlve matal is selected

45 from nickal, copper, cobalt, iron, manganese, titanium, vanadium, silver, gold, platinum, scandium, 45
hafnium, niobium, chromium, molybdenum, zirconium, tungstan and palladium.

5. A process according to any preceding claim wherein the metal is nickel, deposited by AC-
slactralysis from an aqueous nickel sulphate solution.

6. A catalyst for promoting heterogensous catalytic chemical reactions and that comprises a

50 subsirate of aluminium or aluminium ailoy containing a high proportion of aluminium and at least oha 50
catalytically active metal that is present on the surface of the substrate in discrete, micro-particulate
form in pits and pores ¢reated in the substrate surface by anodising thereof and that is in direct contact
with atmosphere surrounding the substrate.

7. A catalyst according to claim B whersin the at least one metal is deposited in pits and pores of

55 an aluminium oxide surface layer that has been deposited on the surface of the substrate by anodising 56

thersof.

8. A catalyst accarding 1o claim 7 wherein the metal has baen deposited by AC-electrolysis of a
solution of a salt of the metal in contact with the anodised substrate.
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9. A catalyst according to any of claims & to 8 in which the catalytically active metal is selected
from nickel, copper, cobalt, Iron, manganess, titanium, vanadlum, sitver, gold, platinum, scandium,
hafnium, niokium, chromium, melybdenum, zirconium, tungsten and paltadium.
10. A catalyst according to claims & to g wherein the catalytically active metal is nickal.
11. A catalyst made by a process according to any of claims 1 to 5. 5
12. A method of conducting a heterageneous catalyst-promoted chemical raaction which
comprises contacting at Jeast one reagent with a catalyst according to any of claims 8 to 11 and
recovering reaction products from the reaction.
13. A method according to claim 12 including a step of preparing the catalyst, prior to the
contact with reagent, by subjecting it to haating under reduced pressure to expel absorbed gases from 10
the surface thercof.
14. A methed according to ciaim 12 or claim 13 wherein the chemical reaction |s a
hydrogenation reaction, & hydracarbon cracking reaction, a dehydrogenation reaction, 8 carbon-
monoxide-hydrogen reaction, an ammonia decampaosition reaction or an ammania synthesis reactian.
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