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Platinum-cored Thermionic Valves
in the Transatlantic Telephone Cable
By G. H. Metson,

M.c., Ph.D., M.SC.,A.M.I.E.E.

Post Office Engineering Research Station, Dollis Hill, London

the shorter Newfoundland-Nova Scotia section.
The use of two different valve types on the
route reflects the present formative state of
the submarine telephone art. When the
cable was jointly planned it was decided to
use the American repeater with the 175 HQ
valve on the main deep-water crossing as the
system had some fifteen years of solid development experience behind it compared with
about five years in the case of the British system.
British repeaters have, of course, been in
extensive use since the war on the shallow
water continental shelf around the United
Kingdom but the first prototype deep-water
system was only laid in 1954 between Scotland
and Norway. Against this relative lack of
experience the British system has certain
inherent advantages over the American in
that it gives a lower channel-cost-per-mile
due to its higher performance valve, and uses
parallel amplifiers in its repeaters; that is,
failure of a valve or other component leaves a
repeater operating normally. As matters
have turned out, the British repeater has
proved a success and is likely to set the general
pattern for future systems.

After a year of heavy and growing traffic
the submarine telephone cable linking
London, Montreal and New York has become
a commonplace and is unlikely to attract
further public interest until it fails. What
would be involved in a failure and what
might be its most likely causes?
A breakdown would require one of the
larger cable-ships-probably
Monarch-to
locate, lift, and replace the faulty section, and
in the event of bad weather this operation
might cost EIOO,OOO
in direct charges and
loss of traffic revenue. The causes of failure
are probably limited to direct damage to the
cable by trawling operations (the excursions
of the Portuguese fishing fleet off Newfoundland in the summer of 1957 caused severe
damage to telegraph cables and must have
come close to the transatlantic cable) and
to electrical breakdown of components in
the thermionic valve amplifiers or repeaters.

Success of
the British Repeater
These repeaters spaced at regular intervals
along the cable are a complex of thermionic
valves, transformers, resistors, capacitors
and so on, and each component has its individual probability of failure. Due to its inherent
complexity the thermionic valve is probably
the weakest link in the component chain, and
for this reason it has been designed, tested
and selected with the greatest care. Two
distinctive types of valve are used in the
system; an American type 175 HQ used on
the main crossing from Scotland to Newfoundland and a British type 6P12, employed in
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Development of
the British 6P12 Valve
Compared with the American system the
British repeater is remarkable for two reasons;
it employs parallel amplifiers and introduces high-slope valves which greatly increase its frequency coverage or traffic
handling capacity. The relative ratings of
the two valves are shown in the table.

2

Thermionic valves suitable f o r
use in submarine telephone cable
repeaters must be capable of
operating f o r m a n y years. I n the
new transatlantic telephone cable
system the section between Nova
Scotia and Newfoundlurad iracorporates repeaters dweloped by the
British Post Ofice Resrarch
Station and built around the
platinum-cored valve developed
there. T h e illustration shows a
submarine repeater valve as now
manufactured by Standard Telephones and Cables Ltd., together
with a n X - r a y view to indicate its
StTUct UTe.

The economic advantages of the British
valve have not, of course, been bought
without cost. The gain has been purchased
at the price of smaller diameter grid wires
and much closer electrode spacings within
the valve structure. Both of these moves
lead to a higher probability of failure by
internal short-circuit, and this probability
is countered by the use of parallel amplifiers.

On balance the gain seems to be a very real
one, and operating experience so far has been
encouraging. Up to the present time the
6P12 type valve has given five million valvehours of service in working submarine
repeaters with only one recorded case of
mechanical fault. This single case incidentally was unconnected with the close-spaced
structure and was due to the fracture of a

Comparison of Valve Types in the Transatlantic Cable

r

I

Type

I

I
I

Mutual
Conductance

I

Cathode Heater
Power

Performance
Factor*

1.0 mA/volt

4.0 watts

0.25

6.0 mA/volt

I .5 watts

4.00

American

175

HQ

British 6PI2

*The performance factor is a measure of mutual conductance per watt of cathode heater power
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A n Atlantic telephone cable repeater about to be laid from the Post
O#ce cable-laying ship H M T S " Monarch "

to this end a Thermionics Group was set up
at Dollis Hill to study the basic electrical life
processes of high-slope oxide cathode valves.
The efforts of this group have led to the
conviction that all changes of electrical
performance in valves have their origin in
chemical or electro-chemical actions occurring
in the valve on a micro- or milli-micro scale
of magnitude. The form of change of most
importance to the repeater engineer is decay
of mutual conductance, and this will be
considered in brief detail as typical of the
development effort put into the 6P12 valve.
Mutual conductance decay in common
receiving valves results from two separate
and distinct chemical actions olscurring in the
oxide cathode itself. Both actions are side
issues in no way essential to the basic

hot platinum connecting tape under tension.
The tension in the tape has since been removed
and trouble due to this cause is unlikely to
recur.
Generally speaking, it seems then that the
early British decision to use a high-slope
valve with an economical heater power has
proved a wise one.

Life Aspect of the 6P12 Valve
To decide on the right basic valve type is a
relatively simple proposition; to induce into
it an indefinitely long electrical life is another
order of problem altogether.
It was recognised by the Post Office in
1946 that the successful development of its
submarine telephone ambitions were wholly
dependent on a reliable long-life valve and
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considered is the appearance of high resistive
products of a possible interaction between
platinum and the alkaline earth oxides. Batch
tests over a period of 30,000 hours have failed
to show any sign whatever of such an action
occurring and workers at Dollis Hill now
regard the pure platinum-cored valve as free
from the interface resistance phenomenon.
The problem of avoiding gas deactivation
of the cathode is a more difficult one and so
far has been reduced in magnitude rather
than eliminated. It is now appreciated that
the dangerous condition arises from “gas
generators” left in the valve and not from a
true form of residual gas pressure left after
seal-off from the pump. These gas generators
are solid components of the valve which give
off a continual stream of gas over a prolonged
period of time. The gas evolution rates are
usually so small that they cannot be detected
by reverse grid current measurement but
they tend to integrate gas by absorption on the
cathode and to destroy its activity. The gas
generators are usually of finite magnitude
and, depending mainly on diffusion phenomena, evolve gas at a rate which falls in
roughly exponential fashion with time. The
probability of mutual conductance failure is
therefore highest in early life and tends to
lessen with time as the generators move to
exhaustion.

functioning of the cathode and it seems probable that both can be eliminated if sufficient
understanding of their nature is available.
The first action is the growth of a resistive
interface layer between the oxide matrix and
its supporting nickel core. This effect is
assumed to be due to silicon contamination
of the nickel core metal:
4 BaO+Si-BaBSiO,-.

2

Ba

The resistance of the layer of barium orthosilicate rises as it loses its barium activator
and approaches the intrinsic state. The
effect of the interface resistance is to bring
negative feedback to bear on the valve with
resulting loss of transconductance. The
second deleterious action is loss of electron
emission from the oxide cathode by direct
destruction of its essential excess barium metal
by oxidising action of residual gases. Such
gases result from an imperfect processing
technology.

The Platinum Cored Cathode
These two problems have been approached
in the 6Prz valve in a somewhat novel
manner. The conventional nickel core is
replaced by platinum of such high purity
(99.999 per cent) that the possibility of
appreciable interface growth from impurities
can be disregarded. The only factor to be

Behaviour of a group of platinum-cored valves left with a
‘‘gas’’ generator irz the valve
envelop
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Typical life characteristics of a group of 6P12 valves

One particularly useful feature of the
platinum-cored cathode is its freedom from
core oxidation during gas attack and this
leaves the valve free to recover from transconductance failure when the gas attack has
passed. The graph on page 5 shows the behaviour of a group of 50 valves which have been
deliberately left in possession of a component
capable of generating carbon-monoxide over
a prolonged period and the Characteristic
recovery of a platinum-cored oxide-cathode
with the gradual passing of a typical gas attack.
One problem that has attracted much
attention at Dollis Hill is the actual manner
in which a platinum-cored cathode recovers
from a gas attack. The mechanism must
involve the dissociation of a small fraction of
the oxide cathode itself with the retention of
barium metal in the oxide lattice and the
evolution of oxygen. That such an essential
mechanism does in fact exist has been proved
by the slow accumulation of barium metal
in the platinum core. This accumulation
takes the form of a distinctive alloy of
barium and platinum and only occurs when
the cathode is passing current. The barium
regenerative process seems therefore to be
electrolytic in nature and, depending only
on current flow and a stock of oxide, would
appear to be virtually inexhaustible.
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Typical life test data for the platinumcored 61% valve are shown in the graph
above. The characteristic is drawn as the
mean of a group of 100 samples and shows
that the mutual conductance has changed
by around 2$ per cent in a period of four
years.

The Platinum Core
as a Cathode Research Tool
In basic research on the nature of the
oxide cathode the use of platinum as a core
metal has proved remarkably helpful in a
number of ways of which one may be mentioned as illustrative. Platinum forms no
stable oxide at red heat and this property
has assisted the study of an oxygen gas
attack on the barium strontium oxide cathode.
It has been found that the cathode, in the
absence of a confusing core chemistry, behaves in relatively simple fashion, losing its
electron emission in the presence of the gas
but showing a natural inclination to resume its
useful active state on restitution of the vacuum
condition. The permanent and irreversible
loss of emission suffered by nickel-cored
cathodes under oxygen attack is therefore
due to core metal oxidation, rather than to
any damage to the barium strontium oxide
matrix itself.
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The Manufacture of Hydrocyanic
Acid by the Andrussow Process
By J. M. Pirie,

Ph.D., A.M.1.Chem.E.

The manufacture of hydrocyanic acid by the catalytic combination of
methane, ammonia and air has increased remarkably in recent years.
Some of the features of this process, particularly the variety of platinum
metal catalysts employed in it, are surveyed i n this article.

Cyanogen compounds have in the past been
employed chiefly in the extractive metallurgy
of silver and gold, in electroplating and for
the surface hardening of metals. Manufacture
was chiefly through the Landis and Castner
processes, neither of which however yielded
hydrocyanic acid directly.
The development since the thirties of
extremely useful polymeric acrylic compounds
has created a demand for very considerable
quantities of hydrocyanic acid, and several
methods of direct synthesis have been intensively studied. A synthesis from carbon
monoxide, methane and ammonia through
an intermediate formate-formamide stage has
been employed by the Koppers Company.
A large plant for the production of hydrocyanic acid direct from carbon monoxide and
ammonia was built in Germany during the
war, but was never put into operation.
The method which has, in a variety of
modifications, proved generally successful, is
based on that first described by Andrussow
in 1930 (I) which employs methane, ammonia
and air.

to form special-purpose synthetic rubbers
(G.R.“’). These nitrile rubbers are used for
mechanical rubber pads, textile and paper
sizings, and for petrol and oil resistant goods.
They are marketed in the United States under
brand names Hycar, Paracril, Butaprene and
Chemigum. Hycar will shortly be manufactured in this country by British Geon Ltd.
Acrylonitrile polymers are also capable of
being spun into textile fibres, and its employment in such materials as Vinyon, Dynel,
Acrilan, Orlon and Creslan is now the
largest single use.
Smaller proportions of hydrocyanic acid
are required for the manufacture of acrylates
and methacrylates, which can be polymerised
to form plastics, such as Perspex, with very
high optical transmission, and in the greparation of adiponitrile, a necessary intermediate
in the manufacture of Nylon. Small quantitities are also used in the production of
acrylic acid, which forms polymers exhibiting
strong hydrophilic properties.

The Principles of the Process
The endothermic conversion of methane
and ammonia into hydrocyanic acid and
hydrogen according to the reaction
CH, j NH, >HCN 1 3H8-60K Cal.
is theoretically possible, but the practical
difficulties of supplying heat to maintain
the required reaction temperature of 1000to
1200°C make it unattractive. The strongly
exothermic reaction obtained by the catalytic

The Uses of Hydrocyanic Acid
The greater part of the hydrocyanic acid
manufactured in this way is consumed in
the manufacture of acrylonitrile, either by
condensation with ethylene oxide to form
ethylene cyanhydrin, or directly by liquidphase catalytic combination with acetylene.
Acrylonitrile is polymerised with butadiene
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arrangements, the operating characteristics of
the process are closely similar to those of the
old established ammonia oxidation process.
Low-cost anhydrous ammonia can easily
be obtained in any major centre of chemical
industry. At present natural gas forms the
principal source of cheap methane, and is
used by the Montecatini Company in
Lombardy and by manufacturers in the United
States. Where natural gas is not available,
town's gas or coke-oven gas must be methanised over a nickel catalyst. Petroleum refinery
gases may also be employed.

combination of methane, ammonia and air
CH,t-NH,+ 140,-tHCNi 3H20-I-115KCal.

is better suited to large-scale manufacture,
since after it is initiated, at a temperature of
about IOOO~C,
it becomes self-sustaining.
Although other hydrocarbons could be
substituted for methane, this does not appear
to have been done in any of the successful
processes.
To obtain an optimum yield a very short
contact time, of the order of 0.0003 second,
is desirable and consequently a high operating
temperature is necessary to reach equilibrium.
In practice, some carbon monoxide and
nitrogen are formed by direct combustion and
some ammonia is decomposed at the high
operating temperature, so that the product
gases contain hydrogen cyanide, nitrogen,
carbon monoxide, carbon dioxide, hydrogen
and water vapour, as well as unconverted
ammonia that must be recovered. Apart from
the greater complexity of the recovery

Platinum Gauze Catalysts
Although the use of base metal oxides, or
iron, bismuth and cobalt have been described
in patents, all the reported processes employ
platinum-group metal catalysts. A pad of
gauzes woven from platinum or platinum
alloy wire, similar to the catalyst pads used
for ammonia oxidation, enables a short
contact time to be obtained and offers little

A general view of the hydrogen cyanide unit in the Fortier Plant of the American
Cyanamid Company at A'ew Orleans
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Rhodium-platinum alloy wire
gauze before use (left) and
after about 1,000 hours exposure to catalytic reaction

a pilot unit operated by the Freeport Sulphur
Company.
Catalyst operating temperatures are higher
than in ammonia oxidation, ranging from
900 to 1200 'C, so thattheuseofrhodium alloys
which have much greater mechanical strength
and lower recrystallisation rates than pure
platinum at these temperatures is evidently
desirable. No differences in conversion
efficiency between pure platinum, rhodiumplatinum or iridium-platinum have been
reported. Although Andrussow (5) has
recommended the use of gauze with thicker
wire and larger meshes than normal, only
conventional ammonia-oxidation gauze has
generally been used.
Either 5 per cent and 10per cent rhodiumplatinum, 0.06 mm or 0.076 mm x 1024 mesh
are typical specifications. The growth of
dendritic crystals on the surface of the catalyst
wires, which is always observed during the
oxidation of ammonia, is evidently characteristic of this process also. Heavy metals, as
well as arsenic and sulphur compounds, are
acute poisons to the platinum and platinum
alloy catalysts.

resistance to the high velocity gas flow. It
can also be preheated with little difficulty to
initiate the reaction. Catalysts of this sort
were in fact proposed by Andrussow. Their
use has however been accompanied by some
difficulty.
Chretien and Thomas ( 2 ) and Maffezzoni
(3) found that after a short period of use,
embrittlement of the wires and deposition
of carbon occur. The trouble is particularly
pronounced at the periphery, and it was
proposed in United States Patent 1,957,749
(assigned to B. F. Goodrich & Co.) to clamp
the gauze pad between ceramic or refractory
rings and to flush the catalyst edges with
carbon-free gas.
It is probable that the difficulties are
mostly associated with impurities in the feed,
or with imperfect control of feed composition,
since in the Rohm and Haas plant at Darmstadt, described by Kautter and Leitenberger
(4, a gauze life of 4,000 hours was being
obtained, and a life of 8,009 hours-approximately a year-was
expected with more
experience. In this plant, 10per cent rhodium
platinum alloy gauzes are employed, several
being placed together in a pad and supported
so as to minimise mechanical stress. No
volatilisation of the platinum occurs, and
the operational conditions are controlled so
as to avoid deposition or over-heating.
A catalyst loss rate of 0.6 gm per ton of
hydrogen cyanide produced was reported in
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Supported Platinum Catalysts
The high operating temperatures and gas
velocities essential to this process impose
relatively severe stresses on gauze catalysts,
and a great deal of attention to supporting
the pads has been necessary. Ceramic rod

9

I%w diagram of the Montecatini process j o r the catalytic synthesis
of hydrogen cyanide from methane, ammonia and air

supports were used at Darmstadt. Metal
supports made of heat-resisting materials
which are not catalyst poisons are described
by B. I;. Goodrich in British Patent 739,277.
There has consequently been considerable
interest in the development of supported
catalysts capable of withstanding the high
operating temperatures, and a number of
proposals have been made, some of which
have been satisfactorily put into operation.
In this, the process is notably different from
that of ammonia oxidation.
Maffezzoni made experiments with
platinum dispersed on a considerable variety
of carriers, and the Montecatini plants now
employ supported catalysts of this sort in
their operations with natural gas. Supported
catalysts containing mixtures of platinum
metals-for example, rhodium and platinum
-have been employed.
In the United States Patent 2,726,931
assigned to du Pont, a supported catalyst
comprising 20 per cent rhodium and 80 per
cent platinum on an alumina-zirconia porcelain base is described. The platinum
metals are applied to the base by successive
depositions and firings. The catalyst is
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intended for use at 1000 to 12oo"C. In
British Patent 737,995, in the name of
Lonza Elektrizitatswerke, the use of tubular
reactors with the active material dispersed
on the tube walls is proposed. United
States Patent 2,666,689 assigned to Monsanto
Chemical Company claims the use of a novel
catalyst, a bed of electrodeposited rhodium
crystals B inch thick supported on nonreactive material. The reaction is to be
conducted at IZOO'Cwith a contact time of
only o.oo02 second.

Processes and Plants
Although they all adhere to the same
fundamental catalytic method, the various
modifications of the Andrussow process
differ in their sources of methane, in the
proportions of reacting gases, in the nature of
the platinum metal catalyst, and in the
means of collecting and purifying the product,
and recovering or recycling the excess
ammonia. The technical and commercial
developments of the various modifications
up to the beginning of 1954 have been
reviewed by Sherwood (6).
Although natural gas is the preferred

10

source of methane, there are of course few
areas where it is readily available and in the
German plant of Rohm and Haas, methane is
obtained from Ruhr grid gas (town's gas)
by reacting the carbon monoxide and carbon
dioxide with hydrogen over nickel catalysts.
Other synthetic sources of methane are also
employed.
B. F. Goodrich & Company, in various
patents, claim the advantages of a high
methane to ammonia ratio and are able to
employ unpurified natural gas in a gauze
catalyst process at an operating temperature
of 1100 to 1260rC. The advantages of employing a high air to gas ratio in the feed
are claimed in United States Patent 2,706,675,
assigned to Freeport Sulphur Company.
Rapid cooling of the reacted gases is
necessary to minimise decomposition, and
it is usual to have a waste heat boiler immediately following the converter. There are
numerous variations in the methods of
recovery, but most of them comprise the
two basic steps of ammonia recovery by
washing with acidified ammonia sulphate
solution, followed by absorption of the
hydrogen cyanide in water, sometimes under
pressure, from which it is subsequently
recovered by distillation and condensation.
The hydrogen cyanide can be recovered
from the still overhead at a concentration of
98.5 per cent or better, and it must be continuously stabilised since hydrogen cyanide
has a pronounced tendency to polymerise
and explode, particularly under alkaline
conditions. For this reason, it is essential in
all recovery processes that uncombined
ammonia is removed from the product stream

before the hydrocyanic acid is condensed.
It is usual to add small quantities of sulphuric
or phosphoric acids to act as polymerisation
inhibitors.
In the novel recovery process developed
by the Freeport Sulphur Company (United
States Patent 2,590,146) both hydrogen
cyanide and ammonia are simultaneously
absorbed. The absorption medium is based
on a polyhydroxy boric acid complex-an
aqueous solution of pentaerythritol and boric
acid-in which the hydrogen cyanide dissolves, but with which the ammonia combines.
The hydrogen cyanide can be recovered by
vacuum distillation at moderate temperature;
the cyanide-free solution is subsequently
stripped at a higher temperature at which
the ammonium salt is dissociated.
The manufacture of hydrogen cyanide
obviously involves great toxic and explosive
hazards and a significant part OF the cost of
all modern plants results from the elaborate
safety precautions necessary to protect
operating personnel. Great care must also be
devoted to the effcctive treatment of plant
effluents because of the toxicity of cyanide
to aquatic life.
Among European chemical manufacturers
interested in this process arc Imperial
Chemical Industries, Montecatini (3), Rohm
and Haas (4), Ugilot and Lonza. In the
United States similar processes have been
developed by B. F. Goodrich & Company,
Rohm and Haas (7), Freeport Sulphur Company (S), Monsanto Chemical Company, du
Pont, American Cyanamid Company, Carbide
and Carbon Chemical Company and The
Girdler Company.
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Electro-matic Road Traffic
Control Equipment
DEVELOPMENT OF THE PNEUMATIC CONTACTOR

By R. Wallace,

B.s~.

Automatic Telephone & Electric Co. Limited, Liverpool

The first vehicle-actuated road signal
system in Europe was installed at the junction
of Cornhill and Bishopsgate in the City of
London some twenty-five years ago. Outwardly it resembled other signal systems
already in use, in that indications were given
by the familiar red, green and amber light
signals. The significant dissimilarity was the
inclusion of a rubber mat set into the roadway
at each approach to the junction. In performance, however, it was vastly different
from previous signal systems. The long,
needless delays so commonly experienced at
signalled junctions working on the “fixed
time ” basis were noticeably absent, particularly during periods of light traffic.
The improved performance was soon appreciated, and further installations of vehicleactuated signals rapidly appeared. Today in
Britain at several thousand junctions and
dangerous “ bottlenecks ”, vehicle-actuated
signals demonstrate their ability to provide
positive, reliable and safe control of traffic
under an infinite variety of circumstances.
A vehicle-actuated system has three main

components : vehicle detectors, signal lanterns
and the controller mechanism. The vehicle
detector provides the controlling mechanism
with an accurate “picture” of all vehicles
entering the controlled area. Based on the
information received, the mechanism indicates, via the signal lantern, right-of-way
periods to each particular movement in
relation to the traffic density.
The fundamental arrangement of the
Electro-matic detector system is shown in the
diagram below. The rubber detector tread
or tube is installed in the carriage way, and
when traffic passes over and compresses it a
pulse of compressed air is sent to the pneumatic contactor or capsule, where it causes an
electrical impulse to be transmitted to the
control unit.
Two air tubes are used in the detector to
provide directional indication of the passage
of a vehicle. The sequence of operation of
these two tubes is the determining factor; this
particular feature ensures that vehicles leaving
the junction are not falsely recorded as
entering vehicles.

The furdarnental arrangement of the road vehhirle detector. T r a 8 c passing over
and compressing the rubber
detector tube gives rise to n
momentary increase of
pressure which operates the
rontacts of the pneumatic
contactor
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Platinum Contacts
in Traffic Control
At many thousands of junctions such as this-Westminster Bridge and the Victoria Embankment - v&cZeactuated signals provide safe
and reliable control of t r a . c .
I n this article, M r . Wallace
describes the pneumatic contactor which ronverts the air
impulse from the detector tread
into an electrical impulse f o r
transmission to the controller,
and gives a case-history of the
platinum contacts used in its
construction

The capsule, shown in part section on
page 14,consists of a rigid box with a flexible
rubber diaphragm and a pair of electrical
contacts. One contact is fixed and the other
is movable, being attached to the rubber
diaphragm. T o permit the diaphragm to
move with ease and, at the same time, to keep
the whole system hermetically sealed, an
expansion chamber is provided. This sealing
of the system prevents the ingress of dirt and
moisture and ensures satisfactory operation
even if the components are submerged in
water.
Because of the somewhat excessive burning
of capsule contacts which was occurring at
busy road intersections, it was decided to
change the contact material from palladium
to platinum. This change was made in 1947.
The top contact screw, made of base metal,
was then faced with 0.020 inch of platinum.
The bottom contact was the head of the
special platinum rivet securing the cupped
washers to the rubber diaphragm and also
anchoring the spring and contact assembly.
The road relay circuits normally carried
one ampere. Although even the platinum
contacts were slightly overloaded, the change
very considerably reduced trouble due to
burnt contacts. The addition of an “Atmite ”
spark-quench finally disposed of the trouble,
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and only at very busy intersections was
trouble then experienced to any significant
extent.
In locations such as the Great West Road,
London, it was found, however, that capsules
were becoming insensitive to light traffic
after two and a half to three years’ service.
An extensive investigation showed that this
decrease in sensitivity was caused by contact
wear which increased the contact clearance
and consequently decreased the sensitivity.
Samples of worn contacts and of unused
contacts submitted for examination showed
that the wear was associated with mechanical
battering, with a small degree of electrical
erosion.
On examining the contacts in unused capsules it was found that, due to the different
method of manufacture and construction, the
bottom contact was twice as hard as the flat
top contact. The bottom contact was a solid
platinum rivet with a round head of 0.068 inch
radius, while the top contact was a composite
contact of brass faced with 0.020 inch of
platinum. This difference in hardness was
one of the major factors causing wear.
As a result of a full discussion of the
problem with the contact manufacturers it
was decided that the best means of reducing
the depth of the indentation on the flat top

13

A pneumatic contactor
partly sectioned to show
thp contacts

contact, caused by the hammering of the
bottom contact for 24 hours a day, were first
to redesign the bottom contact, and secondly
to select a harder contact material.
In order to reduce the indentation caused
by the hammering of the contacts the radius
of the bottom contact surface was increased
from 0.068 to 0.50 inch. In the revised
design a composite contact is used and the
backing material is copper. The redesigned
contact is much larger than the original
platinum rivet, but due to the lower specific
gravity of copper now used for backing, the
redesigned contact is only slightly heavier
than the original-a very important point.
The original and revised designs are shown in
the sketch on page 15.
The table, taken from Hunt's '' Electrical
Contacts ",gives the chief characteristics of
both platinum and 20 per cent iridiumplatinum, and allows a ready comparison to
be made. Consideration of these figures
shows the superiority of 20 per cent iridiumplatinum for the requirements. Although
the resistivity has increased and the thermal
conductivity decreased, the design of the
contacts and the condition of working are such
that these factors are relatively of little
importance.
Before changing over to iridium-platinum
contacts for mass production, 180 capsules
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fitted with these contacts were manufactured
and installed in the London area and observed
over a period of nine months. During that
time there were no failures. A few capsules
which were opened and examined were found
to be in a very satisfactory condition.
At the request of a government department
a check was kept on all capsules with iridiumplatinum contacts for a period of six months
in 1955, by which time 2,400 had been
installed. During the six months not a single
fault occurred for which contacts were
responsible.
A capsule on a very busy intersection such

Contact Properties of Platinum and
20 per cent Iridium-Platinum
'latinuri

20",,
IridiumPlatinum-

..

21.3

21.7

Vickers hardness, annealed

65

200

I770

1815

11.6

30.0

0.17

0.042

Density, gm per cc

Melting point, '-C
(solidus)
Resistivity, microhms per

cmcube

..

..

._

Thermal conductivity,

CGS units

14

..

..

The original design of the
contacts (Eeji) and the rewised design employing a
larger iridium-plalinumfaced copper contact

as Piccadilly Circus would probably be
operated about five million times a year. The
figure for the average intersection would be
more in the order of two and a half millions.
As a life of ten years is expected from a capsule,
the contacts and all other parts are required
to be capable of standing up to at least fifty
million operations.
On a laboratory life-test which is still in
progress these capsules have done over a

hundred and ten million operations without
failure. However, the only real life-test is
that obtained in actual service, and time alone
will confirm that the decision to use iridiumplatinum contacts has been sound. All that
can be said at the present time is that to date
some fourteen thousand capsules having
iridium-platinum contacts are operating in
many parts of the world and are giving
satisfactory service.

Oxide Filnis on Platinum Electrodes
Platinum, equally with gold, serves to
typify the ideal of a noble metal. It neither
rusts nor tarnishes in air whether it is kept
for centuries in industrial or marine atmospheres or in clean country air, or whether
it is heated in air to high temperatures for
long periods. In all these conditions, it is
normally considered that a platinum surface
will remain clean and bright and free from
any tendency to scale, tarnish or develop
protective surface oxide films as do the base
metals.
Similarly, a platinum anode is commonly
considered to present always a clean metallic
surface to the electrolyte in which it is
immersed, so that electrons can pass freely
between the metal and the liquid unimpeded
by any oxide barrier.
However, when the conditions at the anode
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are strongly oxidising, a platinum electrode
sometimes behaves as if it were protected
by “a film of platinum oxide, which prevents
more than superficial oxidation of the platinum and yet permits electron transfer
processes”. In a recent contribution from
the Department of Chemistry at Harvard
University (J. Amer. G e m . Sac., 1957, 79
(IS), 4901-4904), F. C. Anson and J. J.
Lingane have provided some most convincing
evidence that such films really exist. They
have succeeded in stripping the films
chemically from oxidised anodes and in
determining their weight and composition.
The films are comprised of PtO and PtO, in a
molar ratio close to 6 to I.
These data constitute the first direct
chemical proof of the formation of platinum
J.C.C.
oxide films.
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The DiEusion of Hydrogen
through
Palladium
By A.

s. Darling, Ph.D., A.M.1.Mech.E.

The high rate at which hydrogen can Matthey. This tube had been rolled up
diffuse through heated palladium was first and hammer welded from sheet made from
demonstrated by Thomas Graham. His powder and forged near the melting point
experiments on gases in metals began in of the metal. It was 115 mm in length and
1866, when he was Master of the Mint ( I ) . 12 mm in internal diameter. One end was
Three years earlier, in 1863, Sainte-Claire closed by a thick plate of platinum which was
Deville and Troost (2) had shown that soldered on. The other end was connected
hydrogen dif!hed rapidly through homo- to a Sprengel pump by means of a platinum
geneous plates of fused iron and platinum. tube. The complete assembly was surGraham's original objective appears to have rounded by a porcelain tube and a continuous
been to confirm the findings of these workers, current of hydrogen was passed through the
to improve upon their experimental methods, annular gap. The palladium tube became
and to study the effects of gases on other permeable to hydrogen at 240°C and at a
slightly higher temperature the rate of
metals.
He showed that the only gas capable of diffusion was several cc per minute. Only
diffusing through platinum was hydrogen. hydrogen was able to penetrate the tube,
Appreciable quantities of this gas permeated which was capable, however, of extracting
through the walls of a platinum tube at a this element preferentially from mixtures such
dull red heat. The solubility of hydrogen in as coal-gas.
Graham was greatly impressed by the
platinum was considerable. In one instance
extraordinary
affinity of palladium for hydroa fused platinum rod heated at 23oOC in
hydrogen was found to absorb 1.45 times its gen. Because the amount of dissolved
hydrogen varied over a wide range he
own volume of the gas.
concluded that the effects could not be
Graham's Experiments
explained by the formation of a definite
These surprising results led to a similar compound, and that the '' occluded " gas
series of experiments with palladium. Graham (a term specially invented by him to describe
relates that the only specimen of this metal the effect) probably formed a true alloy with
he was at first able to obtain was in foil the palladium.
form and weighed 1.58 gm. After first
In order to account for the large increases
degassing in vucuo it was allowed to cool of volume which resulted when palladium
slowly in hydrogen from z45"C, and was was heavily charged with hydrogen, tremenfound at room temperature to have dissolved dous mechanical forces would be required.
526 times its own volume of this gas. Further Graham concluded that hydrogen could only
heating at g0-97"C in hydrogen increased exert such forces when present as a metal,
the room temperature solubility to 643 relative which he called hydrogenium. The density of
volumes.
hydrogenium, calculated from that of fully
By this time a compact tube of palladium charged palladium, appeared to be 1.708 gm
I mm in thickness had been made by George
per cc.
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It was believed that the metallic hydrogen
concept was supported by the rcsults of
experiments on meteoric irons which in
some instances contained nearly three times
their own volume of this gas. Ordinary
wrought iron could not be induced to dissolve
more than its own volume of hydrogen at
atmospheric pressure. These facts, supported by spectroscopic evidence, led to the
hypothesis of hydrogenium as an essential
constituent of many types of star.

Other Early Researches
Troost and Hautefeuille (3) were led by the
results of their researches in 1874 to conclude
that hydrogen reacted with palladium to
form a definite compound Pd,H. This
compound, once formed, was supposed to
dissolve large volumes of hydrogen, thus
explaining the wide composition range encountered. Hoitsema (4) in 1895 was able
to show with the aid of some previously
unpublished results of Roozeboom that the
pressure solubility data could only be satisfactorily interpreted in terms of the formation
of two non-miscible solid solutions. This is
precisely the view now held. The more
detailed X-ray and metallographic evidence
now available confirms Hoitsema’s original
conception of the equilibrium diagram of the
palladium hydrogen system.
Ramsay (5) suggested in 1894 that the
hydrogen, during its passage through the
walls of palladium membrane, was probably
in atomic form. This hypothesis was
confirmed by Winkelmann (6) in 1901, who
showed that this dissociation of molecules
into atoms on the surface of the palladium
explained why the diffusion rate varied as the
square root of the pressure difference across
the membrane.
Much of the subsequent research work on
palladium hydrogen dealt with more theoretical aspects of the system. Very exact
determinations of the equilibrium solubilities
and phase relationships have been made and
much attention has been devoted to the pro-
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nounced hysteresis effects observed when the
two phases are present simultaneously.
Attempts to utilise the remarkable permeability of palladium to hydrogen for industrial
purposes have not been energetically pursued
until comparatively recently. Palladium
thimbles were of course used for purposes
such as the introduction of small quantities
of pure hydrogen into gas analysis apparatus.
In these instances the palladium septum was
used only intermittently and the rate of
diffusion was usually a secondary consideration.
The metal, when cooled down,
dissolved large volumes of pure hydrogen
which could be discharged to the evacuated
side of the system merely by gentle reheating.
The palladium under these conditions acts
merely as a pump.
Under steady conditions, however, the rate
of diffusion of hydrogen was very variable.
Barrer reported in several of his papers that
palladium, depending upon the treatment it
had received, might be either permeable or
impermeable to hydrogen, and Lombard (7)
stated that the permeability could be reduced
by more than a hundredfold merely by heating
the metal.
This capricious behaviour made palladium
unsuitable for industrial applications, since it
meant that the performance of a diffusion
unit would be unpredictable. The metal was
expensive and potential industrial applications rather limited. These factors did not
encourage extensive research on the variable
permeability of palladium to hydrogen in the
years before 1939.

Potential Industrial Applications
Developments of the immediate post-war
period altered to some extent the basic
problems of chemical engineering with the
result that considerable interest is now being
displayed in the behaviour of palladium as a
semi-permeable membrane.
Obvious applications occur in the field of
atomic energy where the separation of
hydrogen isotopes is an essential process.
The preferential diffusion of the lighter
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Fig. 1 Experimental arrang~mentfor studying the permeability of palladium
static pressure and ( b ) a moving current of hydrogen

isotope through palkddium facilitates the
separation process whether this is carried
out directly from the gas phase at high
pressure or at atmospheric pressure in
electrolytic cells. The hydrogen deuterium
separation factor is between four and five at
room temperature and, by utilising the
electrolytic migration of hydrogen through
palladium membranes, the electrical requirements for electrolytic separation can be
reduced considerably (8).
Potential large scale applications for palladium are also associated with the development
of new refining methods in the petroleum
industry. Efficient methods for the control
and removal of hydrogen which builds up in
cracking units and restrains the catalytic
action are required, and the use of palladium
has been suggested in this connection.
What is perhaps the most intriguing
possibility is concerned with the direct
production of power by electrochemical
methods. The efficiency with which elec-
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(a) a

trical energy can be derived from fuel by
mechanical methods is limited by restrictions
imposed directly by Carnot’s cycle and the
Second Law of Thermodynamics, with the
result that even the most modern power
stations can utilise successfully only about
one-third of the fuel with which they are
supplied. Voltaic cells, which produce
electrical energy by the oxidation of metal
plates, can under certain conditions have a
‘‘ thermal ” efficiency approaching IOO per
cent. Primary cells of this type have, of
course, been used for many years hut are
generally considered to be unsuitable for the
economic production of electricity on a large
scale. This world shortage of’ fuel has,
however, stimulated interest in the possibilities of “ fuel cells ” in which electrical
energy is produced directly by the oxidation
of coal, gas and oil under carefully controlled
conditions (9, 10, 11).
All the various types of cell proposed
depend upon the removal of electrons from
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the fuel electrode and thkir transfer, via an
external path, to the oxidising electrode by
which they are consumed. An essential
feature of the electrolyte employed is that it
should prevent the molecular forms of the
fuel and oxidant from mixing and transferring
their electrons directly. In view of the semipermeable character of palladium it is
inevitable that it should have been considered
as a material of great potential value for this
type of work. It is doubtful whether any
commercially successful cell will ever utilise
pure hydrogen as a fuel. A semi-permeable
membrane evolved for industrial use will
have to deal with impure hydrogen and
hydrocarbon vapours if it is to be successful.

Recent Experimental Work

of diffusion of hydrogen through the walls
of the tube were obtained from the flow-meter
and confirmed by the rate of rise of pressure
on the evacuated side of the system when this
was sealed off from the pumps.
The results obtained with this arrangement
were rather surprising because it was found
that very little hydrogen diffused through the
tube. The permeability increased to a
maximum at about 115°C after which it
decreased rapidly. Whenever the temperature was held constant the permeability
decreased until overnight annealing at 700°C
reduced the amount of hydrogen diffusing
through the tube walls to a negligible value.
The tube was then vacuum annealed in situ
at 800°C and retested. This annealing
treatment reduced the rate of diffusion at
lower temperatures still further.
These results were typical of many which
were obtained using several different tubes
and the experimental arrangement shown in
Fig. I (a). Although confirming to some
extent the findings of previous workers, the

Factors likely to have some bearing on the
rather unpredictable permeability of palladium have been made the subject of a recent
investigation in the Johnson Matthey Research Laboratories. Attention has been
directed primarily toward determinations of
the specific permeability to hydrogen
after the establishment of conditions
necessary for reproducible behaviour.
Circumstances leading towards the
severe distortion and cracking which
frequently results in the destruction of
palladium diffusion membranes have
aIso been studied. Although the
research has not yet been completed, it
is felt that some of the results at present
available are of sufficient interest to
justify their inclusion in this article.
The first experiments were made
usingan apparatussimilartothat shown
in Fig. I (a). Hydrogen of commercial
qualitywas fed at atmosphericpressure,
via a flowmeter, to the interior of a
palladium tube with a closed end. This
W I T H S T A T I C PRESSURE
tube was heated by the direct passage
of a heavy current and temperatures
were measured by the internal
200
400
t 0
thermocouple shown. The space surT E M P E R A T J R E "C
rounding the palladium tube was
Fig. 2 Permeability of palladium tubr with static
evacuated. Measurements of the rate
pressure and moving current of hydrogen
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limitations of the apparatus prevented any
determination of the quantities involved.
The results were sufficient to show that
high rates of diffusion were possible when
oxygen was present in a hydrogen atmosphere
which was in continuous movement over the
surface o f the tube.
Subsequent experiments showed that the
presence of oxygen was not necessary and
that high rates of diffusion were maintained
so long as the hydrogen atmosphere surrounding the tube was in constant movement. I n
order to investigate the effect in greater detail
the original apparatus w a s modified to
provide the arrangement shown diagrammatically in Fig. I (b).
With this arrangement either a static
pressure or a continuous flow of hydrogen
could be maintained inside the diffusion
tube. Fig. 2 illustrates some typicaI results
obtained with and without an internal gas
flow through the tube. The beneficial results
of gas circulation are very evident from this
illustration.
The rate of gas circulation required to
maintain a high degree of permeability was
surprisingly small and corresponded roughly
to an excess flow rate of 25 cc per minute
when hydrogen was diffusing through the
walls of the palladium tube at a rate of
500 to 600 cc per minute. When this
excess flow rate was completely stopped so
that a static hydrogen pressure was main-

results were difficult to understand because
it was known that in many applications large
volumes of hydrogen diffused continuously
through palladium. It was felt that the
palladium was becoming poisoned in some
way. Oxidation followed by reduction,
suggested by Lombard as a reactivation
technique, was found to produce only small
temporary improvements in permeability.
A paper by Davies (12) which became
available at this stage suggested that hydrocarbon vapours were the chief factors causing
poisoning of palladium. Experiments were
therefore undertaken in which sources of
organic vapours were eliminated from the
apparatus by the use of mercury pumps and
liquid air traps. In spite of these precautions
it was not possible to maintain a high degree
of permeability through a palladium tube at
temperatures much above 150°C.

Experiments with a Moving
Hydrogen Atmosphere
Palladium tubes in gas analysis apparatus
are frequently heated under conditions which
permit slight oxidation of the outer surface.
This suggested a new approach to the
problem and led to a number of ad hoc
experiments in which evacuated palladium
tubes were gently heated externally with an
oxy-hydrogen flame. All the tubes tested in
this manner allowed large volumes of hydrogen to diffuse through from the flame but
TIME
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Fig. 3 Curves showing ths
rapid decrease of permeability which occurs without
a continuous circulation of
hydrogen

IN M I N U T E S
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Fig. 4 Curves showing

the rate of diffusion of
hydrogm through palladium tubes at various
tsmperatirres

however, obtained with a stream of gas, and
Fig. 4 illustrates some typical experimental
results. The rate of diffusion was found to
vary inversely with the tube thickness and
when this factor was allowed for, all the tubes
tested had similar degrees of permeability.
Fig. 5 , in which the specific permeability,
expressed in cc per minute per square cm
per mm thickness for a pressure difference
of 760 mm, is plotted against the temperature,
summarises most of the results of this work.
The continuous circulation technique
appears therefore at the present time to
provide a satisfactory solution to the permeability problem under certain conditions,
although its effectiveness under different
types of industrial environment has yet to be
assessed.

Effects of Repeated Heating and
Cooling in Hydrogen
Palladium diffusion tubes frequently crack
and distort badly in service even when they
have been kept continuously in hydrogen.
Cracks originate at the grain boundaries
although they may eventually spread to the
interior of the grain, The evidence at present

tained inside the tube, the rate of diffusion
decreased rapidly as can be seen from
Fig. 3. In this instance the rate of diffusion
decreased from 546 to 210 cc per minute in
a period of 32 minutes after the gas circulation
had stopped, and regained its original value
three minutes after the gas circulation was
resumed. The upper curve on this figure
shows that no decrease of permeability
occurred over a z4-hour period when the gas
circulation was maintained.
Results such as these suggest that the low
permeability under static conditions is caused
not by poisoning in the commonly accepted
sense, but more probably by the formation,
under stagnant conditions, of an inert layer
of impurity gases either on, or near, the
surface at which the hydrogen enters the
palladium membrane. The impurities responsible for this effect have not yet been
determined. A progressive decrease of
permeability occurs under static conditions
even when the hydrogen supplied to the
tube has been freed from oxygen, nitrogen,
and water vapour.
Consistent and reproducible results are,
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permeability of palladium
hydrogen

10

available suggests that the tendency towards
cracking and distortion increases with the
grain size of the material.
The dimensional changes which occur
when palladium is heated and cooled in
hydrogen have been almost completely
ignored in the literature, although the general
effects were discussed by Graham as early as
1866. Effects produced by the sudden
expulsion of hydrogen from electrolytically
charged foils and wires were studied by
Loessner (13) in 1911 and by Krause and
Kahlenberg (14) in 1935. D. P. Smith (15)
seems to have been the first to associate these
dimensional changes with the accompanying
alpha-beta phase transformations. Experiments in these laboratories have shown that
very spectacular effects can be produced by
merely heating and cooling palladium in
hydrogen at atmospheric pressure. Under
these conditions the critical temperature range
is between 100"and 250'C.
Thin sheet specimens were heated electrically in hydrogen at atmospheric pressure for
15 minutes at high and low temperatures
alternately. Cycling between room temperature and 700°C resulted in considerable

distortion, blistering and thickening of the
sheet. Similar results were obtained when
the temperature was cycled between ZO'C
and 35o'C. Temperature changes between
700°C and 3so-C produced relatively little
effect, however, and distortion of the specimen
cycled between 700°C and 250°C occurred
only at the ends which, being held in copper
clamps, were probably well below the average
specimen temperature.
Considerable distortion occurred when the
specimen was allowed to cool to IOOOC, and
when the lower temperature was reduced to
75°C blistering, thickening and general change
of shape were very pronounced.
The damage at atmospheric pressure
appears therefore to be caused by phase
transformations in the temperature range
10o-25ocC. The value of the critical temperature will depend upon the operating
pressure. As the beta phase is unstable
above 310°C even at the highest pressures,
it appears reasonable to suggest that the
effective life of industrial diffusion units
could be considerably prolonged by maintaining them continuously above this
temperature.
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New Type Platforming Catalyst
Produced and Tested in Europe
By A. E. Kichards,

B . s ~ . M.I.M.M.
,

Cniversal-Matthey Products Ltd., London

Catalytic reforming holds a key position in the overall operations of
European petroleum rejiners. The British Petroleum Company emplqys
the platforming process at many of its rejineries, and by skilled
operation and the use of a new catalyst it has demonstrated how standard
equipment operates economically at high severity. This article reviews
the <‘ 100 octane plus ” operations at the Kent re$nery, which takes its
catalyst supplies from U.K . manufacturing facilities specially set up in
the interests of licencees of the process.

Catalytic reforming has increasingly become an important tool for European refiners
because of a peculiarity in the markets
supplied by them which is not evident in the
markets served by North American refiners.
In Europe there is practically no natural
gas or low pressure gas available, and there
is a far greater dependence upon distillate
stocks and residuals for space heating and
power. Hence, by American standards,
catalytic cracking plays a minor role in
European refinery schemes because it is not at
all desirable to catalytically-crack a proportionately large volume of distillates into motor
spirits. Thus the primary source of motor
fuel in Europe consists of straight run
naphthas which are poor in octane ratings and
which are unusually difficult to up-grade to
the level of catalytically cracked petrol.

not only obtain the necessary quality, but
literally “build-in” octane numbers to market
requirements.
Within this situation there recently came
the following announcement:
“British Petroleum Company increases
the knock rating of the platformate f r m i t s
Kent refinery by three research numbers and
its leaded rating to 101 under more severe
conditions with a new catalyst”
The story that follows tells something of
the skilled operations of British Petroleum
to assure itself it will have the equipment to
produce the higher octane petrol which its
markets may need in the foreseeable futu-ewith due consideration to economy, stability
and security of operation; and also of the
progress made in Europe in developing a
catalyst technology.

The Special Importance of
Catalytic Reforming in Europe

The Kent Refinery
of British Petroleum

Consequently the problem of European
refiners is to convert low-octane quality
straight run naphthas without reducing the
fuel oil make by catalytic cracking in order
to meet the quality necessary to sell petrol in
highly competitive local and export markets.
By employing catalytic reforming, refiners

This is one of the largest refineries in the
British Isles. When present additions are
complcted it will be the company’s largest
refinery in this area. The first ground was
broken for it on June 13th, 1950, following
selection and acquisition of a site on the
River Medway side of the Isle of Grain.

Platinum Metals Rev., 1958, 2, (l), 23-27

23

The reactors of the British Petroleum Company’s platformer at the Kent rehnery

that over forty feet of water, even at lowest
tides, was already availablc within a few feet
of shore without dredging.
The original refinery consisted of a 90,000
b/d crude-installation unit-the
largest in
Europe at the time of its construction-and
facilities for the production of lubricating
oils in addition to motor spirits, kerosene
and fuel oils. Specialised units included two
vacuum distillation units each of 17,000 b’d
capacity; a 10,000b d fluid catalytic cracking
unit, an 8,150 b/d SO, extraction unit, a
4,000 b d propane-deasphalting unit, a
5,000 b/d furfural extraction unit, a 4,000 b d
MEK dewaxing unit and 3,120 b,’d of claycontacting facilities. Four copper sweeteners,
each of 8,000 b d were installed to treat motor
spirits and kerosene.
Just before the refinery was ready for
commissioning, the great east-coast floods of
January 1953 swept over the Isle of Grain
and most of the refinery was under water

The story behind the location of additional
“home” refining capacity for British Petroleum, then known as Anglo-Iranian Oil
Company, was the increasing availability of
Middle East crude, coupled with Britain’s
consumption of petroleum products being
far in excess of its existing domestic refinery
capacity. In short, more domestic capacity
was needed urgently to save dollar exchange.
After considerable investigation it was
decided that an entirely new refinerypreferably located somewhere along the
Thames estuary-was desirable to cover the
area of eastern England relatively distant
from British Petroleum’s existing refineries
at Llandarcy, South Wales, and at Grangemouth in Scotland, although the capacities
of these were also being increased.
Of several locations along the Thames, the
Isle of Grain was favoured because of its
convenience to the potentially large consuming area of Metropolitan London and the fact
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for over two weeks. This naturally delayed
completion, and the first units to operate in
the plant were not commissioned until
February 1953. The catalytic cracking unit,
as well as some others, were commissioned
as Stage 2 in the autumn of 1953, while the
lubricating oil facilities, Stage 3 were not
completed until the summer of 1954. The
6,000 b/sd UOP platforming unit-the first
addition to the refinery-had been authorised
for construction by this time, for completion
in the spring of 1955.
British Petroleum is now increasing the
crude charging capacity at the Kent refinery
to 140,000 b,’d. With this 50,000 b,id expansion of basic throughput, a second platforming
unit of 10,000b/sd capacity has been designed
and licensed by Universal Oil Products and
is now under construction. When this unit is
completed and commissioned, the Kent
refinery will have the greatest concentration
of platforming capacity in the United Kingdom.
At the time the first Kent platformer was
designed most of the installations then being
built were intended consistently to yield a
product having a clear octane rating of 80 to
85 research. The upward trend in the octane

quality of commercial motor spirits has,
however, made it necessary for most of these
platformers to make a product testing appreciably above 85 “research” clear. Hence the
news of the operation of the platforming
unit a t the Kent refinery to produce a
95-octane clear platformate from a Kuwait
naphtha becomes of world-wide interest,
particularly since the only major changes
made to the original unit were new screens
to accommodate a smaller catalyst.

Platforming Catalyst
Manufactured in England
This fist platformer at the Kent refinery
was shut down in December 1956 during the
Suez crisis after a run of 226 days. This
achievement was accomplished on the 6,000
b sd unit of standard design through the
use of Universal Oil Products Company’s
R8 catalyst which is designed specifically
for use in thc production of super-octane
motor fuels. This new catalyst, which is high
in activity, was manufactured in England by
Universal-Matthey Products Limited.
This organisation was formed in 1953 in
association with Universal Oil Products
Company and Johnson Matthey & Com-

The London catalyst manufacturing plant of Universal-!Watthe,y Products Ltd.

Platinum Metals Rev., 1958, 2, (1)

25

pany Limited, and entirely new manufacturing facilities were set up near London. The
construction of this most modern catalyst
plant was therefore going on simultaneously
with the building of the platformer at the
Kent refinery and it is interesting to note
how the endeavours of those responsible for
these quite diverse projects have combined
in their success.
These domestic manufacturing facilities
were needed and designed to make available
for sterling the platforming catalyst requirements of the British Petroleum Company and
all other licensees of the UOP platforming
process the world over; in this way licensees
of this process secured future continuous
operation of their platforming units free
from the worry that dollar shortages might
at any time cut them off from American
sources of supply. (The important Shell plant
at Stanlow, Cheshire, had already had to
draw its first catalyst supplies from the
United States, and many other platformers
were under construction at that time in the
softer currency areas.)
The most essential requirements in setting
up local arrangements were:
( I ) T o replicate precisely in England in
every way the very high quality of
the R5 catalyst then being supplied
from the United States.
( 2 ) To get into production in the shortest
possible time to prevent a heavy
drain of dollars,
(3) T o secure to thc new company the
immediate availability of technical
improvements in catalyst type and
manufacturing techniques which
might later be developed in the
United States by Universal Oil
Products so that the local products
could always be competitive in
every way.
It is a high compliment to those responsible
for the scheme to be able to record that a
continuing technical services agreement with
UOP has worked so effectively that local
manufacture of the mwer R7 and R8 catalysts
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has commenced simultaneously with their
announcement, and that the bcnefits obtained
in continuing manufacturing improvements
have enabled substantial reductions in price
to be made through economy of manufacture
in spite of the more general inflationary
trends. These catalyst manufacturing facilities
have been extended, and a complete catalyst
service supported by spent catalyst recovery
facilities in and out of the Port of London
has brought the full benefits of the platforming
process not only to the Kent refinery but to
all other European refiners who have elected
to operate it.

Details of the Kent Refinery
Platforming Run
The 1957 Annual Refining Review of
World Petroleum, from which most of this
information has been abstracted, has published for the first time some of the details
of the amazing platforming run of the Kent
refinery which was brought to an end only
by lack of charge stock during the Suez
crisis. The detailed data it reveals in the
form of tables and charts are the first to be
published from a commercial platformer
reforming Kuwait naphtha over one of the
newer platforming catalysts. The fractioned
Kuwait naphtha was typically predominant in
paraffins and low in naphthenes and was
hitherto not considered to be ideal for platforming to levels above 90 "research" clear.
The charge stock, with a boiling range of
2 I 5'F-35o"F,
contained:
Paraffins
Olefins

..

__

Naphthenes..
Aromatics . .

. . 64 per cent
. . trace
. . 23 per cent

..

13 per cent

The platformate produced had a boiling
range of 1o0°F-396"F and its aromatics
content was nearly quadrupled at 49 per cent.
Since this is greater than can be accounted for
by conversion of all the original naphthenes
to aromatics, there must have been aromatisation of some of the paraffins.
The operating data reflect the very high
degree of skill that was evident in this close

operation to produce a stabilised platformate indicates there was very little increase in
at 6 lb Reid vapour pressure having a clear hydrocracking reactions.
octane number of 95.2 to 95.3; this, on
In all, the run showed that high severity
occasional test with the addition of 3 ml can be used on a standard platformer on a
tetraethyl-lead per gallon, indicated that tough feed stock without economic penalty
a fuel with a IOI “research” octane rating in terms of catalyst life and that regeneration
was available from the whole product, not is unnecessary when UOP R8 catalyst is
merely from a heavy fraction of it.
employed.
An earlier run at the Kent refinery had
The product liquid volume yield was 75
per cent as an overall average over the run, employed the first spherical UOP R5 catalyst
which in view of the severe conditions which had been designed and supplied
employed is regarded as quite satisfactory primarily for operations to about 85 “clear”.
economically.
This foreshadowed what might be achieved
At the time the run was terminated, with catalysts specifically modified to suit
after 226 days of operation, the catalyst higher severities. Although R5 had not been
designed specifically for the service, British
activity was still very satisfactory.
This represents a catalyst life at that time Petroleum elected to operate the Kent
of 42 barrels of charge stock per pound; so platformer on substantially the same tough
satisfactory was this considered that British Kuwait naphtha at 92 “clear” octane or above.
From a feed stock in the boiling range
Petroleum planned to resume operations
again with the same catalyst as soon as Z I I O F to 347cF containing 0.04 per cent
naphtha was available, and to carry out sulphur, 67 per cent paraffins, 22 per cent
nothing beyond routine maintenance in the naphthenes and 1 1 per cent aromatics they
enforced shut-down period. In the mean- consistently obtained a platformate having a
time the unit was to be sealed off and the boiling range of roo-F to 3go°F consisting
catalyst left undisturbed in hydrogen within of 45 to 46 per cent aromatics. The liquid
volume yield on that occasion was 76 per
the reactors.
Further indications of most satisfactory cent and the temperatures of the individual
catalyst performance were made possible by reactors had to be increased by only IO’F
the very high quality of the controls exercised during the run.
At the end of 146 days, when the R5
by the operating staff. The total temperature
drop over the three reactors decreased only catalyst life was already 36 barrels per pound,
very slowly and gradually over the course the unit was shut down for a scheduled
of the whole run, while the inlet temperatures maintenance and inspection programme. At
to individual reactors had to be raised by this time a very close examination of the
only 20°F over the period. Thus there was no catalyst itself showed it was by no means
evidence of severe carbon deposition or other fully spent despite the severity of operational
fouling which would have been symptomatic conditions that had been employed. For
of loss of catalyst activity and selectivity.
reasons already stated, namely their desire
This was also confirmed by a constant to produce a motor spirit of even higher
daily plot of the volumes of high pressure octane rating than the 92 ‘cclear” obtained
separator gases which were almost constant for this run, British Petroleum elected to
throughout and thus consistent only with a replace the still unspent R5 catalyst with R8.
The only major modification was the change
very slow diminution in activity.
A plot of the volume of stabiliser gases in reactor screens to support a smaller catalyst.
also showed only a gradual increase, and Inspections of the remainder of the facilities
shows as almost a mirror image of the decline fully confirmed that the higher severity
of the high pressure separator gases, which runs had caused only normal wear and tear.
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Thermal Fuses for the Protection of
Electric Furnaces
As a means of protecting electric furnaces
from damage by over-heating, thermal fuses,
or excess temperature cut-outs, are very often
employed. These generally consist of a
length of wire that is inserted in the hot zone
of the furnace and connected in the solenoid
circuit of the controlling contactor. When
the temperature in the furnace reaches a predetermined value the fuse element melts,
cutting off the power supply.
The essential requirements of a thermal
fuse material are the shortest possible melting
range and the maximum resistance to oxidation and deterioration. Resistance to deterioration is achieved by using silver, gold and
palladium and their alloys. For temperatures
of 960" and 1063°C pure silver and pure gold
naturally give a definite assurance of melting
exactly at the required points. In many cases,
however, appreciably higher ratings are
needed. Here the properties of the palladium-gold alloys are most useful, as this
system comprises a continuous series of solid
solutions, with the solidus temperatures lying
close to the liquidus points throughout. These
alloys thus give the required narrow melting
range combined with freedom from corrosion
or deterioration, and by choosing a number
of appropriate points on the equilibrium diagram alloys can be produced to melt at convenient intervals of say 50" between 1100'
and 1500°C.
Such fuse elements are commercially available as wire, the diameter usually recommended being about 0.040 inch. On reaching
the rated temperature they melt readily, run
into beads, and break the circuit.
A few simple precautions are necessary in
using these fuse elements. They should
not be connected to nickel-chromium leads
inside the hot zone of the furnace, as interdiffusion and subsequent fracture are then
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liable to occur. If wire fuses are to be used
in a vertical position it is also necessary to
support the weight of the electrical insulators,
as otherwise the wire may be drawn out,
resulting in premature failure due to the
reduction of diameter causing over-heating,
or simply due to mechanical fracture.
It is nearly always desirable to house the
fuse in a closed-end sheath, and if a metal
sheath is used contact between the fuse and
the sheath must of course be avoided. As
a further precaution the fuse sheath should
be electrically insulated from earth so that
in the event of contact between the fuse and
the sheath the leakage current does not
cause failure. A suitable fuse housing,
designed and used by Wild-Barfield Electric
Furnaces Limited is shown in the diagram.

Design of thermal fuse assembly employed by
Wild-Barfs& Electric Furnaces Ltd.

ABSTRACTS
of current literature on the platinum metals and their alloys
PROPERTIES
Heat Capacity of Palladium below 4.2"K
R A m , Phys. Rev., 1957, 107, (3), 669-670
T h e measurements were made on extremely
pure Pd. The values of electronic heat capacity,
y =(9.87 f0. I 1)xI O - ~ joule /mole/degree2 and
Debye temperature, 0: 299 .t 12°K differ from
previous results. These discrepancies are investigated by finding the effect of changes in the
physical and chemical state of the specimen on
these measurements.

Some attempt is made to correlate the data on the
solubilities of the transition metals in U with
properties of the metals.

J. A.

Electrical Resistivity and Thermoelectric
Potential of Rhenium Metal
G. B. GAINES and c. T. SIMS, A.S.T.M. Preprint
No. 7-51 19571 10 PP.
Measurements were made of the resistivity and
temperature coefficient of resistivity of Re from
room temperature to 2600°K and the thermoelectric potentials at Re-Mo, Re-W and Re-Ta
junctions from 87+249ooC. The resistivities of
I and 2% Re-Pt alloys measured at 25°C were
19.9 and 25.8 microhm-cm respectively. Re-Mo
and Re-W show promise as thermocouples up to
2600°C in neutral or reducing atmospheres. The
thermoelectric potential at Pt : 1% Re-Pt and
Pt : 2% Re-Pt junctions was investigated up to
1300°C and results found to agree with previous
work.

I957J 79: ('41, 3619-3623
Series of equilibrium pressure and heat of
absorption measurements were carried out for
hydrogen on a sample of very active Pd black.
The characteristics of the 30°C isotherm indicated
that true equilibrium had been reached. Partial
molar heats of absorption and desorption were
measured. The values obtained were used to
calculate the free energy and entropy change
associated with the formation of Pd,H from its
elements at 30°C.

11-The Entropy of Pd,H at 0°K

Constitution of Uranium and the Platinum
Metals
J. J. P m K and R. w. BUZZ.^, U.S. Atomic Energy
Comm. Report TID-7526,89-102
The binary alloys of U with the P t metals were
investigated by means of thermal analysis,
metallographic examination and X-ray diffraction
methods. A complete tentative phase diagram
for the Pt-U system is given which shows two
eutectics and four intermetallic compoundsUPt, UPta, UPt, and UPt,. Tentative phase
diagrams for U-Ru up to 50 wt.yO Ru and U-Pd
up to 40 wt.% Pd are given. In the U-Ru system a
eutectic occurs at
885°C and 12% Ru and three
compounds, U,Ru, URu and URuy, are formed.
The presence of a eutectic and a compound
UPd, in the U-Pd system was noted (PZatinum.
Metals Rev., 1957, I, (I), 27). Alloys containing
0-40 wt.% Rh and 0-20 wt.o/, 0 s were prepared
but little quantitative data has so far been obtained. An attempt to prepare U-Ir alloys resulted
in a violent exothermic reaction. The presence
of any of the metals in solution in U lowers both
its y-p and p-cr phase transformation points.

-
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Palladium Hydride I-The Thermodynamic
Properties of Pd,H between 273 and 345'K
D. M. NACE and J. G . ASTON, J . Amer. Chem. SOC.,
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ibid., 3623-3626
The hear capacity contribution due to absorbed
H atoms in Pd hydride at a composition of
nearly Pd2H was measured over small temperature intervals from 16-340°K. The residual
entropy at 0°K was calculated from experimental
data to be 0.59&0.18 e.u. It was concluded that
Pd,H does not approach a completely ordered
state at low temperatures and so is not a true
compound. T h e shape of the heat capacity
curve indicates the probability of co-valently
bound H at low temperatures.

Ill-Thermodynamic Study of Pd,D from
15 to 303°K. Evidence for the Tetrahedral
PdH, Structure in Palladium Hydride.
ibid., 3627-3633
The heat capacity of Pd,D was measured and
compared with Pd2H. A similar curve was
obtained. From the low-tempcrature properties
of Pd,H a structural model-PdH4.7Pd-is
proposed in which one out of every eight atoms
in the Pd lattice has four H atoms co-valently
bonded to it. A theoretical heat capacity curve
for this model gives good agreement with experimental values below 120°K. Above 120" a
dissociation process is postulated to account for
the discrepancy between theory and experiment,
which involves a decrease in the number of
hydrogen bonds as the temperature is raised.
Hydrogen diffusion through P d is conceived as a
movement of H atoms by a combination of
rotation about a parent Pd atom and bonding to,
then subsequent rotation about, a neighbouring
Pd atom.

reaching a value 2.5 times that when quenched.
The hardness of the Ir-rich alloys fails on tempering up to 150 hours and then rises slowly.

Properties of Palladium-Rhodium Alloys
and J. PRESTON, Nature, 1957, 180,
(AW. 1719 334
Values of the electronic heat coefficient, y, as
obtained from measurements below 4.2% are
given. The initial rise in y above the value for
Pd on adding Rh and subsequent decrease on
increasing the Kh content is similar to the
behaviour of thc magnetic susceptibility. The
results are discussed theoretically on the basis of
the simple electron band theory.
F. E. HOARE

Sigma Phases Containing Osmium and
Iridium
M. V. NEVITT
9 3

and J.

W. DOWNEY,

J . Metals, 1957,

(81, 1072

Sigma-phases were found in the systems 0s-Ta,
0s-W and Ir-Ta. The composition ranges and
lattice constants are given. Thc composition
range found for the 0s-W a-phase agrees with
previous work by Raub but the lattice constants
are different. The reason for this is not known.

Temperature Dependence of the Hall Coefficients in some Silver-Palladium Alloys
and E. M. PUGH, Phys. Rev., 1957,
107, (I), 103-105
The Hall coefficient for Ag-Pd alloys containing
So and 607' Pd was measured as a function of
temperature from 4" to 300°K. I t was found to be
strongly temperature dependent. However the
form of temperature dependence differs from
that in the electronically analogous but ferromagnetic Cu-Ni alloys and corresponds to the
type observed in some ferromagnetic transition
metals above their Curie point.
F. E. ALLISON

ELECTROCHEMISTRY
Studies of Gold, Platinum and Palladium
Indicating Electrodes in Strongly Oxidising
Aqueous Solutions
J. K. LEE, R. N. mms and c. E. BRICKER, Anal.
Chim. Actu, 1957, 17, (3), 321-328
A comparison of the behaviour of the electrodes
in strongly oxidising solutions (e.g. permanganate,
dichromate) with their behaviour on anodic
oxidation reveals that the same reactions are
involved. These reactions are attributed to oxide
(or hydroxide) film formation since the potentials
at which the reactions occur agree fairly well
with the potentials of the known oxide-metal
transitions.

Anomalous Behaviour of Silver-Palladium
Alloys on Plastic Deformation
and A. S . HOUSTON-MBCMILLAN, Acta
Met., 1957, 5, (9), 525-527
The change on resistivity of Ag-Pd alloys when
plastically deformed at the nitrogen point was
investigated. The pure metals and the 50%
alloy showed the expected increase in resistivity.
For a 10% extension alloys in the range 10-47
at. "/' P d showed a decrease in resistance, the
greatest reduction occurring in the 40y0 alloy.
For larger extension the resistivity increased again
eventually surpassing the original value.
W. H. AARTS

Studies on Electrolytic Anodes Part I:
On Surface States of the Platinum Anode 1
Synthesis of Hydrated Platinum Oxides and
their X-ray Examination
J . Electrochem. SOC.Japan, 1957, 25,
(7), E-83-84 (English Summary)
PtO,nH,O was synthesised by two methods and
X-ray diffraction patterns were obtained as a
preliminary to investigating the surface of Pt
electrodes by X-ray techniques.
T. INOUE,

Palladium-Iridium Alloys
E. RAUB and w. PLATE, Z. Metdlkunde, 1957, 48,

0-9,
444-447
The system was studied by means of microscopic,
X-ray and microhardness measurements. The
solidus temperature was determined up to 25
at. % Ir, in which range it was practically
identical to the melting point of Pd. The alloys
crystallise in a continuous series of solid solution.
At low temperatures an extensive two-phase
region is formed as in the Pt-Ir alloys (Platinum
Metals Rev., 1957, I, (I), 27). The critical point
of the miscibility gap is at 1480"and 45-50 at. 91,
Ir. This is 400" higher than in the Pt-Ir system
which is explained by the higher segregation
velocity of the Pd-Ir alloys. The hardness of
the quenched alloys increases with I r content
up to 50 at. "/o I r where the micro-hardness is
570 and then falls gradually. On tempering at
700' for periods up to 20 hours only the 7.6-15.9
at. % I r alloys show any age-hardening. With
tempering times up to 1100hours these alloys
show a large increase in hardness, the 15.9 alloy

-
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Investigation of Oxygen Covered Silver and
Platinum by means of Voltapotential and
Charging Curves
G.RULEIN,
Z. Elektrochem., 1957,61, (6), 727-733
Volta potential measurements and charging
curves are influenced by the type of oxide film
produced on the metal surface. These oxide
films were shown, by a thermodynamic treatment
of the results, to have different binding affinities
for the metals, some even being unstable.

The Mechanism of the Hydrogen Evolution
Reaction on Platinum, Silver and Tungsten
Surfaces in Acid Solutions
J. O'M. BOCKRIS, I. A. AMMAR and A. K. M. s. HUQ,
J . Phys. Chem., 1957,61, (7), 879-886
Parameters of the H, evolution reaction on Pt
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have been determined as a function of current
density, pH, salt addition, mode of electrode

Electrolytic Partial Hydrogenation of 2Butyne-1,4-diolwith a Silver-CopperCathode

preparation, ageing and degree of pre-electrolysis
and for W and Ag as a function of current density
and degree of pre-electrolysis. On Pt, Tafelslopes and exchange currents (io) vary with the
mode of preparation. Anodic activition gives a
high and reproducible i,, ageing decreases it and
successive increases in pre-electrolysis cause it
to increase to a limiting value.

J. KATO, M. SAKUMA and T. Y A M A D A , ~ .Electrochem.

SOC.Japan, 1957, 25, (6), E-73-74 (English
Summary)
2-Butene-I, 4-diol was formed by partial hydrogenation of a-butyne-I ,4-diol in an electrolytic
cell with a P t wire anode and a Ag-Cu cathode.
Saturated KOH and 2:4 KOH were used rcspectively as anolyte and catholyte and were separated
by a diaphragm. A yield of 70-80% was obtained
with a current of IA/dm., at 20°C.

Polarographic Characteristics of Osmium.
I-The +8 State
L, MEITES, J .

Amer. Chem. SOC.,1957, 79, (17),
4361-4367
The equilibria involved in the reduction of OsSf
from a number of common supporting electrolytes
at both dropping and large stirred mercury
electrodes were determined. In strongly acidic
solution Os8+ is reduced directly to the 4-3
state; less strongly acidic solutions give an
additional wave corresponding to the intermediate
formation of Os4+. Above p H 5 there is also a
third wave representing the formation of Os6f.
The half-wave potentials and diffusion current
constants of these waves under a wide variety of
conditions are determined. In cyanide media 0 s
is reduced immediately to the + 6 state and
polarograms of the resulting solutions show
further reduction to Os2+.

Potential Measurements on Metal Catalysts
in Aqueous Solution
SCHWABE, Z. Elektrochem., 1957, 61, (6),
714-752
Potential measurements on catalysts of platinised
Pt whilst decomposing aqueous formic acid
solution in the presence of oxygen are described.
The results together with those of earlier investigations were discussed from the standpoint of
electron accepter action of the catalyst. A new
clarification of the potential processes involved in
the anodic oxidation of formic acid on Pt is given.

K.

CATALYSIS

Mechanisms of Hydrogen Producing Reactions on Palladium. IV-Electrochemical
Kinetics of the a-Palladium-Hydrogen
System in Acid Solutions

X-ray Investigation of the Dependence of
the Structure of a Palladium Catalyst on the
Conditions of its Electrolytic and Heat
Treatment
J. P. HOARE and s. SCHULDINER, J. Electrochem. SOC., v. D. RUCHKINA, Bull. Acad. Sci. U.S.S.R.
19571 104, (911 564-568
Experiments were carried out by means of a
Pd-bielectrode with Pt/H, reference electrodes.
The p H effect on the anodic and cathodic behaviour was determined and related to bi-electrode
mechanisms. The thickness of the bi-electrode
had no significant effect. The catalytic activity
for the hydrogen producing reactions was less on
cr-Pd than on p-Pd. The electrode mechanisms
at various current densities with different Tafelslopes were discussed. The fraction of total
current carried by proton flow in the bi-electrode
was determined.

Points on the Electrode Surface where Gas
Bubbles are most frequently formed during
the Electrolysis of Water
T. MURAKAWA, J . Electrochem. SOC.Japan, 19.57,
25, (9,E-61 (English Summary)
Pt, Cu, Ni and Al electrodes were studied. Two
reasons were found for the formation of gas,
one was the increase in field strength especially
along scratches and the other was the presence
of impurities with an overpotential less than that
of the electrode metal. On Pt at low current
densities bubbles were formed only along the
scratches and in about the same places whether
the Pt was anode or cathode.
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(Physical Series), 1956, 20, (7), 693-695 (English
Transl.)
The current density in the electrolytic preparation
of I'd has a profound influence on crystal size,
which decreases with increasing current density,
on the parameters and on the degree of perfection of the Pd lattice. The dependence of
lattice parameters on the temperature of hcating
in hydrogen varies with the initial state of the Pd.

Rate Studies in Tubular Reactors
HOELSCHER,
Amer. Inst. Chem.

E. WEGER AND H. E.

Erg*J.1 1957, 3, ( 2 ) ~'53-156
The hydrogenation of olefin-I-hydrocarbons was
studied in a tubular reactor coated internally
with a Pd-C catalyst. The purpose was to extend
the knowledge required for the use of tubular
reactors in kinetic investigations. The reaction
conditions used were, temperature 30-45"c,
Reynold's number 125-2300 and a composition
range of 58-95 mole?; H,. The reaction was
found to be rate controlled rather than diffusion
controlled as expected. This was attributed to
surface roughemng due to catalyst deposition
and a temperature gradient in the tube due to
the exothermic reaction. These appear to be
disadvantages in using tubular reactors in
kinetic research.
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Catalysed Gas-Liquid Reactions in Tricklingbed Reactors
and 0. A. HOUCEN,
Amer. Znst, Chern. Eng. J., 1957, 39 (3), 366-372
Kinetic studies in a differential flow reactor of
the trickling-bed type were carried out using
the hydrogenation of liquid r-methylstyrene to
cumene as a typical reaction. The catalysts used
were 0.5% Pd-AI,O, and 2yu Pt-AI,O,, exploratory studies were also made using Rh, Ru and Ni
catalysts. Experimentally dctermined reaction
rates at constant catalytic activity were plotted
as functions of concentration, temperature and
pressure. From the results it was concluded
that the surface reaction between absorbed
a-methylstyrene and H atoms is rate controlling
on both Pd and Pt catalysts. A change in mechanism is observed at 3 atm. on the Pd catalyst
which is explained by a phase-change in the
Pd-H system. Above 3 atm. the a-methylstyrene
and H atoms are absorbed on different types of
active site, below 3 atm. on the same type of site.
The Pd catalyst is about 10t h e s as active as Pt.
Rh and Ru catalysts have negligible activity in
this reaction and Ni causes the a-methylstyrene
to polymerise.
B. D. BABCOCK, G . T. MEJDELL

N

Profits from Waste Gases
Chem. Eng. Progress, 1957, 53, (8),
377-380
Methods of utilising heat obtained from the
catalytic oxidation of waste gases is described.
The catalyst consists of activated P t or P t alloy
applied to a nickel alloy screen capable of withstanding temperatures above 1800°F. The waste
gases must be preheated to
600°F. Several
recycling systems and their application in formaldehyde manufacture, kettle cooking and heat
curing operations are described.
The heat
produced is utilised in factory heating or in the
latter case in providing the heat for the oven or
dryer. I n treating the tail gases from ethylene
oxide and nitric acid plants catalytic pressure
reactors are used and the gases from these can
be used to drive gas turbines. A catalyst life
exceeding 35,000 operating hours has been
obtained.
R. J. RUFF,

The Reactions of Hydrocarbon Radicals on
Metal Surfaces
G . c. BOND,J.
Oil Colour Chern. ASSOC.,
1957, 40,

-

895-911
The metal-catalysed hydrogenation of unsaturated
hydrocarbons involves the intermediate formation
of hydrocarbon radicals and reaction mechanisms
are considered here on the basis of reactions
undergone by these radicals on the metal surface.
These mechanisms can be determined by the
use of isotopes (e.g. deuterium) or by kinetic
measurements. The reactions reviewed, using
Ni and Pt metal catalysts, are ethylene and
cyclopropane hydrogenation and hydrogenation
of the acetylenic bond. The mechanisms obtained
are related to the surface geometry and d-bond
character of the metal and t o the strength of
adsorption of the radicals.
(111,

Tidewater’s Delaware Refinery: Catalytic
Reformer
Petroleum Processing, 1957, 12,
(7), 122-124
The reformer, a 45,200 bjd twin-train Houdriformer, is the largest of its kind in the world. I t
contains a newly developed Pt-containing catalyst
which can be regenerated in situ. T h e unit is
designed to take wide variations in feed-stock. In
a once-through regenerative operation reformates
in excess of 95F-I clear octane can be obtained
and after aromatic extraction the octane number
can reach 102-104F-I
clear. The reforming
process and regenerating equipment are described.

E. A. WHITE, JR.,

The Influence of Catalysts on the Reduction
of Iron Ore with Hydrogen
and S. Y . EZZ, Arch. Eisenhuttenwesen,
19577 28, (71, 367-371
The effect of impregnation with metallic salts
on the speed of reduction of iron ore with
hydrogen was investigated with ore from Aswan.
Over 100 pure salts or mixtures of salts were
used. Cu, Ni and P t catalysts had a clearly
positive and W a clearly negative effect, but most
substances were without influence. The roasting
temperature of the ore after impregnation had a
marked influence on the reduction rate; the
optimum temperature varied with the salt used.
The catalytic effect of these salts was only
evident at low reduction temperatures of 250-4ooo
Ni, Cu and Pt being the most active.
W. MACHU
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Catalytic Recombination of Radiolytic Gases
in Aqneous Thoria Slurries
L. E. MORSE, U.S. Atomic Energy Comm., Report
TID-7540, 143-154
“Out-of-pile” tests on possible catalysts for use
in the internzl recornbination of radiolytic gases
in T h o , slurries were carried out in stainless steel
bombs. The best catalysts are Pd and MOO,.
P d at a concentration of
o.oo8m gives high
reaction rates at 115-120”; above 120’ the reaction
tends to be explosive. The Pd is added to the
slurry as PdO and reduced in situ. At 280’ a
high activity is shown by MOO,at a concentration
of o.ogm. “In-pile” tests resulted in essentially
complete recombination of aqueous ThO,/UO,
slurries containing these catalysts at the average
power densities anticipated in a large-scale
thorium breeder reactor. No decrease in catalytic
activity was observed due to build up of Fe in
the slurries.
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Data on Latest Reforming Process
Rejiner,
1957, 36, (91,221-222
Describes Esso Research and Engineering Company’s Powerforming process. This is a fixedbed catalytic process using a regenerative P t
F. H. HOLT, I1 and R. R. HAIG, Petroleum

catalyst. Desulphurised low octane naphthas
can be upgraded to over IOO Research octane
number clear with a yield of 60-80%.

compared with that of the cyanide ion which
forms a convenient standard for poisons containing nitrogen. Dry NH, has a toxicity 407;
that of CN-, but this toxicity is suppressed by
water indicating that the NH,+ ion is not toxic.
Two primary amines, n-butylamine and cyclohexylamine, have toxicities similar to NH, but
the secondary amine dicyclohexylamine has a
value <I% that of NH8. Acetic acid reduced the
toxicity of amines in a similar manner to water
for NH,.

The Houdriforming Unit of the Emsland
Refking Company
Erdol u. Kohle, 1957, 10, (IO),
664-666
A 3,500 b/d Houdriforming unit has been built
at this refinery and went on stream in May 1956.
The unit comprises an H,S-stripper using a
Co-Mo catalyst and a catalytic reformer using a
Pt-containing catalyst.
H. NEUMANN,

New Methods of Preparative Organic Chemistry. 1 1 - 8 Selective Catalytic Oxidation
with Noble-Metal Catalysts

Hydro-isomerisation of P a r a h Wax

and H. PAULSEN, Angew. Chem., 1957,
69, (18/19), 600-608
Selective catalytic oxidation (dehydrogenation)
with air or oxygen using Pt-C, PtO, and P d
catalysts is of great value especially in polyhydroxy and carbohydrate derivatives.
A
review of its use in this field is given. Experimental details of catalyst preparation and some
representative reactions are given.
K. HEYNS

F. BREIMER, H. I. WATERMAN and A. B. R. WEBER,

J. Insi. Petroleum, 1957, 43, (Nov.), 297-306
The isomerisation of paraffin waxes as a method of
obtaining low pour point lubricating oils of high
viscosity index and diesel fuel of good cetane
number was investigated and a means of selecting
suitable catalysts is proposed.
Paraffin wax
(average mol. wt. 375) was vaporised with H, and
contacted with a catalyst at 0.89-1.04 WHSV,
410-450°C, 32-102 atrn. hydrogen pressure and a
molar ratio H,/wax of 61-183.
The reaction
products were distilled at atrn. pressure to 300°C
and the residues dewaxed at -20°C. The catalysts
used were A1,0,,
Al,O,-Cl,
Pt-AI,O,-Cl,
Pt-SiO,-Cl, Pt-commercial Al,O,-CI, CoMo0,A1,0, and MOO,-Al,O,-F. The results were
interpreted by means of a pseudo-three-component system, the components being oil, unconverted wax and cracked products and the
influence of reaction conditions and variations in
preparation of the I't catalysts on the distribution
of these components is shown. I t was found that
the oil content of the reactant is related to the
amount of cracked products by an equation of the
second degree. A system of catalyst selection
based on this equation is possible since from the
result of one experiment under standard conditions, the course of the reaction under varying
reaction conditions using the same catalyst can
be forecast. On this basis the following catalysts
were the most promising: CoMoO,-Al,O,,
MoO3-Al2O3-F and Pt-Al,O,-Cl, and the PtAlZ03-C1catalyst appears to be the best. At
optimum conditions (cracked material- 10-20
wt.%) the oils obtained have a pour point of
- 21' to - 35"C, viscosity index of 106-145 and a
viscosity at 100°F of 8.0-10.0 CS and at 210'F
of 2.1-2.8 cS. With a P t type catalyst a maximum
oil yield of 67 wt.:< was obtained.

CATHODIC PROTECTION
Some Aspects of Cathodic Protection
G . WAITE, Corrosion Convention, London,
Oct. 1957, Preprint 12 pp.
A general review of the methods of applying
protection and the main uses. Galvanic and
impressed current installations, choice of anode
material and measurement of anode current are
described. The use of cathodic protection in
pipelines and tanks and for internal and external
protection of ships' hulls is discussed. P t metal
anodes are advocated for the internal protection
of pipes, for certain tank installations and in the
external protection of ships' hulls.
W.

GLASS TECHNOLOGY
Fundamentals of Glass-to-Metal Bonding.
111-Temperature and Pressure Dependence
of Wettnbility of Metals by Glass

R. M. FULRATH, S . P. MITOEF and J. A. PASK,
J . Arner. Ceram. SOL.,19-57, 40, (8), 269-274
An improved apparatus is described which
enables the interfacial energy between molten
glass and a metal to be determined at pressures
down to ~ o - ~ mof
m Hg and temperatures up
to 1400OC. The main work was done with
Na,O.zSiO, glass on Au, Pt and Fe, but Ti, Zr,
The Catalytic Toxicity of Nitrogen Com- Mo, W and T a were also studied. The contact
pounds. Part 1. Toxicity of Ammonia and angle observed on Au remained constant at 60"
Amines
in the range 900-1040"C and 10-~-10-~mtn.
At
E. B. MAXTED and M. S. BIGGS,J. Chem. soc., 1957, ~ o - ~ m m
the contact angle for P t remained
constant at 15" for temperatures goo-1300"C
(Sept.1, 3844-3847
r n contact angle was temperature
The toxicity was tested on a Pt black catalyst but at ~ o - ~ mthe
in the hydrogenation of cyclohexene and was dependent having a value of 55" at rooo"C. The
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contact angle for Fe was temperature dependent
even at 10-5nm. The different behaviour on
these metal surfaces is related to their affinity
for oxygen, which is least for Au and greatest for
Fe. The increase in wetting of P t between 10-~mm
and atmospheric pressure was ascribed to a
change in the glass-metal interfacial energies at
the metal-glass-vapour junction.

The Development and Use of Glass Fibres
J. Rqy. SOC.Arts, 1957, 60,
(Apr.), 437-452 (Reprinted in Glass, 1957, 34,
(9)J403-410)
The manufacture, properties and uses of glass
wool and continuous yarn are described. The
molten glass is run into platinum bushings

A. HUDSON DAVIES,

provided with accurately formed tips to deliver
the fibre. In making glass wool a blast of superheated steam breaks up the glass stream into
individual fibres. In continuous filament yarn
manufacture the glass thread is drawn through
the forming tips at a constant speed and is then
treated as a normal textile yarn. The temperature
of the platinum bushings must be accurately
controlled since this determines the temperature
and hence the viscosity of the glass. Glass wool
is used as an insulator in aircraft and buildings
and in the protection of oil-pipe lines. Glass
yarn has wide application as an insulator in the
electrical industry but the most important future
use is expected to be in glass-reinforced plastics
for the aircraft, motor and shipbuilding industries.

NEW PATENTS
British Patent 781,230
A platinum or palladium catalyst is used as a
hydrogen transfer catalyst in the preparation of a
primary C1 to C , amine by reacting a primary or
secondary C1 to C, alcohol with ammonia at
elevated temperature.

in which the mctal is in the complex ammine
cation in aqueous solution are produced by
passing an aqueous solution of the corresponding
platinum or palladium salt over an anion exchange
resin, the latter being in the hydroxyl cycle.
Platinic (palladic) or platinous (palladous) ammine
hydroxides may be produced by using the
corresponding platinic or platinous ammine salt.

Cigarette Paper and Tobacco Products Made
Therewith

Increasing the Activity of Platinum-metal
Catalysts

J. DURANDEAUX British

N. V. DE BATAAFSCHE PETROLEUM MAATSCHAPPIJ

Manufacture of Amines
SOC. INDUSTRIELLE DES DERIVES DE L’ACETYLENE

Patent 781,539

A tobacco smoking product, e.g. a cigarette is
provided with an intermediary layer between the
tobacco and the paper wrapping of a salt of a
platinum group metal which acts catalytically to
neutralise the products of combustion. The paper
may be impregnated or coated with palladium
chloride.

Preparation of Carbon-substituted Pipermines
CHEMICALS corn. British Patent
781,701
A platinum or palladium hydrogenation/dehydrogenation catalyst may be used i n the preparation
of carbon-substituted piperazines by contacting an
amino alcohol of given general formula with the
catalyst at elevated temperature in the presence
of water.

British Patent 782,787
The activity of a platinum metal-alumina catalyst
is increased by contacting the catalyst at 250550°C with a mixture of steam, oxygen and
hydrogen chloride and/or hydrogen fluoride,
the steam being present in a molar concentration
at least fifty times that of the hydrogen halide.
The treatment is continued until the catalyst has
a desired halogen content. Chlorine and/or fluorine
may be initially contained in the catalyst.

WYANDOTTE

Manufacture of Unsaturated Compounds
F. HOFFMANN-LA ROCHE & co. A.G. British Patent
782,3 16
A lead-poisoned palladium catalyst is used as a
hydrogenation catalyst in a process of manufacturing all-trans-DL-cc-carotene.

Catalysts
British Patent 783,590
Hydrogen peroxide is dccomposed by contacting
a concentrated solution thereof with ruthenium
or a compound of ruthenium, the latter being in
the anionic or cationic state. Examples are given
of the use of ruthenium sponge, ruthenium
chloride solution, ruthenium metal on alumina
and ruthenium black plated on nickel. The
catalytic activity is stated to be far greater than
any other of the platinum metals.

LAPORTE CHEMICALS LTD.

Manufacture of Hydrogen Peroxide
LAPORTE CHEMICALS LTD.

Complex Hydroxides
THE ATLANTIC REFINING

British Patent 783,708

In a cyclic process for the manufacture of
hydrogen peroxide by the alternate hydrogenation
and auto-oxidation of phenazine or an alkyl
substituted phenazine, the catalyst used in the

co. British Patent 782,465

Platinum or palladium complex amine hydroxides
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hydrogenation stage is a supported palladium
catalyst, e.g. O . I - I O ~ ~ palladium supported on
alumina, silica, magnesia, or silica-alumina
carrier.

DehydrochlorinationProcess
British Patent 783,841
Vinyl chloride or vinylidine chloride is made by
contacting I, I - dichlorocthane or I, I, I -trichloroethane at 15-50o"C with salts or oxides of platinum or palladium. The catalyst may be supported
on activated alumina. The use of platinic acid,
platinic pyrophosphate, platinic sulphate, platinous chloride or iodide, palladium chloride or
fluoride, palladium dioxide and palladium phosphate is referred to.
ETHYL cORP.

Manufacture of Hexahydrobenzylamine
British Patent 785,108
Hexahydrobenzylamine is made by catalytically
hydrogenating tetrahydrobenzonitrile in the
presence of acetic acid anhydride. A palladium or
platinum hydrogenation catalyst may be used.
J. R. GEIGY A.G.

Catalysts
THE ATLANTIC REFINING CO. Britijh Patent 785,132
A platinum-containing catalyst is made by
impregnating an acidic metal oxide component,
e.g. silica-alumina, with an aqueous solution of
platinous tetramrninohydroxide, drying and converting to metallic platinum. 0.1-2.5&: by weight
of platinum is present in the final catalyst.
Intended for use in reforming petroleum distillate
fractions.

Hydrogenated Spiramycins
SOC.

DES

USINES

CHIMIQUES

RHONE-POULENC

British Patent 785,191
An antibiotic substance is made by catalytically
hydrogenating spiramycin until at most four
carbon atoms have bceii absorbed per molecule
of starting material. The catalyst employed is
platinum or palladium, preferably deposited on a
support of alumina, carbon or barium sulphate.
Numerous examples are given.

and absorbing heat from the bed indudes the
step of completely oxidising a fuel-air mixture
catalytically within the bed, the latter being
composed at least partly of an active oxidation
catalyst. Contact of the fuel-air mixture with
the catalyst causes release of heat within the
bed, the temperature of which is maintained
well below ordinary flame temperature. Platinum
group metal catalysts are used, platinum on
activated alumina being specifically mentioned.

Catalyst for Gas Phase Oxidation Reactions
E. I. DU PONT DE NEMOURS & co. British Patent
7851657
A catalyst for gas phase oxidation reactions, e.g.
the synthesis of hydrogen cyanide from ammonia,
is formed of a gauze of platinum or of an alloy
containing at least 50"/0 platinum, superposed
on a layer of granular refractory material, e.g.
beryl, silica, porcelain or alumina, coated with
platinum or an alloy containing at least soyn
platinum. An alloy of 80-90:/;, platinum and
20-10l6 rhodium is preferred. The reaction is
carried out by passing a gaseous mixture downwards first through a layer of the gauze and then
through the coated refractory.

Contact Body for Carrying-out Catalytic
Reactions
German Patent 1,003,192
A contact body for carrying out catalytic reactions
is formed of an electrical resistance wire having
thereon a thin adherent coating of a catalytically
active inorganic oxide consisting of aluminium
oxide, beryllium oxide, zirconium oxide, thorium
oxide or mixtures thereof which has a porous
structure, a thickness of less than 0.076 mm
(preferably 0.0076-0.0254 mm) and is impregnated with finely divided platinum, ruthenium
or palladium or mixtures thereof.
OXY-CATALYST INC.

Treatment of Platinum Catalysts
German Patent 1,003,696
In order to avoid the disadvantages formerly
associated with the use of platinum catalysts,
wound in form of a disc from narrow platinum
strip, in processes such as the oxidation of
ammonia, the outer edge of the platinum disc is
tightly forced into contact with the preferably
conical inner surface of an acid and/or heat
resistant frame or casing. The gases to be catalysed are led directly from above downwardly
through the catalyst disc by means of a hood or
dome to the top of which the gases are introduced.

RUHRCHEMIE A.G.

Titanium and Zirconium Alloys
British Patent 785,278
An alloy is composed of titanium and/or zirconium
with 4 atom per cent to 7 atom per cent of osmium.
The alloys retain the body-centred cubic, or beta,
structure, even when cooled below room temperature, yet their ductility and malleability is
similar to elemental titanium or zirconium.

WESTERN ELECTRIC CO.

Indirect Heating of a Fluid
COMBUSTION ENGINEERING

INC.

Compound Metal Stock
& co. INC. U.S.Patent 2,793,423

British Patent

BAKER

785,398
A method of indirectly heating a fluid by flowing
it through a conduit immersed in a fluidised
bed of solid particles thereby heating the fluid
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A compound metal consists of a base metal
backing carrying a layer of a palladium alloy
composed of 1-5% cobalt and remainder palladium.
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Catalysts

Reduction of Steroid Peroxides
CHAS. PFIZER

co. U.S. Patent
2,802,794
In making a catalyst by impregnating activated
alumina with a platinum group metal compound
with subsequent reduction to the metal, the
activated alumina, before impregnation, is
treated with an aqueous solution of an oxidising
agent at a temperature between the freezing point
and the boiling point of the solution and then
freed from the solution. The oxidising agent is
an alkali metal or alkaline earth metal hypochlorite or hypobromite.

E. I. DU PONT DE NEMOUKS &

& co. INC. U S . Patent 2,794,033

An 8,g-unsaturated ~r,~q-peroxide
steroid of the
ergosterol type is selectively reduced to an
8-9-unsaturated I 1,14-dihydroxylated steroid by
hydrogenating the peroxide in the presence of a
catalyst of poisoned palladium.

Supported Catalyst
OIL PRODUCTS co.
U S . Patem
2,798,051
A supported catalyst is made by successively
treating a solid adsorptive support with vaporous
platinum carbonyl chloride and water vapour,
adsorbing one of the gases on the surface of the
support and then reacting it with the other gas
to deposit platinum metal on the support.

UNIVERSAL

Productionof Hydroxyl Ammonium Sulphate
& SODA FABRIK A.G. U.S. Patent
2,798,791
In the production of a hydroxyl ammonium
sulphatc by reduction of nitric oxlde with hydrogen on a platinum-containing catalyst in dilute
sulphuric acid, the sulphuric acid is pre-oxidised
by the addition of an oxidising agent in sufficient
amount to increase the life of the catalyst.

BADTSCHE ANILIN

co. U.S. Patent 2,802,889
A catalyst for promoting the selective hydrogenation of acetylene in contact with a gas mixture of
acetylene, ethylene and hydrogen is composed
of an inactive carrier and not over 5y0 of a
composition consisting of 60-99 parts of weight
of palladium and 40-1 parts by weight of copper,
silver or gold.

THE DOW CHEMICAL

Thermocouple
DEUTSCHE GOLD-UND SILBER-SCHEIDEANSTALT

U S . Patent 2,802,894
One clement of a therinocouple consists of pure
iridium or an iridium-rhenium alloy containing
at least 90'X iridium; the other element consists of
an iridium-rhenium alloy containing up to 60°b
iridium.

Obtaining Concentrated Aromatic Hydrocarbons
OIL PRODUCTS CO.
U.S. Patent
2,799,627
A mixture of aromatic and unsaturated hydrocarbons is treated with a catalyst comprising
platinum, alumina and combined halogen at
300-6m°F at a pressure of 100-1000 p.s.i. in the
presence of hydrogen. All the unsaturated hydrocarbons arc hydrogenated at this temperature.
UKIVERS.AL

Resistance Thermometer
DEUTSCHE GOLD-UND SILBER-SCHEIDEANSTALT

Purifying of Acrylonitrile
MONTECATINI SOC. GEN. PER L'INDUSTRIA MINERARIA
E CHIMICA U.S. Patent 2,799,630

A platinum or palladium catalyst is used in a
process of removing acetylene hydrocarbon
impurities from acrylonitrile by contacting the
latter at room temperature for 30-60 minutes
with hydrogen in the presence of the catalyst.

Pretreating-HydroformingProcess
U.S. Patent 2,800,428
Refers to the treatment of a naphtha containing
more than 0.02 wt. per cent of sulphur in which
part of the naphtha is dcsulphurised by contact
with a desulphurising catalyst i n a zone at 600800°F to convert its sulphur content to H,S, which
is removed from the desulphurisation zone effluent
and part of the effluent is charged to a hydroforming operation comprising contact with
platinum-on-alumina catalyst in three or more
heating-reaction stages at pressures of 200-500
p.s.i.g. and temperatures of 850-950°F in the
presence of recycled hydrogen.
STANDARD OIL CO.
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U.S. Patent 2,802,925
A resistance thermometer is composed of a
measuring winding of a relatively thin extended
platinum resistance element wound on a refractory support. 'The element has a coarse
crystalline structure in which the size of the
individual crystals in the direction of the thinnest
dimension of the element is equal to the thinnest
dimension and in a direction transverse to the
thinnest dimension of the element is also equal
to the thinnest dimension. The winding is
covered with a hot coalesced mixture composed
of 5-50 mol "/b beryllium oxide, 10-4 mol
calcium oxide, 3-30 mol 9 ; aluminium oxide
and 5-25 mol 7; magnesium oxide and t w o or
more of zirconium oxide, barium oxide, boron
trioxide and silicon dioxide.

Braying Alloy
cow. U S .Patent 2,805,115
A brazing alloy consists of 88-970/6 silver, a
total of 2-10°< of platinum and/or palladium
and o.r-1'!4? of nickel, cobalt or mixtures thereof.
Up to 0.5"~ of lithium may be included to improve the flow and wetting characteristics.
STEWART-WARNER

