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The Development of the Modern
Ammonia Oxidation Process
INFLUENCE OF ECONOMIC AND TECHNICAL FACTORS
IN NITRIC ACID MANUFACTURE

By A. W. Holnies, B.A., B.s~.
Imperial Chemical Industries Limited, Rillingham

B y the end of thejrst world war the manufacture of nitric acid by ammonia
oxidation over a platinum catalyst was a technically established process.
The rapid increase in production of synthetic ammonia enabled this
method to become the principal source of industrial nitric acid, and
further development of the process in terms both of technical progress and
in the sire of unit plant has been determined by economic factors.

Because of the high costs of concentration
early attempts to improve the ammonia
oxidation process were aimed at making
more concentrated acid and, if possible,
really concentrated acid.

During the past forty years the ammonia
oxidation process has been the only process
of economic importance for the production
of nitric acid. During this period as the
demand for nitric acid has increased there
has been progressive development of the
process both technically and in the size of
unit plants.
Nitric acid is required by industry in two
forms; either as “weak nitric acid” of 50 to
60 per cent HNO, or as “concentrated nitric
acid” of 95 per cent HNO, or greater. The
ammonia oxidation process as originally
developed produced weak acid, which was
often nearer 40 than 50 per cent HNO,. This
acid is quite satisfactory for the production
of inorganic nitrates but for organic nitrations
the explosives and dyestuffs industries needed
concentrated acid. The weak acid is concentrated by distillation with a water carrier,
such as sulphuric acid, which must subsequently be reconcentrated. In the 1920s a
large proportion of the total acid was required
in the concentrated form. This proportion
has slowly decreased and the present popularity of fertilisers containing nitrate nitrogen
means that most of the nitric acid is required
in the dilute form.

Platinum Metals Rev., 1959, 3, (l), 2-8

Effect of Pressure
The reactions involved in the manufacture
of nitric acid from ammonia may be summarked as:
4NH37 5 0 , 4NO , 6 H,O 216.7 kilocal. ( I )
2 NO
0 2 -2 N 0 ,
- 26.9 kilocal. (2)
3

+

3 NO,+H,O$2

HNO,-NOT

32.5 kilocal. (3)

As indicated the absorption reaction is reversible and a state of equilibrium can exist
between the gas and liquid compositions.
This can be expressed as:
constant

(‘€€NO,)

(4)

(’NO)

Absorption proceeds at a rate which is related
to the extent to which the system departs
from equilibrium. Consideration of equation
(4) shows that two of the factors relate to the
gas composition and two to the acid composition. T o obtain a high strength acid the

2

ratio (l"~,)~
:PNO must be high. This
can be achieved by increasing the proportion
of the total nitrous gas present as NOI (high
state of oxidation) or by increasing the total
pressurc. There is in fact much more scope
for gain by increase of pressure and most of
the development work for high strength acid
was along this line.
The vapour pressure of nitric acid is such
that it is not difficult to obtain about 60 per
cent HNO, by increasing the worlung pressure of the absorption system. However, very
large and uneconomic increases in pressure
are necessary to get significantly above
60 per cent HNO,.
A second very important effect of increased
pressure is a marked rcduction of the volume
required for the absorption system. This
more than offsets the other effects of increased
pressure so that a high pressure plant has a
lower capital cost than a low pressure plant.

spheres absolute. The plants diffcrcd in that
the du Pont plant oxidised the ammonia
under pressure while the Fauser plant carried
out this stage at atmospheric pressure. These
plants produced acid of about 60 per cent
HNO, compared to the 40 to 50 per cent of
earlier plants.
A different approach was used by the
Bamag Company which oxidised the ammonia
with oxygen, thus obtaining a very concentrated nitrous gas. By the use of refrigeration
a large proportion of the nitrous gas was
recovered as liquid N,O,. This was reacted
in autoclaves under pressure with oxygen and
dilute nitric acid to form 98 per cent HNO,.

Most Economic Pressure
As the emphasis has swung more to low
cost weak nitric acid with relatively small
premiums for acid concentration, the attractiveness of the high pressure plants has fallen
because of their high operating costs. The
most economically attractive working pressure
is currently about 3 atmospheres absolute and
development is concentrated on the efficient
utilisation of the considerable heat of reaction.

Early Lines of Development
Plants were produced by E. I. du Pont de
Ncmours and Co. working at 8 atmospheres
absolute and by G. Fauser working at 5 atmo-

The original atmospheric pressure ammonia oxidation converters installed ut Billingham in
the 1920s. employing twenty-inch dianapter platinum gauzes with doionward flow
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Ammonia is oxidised to NO on the
platinum catalyst with remarkable facility
and it appears that every ammonia molecule
which strikes the catalyst is oxidised. However, the catalyst can be loaded to the point
where ammonia breaks through and this will
then react in the gas phase with the nitric
oxide:

There remains the basic question exemplified
by the two original pressure plant designs of
whether or not to pressurise the ammonia
oxidation step of the process.

Ammonia Oxidation
The all-important first step in the conversion of ammonia to nitric acid is the
oxidation of the ammonia to nitric oxide over
a catalyst as set out earlier as reaction (I). The
normal working temperature of the platinum
or platinum alloy catalyst is 800 to 9 0 0 T and
the temperature rise due to reaction with the
ammonia concentrations normally employed
ranges from 600 to 700°C. It is therefore
necessary to heat the gases before they reach
the catalyst and this involves the risk of
thermal decomposition of ammonia:
z NH,

-

N,

+ 3 H, - 21.9 kilocal.

4 N H 3 j - 6NO=5 N2-t-6H 2 0 f 4 3 2 kilocal. ( 6 )

If on the other hand the catalyst is very
lightly loaded the nitric oxide may be decomposed by the catalyst:
z NO

~

N,

+ 0, 4-21.5 kilocal.

Since the efficiency can be reduced by both
high loading and low loading there must be
an optimum loading. In practice the optimum
is broad and over an appreciable range of
loadings the conversion is constant. The
optimum loading is affected by many factors,
the most striking effects being produced by
catalyst temperature and gas pressure. Owing
to the increased chance of an ammonia
molecule colliding with the catalyst the

(5)

The homogeneous rate of decomposition is
negligible under normal nitric acid plant
conditions. However, the reaction is catalysed
by many materials particularly when an
oxide film is present.

Conversion at high pressure i n a down $ow converter using a thick pad of sixteen-inrh
hexagonal rhodium-platinum alloy gauzes
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4

Photomicrographs

(X

100)

of catalyst gauzes. Left,

a fairly new catalyst;
right, a well-used catalyst

possibilities by Handforth and Tilley, of
du Pont de Nemours and Co., in the United
States of America, who published their
results in 1934 in Industrial and Engineering
Chemistry, and comprised a 10 per cent
rhodium-platinum alloy. Because of its
better efficiency, reduced rate of loss and
longer life this alloy is now the standard
ammonia oxidation catalyst and is used
universalIy in the form of gauze. The gauze
is normally of 80 mesh, the wire bcing about
0.003 inch diameter.
The mechanism by which the catalyst is
“lost” is not known. It is a matter of observation that during service the smooth wires
of the catalyst develop excrescences and
recrystallisation proceeds until the “wire” is
a chain of crystals with extremely poor
mechanical properties.
The excrescences
become detached in operation and may be
recovered by suitable filters installed after
the catalyst.

optimum loading increascs with both catalyst
temperature and gas pressure. As ammonia
is a major cost item in the production of
nitric acid, converters are normally designed
for and operated at the optimum efficiency.

Catalyst Performance
Since the noble metal catalyst is expensive,
it is economically attractive to reduce the
amount of catalyst employed. This may be
done by increasing the throughput and raising
the working temperature to maintain the
efficicncy of conversion of ammonia to nitric
oxide. However, the catalyst deteriorates in
service and some of the metal is lost from the
wire gauzes, which eventually become so
weak that they must be removed and the
metal recovered. The rates of deterioration
and of loss of metal increase very rapidly with
temperature and with pressure and make it
unattractive to push up the loading and hence
the working temperature. When the oxidation of ammonia is carried out under pressure
the need to restrict the size of the catalyst
chamber and the general effects of pressure
favour high catalyst loading and high catalyst
temperature. These conditions would have
involved unacceptable losses of metal with
the original platinum catalyst and were made
possible only because of the development of
an alloy which suffered much reduced loss of
metal. This alloy was chosen out of many

Platinum Metals Rev., 1959, 3, (1)

Recovery of Catalyst Metal
A process for recovering the metal lost
from the catalyst was developed in Germany
during the war. The hot gases were passed
through a bed of gold-plated ceramic rings
and the platinum alloyed with the gold. The
coating was subsequently stripped and
refined. More recently fibrous filters have
been developed in the United States to filter

5

out the particles of platinum from the hot
gas stream. Because of the pressure drop
introduced into the plant these filters have
not been universally adopted.

ing of ammonia. The use of suitable materials
such as stainless steel, however, enables
reasonable efficiencies to be achieved in
practice though the efficiency is commonly
lower than in low pressure plants and the
catalyst loss higher.
Since the catalyst operates at a temperature
of 800 to 900°C the rhodium-platinum wire
gauze has relatively little mechanical strength
and must be supported so that it can sustain
the pressure difference due to the flow of gas
through the gauze. The difficulty of supporting the catalyst leads initially to two very
different solutions. The solution adopted in
England was to use a small gauze which was
clamped in a joint with limited support
against downward flow. The solution on the
Continent was to use a very large gauze and
to float it on a rising stream of gas. As heat
and oxidation resistant materials were developed it became possible to support larger
areas of gauze against downward flow and
the unit size of gauze in this type of converter
increased because of the general advantages

Converter Design
The temperature rise across the catalyst
depends primarily on the concentration of
ammonia in the gas. Since the temperature
for optimum conversion is fixcd by the loading of the catalyst, this, in conjunction with
the concentration of ammonia in the gas to
be converted, fixes the temperature to which
the gas must be preheated before it reaches
the catalyst. If the ammonia concentration
is low then the preheat temperature will be
high.
In high pressure converters the
ammonia concentration in the gas must be
kept down to avoid the combustible mixture
range and this requires high preheat to obtain
the high catalyst temperatures necessary for
the high loading. This is in itself an adverse
effect since the relatively high surface/volume
ratio of high pressure plant favours the crack-

Medium prvssure ommonia oxidntion converter
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the lute 1940s with square gauzes

A n ammonia oxidation
unit in a modern nitric
acid plant, employing
large circular rhodiumplatinum gauze nets for
niediurn pressure conversion

of a smaller number of units and of less surface area of plant both for cracking of
ammonia and for loss of heat. Prcsent-day
designs not only enable gauzes of large
diameter to be used with adequate support
but also permit large converters to be made
pressure tight so that the need for atmospheric
pressure oxidation of ammonia has been
removed. A modern medium pressure converter is illustrated above.

scale by filtration before passing to the
catalyst. Many types of filter have been used
including porous stoneware but the type
appears unimportant so long as the dusts
normally present in the gases are effectively
removed.
Some dust inevitably passes any filter and
the catalyst performance deteriorates with
time. It is common practice to clean the
catalyst periodically by treatmcnt with hot
dilute hydrochloric acid. The extent to which
this is done is a matter of economics for the
used catalyst gauze is brittle and is easily
damaged by handling.

Gas Purity
Owing to the high working temperature the
catalyst is not very susceptible to poisoning
and this combined with the high purity of
ammonia produced in synthesis plants gives
a complete absence of trouble due to this
cause. However, oxides of iron have a deleterious effect on performance as they catalyse
the cracking reaction (5) and any non-volatile
non-combustible dust has an adverse effect
through blanketing the catalyst. Because of
this the gases must be freed from all dust and
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Heat Economy
Reference to reactions (I), (2) and (3) will
show that 60 per ccnt of the heat evolved in
nitric acid manufacture is evolved in the
oxidation of the ammonia to nitric oxide.
This heat is available as sensible heat in the
gases leaving the catalyst and at a sufficiently
high temperature to make recovery worth
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while. Some of the sensible heat in the converted gas is used for preheating the gases
going to the catalyst but the heat of reaction
is available for other purposes. Initially this
heat was recovered as steam in waste heat
boilers. By the use of economisers the heat
recovcry can be made effective to about 82
per cent of the heat of oxidation of ammonia
but cannot be taken further because of the
dewpoint of the converted gases.
When plants are operated under pressure
it is possible to recover the heat of reaction as
mechanical energy by heating the exhaust
gases and using them to drive a turbine.
Because of the characteristics of heat engines
the amount of energy which can be usefully
recovered in this way is limited and for the
relatively low pressure plants which are now

favoured the major part of the heat available
is recovered as steam with a small part
recovered as mechanical energy at a very high
conversion efficiency.
The oxidation of nitric oxide to nitrogen
dioxide is responsible for about 15 per cent
of the total heat evolved in converting
ammonia to nitric acid. This heat is usually
evolved at low temperature and lost to cooling
water because of the negative temperature
coefficient of the reaction velocity constant.
However, when the process is operated under
increased pressure it becomes practicable to
raise the working temperature to the point
where t h i s heat can be usefully recovered.
At the present time this would appear to
represent the limit to which the energy of
reaction can be recovered.

Platinum Plating of Zirconium
PROTECTION FROM CORROSION UNDER IRRADIATION CONDITIONS
Studies on the use of zirconium and its
alloys for the construction of spherical shells
for a homogeneous reactor at Oak Ridge
National Laboratory have shown that these
materials corrode slowly in uranyl sulphate
solutions of pH 1.7 to 2.5 in the temperature
range 250 to 350°C under irradiation conditions. It was thought that a platinum cladding would be sufficiently resistant in these
conditions and an investigation was therefore
carried out at Battelle Memorial Institute.
The results of this study are reported by A.
B. Tripler, J. G. Beach and C. L. Faust in the
U.S. Atomic Energy Report No. BMI-1097.
Mechanical cladding was temporarily ruled
out because of the brittle alloy phase which
forms at cladding temperatures and electrodeposition was therefore investigated. It was
essential that the deposit should be adherent,
continuous and impervious, should resist
corrosion under irradiation and should not
exceed the thermal neutron capture cross
section equivalent to 0.25 inch of zirconium.
A diammino-nitrite bath was used, containing 6 g platinum in 750 ml, with
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platinum foil anodes. Preliminary plating
tests on nickel showed a continuous D.C.
method to give an unsatisfactory deposit. A
periodic reverse technique was thereforc
employed. After establishing optimum conditions of current density and time cycle,
dense lustrous deposits werc obtained up to
0.0015 inch in thickness.
With a satisfactory method of deposition
established, plating of zirconium was undertaken. Studies were made of duplex plates of
0.0005 to 0.00075 inch platinum over 0.001
inch nickel, diffusion bonded to the zirconium, and of deposits of 0.0005 inch platinum
directly on to zirconium. Both types werc
found to be adherent and resistant to corrosion, but microscopic examination showed
that the platinum on nickel deposit was much
smoother than the direct platinum deposit.
On the basis of these results a procedure
involving periodic reverse platinum plating
over diffusion bonded nickel was used for the
preparation of specimens sent to Oak Ridge
for in-pile testing. If necessary, the thickness of platinum could be increased.
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The Penex Process
for Pentane Isomerisation
By L. E. Dean and H. R. Harris,
Phillips Petroleuni Company, Bartlesville, Oklahoma

D. H. Belden and Vladiinir Haensel
Universal Oil Products Company, Des Plaines, Illinois

Much work has been done throughout the
natural gasoline and petroleum industry on
the upgrading of light hydrocarbons. The
realisation that normal pentane was one of
the major remaining components of natural
gasoline which could be readily upgraded
prompted Phillips Petroleum to look into the
various processes available for converting
normal pentane into isopentane. After considerable study, Universal Oil Products
Company’s Penex process, employing a
platinum-containing catalyst, was selected.
The decision to isomerise normal pentane
can be better understood if it is realised that
the conversion of the contained normal
pentane to isopcntane will increase the
overall research octane number of the average
natural gasoline about five octane numbers
(with 3 ml of T.E.L.). This improvement in
quality serves to make natural gasoline more
valuable for blending in today’s high octane
motor fuels. Also isopentane, in common
with other isoparaffins, has low sensitivityResearch octane number minus motor octane
number-which means improved road octane
performance. The increase in octane level will
also permit blending larger quantities of
pentanes in premium gasoline.
The Penex process, while capable of
isomerising both normal pentane and normal
hexane, has been used at Borger for the
specific purpose of isomerising normal pentanc to isopentane. This isomerisation reaction
is limited by equilibrium considerations, and,
as is the case with most paraffin isomerisation
operations where highly branched-chain mole-
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The Phillips Petroleum Company recently put on stream at Borger, Texas,
industry’s first pentune isomerisation
unit. This installation, employing
Uniuersal Oil Products Company’s
Penex Process based upon a platinumbearing catal?st, is unusually large for
an initial unit biit has given eaery indication of prouiding u aery economical
and @cient process.

1

cules are the desired product, a more favourable equilibrium is obtained at low temperatures.
Research work by UOP indicated that the
more highly branched neopentane is absent
in the product from the reaction system,
although thermodynamic calculations indicate
that it should be present in a concentration of
5 to 10per cent for the temperature range of
current interest. Its absencc is consistent with
the established carbonium ion mechanism for
the isomerisation reaction. This lack of
neopentane is borne out by analyses of the
reactor effluent from the Borger commercial
unit.
This is important since the leaded octane
number of neopentane is about seven units
lower than that of isopentane.
The Penex process accomplishes the isomerisation of normal pentane under conditions of (I) relatively low temperature, (2)
close approach to equilibrium in the reactor
effluent and (3) high efficiency. The UOP-

9

This Penex unit at the
Borger, Texas. refinery
of Phillips Petroleum
Company is designed
to handle a maximum
of 34,000 barrels per
stream day of 85 per
cent normal pentane
reactor feed and to
produce approximately
16,000 barrcjls p e r
stream day of 95 per
cent isopentanc. The
process employs a
p l a t i n u m - containing
catalyst

Type 1-3 Penex catalyst employed also
overcomes many of the problems associated
with more highly acidic isomerisation systems
by permitting operation under non-carbonising and non-sludging conditions. This is
achieved by hydrogenation of coke and
sludge precursors by the use of a hydrogen
atmosphere and a hydrogenation component
in the catalyst.
The relatively low operating temperatures
give a more favourable iso- to normal pentane
equilibrium in the product. The close
approach to this equilibrium means a higher
quality product for a once-through operation,
or less fractionating capacity for a recycle
operation. These factors, together with the
high efficiency of the isomerisation reaction,
are achieved by careful formulation and
manufacture of the platinum-containing
catalyst.
The processing of a pentane fraction in a
Penex unit has presented no particular
problems not readily handled in the plant
design. Olefins are not normally present but,
if they should exist in the feed, they are
completely saturated in the Penex reactor at
the expense only of the hydrogen required for
saturation. The 1-3 Penex catalyst is suscep-
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tible to many of the same metallic poisons
which adversely affect other noble metal
catalysts. Fortunately, however, the contaminants have not been identified in sufficient
quantities in virgin pentane fractions to cause
any concern.
One of the unique features of the 1-3
Penex catalyst is its ability to cope with
limited amounts of contaminants such as
sulphur or water, which may frequently be
found in reactor feed and make-up hydrogen
streams. Such contaminants exhibit only a
temporary inhibiting effect on the catalyst,
this effect readily disappearing once the
contaminant is removed from the entering
stream. Further, their continued presence can
be overcome by moderate changes in operating conditions without any significant sacrifice in product yields or efficiencies. The
remarkable characteristics of the 1-3 catalyst
were shown by pilot plant runs of up to 100
bbl. per lb. duration with very low carbon
levels on the spent catalyst of 0.10 per cent
or less.
Late in 1956 engineers of UOP and Phillips
started the final design of the Borger Penex
Unit. Process design of the reaction area,
including the product stabiliser, was handled
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by UOP. Process design of the fractionating
and storage facilities as well as the mechanical
design and construction of the entire unit
was handled by Phillips.
The normal pentane feed for the Phillips
unit is separated entirely from natural gasoline. A mixture of pentanes is fractionated to
give a normal pentane feed of approximately
85 per cent purity.
The economics of design dictated the use
of four parallel reactors. The advantage of
operating at optimum efficiency, requiring
close control of temperatures, led to the provision of individual heaters for each reactor.
After passing the reactor effluent through a
high pressure separator, where the recycle
hydrogen is removed for recompression, the

product is stabilised in a fractionating tower
to remove the butanes and lower boiling
materials.
After stabilisation, the stabiliser kettle
product is fed to two deisopentanising towers
operating in parallel. These towers produce
95 per isopentane overhead and approximately
85 per cent normal pentane as kettle product.
The operating performance of the Penex
unit for isomerisation of normal pentane
installed at Borger has justified the faith
placed in this important new refining tool by
the Phillips Petroleum Company. The plant
start-up was smooth and design conversion
and yields were quickly reached. This unit
is in fact giving every indication of being a
very economical and efficient process.

Synthesis of Hydrocyanic Acid
A NEW DEVELOPMENT OF THE ENDOTHERMIC PROCESS
The synthesis of hydrocyanic acid by the
exothermic reaction between methane, ammonia and air-the Andrussow process-has
been extensively developed during recent
years (Platinum Metals Rev., 1958, 2, 7-11).
The energy requirements of this process are
low, and it has proved to be a practicable
commercial method, but the yield is comparatively poor and separation of hydrocyanic
acid from the reaction products is difficult.
A modified process has now been developed
in Germany by Degussa in which the direct
endothermic reaction between methane and
ammonia is utilised and heat is supplied from
an external source. This BMA process
(Blausaure aus Methan und Ammoniak) has
been described in a paper by F. Endter
(Chem.-1ng.-Techn., 1958, 30, (s), 305-310).
I n a plant with a capacity of 100 tons per
day, hydrocyanic acid is produced in 83 per
cent yield based on ammonia, compared with
65 per cent for the Andrussow process and
the concentration in the outlet gas is more
than 20 per cent, the only other major constituent being hydrogen which is a valuable
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by-product and easily separable from hydrocyanic acid.
The synthesis reaction occurs in sintered
alumina tubes 2 metres long and 20 mm in
external diameter, lined on their inner surface
with a layer, 15 p thick, of catalyst containing
about 70 per cent platinum. This catalyst,
which was specially developed for the process,
suffered no apparent loss in activity in a test
lasting nine months. The reaction between
ammonia and methane, in the ratio 105 : TOO,
takes place a t about 1200°C and the gases,
on leaving the reaction chamber, are immediately cooled to below 300°C to prevent
dissociation of the hydrocyanic acid. The
unreacted ammonia is removed as ammonium
sulphate by washing with sulphuric acid and
the hydrocyanic acid is separated from the
hydrogen by absorption in sodium hydroxide.
Some heat can be recovered from the
effluent gas as process steam, but the need to
supply heat for the endothermic reaction is
the main item of cost, so that the process will
be most economic where fuel gas is available
cheaply.
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Gamma Radiography with Iridium 192
ADVANTAGES IN THE NON-DESTRUCTIVE TESTING
OF CASTINGS AND WELDED STRUCTURES

By R. A. Mintern and J.

c. Chaston, Ph.D., A.R.S.M.
normally be beyond the range of
ordinary X-ray equipment, the radiation from which is generally less
penetrating than that from the gamma
ray sources so far employcd.
Originally the source of radiation was of
course a naturally radioactive material. In the
early days of gamma radiography it was usual
to employ either permanently active sealed
radium sources or short-lived sources filled
with the radioactive gas radon drawn from a
radium source. The radiation emitted from
radium or radon is of a strongly penetrating
character and experience showed that it was

Gamma radiography was introduced twenty
years or so ago as a supplement to X-ray radiography to provide a means of inspecting
castings, welded assemblies and other engineering structures for internal defects such as
blowholes and cracks. This method of nondestructive testing has been developed alongside X-ray inspection and in general has been
of special service where
( a ) radiographic examination has to be
carried out in positions that would be
inaccessible to bulky X-ray apparatus
(b) relatively thick and dense metal parts
are to be examined, since these would

Gamma ray inspection, using iridium 192, of one of the welds in a tubular steel
structure by Stewarts and Lloyds Ltd.
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An iridium 192 source in use f o r the
non-dwtructive testing of a welded
steel shell at the works of G. A .
Harvey & Go. (London) Ltd.

particularly suitable for the examination of thick castings of
steel or copper alloys,
Both these sources are still
available but, since radioactive
isotopes made artificially by irradiation in an atomic pile havc
become available, it has been
more customary to employ cobalt
60, which is an isotope of relatively long half life (5.3 years)
and has proved a most attractive
alternative to radium. The radiation emitted from cobalt 60
approximates to X-radiation
generated at 1-18 million volts
and, like that from radium, is
suitable for examining heavy
steel and iron castings up to six
inches in section.
More recently other radioactive isotopes
have become available, including iridium 192,
tantalum 182, caesium 137 and thulium 170.
Of all these, the isotope iridium 192 has been
found to have many particularly attractive
characteristics. It is prepared by a neutrongamma reaction which takes place when a
sample of metallic iridium of the required
shape is inserted in the atomic pile. At the
same time iridium 194 is also produced hut,
as this has a half life of only 19 hours, the
Gamma Ray Spectrum of Iridium 192
inergy of Spectrum Line
(MeV)

I

Relative Intensity

0.207
0.206
0.296
0.308
0.316
0.468
0.485
0.588
0.605
0.6 I 3
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I
7.5
38
37
I00
30
1.1
1.1
I.4
0.5

radiation from this isotope becomes negligible
at the end of about one week. Iridium 192
which then remains, has a half life of 74.4
days.
The nature of the radiation emitted by
iridium 192 has been discussed by R. Halmshaw (I) who points out that the energy
distribution in the gamma ray spectrum is
complex and is probably not far removed
from that quoted by Muller (2) and his
colleagues and shown in the table.
The work of Halmshaw suggests that a
slightly larger proportion of the higher energy
spectrum lines than are indicated by this
table may be present, and from experiments
with exposure curves he concludes that the
radiation from iridium 192is roughly equivalent to that from an X-ray tube running at a
peak voltage of 800 to 900 kV.
From theoretical reasoning it is very
difficult to compare the value of different
sources of gamma radiation, hut Halmshaw
has shown that the radiation from iridium 192
is, as would be expected, inferior to 200 kV
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or 400 kV X-rays for detection of fine cracks,
but that the flaw sensitivity, when considered
in terms of contrast alone, is actually comparable with 400 kV X-rays for thicknesses
from 14 to 3 inches of steel and, although
considerably less than that with zoo kV
X-rays, remains reasonable for thicknesses
down to about 4 inch steel provided that good
film processing technique is followed.
More recently, W. H. Sansom (3) has
confirmed from considerable experience that
there is “a relatively high, and rather unexpected, degree of image contrast obtained
when radiographing comparatively thin sections of steel [with iridium 1921-even down
to 7 Ib plate, which, with reinforcement, is
approximately inch”. Sansom reports that
in the radiographic examination of the shell
or hull of a ship the use of an iridium 192
source “in conjunction with a medium-speed
non-screen film between four and six
thousandths lead screens, has produced
results which, for all practical purposes, bear
very favourable comparison with exographs
taken under similar conditions. I n the case of
steel sections in excess of one inch, there
becomes progressively less and less to choose
between the exograph and gammagraph in
terms of contrast and sensitivity and, if time
allows, with the use of a fine-grain non-screen
film for the gammagraph, the difference
becomes negligible”.
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He further points out that “it may be said
from experience, with some degree of
certainty, that, in spite of the considerably
longer exposures necessary with an iridium
192 source of medium or low strength (the
exposure times with a high-strength source
may be very close to the corresponding X-ray
exposure), the actual volume of work over a
given period is little different from that
achieved by the use of X-rays-in some cases,
it may actually be higher. This comparison
is set in terms of a relatively small department
with a staff of three or, at the most, four
operators working each unit. The reason for
this is to be found in the great bulk and
weight of an X-ray unit, with its necessary
ancillary services of coolant and power,
as compared to an isotope container or
bomb”.

Radiographic Technique
I n order to derive the full advantage from
the use of a gamma-ray source of iridium 192
it is important that attention should be given
to all details of radiographic technique.
For a radiograph to give the maximum
information the exposure given must be
sufficient to penetrate the thickest part of the
object and to produce a good density on the
film when developed. Film processing must
be closely controlled to obtain the maximum
contrast and minimum graininess, but this is
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comparatively easy compared with determining the correct exposure required. The
exposure time will depend on the strength of
the source, the distance it is placed from the
film, the thickness, density and atomic
number of the material being radiographed
and the speed of the film, but the relationship
is complicated and is best dealt with by
preparing an exposure chart.

Exposure Charts
An exposure chart prepared for steel will be
of general use for copper and its alloys.
The method usually employed for making
an exposure chart is to take a series of radiographs of a step-wedge of the metal concerned at the same distance from the source
for different exposure times. The wedge used
to produce the figures for the steel graph
shown here consisted of strips of inch tool

steel arranged in steps from 1, to I+ inches.
This was backed up by ;t inch strips to
obtain figures for thicknesses up to 2 inches.
The range of densities was read off on a film
densitometer for each of the radiographs
which had been processed in Ilford PQX I
developer for six minutes at 68'F.
The
results are expressed in curie-hours for a film
density of 1.75. The exposure is expressed
in curie-hours to enable the chart to be used
for any strength source. The film used was
Ilford type F, a slow fine-grained film which
will give the maximum sensitivity to flaw
detection. Faster films can be used in certain
applications where maximum sensitivity is
not required and where a reduction in
exposure time is an advantage.
A further series of exposures was made with
a lead step-wedge to illustrate the effect of
increased density and atomic number. The

A portable isotope carrier and time-rontrolled exposure unit in use fqr the
gamma radiography of a number of copper alloy castings in the foundry of
Mallory Metallurgical Products Ltd.
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slope of the curves is very different for thin
sections, lead requiring much greater increase
in exposure between and inch than steel.
Over this range radiographs of far greater
contrast can be obtained with lead and other
metals of high density and atomic number
such as platinum and its alloys. The reason
for this is probably that the gamma-rays from
iridium cover a range of energies from 0.30
to 0.61 meV and as lead has a much higher
absorption coefficient than steel the lower
energy rays are stopped more readily.

+

Protection of Operators
It is important that radio-active isotopes
should be handled in such a way that radiation
received by operators is kept to a minimum.
A check should be kept on the amount of

radiation received by carrying film badges or
ionisation chambers. The maximum permissible dose from iridium 192 for continuous
working is 0.3 rontgens per week. The
radiation from an unshielded source is 0.5
milli-rontgens,/hour/milli-curie. A 2-curie
radiographic source would therefore give a
week’s radiation in 20 minutes at a distance
of one metre.

Availability of Sources
Iridium sources are available from the
Atomic Energy Research Establishment,
Hanvell, in four standard sizes in the form of
cylinders with their length equal to their
diameter, the sizes being 6 X 6 mm, 4 X 4 mm,
2 X 2 mm and I X I mm, and also as wire I mm
diameter and as foil 0.05 inch thick.
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R H O D I U M PLATED
P R I N T E D CIRCUITS
Printed circuit techniques based on
conventional etched, copper-clad laminates are well established for the manufacture of multi-way switches.
Such
techniques greatly simplify construction
and reduce manufacturing time and cost.
Electrodeposited rhodium is generally
accepted as the most satisfactory means
of providing such switches w i t h wearresistant, tarnish-free contact surfaces.
Used in conjunction with suitable goldalloy o r palladium-alloy brush materials
these switches give low values of contact
resistance and electrical noise coupled
with a surprisingly long life.
The illustration shows the nine-inch
stator of a 200-way switch t o be used in
telemetry equipment. The rhodium has
been deposited on the contact surfaces of the 200 sectors as well as on the t w o slip rings in
the centre. Originally the stator had an outside band of copper linking the sectors, as well
as a connecting strip t o the t w o slip rings, t o permit plating.
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The Effect of Platinum
in Lead Glasses
A FURTHER STUDY ON PROBLEMS OF COLORATION
The mechanical advantages of platinum and
its immunity to chemical attack have led to a
great increase in its use for handling molten
glass. The presence of lead increases the
solubility of noble metals in silicate glasses,
and dense glasses that are handled in platinum
equipment may dissolve significant traces
of platinum. Since these glasses are mostly
used for optical purposes or as radiation
shields, the effect of platinum on their
colour is of considerable importance and
a number of studies have been carried out
on this problem (Platinum Metals Rev., 1957,
I J

content in the glass is to raise the concentration of platinum required before a yellow glass
is obtained. I n addition the presence of lead
oxide greatly increases the stability of ionic
platinum in these glasses. Under normal
melting conditions no more than 0.10 per
cent platinum can be retained in the ionic
form in the Na20.P,0, glass (above this
concentration it is precipitated out as metallic
crystals) but when the glass contains lead
oxide as much as 0.80 per cent ionic platinum
can be retained.

Influence of Oxidising
and Reducing Conditions

44-48).

A further paper on this subject by R. J.
Ryder and G. E. Rindone of the College of
Mineral Industries, Pennsylvania State University, has recently been published ( J . Amer.
Ceram. SOC.,1958, 41,(10), 415-422) entitled
“Colour and Light Scattering of Platinum in
Some Lead Glasses”.
In the work described in this paper, platinum was introduced into sodium borate,
silicate and phosphate glasses containing lead
oxide, as a solution of platinic chloride
(PtCl,). The colours were similar to those
obtained in the absence of lead oxide. In
borate and silicate glasses only grey colours
due to dispersion of metallic platinum were
obtained, while in phosphate glasses yellow
and orange colours from platinum ions were
formed at high platinum concentrations, in
addition to the more usual grey.

Effect of Lead Content
In the phosphate glasses where the transition from grey, metallic platinum to yellow,
ionic platinum glass occurs with increasing
platinum content, the effcct of increasing lead
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The effect of oxidising and reducing conditions during the melting of phosphate glass
on the colours caused by the presence of
platinum have been studied previously.
Similar results were obtained with leadcontaining glasses, namely, on oxidation the
grey glasses become yellow, while by reduction the yellow glasses can be made grey
in colour.
Oxidising conditions were obtained by
introducing CeO, or NaNO, into the melt or
by bubbling oxygen or chlorine through the
glass immediately after fusion of the batch
was complete.
On extending the oxidation studies to borate
and silicate glasses it was found that platinum
could be retained in the ionic form in these
glasses if they were melted under strongly
oxidising conditions. The relative effectiveness of the oxidising methods varies with the
type of glass due to the different stages in the
melting process at which the particular oxidising agent is most effective.
Ceria is very effective in all cases investi-

17

gated, since it dissolves slowly in the melt and
its oxidising action continues throughout the
melting period. The oxidising effect of
sodium nitrate, on the other hand, occurs
mainly during the initial fusion of the batch
and it is lowered by prolonging the melting
period or raising the temperature. Hence it is
easily seen that sodium nitrate will be more
effective in oxidising platinum in the borate
glasses than in the higher-melting silicate
glasses. Oxygen, which was bubbled through
the melt only after fusion, was less effective
in oxidising platinum in the borate and
phosphate glasses than in the silicate glasses.

This indicates that if the platinum becomes
reduced in the early stages of melting it will be
quite difficult to reoxidise, except in the
silicate glasses.
In those glasses where ionic (oxidised)
platinum can be retained, about 0.01per cent
platinum must be present to give a noticeable
colour to glasses having a thickness of about
4 mm. In the reduced state, however, as little
as 0.001per cent platinum gives a noticeable
grey colour. Hence, if platinum contamination is unavoidable, melting under oxidising
conditions will reduce the visible evidences of
the contamination.
M, G. H.

Temperature Control in Glass Manufacture
CONTINUOUS MEASUREMENT WITH PLATINUM THERMOCOUPLES
In the manufacture of glass bottles accurate
control of temperature is necessary, and it is
usual to check the temperature of the flowing
glass in the channel and again in the feeder
and to apply automatic corrections to the fuel
supply. Continuous measurement with platinum : rhodium-platinum thermocouples is
generally employed.
The thermocouple assemblies installed for
this purpose by Honeywell Controls Ltd. at
the works of Rockware Glass Ltd. are specially
designed for instantaneous temperature measurement under severe conditions. They are
fitted with platinum : 13 per cent rhodiumplatinum couples in twin-bore refractory
insulators and are housed in composite allmetal sheaths. These have a nickel stem
passing through the tank wall, welded to a
platinum or rhodium-platinum tip 0.2 inch
thick, the tip projecting into the flowing
glass.
A secondary sheath of impervious mullite
protects the assembly for most of its length,
but leaves the platinum tip uncovered. T o
provide the necessary sensitivity for rapid
temperature control, the hot junction
junction
Of the
couple is held in contact with the inside of the
sheath.
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Platinum thermocouple assemblies installed by
Honeywell Controls Ltd. at the Greenford works o j
Rockware Glass Ltd. are designedfor instantaneous
pou,ing glass in
iemperature measurement
severe conditions
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Organic Deposits on Noble
Metal Contacts
AN INVESTIGATION INTO CONTACT CONTAMINATION
IN TELEPHONE RELAYS

The complex effects of arcing between
the surfaces of electrical contacts are now well
appreciated. The local heating is intense
enough to melt even the most refractory of
metals and to produce pitting and general
erosion; in addition it may break down traces
of organic molecules in the surrounding
atmosphere and give rise to numerous other
side effects. In particular, the mechanism by
which certain noble metal contact surfaces
may be “activated” by carbon deposits derived
from organic vapours has been the subject of
considerable study.
More recently, a group of investigators
working in the Bell Telephone Laboratories
have observed that, most unexpectedly, a dark
brown amorphous insulating film consistently
forms on the surface of palladium contacts in
telephone relays when the relays are opened
and closed without interrupting an electrical
circuit. In other words, this film forms in the
absence of any arc or spark as a consequence
only of the rubbing and rolling actions involved in repeatedly bringing the contact
faces together and then separating them. The
effect seems allied to that of “fretting
corrosion”.
In their introduction to a description of a
comprehensive programme of work carried
out over the last ten years on this phenomenon
H. W. Hermance and T. F. Egan write
(Bell System Technical J., 1958, 37, (3), May,
pp. 739-776) “This mysterious brown deposit
appeared on palladium but not on silver
Contacts. Its occurrence was completely
independent of such environmental factors as
air-borne dusts and corrosive gases. Its
formation required mechanical but not
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electrical operation of the contacts. It
accumulated in the area immediately surrounding the region of contact slide. Arcing
electrical discharges appeared to destroy such
deposits, completely or in part.”
It was found early in the investigation that
the deposits never contained more than traces
of palladium and were organic in character.
Microexamination of the deposits was considerably assisted by a technique which was
developed in 1947 involving the transference
of the deposit from the contact surfaces to a
plastic replica. The contact is warmed and
pressed into a clear thermoplastic sheet
material such as Vinylite; when cool the
resulting imprint faithfully reproduces all
surface details of the contact, and foreign
deposits are transferred in their original
configuration to the transparent medium for
micro-chemical study. The evidence of all
this work pointed strongly to vapours
emanating from the relay structure as the
source of the frictional product, and although
at first this conclusion was not in the authors’
words “easily acceptable”, subsequent experimental studies have fully confirmed it.
I t was found, for instance, that new relays
with carefully cleaned palladium contacts
developed a brown deposit after a few hundred
thousand operations when enclosed in sealed
glass chambers with the contacts unwired.
When, however, a special relay was constructed in which all organic components were
replaced by glass in sheet or fibrous form,
and the relay was then solvent extracted and
outgassed by repeated baking and evacuation,
no deposits at all appeared on the contacts
when operated in the sealed container.
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As a final check, pieces of a phenol fibre
similar to those used in a normal relay were
introduced into the chamber and a deposit
again appeared when the relay was operated.
One further general observation needs to
be noted. It is known that closure of a relay
contact involves both impact and slide. It is
believed that impact plays no part in producing the deposit and it was easily shown
that sliding motion alone produces the deposit
at the rates observed. The springs of a relay
can be adjusted so that the contacts slide
over each other but never open, and in these
conditions the usual brown deposit is produced.
I n order to investigate in as much detail as
possible the conditions which are responsible
for the production of brown films, special
equipment was built in which contact metals
could be caused to slide over one another
under carefully controlled conditions. With
this equipment one new interesting feature of
the phenomenon was at once disclosed. When
a palladium slider was oscillated in contact
with a palladium plate in air, a considerable
degree of frictional wear was observed. A
deep pit was worn on the plate and a voluminous pile of finely divided palladium built
up at the sides. When the experiment was
repeated in air saturated with benzene
vapour, however, wear virtually ceased after
operating for about a minute, and afterwards
the organic friction product apparently
provided most effective lubrication. As sliding
was continued, a brown powdery pile of
translucent flakes of organic material accumulated around the slide area. Calculations are
given which suggest that, as the slider was
oscillated over the plate, about one monolayer
of benzene was converted to the solid material
which constituted the organic deposit at each
traverse of the slide.
Considerable efforts were made, as might
be expected, to identify the nature of the solid
organic material which was formed when
palladium contacts were operated in benzene
vapour. No solubility was found in any solvent
except such strongly organic solutions as
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ethanolamine and pyridine and even with
these solution was never complete. Chromatographic and infra-red measurements have
given little conclusive evidence of the
constitution of the deposits, but there is some
evidence that aromatic rings are present,
alkene and carbonyl groups being linked
together to form long-chain molecrules.
Electron diffraction studies indicate an
amorphous material of high molecular weight.
The authors conclude that the organic
deposit is a complex mixture of high molecular
weight cross-linked materials. There are
indications that oxygen enters into combination with the benzene vapour, and they
suggest that cross-linkage may be through
oxygen containing groups such as aldehyde
or carboxyl. The products resemble mixed
polymers in their properties and the authors
propose that they should be called “frictional
polymers”.
Since palladium has for many years been
the first choice as a contact material for
telephone relays in the American Telephone
& Telegraph Company’s system, attention
has been directed particularly to polymer
formation on this metal. It was found,
however, that similar films form equally
readily on platinum, and that ruthenium,
molybdenum, tantalum, chromium and many
common platinum contact alloys become
coated with appreciable quantities of deposit.
On the other hand, nickel, copper, iron,
tungsten, vanadium and zinc resemble silver
in remaining quite free from visible organic
films under the conditions of test. It is
particularly interesting that even when silver
is used against palladium the deposit is
negligible, probably because of frictional
transfer of silver to the palladium surface at
the outset of the experiment. An important
observation is that gold contacts produce
only a very small quantity of polymer, the
nature of which appears identical with that
of the deposit formed on palladium.
Considerable effort was naturally expended
in endeavouring to find some means of preventing the formation of the polymers. If
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catalysis is involved in polymer formation it
would be reasonable to expect that alloying
of small amounts of such materials as arsenic
with the palladium might produce a poisoning
effect and inhibit film formation. Alloys
containing arsenic, lead, antimony, phosphorus, bismuth and mercury were tested but
none showed any useful reduction in the
quantity of polymer which was produced.
One method of preventing polymer formation would be to eliminate organic vapours
completely from the contact enclosure. This
was not considered a practicable step by the
Bell Telephone Laboratories, and the solution
which has finally been adopted has been based
on the observation that the polymer films do
not form to any serious extent on a gold
surface. Gold, unlike silver, is tarnishresistant, but unfortunately under arcing
conditions gold corrodes badly. The scheme
adopted by the Bell Telephone Laboratories
has been to combine gold and palladium
structurally so as to obtain the advantages of
both metals. The contacts are made in the
form of a bimetal consisting of a relatively
thick base of palladium (0.009 inch thick)
covered with a thin overlay (0.001 inch
thick) of gold alloy. The gold alloy contains
8 per cent of silver which is added to increase
the hardness. With this construction the gold
alloy overlay serves to prevent polymer from
forming when the contacts are operated
without the passage of sufficient current to
cause arcing. Thus any relay contacts which
are only required to operate at infrequent
intervals will remain clean enough to allow
electrical contact to be made between them
whenever the occasion arises. On the other
hand, when heavy currents are passed through
the contacts, the thin layer of gold will
rapidly erode away and expose the erosionresistant palladium. In these conditions, of
course, the arc will burn away any polymer
as soon as it is formed between the exposed
palladium surfaces.
This construction has been under test
since 1953 in large scale contact reliability
tests organised by the Bell Telephone
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Laboratories. The results are described in
detail in a further paper by H. J. Keefer and
R. H. Gumley (Bell Telephone System
TechnicalJ., 1 9 9 , 37, (s), May, PP. 777-814)These results are particularly valuable in
helping to put in perspective the importance
of polymer formation on the contacts of
relays in telephone switching systems-all
operating, it may be noted, on 50 volts. About
75 per cent of the contacts do not arc and on
these, if they are made of palladium, polymer
accumulates in compacted lumps in amounts
which are visible under a hand glass after
IOO,OOO operations. After several hundred
thousand operations the compactions are
large enough to cause contacting failure by
dusting off and falling into the contacting area.
Such a contact, having failed, will clean itself
on an average in about five relay operations
and thereafter it will not be any more likely
than other contacts to fail until the deposit
has once more built up. Failures due to
fibrous dust tend to be much more persistent.
Moreover, it was established that polymer
failure was significantly reduced by using
contacts which are large, well aligned, and
having a surface providing the maximum
contact area. The remaining 25 per cent of
the contacts, which erode in service, show a
very low failure rate from dirt or organic
films, since the arcing burns away the
deposits.
The Bell System have decided that, to
improve the performance of the contacts
which do not erode, all wire spring relays
shall be fitted with contacts having a gold
overlay, which need only be thick enough to
provide for the expected mechanical wear.
With this construction, on contacts which
erode, the overlay is quickly worn away and
the underlying palladium provides their
needed life.
Preliminary reports from the installations
so far made indicate that the contact performance of the new relays with gold overlay
on the moving contacts has been highly
satisfactory.
J.

c. c.

Prevention of Contact
Contamination in Sealed Relavs
J

By C. Graves
Siemens Edison Swan Limited, London

In the October 1957 issue of Platinum
Metals Review there appeared a reviewabstract of some work done by Germer and
Smith at the Bell Telephone Laboratories
on the effect of organic vapours on platinum
metal contacts. In the article on the preceding
pages of this issue a comprehensive study of
the formation of organic deposits carried out
by Hermance and Egan, also of the Bell
Telephone Laboratories, is fully reviewed.
This problem has also been the subject of
considerable investigation and research by
Siemens Edison Swan in connection with
their hermetically sealed miniature high
speed relay when used as a “chopper” for
converting low power D.C. signals into
alternating voltages usually for the purpose of
amplification in computers and similar
apparatus. In one particular application the
contacts are required to switch a few micro-

amps at 20 millivolts or less with complete
reliability for many millions of operations at a
speed of IOO operations per second.
When operating under these so-called
“dry” circuit conditions the original hermetically sealed relay, Type 96, was found to fail
relatively quickly due to the formation upon
the platinum contact surfaces of carbonaceous
deposits resulting from the catalytic cracking
by the working contacts of absorbed volatiles
given off by the organic materials used in the
construction of the relay. This effect was
aggravated when the relay was hermetically
sealed.
In the improved version, known as the
Siemens Edison Swan Relay Type 130, shown
here with cover removed, all the non-metallic
parts, as far as practicable, are manufactured
from inorganic materials. However, no
suitable inorganic winding wire insulant is

The Siemens Edison Swan
Relay, Type 130, jitted with
platinum contacts and with an
activated carbon “getter” to
adsorb organic vapours and
so prevent contamination of
the contacts

Platinum Metals Rev., 1959, 3, (l), 22-23

22

A n enlarged view of the actinatcd carbon “gettcr”, contained in a capsule of phosphorbronze gauze

yet available, and therefore although all but
one of the organic materials had been eliminated, thereby improving the performance to
some extent, relatively early contact failure
can still be caused by microgram quantities
of volatile material produced as a result of
chemical breakdown of the winding wire
insulant. I n order to neutralise the effect of
such breakdown a “getter” has been embodied
into the relay, its function being to adsorb
the organic vapours and thus prcvent contamination of the contacts.
The “getter” material, which is in pellet
form, consists of activated carbon mixed with
cellulose fibres as a binding agent and is
contained within a small protective gauze
capsule shown in the enlarged vicw above.
The vapours given off are adsorbed on the
relatively large internal surfaces of the getter
material provided by the capillary construction of the activated carbon.
Although the use of inorganic materials,
as far as practicable, together with the inclusion of the “getter”, prevents the formation
of carbon on the contacts, it is also necessary
to manufacture the relay in dust filtered
locations and to maintain a very high standard
of cleanliness at all stages of the assembly,
with particular emphasis on the contact
surfaces. Therefore, after the relay has been
assembled and adjusted it is finally cleaned
by total immersion in freshly distilled hot
carbon tetrachloride, using the Soxhlet
extraction method, to rcmove all traces of

Platinum Metals Rev., 1959, 3, (1)

23

grease, resin, or any other organic contaminants.
Subsequent to this process, the relay is
handled only by tongs and is not allowed to
come into contact with the fingers. The relay
is then thoroughly baked in a well-ventilated
oven to remove all traces of the solvent. After
testing to ensure that the contact resistance is
of a low and stable value, the “getter” is
assembled and the relay encapsulated by
soldering the glass-to-metal seal to the cover
and finally sealing off the vent hole in the
bottom end of the cover.
Before the introduction of the “getter” a
great amount of research was carried out to
determine whether a change in contact
material would effect any improvement in
performance. Materials such as copperpalladium, platinum-gold-silver alloy, special
gold alloys, silver, and gold and rhodium
plating were investigated but none of these
materials was found to show any improvement over platinum, the contact material
used at present for this type of relay.
There is no doubt that the introduction of
the “getter” into the improved version of this
relay has considerably increased its working
life; when functioning under the conditions
mentioned above the results of life tests
indicate that runs of more than 3,000 hours
are now quite common. Some relays have in
fact exceeded 10,000 hours continuous
running, equivalent to at least 3,600 x I O ~
operations.

ABSTRACTS
of current literature on the platinum metals and their alloys
PROPERTIES

2 5 0 ~ .Above this pressure the rate increase is less
than linear.

Point Defects in Platinum

Determination of the Change in Poisson’s
G. R. PIERCY, Atomic Energy of Canada Ltd.,
Number during Elastic and Slight Plastic
Report AECL 648, CRMet-782
An investigation was made of the mobility and Stress
type of point defect introduced into Pt by W. KOSTER and J. SCHERB, Z. Metallkunde, 1958,
deformation in liquid nitrogen, quenching into 49, (IO), 501-507
water from 1600’C or reactor irradiation at SOT.Measurements were carried out on Ir and Rh in
Isochronel anneals (annealing for 5 min at suc- the elastic region and on Pt, Pd, Cu, Ag, Au and
cessively higher temperatures) were carried out on A1 in the region of transition from elastic to
the de€ormed specimens. T h e resistance drop plastic stress. Poisson’s number was obtained
from the quotient decrease in cross-section of the
during the 5 min was plotted against the temperature. The specimen deformed in liquid nitrogen specimens over their increase in length. For I r
showed two recovery stages whilst the irradiated and Rh with loads up to 12 kg/sq mm the stress
and quenched specimens showed only one. is elastic and Poisson’s number is independent
Recovery, and hence activation energy for motion of load and equal to 0.26. Measurements carried
of the defects, was also measured by changes in out on Pt up to a permanent extension of o . z . ~ ~
density, hardness and X-ray line broadening and, give a proportional limit at 3.8 kg/sq mm and a
for the irradiated sample, by U.T.S. and pro- Poisson number of 0.39 within the elastic region.
portional limit measurements. The mechanism After yielding has begun Poisson’s number rises
of recovery is discussed. I t is concluded that the to 0.49 then falls again to 0.39. Similar behaviour
principal lattice defects in Pt after irradiation and is found on loading to final extensions of 0.39,
quenching are respectively, single vacancies with 0.58 and 0.75%. For Pd the proportional limit
an activation energy for migration of 1.43eV and is 5.6 kg/sq mm, modulus of elasticity 12,750
divacancies with an activation energy of 1.13 eV. kg/sq mm and Poisson’s number 0.39. The
In cold-worked Pt there are two principal defects behaviour of Poisson’s number on loading is
one of which is unknown (possibly interstitial similar to that for Pt. Measurements during
atoms) with an activation energy for migration of unloading were carried out on Pt in the elastic and
0.73 eV and the other of which is single vacancies. plastic regions. In the elastic region the extension
returns to zero on unloading but the crossThe Use of Furnaces in the Measurement of sectional contraction does not revert to its original
the Rate of Oxidation of Platinum and value resulting in a large increase in Poisson’s
number. In the plastic region the extension and
other Metals forming Volatile Oxides
contraction change in about the same ratio so that
G. C. FRYBURG and H. M. MURPHY, Trans. Met.
Poisson’s number increases only slightly to 0.5.
SOC.Arner. Inst. Min. Met. Eng., 1958, 212, Poisson’s number falls with increased deformation
(Oct.), 660-661
of Ag samples. The behaviour of Poisson’s
The use of furnaces in measuring the rate of number at low stresses is investigated. The results
oxidation of metals which form volatile oxides are discussed theoretically.
leads to low results since the oxide formed does
not condense on the hot furnace walls but remains
in the gas phase so that an equilibrium is set up The Use of Platinum for Protecting Molybetween the metal and its oxide. The published bdenum against Oxidation at High Temperarates of oxidation of Pt between 900”and 140o0C, tures
all of which were carried out in furnaces, vary D. w. RHYS, Paper given at the Symposium on
from 0.8 to 20 mg/sq dm/day depending on the Glass Melting held by the Union Scientifique
conditions. These values are all too low. In the Continentale du Verre, Brussels, October 1958
present investigation rate measurements were Investigations were carried out on sheathing Mo
carried out on electrically heated Pt ribbon in directly with Pt and on sheathing Mo coated with
cooled rubes which condense the oxide. At an intermediate layer of Au or alumina. The Au
1200°C under an oxygen pressure of 150pa rate of layer, 0.025 mm thick, is electrodeposited on to
oxidation of roo mg/sq dm/day was obtained; the Mo and heat-sealed into a 0.5 mm thick P t
the rate increases linearly with pressure up to sheath to form a high-melting point alloy with
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the Pt. The alumina, in the form of a paste
diluted with acetone, is applied to the Mo, dried,
fired in hydrogen at 14oo0Cand sealed into a Pt
sheath. On heating in air at 1200°C the Pt/Mo
specimen increases in weight immediately due
to diffusion of oxygen through the Pt. The
Pt/Au/Mo and Pt/A1,03/Mo specimens maintain
a constant weight for over IOO hr and over 1000
hr respectively before showing any increase. The
limit of endurance of the specimens in air at
12ooC, taken as the point where a sharp fall in
weight occurs due to oxidation of Mo to the
volatile trioxide, increases in the order Pt/Mo,
375-650 hr, Pt/Au/Mo, 930-2010 hr, Pt/Al,O,/
Mo, 4070-5050 hr. Microscopic examination
shows strong attack of Pt by Mo in the PtiMo
specimen whereas in the Pt/Al,O,/Mo specimen
no significant attack occurs except after heating for
4000-5000 hr.

The Absolute Scale of Thermoelectric
Power at High Temperature
N. CUsACK and P. KhNDALL, Proc. Phys. soc., 1958,
72, (Nov.), 898-901
The absolute thermoelectric power, S, is calculated for the metals Cu, Ag, Au, Pt, Pd, W
and Mo. Values for Pd and Pt are given between
100 and zooo°K. At 100°K S is 4.29 pV/degree
for Pt and 2.oopV/degree for Pd and at 2000°K,
-31.23 for Pt and -61.48 for Pd.

Physical Properties of Ruthenium
and R. s. POLYAKOVA, Zhur.
Neorg. Khim., 1957, 2, 2758-2761 (Chem. Abs.,
1958952, 151%)
The physical properties of metallic Ru were
studied. The specific gravity is 11.90 g/cc. The
microstructure was studied by etching the
polished surface by electrolysis in 10:
oxalic
acid. T h e lattice parameters are a - 2.7015,
c- 4.2760A. The Brine11 hardness is 193.6
kg/sq mm and docs not change on heating at
1200°C in a vacuum for 15 hr. The specific
electrical resistance and iis temperature coefficient were determined for tempered and
quenched samples. At 25" the values for electrical
resistancc are 7.427 and 7.657 rcspcctively and
at IOO", 9.262 and 9.574 microhm-cm. The
values of temperature coefficient between 25 and
100°C are 0.003589 and 0.003643 for the tempered
and quenched samples respectively. The thermoelectric properties of Ru are determined.
A. A. RUDNITSKII

1958,45, (20), 490
The Pt-rich region of the system was studied.
Two previously unknown compounds Pt,Al, and
Pt,Al were found. A eutectic between Pt,AI, and
PtAl occurs at about 53 at../, Pt. The two compounds are hard and brittle and PtjAl, is resistant
to attack by air, water and dilutc acids. Above
1200°C a solid-solution region exists between 75
and IOO at.<XPt.

Processing and Properties of Cobalt-Platinum
Permanent Magnet Alloys
Trans. Met. Soc. Amer. Inst. Min.
Met. Eng., 1958,212, (Aug.), 478-485
The results of processing and heat-treatment
studies on alloys containing 30-72.5 at.:/, Co
and their effect on magnetic properties are given.
One alloy was prepared by sintering the metal
powders and the rest by melting and casting;
both methods gave satisfactory material. The
alloys possess good ductility and can be fabricated
by hot or cold deformation. The general treatment consists of heating to high temperature
(900-1000°C) to disorder and cooling to room
temperature followed by isothermal ordering at
about 600°C. Magnetic properties of the alloys
are compared by a single open-circuit induction
measurement. The variation in magnetic properties with ordering treatment, cooling rate,
disordering temperature and composition were
studied. An ordering temperature of 600°C
appears to be best; coerciveforce (H,) and (BH)max
incrcase to a maximum on ageing and then
decrease with further ageing time. The maximum
Hc is obtained when the alloys are about half
ordered; this is confirmed by their microstructure.
The rate of cooling from disordering temperature
prior to ageing influences the magnetic properties;
the optimum cooling rate is Ioo"C/min for most
of the alloys. The effect of disordering tempcrature was slight except for the 56.7% alloy.
Alloys with composition around 50 at."h have the
best magnetic properties; any deviations from this
rule are attributed to differences in grain size.
The highest coercive force, 4700 oersted and
(BH)max, 9 x I O ~gauss-oersted, are obtaincd for
the 49.3 at."/o Co alloy by controlled cooling
(Ioo"C/min) from disordering treatment prior
to ageing ar: 600°C.
D. L. MARTIN,

Investigations on an Ordered Phase in
Iron-Nickel-(Platinum) Alloys with Low
Thermal Expansion
A. KUSSMANN and K. JESSEN, Arch. Eisenhiitten-

Electrical Resistance of some Nolde-Metal
Alloys at Liquid Helium Temperatures
J . Phys. Chem. Solids, 1958, 7,
(Oct.1, 94-95
The resistivities of alloys in the systems Cu-Pd,
Ag-Pd, Au-Pd, Cu-Si, Cu-P, Cu-Cd, Cu-Co,
Au-Co, Cu-Cr, Cu-Mn and Au-Ti were measured
at temperatures up to 4.2"K. Most alloys had a
negative temperature coefficient, indicating a
resistivity minimum at some higher temperature.
N. BACKLUND,
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Studies in the Platinum-Aluminium System
and R. HUCH, Nuturwiss.,

W. KLEMM, F. DORN

wesen, 1958~29,(9), 585-594
Studies were made of the ordered phase Fe3Pt in
Fe-Pt invars and of the Fe-Ni-Pt systcm in order
to try and cstablish the reason for the change in
properties-increase in expansion coefficient and
displacement of magnetic transition point-which
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occurs in Fe-Ni alloys containing 30-40:/u Ni on
heat-treatment. The ternary alloys were studied
by X-ray investigation and dilatometric and
magnetic measurements.
X-ray investigation
showed Fe,Pt to be still present in the ternary
alloy 10 at.o/,Pt-22 at.%Ni-Fe after annealing
at 500°C. The expansion coefficients and Curiepoints were found to be about the same for a
series of alloys including the Fe-Ni invars, i.e.
alloys with and without detectable superstructure.
On the basis of these results it is concluded that
the characteristic properties of Fe-rich Fe-Ni
alloys is due to the formation of an ordered phase,
Fe,Ni, on heat treatment.

Constitution of Uranium and Thorium
Alloys
F. A. ROUGH and A. A. BAUER,

U.S. Atomic Energy
Comm. Report BMI-1300
A collection of data on the binary and ternary
alloys of U and Th from the literature and from
private sources. The systems U with each of the
P t metals, U-Mo-Ru, T h - 0 s and Th-Ir are
mentioned.

Magnetic Investigations on the PalladiumChromium System

z.

D. GERSTENBERG,
Metallkunde, 1958, 49, (9),
476-480
Alloys containing between I and 60 at.% Cr were
studied in the temperature range 80-1100°K.
Heat treatment indicates a strong temperature
dependence of magnetic properties from 10
at.(% Cr with maximum values at 40 and 50y;.
The formation tcmperature of thc ordered phase
is about 50ocC. From the change in temperature
dependence of the magnetic susceptibility with
increasing Cr content, it can be concluded that in
the ordered phase a strong partly positive, partly
negative, exchange-coupling takes place between
the Cr ions. In solid-solution in the range 30-36
at. Cr, positive exchange coupling predominates
whilst in the tetragonal phase (PdCr) negative
exchange coupling is the more preponderant.

The Corrosion Resistance of Titanium Alloys
3-The Equilibrium Diagram of the Titanium-Palladium System

Magnetic Susceptibility of Copper-Nickel
and Silver-Palladium Alloys at Low Temperatures
W. PUGH and F. M. RYAN, Phys. Rev., 1958,111,
(Aug. IS), 1038-1042
Magnetic susceptibilities werc measured by the
Gouy method on alloys with up to 39 at.":, Ni
and up to 10
Pd at temperatures between
295°K and 2.1"K. The susceptibility is nearly
temperature independent for all the Ag-Pd alloys
tested and for the Cu-Ni alloys with up to 27"ii
Ni. The simple band model of Mott adequately
describes the susceptibilities of the Ag-Pd alloys
but fails to predict the large temperature independent paramagnetic contribution of Ni in Cu.
E.

Recent Advances in the Metallurgy of
Zirconium and Titanium Alloys of Special
Interest in Reactor Technology
G . M. ADAMSON, J. 0. BETTERTON, J. H. FRYE and
M. L. PICKLESHIMER, Paper No. 1993 given at the

2nd U.N. Intern. C o d . on Peaceful Uses of
Atomic Energy, Geneva, September 1958
The development of a fabricating technique for
producing isotropic Zircaloy-2 plate and a method
of welding the alloy are described. The behaviour
of T i and Zr under irradiation is discusscd.
Zircaloy-2 undergoes increased corrosion in
uranyl sulphate solutions when irradiated. Zr
alloys containing Nb, Pd or Pt have been developed which have a lower corrosion rate under
these conditions. The alloys a'j/,Pd-~g":"Nb-Zr
and 2~/uMo-~5'Y~Nb-Zr
appear particularly promising as structural materials for use in nuclear
reactors. In addition to their high corrosion
resistance under irradiation they can be treated
to high strength and yet remain weldable and
fabricable. Fundamental studies on the properties of binary Zr and T i alloys are discussed.

Metallographic and X-Ray Study of Alloys
of the System Antimony-Iridium

and T. HIRAMATSU, Nippon Kinzoku
Gakkai-Si, 1958, 22, (2), 88-91 ( I n Japanese)
The alloys were investigated over the whole
composition range by X-ray analysis, melting
point determination and metallographic examination. An equilibrium diagram is constructed
and photomicrographs are given. One intermediate compound, TiPd,, was found having a
hexagonal structure. A eutectic reaction, liquid+
p(Ti)+TiPd3 occurs at 47 wt.qL Pd and IO~O', a
peritectic reaction, liquid+TiPd,+ y(Pd), at 8911,
Pd and a eutectoid reaction, ~(Ti)$a(Ti)i-TiPd,,
at about 25:L Pd and 735". The solubility of Pd
is about 455"D in $-Ti at the eutectic temperature
H. NISHIMURA
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and about 576 in cr-Ti at the eutectoid temperaato
1000~.
ture; the solubility of T i in y-Pd is 11"i
The hardness of alloys annealed at 1000" for 24
hr and then water-quenched reaches maxima of
about 600 microvickers at about 40, 58 and 85
wt% Pd.

R. N. KUZ'MIN, G . S. ZHDANOV and N. N. ZHURAVLEV,
Kristallograjiya, 1957, 2, 48-50 (In Russian)

The alloys were made by fusing or sintering the
metals under a small positive pressure of argon.
The melting points of thc alloys were found from
cooling curve measurements and by the method
of drop formation. Metallographic and X-ray
analyses were carried out. A tentative phase
diagram for the system is given. A eutectic
reaction occurs at 6r5", at a composition near to
pure Sb. T h e compounds IrSb, and IrSb, were
found. IrSb, is formed by peritectic reaction at
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about 900°C and has an average microhardness
of 770 kg/sq mm; IrSb, is monoclinic and its
average microhardness is 1130 kg/sq mm.

followed by slow ennoblement which does not
occur under H, or N,. Removal of the source
causes rapid ennoblement. The potential of steel
electrodes when irradiated first falls to a value
indicating corrosion and then recovers its noble
value. Since the potential of smooth Pt electrodes
remains debased whilst the steel is corroding these
electrodes may be used as a monitor of the
production of Fe(II), even in the presence of
products of the radiolytic decomposition of
water. The reactions occurring in -(-irradiated
water and their effect on the electrodes are
discussed.

An X-Ray Survey of Certain TransitionMetal Systems for Sigma Phases
A. G . KNAFTON, J . Inst. Metals, 1958, 87, {Sept.),
28-32
X-ray studies were carried out on binary alloys
of 0 s and I r with V, Cry Nb, Mo, T a and W to
determine whether a-phases are formed in these
systems. All the systems except V-Os, V-Ir and
Cr-Ir formed o-phases, 8 of which had not
previously been reported. Comparisons are drawn
between the a-phases occurring in alloys of metals
of the First, Second and Third Long Periods.

Potentials of Noble Metal and Palladium
Alloy Hydrogen Electrodes
J. P. HOARE, G. w. CASTELLAN and s. SCHULDINER,
J . Phys. Chem., 1gs8,62, (9), 1141-1142

Survey of Ternary and Quaternary Metastable Gamma-Phase Uranium Alloys
v. w. STORHOK, A. A. BAUER and R. F. DICKERSON,

The equilibrium potentials of Pt, Au, Rh, Ir and
Ru/H, electrodes versus a Pt/H, electrode in z N
H,SO, under a hydrogen pressure of I atm are
all equal to zero. An anodic followed by a cathodic
current was applied to electrodes of Pd, Au-Pd
and Ag-Pd and their steady, open-circuit potentials were measured.
The potential of the
a-Pd-H alloy is 0.05 V and the potentials of the
Au-Pd-H and Ag-Pd-H electrodes are between
0.05 V and zero. These results indicate that in
both systems a 2-phase system analogous to aand $-Pd-H can exist at room temperature.

U.S. Atomic Energy Comm. Report BMI-1278
A survey is made of the effects of ternary and
quaternary additions of Cr, Mo, Nb, Ru, V and
Zr on the transformation kinetics, transformation
temperature, hot-hardness and corrosion resistance of U-Zr, U-Nb and U-Mo y-phase alloys.
In general these additions improve the ?-stability,
lower the transformation temperature and
improve corrosion resistance.

ELECTROCHEMISTRY

An Electrochemical Method for the Determination of the Saturation Pressure and
Heat of Solution of Hydrogen in a TwoPhase Palladium-Hydrogen Alloy
R. J. RATCHFORD and G. w. CASTELLAN, J . Phys.

Anaerobic Corrosion of Metals in Soluiions
Containing Various Metallic Cations-Inactivation and Activation
w. R. BUCK and H. LEIDHEISER, Z . Elektrochem,
1958, 62, (6/7), 690-695 ( I n English)
The following metals are inactivated (corrosion
reduced) by ions in solution: Fe by Sn(I1) and
Pb(I1) ions in boiling o.zM citric acid, Ni by
Cu(I1) ions in boiling ZM HCI and Ti by Pt
metal ions in boiling 2M HCl. The metals Al,
Cu, Fe, Ni, Ag, Zn and Sn are activated by Pt
metal ions in solution. There is evidence that the
metal in solution is plated on to the surface of the
corroding metal and activates it or deactivates it
depending on the type of intermetallic binding
occurring at the surface.

The Effect of Gamma Irradiation on the
Potential Behaviour of Platinum and Stainless Steel Electrodes
w. E. CLARK, J . Electrochem. soc., 1958, 105, (S),

Studies on the Redoxokinetic Effect: Preparation of Reproducible Electrode Surfaces

483-485
The measurements were carried out on smooth
and platinised Pt and on type 347 stainless steel
electrodcs in IN H,SO, solution at 85°C using
“Co as the source of y-radiation. Irradiation
causes rapid debasement (fall in potential) of the
Pt electrodes; under an atmosphere of air this is
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Chem., 1958, 62, (9), 1123-1127
The potential-temperature dependence of the
saturated a-Pd-H electrode in hydrogen-stirred
solution was investigated. The plot of potential,
compared to a Pt/H, electrode in the same
solution, versus temperature takes the form of a
cooling curve with a dip before the plateau. The
dip corresponds to supersaturation of the a-phase
and the plateau to the slow growth of the $-phase.
The potential-temperature dependence is given
mathematically by E = 0.06309 --0.0005057 (T 273.16). The standard heat of absorption of
hydrogen is calculated to be 9 2 8 0 ~ 1 0 0cal/mole
hydrogen and the saturation pressure of hydrogen
over the saturated r-Pd electrode is expressed by
log ps(mm)-7.9776 -2028.2/T. Factors affecting
the stability of the cc-Pd potential are discussed.

K. SUNDARARAJAN and A.
proc. Indian Acad. sci., 1958,
48& (Sept.), 165-174
Investigations were carried out on methods of
producing a Pt electrode surface, such that values

U. H. NARAYANAN,
NARAYANASWAMI,
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of energy transfer coefficient, calculated from
redoxokinetic potential, would be reproducible.
The system studied was Pt/ferrous ammonium
sulphate/ferric sulphate/sulphuric acid. The best
results were obtained by immersing the Pt
electrode in hot chromic acid, washing, treating
with conc. HC1 for I min, washing and immersing for 5 min in a boiling ferrous-ferric
mixture of the same composition as the electrolyte.

Anodic Polarography with a Rotating
Platinum Microelectrode, 11-Oxidation of
Various Indole Alkaloids
M.J. ALLEN and v. J. POWELL, J . Electrockem. Sac.,
1958, 105, (9)1 541-544
Anodic oxidation of certain indole alkaloids in
acid medium results in a one electron change
with probable hydroxyl introduction into the
aromatic portion of the molecule. This rcaction
appears to be specific to those alkaloids containing
a 6-methoxyindole nucleus. In a neutral medium
a two electron changc occurs with resultant
N-oxide formation where the alkaloid contains a
N atom with an unshared electron pair.

Effect of Some Organic Substances on the
Electrodeposition of Palladium
v. v. OSTROUMOV, Zhur. Priklad. Kkim., 1958, 31,
(3), 402-408 (Chem. Abs., 1958,52, 12615f)
T h e effect of additions of furfural and protalbinic acid (prepared from egg albumin) on the
properties of electrodeposited Pd was studied.
The electrolyte contains (g/l): Na,HPO, 100,
(NH,),HPO, 20, NH,C1 25 and Pd 1-20. The
Pd was deposited on massive bronzc or brass
cathodes previously plated with 0 . 2 ~Ni. The
p H was varied from 9-5 by boiling off excess
NH,. The reflective capacity and mechanical
stress of the deposits were measured. Addition
of furfural has little effect on the reflectivity of
the Pd deposits but increases the stress from 5,000
to 10,000 kg/sq cm. The addition of 0.1 g/1
protalbinic acid increases the reflectivity from 40
to 67 without affecting the current efficiency or
the final value of the stress. The presence of
protalbinic acid retards the evolution of H during
the deposition of P d but causes a sharp rise in
stress after the current is stopped and a break in
the potential at -270 mV. It appears that the
deposir is an unstable Pd-H system whose
decomposition is retarded by thc adsorbed layer
of protalbinic acid at the boundaries of the
crystals and on the deposit-electrolyte surface.

Electrolysis of Perchlorates, I-Electrolysis
at Silver, Copper and Platinum Anodes in
Acetonitrile
and J. NOACK, 2.anarg. allgem. Chem.,
1958, 296, (1-6), 262-272
The electrolysis of silver and copper perchlorate
was studied in non-aqueous, acetonitrile, solution
using attackable Ag and Cu, and non-attackable
Pt anodes. The electrolysis of AgC104.2C,H,N
and CuClO, using Ag- and Cu-anodes respectively, gives I O O ~ , anodic and cathodic current
yields for the process M e ' f e - + M e .
The
electrolysis of AgC10, with a Pt anode yields
quantitative amounts of HC10,. At the cathode,
evolution of hydrogen occurs as the only side
reaction in addition to deposition of Ag.
H. SCHMIDT

ELECTRODEPOSITION
Electrodeposition of Platinum from Chloroplatinic Acid
Trans. Inst. Metal Firisking, 1958,
36, (I), 7-16
The production of ductile Pt deposits from
aqueous chloroplatinic acid electrolytes containing
15-25 g/1 Pt and 10-390 g/1 HCI is investigated.
The electrodes are of Pt. The rate of deposition
varies from 0.1-1.1 x IO@ in./hr and the bath
temperature from 45-75°C. Conventional stirring
reduces the efficiency of plating and best results
were obtained with the mixing produced by
thermal convection currents with the bath at
60-70°C. A non-diaphragm cell was preferred
because it was easier to operate. The deposits
were tested by microexamination, hardness
testing and a special rolling test to measure
R. 13. ATKINSON,
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ductility. There is a minimum rate of deposition
for the production of ductile deposits (Knoop
hardness 155-250) which varies with the acidity
of the bath, i.e. from 0.7 x I O - ~ in./hr at 225 g/1
HC1 to 0.35x10-~ in./hr at 290 g/1 HC1. At
lower deposition rates the deposits are harder
and crack on plating or when rolled. For rates
above about 1.0 x I O - ~ in./hr, at all acidities, the
deposits become rough, spongy or semi-burnt.
No fully ductile deposits were obtained at
acidities below about 220 g/1 HCl. Blistering of
the deposits on heating above 11oo"F was
attributed to occluded Pt compounds.
The
hydrolysis p H of chloroplatinic acid was determined as about pH 2.2. An explanation is proposed for the unusual relationship between rate
of deposition, acidity of bath and quality of
deposit. Because of its unusually high acid content
the plating solution can only be used for the
deposition of Pt on noble metals.

CATALYSIS
The Quality and Structure of Catalysts by
X-Ray Low-Angle Scattering
0. L. GUNN, J . Pkys. Chem., 1958,62, (S), 928-934
The distribution in particle sizes in catalysts used
in the petroleum industry can be determined by
X-ray low-angle scattering. The catalysts studied
were silica-alumina, Pt-A1,0, and cobaltiamolybdena-alumina. Pilot unit test performance
quality and adsorption surface can be predicted
rapidly and successfully by this method using

28

empirical correlations. A fundamental parameter
characterising these catalysts-the Debye correlation distance-was deduced from their X-ray
scatter properties. The influence of plant use,
heat deactivation, blending, mechanical treatment and adsorption of liquids on the linestructure of the catalysts was interpreted in terms
of the correlation distance. Characterising catalyst structure by X-ray low-angle scattering is
found to be practicable.

Catalysts of the BASF (Badische Anilin-u.Soda-Fabrik A.G.)
Erdol u. Kohle, 1958, 11, (9), 625-629
A description of the part played by BASF in the
development of industrial catalytic reactions.
The development of suitable catalysts for SO,
oxidation, NH, synthesis, H, formation, conversion of CO and H,, organic reactions, pressure
hydrogenation (i.e. of carbon, tar and oil) and
petroleum refining including reforming and
cracking is described.
W. JACKH,

Polyfilnctional Platinum Catalyst, I-The
Effect of Platinum and Hydrogen Fluoride
Contents on Catalyst Activity
KUO, A.-H. HSIE and C.-J. GOH, Jan Liao
Hsueh Pao, 1958, 3, 16-22 (Chinese with English
summary) (Chem. A h . , 1958,52, 13390~)
The principal reactions of methylcyclohexane,
methylcyclopentane and pentane were investigated
under the fixed conditions: temperature 472',
pressure 20 atm, space velocity 3, mol. ratio H2
to feed 61,
over a Pt-HF-AI,O, catalyst with
varying Pt and HF contents. This catalyst has
two types of reaction site, the dehydrogenation
(Pt) and isomerisation (HF) sites. Dehydroisomerisation of methylcyclohexane and isomerisation of pentane can proceed effectively only on
the dual site catalyst. The effect of increased HF
content, up to 104, on a catalyst containing 0,3y0
Pt is to increase the benzene yield from methylcyclohexane. A catalyst with o.ayb HF is effective
for isomerising pentane. The main effect of HF
above o . a u ~is~ the acceleration of hydrocracking
and thc decrease in liquid yield.

H.-S.

West German Refinery Capacity Rose 12.4
Per Cent in 1957
A. M. STAHMER, World Petroleum, 1958,29, (Sept.),
76-79
The development in refinery construction in a'.
Germany in the past year is reviewed. Their
cracking capacity is now over 20 million barrels
and their catalytic reforming capacity nearly 14
million barrels per year.

Investigations of Hydrocarbon Transformations in a Catalytic Reforming Process
H. WELLER and w. DUVE, Erdol u. Kohle, 1958, 11,
(7), 450-454
The analysis of petroleums obtained from
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German crude oil is described; on the basis of
these analyses the hydrocarbon transformations
occurring in a reformer using a I't catalyst can be
followed. Three petroleums were studied: feedmaterial, clear research octane number 38, and
two reformates with clear octane numbers of 74
and 91. The petroleums were separated into
narrow fractions and then into paraffins, naphthenes and aromatics. The hydrocarbons were
classified according to the number of C atoms in
their molecules. Through differences in the
analyses of feed-material and reformates the
hydrocarbon transformations occurring in the
reforming reaction were determined. The two
reformates had increased aromatic content,
decreased naphthenic content and little overdl
change in paraffin content-although there was
an increase in C, hydrocarbons and a decrease
in >C, hydrocarbons.
This change from
paraffinic-naphthenic to iso-paraffinic-aromatic
petroleum increases the octane rating. Prom
reactions given in the literature these hydrocarbon
transformations can be ascribed to: dehydrogenation of naphthenes to aromatics, hydrocracking of
paraffins and dehydrocyclisation of paraffins by
way of naphthenes to aromatics. The nature of
these reactions can vary widely. In these investigations no isomerisation occurred since aromatisation took precedence over other possible
changes.

-,

Catalytic Reforming and other Processes
and their Importance in Improving Motor
Fuel
Erdol u. Kohle, 1958, 11, (8),
569-573
A review of the applicability of thermal and
catalytic reforming and isomerisation processes
in the upgrading of motor fuel. Flow-sheets are
given for Powerforming, Rexforming, Isomate and
Penex processes. The effect of addition of
additives such as TEL is described. (6 references)

F. SCHMELING,

Chemisorption of Hydrogen on Thin Evaporated Platinum Films
R. SUHRMANN, G. WEDLER and H. GENTSCH, Z .
physikal. Chem., Neue Folge, 1958, 17, (5/6),
350-367
The chemisorption of hydrogen on Pt films
evaporated in high vacuum was investigated at
77, 90, 195 and 295°K. Concurrent measurements were made of the change in electrical
resistivity and photo-electric emission of the
films together with the amount of hydrogen
adsorbed. The hydrogen coverage varied from
0.1 molecular to monomolecular. Assuming that
a part of the adsorbed hydrogen polarises to
H,+, the results show clearly that a further part
dissociates into atoms.
These atoms either
dissociate further into protons and elcctrons or
polarise to H+. The dissociation equilibrium is
displaced in favour of proton and electron
formation as the temperature increases,

The Catalytic Hydrogen Reduction and
Deuterium Exchange of Cyclopentanone on
Evaporated Metal Films and some Observations on Cyclohexanone
c. KEMBALLand C. T. H.STODDART, Proc. Roy. SOC.,
1958,246A, (Aug. 26), 521-538
The investigations were carried out on evaporated
films of Rh, Pd, Pt, W, and Ni and the reaction
products cxamined mass spectrometrically. The
hydrogenation of cyclopentanone to cyclopentanol
predominates at low temperatures on Rh, Ni and
W but hydrogenolysis to cyclopentane is of equal
importance on Pt and Pd. The hydrogenation of
cyclopentanonc is similar to that of acetone. The
same order of activity of the metals applies, i.e.
Pt>Ni>Fe>W>I'd.
Hydrogenolysis occurs to
a greater extent than with acetone; the activity of
the metals is PtgFe>Pd>Rh>W>Ni,
which
does not follow the order of percentage d-character
of the metal bonds. The catalytic exchangeof Hand
D atoms in cyclopentanone was studied on Ni,
W and Pd films and the exchange in cyclohexanone on Pd. The order of activity, Pd>Ni>W,
is the same as that for acetone exchange but the
distribution of isotopic species on Pd is quite
different.

Industrid Synthesis of Papaverine
c. PAL, J. Sci. Indust. Res., 1958, r7A, (7),

B.

270-276
Methods of synthesising papaverine are critically
reviewed with special reference to thcir commercial application. A method is proposed which
should be industrially feasible. This method
depends on the economic production of homoveratric acid and homoveratrylamine and an
improved method for the synthesis of these
compounds from vanillin is described. Homoveratrylhomoveratramide is prepared by heating
homoveratric acid and homoveratrylamine in
tetralin medium. The amide on treatment with
phosphorus oxychloride, cyclises to 3:q-dihydropapaverine which, on dehydrogenation in the
presence of 10% Pd-C, gives papavcrine in
quantitative yield. Experimental details are givcn.

Platinum Catalysed Exchange of Aromatic
Compounds with Deuterium Oxide
and J. L. GARNETT,J. Amer. Chem.
Soc., 1958, 80, (Oa. 5), 5272-5274
The compounds were deuterated by an exchange
reaction with D 2 0 catalysed by active Pt. Substantially complete deuteration occurs with
benzoic acid, its sodium salt, aniline and isopropyl
benzoate; bromobenzene and nitrobenzene have
a low degree of exchange and no exchange was
observed with p-nitrobenzoic and trimesic acids.
W. G. BROWN

The Hydrogenation of Fatty Oils with
of
Palladium Catalyst, I-Hydrogenation
Castor Oil

Exchange Reactions between Hydrogen Gas
and Hydroxyl Groups. A Convenient Preparation of Tritium-LabelledWater

J . Amer. Oil Chem. Soc., 1958, 35,
(9),475-477
In hydrogenating castor oil for industrial pur-

M. ZAJCEW,

and A. J. KRESGE,J. Amer. Chem SOC.,
1958,80, (Oct. 5), 5281-5283
The exchange reactions between D2 gas and
methanol or water catalysed by Pt proceed at a
convenient rate at room temperature and are
limited to exchange of hydroxylic hydrogen. The
adaptation of this reaction to the preparation of
tritiated water is described.
C. G. SWAIN

poses, all the olefinic linkages must be reduced
without appreciable hydrogenolysis of the hydroxyl function. Unhydrogenated castor oil has an
iodine value of 86, a hydroxyl value of 160 and
an acid value of 1.7. Hydrogenations were
carried out over 5u/bPd-C, xu/:Pd-C and a
specially modified catalyst, 19/, Pd-C plus 0.35%
Ag and 0.2074 Bi, in an agitated stainless steel
hydrogenator at temperatures between 86 and
125'C and pressures 30-45 p.s.i.g. The 5';/0
Pd-C and I lo
Pd-C catalysts were not sufficiently
selective; they reduced both olefinic linkages and
hydroxyl groups. The modified Pd catalyst at
100°C and 45 p.s.i.g. gave a product with an
iodine value of 4, a hydroxyl value of 145, an
acid value of 1.8 and a melting point of 86°C.
This product is entirely satisfactory for industrial
purposes and was obtained under much milder
conditions than in the normal industrial hydrogenation over Ni catalysts.

The Selective Hydrogenation of Acetylene
G. c. BOND, D. A. DOWDEN and N. MACKENZIE,
Trans. Faraday Soc., 1958, 54, (10), 1537-1546
A study was made of the basic reasons for selectivity in the catalytic hydrogenation of acetylene
to ethylene, which is already in use industrially
with P d as catalyst. The catalysts studied were
Rh, I'd, Pt and some Pd-Ag mixtures all supported
on a-Al,O,. The ethylene/ethane ratio in the
product was estimated by gas-liquid chromatography. The selectivity before the onset of the
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generally more rapid ethylene hydrogenation falls
in the order Pd>Rh>Pt. The Pd-Ag catalysts
containing 10-300/,
Ag show notably higher initial
selectivities than pure I'd and are also highly
active. The contributions of thermodynamic and
mechanistic factors to the catalyst selectivity are
discussed. A Pd catalyst exposed to too mm
hydrogen for 11 days prior to use is selectively
poisoned; it is no longer able 10 hydrogenate
ethylene to ethane although its initial activity for
acetylene hydrogenation is only slightly reduced.
This is due to the absorption of H by Pd reducing
the number of holcs in the d-band so that ethylene
can no longer be adsorbed. The high activities
of the Pd-Ag catalysts may also be due to reduction in holes in the d-band by a certain degree of
solid-solution formation.
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Catalytic Oxidations, XIII-Preparation
L-Gulo~e

of

Hydroxylated Codeine Derivatives
L. J . URGENT, L, H. SCHWARTZWW

and M. BECK, chem. Ber., 1958, 91, (8),
1720-1724
L-Gulose is formed by catalytic oxidation of an
aqueous solution of D-sorbitol at 40°C using 10%
Pt-C catalyst. The acids formed during the
oxidation are removed on an ion-exchange resin
and the L-gulose is separated from the eluent by
means of benzylphenylhydrazone as gulosehydrazone.

and L. F. SMALL,

J . Org. Chem., 1958, 23, (9), 1247-1251
T h e use of OsO, in introducing hydroxyl groups

K. HEYNS

in the codeine and neopine series is described.
Amongst the reactions to which the method is
applied are the preparation of 7-hydroxydihydrocodeine from desoxycodeine-C, 7,8-dihydroxydihydrocodeine from acetyl codeine and 8 ~ 4 dihydroxydihydrocodcine from acetyl neopine.
The osmate esters are clcaved with sodium
sulphite.

Condensed Cyclobutane Aromatic Systems,
IV-Benzocyclobntene and 1-Bromobenzo- A Novel Conversion of Derivatives of
cyclobutene
Oxindoles to Indoles
and D. R. NAPIER, 7. Amer. C~zem.SoC.,
1958, 80, (May 5), 2255-2257
The hitherto unknown benzocyclobutene was
obtained by catalytic hydrogenolysis of 14diiodobenzocydobutene using Pd-C in the
presence of sodium ethoxide. Ziegler bromination
of benzocyclobutene gave I-bromobenzocyclobutene which was dehydrobrominated by K-tbutoxide to the dimer of benzocyclobutadiene.
M. P. CAVA

Reactions of z-Ketols Derived from Tertiary
Acetylenic Carbinols, 1-Preparation
and
Low Pressure Hydrogenation

E. WENKERT, B.

s. BERNSTEIN and J. H. UDELHOFEN,
Soc., 1958, So, (Sept. ao),

J. Amer. Chem.

4899-4903
Catalytic hydrogenation of 3-acyloxindole oximes
on Pt in acetic acid or Pd-C in ethanol leads to
the formation of 3-(sc-aminoalky1idene)-oxindoles
and 2-alkylindoles.

Catalytic Hydrogenation of Unsaturated
Sulphides and Sulphones
L. BATEMAX and F. w. SHIPLEY, J . Chem. SOC.,

1958, (Aug.), 2888-2890
The hydrogenations were carried out using Pd-C
G . F . HENNION and E. J. WATSON, J. Org. Cheni.,
catalyst at room temperature and atmospheric
I9Sg,z3, (51,656-658
pressure with violent agitation. Simple acyclic
A general procedure is developed for the hydra- allylic or vinylic sulphides are completely hydrotion of tertiary acetylenic carbinols and is used genated in I hr; substitution in the allylic unit
for the preparation of six cc-ketols in high yields greatly reduces the initial rate and extent of the
frorn the corresponding commercially available reaction.
Heterocyclic unsaturated sulphides
carbinols. Thc ketols are easily converted to the react morc readily than acyclic, but substitution
vic-glycols by low pressure hydrogenation using retards the reaction. Unsaturated sulphones react
a PtO, catalyst in the presence of alkali.
more readily than the corresponding sulphides
but increased alkyl-substitution at the double
Synthesis of Unsaturated Fatty Acids :dl- bond or adjacent to the sulphone group is
deactivating. Concomitant hydrogenolysis with
Ricinaleic Acid
W . 1. GENSLER and C . B. ABRAHAMS,y. Amer. (Jhem. liberation of thiol inhibits the hydrogenation.
Sac., 1958,80, (Sept. s), 4593-4596
The lithium derivative of 9-chlorononyne adds to Reductions with Ruthenium Catalysts, II epoxyoc octane to give I-chloro- I I -hydroxyhepPreparation of some Cyclohexyl~llllrylamines
tadecyne-8.
The corresponding iodide with M. FREIFELDER and G. R. STONE, J. Amer. Chem.
KCN gives I -cyano- I I -hydroxyheptadecyne-8
SOC., 1958, 80, (OCt. 5 ) , 5270-5272
which, on saponification, gives dl-ricinstearolic Previous attempts to hydrogenate 9-phenylalkylacid.. On semi-hydrogenation with Pd-CaCO,
amines have not been very successful. Low
(Lindlar) catalyst dl-ricinoleic acid is obtained.
pressure hydrogenation with noble metal catalysts
is often slow and requires a high catalyst ratio
Synthesis of Indoles by Catalytic Reduction while pressure hydrogenation using Raney Ni
of o-Nitrobenzyl Cyanides
catalyst results in cracking. With RuO, catalyst
H. F:. SNYDER, E. P. MERICA, c. G. FORCE and E. G.
(2:; by wt) the hydrogenations were carried out
WHITE, J . Amer. Chem. soc., 1958, 80, (Sept. 5),
at 90" and 70 atm and 90°6 yields of cyclohexyl4622-4625
alkylamines were obtained within an hour. On
Many substituted indoles were synthesised by a hydrogenating the hydrochloride of 2-methylnewly developed method involving catalytic amino-I-phenylpropane at temperatures above
165' in aqueous solution propylcyclohcxane was
rediiction of the corresponding o-nitrobenzyl
obtained. The effect of a branched substituent
cyanides over 30':/u Pd-C. Indole can be prepared
on the ring is to increase the hydrogenation time
in this way from the benzoate of o-nitromandelcnitrile. The mechanism of the reaction is to 10-12 hrs. 1-Ephedrine was hydrogenatcd by
this method to the corresponding cyclohexyl
discussed.

Platinum Metals Rev., 1959, 3, (1)

31

the leadiinterface potential to a value where
PbCI,, PbL- and P b are oxidised to PbOz. Bielectrodes of Pb and Pb alloys with Pt may have
practical application as inert anodes in cathodic
protection and other electrolytic processes.

compound without hydrogenolysis of the -OH
group and without change in rotation.

A Thermocouple Method of Studying Oxidation Reactions, Part I-Photosensitised
Oxidation of Cyclohexene
J. c. ROBB and M. SHAHINJ. Inst. Petroleum, 1958,

TEMPERATURE
MEASUREMENT

44, (Sept.), 283-290

The non-stationary state of oxidation reactions is
followed by measuring the rise in temperature
of the reacting mixture using an apparatus
incorporating a P t /13~y0Rh-Pt thermocouple.
The rate of oxidation is directly proportional to
the rate of temperature rise. The method is used
to study the kinetics of the photo-chemical
oxidation of qclohexene.

The Use of Oxygen in a Modified Tilting
Furnace. Roof Temperature Measurement
J. Iran Steel Inst., 1958, 190, (Sept.),
17-19
The thermocouples 5:6Rh-Pt/20o(,Rh-Pt and
zoG/;Rh-Pt/4ou.bRh-Pt were tested for use in
oxygen-blown steel furnaces. The formcr can be
used for short periods up to 1760’ and the latter
up to 1850T. The best sheath materials were
found to be A1,0,, MgO and spinel (MgO.Al,O,).
Preliminary tests carried out with a S”,bRh-Pt/
2oOjRh-Pt thermocouple in a tilting furnace
during normal working showed that the thermocouple must protrude 8-1 in. inside the furnace
roof. The best sheath material was spinel with
an inner sheath of MgO which had a life of 6.5
days. With a zo~&Rh-Pt/4oo/,Rh-Ptcouple in
an ‘Ajax’ furnace during oxygen blowing the
bcst results were obtained using a rccrystallised
A1,0, sheath with the thermocouple protruding
& in. into the furnace. MgO and spinel sheaths
were less satisfactory in this furnace due to
spalling and increased attack by Fe,O, in the
furnace atmosphere With the degree of control
now possible the roof temperature rarely exceeds
170o’C so that gO/oRh-Ptho%Rh-Pt couples may
be used.

J. PURDIE,

CATHODIC PROTECTION
The Anodic Polarisation of Lead-Platinum
Bi-Electrodes
and A. WEINRAUB, Chem. & Ind.,
1958, (Om. II), 1326-1327
Anodic polarisation of pure Pb anodes in chloride
solutions results in formation of a voluminous
deposit of PbCI,. At 2.5 A/sq.dm the voltage
increases rapidly and further electrolysis results
in greater voltage increase and rapid corrosion of
Pb. The insertion of a small micro-electrode of
Pt into the Pb surface prior to polarisation results
in the formation of an adherent coating of PbO,
and this anode can be used for prolonged periods
at high current densities. A Pb-Pt bi-electrode
causes conversion of PbC1, to PbO, with a
corresponding increase in voltage. The presence
of Pt in the Pb surface is considered to increase
L. L. SHREIR

NEW PATENTS
Production of Higher Ketones
ESSO RESEARCH AND ENGINEERING CO.

pore, high surface area base structure composed
of y-Al,O, modifications resulting from drying
and calcining a mixture of precursor hydrous
A1,0, phases containing 65-95?; of trihydrate,
the amount of Pt being o.1-1”/0 by wt. in
sufficiently divided form as to exhibit, by X-ray
diffraction studies, the substantial absence of
crystallites and crystals of size greater than 5oA.

British

Patent 798,838

Ketones are synthesised by contacting 2,3epoxybutane or a saturated epoxide containing
5-16 carbon atoms in its molecule and having its
oxygen atom joined to a secondary carbon atom,
at an isomerisation temperature of 200-500°C
with a Group I-B or VIII metal catalyst supported
on activated C. The catalyst may contain 1-20
wto/, of Pt or Pd.

Manufacture of Catalysts
UNIVERSAL OIL PRODUCTS CO.
British Patent
7991459
An Al,08 carrier is impregnated with a solution
of a Pt compound and the composite is calcined,
without the addition of halogen, at 250-595”C
with a free oxygen-containing gas to which water
has been added in amount to impart to the gas
at least 15.78 g of water per kg of dry gas.

Hydrogenation
British Patent 799,396
An unsaturated material is contacted under hydrogenating conditions with hydrogen and a Ptcalcined AlzOs catalyst. The catalyst has a large
ENGELHARD INDUSTRIES INc.
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Production of Polyhydric Compounds

solvent comprising a liquid chlorinated hydrocarbon. The catalyst used may be P d or Pt on
M,O, or C, Ru-AI,O, or Rh.

British Patent 799,753
Reference is made to the use of roughened Pt
sheet of about 2 g wt for the purpose of decomposing excess H,O, formed in a process of
producing a polyhydric compound by hydroxylating an organic compound having an olefinic
double bond with an aqueous solution of H,O,
at not less than 40°Cin the presence of isopropyl
formate.
RUHRCHEMIE A.G.

Catalytic Reforming
British Patent 800,339
A halogen-free reforming catalyst is composed of
0.05-2": by wt of Pt or Pd deposited on A1,0,
which has composited therewith 7-16~4by wt
of SiO, and which has an activity index of
between 6 and 20. Method of reforming petroleum hydrocarbon fractions to produce high octane
fuel also described.
SOCONY MOBIL OIL CO. INC.

Production of Hydrogen Peroxide
et a[. British Patent 799,756
In the production of H,O,, the catalyst comprises
active catalyst material (reduced metal) uniformly
distributed throughout a water-hardened catalytically inert and porous refractory cement having
closed cells and an apparent density of 0.7-1.3
g/cc. The catalyst metal may be Pd.
L'BTAT FRANCAIS

Flux-free Bonded Assemblies
CORNING GLASS WORKS British Patent 800,519
The bond between a quartz and another inorganic
part, e.g. SiO,, includes a film of k on one part
through which In is diffused into the part. The
quartz part has a Au-Pt alloy adjacent to it.

Catalytic Conversion of Hydrocarbons
Substituted Alkylamines

SOCONY MOBIL OIL CO. INC. British Patent 799,81I
A catalyst consists of a mechanical mixture of a
Pt-containing component deposited on an inert
porous support and of an acidic component having
a catalytic cracking activity. 0.1-2y4 by w t of
Pt is used. The support may be silica gel and the
acid component commercial silica-alumina cogel
cracking catalyst. Used for hydrocarbon conversion processes.

N. v. PHILIPS GLOEILAMPENFABRIEKEN
British
Patent 800,718
A noble metal hydrogenation catalyst, e.g. a Pd-C
catalyst, is used at one stage in the preparation
of novel substituted alkylamines.

Enrichment of Water in Deuterium Oxide
UNITED

Reforming Catalyst
w. R. GRACE AND Co. British Patent 799,827
A gasoline reforming catalyst is made by impregnating a silica gel base with an aqueous solution
of aluminium chloroplatinate or a mixed solution
of chloroplatinic acid and an A1 salt, the anion of
which is removed from the catalyst during subsequent conversion of the Pt compound to metallic
Pt. The aqueous solution is sufficiently concentrated to form a final catalyst containing
0.05-5 wt90 of Pt and 0.01-1w t @ b of A1,0,.
AlC1, may be used.

ENGELHARD

AUTHORITY

INDUSTRIES

INC.

British Patent

A precision potentiometer has a resistance
winding composed of Pd, with or without Pt,
and I - I O ~ , , Cr and a brush member composed of
a precious metal based alloy, e.g. 2o0/, Ir-Pt or
alloys of Pt with not more than 15% W or Mo.

co. British Patent

Aromatisation of Light Naphthas
ESSO RESEARCH & ENGINEERING co. British Patent

A hydrogenation catalyst comprises an oleophilic
C support (oil absorption factor at least zoo) and
Pd and/or Pt deposited on its surface at a loading
of about O.I-IO~)/~ by wt of the support. The Pd
or the Pd component of the mixture is activated
with a metal oxide, carbonate or hydroxide.

Hydrogenation of Dihydrophthalic
Acid Esters
British Patent

800,287
A 3,6-oxy-3,4,5,6-tetrahydrophthalic acid diestcr
is produced by reacting a diester of 3,6-0xy-3, 6dihydrophthalic acid with hydrogen in the
presence of a hydrogenation catalyst and a
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ENERGY

801,034

799,871

OLIN MATHIESON CHEMICAL CORP.

ATOMIC

Potentiometers

Hydrogenation Catalysts
E. I. DU FONT DE NEMOURS AND

KINGDOM

Brttish Patent 800,730
A method of enriching water in deuterium oxide
consists in bringing together water and deuteriumcontaining hydrogen in the presence as catalyst
for the exchange reaction of inter alia Ru, Rh,
Pd, Os, Ir or Pt.
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801,060
High octane number, highly aromatic products
are obtained from hydrocarbon fractions boiling
in the range of 11c-z503F, by contacting the
fractions, mixed with a hydrogen-rich gas, with a
catalyst comprising a Pt metal-Al,O, at 800-975"F
and pressures below 125 p.s.i.g., maintaining
contact for a time sufficient to produce a Cj plus
hydroformate having a Research clear octane
number of about 80, separating the hydroformate
from the normally gaseous materials, subjecting
it to solvent extraction to obtain an aromatic-rich
cxtract phase, and an aromatic-poor raffinate,
which is recycled.

Preparation of Uranium Compounds
UNITED

KINGDOM

ATOMIC

ENERGY

AUTHORITY

British Patent 801,380
A trivalent uranium compound is made by
reducing a salt of uranium (valency of uranium
higher than 4) by treating a solution of the salt
with hydrogen in the presence of a Pt, P d or Rh
catalyst.

Manufacture of Aliphatic Dinitriles
THE GOODYEAR TIRE AND RUBBER co.

British
Patent 801,406
The anodes of electrolytic cells used in the
manufacture by electrolysis of aliphatic K,
a-dinitriles of given general formula have at
least their surface composed of Pt or Ir.

Carbonylation Synthesis Reaction
ESSO RESEARCH

& ENGINEERING Go. British Patent

furnace for melting and a separate homogeniser,
the tube connecting the bottom of the furnace
to the homogeniser is made of Pt, preferably
surrounded by a ceramic casing. The tube is
heated by passage of direct current through the
metal part thereof.

Recovery of Uranium from Ores
COMMISSARIAT A L'ENERGIE ATOMIQUE
British
Patent 802,452
Uranium is recovered from an ore by forming,
from the ore, a clear solution of a hcxavalcnt
uranyl-alkali metal or -ammonium carbonate
solution, precipitating hydrated UO, from the
solution by forming nascent hydrogen therein and
separating this oxide. The nascent hydrogcn is
produced by subjecting the solution to electrolysis in the presencc of a hydrogenation catalyst,
e.g. Pt or Pd.

801,734

Hydroforming

Oxygenated compounds are produced by reaction
of an olefin, carbon monoxide and hydrogen at
temperatures of 60-240"C and pressures of
~,ooo-~o,ooo
p.s.i.g. in the presence of a Rhcontaining catalyst capable of being dissolved
in the reaction mixture under the reaction conditions. Rh,O,, Rho, or RhC1, may be used,
supported on an inert carrier.

ESSO RESEARCH

750-1150"F.

THE DOW CHEMICAL CO.

Manufacture of Hydrogen Peroxide
LAPORTE CHEMICALS LTD. British Patent 803,121
Hydrogen peroxide is made by hydrogenating an
anthraquinone sulphonic acid ester in solution in
the presence of a hydrogenation catalyst, oxidising
the reduced compound formed with gaseous
oxygen, regenerating the original ester and
forming H,O,, which is then separated. The
catalyst is preferably Pd-activated A1,0,.

Production of Melamine
MONSANTO CHEMICAL CO.

DEVELOPMENT

CORP.

of melamine by heating a mixture of HCN and

British Patent

NH, gas at 400-750"c and at atmospheric
pressure in the presence of the catalyst.

802J 194

Hydrocarbon lubricating oil stock is subjected in
mixture with hydrogen and in the presence of a
catalyst composed of cobalt molybdate or nickel
sulphide and tungsten sulphide to hydrogenating
conditions to convert it to an intermediate product
of improved viscosity index, at least part of the
product is then hydrogenated in the presence of a
Pt catalyst, e.g. Pt, Al,O, and a combined halogen,
such as aluminium fluoride, at 400-650°F and a
pressure of 750-5,OOO p.s.i.g. to improve the
oxidation stability.

Production of Nitric Acid
IMPERIAL CHEMICAL INDUSTRIES LTD.
British
Patent 8 0 3 , I~I
Pt gauze catalyst is used in the production of
HNO, by a method involving the oxidation of
NH, resulting in the more efficient recovery of
available heat.

Production of Hydrogen having Increased
Deuterium Content
E. w. BECKER British Patent 803,274

Melting of Glass
British Patent 802,310
In a glass melting process employing a tank

CARL-ZEISS-STIETUNG
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British Patent 803,195

A Pt or Pd catalyst may be used in the production

Production of Lubricating Oils
TEXACO

co. British Patent

I n a hydroforming process, the fresh feed,
comprising naphtha and hydroformate (the latter
boiling above 120°F) is preheated to 800-1050°F
and the hydrogen-rich recycle gas is preheated to
800-1400°F before charging to the reactor in
which the catalyst, e.g. Pt, is fluidised; the reactor
operates at 50-1,000 p.s.i.g. and a temperature of

Hydrogenation of Acetylene in Ethylene
British Patent 802,100
The acetylene contained in a gaseous mixture of
ethylene and acetylene is selectively hydrogenated by contacting the mixture together with
hydrogen in proportion greater than I mole of
hydrogen per mole of acetylene, with a catalyst
containing an effective proportion of a material
comprising 60-99 parts by wt of Pd and 40-1
parts of Cu, Ag or Au. The preferred catalyst
contains 7-99 parts of Pd and 30-1 parts of Ag.
Method of making the catalyst by impregnating
a solid carrier with an aqueous solution of
Pd(NO,), and AgNO, is described and claimcd.

& ENGINEERING

802,943

Water or hydrogen of increased deutcrium content
is made by passing hydrogen and liquid water
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counter-currently at high pressure and in the
presence of a catalyst through two columns at
different temperatures. Water passes first through
the cold column and then through the hot column
and the hydrogen vice versa. The catalyst is
passed in a closed circuit dispersed in the water,
preferably in the form of a Pt or P d sol.

Composite Rod
INDUSTRIES INC.
British Patent
803,318
A composite rod or electrodc is made by telescoping a refractory metal, e.g. W or Mo, core
within a Pt metal sheath, so as to leave a portion
of the latter extending beyond the core. This
extension is then gripped and the sheath snugfitted on the core. The extension is removed
and the cross-sectional area of the rod reduced.
P t is preferably used to form the sheath.

ENGELHARD

Catalyst
Belgian Patent
S60,OS
A catalyst for use in the conversion of hydrocarbons consists of a major proportion of Al,
a small proportion of Pt and more than 3% by
weight of combined F based on the total weight
of the catalyst.

THE BRITISH PETROLEUM GO. LTD.

Isomerisation of ParaiXnic
Hydrocarbons
SHELL DEVELOPMENT co. US. Patent 2,841,626
Paraffinic hydrocarbons are isomerised by contacting a feed of hydrocarbon having less than 7
carbon atoms in the presence of added hydrogen
and 100 mole:/, of water vapour based on the
hydrocarbon, with a Group VIII noble metal
catalyst on an aluminous carrier and containing
less than o.10/, of chlorine at a temperature of
480490°F and a pressure of 1-100 atm.

Hydrogenation of Pyrazine
THE DOW CHEMICAL co. U S . Patent 2,843,589
Pyrazine, alkyl pyrazines, in which each alkyl
substituent contains not more than 4 carbon
atoms, and mixtures thereof are hydrogenated to
corresponding piperazine products by the action
of hydrogen in the presence of a hydrogenation
catalyst, e.g. supported Rh or Pd at temperature
between 125°C and 225°C and a pressure of
2&00
lb/sq. in.

Pt deposit colloidally dispersed throughout,
which is reduced to Pt. 0.05-50/0 by wt PtA1,0, is preferred.

Catalytic Hydrogenation
MONSANTO CHEMICAL CO. U.S.Patent 2,844,573
Polyvinyl chloride is catalytically hydrogenated
by reacting it with hydrogen in the presence of a
P d catalyst under sufficiently high temperature
and pressure and for long enough to replace at
least ZOY; of the chlorine atoms with hydrogen
atoms.

Joining Refractory Metals
U.S. Patent
2,844,868
Cathodes are made by coating a cylindrical metal
base with a thin layer of Ru powder, wrapping a
Mo mesh round the coated base and heating the
assembly to II~G-I~OO~C
to form a preliminary
bond between the base and the mesh and finally
heating the assembly to 1900-2100°C.

SYLVANIA ELECTRIC PRODUCTS INC.

Fluid Hydroforming Process
& ENGINEERING CO. U.S. Patent
2,846,364
A fluidised bed comprising a mixture of a major
proportion of finely divided Pt metal hydroforming catalyst and a minor proportion of inert
heat transfer solid particles or shot is used in a
process of reforming hydrocarbon fractions
boiling within the gasoline range.

ESSO RESEARCH

Reforming Catalyst
PHILIPS PETROLEUM co. U S . Patent 2,848,510
Fluid hydrocarbon material is catalytically converted to more valuable hydrocarbons by contacting the material with a catalyst comprising
Pt or Pd (0.1-5 wtoL), manganese oxide (1-20
wt%) and balance a cracking component under
conversion conditions.

Catalytic Reforming Process
U S . Patent 2,849,377
Describes improvements in the control of a
process for catalytically reforming a hydrocarbon
fraction boiling within the gasoline-kerosine
range to increase the anti-knock value in the
presence of hydrogen and a catalyst composed of
an acidic metal oxide component impregnated
with Pt or Pd.

THE ATLANTIC REPINING CO.

Catalytic Reforming
Hydroforming Catalyst
U.S. Patent 2,844,542
A Pt-A1,0, catalyst is made by combining in
solution of an alcohol having 3-5 carbon atoms
per molecule a minor amount of a Pt salt and a
relatively large amount of an aluminium alcoholate and precipitating Pt from the solution by
addition of NH,OH, drying the deposit to
obtain a hydrous A1,0, having a finely divided
J. A. HINLICKY
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U.S. Patent 2,849,378
Hydrocarbon fractions having an initial boiling
point of at least 60°F and an end boiling point of
less than 450°F are reformed by contact with a
catalyst of surface area varying between 650
sq.m/g and 100 sq.m/g and comprising Pt or
P d (0.05--2% by wt) deposited on SiO, that
contains A1,0, in amount of 0.025% to 704
based on the weight of catalyst, the relationship
SOCONY MOBIL OIL CO. INC.
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between the amount of A1,0, and the surface
area defining a point on a graph.

Cyclisation of Aliphatic Hydrocarbons
THE M. W. KELLOGG CO. U.S. Patent 2,849,504
A naphtha fraction containing a straight chain
hydrocarbon, i.e. a C5 andlor a C , hydrocarbon,
is subjected to separation to remove a straight
chain hydrocarbon therefrom, the remainder is
heated with a Pt catalyst under reforming conditions to produce a high octane gasoline. The
straight chain saturated hydrocarbon is contacted with a 5-2596 by wt Pt catalyst at 250420°C, a pressure of 1-7 p.s.i.a. and a wt space
velocity of 0.001-2 to produce a cyclopentane
compound, which is then combined with the
remainder of the naphtha fraction.

Pt or Pd compound containing a small amount of
a non-ashing, wetting and dispersing agent in
amount sufficient to deposit 0.1-2 wt% of Pt or
0.5-5 wtY, of Pd on the support and fixing the
metal thereon.

Reforming Catalyst
w. R. GRACE & co. U.S. I'atent 2,853,456
A gasoline reforming catalyst is made by contacting amalgamated A1 with a dilute aqueous
solution of H,O,, separating the newly formed
A1,0, from the supernatant liquid, contacting
it with a solution of chloroplatinic acid and
fluosilicic acid in amount to form a final catalyst
F and o.oI-I~,',
containing o.I-I", Pt, O.OI-IS:
SiO,, drying and converting to metallic Pt.

Hydrocracking and Catalyst therefor

Catalysts
A petroleum naphtha is contacted under hydroforming conditions with a catalyst composed of
o.05-1?/0 by wt of Pt, based on dry A1,0,, and
0.01-1atom of Se per atom of Pt, supported on
A1,0,.

SOCONY MOBIL OIL CO. INC. U.S. Patent 2,854,401
A hydrocarbon charge is contacted in the presence
of hydrogcn with a catalyst consisting of a
mechanical mixture of particles of less than 100
microns diameter of (I) a porous inert carrier on
which is deposited o.05-rou/, by weight of a Pt
metal and (2) an acidic cracking component.

Purifying of Catalysts

Catalytic Reforming

STANDARD OIL CO.

U.S. I'atent 2,851,399

US. ATOMIC ENERGY COMMISSION

U.S. Patent

2,85 1,427

A finely divided Pt catalyst containing small
amounts of chlorine is purified by treatmcnt at
elevated temperature with dry hydrogen and then
with wet hydrogen having a hydrogen-water
vapour ratio of 8:1. This treatment is repeated as
required.

Reaction Process
U . S . Patent 2,851,473
Organosilicon compounds are made by reacting
an unsaturatcd organic compound containing at
least one non-aromatic multiple carbon to carbon
bond with a silane containing at least one silanic
hydrogen bond, the reaction being catalysed with
Pt-?-AI,O,.
UNION CARBIDE CORP.

Preparation o€ Reforming Catalysts
w. R. GRACE & CO. U.S. Patent 2,852,472
A gasoline reforming catalyst is made by impregnating calcined A1,0, with SiF, or fluosilicic
,~
acid, in amount to incorporate 0.03-3 w t ' ~ SiO,
and 0.1-8 wt% F in the final catalyst, commingling the treated Al,O, with an aqueous
solution of chloroplatinic acid in amount sufficient
to give 0.1-204, Pt in the catalyst, drying and
converting to the metal.

Manufacture of Catalysts
& ENGINEERING co. U.S. Patent
2,852,474
Catalysts are made by mixing particles of a dry
adsorptive support with an aqueous solution of a
ESSO RESEARCH

Platinum Metals Rev., 1959, 3, (1)

U.S. Patent 2,854,403
A reforming catalyst is made by mixing particles
of less than IOO microns diameter of A1,0, and
of an acidic SiO,-A1,0, cracking component,
pelletising the mixture under pressure with a
binder, removing the latter by combustion,
contacting the composite with a solution containing Pt as an anion long enough to allow the
pores of the composite to be filled, and, when the
Pt reaches an adsorption equilibrium between
A1,0, and SiO,, drying and reducing to the metal.
SOCONY IUOBIL OIL CO. INC.

Catalytic Reforming
SOCONY MOBIL OIL co. INC. U.S. Patent 2,854,404
A hydrocarbon mixture boiling in the gasoline
range is reformed by contacting it under reforming
conditions with a catalyst composed of a mechanical mixture of particles of less than 100 microns
diameter of (I) a porous inert carrier carrying Pt
metal in amount such that the final catalyst
content of Pt is 0.05-5u/;, by wt and (2) halogen
activated q-Al,O, (halogen content 0.1-8 A/: by
wt). The relative wt fractions of the two components are about 0.1 and 0.9. The catalyst has a
dehydrogenation activity of at least 50 and an
acid activity of at least 0.2.

Manufacture of Carbinols
THE DISTILLERS co. LTD. U.S. Patent 2,854,487
A Pd-activated A1,0, catalyst is used in a process
for the manufacture of carbinols by reaction at
40-120°C of an organic hydroperoxide with
hydrogen. 1-207; by wt, based on the wt of
the hydroperoxide, of the catalyst is used.
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