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The Platinum Resistance
Thermometer
A REVIEW OF ITS CONSTRUCTION AND APPLICATIONS

By liodney Price
The platinum resistance thermometer is a versatile instrument for
temperature measurement i n the range from - 200" to 1000°C. It is
used both for precision measurements of the highest accuracy and for
routine industrial work. This article discusses the development and
construction of resistance thermometers and their uses in a wide range
of industries.

The platinum resistance thermometer-in
which the principle of measurement is the
variation in the resistance of a platinum wire
as a function of temperature-is generally
accepted as the most accurate temperature
measuring instrument available. Its sensitivity
and reliability are evident from the fact that
it was first used in 1928 to define the International Temperature Scale from -190" to
660°C and has thus been the primary international standard for over thirty years. But
it has other advantages that find many and
increasing applications in industry. It is
particularly suitable where measurements are
to be made over a relatively narrow range of
temperature, where the point of measurement
is some distance from the recording instru-
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ment, and where there are several measuring
points and readings are required at one central
instrument panel. In addition to the measurement of elevated temperatures, the platinum
resistance thermometer is also finding a
number of applications where the accurate
determination or control of sub-zero temperatures is needed.
The operation of the resistance thermometer depends upon two characteristics of
platinum-first the simple relationship between its resistance and its temperature, and
secondly the high purity, stability and
reproducibility of the specially prepared
platinum employed for this purpose. The
requirements of the International Temperature Scale of 1948 for the purity and physical
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condition of platinum to be used in resistance
thermometry are based upon the change in
resistance between oo and IOO'C, this range
being known as the fundamental interval: the
ratio R,nn,'Rn is required to be greater than
1.3910. British Standard 1904 : 1952 on
Commercial Platinum Resistance Thermometer Elements calls for a value not less
than 1.350.
Any impurity in platinum lowers its
temperature coefficient of resistance, and this
characteristic of the metal is in fact the most
sensitive indication of its purity. For resistance thermometry, therefore, extreme precautions have to be taken not only in the
preparation and melting of the platinum but
in its subsequent drawing to fine wire in order
to maintain an exceptionally high state of
purity and complete freedom from contamination during later processing. The special
grade Of metal prepared, known as JMC
Thermopure platinum, consistently gives

Checking temperature in the produrtion ofgranular
fertilizer, Jozuing at 25 tons per hour o n a conveyor
belt, in the Ipswich works of Fisons Limited.
T h e platinum resistanre thermometer, by Sangamo
Weston Limited, is sheathed with nylon tube.

T h e central control panel in J . Lyons & Company's new ice-rream factory at Greenford
indicates continuous measurements of temperature, weight and sterilisation control.
By automatic scanning and digital display, the blnrk panels in the centre of the
pirture show temperature and weight. Temperatures f r o m 0' to 60'C are measured
with platinum resistance thermometers by Elliott Brothers (London) Ltd.. who ulso
supplied this part of the control panel.
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A

physicist in the
Johnson Matthey Process Control Laboratory
determining the temperature coeficient ojresistance between 0” and
and 100°C of the Thermopure platinum produced s p e c i a l l y f o r
resistance thermometry.

values greater than 1.3923 for the ratio
R,,,/R, and provides a sound basis for the
design and construction of accurate and
reliable thermometers.

Early History
The late Professor H. L. Callendar may
fairly be regarded as the father of platinum
resistance thermometry; the fundamentals of
the thermometers in use today are unchanged
from those he described in 1887, when as a
young research worker of only 23 at the
Cavendish Laboratory, Cambridge, he published a paper “On the Practical MeasureThis was
ment of Temperature” (I).
followed by several other papers which he
contributed on the samc subject during the
next few years.
The resistance thermometer had in fact
been introduced by C. W. (later Sir William)
Siemens. In a Bakerian lecture to the Royal
Society in 1871 (2) Siemens had explained
the theory of the method and described
instruments capable of indicating temperatures up to 1000°C.The advantages of this
device were quickly appreciated, and a
distinguished committee of the British Association was appointed to test the instruments
and report upon them. Their report (3),
published in 1874, disclosed that on heating to
temperatures of about Soo’C the resistance of
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the instrument increased continuously and
that the platinum wire underwent rapid
deterioration.
Callendar became interested in the subject
and found that the platinum wires he used
did not undergo such changes even when
subjected to much more severe tests than
those applied by the committee. He was able,
however, to reproduce the effects they had
observed and to show that they were not

Professor H. L. Callendar
The platinum resistance thermometer was developed into a successful and accurate instrument by
Callendar. A biographical note by his son appears
on h e facing page.
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inherent in the method but were merely
incidental to the particular form of instrument on which they had experimented. In
particular, he showed that the clay used for
the former, or some constituent of it, had
attacked the platinum, while the iron protection tube-or
even traces of volatile
metallic impurities in the iron-had also been
responsible. He found that if the wire was
properly protected from strain and from
contamination the instrument could be made
practically free from change of zero, even at
very high temperatures. By winding the wire
on a thin plate of mica, by fusing platinum
connecting wires on to the wire of the coil, and
by protecting the element with a hard-glazed

porcelain tube, Callendar was able to construct resistance thermometers that completely restored confidence in the instrument.
By 1890 the manufacture of platinum
resistance thermometers had begun by the
Cambridge Scientific Instrument Company,
in close collaboration with Professor Callendar
and Dr. E. H. Griffiths. Callendar carried out
a great deal of research to establish the
constancy of the relation between the resistance of a platinum wire and its temperature,
and this work, together with his four-lead
method of compensation, established the
accuracy and reliability of the instrument.
The earliest record of an important use in
industry was in 1891, when Sir Robert Mond,

Professor H. L. Callendar and the
Platinum Resistance Thermometer
A BIOGRAPHICAL NOTE BY DR. L. H. CALLENDAR
The platinum resistance thermometer, the
most accurate and sensitive means of temperature measurement, was introduced
and developed by the late Professor H. L.
Callendar, C.B.E., F.R.S.
In October 1885, Callendar, having taken a
double First in Classics and Mathematics a t
Cambridge University, started as a research
physicist under Professor J. J. Thompson to
work on the variation of the electrical
resistance of platinum as a means of measuring temperature.
He was so quickly
successful in solving the problem that he was
able to present his first results to the Koyal
Society in June 1886 and publish a full dissertation o n the matter in the Philosophical
Transactions of the Royal Society in 1887.
He was elected a Fellow of Trinity College,
Cambridge, for his research o n this subject.
Before this timc, the gas thermometer was
the theoretical standard of temperature, and
the mercury thermometer with its limited
range was the only practical instrument but
was far too fragile for many purposes.
Before Callendar, others had tried without
success t o use metals to make accurate
thermometers but he brought t o the problem
a finer skill and inventiveness as shown in
many ways. He first had the idea of sealing
the platinum wire he was testing inside the
bulb of the gas thermometer he had made as
a standard, thus getting a perfect comparison between the two; he overcame
previous troubles, such as the shifting zero,
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by using very pure platinum and by ensuring
that the wire was free from strain, and the
uncertainty of the resistance of the leads by
fitting duplicate leads.
Thus Callendar gave to science a new tool
for accurate temperature measurement. In his
1887 paper he advocated platinum as the
ideal temperature standard up to a t least
1 2 0 0 T . He was invited t o become a member
of the Electrical Standards Committee of the
British Association, and in 1899 put forward
hi5 proposals in detail. He showed that the
gas thermometer had given results so discordant as greatly to retard the progress of
research.
On the other hand, platinurn
thermometers standardised a t selected fixed
points easily gave a consistency of one-tenth
of a degree a t IOOO'C.
Under his supervision standard thermometers wcrc made a t the National Physical
Laboratory and submitted to long and
careful testing. The results fully confirmed
Callendar's claims, and led to the establisbment of the platinum resistanLe thermometer as a means of defining a major portion
of the Intcrnational Temperature Scale.
Callcndar occupied the new Chair of
Physics a t McGill University, Montreal, from
1893 to 1898, when he returned to England to
become Professor of Physics a t University
College, London. In 1902 he was appointed
to the Professorship of Physics at the Royal
College of Science, London. He died in 1930
a t the age of 6J.
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working
with Callendar, introduced the
T
thermometers at one of his works. I n the
following year Callendar, working with
Professor W. C. Roberts-Austen in the
laboratory of the Royal Mint, made the first
accurate determination of the melting points
of the purest gold and silver then available.
I n describing this work in a lecture to the
Royal Institute Professor Roberts-Austen
said “I am satisfied that at temperatures about
IOOO’Cthe comparative results afforded by
this method are accurate to the tenth of a
degree, a result which would certainly have
been deemed impossible a year or two ago”.
I n 1892 platinum thermometers were used
in blast furnaces by Sir Lowthian Bell, while
a little later some 65 thermometers and
recorders were installed on the annealing
furnaces at John Lysaght’s sheet steel works
at Newport, Monmouthshire. Some of these
instruments were in use for as long as 50 years.
I n 1900 the Practical Temperature Standdards Sub-committee of the British Association agreed:
(I)

That a particular sample of platinum wire be
selected (Mr. Matthey of Johnson and
Matthey had now supplied the Committee
with two samples of very pure wire, which
on test gave excellent results by the Callendar difference formula).

(2)

That Professor Callendar and Mr. Glazebrook be requested to consider further the
selection of wires for the construction of a
number of platinum resistance thermometers for standard tests.

and today a wide range of types is available
to meet the many varied conditions encountered in industry. These applications,
as will be seen later, include temperature
recording or control in the production of
liquid oxygen and nitrogen, of chemicals, and
of rubber, in the storage of refrigerated meat
and fruit and of timber and coal, and in space
heating and ventilation.

Design and Construction
As well as on the very high purity of the
special Thermopure platinum wire provided
for this purpose, the accuracy and stability of
resistance thermometers depend upon the care
given to their design and construction.
Great care has to be exercised to avoid
contamination of the platinum element and
to minimise stressing the wire in order not to
reduce its temperature coefficient of resistance.
The ideal mounting for the element wire is
one which minimises the strain caused in the
wire by thermal expansion and contraction of
the winding former. Callendar devised a
former of two strips of mica assembled as a
cross with notches cut in the edge of the
strips to hold the wire in place. T. S. Sligh ( 5 ) ,
of the U.S. Bureau of Standards, developed
this design so that strain is further reduced.
I n another construction described by C. H.
Meyers (6), also of the Bureau of Standards,
the wire is first wound into a fine helix and
then this helix is wound on to a former. This
produces a compact winding particularly
useful for aircraft instruments. J. A. Hall (7),
of the National Physical Laboratory, described
a construction in which the element is wound
on a fused quartz frame in a hermetically
sealed envelope, while his colleague, C. R.
Barber (8), has described a thermometer of
very small dimensions in which a formless coil
is contained in a fine glass U-tube. The same
author has also described a platinumsheathed 2k-mm diameter thermometer for
use at low temperatures (9).
The selection of suitable protection for the
winding depends on the range of tempera-

Six thermometers were accordingly made at
the National Physical Laboratory and submitted to a long programme of testing by
Harker and Chappuis (4). It was shown that
platinum in porcelain thermometers could be
heated and cooled between oo and rooo’C for
three months without measurable alteration in
the zero of the instruments. This fully
established the absolute reliability of the
platinum resistance thermometer and confirmed Callendar’s original claims put forward
in his paper in 1887.
In later years other manufactures of
scientific instruments also came into the field,
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Morphy-Richards' electric blanh,ets are tested
at temperatures u p to
90°C with one of a set
of platinum resistance
thermometers and multipoint recorders supplied by the Cambridge
Instrument Co. Ltd.
T h e sheathed sensitive
element, made f r o m silkcovered T h e r m o p u r e
platinum wire, m a y be
seen formed in a spiral
attached to a wheelshaped frame.

tures to be measured, the accuracy and life
required, and the corrosive nature of the
surroundings. Some elements are sealed into
glass sheaths; others are protected by mildsteel, brass, copper, stainless-steel or platinum
sheaths. For some work, such as refrigerated
cargo ships, when speed of response must be
sacrificed to protection against corrosion,
metal sheaths are completely covered with
vulcanised rubber.
T o ensure stability it is important to
anneal the platinum coil after it has becn
formed.
The International Temperature
Scale recommends that standard resistance

thermometers should be annealed in air at a
temperature higher than the highest temperature at which they are to be used, and in any
case at not less than 450°C. R. J. Corruccini
(IO), of the National Bureau of Standards,
suggests that rapid cooling after annealing is
undesirable bccause it may decrease the value
of the temperature coefficient of resistance.
Silk-covered or synthetic-enamelled wire is
used to make commercial thermometers to
measure low temperatures, but silk covering
produces strain in platinum wire, the effect
of which upon its resistance characteristics
cannot be entirely removed owing to the

Dr. H. Lister, the glaciologist of the TransAntarctic E x p e d i t i o n
led by Sir V i v i a n Fuchs,
using a platinum resista n c e thermometer to
measure temperatures
f r o m - 15" to - 60°C at
different depths in the
ice.
T h e photograph
w n s taken at the advance base "South Ice",
4,400 feet above sea
level and 300 miles
south of Shackleton on
the Weddell Sea.
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A multi-point indicator
working i n conjunction
with four platinum resistance thermometers by
The Foster Instrument
Go. Ltd. in one of the
cold storage plants of
Birds Eye Foods Ltd.

impossibility of heating the wire to a sufficiently high temperature. British Standard
1904:195zstates that the ratio R,,,/R, for
silk-covered wire should be not less than
1.385. The use of a synthetic epoxy-base
enamel developed by Johnson Matthey and
known as Diamel similarly limits the annealing
temperature, but very little strain is caused by
the enamelling process and Diamel-covered
wire may be used up to 130°C.Values greater
than 1.3910for the ratio R,,,'R, for Diamelcovered Thermopure platinum wire are
obtainable.
Although platinum is resistant to a wide
range of acids and other reagents, it is
desirable to be familiar with the conditions
in which the metal is attacked. It rapidly
becomes brittle if it is heated in contact with
phosphorus, arsenic, antimony, selenium or
tellurium. A combination of traces of sulphur
and silica or silicates will attack platinum in
the presence of carbon, hydrogen or other
reducing agent. Platinum is attacked by
nearly all molten metals and by their vapours.
T o prevent contamination of the platinum
wire, therefore, all parts of the thermometer should be clean. The selection of a
suitable process depends on the materials
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used in construction, but a typical method is
to wash all parts in benzene, boil in dilute
nitric acid and wash several times in distilled
water.
Finally, after assembly and just
before annealing, the platinum coil is washed
in benzene.
British Standard I904 recommends that to
avoid significant heating of platinum wire
being tested in air for use in commercial
thermometers, the measuring current should
not exceed z milliamperes per 0.001 inch of
wire diameter. The heating effect of the
measuring current depends on the heat conduction of the materials of the thermometer
and of its surroundings, and is proportional
to the square of the current.

Measurement of Resistance
For very accurate temperature measurement, say to o.ooz0C, special precaution must
naturally be taken to remove every source of
possible error. An excellent account of the
laboratory procedure involved in this class of
work has been given by J. A. Hall (11) and
this will not be discussed further here. For
a normal commercial accuracy of approximately &I"C throughout the range of the
instrument there is a choice between de-
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flection instruments, null-balance bridges and
ratiometers. In deflection instruments the
galvanometer in the bridge is calibrated so
that the out-of-balance current may be read
directly as temperature. The current is proportional to the supply voltage of the bridge,
and so either the voltage must be stabilised,
or voltage compensation must be provided in
the galvanometer movement.
In null-balance instruments the bridge
circuit is balanced by manual or automatic
adjustment of resistance, usually a slide wire,
in one or more arms of the bridge.
A ratiometer is a special type of deflection
instrument with a double wound coil which
moves in a field whose strength is arranged so
that direct indication of temperature results.
Compensation for temperature variations in
the leads may be provided by either a threewire or a four-wire system. In the three-wire
system two leads are in adjacent arms of a
bridge, thus cancelling their changes of
resistance, while the third lead carries only the
energising current. Such an arrangement is
shown in the diagram below. In the four-wire
system a lead equivalent to the element leads

and subject to the same ambient temperature
variations is put in an adjacent arm of the
bridge.

Determination of Temperature
The relationship between temperature and
the resistance of a platinum resistance
thermometer, and H. L. Callendar's method
of making the necessary calculations, are
given in more detail, together with the tables
compiled by G. S . Callendar and F. E. Hoare,
in a booklet Platinum for Resistance Thernzometry ( 1 2 ) which was last revised in
September 1958. According to the International Temperature Scale, temperature is
related to the resistance of a platinum
thermometer according to the following
formulae:
For the temperature range from oo to

630.5"C
Rt-ROfI +At-)Bt')

(1)

and from -183" to 0°C
R t - R , , [ ~ f A t l B t ' ~ C ( t --roo)t3J

(2)

where R, and R, are the values for the
resistance of the thermometer at the temperature of measurement and at 0°C respectively.
The values of Ro, A and B are determined
by calibration at the ice, steam and sulphur
(444.6"c) points, and that of C by calibration
at the boiling point of oxygen ( - 182.97"c).
For JMC platinum the values of the coefficients in equation (2) are:
A
3.98 x I O - ~
B = -5.85 x 10-7
c = -4.35 x 10-12
~

It was first suggested by Callendar that the
arithmetical computation could be greatly
reduced by rewriting ( I ) for the range
c-~oo"C in the form

where 8 is a constant.
The first term in this expression is the
"platinum temperature", derived by con-
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above may be written in the Callendar-Van
Dusen form

Properties of JMC Thermopure
Platinum

t -tpt=s(t-

..

I00

Specific gravity
..
. . 21.40
Melting point, "C .
. . . , 1769
Resistivity, microhm-centimetres
at0"C
.. .. .. .. 9.81
Mean temperature coefficient of
resistance, (0-IOO'C) per "C, a 0.003923
Callendar correction factor, S . .
1.493
Van Dusen correction factor,
0.1 I I
Thermal conductivity, CGS units
0.17
Ultimate tensile strength, tons
per square inch (annealed)
..
9
Elongation, per cent (annealed) . .
40

.

Typical Applications

Lpt.

Equation (3) may therefore be written

s

(A

t

(4)

-I)

The correction from degrees platinum to
degrees C is most simply ascertained by the
use of the tables compiled by Callendar and
Hoare (12).
Equation (3) may also be written

where cc is the mean temperature coefficient
of resistance from oo to IOOOC,

i.e.

R,ou --Ru
IOO&

The relation between the coefficients in
equations (5) and (I) is

B = - - as

104B
8 - -__
_

104

A + IOOB

For temperatures below 0°C the equation
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t 3
I 00

The relation between A, B, x and 6 is the same
as those above mentioned and the other
relations are:

sidering that the temperature interval between 0' and 100°Ccan be divided into equal
degrees C of temperature by equating temperature to the electrical resistance of a platinum
thermometer in this range, and that the
relationship can then be extrapolated according to a straight line law. It is denoted by

=

t

loo

or

a

t-tpt

I)-++)(-)
t
I00

(2)

The range of industrial applications of the
platinum resistance thermometer, as indicated earlier in this article, is extremely
varied and involves the measurement or
control of temperatures from the region of
-zoo"C up to 1o0o"C. Only a relatively few
such applications can be described and
illustrated here.
In a modern passenger aircraft there may
be up to fourteen resistance thermometers.
These are required to measure the temperatures of the oil, the fuel, the cabin air, the
outside air-for air-speed correction-and the
de-icing mats. Base metal thermocouples
could be used to measure such temperatures,
but would require either control of, or
adjustment for, the cold junction temperature, while their low output would necessitate
a very sensitive measuring device or some
form of amplification. Platinum resistance
thermometers fitted with stainless steel
sheaths and used in conjunction with ratiometer indicators are therefore preferred.
In power stations resistance thermometers
are used, generally with Wheatstone bridges
and multi-point indicators, to measure steam,
gas and water temperatures.
Two of the illustrations give examples of
the wide use of platinum resistance thermometers in the storage, processing and trans-
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port of food. Other examples
are i n the storage of fruit i n
carbon-dioxide, in dock-side
grain silos and in refrigerated
cargo ships. Ships carrying
refrigerated meat or fruit may
have nearly a hundred platinum resistance thermometers
connected to multi-point indicators, while in the control of
space-heating in large buildings such as cinemas a number of instruments will b e
similarly connected to one
indicator.
In the chemical industryone of the largest users of
platinum resistance thermometers-the instruments are used
both for precise laboratory
measurements and for indication, recording and control
in Process Plants throughout
the factory.

A resistance thermometer by Sangamo Weston Limited, to meusure
air temperature f o r speed correction, muy be seen behind the shield
at the end of the spar on the port side of the Bristol Britannia. The
spur also carries two ice detectors.
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An Improved Titanium Alloy
for Chemical Plant
PALLADIUM ADDITION INCREASES RESISTANCE TO CORROSION
Although titanium has been widely used in
the manufacture of chemical plant to withstand strongly oxidising conditions such as
boiling nitric acid, it is not suitable for use
in reducing environments such as hydrochloric and sulphuric acids. A recent discovery by the Union Carbide Metals Company means that it should now be possible to
use titanium for applications requiring resistance to both oxidising and reducing conditions. Dr. Milton Stern, of the Company’s
Metals Research Laboratories, has found
that the addition of as little as 0.1per cent
palladium to titanium renders the latter
practically completely resistant to attack by
boiling solutions of reducing acids.
The effect of the palladium addition is
cxplained by the electrochemical theory of
corrosion and passivation of metals in solution. The theory has been outlined in a
previous edition of this publication in a
review of work by N. D. Tomashov and his
colleagues on additions of platinum and
palladium to stainless steels (Platinum Metals
Review, 1958,2 (4), 117-119).
A metal in solution is considered to be
passive when it is covered by a stable film of
oxide. The condition that this oxide layer
should be stable is that the potential of the
metal surface is more positive than the
limiting value at which formation of oxide
occurs in preference to formation of a
soluble corrosion product. The necessary
increase in potential can be brought about
electrochemically, by making the metal an
anode in the solution, or chemically, by the
presence in solution of some reactant which
raises the metal potential by rapid cathodic
reduction on its surface. For titanium, and
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many other metals such as iron and steel,
nitric acid is such a reactant and causes
passivation of the metal surface. Titanium in
fact has such a low critical potential for oxide
formation that it is very easily passivated and
it is only in strongly reducing solutions that it
is reactive due to its low exchange current
for the hydrogen-ion reduction reaction.
As was demonstrated by Tomashov for
stainless steels, and is now extended to
titanium by Dr. Stern, a metal can be
passivated in a third way, by alloying with
small amounts of a noble metal which is
resistant to the solution under consideration.
In the case of titanium the relevant solutions

1000
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2

2
0
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0

10

PE4 CENT PLATINUM or PALLADWU

Rffect of platinum und palladium additions to
titanium on rate of corrosion in various concentrations of boiling hydrochloric acid

88

Elertrorhemical apparatus used in the Metals Research Laboratories of Union Carbide
Metals Company in obtaining data on the dissolution of metals by plotting anodir and
cathodic polarisation curves. The electrochemiral data show that small additions of noble
metals to titanium bring about passivity and a marked decrease in the rate of rorrosion

are reducing, and it is because palladium has a
low hydrogen over-voltage and a high
exchange current for the hydrogen-ion
reduction process that it is effective in such
solutions. The surface of the palladiumtitanium alloy forms a bi-electrode or galvanic
couple with a mixed potential in the passive
potential region, whereas the potential of pure
titanium falls in the active potential region.
In addition to palladium, tests were carried
out on titanium alloyed with small amounts of
the other platinum metals, rhenium, gold,
silver and copper. As expected the effectiveness of the various additions is in roughly the
same order as their hydrogen overvoltagesplatinum, palladium, rhodium, iridium and
ruthenium produce the best results, osmium
and rhenium are intermediate in effect, gold
is beneficial only at higher concentrations and
silver and copper, with high overvoltages, are
detrimental.
Experiments have shown that whereas
titanium is completely dissolved in boiling
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hydrochloric and sulphuric acid solutions
saturated with oxygen, the corrosion rate of
the palladium-titanium alloy is only 0.005
inch per year. The effect of platinum and
palladium additions to titanium on corrosion
rate in boiling hydrochloric acid is shown in
the graph. In both solutions the maximum
benefit is obtained with as little as 0.1per cent
palladium. In addition to their overwhelming
superiority in reducing solutions, palladiumtitanium alloys also have the advantage that
they become passive in aggressive solutions
with concentrations of oxidising agent insufficient to passivate unalloyed titanium.
The addition of these small quantities of
palladium has no effect on the mechanical
properties of titanium-the palladium-containing alloy can be hot- and cold-worked
without difficulty. It is estimated that the
addition of 0.1 per cent palladium will add
about 28 cents per pound to the price of
titanium, which does not seem excessive in
view of the benefits gained.
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Co-ordination Chemistrv
of the Platinurn Metals
J

Under the sponsorship of the International Union of Pure and Applied
Chemistry, an International Conference on Co-ordination Chemistry
was held i n London from April 6th to the 11th. The very great interest
i n the chemistry of the platinum group metals was clearly demonstrated
by the number of papers submitted to the Conference dealing with the
co-ordination chemistry of this group of elements.
The great interest in the co-ordination
chemistry of the platinum group metals is
prompted by several factors. Among these
are the realisation that the chemistry of these
elements is ill-understood, while the formulation of even well-known compounds is now
accepted to be far less simple than had
previously been appreciated. Thus a paper
by Fletcher, Woodhead, Greenfield, Gill and
Hardy produced evidence to show that certain
chloro-complexes of ruthenium, such as that
of empirical formula Ru(OH)CI,, which have
always been assumed to be mononuclear
derivatives of ruthenium (IV), should be reformulated in terms of polynuclear species.
These authors also studied the properties of
the ruthenium ammino complex known as
ruthenium red, the formulation of which has
always been in dispute, with a view to
elucidating its structure. They concluded
that the intense colour is attributable to a
polynuclear diamagnetic cation containing
three ruthenium atoms joined by amino- and
hydroxo-bridges, a structure analogous to
certain cobalt complexes.
Earwicker, in addition to describing some
hitherto unknown sulphito-complexes of
palladium (11), discussed the structure of such
complexes and brought into question the
existence of the anion [Pd(SO&]2- suggesting
that in solution it was more probably
[(H,0),Pd(S03)2]z-. He tentatively suggested
that in the anhydrous solid the anion is polynuclear, each sulphito-group joining two
palladium atoms, one strongly through
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sulphur and the other weakly through oxygen.
The wide range of valency exhibited by
platinum group metals offers a field of study
for the chemist interested in unusual valency
states. Bivalent rhodium complexes prepared
by reacting rhodium (111) chloride with
phenylisocyanide in the presence of sodium
iodide were described by Vallarino. The
parent compound is formulated [RhJ,
(CNPh),]I, and this reacts in chloroform or
similar solvents to give [Rh,I,(CNPh),]I.
She also reported, in a further paper, rhodium
having the oxidation number + I in two series
of anions, viz: [Rh X,(CO),] -,(X-Cl, Br, I)
and [RhPXI(CO)P]2,(X=Br, I), which were
isolated as tetraphenylarsonium anti substituted ammonium salts.
Lever and Powell reported the isolation of
ammino complexes of bivalent ruthenium,
the parent compound being hexamminoruthenium dichloride, [(NH&Ru] Cl,. They
described the reactions of this compound,
stressing its powerful reducing properties. In
the course of the study of these reactions
hitherto unreported ammines of tervalent
ruthenium had been identified and indications obtained, as in the reaction with sodium
chloroaurate in which the final product under
controlled conditions was octovalent ruthenium as the tetroxide, of ammines of
ruthenium in a valency state greater than
three.
Vaska reported and described the properties
of a series of uni-, bi-, ter- and quadri-valent
osmium complexes with triphenylphosphine
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and triphenylarsine. The hitherto unknown
univalent osmium is represented by
[Os(PhJ'),Cl], [Os(PhJ'),Br], [Os(Ph&),
Cl], and [Os(Ph,As),Br].
In addition, he
reported an apparently zerovalent osmium
compound [Os(Ph,P),].
Interest in carbonyl complexes of the
platinum group metals was illustrated by two
contributions referring to carbonyl complexes
of iridium. Angoletta reported upon the
reaction of K,[Ir,(CO),C1,] and its bromine
analogue with aliphatic and aromatic amines.
Compounds of the type [IrX(CO),(amine)]
(X =C1 or Br) were formed and these reacted
with triarylphosphines to give IrX(C0)
(Ar,P), and with triarylarsines to give both
IrX(CO),(Ar,As) a and IrX( CO)(Ar,As) a.
Malatesta and Sandroni have found that by
reaction of a mixture of indium triiodide and
alkali iodide with carbon monoxide at high
pressure iodocarbonyliridiates of a new type
are formed. K[Ir(CO),I,] and K,[Ir(CO)Ii]
were isolated from reactions carried out at
80 to 250 C, but at higher temperatures
K,[IrI,], a new complex, was formed. Three
types of iodocarbonyliridium compounds
were formed in the reaction between carbon
monoxide and iridium triiodide, namely
Ir(CO),13, Ir(CO),13 and the known Ir(CO)31.

detailed analysis of infra-red spectra of
complex compounds of platinum with ethylene and propene such as K[C,H,PtCl,] H,O
and K[C& PtCI,]H,O and outlined their
conclusions regarding the bond characters of
the central atom and of the unsaturated
molecules. X-ray analysis of trans-[C H,HN
(CH,) ,PtCI,] and trans- [{(C,Hj),P}PtHBr]
was used by Owston to determine the bond
lengths in the complexcs and so elucidate
their structure.
Platinum complexes derived from acetylenes have been isolated by Chatt and Rowc
who reacted platinous complexes of the
type c ~ ~ - [ ( R R ~ R ~ ~ P ) , P ~(R,
C I ,R1,
] , R1'alkyl or aryl groups) with acetylenic hydrocarbons in alcoholic medium in the presence
of hydrazine hydrate. The halogen was
replaced by the acetylene, or a closely related
hydrocarbon radical, the type of product
depending upon the substituent groups in the
phosphine. When the phosphine was purely
aliphatic the complexes derived from phenylacetylene were either acetylides, e.g., [(Pr3%
Pt(CrCPh),] or styryl derivatives, e.g.,
[(Pr:P),Pt (CH - CHPh),]. When the phosphine was purely aromatic the acetylenic
substances formed complexes exemplified
by [(Ph,P),PtCHrCPh]. Mixed alkyl-aryl
phosphines gave complexes similar to these
Organo Metallic Compounds
three types and no other types.
Calvin, Coates and Dixon described some
There is a widespread interest in compounds with metal-to-carbon bonds, such as alkyl and aryl derivatives of palladium,
metal-alkyl and metal-aryl compounds, having generally with tertiary phosphine ligands.
sigma bonds. Equally, there is also intensive They concluded that the palladium complexes
investigation at the present time of metal arc less stable than the platinum analogues.
complexes of olefines and unsaturated ligands The complexes [Me,P],PtCl,, [Me,(CF,)P] 2
generally, and the platinum group metals are PtCl,, and [Me(CF,),P],PtCI, were isolated
some of the few which form bonds with, for and identified by Beg and Clark in work done
example, ethylene. In compounds of these on complex formation by phosphines contypes, particularly in those of platinum taining the trifluoromethyl group. The order
and palladium, unusual stereochemistry of stability was determined and related to the
is often found and problems associated effect of the more electronegative trifluorowith configuration are being vigorously methyl group on the donor properties of thc
phosphorus atom and hencc on the relative
studied.
These interests were well exemplified by strengths of the sigma- and pi-bonds between
several papers submitted to the Conference. phosphorus and platinum.
F. M. L.
Hellman, Babushkin and Gribov reported a

-
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Binarv Platinum Metal Allovs
J

J

A BROAD SURVEY OF STRUCTURAL FEATURES

A most interesting attempt to provide a
broad survey of the whole field of platinum
metal binary alloys and to get some glimpse
of underlying common patterns was presented in a review by Professor Ernst Raub
entitled “Metals and Alloys of the Platinum
Group”, read at a Symposium on the Study
of Metals and Alloys above 1200°C held at
Oxford and now published in the first issue of
a new periodical, Journal of the Less Common
Metals.
Professor Raub has for very many years
been in charge of the Forschunginstitut fur
Edelmetalle und Metallchemie at Schwabisch
Gmiind. Here he has been engaged in a long
series of systematic investigations of the
constitutional characteristics of alloys of the
platinum metals with one another and with
other metals, in particular with those of high
melting point.
Professor Raub has found it possible to
distinguish six groups of binary platinum
metal alloys:
(I) Alloys of the f.c.c. platinum metals with

one another
Alloys of the platinum metals with one
close packed hexagonal component
(3) Alloys of the f.c.c. platinum metals with
the f.c.c. modifications of iron, cobalt and
nickel
(4) Alloys of the platinum metals with
manganese
( 5 ) Alloys of the platinum metals with
metals of Group VIA
( 6 ) Alloys of the platinum metals with metals
of Groups VA and IVA
(2)

From all this work certain general principles can be seen to be emerging. The four
face-centred cubic platinum metals-plathum, palladium, rhodium and iridiumundoubtedly form, as has long been believed,

Platinum Metals Rev., 1959, 3, (3), 92-93

92

binary alloys having an unbroken series of
solid solutions at high temperatures. It has
now been well established, however, that at
lower temperatures in several alloys the
platinum metals will no longer take each other
into solid solution. Very wide immiscibility
gaps have definitely been found in the
palladium-iridium system (below about
ISOO’C),
the platinum-iridium (below about
980°C) and the palladium-rhodium (below
about 850°C) systems. In all these alloys, the
exact limits of the miscibility gap are still
uncertain, since even at temperatures around
600‘C structural changes in these alloys are
extremely sluggish and annealing periods of
as long as one year are insufficient to allow
true equilibrium to be reached. This sluggishness is especially found in the platinumiridium system. Professor Raub remarks that
it seems certain that miscibility gaps also exist
i n t h e platinum-rhodium, p l a t i n u m palladium and rhodium-iridium alloy systems
at lower temperatures, even though they havc
not yet been observed. He presents an
interesting discussion of the factors that give
rise to miscibility gaps and considers that
their occurrence is related to the difference
between the melting points of the facecentred cubic platinum metals concerned.
Alloys between face-centred cubic platinum
metals and one of the close packed hexagonal
platinum metals-ruthenium and osmiumhave been only incompletely studied, and
exact measurements of the limits of solid
solubility are again very difficult to make
owing to the sluggishness shown by the
alloys in reaching equilibrium.
At high temperatures the alloys of the facecentred cubic platinum metals with facecentred cubic modifications of iron, cobalt
and nickel call for no special comments

since, as far as is known at present, they all
form unbroken solid solutions. At lower
temperatures, ordered structures of the
CuAu and Cu,Au type occur in many of these
alloys and some of these give rise to interesting magnetic properties, in particular in the
platinum-cobalt series. Considerable interest
has, in fact, been shown recently in this
system since some of the alloys can develop
higher values of coercive force and can
produce more powerful magnets than any
other known permanent magnet material.
The alloys of the platinum metals with
manganese are, as may be expected in view
of the many modifications of manganese,
extremely complex. The face-centred cubic
gamma phase of manganese is retained down
to room temperature by addition of the
platinum metals, except in palladium-manganese alloys where the gamma manganese
solid solution decomposes eutectoidally. The
platinum-manganese alloys have an ordered
structure which is ferromagnetic and it is
possible that further studies of the alloys of
manganese with the platinum metals might

yield materials with interesting magnetic
properties.
When it comes to alloys of platinum metals
with Group VIA metals conditions become
very complicated. Sigma phases are found in
all alloys of the close packed hexagonal
platinum metals with thesc metals and in
some of the alloys ferromagnetism is observed. Particular attention has been given
to the magnetic properties of the chromiumiridium and chromium-rhodium alloys.
Finally, the alloys of the platinum metals
with metals of Groups VA and IVA can be
shown to exhibit several systematic relationships. The principal intermediate phases
formed can show the structures of caesium
chloride, sigma, Laves and (3-W phases. It
is considered remarkable, however, that sigma
phases of alloys in this group are comparatively rare and in particular that only two
cases of sigma structure, osmium-tantalum
and osmium-niobium, have been found in
the alloys of the close packed hexagonal
metals with metals of the VA Group.

TEMPERATURE CONTROL IN T H E
Z I N C BLAST FURNACE
A

major development in
British extraction metallurgya process for smelting leadzinc concentrates in a blast
furnace t o yield both zinc and
lead as metals directly-has
been brought t o commercial
success by the Imperial Smelting Corporation Ltd. Two furnaces are now in operation at
Avonmouth, producing between them 70 tons of zinc per
day and varying quantities of
lead, depending on the nature
of the charge.
Instrumentation and automatic control are features of
the process, and a battery of
platinum : rhodium- platinum
thermocouples is installed for
the measurement of temperatures in the higher ranges.
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The Bushveld Igneous Complex
THE GEOLOGY OF SOUTH AFRICA’S PLATINUM RESOURCES

By C. A. Cousins,

MSC.

Johannesburg Consolidated Investment Company Limited

A vast composite body of plutonic and volcanic rock in the central part
of the Transvaal, the Bushveld igneous complex includes the platinum
reef worked by Rustenburg Platinum Mines Limited and constituting
the world’s greatest reserve of the platinum metals. This article describes
the geological and economic aspects of this unusually interestingformation.

In South Africa platinum occurs chiefly in
the Merensky Reef, which itself forms part of
the Bushveld igneous complex, an irregular
oval area of some 15,000 square miles occupying a roughly central position in the province
of the Transvaal. A geological map of the
area, which provides the largest known
example of this interesting type of formation,
is shown on the facing page.
The complex rests upon a floor of sedimentary rocks of the Transvaal System. This
floor is structurally in the form of an immense
oval basin, three hundred miles long and a
hundred miles broad. The sediments forming
the floor have been extensively altered by
thermal metamorphism, indicative of the high
temperature of the molten igneous rocks
which solidified to form the complex. These
rocks consist of a vast body of basic, magnesium-rich rocks, the silica content of which
gradually, although not regularly, increases
upwards. Overlying this basic zone, whose
predominant rock type is either norite or
gabbro, lie sheets of the red Bushveld granite.
Both geological and economic interest
centres around the mass of basic rocks. They
have been the subject of intensive study by
geologists from all over the world and present
a number of fascinating problems, many of
which are still unsolved.
The basic rocks are exposed, as outcrops,
in three areas covering over five thousand
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square miles. Two of these areas lie at the
eastern and western ends of the Bushveld and
form wide curved belts, trending parallel to
the sedimentary rocks which they overlie, and
dipping inwards towards the centre of the
Bushveld at similar angles. The western belt
has a flat sheet-like extension reaching the
western boundary of the Transvaal. The
third area extends northwards and cuts outside the sedimentary basin. Its exact relationship to the other outcrops within the basin
has not as yet been solved.
As the eastern and western belts contain
the more important economic zones, attention
will be confined to these in this article. The
two curved inward dipping belts have been
estimated to reach fifteen to eighteen thousand
feet in thickness. Geologists divide them into
four main zones, namely the Chill Zone, the
Critical Zone, the Main Zone and the Upper
Zone. An ideal geological section is shown in
the diagram on page 96.
The Chill Zone was formed by the earliest
part of the igneous magma which came into
contact with the sediments of the floor and
was cooled rapidly. Its thickness is estimated
to lie between five hundred and a thousand
feet.
This Chill Zone grades into the Critical
Zone, estimated to be from four to five
thousand feet thick, in which the most
valuable minerals are found. Within this zone
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is a remarkable sequence of layered rocks
which, although obviously igneous in origin,
show all the characteristics of an unusually
regular sedimentary series.
The rocks consist of alternations of pyroxenites (mainly magnesium-iron silicates),
anorthosites (rocks consisting of almost pure
felspar-sodium calcium aluminates) and norites (intermediate in composition between the
pyroxenites and anorthosites). Layered within
these rocks are regular seams of chrome ore,
ranging in thickness from an inch to more than
eight feet, while near the top of the zone
occurs the platinum-carrying Merensky reef,
named after Dr. Hans Merensky, the brilliant
geologist responsible for its discovery.
A remarkable feature of the Critical Zone
is that individual bands can be traced around
the entire outcrop of the complex. The
chrome seams and the Merensky reef retain
their individuality with only minor variations
wherever they have been prospected, and
boreholes show them to continue unaltered in
character down to depths of three thousand
feet.
Above the Critical Zone, eight to ten
thousand feet of norite (or gabbro) is met.
This is known as the Main Zone. Here the
remarkable layering of the Critical Zone
becomes inconspicuous or absent. At the
top of the zone, layering again reappears with
bands of titano-magnetite, one to six feet
thick, lying on white anorthosite. These
bands appear to be just as persistent as those
of the Critical Zone.
The Upper Zone, less than a thousand feet
thick, forms the uppermost portion of the zone
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of basic rocks. In this zone the rocks become
richer in quartz and poorer in pyroxene.
Above this we find the Red Granite outcropping over five thousand square miles in
the interior of the complex. This rock is
responsible for tin mineralisation.
The area between the two zones of basic
rock outcrops, both in the interior of the
complex, and across its rim, is covered by
sheets of the Bushveld granite and younger
sedimentary rocks. I n addition, outcrops of
the Transvaal System rocks, which form the
floor of the complex, are also found in the
interior and their position has given rise to
various interesting speculations.

The Merensky Reef
The platinum-carrying Merensky reef has
been prospected over distances of 75 to 80
miles along both the eastern and western
outcrop belts. Platinum values are persistent
but in some areas values are consistently
higher than in others.
It is this reef which is mined by Rustenburg
Platinum Mines Limited at the two sections
of its property, the Rustenburg section a few
miles to the east of that town and the Union
section some sixty miles to the north. The
discovery of platinum in the Merensky reef
in 1925 led to a considerable outburst of
activity in platinum mining at a number of
places where the reef outcropped, but this
boom was short-lived and only two mining
companies survived. These were merged in
1931 to form Rustenburg Platinum Mines
Limited. In 1947 the Union Platinum Mining
Company Limited was formed to work the
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Charging a hole for blasting on the Merensky reef in the Rustmburg Platinum Mines.
T h e white anorthosite footwall can be seen j u s t level with the miner’s knee. Above this lies
a thin line of dark grey ehromite with a n undulating bottom contact. Then follows the
coarse-grained pyroxenite of the Merenshy reGf almost to the roof o j the stope, which consists
of the less coarse-grained hanging wall pyroxenite

Merensky reef further north, but in 1949 this
company was amalgamated with the Rustenburg company and now constitutes the Union
section of Rustenburg Platinum Mines Limited. Over the intervening period the output
from this source has grown very substantially,
and Rustenburg now constitutes the world’s
largest producer of the platinum metals, and
in fact the only major producer whose prime
activity is the extraction of the platinum
metals.
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The platinum is not found in the pure
state, but is a composite of platinum and the
other five platinum group metals, their
relative proportions showing variations from
one area to another. Platinum is the predominant metal, followed by palladium, with
smaller amounts of ruthenium, rhodium,
osmium and iridium, together with traces of
gold. A proportion of the platinum is present
as “native” metal, invariably alloyed with
iron (ferro-platinum), while the remainder

A trainloud of platinum ore being hauled from the uwrkings at Rustenburg Platinum Mines

occurs as the arsenide and sulph-arsenide,
sperrylite and cooperite. The ore invariably
contains a few per cent of the sulphides of
iron, nickel and copper. The nickel and copper
are extracted as a by-product from the
platinum concentrates, adding appreciably to
the value of the ore.
The Merensky reef in its typical section,
shown on page 97, is a coarsely crystalline
aggregate of pyroxene and felspar, with
sulphide mineralisation. It underlies a finer
grained bank of a similar rock and rests with
an extremely sharp contact on a band of white
anorthosite. Thin seams of chrome ore,
usually less than an inch thick, are found on
both the top and bottom contacts. In some
areas, however, one of these chrome seams
may be absent. The ore within or adjacent to
these chrome bands is generally the richest in
platinum. A feature of the reef, which makes
for easy mining, is its regularity in dip and
strike, the evenness of its values and its
constancy in thickness.
Dykes and faults are rare in the two mines
controlled by Rustenburg Platinum Mines
Limited. The only underground complication is the occasional occurrence of what are
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known as “potholes”. These are roughly
elliptical areas in which the reef suddenly
becomes displaced into the footwall and is
often somewhat disturbed and broken. The
reef can however be mined out in a conTheir
siderable proportion of potholes.
origin is still a mystery.
The reef has been proved by drilling down
dip on the Rustenburg and Union mines and
their potential ore reserves are very considerable.

Economic Resources
of the Complex
In addition to the platinum content of the
Merensky reef, which represents the world’s
greatest reserve of this metal and its sister
elements, nickel and copper are being
extracted as valuable by-products.
The chrome seams of the Bushveld, while
of lower grade than the Rhodesian or
Turkish ores, form the major proportion of
the total known chrome reserves of the world.
Their continuity in thick seams over scores of
miles of strike and their persistence in depth
as proved by deep drilling, make for easy
and cheap mining.

The titano-magnetite seams of the Main
Zone show the same persistency and continuity, but have not been exploited to date.
Titanium is now assuming importance in
metallurgy and there is little doubt that
treatment of these ores will be attempted in
the future. Contained in the titano-mag-

netite ore is a persistent fractional percentage
of vanadium. The total reserves of titanium
and vanadium in these iron ores must be very
large.
It is obvious, therefore, that the ores of the
Bushveld igneous complex occupy a prominent place in the world’s mineral resources.
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Synthesis of Fluoroaromatic Polymers
INTERMEDIATES FOR HIGH-TEMPERATURE PLASTICS
A research programme on the synthesis of
fluorocarbon polymers for possible use in
high-speed aircraft, ordnance equipment and
other types of high-temperature application
has recently been carried out at the National
Bureau of Standards. Most plastic materials
at present available are not capable of withstanding high-temperature conditions but it
is thought that polymers derived from completely fluorinated aromatic compounds
should have considerably improved resistance
to temperature and also to radiation.
Hexafluorobenzene provides a convenient
starting point for the synthesis of such polymers and the discovery of a method for its
synthesis in reasonable yields and quantities
(M. Hellman, E. Peters, W. J. Pummer and
L. A. Wall, J . Amer. Chem. SOC.,1957, 79,
5654-5656) has greatly accelerated their
development. Hexafluorobenzene is obtained
by pyrolysis of tribromofluoromethane in a
platinum tube 80 cm long, I cm wide and
about I mm thick packed with platinum
gauze. The best yields, 55 per cent, were
obtained at 540-550°C under a nitrogen
pressure of 4.5 atm.
Pentafluorophenol, one of the most useful
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compounds obtained from hexafluorobenzene,
is prepared by the addition of solid potassium
hydroxide to its pyridine solution. The
hydrogenation of hexafluorobenzene using a
platinum-on-carbon catalyst at 300°C gives a
high yield, 40 per cent, of the monohydro
derivative, pentafluorobenzene, together with
10per cent tetrafluorobenzenes (R. E. Florin,
W. J. Pummer and L. A. Wall, J . Res. Nut.
Bureau Standards, 1959, 62, (March), 119121). The catalyst maintains its activity for
long periods. The main products of the
reduction can be brominated to pentafluorobromobenzene and dibromotetrafluorobenzene or iodinated to the analogous iodides.
The presence of the reactive bromine or
iodine atoms makes such compounds invaluable intermediates for the preparation of
further fluorocarbons and their polymers.
So far successful attempts to prepare
polymers have been made using sodium
pentafluorophenolate, diiodotetrafluorobenzene and pentafluorobromobenzene as
starting materials. It is expected that such
polymers will possess the combination of
properties necessary to give both high thermal
stability and plasticity.
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Electrochemical Properties
of the Platinum Metals
By M. J. N. Pourbaix, J. Van Muylder and N. de Zoubov
Centre Belge d’Etude de la Corrosion, Brussels

I n the$rst part of their article, published in the April issue of ‘Platinum
Metals Reaiew’, the authors summarised the general basis of their method
of treatment, based on thermodynamic equations, of electrochemical
phenomena, and then described the characteristics of platinum from this
point of view. I n this concluding part of their article they deal with the
electrochemical properties of other platinum group metals.

It has been shown in the first part of this
survey that the construction of potential-pH

I~,O&H&-~I~O
1 2H+
Z 1
E-0.926 0.059IpH

diagrams to represent equilibrium conditions
in reactions between metals and dilute
aqueous solution, and the use of these diagrams in the study of various branches of
electrochemistry and corrosion, can often give
a better understanding of the phenomena
involved. The general method of treatment
was explained, and the electrochemical
properties and corrosion resistance of platinum were considered in the light of this
method. Work has recently been completed
on the other metals of the platinum group,
and these are dealt with similarly in what
follows.

I ~ + ~ H , oI ~ o ~ + ~ H + + ~ ~ - ,
E=o.926 *.059IpH

IRIDIUM
The following reactions were considered
in constructing a potential-pH diagram of
the iridium-water system (10):
Homogeneous
reaction

reaction - electrochemical

Ir++++4H,0-Ir04--+8Hf

1 - 3 ~ ~

(I

E= 1.448 4.1576+O.OIg7 log(Ir04--)
iIri ++)
Heterogeneous reactions involving two solid
components - electrocliemical reactions
zIr+ 3H,O = Ir20,+6H- 1 6e-,
E=o.926 -0.059IpH
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(12)

2e-y

-

(13)
(14)

Heterogeneous reactions involving one solid
component - chemical reaction

air++++ 3H,O = Ir,O,+ 6H+,

(15)

log(Ir++-)= -3.79 -3pH
EIectrochemical reactions
Ir=Ir+-+i 3e-, E- 1.156 1 o.o197log(Ir+++) (16)
Ir++++2H,O IrO, 4H+ -e-,
(17)
E=o.z33 4.2364pH 4 . 0 5 9 1 log(Ir+++)

-+

Ir,03f5€I,0=~Ir0,
roH++6e-,
(18)
E = 1.680 4.0985pH -0.0197 log(Ir0,- )
Ir0,+2H,O = IrO,--+qH++ze-,
(19)
E =2.057 -0.1 1 8 2 p H t 0.0295 log(Ir0,- )

Fig. 5 shows the potential-pH diagram
obtained from these equations. Examination
of reactions (IZ), (13) and (14) shows the
equilibrium conditions of each to be represented by the same equation. The interpretation of this is that the oxide I r 2 0 3is thermodynamically unstable with respect to iridium
and IrO, under all con&tions of potential and
pH since it has no domain of stability in the
diagram. Actually the oxide can be prepared
with difficulty in the hydrated form but
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Potential-pH diagram for the
iridium-water system at 25°C

Fig. 6 Theoretical conditions for the
corrosion, immunity and passivation of
iridium at 25°C

always tends to decompose into IrO, and Ir.
The other equations, (15) and (IS), which
involve Ir,03 cannot be plotted on the
diagram because this relates only to thermodynamically stable components.
The thermodynamic data for the ionic
and Ir04- ,
forms considered, namely Ir'
are known only very approximately and it is in
fact doubtful whether these ions exist at all
in a simple form. Their positions on the
diagram have been indicated approximately,
but the position of any lines involving these
components must be treated with caution.

mixture of KOH and KNO, in order to
attack it.
Iridium is normally unattacked when used
either as an anode or a cathode, although in
the latter case it absorbs hydrogen.
According to Fig. 5 iridium dioxide,
Ir02, should be insoluble in acid solutions
but soluble in oxidising alkaline solutions.
In fact, anhydrous IrO, is insoluble in acids
and bases as well as in aqua regia, although in
the hydrated form it is soluble in acids when
freshly prepared. From its position it is seen
to be the form of iridium stable in the
presence of oxygen, and it is an oxidising
agent.
The two positions for the line corresponding to equation (19), labelled o and -6
respectively, relate to different concentrations
of Ir0,- in equilibrium with IrO,. The
o corresponds to unit concentration of ions
while -6 corresponds to a concentration of
Io-eg ion'litre. It should be noted that the
line - 6 is the line separating the domains of
corrosion and non-corrosion since corrosion

+

Corrosion Properties
Fig. 6 , derived from Fig. 5, shows iridium
to be an extremely noble metal since its region
of immunity extends over the greater part of
the domain of stability of water. In fact
iridium at 25°C is unattacked by water,
solutions of caustic alkalis, acids and oxidising
agents including aqua regia. It is, together
with rhodium, one of the most incorrodible
metals and it is necessary to use a fused
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is defined as occurring if the concentration of
ions is greater than I O - ~ . In fact the line is
not marked in Fig. 6 since its position is
doubtful due to the approximate nature of
the thermodynamic data available for Ir04--.

PALLADIUM
The following six reactions were considered in constructing the potential-pH
diagram for the palladium-water system (I I):
Heterogeneous reactions involving two solid
components-electrochemical reactions
Pd+H,O=PdO+2H+t 2e
Eyo.896 -0.059IpH

,

(20)

PdO+H20=Pd0,+zH++2e-,
E = 1.283 -0.059IpH

(21)

PdO,+ H,O =PdO,+zH-+ze-,
E=2.O3O 4.059IpH

(22)

Heterogeneous reactions involving one solid
component-chemical reaction

+

Pd++ H,O =PdO+zH+,
log(Pd'+)= -2.35
2pH

(23)

~

Electrochemical reactions
Pd Pd-++2e-, E-0.987fo.0295

log(Pd+ ) (24)

Pdi 1+2H,O- PdO, 4H+-ae-,
(25)
E = I. 194 -0. I I 82pH 4.0295 log(Pd ' )

In the equations concerned, PdO and
PdOr have been considered as PdO.H,O
(or Pd(OH),) and PdO,.zH,O (or Pd(OH),).
The diagram obtained from these equations
is shown in Fig. 7, and is seen to be similar to
that of platinum, the corresponding metal in
the heavy triad of platinum metals. The uncertainty in the position of line (22) arises
from the imprecision of the thermodynamic
data for PdO,. The ions Pd0,-- and PdO, and the palladium hydride, Pd,H, are shown
in their approximate positions but any
quantitative treatment is rendered impossible
by the lack of data for these components.

Corrosion Properties
Fig. 8, deduced from Fig. 7, indicates the
theoretical conditions of corrosion and sta-
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bility to attack of palladium. According to
this figure metallic palladium is thermodynamically stable in the presence of aqueous
solutions of all pHs with the exception of
strong oxidising agents and complexing substances. In practice palladium is unattacked
by water, except at high temperatures, and is
not tarnished in moist air. Non-oxidising
acids, acetic, hydrofluoric, oxalic and sulphuric, are without action at ordinary
temperatures. As can be predicted from
Figs. 7 and 8, palladium is attacked by
strongly oxidising acid solutions: hydrochloric
acid which has no action in the absence of
an oxidiser, attacks it slowly in the presence
of oxygen, more rapidly if it contains chlorine
and very rapidly if mixed with nitric acid.
Dilute nitric acid attacks palladium only
slowly, but the metal is corroded quite
rapidly by the concentrated acid.
Palladium is perfectly resistant to attack
by alkaline solutions even when these contain
oxidising agents. This fact is not in agreement with the hypothetical conditions given
in Fig. 7 for the formation of soluble palladites.
This discrepancy between theory and practice may be due to the formation on palladium
of a protective film (possibly PdO) more
stable than the Pd(OH), considered in the
figure.
When in use as an electrolytic anode it will
be expected from Figs. 7 and 8 that palladium
will be corroded in very acid solutions except
where the potential is high enough to cause
the formation of a protective film of oxide.
In fact, palladium anodes dissolve rapidly in
concentrated hydrochloric acid solutions but
are only slightly attacked by solutions of
nitric acid or sodium nitrate, Jirsa (12)
when investigating the anodic polarisation of
palladium in a IN solution of caustic soda
(pH 13.7)observed several steps in potential
corresponding, according to him, to the
following successive stages in the oxidation
of palladium: Pd+ Pd,O+ PdO+ PdO+
PdO, occurring respectively at the potentials:
-FO.IS, +0.4 to 0.5, $0.95 and +1.22 volt.
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These results are not in agreement with
Fig. 7, but as has been explained, this is
subject to certain limitations due to the imprecise nature of the thermodynamic data
available for the palladium oxides.
Owing to its exceptional ability to absorb
large quantities of hydrogen, palladium exhibits a unique behaviour as an electrolytic
cathode. The absorption of hydrogen is
accompanied by a change in crystal structure
of the metal probably due to the fornnation
of the hydride, Pd,H. Palladium has one of
the lowest hydrogen overpotentials obtained
with any metal.

Electrodeposition of Palladium
It follows from Fig. 7 that metallic
palladium should be easily obtainatile by
reduction of solutions of its salts. This
can be realised chemically by reduction with
hydrogen, metals and inorganic and organic
reducing agents. It can also be carried
out electrolytically, resulting in the electrodeposition of the metal. This can be effected
easily on most of the usual metals.

Palladium Electrode
for the Measurement of pH
Since palladium possesses such a low hydrogen overpotential the reaction
H2-2H++2e-

can occur practically reversibly on the metal.
The reversibility is even greater than that
attained using platinum and, like platinum,
palladium can be used as a hydrogen elect rode
for the measurement of pH.

Formation and Stability of the
Oxides and Hydroxide of Palladium
Palladium has three oxides: PdO.H,O or
Pd(OH),, PdO,.zH,O or Pd(OH), and
PdO,. Their conditions of thermodynamic
stability are shown in Fig. 7. Pallaclous
hydroxide, Pd(OH),, should be soluble in
acids, forming palladous ions Pdft, and in
alkalis forming palladites, Pd0,--. In practice it is found that while it is soluble in
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acids and alkalis, the solubility is greatly
affected by its amount of hydration and by the
length of time it has been prepared. As indicated in Fig. 7, palladous hydroxide is stable
in the presence of water. It should be and is
easily reduced in the cold to metallic palladium by such reagents as formic acid,
hydrogen peroxide and hydrogen.
Palladic hydroxide, Pd(OH),, is, as would
be expected, an energetic oxidising agent, it is
unstable in air and decomposes with evolution
of oxygen. It is reduced, more energetically
than palladous hydroxide, by hydrogen,
organic acids and hydrogen peroxide.
When freshly prepared it dissolves, with
reduction to form palladous ions, in hydrochloric, nitric and sulphuric acids at ordinary
temperatures. It is insoluble in dilute solutions of sodium hydroxide, but dissolves in
ION potassium hydroxide giving the palladate ion, Pd0,--.
Perpalladic oxide, PdO, is a strong oxidising agent and is very unstable as would be
expected from its position in Fig. 7.
E iv)

RHODIUM
The following reactions were considered
in constructing a potential-pH diagram for
the rhodium-water system (13) in the case
where no complexing agents are present:
Heterogeneous reactions involving two solid
components-electrochemical reactions
zRh+H,O=Rh,@+zH+i ze

(26)

R~,O+H,O-~R~O+ZH++~C~,
E 0.882 4.059IpH

(27)

zRhO+ H 2 0 Rh*03- 2H+ , 2e-,
E=o.871 --o.oggIpH

(28)

-

Rh2O,+H,O=2Rh@,+zH++ze-,
E 1.730 -0.0591pH

(29)

Rh20+2H,O -Rh,03+411i I 4e-,
E-0.877 -0.059IpH

(30)

The potential-pH diagram obtained from
these equations is shown in Fig. 9. It will be
seen from an examination of equations (27),

I

Rho3 ?

,

E-0.796 -0.059IpH
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(28) and (30) that R h o is thermodynamically
unstable with respect to Rh,O and Rh,O,
and hence cannot appear on the diagram.

Corrosion Properties
In Fig. 10,deduced from Fig. 9, rhodium
is shown to be an extremely noble metal
since its domain of stability covers most of
the domain of stability of water. This is confirmed in practice where rhodium is found to
be stable in the presence of aqueous solutions
of all pH’s in the absence of complexing
agents. At temperatures around 25’C it is
unattacked by water, aqueous solutions of
caustic alkalis, solutions of acids and oxidising
agents including aqua regia. The resistance
of rhodium to chemical agents is remarkable
and surpasses that of platinum.
The behaviour of rhodium in the massive
state appears to be completely in harmony
with Fig. 9. However, in the finely divided
state, as in rhodium black, rhodium dissolves
quite easily in warm concentrated sulphuric
acid and in aqua regia.
When used as an anode rhodium is normally
unattacked namely in solutions of hydrochloric and sulphuric acids.

Electrodeposition of Rhodium
It follows from Fig. 9 that rhodium is easily
obtained in the metallic form by reduction of its solutions. This is carried out
electrolytically using solutions of rhodium
sulphate or phosphate.

contain no oxidising agent. The hydrated
form, Rh20,.5H,0, is easily soluble in
mineral acids and in certain organic acids.
The position of Rh,O, in Fig. 9 shows that,
except in the presence of complexing alkaline
solutions, it tends to be oxidised to the sixvalent state. This oxide is the stable form of
rhodium in the presence of oxygen and should
be considered as an oxidising agent.
Anhydrous Rho, is insoluble in acids and
alkalis. R h o 2 and its hydrate, Rh0,.2H20
are, as indicated in Fig. 9, energetic oxidising
agents; they oxidise hydrochloric acid to
chlorine and react with Na,O, and Na,S,P,
with liberation of oxygen.

RUTHENIUM
Thc potential-pH diagram for the ruthenium-water system (14)is far more complicated
than those for the other platinum metals
considered here, because of the greater
number of valency states in which it is able
to exist. Consequently the number of reactions to be considered is greater and only the
more important ones are given here:
Heterogeneoils reactions involving two solid
components-electrochemical reactions
Ru+3H,0=Ru(OH),t3H1 -3e-,
E -0.738 -0.059IpH

(31)

Ru(OH), -RuO,-FH,O+H’+
EzO.937 -0.0591pH

(32)

e-,

RuO,+zH,O=RuO, I 4H f 4 e
E=1.387 --o.o591pH

,

(33)

Stability and Formation
of Rhodium Oxides

Heterogeneous reactions involving one solid
component-chemical reaction

According to Fig. 9, rhodium oxides
should be insoluble in all non-complexing
solutions; they should be soluble in chlorine
containing acids and in alkaline chloride
solutions containing a strong oxidising agent.
In fact, Rh,O is insoluble in acids and in
aqua regia; its behaviour in alkaline solutions
is unknown. Anhydrous Rh,O, is also insoluble in acids, including aqua regia, and in
strongly alkaline solutions provided they

RuO, 1- H,O --€€RuO,--Hr,
log(HRu0, ) = - - I z . I o + ~ H
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(34)

Electrochemical reactions
RuO, =RuO,’e,
E=0.950 -0.0591 log(RuO,-)

(35)

R u O , ~ z H , O = R u O , +4HI + 2 e ,
(36)
E=a.o05 --0.1182pH+0.0295 log(Ru0,--)

RuO,T~H,O=RUO,-+~H-3e ,
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E-1.533 --o.o788pH 0.0197 log(Ru0;)

(37)
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Theoretical conditions for the
corrosion, immunity and passivation of
ruthenium at 25'12

The potential-pH diagram derived from
these, and other equations, is given in Fig. I I
and the corrosion diagram in Fig. 12.

Corrosion Properties
Ruthenium is shown, in Fig. 12, to be a
noble metal since its domain of stability
covers a large part of the domain of stability
of water. It is, however, together with
osmium, decidedly less noble than the other
four platinum metals.
Although ruthenium is not attacked by
water or non-complexing acids it is easily
corroded by oxidising alkaline solutions such
as peroxides and alkaline hypochlorites.
Ruthenium is passive when used as an anode

in non-complexing solutions. When used as
a cathode it absorbs large quantities of hydrogen in common with the other platinum
metals.
As can be predicted from Fig. 11, metallic
ruthenium should be easily obtained by
reduction of aqueous solutions of its salts.
This can in fact be carried out both chemically and electrolytically.
The work described above was carried out
in the Applied Physical Chemistry Laboratory of the UniversitC Libre, Brussels, with
the support of the Union Miniere du Haut
Katanga and of the Institut pour I'Encouragement de la Recherche Scientifique dans
1'Industrie and dans I'Agriculture.
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ABSTRACTS
of current literature on the platinum metals and their alloys
PROPERTIES

Nuclear Irradiation Effects on Permanent
Magnet Materials
R. S. SERY, n. I. GORDON and R. H. LUNDSTEN,

Relation Between Strength and Creep of
Metals and Alloys

Bull. Amer. Phys. SOC.,1959,4, (3), 137 (Abstract
only)
The following materials were irradiated to 1 0 1 7
epicadmium neutrons/sq. cm in 12 days in the
BNL reactor: 34 Cr steel, 36 Co steel, Alnico
11, V and XII, Cunico, Cunife, Silmanal, fine
irons, Pt-Co and barium ferrites. In no case
was any change in magnetic properties as a
result of irradiation observed.

and T. P. SANFIROVA, Soviet Physics
Tech. Physics, 1958, 3, (S), 1586-1592 (Transl.
of Zhur. Tekhn. Eiz., 1 9 5 7 , 28, (8))
The rate of creep and the time to fracture under
an axial tensile load were determined for specimens of Pt, Al, Al-Zn, A1-Mg and Ni-Co. The
effect of temperature and stress on the rate of
steady creep was determined. For Pt, measurements were carried out at 100, 300, 400 and
500°C. From the rcsults it is deduced that the
product of time to fracture and rate of quasiductile flow is a constant independent of temperature and stress.
S . N. ZHURKOV

Some Magnetic Properties of Platinum-Rich
Platinum-Iron Alloys

7. Phys. Radium, 1959, 20, (2/3),
435-437 ( I n English)
The magnetic susceptibilities of Pt-Fe alloys
near the composition Pt,Fe, and of alloys with
low Fe content, were measured as a function
of temperature. For alloys near the Pt,Fe cornposition the Curie-Weiss law is obeyed at higher
temperatures, extrapolating towards a paramagnetic Curie point, eP, which depends on
composition. The lowest value of Op, -15o0K,
occurs at
2 5 . 5 at.% Fe. X-ray examination
shows the presence of a super-lattice in the nonferromagnetic specimens. Cold working renders
the alloys ferromagnetic indicating that the disordered state is ferromagnetic. At compositions
with Fe contents <24o/u ferromagnetism develops rapidly and is still present at only 27; Fe.
J. CRANGLE,

Absorption of Hydrogen by Single Crystals
of Palladium
T. J. TIEDEMA, c. KOOY and w. G. BURGERS, Proc.
Nederland. Akad. Wetenschap., 1 9 5 9 , 62% (I),
34-40
T h e single crystals were examined micrographically and by X-ray diffraction before and
after charging electrolytically with hydrogen.
T h e micrographs show the formation of fracture
lines on the crystal surface when hydrogen is
absorbed. Comparison with X-ray results show
that these fractures are parallel to the intersections of the (111) planes with the cutting planes.
The fractures must thus be parallel to the (111)
planes. There is no change in the crystal lattice
after anodic treatment to remove the absorbed
hydrogen.

-

The Uranium-Platinum System-Final
Report

and D. P. FICKLE, U.S. Atomic Energy
Comm. Report, NBS-5946 (1958)
A. CALVERLEY and D. W. RHYS, Nature, 1959, 183, Alloys over the complete range of compositions
(Feb. 28), 599-600
were studied by means of thermal, microscopic
The reason for the poor ductility of Rh was and X-ray analyses and by hardness determinainvestigated by measurements on single-crystal tions, A phase-diagram is plotted from the
and polycrystalline samples. The single-crystal results. Two eutectics are formed, one at 1005°C
bar was prepared by the electron-bombardment, and 1 2 at.u/, Pt and the second at 1345°C and
floating-zone melting technique; its hardness 87.5 at.% Pt. T h e compounds UPt, formed
was rgo DPN and its diameter 0.150-0.170 in. peritectically at 961", UPt,, formed peritectically
,
melting congruently at
170o0,
It could be cold-swaged without intermediate at I ~ o "UPt,,
anneal to wire 0.050 in. diameter, a reduction and UPt,, formed peritectically at 1460", were
in cross-section of 90%. Under similar condi- identified. The solubility of U in Pt is 4 at.::
tions a polycrystalline bar can only be very at room temperature rising to 4.5 at.?/, at the
1.2 at.o/,
slightly cold-worked before inter-crystalline eutectic temperature; U dissolves
5 at.yo at the
fracture occurs. It is concluded that crystal Pt at room temperature and
boundaries play an important part in the cold- eutectic temperature. The y-/3 and p-r transdeformation of Rh. Grain-boundary impurities formation temperatures of U are lowered from
not easily detectable by normal analytical methods 762 to 705°C and from 660 to 589°C respectively
by the addition of Pt.
may be involved.
J. J. PARK

Ductility of Rhodium

-

--
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The Equilibrium Diagram of the System
Bismuth-Palladium
J. BRASIER and w . HUM-ROTHERY, J . Less-Common
Metals, 1959, I, (21, 157-164
The equilibrium diagram was studied up to 65
at.% Pd by thermal analysis and microscopical
methods. Eutectics are formed at 5.83 at.?& P d
60% Pd and 577°C. Pd is
and 256°C and at
practically insoluble in solid Bi. A BdJi'
phase
and a congruently melting compound BiPd were
found.

-

A Note on the Palladium-Boron System

oxidised Pt electrodes was investigated by the
chronopotentiometric technique. For pH 1-6
the iodate reduction proceeds much more readily
at oxidised than at reduced electrodes. Since
electroreduction of both the surface Pt oxides
and the iodate ion occur at the same potential it
is assumed that the oxide reduction catalyses
the iodate reduction. For p H > 6 the oxidation
has no effect on the chronopotentiograms. For
pH < I the reduction of iodate proceeds by
means of iodine as an intermediate. The mechanism of the oxide film effect is discussed.

Trans. Met. SOC.A.I.M.E., 1959,
215, (Feb.), 168-169
Five alloys containing 2-6 wt. 7;) B were studied
by thermal analysis and metallographic methods.
The solidus-liquidus portion of the phase
diagram was constructed. A eutectic was found
at about 3.5;;: B and 845°C and the existence of
a compound with a composition very near to
that of Pd& is indicated.

Cyclic Alternating-Current Voltammetry
with a Platinum Electrode

and Molybdenum-PalladiumAlloys
c . w. HAWORTH and w. HUME-ROTHERY, J . Inst.

The Synthesis of Pentacyclosqualene (8,8'Cycloiinocerene) and the a-and
P-Onoceradienes

W. M. LEHRER,

Nature, 1959, 183, (Apr. II),
1040-1041
Reproducible a.c. polarograms are obtained when
a 1091 Rh-Pt wire electrode is polarised cyclicly
between -1.0 and 1.5 V versus a standard
calomel electrode in a solution stirred by nitrogen
bubbles. Analytical applications for compounds
reversibly or semi-reversibly reducible or oxidisThe Constitution of Molybdenum-Rhodium able in the above potential range are described.
Metals, 1959, 87, (April), 265-269
Alloys containing up to 6074, Rh and P d wcre
prepared by powder methods and examined by
melting point measurements and X-ray and
metallographic methods.
The solidus and
liquidus curves were determined by means of
two specially constructed laboratory furnaces for
use above 2o0o0C. The phase-diagrams constructed from the results are given. The Mo-Rh
system contains a eutectic at
40 at.% Rh and
1940". The maximum solubility of Rh in Mo
is
20 at.:,& at the eutectic but falls rapidly
with decreasing temperature. In the Mo-Pd
system a peritectic is formed at
60 at.% P d
and 174o'C.
The intermediate c.p.h. phase
formed bv this reaction tends to decompose on
quenching. A wide solid solution of MO in P d
Pd at
was found and Mo dissolves 4-8 at.::,
high temperatures.

-

and R. R. SAUERS,J. Amer. Chem. SOC.,
1959, 81, (Apr. 51, 1739-1743
The application of electrolytic oxidation to the
synthesis of C,,-triterpene structures from
C,,-carboxylic acids (Kolbe coupling) is illustrated by the above syntheses. On electrolysis
of the NH, salt of iso-norambrienolide in refluxing methanol at a smooth Pt anode two
tetracyclic diols are obtained both of which on
treatment with perchloric acid in benzeneAcOH give pentacyclosqualene. The onoceradienes are obtained by dehydration of the diols.
A proof of the stereochemistry is given.
E. J. COREY

-

-

ELECTRODEPOSITION
Some Exnerimental Observations on the
Effect of'Addition Agents on Stress and
Cracking in Rhodium Deposits

Borides and Silicides of the Platinum Metals
Nature,
I959>183, (May 91, 1318-1319
The compounds Ru7Bs, RhB, PtB, IrBl-2,
Ru,Si and Rh,Si were examined. Their structures are discussed in some detail.
B. ARONSSON, J. ASELIUS and E. STENBERG,

ELECTROCHEMISTRY
The Effect Of surface Oxidation On the
Voltammetric Behaviour of Platinum Electrodes. The Electroreduction of Iodate
F. c. ANSON, J . Amer. Chem. SOC., 19591 81,
(Apr. 51, 1554-1557
The reduction of iodate ion at reduced and
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A. J. JULIARD,

F. H . REID, Trans. Inst. Metal Finishing, 1959,
36, (313 74-81
The origins of internal stress in electrodeposits
are reviewed briefly. The effect on the stress of
additions of Al, Mg and selenic acid to Rh
dating baths is investigated. Additions of UD
o
; 6 2 1 Mg or A1 to sulphate baths alloweh
deposition of crack-free deposits up to o.oo05 in.
thick. Although these additions increased the
internal stress slightly no cracks were formed
due to the occ~usion of Mg op A1
oxides or hydroxides at metal faults preventing
the usual contraction of the deoosited Rh.
These deposits were rough and required polishing. The effects of additions of selenic acid
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(H,SeO,) are very promising. With a bath of
composition Rh Iog/l, H,SO, 15-200 ml/l,
H,SeO, o.I-I.og/l, a current density of 1-2
A/sq.dm and temperature 50-7s"c crack-free
deposits O.OOO~+.OOI in. thick were produced
consistently with a smooth surface. The cathode
efficiency and hardness of the deposits are not
seriously affected by the presence of H,SeO,.
Microscopic examination of these deposits revealed a faint pattern of extremely fine cracks.
It appears that these cracks are formed in a
transition from tensile to compressive stress but
are closed up by further deposition. Increase in
H,SO, content accelerates the crack closure.

combined evaporation of a Pt or Pt-Ir plus C
film has been developed. The Pt wire is wound
on a C electrode of new design placed IOO mm
from the specimen, The specimen is set at the
desired shadowing angle to the evaporation
source and the Pt-C is evaporated. The Pt-C
film is separated from e.g. a steel specimen, by
dissolving the steel electrolytically.

Electroless Palladium Plating

188-194
The reactions were studied at 0°C by allowing
one gas, adsorbed as a monolayer on Pd, to react
with small additions of a second gas. The extent
of reaction and reaction products were measured
volumetrically and by gas analysis. The systems
studied were: Pd-02+ CO, Pd-CO+ O,, Pd-0,
H,, Pd-H,+ 0,, PdO,-f-C2HI and Pd-C,H,+
0,. In all cases extensive reaction occurred.
Surface contamination may cause an apparent
increase in adsorption of a sccond gas due to such
reactions.

R. N. RHODA,

Trans. Inst. Metal Finishing, 1959,

36, (31, 82-85
A process for the deposition of Pd on catalytic
surfaces by chemical reduction is described.
The solution used contained a Pd-amine complex, Pd(NH,),Cl, (0.03-0.20 Mil Pd), a reducing agent, N,H, (0.005~.01M/l), a stabiliser,
EDTA (0.01-0.10M/l), and NaOH (7.0-10.0
M/I). The EDTA minimises the tendency of the
Pd complex to reduce to P d powder. Graphs
showing the effect of temperature, Pd concentration, molar ratio N,H,/Pd and exhaustion of the
bath on the rate of deposition are given. The
recommended operating temperature is 30-73°C.
Pure, ductile, adherent deposits of Pd up to
0.0025 in. thick were plated on to surfaces of
Al, Cry Co, Au, Fe, Ma, Ni, Pd, Pt, Rh, Ru,
Ag, Sn, W, steel, graphite, carbon and on Cu
pre-plated with a catalytic metal.

LABORATORY APPARATUS
AND TECHNIQUE
On Quantitative Measurement of Turbulence
by Means of a Constant Resistance HotWire Anemometer
N. HAYASHI, J. Pkys. soc. Japan, 1959, 14, (3j,
360-365 (In English)
The technique was improved in order to permit
quantitative measurements of velocity fluctuation.
The hot-wire was made of Pt. For quantitative
measurements the effects of resistance of galvanometer circuit and current variation due to resistance variation in the hot-wire are calculated for
a general case. A direct calibrating method was
developed.

A Combined Platinum-Carbon Film as a
Preparative Method in Electron Metallography
F. W. GUNTHER

and

D. R U B ,

Neue Hiitte, 1959,

4, (2), 113-115
The pre-shadowing replica technique has many
advantages in preparing surfaces for electron
metallography. A satisfactory method for the
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CATALYSIS
Surface Reactions on Evaporated Palladium
Films
S. J. STEPHENS, J . Phys. Ckem., 1959, 63, (2),

+

Enhanced Surface Reactions III-Adsorption of Gases on Prepared Ruthenium
Surfaces
and H. A. TAYLOR, J . Electrockem.
SOL.,1959,106, (z), 138-142
The rates of adsorption of H,, CO and 0, on a
0.5 O/bRu-AI,O, catalyst treated by pre-adsorption
of gases were studied. The rate and extent of
H, adsorption are enhanced by pre-adsorption of
CO on the surface. Adsorption of 0, and CO
irreversibly poison the surface. These phenomena
are explained on the basis of active-site creation
or destruction through recombination due to the
presence of impurities (the pre-adsorbed gas).
M. J. D. LOW

The Adsorption of Hydrogen on RutheniumAlumina
and H. A. TAYLOR, Canad. J . Chem.,
1959, 37, (31, 544-552
The rate of adsorption of H, on Ru-A1,03
was studied at four temperatures from 100-257"C
and at pressures from 15-80 cm DBP. The
results show two different types of adsorption,
one occurring above and the other below 25 cm
DBP.
M. J. D. LOW

Synthesis of Hydrogen Cyanide by Autothermic Reaction
petroleum Eng., 1959, 31, (z),
C-22-26 and (3), c-51-54
The synthesis of HCN from CH, and NH, in
the presence of air is reviewed. The reaction
mechanism and catalyst selection are discussed
and the commercial process is considered from
P. W. SHERWOOD,
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the viewpoints of purity of feed, design of converters and reaction conditions. The catalyst is
Rh-Pt gauze or a supported Pt catalyst. In the
second part of the paper the recovery of H C N
in the above process is considered and the
synthesis of H C N from NH, and CH, in the
absence of air is described.

of specific aromatic isomers formed are explained.
These assiimptions should hold at commercial
reforming conditions of 20-40 a m and 480".

Reforming with RD-150 Platinum Catalyst
W. H. DECKER and C. RYLANDER,
22, ( 5 ) , 165-168

This catalyst is now in use in over 70,000 bbl/day
of Sinclair Refining Co.'s reforming plant with a
further 3-400,ooo bbl/day in design or construction.
Its advantages are enumerated. The
operation of the reforming plant in Sinclair's
Houston refinery, using this catalyst, is described
in detail. The catalyst activity has been maintained over an operating cycle of 26 months; it is
regenerated by heating in a dilute air stream to
remove carbonaceous deposits. For a feed-stock
of typical Mid Continent naphtha a yield of
86.0 v01.:/~ of 90 RON reformate is obtained at
350 p.s.i.g.

Selective Oxidation of Hydrogen in Carbon
Monoxide over Palladium Black, Part IIEffect of Alkali
T. SAT0 and K. ISHIZUKA, J . Research Inst. Catalysis,
1958, 6 ) (21, 138-145
The activity of Pd black catalysts containing
varying amounts of alkali was studied. The
results are expressed graphically as the temperature dependence of the activity. Experiments
were carried out both with and without HCl in
the reacting gases. Heat treatment of the catalysts
reduced their selectivity.
Their activity is
reduced both by excess alkali and exhaustive
removal of alkali. I t is concluded that the alkali
keeps the Pd black from sintering.

The Evaluation of Activation Energies
Using a Rising Temperature Flow Reactor.
The Dehydrogenation of Cyclohexane over
WS,, Pt/N203, Cr203/N203,NiW04/Al,0,
and Cr,O,
J. M. BRIDGES and c. HOUGHTON, J . Amer. Chem.

Atlas Installs First C, Penex Unit
v. B. CHANCE and G. F. ASSELIN, Oil GasJ., 1959,
57, (Feb. 16), 146, 150-152
A Universal Oil Products Penex isomerisation
unit has been in operation at the Atlas Processing
Co.'s Shreveport refinery since July 1958 for
the production of iso-hexanes. The basis of the
process is the conversion of n- to iso-hexane
over a Pt-containing catalyst. A flow-sheet and
table showing charge and product compositions
are given. The process is described. The
product is a high-octane, negative-sensitivity
isomerised hexane fraction suitable for motorfuels.

SOL.,1959, 81, (Mar. 20), 1334-1338
The apparent activation energies, reaction kinetics
and comparative activities of the catalysts were
obtained using a reactor in which the temperature
can be raised continuously with time. Pt/A1,0,
is the most active catalyst both on the basis of
equal volumes and equal surface area of catalyst.
Electron irradiation from a Van de Graaff
accelerator has no permanent effect on the activity
of Pt/A1,0,.

Determination of Ethylenic Bonds by
Quantitative Hydrogenation

Reactivities of Naphtheues over a Platinum
Reforming Catalyst by a Gas Chromatographic Technique
and H. H. VOGE, J . Phys.
Chem., 1959,63, (4),476-480
The reactions of 30 individual C,-C, naphthenes
in excess hydrogen were studied in a microreactor attached to a gas chromatographic column,
over a Pt-Al,O,-halogen reforming catalyst at
350" and atm. pressure. Cyclopentanes and I,Idimethylcyclohexane are converted to aromatics
much more slowly than ordinary cyclohexanes.
The reactivities of cyclopentanes are explained
by assuming that they first dehydrogenate to
olefins which then migrate to form carbonium
ions on acidic sites. Skeletal isomerisation of the
carbonium ions to cyclohexyl structures is
thought to be the slow step in the series of reactions, leading to aromatic hydrocarbons. The
relative rates of alternative paths are given by
simple ratios for relative carbonium ion stabilities
multiplied by the number of possible paths. In
this way rates of aromatisation and the amounts

A. I. M. KEULEMANS
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Petrokum, 1959,

s. SWAN TIONG and H. I. WATERMAN, Chim. et. Ind.,
1959,81, (2), 204-215 and (3L 357-369
The various methods for determination of degree
of unsaturation based on hydrogenation are reviewed. The present apparatus makes possible
the direct and continuous measurement of the
amount of hydrogen fixed. The reactions are
carried out in the presence of AcOIl and a
P d / C catalyst. The accuracy is very good and
errors due to adsorption on the catalyst are
negligible. The application of the method to a
wide range of unsaturated compounds is described. The presence of aromatic ring systems
has no influence on the results.

The Exchange Reaction Between Diethyl
Ether and Deuterium on Evaporated Metal
Films
J. K. CLARKE and c. KEMBALL,

Trans. Faraday Soc.,
19593 55, (11, 98-105
The exchange reaction over films of W, Fe, Ni,
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Pd, Rh, and Pt was studied using a mass spectrometer. W and Fe films produced mainly a simple
exchange reaction; Ni, Rh and Pt showed intermediate behaviour; Pd caused chiefly a multipleexchange reaction. Poisoning of the exchange
with different catalysts was studied.

Carbon Monoxide Hydrogenation on
Ruthenium Catalysts 3-Carbon Monoxide
Hydrogenation Between 100 and 2000
Atmospheres
P. GUYER, D. THOMAS

and

A. GUYER,

Helv. Chim.

Acts, I9599 42J (2)>4"-4'4
The hydrogenation of CO to solid paraffins on a
Ru-on-Cu catalyst was studied in the range
160-220°C and 100-2000 atm. The rate of gas
reaction increases fourfold on increasing the
pressure from IOO to 1000 atm. The selectivity
(amount of solid product) is scarcely affected by
pressure change. A maximum yield of 60-65O;
occurs at about 180°C. For a constant rate of
reaction of gas the yield of solid paraffins is
increased from 35-65?; by increasing the pressure from 200-1000 atm while at the same time
the reaction temperature required is lowered.

Hydrogenation of Acetylene on a Palladium
Catalyst
A. GRIGNON-DUMOULIN and c. THONON, Rev. Inst.
Franc. Petrole, 1959, 14, (2), 214-222
The selective hydrogenation of acetylene to
ethylene over a 0.01 yo I'd-silica gel catalyst was
investigated. T h e reaction mechanism was studied
on a hydrogen-acetylene mixture. Below 160°C
it is a simple reaction, 1st order with respect to
H pressure with an activation energy of 17 kcal/
mole. Above 160°C the rate of reaction increases
to a maximum with H pressure, then decreases
for further increases in pressure. Reaction rate
increases rapidly with temperature from 1602oo3C, then more slowly up to 303°C. The
catalyst activity decreases with temperature rise
above 160°C and secondary reactions become
more important. The reaction mechanism could
not be elucidated in this region but may be
explained by the co-existence of two mechanisms.
The selectivity of the catalyst was studied on
mixtures of acetylene and ethylene in hydrogen.
The selectivity is very high. At both 180" and
299°C the acetylene was IOO times more reactive
than ethylene,

Effect of Alkali Salts on the Steric Course
of Hydrogenation of a Cyclic Allylic
Alcohol
c . DART and H. B. HENBEST, Nature, 1959, 183,
(Mar. 21), 817-818
Allocholesterol was hydrogenated in ethanol
using Adams' PtO, catalyst. Cholestanol and a
hydrocarbon fraction (hydrogenolysis product)
together with coprostanol were always obtained
as products. The trace of Na salts normally
M.
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present in Adams' catalyst has a considerable
effect on the course of the reaction. When the
salts were deliberately removed higher yields of
hydrocarbon were obtained at the expense of
the coprostanol.

Preparation of p - and m-Aminomethylcyclohexylcarboxylic Acids
M. LEVINE and R. SEDLECKY, J . o r g . Ckem., 1959,
24, (I), 115-116
These acids are of possible importance in the
preparation of fibre-forming polymers. They
were obtained from m- or p-tolunitrile by oxidation with Cr,03 to m- or p-cyanobenzoic acid
followed by reduction of the nitrile group with
Raney Co and the aromatic nucleus with PtO,
in AcOH to give m- or p-aminomethylcyclohexylcarboxylic acid.

Synthesis in the 5-Hydroxyindole Series.
N-Acetyl-5-hydroxytryptophanand Related
Compounds
s. AVAKIAN and G. J. MARTIN, J. Org. Ckem.,
1959, 24, (21, 179-183
The synthesis of N-acetyl-5-hydroxytryptophan,
5-hydroxytryptophol and related substances are
described and an improved method is given for
the large-scale preparation of the pharmaceutically
important compound, 5-hydroxytryptophan.
The latter is prepared from 5-benzyloxygramine
by a multistage process. In the last stage 5benzyloxytryptophan is catalytically debenzylated
in 5O,,, NaOH solution, using I O " ~ Pd-C as
catalyst, to give 5-hydroxytryptophan in 91:';
yield.
J. KOO,

Polymerisation through Catalytically Activated Hydrogen
and I. GECZY, Periodica Polyteck., 1958,
65-88 (Ckem. Abs., 1959, 53, 19058)
Methyl methacrylate, methyl acrylate and ethyl
acrylate were polymerised in MeOH in the
presence of H and Pd/BaSO,. The H radicals
formed initiate the polymerisation. Acrylonitrile,
styrene and vinyl acetate require a peroxide in
addition to the activated H. The rates of the
reactions were measured.
Z. CSUROS

Z,

The Hydrogenation of Castor Oil I1
J. VAN LOON, Fette-Seifen Anstrichmittel, 1959,
61,(3), 201-205
The hydrogenation of castor oil and the ethyl
esters of its total mixed fatty acids was studied
using a Pd-C catalyst at different reaction temperatures, H pressures, catalyst-oil ratios and
catalyst activities. At I atm and 18o'C the
hydrogenation proceeds more quickly over Pd-C
than over Ni-kieselguhr catalyst and less decomposition of the products occurs. The doublebonds are hydrogenated first. Hydrogenation of
the -OH groups is always less complete and
stops completely on saturation of the double

111

bonds. The degree of -OH bond reduction is
very dependent on catalyst activity. The reaction
mechanism is discussed.

CATHODIC PROTECTION
Cathodic Protection for Naval Vessels
L. J. WALDRON, M. H. PETERSON and M. c. BLOOM,
Corrosion, 1959, 15, (2), 87-92
T h e paper describes the field programme carried
out under the direction of Naval Research
Laboratory personnel, to apply cathodic protection to vessels of the U.S. Navy’s Reserve Fleet
and to active vessels. In tests on the Reserve
Fleet graphite or Mg anodes were used and on
active vessels Mg anodes or Pt anodes. The
latter were installed in submarines. Full details
of the installations are given. In all cases they
were successful in reducing corrosion.

ELECTRICAL ENGINEERING
Telephone Relays Suitable for Exposure to
the Atmosphere
B. THIEL and w. REISER, Nachrichtentechnik,
1959, 9, ( 3 ) ~117-122
The requirements of relays to be exposed to the
atmosphere and testing of such relays are
described. A life of
20 years should be aimed
for. Suggestions for adapting relays to such
requirements by changes in materials and surfaces
without any constructional changes are discussed.
For contacts, the use of 30% Ag-Pd or Rhplated Ag in place of Ag is recommended.

-

ELECTRONICS AND
TELECOMMUNICATIONS
Temperature Coefficients of Resistance of
Metallic Films in the Temperature Range
25 to 600°C
R. B. BELSER and w. H. HICKLIN, J . Appl. Physics,
1959, 3OJ (3)> 313-322
Measurements were carried out in vacuo on films
of sputtered Au, Ir, Mo, Ni, Pd, Pt, Rh, T a and
W, of evaporated Al, Cr, Ti and Zr and of the
alloy films Pt-Au, Pt-Ir and Pt-Ni. The range
of film thickness was 75-2000 A. The substrates
used were soft glass, steatite, A1,0,, Pyrex,
Vycor, fused quartz and Stupalith. Changes in
resistance on annealing the films were observed.
After annealing, films of Pt and Ir can be heated
in air to 600°C with very little reversible resistance
change. Only films of Pt, Au and I r can withstand extended heating in air at 600°C. Partial
protection is afforded other films by coating with
SiO and this also reduces agglomeration in all
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the films. The temperature coefficient of resistance (TCR) of the films is not greatly affected
by film thickness or nature of substrate. Low
TCRs are obtained for Pt alloy films, e.g. 0.0007
per “C for Pt-Ir, 0.0002 for Pt-Ni and 0.0004 for
Pt-Au; these films have resistivities 3-4 times
those of either constituent. Films of Mo, W,
Ta, Cr, Zr and Ti contain oxide inclusions and
have low TCRs and high resistivity which is a
useful combination for electronic component
applications.

What Makes the ‘Solion’ so Promising?
Canad. Chem. Proc., 1959, (March), 88-92
Describes work being carried out at the University of Ottawa on the development of ‘so1ions’electronic components based on the properties
of ions in solution. The theory is discussed
briefly. The simplest solion has Pt gauze anodes
and a Pt wire cathode in KI-I, solution with a
diaphragm made of Teflon. The basis of operation is a transducer effect based on variation in
current output due to movement of the diaphragm
caused by the application of external forces. I t
should eventually be possible to record and
control liquid and solid levels in tanks, static
pressures, fluid flow and temperature by this
method.
ANON.,

TEMPERATURE
MEASUREMENT
Instrumentation in the Glass Industry in
Great Britain
WALTER, Glass. Ind., 1959, 40, (March),
125-130, 158-162
Recent developments in temperature measurement and control and liquid glass level control
are reviewed. I n forehearth and spout temperature control bare or sheathed thermocouples are
located below the glass surface. An assembly for
automatic feeder temperature control is described
in which a Pt sheathed thermocouple is used as
the sensing element. Optical pyrometers are also
described.

L.

Instrumentation for the Production of
Hexachlorocyclohexane
and A. H. VAN GORCUM, Philips
Serving Sci. & Znd., 1958,5, (6), 77-83
Hexachlorocyclohexane is used both as an
insecticide and as starting material in various
syntheses. It is prepared commercially by the
photochemical addition of chlorine to benzene.
The control of temperature and pressure during
the reaction is extremely important. T h e temperature is accurately measured and controlled by
installing three Pt resistance thermometers in
each reaction vessel and connecting these to a
12-point recorder with a measuring range of
15-65°C. An alarm signal is set off if any therA. B. GREVENSTUK
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mometer is reading too high or too low. The
resistance elements are mounted in the glass
reaction vessel by means of tubes protruding to
the inside.

Intercomparison of Eleven Resistance Thermometers at the Ice, Steam, Tin, Cadmium
and Zinc Points

Canad. 7. Physics, 1959, 37, (4),
422-432
Eleven standard thermometers comprising three
different types of construction were compared.
T e m p e r a t u r e coefficients determined from
measurements at the ice, steam and Zn points
were used to calibrate the thermometers for
measurements at the Sn and Cd points. The
precision of measurement was
0.0002”C at
each fixed point. No significant error in the
readings with any thermometer was observed.
Since the quadratic resistance-temperature relations were used in these calculations their applicE. H. McLAREN,

-

ability to Pt resistance thermometers in this range
is verified. The results also indicate the reliability
of the liquidus points of In, Sn and Cd as precision alternatives to the steam point on the
International Temperature Scale.

Equipment Used for Vacuum Melting and
Casting in the Iron and Steel Industry
A. s. D. BARRETT and M. E. HARPER, J . Iron Steel
Inst.9 195% 191, (4), 366-374
Vacuum metallurgy is being used in the production of specialised alloys. The development of a
56 lb furnace for research and pilot-plant work
and one of 5 cwt for production work is described.
Equipment used in the operation and control of
such furnaces is outlined. Temperature measurement of the melt is carried out by means of two
596 Rh-PtjzoO:Rh-Pt immersion thermocouples.
Using molybdenum-alumina sheaths up to 30
dips can be achieved without replacement of the
sheath.

NEW PATENTS
Production of Tetracyclinonitrile
AMERICAN CYANAMID co. British Patent 808,701

charcoal (5?0 by wt. of Pt) in the preparation of
organochlorosilanes.

Tetracyclinonitrile is prepared by reducing chloror brom-tetracyclinonitrile by hydrogenation in
the presence preferably of a Pd-charcoal catalyst
and an inert organic solvent such as methyl
“Cellosolve” (RT,U).

Electrodeposition of Rhodium
THE MOND NICKEL co. LTD. British Patent 808,958
I n order to reduce or prevent cracking of a
rhodium deposit, deposited from an aqueous
electrolyte composed mainly of rhodium sulphate,
rhodium phosphate, rhodium fluoborate or a
mixture of any of them, selenic acid or an alkali
metal salt thereof is added to the electrolyte, preferably in the amount of 0.4 to I gjl.

Combustible Gas Indicator
British Patent
809,215
In a combustible gas indicator comprising a
detector filament heated electrically and electrical means responsive to the increase in temperature of the filament, the filament is formed of a
coil of Pt having a narrow band at the mid-section
surrounded by a thin adherent coating of glass of
melting point above the operating temperature of
the coil.
MINE SAFETY APPLIANCES CO.

British Patent 809,339
A carbonyl compound, i.e. aldehyde, hydroxyaldehyde, ketone or hydroxyketone, is reduced to form
the corresponding alcohol by catalytic hydrogenation in the presence of a non-soluble anionexchange resin. P d or Pt oxide may be used as
catalyst.
SOC. DUMONT FREES ET CIE.

Preparation of Carboxylic Acid Esters
& CO. British Patent
809,496
Carboxylic acid esters are made by reacting
carbon monoxide, a non-aromatic unsaturated
hydrocarbon (each carbon atom bonded directly
to only one other carbon atom) and a monohydric
primary or secondary alcohol in the presence of
a catalyst comprising a combination of an alcoholsoluble salt of Sn or Ge with an alcohol-soluble
salt of a Group VIII noble metal at 30-325”c
and pressure of 1o0-1ooo atm. The catalyst may
comprise tin chloride and platinum chloride or
chloroplatinic acid.
Palladium chloride or
ruthenium dioxide may also be used.
E. I. DU PONT DE NEMOURS

Upgrading of Gasoline
co. British Patent
8099535
Reference is made to the use of a supported Pt
catalyst in a process for upgrading gasoline. A
UNIVERSAL OIL PRODUCTS

Organochlorosilanes
MIDLAND SILICONES LTD. British Patent 809,3 17
Reference is made to the use of activated Pt on
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Reduction of Carbonyl Compounds
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catalyst comprising a composite of A1,0,, 0.21%
by wt. Pt and 0.2-10,: by wt. halogen is
preferred.

the surface of the non-formed electrode, those
parts of the electrode in contact with the electrolyte coated with a spongy layer, including a Pt
group metal. Pt black is preferred.

Solder Alloys and Soldering
INDUSTRIES LTD.
Bn'tish
Palent 810,076
A ductile soldering material for use in soldering
together W parts consists of an alloy of Co with
Pd and/or Au, which can be represented by a
point on the straight line, which, in the ternary
Au-Co-Pd alloy diagram, joins the point corresponding to an alloy of 40% by wt. of Co and
60°/0 by wt. of P d to the point corresponding to
an alloy of 9096 by wt. of Au and 107; by wt. of
co.

Dilactones

Dealkylation of Aromatic Hydrocarbons

Production of High Purity Hydrogen

PHILIPS ELECTRICAL

THE COAL TAR RESEARCH ASSOCIATION
Patent 8 10,75 I

E. I. DU PONT DE NEMOURS

&

CO.

British Patent

811,498

A dilactone of given general formula prepared by
reacting an acetylenic compound, in an inert
organic liquid reaction medium free of active
hydrogen, with carbon monoxide, is subjected to
catalytic hydrogenation in the presence of a Pd
catalyst to produce the corresponding hexahydro
compound, or a Pt catalyst to produce a suberic
acid.

British

Alkyl aromatic hydrocarbons are dealkylated by
leading the hydrocarbon as a vapour, together
with hydrogen, over a catalyst, comprising active
C, preferably promoted with I-5yo of Pt or Pd,
at a temperature of 450-700°C.

UNION OIL COMPANY OF CALIFORNIA
Brirish
Patent 8 I 1,749
A Pt catalyst is uscd in the hydrogenation to
methane of residual carbon monoxide obtained
in the purification of hydrogen contaminated with
carbon monoxide.

Reforming Catalyst
Electrolytic Coating of Metal with Platinum
Patent 810,818
A metallic object, e.g. a Mo wire, is electrolytically coated with a layer of Pt by depositing Pt
black on the wire from an electrolyte consisting
of an aqueous solution of 150-300 g. of H,PtCl,
and 1-15 g of HgCI, per 1 and then sintering
to convert to Pt metal.

British Patent 811,775
A gasoline reforming catalyst is made by contacting amalgamated A1 with an aqueous hydrogen
peroxide solution (1-49'0 H,O,), separating the
thus formed A1,0, from the supernatant liquid
and impregnating it with a solution of chloroplatinic acid and fluosilicic acid in amount to
give o.I-IOi?,Pt, 0.01-10,; F and o.o1-10/; SiO,
in the final catalyst, and converting to Pt.

Hydrogenation of Acetylenic Carbinols
F. HOFFMANN-LA ROCHE & co.
British Patent

ENGELHARD

810,913
Ethylenic carbinols of given general formula are
prepared by hydrogenating acetylenic carbinols
of given formula in solution in 5-25"/0 of their Wt.
of quinoline in the presence of a Pd hydrogenation catalyst which selectively influences the
hydrogenation of an acetylenic linkage to an
ethylenic linkage. A 5 ; : Pd-CaCO, catalyst is
referred to.

Non-metallic Ferromagnetic Materials
E. I. DU PONT DE NEMOURS & co. British Patent

PHILIPS

ELECTRICAL INDUSTRIES LTD.

British

W. R. GRACE & Co.

Catalytic Hydrogenation of Acetylene
INDUSTRIES INC.
British Patent
811,820
The selective hydrogenation of acetylene in a
gaseous mixture is effected in the presence of a
catalyst composed of O.OOI-O.I",~
of Pd on
activated Al,O,. Rh or Ru may be included as
promoter.

811,963
Reference is made to the use of a flexible Pt tube
in a process for preparing a complex oxide of
Mn, Co and Ni.
for producing ~-(~-diazo-~-oxobutyl)-oxazolidine
-z,j-dione, which includes subjecting Y-benzyl- Supported Catalysts
N-carboxyglutamate anhydride to hydrogenolysis THE DISTILLERS co. LTD. British Patent 812,382
in the presence of the catalyst to form N-carboxyA supported catalyst is made by treating solid
glutamate anhydride.
mildly alkaline support material with a solution
of a Pt group metal compound in an organic
Electrolytic Condenser
solvent to deposit the oxide of the metal on the
STANDARD TELEPHONES & CABLES LTD.
British support and then reducing the oxide to the metal.
Patent 811,331
The use of palladous chloride and alumina,
An clectrolytic, e.g. Ta, condenser in which one magnesia, titania or chromia as the support is
electrode only is formed, has, in order to enlarge preferred.

Amino Acid Derivatives
PARKE DAVIS & co. British Patent 811,104
A noble metal, e.g. Pd catalyst, is used in a process
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Isomerisation of Hydrocarbons
UNIVERSAL OIL PRODUCTS CO.

Belgian Patent

563,491
The isomerisation of hydrocarbons is effected
in the presence of a catalyst comprising a refractory metal oxide, a Pt group metal and a
combined halogen representing an amount of F
between 2 and so& by wt.

one component is a Mn alloy and the other
component or components is/are base metal
alloys, the juxtaposed surfaces are provided with
a thin protective layer of metal, the oxide decomposition temperature of which is lower than
the plating temperature and the components are
united by pressure at a temperature below the
melting temperature of the layer. A Pt group
metal may be used.

Production of Hydrogenation-Dehydrogenation Catalyst from Reforming Catalysts Selective Hydrogenation
HOUDRY PROCESS CORP. German Patent 1,033,641
A method of producing a non-acid monofunctional hydrogenation-dehydrogenation catalyst
from a reforming catalyst composed of a major
amount of activated y-Al,O, and 0.2-1.9';, of
metallic Pt and halide consists in treating the
reforming catalyst in a gaseous atmosphere
containing water vapour and a reducing agent
and in the absence of an oxidising agent at normal
pressure up to a pressure of 10atm and a temperature of 370-54o'C for at least one hour.

U.S. Patent
2,866,794
A 3,6-endoxy-3,6-dihydrophthalate is selectively
hydrogenated by reacting a diester of 3,6-endoxy3,6-dihydrophthalic acid with hydrogen in the
presence of a catalyst comprising Pd, Pt or Rh
in a liquid solvent consisting of a chlorinated
lower alkane, a chlorinated cycloalkane or a
chlorinated aromatic hydrocarbon, and recovering
the 3-6-endoxy-3, 4, 5 , 6-tetrahydrophthalate
formed.
OLIN MATHIESON CHEMICAL CORP.

Manufacture of Supported Platinum Catalyst Aromatising a Naphtha

German Patent
1,035,106
In the manufacture of supported Pt catalyst
containing 0.01-2'3, of Pt and, if desired, 0.1-go/,
of combined C1, in which the fired SO,-free
carrier material is obtained by dehydrating metal
hydroxides and, after impregnation with a P t
solution is heated to above 260°C, the porous
carrier particles of more than 0.75 mm diameter,
fired at 425-700"C before impregnation, are
impregnated with a solution containing the Pt
compound and an added basic nitrogen compound
and the impregnated particles are heated in an
oxygen-containing gas at 260395°C.
UNIVERSAL. OIL PRODUCTS CO.

THE STANDARD OIL CO. U.S. Parent 2,870,084
Petroleum naphtha is reformed by contacting it
at 8m-noo°F at a total pressure of 0-100p.s.i.g.
at a hydrogen partial pressure of 1-18 p.s.i.
absolute with a co-precipitated alumina-chromia
catalyst containing 70-82 mol 4, alumina, 30-18
mol ?& chromia and 0.001-Imol "/b, based on
weight of catalyst, of platinum oxide or palladium
oxide.

Hydrogenation of Phosphatides
AMERICAN LECITHIN co. INC.
U.S. Patent
2,870,179
Phosphatides are hydrogenated at 75-80°C and
at 50-150 atms in the presence of finely divided
Ni and Pt as a catalyst.

Catalyst Gauze
w. c. HERAEUSG.m.b.H. Germax Patent 1,037,426
A catalyst gauze particularly for chemical reactions in the gas- or vapour phase consists of
interwoven threads formed from wires of catalytically active metals and/or alloys, preferably Pt
or Pt alloys.

DiAuorochloroacetaldehyde
ALLIED CHEMICAL CORP.
US. Patent 2,870,213
CClF,.CHO
CCIF,.CoCl
of hydrogen
I'd-activated

Manufacture of Palladium Catalysts
German Patent 1,037,427
In the manufacture of Pd catalysts on alkaline
earth sulphate carriers from a Pd salt and alkaline
earth compounds for use in catalytic hydrogenation in the liquid phase a solution of palladium
chloride in dilute sulphuric acid is added to an
alkaline earth hydroxide solution, preferably
barium hydroxide, and the resultant browncoloured deposit consisting essentially of alkaline
earth sulphate and palladium oxyhydrate separated.

is made by subjecting gaseous
to the action of a reactive amount
at 110-210°C and in the presence of
C catalyst.

R. KUHN

Production of Composite Metals
German Patent I ,040,873
In the production of multiple metals of which

VACUUMSCHMELZE A.G.

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

Fabrication of Neutron Sources

US. Patent
2,870,339
A source of neutrons is prepared by heating a
sealed container containing an amount of polonium-210 and B powder coated with Ag or Pt to
above 450°C for a predetermined time to effect
combination of the Po with the coating material.
U.S. ATOMIC ENERGY COMMISSION

Synthesis of u-Methylene Carboxylic Acids
& GO. U.S. Patent
2,871,262
Esters of a-methylene carboxylic acids are pre-

E. I. DU PONT DE NEMOURS
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pared by reacting allene and an alkanol or
cycloalkanol with carbon monoxide at 12o-25o0C
and in contact with ruthenium carbonyl.

Producing Articles for Enamelling
U.S. Patent 2,872,352
Iron or steel having pickle lag is prepared for
enamelling by pickling the metal in an aqueous
bath of mineral acid to remove from the surface
thereof an amount of metal at least equivalent to
the predetermined pickle lag, the bath containing
an adherence-promoting metal, which may be
Pt, Pd, Ir or Rh, and depositing this adherencepromoting metal on the Fe or steel during
pickling in amount sufficient to produce satisfactory enamel adherence.
INLAND STEEL CO.

Copper Sensitisers
SYLVANIA ELECTRIC PRODUCTS INC.
U.S.Patent
2,872,359
An insulator substrate is sensitised by immersion
in an alkaline solution containing a hydroxide
complex of Pt, (Pt(OH),-2) or of Pd, ( P d ( 0 H p )
and electrolessly depositing Cu on the so-treated
substrate.

Composite Electrodes
SIEMENS & HALSKE A.G. U.S. Patent 2,876,400
A transistor comprises a crystal and an electrode
in point contact therewith, the electrode consisting of a core of one or more of the metals,
Nb, Ta, Fe, Cu, Sn, Zn, P, Be or an alloy thereof,
on which is a coating of Rh, Pd, Ir and/or Pt
or an alloy or alloys thereof.

Semi-conductor Devices
U.S. Patent 2,877,396
A semi-conductor device includes a body of
crystalline semi-conductive material having upon
a surface thereof a large area rectifying electrode
to which is bonded an electrical lead composed
of a Pt-coated Mo wire.
RADIO CORP. OF AMERICA

Preconditioning of Catalysts
U.S. Patent 2,876,195
A Pt-A1,0, catalyst to be used in the hydroforming of petroleum naphthas to produce a
gasoline having an F-I octane number above 90
is preconditioned by exposing it, when fully
active, to contact under hydroforming conditions
with a hydrocarbon stock free of substances
deleterious to the catalyst for a time sufficient
to deposit o.r-ro% of coke thereon, thereby
substantially improving the activity maintenance
of the catalyst.
STANDARD OIL CO.

Desulphurising of Petroleum Fractions
ESSO RESEARCH & ENGINEERING co. U.S. Patent
2,876,196
A petroleum fraction boiling at 100-450"F and
containing less than 0.3 wt.06 of S is desulphurised
by partially vaporising the fraction and passing it
through a bed of finely divided Pt impregnated
on a suitable carrier and maintained at 300-50O0F
and a pressure from atm. to 100 p.s.i.g. The
fraction is passed through the bed until the latter
contains not more than 2 atoms of S per atom of
Pt. Hydrogen is excluded from the reaction, the
sole reactants being P t and the S compounds and
hydrocarbons in the fraction.

Purification of Benzene
SOCONY MOBIL OIL co. INC. US.Patent 2,876,268
Thiophenic materials are removed from a benzene
containing such materials by contacting the
benzene with a catalyst formed of o.10/, to 1y0
by wt. of catalyst of Pt deposited on AI,O, in
the presence of hydrogen in amounts, in terms of
mole ratio of hydrogen to hydrocarbon, of 4 to
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12 at pressures of 200 p.s.i.g. to 1200 p.s.i.g. at
a liquid hourly space velocity of 0.5 to 10 and
a temperature of 455550°F. The temperature
is from 500-525"F at an hourly space velocity of
I and a pressure of 1000 p.s.i.g.; below 500525°F with a velocity lower than I and a pressure
greater than 1000 p.s.i.g. and above 500-525"F
with a velocity greater than I and a pressure
below 1000 p.s.i.g.

Reforming Catalyst
OIL PRODUCTS co.
U.S. Patent
2,878,192
A catalyst is made by impregnating A1,0, with
a solution of chloroplatinic acid, hydrogen
fluoride and nitric, sulphuric or phosphoric acid.
The concentration of the acid and the impregnating temperature are such that substantially no
reaction takes place between the A1203 and the
acid during impregnation. The amount of hydrogen fluoride is such as to form in the final
catalyst 0.1-8% by wt. of combined F. The
amount of acid is sufficient to lower the p H of
the solution to below 2.5.

UNIVERSAL

N,N1-alkylene-bk- (3 -hydroxypiperidine)
Compounds
us. VITAMIN CORP. U.S. Patent 2,878,254
N,Nl-alkylene-bis-(3-hydroxypiperidine) is prepared by hydrogenating a N,N'-alkylene-bis(3-oxypyridyl) betaine in a solvent in the presence
of Rh as a catalyst.

Hydroforming Catalyst
co. US. Patent
2,881,131
A naphtha is subjected to elevated temperature and
pressure in the presence of added hydrogen and
a catalyst made by impregnating acid washed
and dried activated C with a Pt-containing solution sufficient to deposit up to 1.2% Pt, drying,
thoroughly mixing in anhydrous aluminium
chloride and heating the mixture to 900°F for
I h. to produce a dry catalyst containing up to
2% aluminium chloride.
ESSO RESEARCH & ENGINEERING
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