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The Use of Platinum in
High Power Therrnionic Valves
By A. K. Snell,

B.s~.

English Electric Valve Co. Ltd., Chelmsford

In large thermionic tubes for use in radio
transmitters, modulators and such industrial
applications as induction heating, platinum
is now in regular use in the form of platinumclad molybdenum wire employed in the
construction of the main control grid.
The need for platinum was brought about
by the development of valves employing a
thoriated tungsten filamentary cathode in the

place of the originally used plain tungsten
cathode. In the earlier types of valve the
control grids were usually made of pure
molybdenum wire as being a suitable structural material capable of withstanding the
very high running temperatures involved.
The molybdenum grid structure proved
perfectly satisfactory until the introduction
of the thoriated tungsten filament. This type

Y'o combine the negligibly low grid
emission characteristic of pbatinnm with the rigidity and hightemperature strength of molybdenum, control grid assemblies in
large thermionic values for transmission and industrial uses are
constructed with platinum-clad
molybdenum wire. The illustration shows a typical grid structure
of this kind
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The grid structure shown on
the facing page is $fitted i n
this 35 k W stean-cooled
valve. I n the illustration the
valve is mounted in a jacket,
as used in many industrial
heating ~ p p l i c a t i ~ n ~

of filament owes its superior emission
characteristics to the fact that the thoria
present (usually about I per cent) slowly
breaks down to metallic thorium at the
running temperature of the cathode, approximately I77O0C,and this thorium migrates to
the surface of the cathode wire where it
forms a thin monatomic layer which constitutes the electron emitting surface. Unfortunately the thorium also slowly evaporates
from the filament and condenses on the other
exposed surfaces of the valve including, of
course, the control grids, and in particular g,,
this being the most exposed and closest
electrode to the cathode.
In the older types of valve employing a
molybdenum grid structure, little or no
emission from the grid took place at normal
running temperatures, but if thoria is allowed
to coat the surface of the molybdenum, the
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grid can now become an electron emitter at
relatively low temperatures and the resultant
grid current can lead to failure in operation
and in extreme cases to catastrophic destruction of the valve.
The mechanism by which grid emission
can lead to valve failure is relatively simple
and can best be illustrated by taking as an
example a valve employed as a pulse modulator
intended to pass extremely short pulses of
current at such intervals of' time that the
mean power dissipated in the valve is not
greater than its design and cooling system
permit.
In such applications the anode
potential is invariably high, indeed so high
that if the duration of the pulse current were
allowed to increase then the total dissipation
would be many times the safe figure. Such a
valve is normally operated with its control
grid (gl) biased to a potential sufficiently
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A high-power television tetrode i n
which both control grid and screen
grid are made of platinum-clad
molybdenum wire

negative with respect to its cathode to
prohibit electron flow that is beyond cut-off.
In practice, due to the necessity for impressing
control voltages on the grid, the external grid
circuit possesses finite resistive impedance.
Under normal conditions of a non-emitting
grid, no grid current will flow under cut-off
conditions and only a limited current will
appear as the grid becomes more positive and
passes the cathode potential. The sense of
this grid current is that to be expected where
the grid is positive and functioning as an
anode in relation to the cathode. If now,
howevcr, we consider a grid that has become
an elcctron emitter, grid current can flow
under conditions where the grid is biased
negatively and is supressing anode current.
The grid current in this case tends to force
the grid potential positively and anode current
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will commence to flow in the
valve. Unfortunately, this is a
steady current and at the high
anode potential employed will
represent a high anode dissipation. This tends to increase
electrode temperatures, the
grid itsclf has probably risen
in temperature due to selfemission and the grid emission
also tends to rise. It is not,
therefore, difficult to see how
this ascending spiral can
eventually cancel the negative
bias on the control grid and the
anode current will now “run
away”.
The solution to these problems obviously lies in the
choice of a grid material which
even in the presence of thoria
has a sufficiently low emission
to yield a grid current of
negligibly small value. One of the most
suitable materials for this purpose is found
to be platinum, but in view of its softness,
lack of rigidity and low tensile strength it is
quite unsuitable as a structural material for
grid assemblies, apart from the high cost that
would be involved. A logical step towards
obtaining a satisfactory compromise is to use
a molybdenum wire having a coating of
platinum of sufficient thickness to eliminate
emission effects while still exhibiting the
structural advantages of molybdenum.
Such a wire is produced by drawing a
sleeve of pure platinum over a rod of molybdenum and then reducing the size of the
composite rod by similar methods, that is,
by swaging and drawing, to those used in the
manufacture of molybdenum wire. The
resulting wire, which normally contains some
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25 per cent of platinum by weight, is used in
various sizes ranging from some 2 mm
diameter for the “back bone” or grid support,
down to 0.25 mm diameter or less for the wire
used for actual grid winding.
T o enable this composite wire to be manufactured, and indeed after manufacture to
be satisfactorily used, it is obviously necessary
that the bond between platinum and molybdenum should be sound throughout the
interface. I n the early days of manufacture
the molybdenum rod was coated with a thin
layer of nickel prior to drawing the platinum
in an attempt to improve the bond between
the two metals.
Unfortunately, while
it was successful in assisting the manufacturing process, the nickel was found to diffuse
through the platinum during the high
temperature pumping schedule of the valve
and to condense as a thin film on the exposed
surfaces of both valve envelope and electrodes. Non-adherence of this film permitted
flash arcing when the valve was operating
under high voltage conditions and in extreme
cases inter-electrode shorts could take place.
More recently the manufacture of the
composite platinum-clad molybdenum wire
has been accomplished without the use of the

nickel interface, the quality of the bond and
of the finished product being maintained by
precise control of manufacturing conditions.
It has been found in practice that the
composite wire exhibits the hot strength of
the molybdenum core and has the very real
advantage of being more readily spot welded
than molybdenum largely due to freedom
from oxidation.
The disadvantages of employing grid
wires of this type are that the wire cannot be
run with as high a power dissipation as the
bare molybdenum grid will permit, partly
due to the lower melting point of platinum
(1769°Cas against 2620°C for molybdenum)
and partly due to the tendency for the two
metals to fuse together slightly during life
which leads to some grid distortion. For these
reasons grids are usually designed to run at a
dissipation per unit surface area of 10 watts
per sq. cm., at which level the grid wire is
generally assumed to operate at a temperature
approximating to 14ooOC.
Platinum has thus shown itself to be one
of the best tools so far in the hands of the
transmitting valve engineer for combating
one of his main causes of valve loss during
manufacture-grid emission.

Exothermic Fuse Wire
Based upon the exothermic reaction that
takes place between aluminium or magnesium
and platinum or palladium after a critical
temperature has been reached, an interesting
new product has been developed by the
Sigmund Cohn Corporation of Mount
Vernon, New York.
This comprises a
composite wire having a core of aluminium

with a sheath of palladium. The wire is
strong and ductile, but when heated to about
650°Cby the passage of a current it ignites
with explosive violence and reaches a
temperature of about 2000°C. A similar
product is also available in the form of
laminated sheet. Applications are expected
to develop in the field of detonating devices.

A photograph of 0.003 inch
diameter palladium-clad aluminium wise less than 5 milliseconds after ignition
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Corrosion Control by Anodic
Protection
By

c. Edeleanu, M.A., Ph.D.

Tube Investments Research Laboratories, Cambridge

It is well known that corrosion can somctimes be controlled by cathodic currents and,
even with an elementary knowledge of electrochemistry, it is easy to appreciate why this
should be so. Corrosion involves the oxidation of the metal and it is reasonable to expect
that cathodic polarisation, which discourages
oxidation and favours reductions at the metal
surface, should tend to cause protection. In
fact, the position is somewhat more complicated and, in many cases, other factors
override this apparently simple one.
It is not so well known that corrosion can
also be prevented in suitable cases by anodic
polarisation, and it is certainly very much
more difficult to understand why this should
be so from the somewhat oversimplified
theory of corrosion which the non-specialist
is bound to have. It is probably because of
this that this method, which is extremely
powerful and is often applicable just when
cathodic protection is not possible, has not
been easily accepted as a practical proposition and is still regarded as only a laboratory
curiosity. There is, it seems, a feeling, perhaps unconscious, that the method is basically
unsound, and the purpose of the present paper
is to explain, in as simple a way as possible,
why anodic protection is possible, and when
it may be expected to be useful.

the driving force available for corrosion to a
minimum, and the other is to ensure that the
corrosion product itself stifles the reaction
by forming a suitably protective film.
Using the terminology devised by Pourbaix
(I), we say that we make use of immunity in
the first case while in the second we depend
on passivity.
In practice we can achieve immunity by
doing one or more of the following:
(I) Using a suitably noble metal
(2)Removing

unnecessary oxidising
agents (e.g. air)

(3) Adding a cathodic inhibitor (lessening
the effectiveness of the oxidising agents)

General Principles
in Corrosion Control

(4) Applying cathodic protection

In chemical plant it is often not economic
to use noble metals, and if the solutions are
highly oxidising the other methods are inapplicable.

If the “brute force” methods of corrosion
control such as plastic, glass or other coatings
are neglected, there are two basic methods of
corrosion control available. One is to reduce
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The technique of cathodic protection is
well known and has been widely applied
to a number of corrosion problems. It
is not so well known that corrosion can
also be prevented in suitable cases by
anodic protection, using a platinum
electrode system. The author shows that,
with adequate laboratory work beforehand and proper instrumentation, the
use of anodic protection can make an
efectiue contribution to the life of a
chemical plant.
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Passivity is achieved by:
(I)

1.6

Using a metal having an oxide (or other
similar corrosion product) which is
virtually insoluble in the medium

1.2

0.8

(2)

Ensuring that sufficient oxidising agent
is always present for the oxide to be
formed

0.4
J

-4

+

(3) Applying anodic polarisation to maintain the oxide in constant repair

2
w

2- 0 . 4

In principle therefore anodic protection
has much in common with the practice of
adding oxidising substances such as chromates
or nitrites as inhibitors. Cathodic protection
on the other hand is, in some ways, related
to practices such as de-aeration.
The similarity can be taken further. In a
metal,/solution system in which corrosion is
low because of immunity, corrosion is generally enhanced by either the addition of
oxidising agents or by anodic polarisation,
while in a case depending on passivity it is
dangerous either to de-aerate or to apply
cathodic currents.

- 0.8

-I-2

i

IMMUNITY

1

Fig. 1 Pourbaix diagram .for iron in

aqueous

solutions

Protection of Ferrous Materials
in Acid Solutions
Anodic protection will probably prove most
useful with iron-based alloys in acid solutions
and for this reason this case has been selected
as an example. Fig. I shows the Pourbaix
diagram (I) for iron; the conditions for
passivity and immunity are indicated. From
this it will be seen that, in acid solutions,
there is a considerable gap of potentials over
which neither of these conditions is established and which should lead to heavy corrosion.
Lines A and B in this diagram refer to the
lower and upper limits of stability of water.
Above A water is oxidised to oxygen and
below A it is reduced to hydrogen.
If we place iron in a strong acid solution
we can in theory protect it cathodically by
lowering its potential to the region of immunity. However, since water is not stable
at such low potentials, continuous and rapid
hydrogen evolution will occur. This is not a
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practical way of avoiding corrosion both
because of the very heavy current requirement and because there is little point in
preventing corrosion if to do so we have to
decompose the solution.
Raising the potential of iron by anodic
polarisation or by the addition of a suitable
oxidising agent to sufficiently high values for
passivity does, on the other hand, seem to
be a more promising way of avoiding corrosion. This is particularly so since the area
of passivity for iron, and especially for some
of the iron-chromium alloys, is considerably
larger than indicated by Fig. I which was
obtained by calculation after making certain
assumptions.
The actual relation between potential and
corrosion rate at a given pH is shown diagrammatically in a somewhat simplified
manner in Fig. 2 . This is an experimentally
determinable curve for any given solution and
alloy by using the potentiostatic techniques
which are becoming widely used in corrosion
studies (2). From Fig. 2, which is typical
of many cases, it can be seen that once the
potential is raised sufficiently to establish

passivity the corrosion rate falls to really
negligible values. For example with iron
in normal sulphuric acid the rate falls to
approximately 0.I mgj cm2’day and the current density necessary to maintain passivity
is 5 pA,lcm2. The rate of corrosion of passive
iron in this acid is therefore negligible and iron
could be a very satisfactory container material.
It is important to appreciate at this stage
that the rate of corrosion of a metal in a given
acid solution is an accurately determinable
property provided the potential is specified.
The highly scattered and apparently meaningless results often obtainable on conventional
corrosion “test specimens” are entirely due to
the potential wandering in an uncontrolled
manner, but once results such as those in
Fig. 2 have been obtained for a given metal’
solution system we can fully depend on them
in practice, again provided we also ensure that
the potential of the plant relative to the solution is kept at the correct value. Alternatively
we can monitor accurately the rate of corrosion by measuring the potential and referring
to Fig. 2.

From the above it must have become
obvious that anodic protection is simply a
way of ensuring that the potential of the
metal is kept sufficiently high for passivity
to be stable.

Instrumentation
If the potential of iron is raised appreciably
above line A in Fig. I , oxygen evolution takes
place (i.e. the solution starts being decomposed and current is wasted) so that this
imposes an upper limit to the desirable
potential. With the stainless steels oxygen is
not generally evolved, but the corrosion rate
increases above a certain potential so that
again there is an upper limit for the potential,
With titanium (3), and some other metals
which form non-conductive films, there is
generally much greater latitude and it is
often possible to raise the potential by some
tens of volts, but in these cases too the protection can break down if the potential is
raised sufficiently.
The important fact is that there is an
upper, as well as a lower, limit to the range of
potentials which give satisfactory results.
This means that the instrument required for
anodic protection is a “potentiostat” but the
exact nature of the instrument depends
greatly on the system.
If the range of satisfactory potentials is
large, as with titanium, a very simple constant
voltage device such as an accumulator or
even a dry cell will meet the requirements.
I n such a case it can safely be assumed that
the potential of the inert cathode will not
wander by more than a few hundreds of
millivolts no matter what the current may be,
and if the potential between the cathode and
the plant is kept sufficiently great there will
be no danger that the potential of the plant
will fall to the breakdown point. Cotton has
in point of fact found this system completely
satisfactory for titanium in hydrochloric acid.
This simple method should also be applicable in certain cases for ferrous alloys, even
though the useful potential range is only a
few hundreds of millivolts but, in general, it

CORROSION R A T E

Fig.2 Relation between potential and corrosion
rate for iron i n sulphuric acid
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would be safer to use a true potentiostat.
This instrument measures the potential of
the plant against a standard electrode, and
maintains it at the desired value by passing a
polarising current through an inert auxiliary
electrode.
There are numerous potentiostat circuits
available and the laboratory types are fully
electronic and can control potentials very
accurately but have a rather low current output. For industrial use output is the main
requirement, and a servo-operated instrument
would be more satisfactory.
The cost of equipment for anodic protection should not be high even if a true potentiostatic system is called for but, if the method is
to be used to best advantage, it is worth
installing, at the same time, a monitoring
system to provide a record of the performance
of the plant from the corrosion point of
view (4). This could also provide a warning
should anything unforeseen occur.
The position is exactly analogous to the
use of a temperature controller on, for instance, a furnace, which will protect the
furnace from overheating, but, without a
temperature recorder or at least an indicator,
the system is incomplete.

Dangers and Limitations in the
Application of Anodic Protection
The method is particularly suitable for
application in the heavy chemical field, but
the solutions handled in chemical plant differ
so greatly that each case has to be studied on
a laboratory scale before anodic protection
can be safely applied.
This preliminary work must include a
metallographic study, since there are various
types of corrosion such as intercrystalline
corrosion and selective attack that can limit
the use of alloys to a smaller range of potential than might be appreciated (5).
The greatest danger comes, however, from
the shape of the curve sketched in Fig. 2.
In this it can be seen that at potentials just
below those at which protection establishes
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itself, the rate of corrosion is very high. In
some cases this rate can be many orders of
magnitude greater than that of the passive
metal. If a vessel were to go active, in order
to re-establish passivity the protective device
would have to be able to supply a current
equivalent to the highest possible rate of
corrosion. This means that the potentiostat
must be able to provide a current many
orders of magnitude above that necessary for
protection, and if it cannot it may lose control.
This is the reason why monitoring is thought
to be advisable. This danger may be one
reason why the method has not found much
support up to now. Serious as it is, it has
certainly been overstated possibly because, in
an effort PO demonstrate the spectacular
possibilities of the method, the solution used
in the first pilot plant experiments was one
of the most difficult to handle (6). In that
case the potentiostat available was highly inadequate for the purpose (having been constructed for laboratory studies on small
specimens) and could supply a current great
enough for protection, but there was little in
hand to allow for even small local accidents.
Nevertheless the plant ran successfully for
many hundreds of hours. More recent
American work (7, 8, 9) has shown that the
risk is not unduly great, and with suitable
instrumentation it should be possible to
overcome this difficulty entirely.
It is not possible to enumerate all the
limitations of the method but it is just worth
pointing out that not all metals show an
adequate range of passivity, and that with
any given metal passivity will not be stable in
all solutions. The method depends on an
electrolytic current arriving at the metal so
that it is inapplicable above the wash line
in a vessel or in similar places.

Applications of Anodic Protection
Although there have been some reports in
the technical press (9, 10)of the use of anodic
protection, and there have been a few other
trials, the method has as yet hardly been
tried in practice.
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From a corrosion point of view all chemical
plant tends to be grossly over-designed, since
it is like a furnace without a temperature controller or recorder. The scope for the use of
protection and/or monitoring is therefore
enormous. With stainless steel plant, for
instance, it is usual to maintain acid strength,
temperatures, pressures or other such variables below values which give trouble. Since
there is generally no means of telling how
near the plant is to losing passivity the
materials are not used to their limit. Another
way of saying the above is that unnecessarily
expensive grades of material are usually
selected for chemical plant in order to
provide some degree of safety.
It seems that it is possible to make a distinction between two uses of anodic protection. In the first instance it should be possible
to employ it in order to allow existing plant
and materials to be used to their limit, with
anodic protection and/or monitoring only as
a safety device. With courage however there
seems no reason why plant should not be
specially designed from inferior materials
which would depend for survival entirely on
anodic protection. In this case, of course,
the anodic protection system may have to be
expensive but the economics could turn out
to be attractive if there were a substantial
saving on construction material, or if the plant
could be run under conditions much beyond
anything that could be visualised without
protection.

Plant and Electrode Design
There seems to be only one plant design
feature to take into account. An electrolytic
current must flow to the plant for protection.
The current necessary is generally lower than
IopA/cm2, and it is relatively easy to calculate how far it will “throw” if the conductivity
of the solution is known and if the available
voltage range has been established. In
practice it is found that the throwing power
is enormous, as has been demonstrated by
recent American work (9), and reasonably
long tubes can be protected easily provided
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the solution is a good conductor. Naturally,
it is somewhat morc difficult to deal with an
accidental breakdown at the end of a tube
than inside a vessel, but it is relatively easy to
assess the risks involved.
It is not possible to protect above the wash
line in a vessel where corrosion may be due to
spray. Some parts of valves and pumps are
also difficult, but there is no reason why
materials which are naturally resistant should
not be used at the danger points in conjunction with inferior materials elsewhere. Provided the materials are suitably selected there
should be no complications with stray
currents.
In so far as electrodes are concerned the
standard, if used, could be similar to that
which would be used for pH measurements
in the same medium. Bearing in mind however that the accuracy required of the standard
for this application is not great, very simple
and robust standards could be used instead.
For example, a platinum wire responding to
the natural redox potential of the solution
would be adequate if this were reasonably
stable.
As far as the cathode is concerned there is
again considerable latitude, but it is worth
remembering one point. If a potentiostatic
system is used there may be short periods
when the polarity of the current is reversed
so that the cathode becomes an anode. For
this reason if this electrode is made from, say,
copper or nickel, in the hope that it will be
protected cathodically, it may well vanish
during these reversals of polarity and, for
this reason, it is felt that noble metals are
more convenient. Platinum is a natural choice
because of its good electrical conductivity,
low hydrogen overvoltage, good sealing to
glass and not least the ease of cleaning were a
deposit to be formed as a result of the passage
of a current.

Summary and Conclusions
From a corrosion point of view anodic
protection is, to a chemical plant, what a
temperature controller is to a furnace. With-
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point of fact there is nothing more strange in
protection by an anodic current than there is
in protection by oxidising agents such as
chromates, which are universally accepted.
There are of course dangers and limitations
but, with adequate laboratory work and suitable instrumentations these do not amount to
a serious objection to the technique.

out anodic protection chemical plant has to
be overdesigned and best use is not made of
materials.
The method has hardly been used in practice although it is simple to apply. This is
probably partly due to an inadequate understanding of how the method works and a
feeling that it is a laboratory curiosity. In
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Properties of Platinum Metals and Alloys
AN ANNOTATED BIBLIOGRAPHY
The literature dealing with the properties
of platinum and the platinum group metals is,
on the whole, sparse and widely scattered. On
this account a recent publication, called a
“technical phasc report”, prepared by R. W.
Douglass, F. C. Holden and R. I. JafTee, of
Battelle Memorial Institute for the U.S.
Office of Naval Research, is particularly
welcome. This was written with the special
intention that it should serve as a guide to
planning experimental work on the platinum
group metals, “revealing”, as the authors put
it, “areas where concentrated study is needed
and preventing duplication of previous work”
and was produced as the first part of a study
at Battelle of the metallurgical properties of
the refractory platinum group metals.
As it is presented, this report provides a
very careful survey of the literature of the
past fifty years on the properties of the
metals and on the constitution of their
binary alloys, listing 281 references.
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The review of this mass of literature extends to 105 pages and is reasonably comprehensive. The publication as a whole is likely
to prove an invaluable source book to anyone
interested in the literature of the platinum
metals, but it is rather less valuable as a
critical survey. The brief introductory notes
on extraction and benefication are, for
instance, misleading as far as modem conditions are concerned, for today South Africa
is undoubtedly the most significant world
source of the platinum metals. A few of the
figures quoted for the physical and mechanical
properties are certainly in error-at least as
far as the pure metals are concerned-and
need to be treated with much more reserve
than is accorded them by the authors. However, if this is treated as a first-class annotated
bibliography-which
it primarily is-the
report will be found a most useful work of
reference by all interested in the platinum
metals.
J. C. C.
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Surface Area of Platinum Catalysts
DETERMINATION OF METAL PARTICLE SIZE
A knowledge of the surface area of catalysts
and other solids is important in the evaluation
of their properties. The advent of the BET
(Brunauer, Emmett and Teller) technique in
the late thirties was a tremendous advance,
but it has the great disadvantage that, since it
employs physical adsorption, it is non-specific,
and cannot in the case of a supported metal
catalyst distinguish what fraction of the total
area is due to metal and what fraction to the
exposed support.
In two recent papers L. Spenadel and
M. Boudart of the Esso Research and Engineering Company and S. F. Adler and J. J.
Keavney of the American Cyanamid Company
describe attempts to determine the specific
surface area and average crystal size of
platinum in low concentration (< I per cent)
platinum-alumina catalysts. The size of the
metal particles present in such catalysts is less
than can be estimated by the method of
X-ray line-broadening (<so 8).Estimation
of the metal area is based on the measurement
of the volume of hydrogen adsorbed by the

catalyst at a high temperature, where adsorption on the support is small or negligible.
The method is not entirely novel, and
references to previous work are given. Both
groups of workers agree that to obtain rapid
adsorption it is necessary to pre-reduce
catalysts in hydrogen at soo"C, following
this by a prolonged period of pumping at the
same temperature to remove adsorbed hydrogen. The monolayer hydrogen volume per
gram of catalyst is given by the volume
adsorbed in 0.5 to 0.75 hours at 240 mm and
250'C (I), or in two hours at 9 mm and
zm0C (2). The use of the lower pressure at
the lower temperature is permissible because
the adsorption is stronger the lower the
temperature. For fresh catalysts containing
about 0.6 per cent platinum the volumes
adsorbed were 1 5 . 2 I~O - ~ moles ( I ) and
2 1 . 4 10-6
~ moles (2): the agreement is encouraging.
Now the former figure implies a platinum
surface area of 273 m2 g-l, and that the ratio
of adsorbed hydrogen atoms to platinum

The Effect of Heat Treatment on the Size of Platinum Crystallites
on Impregnated Catalysts
Diameter,
Treatment

2 hours at 650°C

A
By linebroadening

Reference

61

200

I

By adsorption

24

,,

650°C

212

255

I

24

,,

750°C

253

255

I

5

,,

705°C

18

200

2

5

,,

750°C

290

275
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atoms is 0.99. For this to be true, the
platinum must be present either in “islandsyJ
of only one atom thickness, or in threedimensional crystallites whose sides are less
than two unit cells in length (I). Similar
conclusions are drawn by the other group of
workers. The effect of heat treatment on the
particle size was also investigated, and
some of the results are summarised in the
table. The first three entries and the last
two separately show that continued sintering
gives progressively better agreement between
the two methods of determination. The
interpretation of this, given in similar terms
by both groups, is that after a little sintering
some of the platinum has grown to form large
crystallites (recorded by line-broadening),
while much of the platinum remains as small
crystallites (undetected by line-broadening).
This distribution of crystallite sizes is
described as bimodal. The mean diameter

found by adsorption is therefore the true
one, the difference becoming progressively
less as the number of small particles decreases.
The effect of carbon deposition and removal on particle size was also studied:
carbon was deposited by causing the catalyst
to operate in a reforming reactor. A one-day
‘(coking” reduces the hydrogen adsorption of
a catalyst by almost five times, even although
sufficient carbon is present to cover only
5 per cent of the total catalyst surface.
Carbon deposition must therefore occur
principally on the metal. Regeneration was
effected by heating in a muffle-furnace, and
if this was done below 600°C little loss in
hydrogen adsorption took place.
These papers have established the usefulness of measurements of hydrogen adsorption
in the determination of the size of the
elementary metal crystallites present in
C. C. B.
supported catalysts.
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Ruthenium, Rhodium and Iridium in Catalysis
A SYSTEMATIC SURVEY OF THE LITERATURE
The literature on both platinum and
palladium as catalysts is very extensive, and
these two metals are widely employed in a
variety of reactions on a commercial scale.
The catalytic properties of the other members
of the platinum group of metals are by no
means so fully appreciated, nor are they
employed for this purpose to anything like
the same extent. But scattered throughout
the world’s scientific literature are quite a
number of records of research carried out
with one or other of these metals as catalysts
in many different types of reactions.
An admirable survey of this literature has
now been prepared and published by the
International Nickel Company Inc., New
York, as an Annotated Bibliography on Ruthenium, Rhodium and Iridium as Catalysts.
Compiled by Ann E. Rea and Marguerite
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Bebbington of the company’s Development
and Research Division, the bibliography contains more than three hundred abstracts of
papers and patent specifications, covering
the period from 1881 to mid-1959. They are
arranged in sections dealing respectively with
the hydrogenation of organic compounds,
other reactions of organic compounds, reactions with inorganic compounds, and
catalyst properties.
The variety of catalytic reactions for which
these metals have been investigated is extremely wide, and the collection of this
considerable amount of data into one carefully
arranged volume will unquestionably provide
a most useful source of information for
chemists and chemical engineers concerned
with reactions in which one or other of these
metals may provide the most suitable catalyst.

The Tensile Properties of Iridium
at High Temperatures
By B. L. Mordike, Ph.D., and C. A. Brookes
Research Laboratory for the Physics and Chemistry of Solids,
Cavendish Laboratory, University of Cambridge

In this paper the authors describe their determination of the tensile
strength and ductility of iridium at temperatures up to 2000°C. The
tensile strength of iridium at high temperatures, in the presence of carbon
vapour, compares favourably with those of tungsten, molybdenum,
tantalum and niobium, all of which are attacked to a much greater
degree by the carbon.

The increasing demand for metals to
operate at extremely high temperatures has
necessitated the investigation of their behaviour at temperatures above 1000°C.A
measurement of the tensile strength at high
temperatures gives some indication as to'
which metals are likely to possess the necessary mechanical propertics. Other factors
that must be considered are vapour pressure
and resistance to gaseous attack-such
as
In a recent
oxidation or carburisation.
investigation into the mechanical properties
of high melting point solids, Mordike (I, 2)
measured the tensile properties of the sintered refractory metals tungsten, molybdenum, tantalum and niobium. It was
observed, however, that carbon vapour
present in the furnace at temperatures above
1500rC was contaminating the specimens,
forming the corresponding metallic carbides.
In the case of molybdenum, for example, at
2200OC a molten phase was present at the
grain boundaries, reducing the tensile strength
to zero some 400°C below the melting point
of the pure metal.
Iridium is known to possess properties (3)
which make its use at high temperatures
attractive despite its high cost. It is extremely
resistant to corrosion and maintains its
strength at high temperatures; consequently
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it is being used increasingly as a crucible
material. In addition it was hoped that since
iridium is resistant to carburisation it would
indicate the extent to which this attack was
affecting the tensile propertiw of the metals
originally investigated. This paper describes
some preliminary observations on the tensile
properties of iridium from room temperature
to 200ooc.

Apparatus
For the tensile measurements at temperatures up to IOOO'Ca modified Hounsfield
tensimeter and furnace unit was used. The
original experiments on the refractory metals
were carried out in an atmosphere of argon,
but oxidation rates of iridium are low and
since a high rate of strain was used (30 per
cent per minute) the argon atmosphere was
found to be unnecessary within this temperature range. A chrome1 : alumel thermocouple
was used to measure temperature.
In the temperature range above IOOO'C
a graphite tube resistance furnace was used,
the working pressure within the furnace
being approximately I O - ~mm of mercury.
Black body conditions were assumed to hold
for the interior of the graphite tube and an
optical pyrometer was used to measure the
temperature. The estimated accuracy of

Fig. I General view o j the apparatus
used in the investigation

temperature measurement under
these conditions was i17'C. A
spring type tensile device was
employed, using dial gauges to
record extension of the spring
and the specimen elongation, while
the strain rate in this case was
approximately 52 per cent per
minute. Details of both furnaces
and the tensile measuring device
are given in the thesis by B. L.
Mordike (4). A general view of
the apparatus is shown in Fig. I .

Specimens
The iridium specimens were
supplied by Johnson, Matthey &
Co., Limited, and had been prepared from a small argon arc melted
ingot.
Spectrographic analysis
showed it to contain the following metallic
impurities only:
Rhodium
Platinum
Palladium
Copper
Silver
Iron

0.05 per

cent
cent
0.001 per cent
0.01per

per cent
0.005 per cent
0.005

0.003

per cent

Reduction down to the specimen thickness
of 0.30 mm to 0.40 mm was carried out by
hot rolling to give a very small reduction in
thickness, about 0.025 mm at each pass, with
interstage heating to approximately 18oo'C.
The gauge length of the tensile specimen was
3 cm, and either 3 or 6 mm in width. The
thickness of the specimen was either 0.30 or
0.40 mm.
Metallographic examination of the metal
in the original condition showed a heavily
deformed cold worked structure (Fig. 2).
All the metallographic specimens shown
in this paper were electrolytically etched in
10per cent sodium hydroxide, with an alternating current of 2 amp, using iridium as the
other electrode.

Results
From the dial gauge measurements obtained, a load: extension curve for each
specimen was dram; typical curves are
shown in Fig. 3. Using these curves the

Fig. 2 Iridium i n the as received condition
x 75

Platinum Metals Rev., 1960, 4, ( 3 )

95

Fig. 3
Typical load:
extension curves for iridium
specimens
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tensile strength of the specimen was obtained
and also the yield stress, as indicated by a
permanent extension (0.1per cent) of the
gauge length. Measurement of total elongation was made on the specimen over the
gauge length of 3 cm, but measurement of
reduction in area was impracticable due to
the specimen dimensions. Variation of the
measured tensile strength as a function of
temperature is shown in Fig. 4, while Fig. 5
shows the effect of temperature on yield
stress and elongation to fracture.
The results of the tensile strength rests on
iridium are compared with results of tests
made in the same conditions on the metals

tungsten, molybdenum, tantalum and niobium
in the table. In considering these results, it
should be borne in mind that the other metals
were all attacked by carbon vapour present
in the furnace and were extensively carburised at the time of test; iridium alone was
unaffected by the carbon.

Discussion
A certain amount of the scatter obtained in
results at low temperature may be attributed
to the effect of the cold worked structure,
particularly in specimens of different thicknesses. The material in the original condition
was extremely brittle and during attempts to
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shape the gauge length, in the initial stages
of the investigation, it was observed that a
certain amount of lamination appeared to be
present. Conventional methods of machining
either resulted in the fracture of the specimen
during shaping or gave a badly damaged edge
along the gauge length which considerably
lowered the tensile strength at temperatures
up to approximately 900°C. The method
finally adopted was that of grinding with
diamond impregnated wheels. Using conventionally shaped specimens a tensile strength
of 68 to 100 kg'mmz (43 to 64 tonsiin2)
was obtained, while a specimen shaped with
the diamond wheel had a tensile strength of
117.9 kg/mm2. A specimen annealed at
160o0Cand pulled at room temperature had
a tensile strength of 62.9 kg/mm2(39.9 tons/
in.2) with an elongation of 5.6 per cent.
The curves shown in Figs. 4 and 5 illustrate
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the effect of temperature on cold worked
iridium. Over the temperature range from
room temperature to 1300T, the process of
recrystallisation reduced the yield stress and
ultimate tensile strength, while the ductility
increased. Simultaneously the effect of temperature on the face-centred cubic lattice
occurred, increasing the ease of slip and
extending the range of plastic deformation.
At temperatures up to 900°C the strength
dropped rapidly, presumably due to annealing
effect, but the fractures were brittle, involving some intergranular failure. This was
contrary to the observations made on fractures of the body-centred cubic metals,
where failure was essentially transgranular
within the same temperature range. Fig. 6
shows the fracture of a specimen recrystallised
at 1600°C and pulled at room temperature,
clearly indicating the presence of inter-

Tensile Strengths (in tons,'in2) at High Temperatures of Iridium and Other
Refractory Metals in the Presence of Carbon Vapour
2000"c

IOO0"C

I200"C

I400C

I600°C

20.3

12.1

6.0

4.4

3.2

2.5

7.9

3.8

I .6

0.95

0.64

0.64

..

..
..
..

17.4

10.8

5.4

3.2

2.9

2.5

Molybdenum

..

..

16.8

7.9

5.1

3.2

2.2

I .3

..

,.

,.

20.9

16.2

12.7

10.2

7.0

4.4

Iridium

..

Niobium

..
..

Tantalum

Tungsten

..
..

Platinum Metals Rev., 1960, 4, ( 3 )

97

3a

I8OO"C

Fig. 7 Intergranular fracture of iridium
at 1600°C X 75

Fig. 6 Fracture of recrystallised iridium
showing the presence of intergranular
failure x 75

granular failure. The high strain rate used
in these experiments increased the tendency
to brittle fracture and, since the extent of the
brittle range varied with the different specimen sizes, it was difficult to determine the
transition temperature. In the range from
goo°C to 16oo'C the metal became increasingly ductile and failure was partly intergranular and partly transgranular, but above
1600OC the fracture became entirely intergranular with grain boundary movement at
the highest temperatures. The measurement
of percentage elongation for high temperature
fractures gives a false impression of the
ductility, since the elongation is almost
entirely due to intergranular movement with
little deformation of the grains (Fig. 7).
Calverley and Rhys (5) have investigated
the ductility of rhodium, which has similar
mechanical properties to those of iridium.
They considered that a segregation of impurity atoms might possibly increase the
resistance to (111) slip. A single crystal was
prepared, by the electron bombardment
floating zone technique, which could withstand go per cent reduction in area without
an intermediate anneal. Polycrystalline bars
could only be deformed to a very limited
extent before intergranular fracture occurred.
When the wire produced from the single
crystal was annealed it recrystallised and could
not be further cold worked without fracture.
Calverley and Rhys concluded from this that
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the crystal boundaries play an important part
in the cold deformation of rhodium and that
the presence of grain boundary impurities
may also be important.
Non-uniform grain growth was observed
at temperatures above the recrystallisation
temperature and in one specimen the cornplete cross-section of the gauge length at one
point consisted of a single grain. Failure, in
this specimen, had occurred intergranularly
in a neighbouring region of small grains,
suggesting the presence of grain boundary
weakness. The large twinned region shown
in Fig. 8 was also observed in this specimen,
and was thought to be the result of annealing
twinning. Although a precipitate was not
observed, it is possible that small quantities
of impurities present in the iridium segregate
at the grain boundaries. This segregation

Fig. 8 Twinr,ed

region in a recrystallised
iridium specimen x 94
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could initiate the formation of a number of
cracks at the grain boundaries, probably by
a Stroh type mechanism (6), thus propagating
intergranular failure. At the higher experimental temperatures it is suggested that this
segregation does not occur, the distribution of
the impurities remains random and a more
ductile behaviour is observed. At the highest
temperatures grain boundary movement
occurs, and the fracture becomes entirely
intergranular.

current and sodium hydroxide solution is most
efficient, and may be usefully employed to
reveal areas of high strain.
Iridium, unlike most other face-centredcubic metals, exhibited a brittle-ductile
transition and only moderate ductility at
higher temperatures. Maximum ductility
appeared to be within the range 1300 to
1800°C. The brittleness is considered to be
due to grain boundary failure, possibly
accelerated by coherent impurity segregation
at these grain boundaries. It is also suggested
that fracture is probably initiated by a Stroh
pile up mechanism.
It is emphasised that these are no more
than preliminary observations: more detailed
work is in progress.

Conclusions
The tensile strength of iridium at high
temperatures compares very favourably with
that of the metals tungsten, molybdenum,
tantalum and niobium. Of the common refractory metals only tungsten has a higher
tensile strength above 13oo0C and all of
these metals are attacked to a much greater
degree in atmospheres containing oxygen
and carbon. Carbon vapour present in the
furnace at high temperatures did not produce
any change in the metallographic structure of
the iridium.
The electrolytic etch using an alternating
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Catalytic Reforming in the U.S.S.R.
PRODUCTION OF AROMATIC HYDROCARBONS
Russian research workers engaged on the
development of petroleum reforming processes using platinum-on-alumina catalysts
have designed a plant to produce not only
high-octane petrol, but also a range of
aromatic hydrocarbons. Two types of reforming unit developed by workers from Lengiprogas are described in a recent paper (H. B.
Aspel, G. C. Golov and V. D. Pokhozaev,
Khim. i Tekhnol. Topliv i Masel, 1960, (5),
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1-7). The basis for the differentiation is a
change in operating pressure. By working at
a pressure of 40 atmospheres it is possible to
produce high-octane petrol and xylenes,
while benzone and toluene are produced at
20 atmospheres. It is shown that, by modifying and expanding existing petroleum
refineries, it is possible to construct multipurpose catalytic reforming plants which
may vary their products according to demand.

The Fusibility of Coal Ash
NEW DESIGN OF PLATINUM-WOUND FURNACE
In the operation of large solid-fuel boiler
installations the fusion characteristics of the
coal or coke ash are an important factor. If
fusion and coagulation of the ash occur,
trouble will be met in the raking of the boiler
and serious blockages may result. Standard
testing procedures for observing the fusion
points of ash in the laboratory have been
established for a considerable time, but a
revised specification has now been prepared
by the British Standards Institution and is
shortly to be issued as BS 1016: Part 15: 1960.
Among other modifications, the type of
furnace to be used for the determination has
been specified more closely, and to meet this
need an appropriately modified Johnson
Matthey platinum-wound furnace has been
designed and produced.

This furnace, which has a maximum
contains
operating temperature of ISOOOC,
two rhodium-platinum windings, each incorporating a built-in thermocouple. Either of
these thermocouples may be used with a
temperature indicator, preferably of the type
incorporating over-temperature protection.
The furnace temperature will thus be
registered on the indicator and the specimen
temperature should be measured by observation through the window with an optical
pyrometer.
An impervious alumina tube is passed
through the furnace and extends at each end.
Special gas sealing attachments are secured
to the tube ends to permit the use of a
controlled atmosphere inside the tube. The
attachment at the front end contains a clear

Observing the fusion characteristics of a sample of coal ash in the Johnson Mattheyplutinumwound furnace specially designed for this determination
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heat-resisting glass window through which
the specimens can be observed, while the
attachment at the other end of the tube is
fitted with a bursting disc to ensure the safety
of the operator should explosive conditions
accidentally be created.
Gas is introduced into the furnace at the
front end beneath the window and is discharged at the other end of the tube. Reducing
conditions can be maintained in the furnace
tube with a gas flow of less than half a litre
per minute.
The principle of the test is to observe
continuously a cone of ash as temperature
rises at 5°C per minute and to note the

temperatures at which three characteristic
shapes occur. These are the initial deformation of the original cone, the formation of a
hemisphere and the flow to a meniscus. As
the initial deformation point is that at which
fusion begins, and the other noted temperatures indicate the rate of subsequent fusion,
the results indicate clearly the temperature
above which serious fusion will occur.
Apart from the use for which it has been
specially designed the furnace may also be
used generally for controlled atmosphere
work. In this case the built-in thermocouples
will serve both for temperature measurement
and control.

Platinum-coated Titanium Electrodes
for Cathodic Protection
AN ELECTROCHEMICAL INVESTIGATION
The use of platinum-coated titanium as an
anode material is growing rapidly, both in
cathodic protection applications and in the
field of industrial electrolysis. Relatively few
studies have been made, however, of the
behaviour of such electrodes in terms of loss
in weight and potentials as functions of
current density in a given set of conditions.
An investigation recently reported from
Italy by G. Bombara and D. Gherardi of the
Laboratori Riuniti, Studi e Richerche S.p.A.
of San Donato, Milanese, (La Metallurgia
Italians, 1959, 51, (IO), 462) provides some
interesting data. The anodes used comprised
pure titanium, pure platinum, platinum discs
brazed to both faces of titanium strips, and
titanium electroplated with platinum from a
chlorplatinic acid bath. The polarisation
potentials and rates of attack in synthetic
sea-water were determined as functions of
current density. In accordance with the
resu1.t~of other workers, a very considerable
reduction in anodic polarisation was found
with the platinum-titanium electrodes, the
breakdown region rising from zoo to 400
amp,’sq.m for titanium to the order of
6000 to 7000 amp1sq.m for the bimetallic
specimens. The loss of anode material was
negligible up to 500 amp/sq.m, and remained
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very small up to current densities just below
the critical value. It is considered therefore
that the presence of the disc of platinum (the
area ratio was I : 6) extended the useful
range of a titanium anode up to 5000 amp,
sq.m. The attack on the titanium was mainly
confined to the edges.
With the platinum-plated specimens, it was
found that the polarisation curve almost
coincided with that of platinum up to 3000
amp sq.m, but beyond this point showed a
definite rise. Life tests showed that all the
plated anodes had a limited period of usefulness, failure being indicated by a noticeable
increase in polarisation potential when the
platinum plate began to break down. The
results showed a useful life of 85 to IOO hours
for an electrodeposit 0 . 2 ~thick at 1400
amp sq.m and 850 hours for 2.511.at the same
current density. At 2300 amp sq.m, values
of about 350 hours were obtained for a thickness of 2 . 5 250
~ ~hours for 1.75~
and 2 hours
for 0 . 2 ~ . The durability of the anodes
depends to some extent on the adhesion of
the platinum and thus on the type of plating
process used.
These results are compared with the very
high losses of graphite electrodes at much
lower current densities.
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A Platinum Resistance Thermometer
for High Temperatures
By Dr. W. Obrowski
Degussa Research Laboratories, Hanau

A new type of platinum resistance thermometer, constructed with ceramic
insulating materials, is described. It may be maintained in continuous
operation at temperatures up to 850°C for many hundreds of hours.

The use of resistance thermometers in
industry has steadily increased during recent
years. This is not merely due to the increased
demand for measuring equipment in consequence of expanding production, but is
largely the result of an extension in the
measuring range of resistance thermometers
to cover higher temperatures. This widening
in range is of particular significance in the
chemical industry since the development of a
number of new processes and reactions has
become possible only as a result of the use of
high operating temperatures. These processes, however, demand exact temperature
regulation and control; resistance thermometers for high temperatures are now indispensable tools for this purpose.
The large variation in the specific electrical
resistance of metals with temperature has long
been exploited for controlling temperature in
industrial processes. However, the upper
temperature limit previously lay between
500 and 600°C. This was due to the limited
insulation at such temperatures of the types of
glass employed in the manufacture of resistance thermometers. Depending upon the
composition of the glass, slight ion transport
commences in the presence of an electrical
field as soon as a certain temperature is exceeded, i.e. the glass becomes an electrical
conductor. Local currents then flow between
the individual filament windings in the thermometer, causing an apparent reduction in
its resistance. The thermometer thus gives a
false reading.
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It was possible to raise the upper temperature limit for resistance thermometers in continuous service only by altering the materials
used in the construction of the former and for
covering the measuring filament. This led to
the development of the platinum resistance
thermometer for high temperatures, as described in more detail below.
The construction of the platinum resistance
thermometer, type W85, is shown diagram-

The construction of the platinum resistance thermometer, type W85
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matically. It comprises the coil former (I)
with its bifilar measuring winding (2) of fine
platinum wire. The measuring winding is
welded to the supply leads (3), constructed of
a rhodium-platinum alloy. The supply leads
and measuring winding are fixed to the former
by means of a ceramic insulating layer which
is fused over the wires at temperatures in
excess of IOOO"C. This construction is, in
principle, the same as that employed in the
older glass resistance thermometers. The
chief innovation consists in the use of pure
sinter clay as a former and a specially
deveIoped ceramic insulating compound
(4) for covering the measuring winding
instead of the glass hitherto employed. This
insulating compound consists of a mixture
of various oxides, the composition of which
is such as to give a melting point below
that of platinum. The compound possesses
excellent insulating properties even at high
temperatures.
A number of different models of the
resistance thermometer, type W85, are available. The most common form has a resistance
of 100.00 0.10ohms at 0°C. The resistance-temperature characteristic is practically
linear up to about 85o0C,thus permitting the
accurate measurement of temperatures up to
this value.
Temperatures from o to 850°Cwith corresponding resistance values are to be fiound in
the table.
Even after operation for many hundreds of
hours, the resistance values remain constant
provided the measuring resistance is screened
from metallic vapours. The penetration of
such vapours into the ceramic insulating layer
impairs the otherwise excellent insulating
properties of this layer. Careful mounting in
the protective sheath is therefore essential
to the success of the instrument.
The half-value period* of this thermometer
lies within the range 15 to 20 seconds. This
is about the same as in the common forms of
the glass thermometer. If required, it is
possible to reduce this half-value period by
decreasing the size of the former and 1by other
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Temperature-ResistanceValues for the
Platinum Resistance Thermometer,

Type W85
Temp.

Resistance,

ohms

Temp.
"C

Resistance,

"C
0

IOO.00

450

264. I 6

50

I 19.40

500

280.89

I00

138.50

550

297.30

150

157.32

600

3 13.38

200

175.86

650

329. I 4

250

194.12

700

344.59

300

2 I 2.08

750

359.74

350

229.75

aoo

374.6 I

400

247. I I

850

389.23

ohms

y _ I _

changes in the construction. In normal industrial practice, however, the half-value
period of the standard model is entirely
adequate. The heating error has a value of
0.10to 0.15"C
in the standard model, 60x 5
nun, with a bridge current of 10 mA when
mounting is unfavourable, i.e. such as in
still air.
The low temperature-shock sensitivity of
the model W85 represents a further advantage
of this type of thermometer as compared with
glass thermometers. Since all constructional
components, especially the former for the
measuring coil and the ceramic insulating
compound, are in a crystalline state, these
thermometers are much less liable to fracture
than models constructed wholly or partly of
glass.

*The "half-value period" is a measure of the
time lag of the thermometer. It indicates in what
time the temperature difference between the
surrounding medium and the thermometer
reaches half its original magnitude. In place of
this value, the time constant is often quoted.
The relationship between these two values is
given by
Time constant E 1.4 x "half-value period",
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The Ruthenium-Palladium System
By A.

s. Darling, Ph.D., A.M.I.Mech.E., and J. M. Yorke, B.Sc.

I n this paper, a communication from the Johnson Matthey Research
Laboratories, an investigation of the equilibrium diagram of the
ruthenium-palladium system by microscopical and X-ray methods is
described. It is established that the diagram is of the simple peritectic
type. No intermediate phases or eutectoid transformations of the types
recently reported by Russian workers have been observed.

The ruthenium-palladium system had not
been investigated until very recently, when
Rudnitskii and Polyakova (I) reported that
two peritectic reactions occurred. At 1593°C
the peritectic reaction between the liquid and
the gamma solid solution was found to result
in the formation of an intermediate beta
phase; a second peritectic reaction in the
range 5 to 15 per cent by weight of ruthenium
was reported as occurring at 1573°C between
the liquid and the beta phase with the formation of an alpha solid solution rich in palladium.
In this laboratory an investigation of the
system had been commenced prior to the
publication of the Russian work and has been
completed since those results became available. No evidence of a double peritectic or
of an intermediate phase has been detected in
the present investigation, which has shown
that the duplex region, below the peritectic
line at 1579"C, extends from 15 to 90 per cent
of ruthenium.

Preparation of Alloys
Alloys containing up to 10 per cent of
ruthenium were made up by high-frequency
melting in alumina crucibles under a carbon
monoxide atmosphere. The palladium was
melted fmt, and when all the gas had been
given off and the melt was quiet, ruthenium
was added and the alloy cast, a carbon monoxide atmosphere being maintained throughout the operation.

Platinum Metals Rev., 1960, 4, (3), 1044110

Alloys containing more than 10per cent of
ruthenium were melted in an argon-arc
furnace. Excessive evaporation losses from
the palladium were avoided by increasing the
argon pressure in the furnace to approximately three-quarters of atmospheric. Argonarc ingots were remelted several times to
ensure homogeneity. Careful deoxidation
before melting was necessary to avoid violent
gas evolution. Vacuum sintering at 1400 to
1503OCwas reasonably effective in removing
gas, but resulted in considerable ruthenium
losses due to volatilisation of oxide. In most
instances the mixed powders were pressed
into a bar and reduced under pure dry
hydrogen for one hour at I IOOOC,after which
hydrogen was removed by vacuum sintering
at 13oooC.
Ingots containing up to 25 per cent of
ruthenium were hot forged with little difficulty in the temperature range 1200 to 13ooOC.
After a reduction in area of approximately
50 per cent, cold working became feasible.
Although the 50 per cent ruthenium-palladium alloy could be gently worked by hot
forging, attempts to work the 70, So and
90 per cent ruthenium alloys were all unsuccessful.
All alloys were homogenised by heat
treatment in nitrogen at 15ooOC before any
detailed work on the diagram was undertaken,
Worked alloys were quenched after 16 hours
at temperature, while the cast specimens
were soaked for 70 hours,
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Solidus Determinations

corners touched the platinum container
negligible diffusion occurred. The thermocouple was checked at the palladium point
before and after each run and it was rarely
found that the calibration had altered by
more than 1°C.
Specimens were heated rapidly to about
50°C below their estimated melting point,
held at this temperature for approximately
one hour and then heated at 20'C an hour to
the desired temperature, which was maintained for 15 to 30 minutes before quenching.
The temperature of quenching was increased
by increments of approximately 4°C until
signs of fusion were observed in polished and
etched microsections.
Etching was performed in a dilute solution of aqua regia in
glycerol. Signs of fusion were easy to detect
in these alloys, and typical examples of the
microstructure of a single phase alloy just

Solidus determinations were carried out
by microscopic methods. A vertical quenching furnace wound with a 30 per cent
rhodium-platinum resistance wire was made
for this work, and determinations were
carried out in a nitrogen atmosphere. Specimens were placed on a platinum wire mesh
in a cylindrical platinum can which was suspended vertically in the furnace tube. The
bare hot junction of a platinum : 13 per cent
rhodium-platinum thermocouple was immediately above but not touching the specimens.
Preliminary experiments showed that
the thermocouple rapidly lost its calibration
due to ruthenium contamination, but this
source of error was eliminated by sheathing
the specimens in a small gas-tight box of
platinum foil. Since only the specimen
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80

90

I
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Fig. 2 Microstructure of 5.94
at.% Ru-Pd, quenched from
1571"C, X 215

Fig. 3 Microstructure of 5.94
at.?< Ku-Pd, quenched from
1 575'Cc, showing incipient
fusion, X 215

below and just above the solidus are shown in
Figs. z and 3.
Table I gives the solidus limits over the
range 5.95 to 25.86 atomic per cent of
ruthenium. The solidus rises gently from
the melting point of palladium, until at a
ruthenium content of 9.24 per cent it arrives
at a constant value of approximately 1579°C.
The solidus points obtained are plotted on
the equilibrium diagram in Fig. I.

Microstructure of the Alloys
Alloys containing from 3 to 90 per cent of
ruthenium, homogenised as described, were
heated a t various temperatures for times ranging from 16 hours at 15ooOC to 216 hours at
700°C. The structures observed in the
quenched alloys arc denoted in Fig. I, which
shows that the solubility of ruthenium in
palladium decreases rapidly below the solidus.
Alloys containing up to 15.07 per cent of
ruthenium are all single phased at 15ooOC.
The change in microstructure at 15ooOC over
the composition range 10.97to 71 per cent of
ruthenium is illustrated in Figs. 5 to 10,
which show that there is no single phase area
corresponding to the beta phase reported by
Rudnitskii and Polyakova. The rutheniumrich phase first appears at 1500°Cbetween
15.07 and 15.83 atomic per cent of ruthenium,
and increases proportionally with the ruthen-

Platinum Metals Rev., 1960, 4, ( 3 )

Fig. 4 Widmanstatten structure of 15.07 at.% Ru-Pd,
quenched from 1500"C, reheated and yuenched after 64
hours at 13VV"C, x 215

ium content across the entire width of the
duplex region.
The two phases, it was found, could be
conveniently separated by chemical methods.
The palladium-rich phase can be dissolved
away in a dilute solution of aqua regia, leaving
the more noble ruthenium-based phase intact.
By facilitating the separate chemical analysis
of the two constituents, this simple technique
permitted the phase boundary position to be
fairly accurately defined. Table I1 shows the
results of such analyses carried out on samples
quenched after heat treatment for 64 hours at
1300°Cand 72 hours at 10oo"C.
These values confirm the microscopical
phase boundary determinations with respect
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Table I

Solidus Determinations
R u t heni u rn content
Weight

%

5.70

Atomic

%

Solidus limits "C

5.95

I57 1-1 573

8.85

9.24

I 578- I582

10.50

10.98

I 577- I582

11.90

12.42

I 5 7 4 I580

15.22

15.83

< 1581

16.70

17.41

1577- I582

25.00

25.86

1577- I 582

Table II

Compositions of Palladium and Ruthenium-rich Solid Solutions
after Treatment at 1300 and 1000°C
Temperature,

"C

Total Ru content
of alloy
Weight

I300

I000

%

Ru content of Pd-rich
phase

%

Atomic

Weight

%

Atomic

%

Ru content of Ru-rich
phase
Weight

%

Atomic

%

16.29

16.92

10.20

10.66

88.15

88.75

19.63

20.34

11.12

11.60

87.33

88.00

14.50

15.07

5.41

5.64

92.89

93.26

16.29

16.93

4.43

4.62

9 I .95

92.36

19.63

20.35

92.60

92.96

to the palladium-rich solid solutions, and
show that no intermediate phase exists between limits of 5 and 92 per cent of ruthenium

at temperatures above 1000°C. Beautiful
Widmanstatten structures resulted when
alloys, originally single phased, were taken

5

6

7

8

9

10

Microstructures of ruthenium-palladium alloys afier quenching from 1500°C

Fig. 5 10.97 at.?& Ru, X 120; Fig. 6 15.83 at.?; Xu, x 120; Fig. 7 20.35 at.% Ru x 120;
Fig. 8 25.86 at.?& Ru, x 120; Fig. 9 61.20
Ru, x 215; Fig. 10 71.09 at.76 Ru, x 215
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below the ruthenium solubility curve at temperatures around 13ooOC. Fig. 4 shows the
microstructure of the 15.07atomic per cent
alloy, originally homogenised and quenched
from 15oo"C,which had been reheated and
quenched after 64 hours at 13oo0C.

tion photographs were also taken from
polished and etched microsections.
Much of the preliminary work was carried
out on wires 0.015 inch in diameter. These,
it was found, gave satisfactory diffraction
patterns for the palladium-rich solid solution
alloys. Due to some masking effect, however,
the diffraction patterns of the ruthenium-rich
phase did not show up on alloys containing
less than 25 per cent of ruthenium, and in
order to study conveniently the crystal structure of this phase it was separated chemically
from its matrix as described in the previous

X-Ray Analysis
A systematic X-ray diffraction study of the
system was carried out in parallel with the
microscopic work. Lattice parameter measurements were determined with a 19 cm Debye
camera using Cu K a radiation. Back reflec-

Table Ill

Lattice Parameter Measurements
Ruthenium
content
Yeight % Atomic

%

Time of
reatment
hours

2uenching
temperat u r e "C

Phases present
Type of
specimen

F.c.c.
a

C.p.h.
a

C

1) W i r e

3.8784

700

J

3.8792

I000

1

F.c.c.

2,70 I3

4.2784

I.5835

8.85

9.24

I

I300

8.85

9.24

I I7

14.50

15.07

72

1

16.29

16.93

72

I000

}Powder

F.c.c.

2.70 I8

4.2788

1,5837

19.63

20.35

72

I000

J

F.c.c.

2.70 I 7

4.2788

I.5837

14.50

15.07

64

I300

F.c.c.

2.70 I9

4.2821

1.5848

16.29

16.92

64

I300

1

F.c.c.

2.7020

4.28 I 3

I.5844

19.63

20.35

64

I300

i

F.c.c.

2.7025

4.28 I 3

1.5841

8.20

8.57

16

I500

7

3.87892

14.50

15.07

16

I500

16.29

16.93

64

I500

3.87507

2.7030

4.2845

I.585 I

I9,63

20.35

64

I500

3.87635

2.703 I

4.2836

I .5847

70.00

7 I.09

64

I500

2.7030

4.285 I

I.5853

80.00

80.88

64

I500

2.7026

4.285 I

1.5855

2.7024

4.2845

1.5854

2.7024

4.2786

1.5833

2.7023

4.2785

90.00

90.50

64

I500

14.50

15.07

I68

850

}Powder

I Eack
treflec1 tion
I

J
1

3.87468

!Powder

I

J

F.c.c.
]Powder

14.50

15.07

216

750

J

F.c.c.
P
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1__1

__I

1.5833
_es

nations. The absolute values of the figures
quoted are estimated to be accurate to within
one part in 8,000.
The X-ray results show clearly that only
two phases exist below the solidus in this
system. The second phase which begins to
appear at 1500°Cwhen the ruthenium content
exceeds 15.07atomic per cent is identical with
that in the ruthenium-rich alloys. The
parameter data were plotted to obtain the
boundaries of the two-phase region which are
given in Table IV. Some lattice parameter
5

1
0

15

25

20

WEIGHT PER CENT RUTHENIUM

Table IV

Phase Boundary Determinations
from X-ray Measurements

Fig. 11 Resistivity nf palladium-rich alloys after
quenching from 1340°C

rich solid

section. Drillings were taken from heat
treated specimens and disintegrated in a 25
per cent aqua regia solution, the insoluble
phase being carefully washed and mounted in
the powder camera. It had i
n all instances a
close-packed hexagonal structure similar to
that of pure ruthenium. Table 111summarises
the results of the lattice parameter determi-

Temperature,

"C

solution
(Atomic % R

I000
I200

94
10.8

I300

I500

rich s
solution
solution
(Atomic % R

I

87.5
14.5

data by Hellawell and Hume-Rothery (2)
were observed to be in good agreement with
our own determinations. Due to its low rate
of change with ruthenium content, however,
the lattice parameter of the ruthenium-rich
solid solutions does not afford a sensitive
index of composition.
The X-ray results can only be interpreted
on the assumption that the diagram is of the
simple peritectic type, and no evidence in
favour of a eutectoidal transformation can be
advanced.

'

Electrical Resistivity
I

I
20

40

60

80

100

WEIGHT PER C E N T RUTHENIUM

Fig. 12 Hardnew of ruthenium-palladium alEoys
quenched after 16 to 24 hours at 150OoC, 168
hours at 8505C, and 216 hours at 700°C
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Specific resistivity determinations were
carried out at 20'C on wire specimens of
alloys containing up to 25.86 atomic per cent
of ruthenium. All the wires, 0.020 inch in
diameter, were quenched from 1340°C.
Fig. 11 illustrates the results. The resistivity
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in the single phase region rises rapidly to a

Discussion

value of 37 microhm-cm for a rdxx-km content of approximately 12 per cent, further
ruthenium additions reducing the resistivity
of the duplex alloys in a perfectly linear
manner. The position of maximum resistivity
confirms the position of the phase boundary
shown in Fig. I.

The results of this investigation have been
plotted to give the diagram shown in Fig. I.
The liquidus data of Rudnitskii and Polyakova
are in fairly good agreement with the general
shape of the diagram, but shown accurate
melting point determinations towards the
ruthenium-rich end of the diagram are
obviously required. The recent determination
of Baird (3) for the melting point of ruthenium, zz50°C, has been accepted in drawing
the liquidus.
Detailed study of the ruthenium-rich solid
solutions is desirable in view of the possibility
of allotropic modifications in this element at
temperatures above 1500°C.

Hardness Values
The hardest alloys of this series are those
containing approximately 90 per cent of
rutheniuni. Fig. IZ illustrates the hardness
values of alloys quenched from 700, 850 and
15co"C. Characteristic features common to
all these curves are the hardness peak reaching
a maximum at 90 per cent ruthenium and the
curious plateau extending over much of the
duplex region. The high hardness of alloys
containing 80 to go per cent of ruthenium
aged at 850°C for seven days might be attributed to the slow decomposition of the supersaturated ruthenium-rich solid solution.
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Powerforming in the Esso Refinery at Cologne
The new E18 million oil refinery recently
put on stream by Esso A.G., Cologne, represents a major addition to German oil refining
capacity. Situated near the Ruhr where the
principal consumers of fuel oils are concentrated, a range of fuel oils will form over
50 per cent of the plant's annual capacity of
3.5 million metric tons. Diesel fuels will
constitute about 25 per cent of output, the
remainder being high-octane petrol and raw
materials for a variety of petrochemical
processes.
Production within the refinery is based on
an Aramco feed stock having a research
octane number from 25 to 45 and a boiling
range from 160 to 400°F. T o achieve a substantial up-grading and to yield fuel of re-
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search octane numbers exceeding LOO, a
Powerforming plant of 9000 B/SD capacity is
installed.
Powerforming, developed in 1954 by the
Esso Research and Engineering Co., New
York, is a fixed-bed catalytic reforming
process employing a platinum catalyst.
The principal reactions within the Powerformer are the dehydrogenation and dehydroisomerisation of feed stock naphthenes, together with dehydrocyclisation of paraffins.
Undesirable hydrocracking is kept to a
minimum. Four reactors in series with intermediate reheat furnaces are in operation,
together with a swing reactor which enables
each catalyst charge to be regenerated without
loss of production.
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ABSTRACTS
of current literature on the platinum metals and their alloys
PROPERTIES
An Investigation of the Silver-Rhodium
System
Russ. 3.
Znmg. Chern., 1959, 4, (IO), 1053-1056 (Transl.
of Zhur. Neorg. Khim., 1959, 4, (IO), 2308-2312)
The system was studied by differential thermal
analysis and examination of microstructure. An
equilibrium phase diagram showing limited
miscibility in the liquid phase is given. All the
alloys were found to be mixtures of the a-solid
solution of Ag in Rh and pure Ag. The solidsolubility of Ag in Rh is about 5 wt.?/o Ag, though
it increases slightly with increase in temperature
and is about 10wt."/, Ag at 1400'C. R h is only
slightly soluble in Ag; liquid immiscibility was
observed in the range 25 to 99.9 wt.% Ag. The
hardness, electrical resistivity, temperature coefficient of resistivity and thermoelectric properties of the alloys were examined. Ag-rich alloys
have almost the same hardness, electrical resistivity and its temperature coefficient as pure Ag.
Small additions of Ag increase the hardness and
resistivity of Rh with maximum values at the
limit of solubility, while the temperature coefficient of resistivity shows a minimum at the
same composition.
A. A. RUDNITSKII

and

A. N. KHOTINSKAYA,

The Gold-Rhodium System
and A. N. KHOTINSKAYA, Russ. J .
Znorg. Chem., 1959, 4, (I I), I 160-1162(Transl. of
Zhur. h'eorg. Khim., 1959, 4, (11), 2518-2524)
The constitution of the system was determined
by differential thermal analysis and studies of
microstructure, Brine11 hardness, microhardness,
electrical resistivity, tensile strength and thermoelectric properties of annealed and quenched
alloys. A phase diagram for the system, which
consists of two solid solutions, shows limited
liquid miscibility with the miscibility gap
extending from 45 to 97.5 wt.% Au. About
5 ~ r . ~ /Au
b dissolves in Rh to form the B-solid
solution and less than I wt.% Rh is soluble in
solid Au. These values show some increase at
higher temperatures. The microstructures of
quenched and annealed alloys show little difference. Small additions of Au increase the hardness
of Rh which reaches a maximum at the limit of
solid solubility. Additions of up to 5 wt.04, Rh
scarcely affect the hardness of Au for annealed
alloys, but there is an increase in hardness for
quenched alloys.
For annealed alloys, the
electrical resistivity of Au is increased by addiA. A. RUDNITSKII
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tions of Rh up to 10wt.9: and small additions of
Au increase the resistivity of Rh to reach a
maximum at the $-solid solution boundary.

Silver-Iridium Alloys
and v.

P. POLYAKOVA, Russ. J.
Zaorg. Chm., 1959, 4, (IT), 1158-1159(Tmsl. of
Zhur. Neorg. Khim., 1959, 4, (I), 2515-z517)
The microstructure, microhardness, electrical
resistivity, thermo-e.m.f. and melting points of
alloys containing up to 10% of either constituent
were observed. Limited miscibility in the liquid
state was found. The solubilities of I r in Ag and
of Ag in Ir are less than 0.5 and I wt.96 respectively. Addition of Ir to Ag increases the
microhardness and thermo-e.m.f., but has little
effect upon melting point, electrical resistivity
and its thermal coefficient. The microhardness of
I r i s increased by the addition of up to I wt.9; Ag.

A. A. RUDNITSKII

An Investigation of Iridium-Gold Alloys
and V. P. POLYAKOVA, RUSS. 3.
Inurg. Chem., 1959,4, (IO),1051-1053 (Transl. of
Zhur. Neorg. Khim., 1959,4, (IO),2304-2307)
Alloys with up to 25 wt.": of either I r or Au were
studied.
For all alloys, microstructure and
microhardness were examined while, for Au-rich
alloys, electrical resistivity and its temperature
coefficient, thermoelectric power and melting
point were measured. Limited miscibility was
observed in the liquid state. The solubility of Ir
in Au is less than 0.1wt.% and a maximum of
2 wt.% Au dissolves in Ir.
Addition of Ir
increases thc microhardness and resistivity of Au,
but has little effect on its thermoelectric power
and melting point. The microhardness of Ir is
sharply increased by the addition of Au up to
2 wt.yl and then remains constant.
A. A. RUDNITSKII

Research on the Alloys of Noble Metals with
the More Electropositive Elements. 11.
Micrographic and Roentgenographic Examination of the Magnesium-Palladium Alloys
R. FERRO,

3. Less-Common Metals, 1959,

I,

(6),

424-438
Thirty-nine alloys with Pd content ranging from
27.4 to 99.3 wt.76 were prepared and examined.
Alloys with less than 90 wt."/" Pd were hard and
those in the range 30-70 w t . O / , Pd are very brittle.
Intermediary phases with compositions corresponding to MgPd3, MgPd (2 modifications),
Mg,.,Pd, MgJ'd,
Mg,Pd and Mg,Pd were
detected, and the crysrallographic structure of
each is described.
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The Temperature Coefficient of Resistance
of Pd-H Alloys
R. J. FALLON and G . w. CASTELLAN,J. Phys. Chem.,

On the Preparation of Platinum Black with
a Clean Surface. Preliminary Heats of
Adsorption of Hydrogen

1960, 64, (I), 160-r61
The hydrogen content of a Pd wire was determined at 49.3"C as a function of relative resistance.
From these values and from others previously
obtained at 20°C, the values of the temperature
coefficient of resistance were calculated.

H. CHON, R. A. FISHER

and J. G. ASTON, J . Amer.
Chem. Soc., 1960, 82, (s), 1055-1057
A thermal titration technique (the catalytic
recombination of chemisorbed oxygen with
hydrogen) was used to prepare a sample of Pt
black with a clean surface. Results show that the
Pt black sample was originally covered with a
complete monolayer of oxygen. Heats of adsorption were measured using an adiabatic Pt calorimeter, temperatures being measured with a Pt
resistance thermometer. Preliminary heats of
adsorption of hydrogen as a function of coverage
are reported at 0°C.

Evolution of Atomic Oxygen from a
Platinum Surface Treated Previously with
Discharged Oxygen Gas
and Y.-0,
Bull. Chem. SOC.
Japan,
1960, 33, (21, 276
A Pt ribbon was treated with discharged oxygen.
It was found on heating to 1400'C in z m u o that
atomic oxygen was evolved. This oxygen results
from the decomposition of PtO, on the surface of
the ribbon.
K. MITANI

Absorption of Hydrogen by PalladiumPlatinum Alloys. Part I. Electrical Resistance as a Function of Hydrogen Content,
and One-Atmosphere Isobars
A. w. CARSON, T. B. FLANAGAN and F. A. LEWIS,

Thermodynamics of the Gaseous Oxides of
the Platinum-Group Metals
Trans. Faraday Soc., 1960, 56, (3), 363-370
c. B. ALCOCK and G . w. HOOPER, Proc. Roy. SOC., A series of six Pd-Pt alloy wires with P t content
Series A, 1960, 254, (1279)~551-561
Experiments carried out in the temperature
range 1000"-1600"C have served to identify the
volatile oxide species of Pt and Rh formed in
the presence of oxygen. Vapour pressures of the
oxides, used to calculate the thermodynamics of
their formation, were measured by means of the
"transportation" technique, an oxygenlnitrogen
mixture being used as carrier gas. The oxide
species were found to be Ptx02and RhxOzrespectively. The value of x was determined as unity
by varying the activity of the metal at constant
oxygen pressure by alloying with Au and Pt,
respectively, and by measuring weight loss of the
alloys on oxidation. Ru, Ir and Pd were studied
less thoroughly by similar techniques and thermodynamic data were obtained for the proposed
oxide molecules, Ir203,IrO, and RuO.

ranging from 2.79 to 18.99 at.:; (5 to 30 wt.q/,)
was used in the investigation, Hydrogen was
absorbed directly from hydrogen-saturated acidic
solutions or was introduced by electrolysis.
Relationships between relative resistance, R/R,,
and hydrogen content, H (Me, were established
at 25°C and the temperature dependence of these
relationships were examined over the range
0-5g'C.
Values for the solubility of hydrogen in
the alloys at I atm pressure were determined over
the temperature range 0-59"c. T h e relationships
between R/Ro and H/Me indicate that the bonding and conduction mechanisms in the Pd-Pt
alloy hydrides are similar to those operating in the
Pd-H system. The relationships which were
established at 25°C are applicable in the range
039°C.

Rates of Adsorption of Hydrogen on
Palladium and on Rhodium

Part 2. Kinetic Studies of Absorption from
Acidic Solutions
Ibid., 371-381

M. J. D. LOW, Canad. 3. Chem., 1960, 38, (4),
588-595
The effects of temperature and initial gas pressure
on the adsorption of hydrogen on Pd/A1,0, and
Rh/A120, catalysts were studied. There exist, for
both gas-solid systems, three distinct and consecutive stages, each of which may be described
by the Elvoich equation. Low initial pressures
and high temperatures favour the early appearance
of each stage. The amounts of hydrogen adsorbed
on both catalysts decrease on increasing the
temperatures from oo to 400°C. Above 400"C,
with increasing temperature, the rate of adsorption on Pd decrease, while those on Rh increase.
An increase in the initial gas pressure over the
range 10-60 mm Hg results in increased rates and
extents of adsorption.

The absorption of hydrogen from HCI solutions
by the above series of Pd-Pt alloys was followed
by the measurement of relative electrical resistance
and electrode potentials. At 25T, the rate of
absorption in alloys in the range 2.79-8.80 at.:;
Pt is constant over a considerable range of
hydrogen contents and is similar to that for Pd.
On increasing the P t content to 12.03 at.%, the
absorption rate is reduced and variable. The
absorption rate for the alloys is not significantly
altered by changes in acid concentration over the
range o.02-1.0N HC1 or by electrolytic coconduction phenomena associated with the bridge
current. For a 2.79 at.?, Pt alloy, the absorption
rate has a hydrogen pressure dependence of
1.0oko.05 over the region of constant ratc. The
absorption mechanism is discussed.
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Absorption of Hydrogen by PalladiumSilver Alloys

The Mechanism of Occlusion of Hydrogen
by Palladium in Contact with Sulphuric
Acid Solution

and W. H. SCHURTER, Naturwiss., 1960,
47, (8), 177-178 (In English)
Hydrogen was absorbed at 25°C from hydrogensaturated HC1 solutions by Ag-Pd alloy wires
containing 10,20,26,40 and 50% Ag respectively.
The course of absorption was followed by measurement of electrode potential and of relative electrical resistance, R/R,, of the specimens. Potential
plateaux observed appear to be associated with
ranges of hydrogen content over which two phases
(analogous to thc u- and (3-phases of the Pd-H
system) coexist. The plateau potential increases
with addition of up to 2676 Ag. T h e value of
6 mV for 4094 Ag is lower than that found by
other workers. With increase in Ag content, the
equilibrium hydrogen content decreases.
F. A. LEWIS

R. J. FALLON and G. W. CASTELLAN,?.

Phys. Chem.,
1960, 64, (I), 4-9
Experiments were carried out with Pd wire
electrodes of various sizes. Attempts to obtain
a stable 0.05 V potential were unsuccessful. I t
was found the concentration of hydrogen in Pd
increases linearly with time and that the length
of the potential-time plateau is dependent on
wire size and hydrogen flow rate. An over-all
mechanism for the occlusion is postulated as a
result of a study of open circuit concentrationtime and potential-time relationships.
It is
concluded that the diffusion of hydrogen in
solution is the rate-determining step.
The
contributions in the mechanism of gas solution
and dissociation at the surface are discussed.

The Palladium-Hydrogen Eqyilibrium at
High Pressures and Temperatures
and K. E. WEALE, Trans. Faraday soc.,
1960, 56, ( 3 ) ~357-362
T h e solubility of hydrogen in Pd was determined
at six temperatures between 326" and 477°C and
at pressures from 25 to ggo atm. At the highest
pressures, the solid phase atomic ratio H / P d
exceeds 0.59. Isotherms of the Pd-H system
plotted from the results are compared with those
obtained by other workers for the critical region
temperatures in the same pressure range. The
general features of the supercritical isotherms are
reproduced by Lacher's equation for isotherms
below 313°C. The electrical resistance of the
solid phase with hydrogen pressures up to 1000
atm was determined at 366", 396" and 456°C. It
increases with hydrogen content until a maximum
value R/%=I.@O is reached at HiPd-0.4.
P. L. LEVINE

Effects of y-Radiation on the Absorption of
Hydrogen in Metals
K. YOKOGAWA and T. SUGENO, J.yap. Inst. Metals,
1960, 24, (z), 113-117 (English summary)
The amount of hydrogen absorbed in Pd was
estimated by change in electrical resistance.
When Pd wires were immersed in acidic or
alkaline solutions, no hydrogen absorption was
observed during irradiation. In dilute HzSOI
or dilute HCl, a largc amount of hydrogen was
absorbed by Pd with thin oxide films formed
either by anodic treatment or by y pre-irradiation
in aerated H,O or in H,O,. It is concluded that a
thin oxide film is necessary for hydrogen absorption by Pd in acidic solution. The oxide film
formed by heating in air did not show this effect.
The results are interpreted by the photovoltaic
theory of semi-conductors.

Permeability and Diffusion of Hydrogen Investigations of the Electron Spin Resonthrough Palladium
ance and the Electrical Resistivity of
M. VAN SWAAY and c. E. BIRCHENALL, Trans. Met.
Platinum-Carbon Catalysts
Soc. A.Z.M.E., 1960, 2111, (2), 285-289
A series of steady-state permeability studies were
carried out using P d membranes O.OO~,O.OIO and
0.020 in. thick. A temperature rise after establishing constant permeability resulted in a
permeability increase followed by a slow loss. On
cycling the temperature, no further change in
permeability value for a given temperature
occurred, provided the maximum temperature
previously attained was not exceeded. Oxidation
followed by hydrogen reduction restored initial
high permeabilities and the square-root dependence on hydrogcn pressure.
The effect of
contaminants was examined. Permeability decreased with time below 155°C at I atm applied
pressure and was slowly restored by evacuation
or heating in hydrogen at about zoo"C. The
formation of the intermediate @-phase Pd-H
explains in part the hysteresis observed on

cycling the temperature.
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NICOLAu and H. G. THOM, Z . Anorg. Allgem.
Chem.3 1960, 303, (3/4)~133-140
Measurements were made on P t / C (gPt:~ooC)
catalysts which had been previously heated at
temperatures between 50" and 10oo"C. The
variation with increasing temperature of the
parameters of the electron spin resonance lines
as well as that of the resistivity is shown to add
further support to the hypothesis of "pseudosandwich" complexes of Pt with C.
C. S.

Brunauer-Emmet-Teller(BET)-Surface
Area and Morphological Investigations of
Platinum-CarbonCatalysts
c.

S. NICOLAU,

Z. Anorg. Allgem. Chem., 1960,

3 O 3 J (3/4), 127-'3'

The alterations of the BET-surface areas and
morphological changes in the catalysts after
heating in a limited supply of air to 50°-IO00c
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were shown to be in agreement with previously
reported electron spin resonance and electrical
resistivity measurements. The role of oxygen in
these changes is emphasised. Results of catalytic
investigations support the conclusion that, for
certain reactions, concentration of free electrons
is the essential part of the catalytic activity of
these catalysts.
Electron micrographs are
reproduced.

Where to Use Platinum Group Metals
S. S.

RICE, Materials in Design Erg., 1960, 51,

(2), 126-129

Physical and mechanical properties of the P t
metals and some of their alloys are given. Because
of their corrosion resistance, Pt and its alloys arc
used for glass manufacturing equipment, laboratory apparatus and spinnerets. Pt metal catalysts
are used extensively in the petroleum and
chemical industries. The uses of the Pt metals in
electrical engineering and for temperature
measurement are among the other applications
described.

ELECTROCHEMISTRY
Investigation on the Influence of Platinum
in Mercury Electrodes on Certain Electrode
Processes
w. KEMULA, z. GALUS and z. KUBLIK, Bull. Acad.
Pol. Sci., Ser. Sci. Chem., Geol., Geog., 1959, 7,
(IO),723-728 (In English)
A hanging drop Hg electrode and a Pt wire
electrode electrolytically coated with Hg were
immersed in the same electrolyte and voltammetric curves were recorded. Solutions of Zn26,
CdL+, Sn2+, Sb3+, Pb2+, Cu’+ and T1+ were
added to the O.IM KCI basic electrolyte. For a
solution containing Zn and Sn the cathode
processes for the two electrodes differ slightly.
Zn does not oxidise from the amalgam anode and
oxidises smoothly at the Hg elearode. The
oxidation curves for Cd on the two electrodes
differ slightly. Differences in the cyclic voltammetric curves were observed for solutions containing SnL+and Sb3- ions separately, but not for
Pb2-, Cd‘t, Cu”, and T1+. The behaviour of
the amalgam electrode is possibly due to the
formation in it of intermetallic compounds with
Pt.

Mechanism of the Electro-oxidation of
Alcohols and Aldehydes on Platinum. III.
On the Shape of the Polarisation Curves for
the Oxidation of Ethyl Alcohol
G. A. BOGDANOVSKII and A. I. SHLYGIN, Zhur. Fiz.
Khim., 1960,34, (I),57-62 (English summary)
The shape of the polarisation curves obtained
using platinised Pt electrodes in H,SO, is determined by the condition of the electrode surface.
With active electrodes a single depression in
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current, associated with the appearance of
adsorbed oxygen, is observed. Electrodes of low
activity also give a single depression, caused by
theinhibiting action of the intermediate,CH,CHO.
Two current depressions, caused by both the
intermediate and by adsorbed oxygen, are
observed in the case of electrodes of moderate
activity.

LABORATORY APPARATUS
AND TECHNIQUE
Use of a Platinum Filament in the Electron
Microscope
F. w. BISHOP, Rev. Sci. Znsrr., 1960, 31, (z), 124
A Pt filament, its top coated with a mixture of
oxides, has been used to replace the W filament
in the microscope. Advantages of the filament
are that its low emission temperature results in a
slow evaporation rate, the electron source is small,
the field of illumination uniform, and the drift of
illumination is small. Oxidation of the Pt is
negligible.

Direct Determination of Traces of Total
Oxygen in Naphthas
Anal. Chim. Acta, 1960~22,
( 5 ) , 439-443
In a modification of the Schiitze method, the
sample in a quartz spiral is pyrolised in a SiO,
tube. The oxygen is converted to CO, over
Pt/C which is retained at the ends of the tube and
divided into two portions by Pt gauze. A roll of
Pt gauze minimises deposition of pyrolytic C on
the Pt/C. Solid, highly oxygenated, non-volatile
samples are contained in a Pt boat instead of a
quartz spiral.
I. J. OITA,

Osmium Tetroxide as General Catalyst for
Oxidations in Alkaline Media
F. SOLYMOSI

and

J. CSIK,

Chemist-Analyst, 1960,

49, (I), 12-13

The influence of OsO, on the oxidation reactions
of hypochlorite, hypobromitc, hypoiodite, permanganate and chloramine was studied.
In
addition, the effect of various complex-forming
substances on the rate of the reactions catalysed
by OsO, was examined.

CATALYSIS
Nitric Acid
Practice

Manufacture-Theory

and

Ind. &’ Erg.Chem.,
1960,52, (z), 101-104
NH, oxidation processes described are the

H. A. SORGENT and G. F. SACHSEL,

atmospheric pressure process, the complete
pressure process and the atmospheric oxidationpressure absorption method. The three fundamental steps in the production of HNO, by NH,
oxidation-oxidation of NH, to NO, oxidation
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of NO to NO, and absorption of NO,! in H,Oare described in detail. The effects on the oxidation of NH, of increased temperature, pressure
and gas velocity and the composition of the
Rh-Pt catalyst used are stated. Factors influencing
the absorption reaction are indicated. Three
recently developed HNO, production methodsthe Wisconsin process, the nuclear nitrogen
fiaxtion method and the MgNOS concentration
process-are outlined.

found to be highly selective in all cases. Hydrogenolysis and reduction of the ring occur readily
with aromatic ketones. With C,H,COCH, it was
found that Pd is the most effective catalyst for
side-chain hydrogenation.

Catalytic Production of
hydrazine

(11, 11-14

The Hydrogenation of Fatty Oils with
Palladium Catalyst. 111. Hydrogenation of
Fatty Oils for Shortening Stock
M. ZAJCEW, J .

N,N-Dimethyl-

K. KLAGER, E. M. WILSON and G. K. HELMKAMP,
Indust. & Eng. Chem., 1960,52, (2), 119-120
N,N-dimethylhydrazine was prepared by the
hydrogenation
of
N-nitrosodimethylamine
(NDMA) using a IOO& PdjC catalyst. The effects
of catalyst and NDMA concentrations, temperature, hydrogen pressure and solvent were
investigated.
With increasing catalyst concentration, hydrogen absorption rates increase,
but there is a decrease in the yield of the hydrazine.
Between 25' and 63°Cthe reaction is independent
of the temperature. The hydrogen consumed
at the completion of the reaction is inversely
proportional to the temperature.

Dehydrogenation of Cyclohexane as a
Function of Flow Rate and Grain Size of the
Catalyst (0.5% Pt/Al,O,)
N. F. KONONOV, KH. M. MINACHEV and N. I. SHUIKIN,

Zhur. Priklad. Khim., 1959, 32, (g), 2107-2115
The investigation was carried out at 45c-47o"C
and 20 atm. It was found that the degree of
conversion of cyclohexane changed little with
variation of flow rate. Increased flow rate resulted
in a slow increase in the temperature gradiant
between the centre and peripheral layers of the
catalyst. There was evidence of a temperature
gradient along the axis of the upper layers of the
catalyst. The degree of conversion decreased on
changing the grain size of the catalyst from z x 2
mm to 6 x 6 mrn.

Low Pressure Hydrogenation of Ketones
with Platinum Metal Catalysts
E. BREITNER, E. ROGINSKI

and P. N. RYLAKDER,

J . Org. Chem., 1959, 24, (IZ), 1855-1857
Pd, Pt, Rh and Ru on high-surface C were used
as catalysts for the hydrogenation, in various
solvents, of aliphatic, aromatic and a,p-unsaturated ketones. Ru catalysts were activated
with hydrogen before use, but the other catalysts
were used directly. Rate measurements were
made at q " C and an initial pressure of I atm
and a large ratio of catalyst to substrate was used.
Pd is ineffective in the hydrogenation of aliphatic
ketones, Pt is effective in aqueous acid solution
and Rh and Ru were most active in neutral or
basic solution. The reduction of rnesityl oxide,
in competition with methyl isobutyl ketone was
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Amer. Oil Chem. Soc., 1960, 37,

Four Pd/C catalysts ( I % , 5o/u, 2% and 0.5% Pd)
and four PdjC catalysts containing 104 Pd, with
0.9?& 1.09/6, 0.3501; and 0.50/0 Ag, and 0.6y0,
0.3506, 0.25% and 0.35% Bi, respectively, were
used in this laboratory investigation. It was found
that natural unsaturated oils may be hydrogenated
to give the desired low content of trans isomers
by using very mild operating conditions. The
operating variables studied were agitation,
pressure, temperature, catalyst deactivation,
concentration of P d on the carrier and in the oil,
and type of feed.

IV. Pilot-Plant Preparation

of Shortening

stocks
M. ZAJCEW,

J . Amer. oil Chem. soc., 1960, 37,

(31, 130-132
and 5% Pd/C catalysts were used for the
hydrogenation of soybean and 70130 soybean/
cotton-seed oils. The hydrogenation procedure
is described. Results of the pilot-plant work differ
slightly from those obtained in the laboratory.
Selectivity is lower, but remains constant though
catalyst activity decreases with re-use. The mans
content is somewhat higher than that obtained in
the laboratory, but the rate of increase with
increased operating temperatures is lower. With
re-use of catalyst the processing time is increased,
but it decreases sharply with increase of temperature. It is possible by controlled processing
to produce a commercially acceptable shortening.

:
:
2

The Catalytic Decomposition of Ammonia
on Evaporated Metal Films
S. R. LOGAN

and C. KEMBALL, Trans. Faraday soc.,

1960, 56, (I), 144-153
Films of Ni, Rh, Co, Pd, Pt, Ru, Re, V, Wand T a
were used in this investigation.
Activation
energies and pressure dependences were determined for Ni, Rh, Co, Pt, Ru and Re. Nitride
formation was observed with V, W, and Ta. An
activation energy was found for W, but results for
T a and V were not reliable. With all the metals,
sintering occurred in the presence of gases as they
were heated to the reaction temperatures (300500°C). Additional sintering occurred with Pt
during reactions above 550°C. Values for the
pressure dependences support the theory of
Temkin and others that the rate-determining
step of the decomposition is the desorption of
nitrogen from the catalyst surface.
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The Catalytic Decomposition of Cyclohexylamine and Allied Reactions on Evaporated
Platinum Films
R. L. MOSS

19603 56,

and

C. KEMBALL,

New Data on the Gilsonite Process
Chem. Eng. Progress, 1960, 56, (4),
49-53
The functions of the various units operated in the
refining of the solid hydrocarbon ore are described.
Ash is removed in the flotation plant and the
remaining froth is converted to a slurry which is
pumped to the filter-melt plant. Black oil feed
from this plant is thermally cracked in the delayed
coker, producing non-condensed gases, naphtha,
gas oils, heavy fuel oil, and coke. In the catalytic
reformer, coker gasoline is hydrogenated to
remove catalyst poisons before being fed to the
Platforming section. The major Pt-catalysed
reactions taking place in this section result in the
production of high-octane gasoline and hydrogen.
A high purity electrode coke is produced in the
calciner plant.
L. P. MORRIS,

Trans. Faraday Soc.,

(111 154-160

The decomposition of C6H11NH2 to NH,,
C6H6and C,H,, was studied in the temperature
range 100-150°C. For each experiment a fresh
Pt film was deposited on the walls of the reaction
vessel. Hydrogen and deuterium used in the
investigation were purified by diffusion through
heated Pd. It was found that C,H, is hydrogenated to C,H,, only after the decomposition of
most of the C6Hl,NH,. Allied reactions studied
in order to explain the reaction mechanism were
the decomposition of C,H5NH, and the hydrogenation, exchange and deuteration of C,H, in
the presence of C,H,,NH,. I t is postulated that
the rate-determining step is the fission of the C-N
bond on the catalyst surface. Before the
C,H,,NH, decomposes, hydrogen atoms are
dissociated from the adsorbed molecules, radicals
of the type C6HSNor CBH,NH being formed.

Cobalt-Moly Catalyst
E. M. BLUE and B. SPURLOCK,

The Use of Dual Function Catalysts in
Isomerisation of High Molecular Weight
n-Paraffins
J. W. GIBSON, G. M. GOOD

and G. HOLZMAN, Zndust.

& Eng. Chem., 1960, 52, (2), 113-116

A pelleted 0.3y0 Pt/o.4% Cl/o.zO/bF/Al,O,catalyst
was used in the hydroisomerisation at 4zo-430°C
of purified n-c,,,, n-C,, and n-C,, paraffins.
Products were distilled into fractions of lower
molecular weight and a concentrate of isomers and
unchanged wax. Isomer oils were isolated and
their physical properties studied in order to
elucidate their molecular struciures. The chief
reactions under the specified conditions are
isomerisation and cracking. At about constant
conversion, cracking increases relative to isomerisation as the molecular weight of the feed is
increased. With a rise in C number of the feed,
solid isomer formation relative to liquid isomers
increases. Lubricant base stocks of high viscosity
and low pour point are produced.

Study of Properties of Metal-Oxide Catalysts
for Gasoline Reforming. VI. Reforming of
89.5-126°C Gasoline Fraction of the VolgaUral Group of Petroleums on PalladiumAlumina-Silica Catalyst
KH. M. MINACHEV, M. A. RYASHCHENTSEVA and N. I.
SHUIKIN, Akad. Nauk SSSR, Izvest. Otdel.

Khim. Nauk, 1959, (10), 1813-1817.
Four 0.5% Pd/A1,0s/Si02catalysts which differed
in specific surface area were used in this investigation. Two of the catalysts showed considerable
aromatising properties and stability. For all the
catalysts there was complete desulphurisation of
the first fraction. I t is implied that the aromatisation process results in six- and five-membered
cyclic compounds and n-alkanes.
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Chem. Eng. Progress,

s6J(41, 54-59

Ig60>

P t catalyst poisons contained by reformer feed
stocks may be removed in a one-step process by
hydrogenation over Al,O,-based COO-MOO,.
Principal poisons removed are S-compounds,
N-compounds, olefines, As, Pb and Si. The
COO-MOO, catalyst itself is only slowly poisoned
under operating conditions. As a result of its use,
the very clean feed stocks necessary for reforming
over Pt catalysts are obtained.

Review of Recent U.S.A. Patents on Catalysts
and P. A. LEFRANCOIS, World
Petroleum, 1960, 31, (3), 72-74
Fifty-nine patents are discussed in this review
which is mainly concerned with catalysts used for
reforming and cracking processes. The preparation, activation and regeneration of the
reforming catalysts are discussed.

H. HEINEMA"

ANODIC PROTECTION
Anodic Passivation Studies
J. D. SUDBURY, 0. L. RIGGS
Corrosion, 1690, 16, (2), 91-98

and

D. A. SHOCK,

The present theories of passivity are reviewed and
the essential conditions for its occurrence are
enumerated. The basic circuit used in the study
of anodic polarisation consisted of the test
specimen as anode, a Pt cathode, a standard
reference electrode and a potentiostat. Metals
investigated included various stainless steels, mild
steel, Ti, A1 and bronze. Most of the results
reported were obtained using stainless steel anodes
in H,SO,. The effects of surface preparation,
H z S 0 4 concentration, surface area, temperature
and agitation were studied. It was found that it is
possible to establish passivity of steels in various
oxidising environments which include H,SO,,
HNO,, H,PO,, NH,NO,, Al,(S04)a, NaOH and
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LiOH. Cu-base metals cannot be passivated.
Resistances of the passive films are very high,
ranging from 26,000 ohms/cm2 for mild steel to
46,000,000 ohms/cm? for Carpenter 20. The
extremely good “throwing powers” of the electrochemical cell used makes possible the protection
of vessels of complex geometry.

Application of Anodic Protection in the
Chemical Industry
and J. D. SUDBURY,
Corrosion, 1960, 16, (z), 99-102
The general requirements for the successful
application of anodic protection in metalelectrolyte systems are discussed. Important
factors are the initial current requirement, the
limit of the passive range and the current necessary
for the maintenance of the passive film. It has
been established that there is a time relation
between initial current required and attainment
of passivity and that a 50 millivolt passive range is
needed. An increase in temperature increases
both the initial passivation current and the
maintenance current, and shortens the effective
passive voltage range. Anodic protection may be
applied to 18/8 steels in H,SO,, HNO,, H,PO,,
NaOH, AI,(SO,), and NH4N0, solutions, but
solutions containing halogens are not suitable.
D. A. SHOCK, 0. L. RIGGS

Anodic Control of Corrosion in a Sulphonation Plant
0. I,. RIGGS,

M. HUTCHISON

and N. L.

CONGER,

Cowosion, 1960, 16, (z), 102-106
Laboratory studies were undertaken to show that
anodic protection could be applied to a mild steel
oleum storage tank and a 304 stainless steel
NaOH-RS0,H neutralisation tank. Severity of
corrosion was determined by weight loss of the
metal specimens and the total Fe, Cr and Ni
content of the H,SO, solution. A Pt cathode, a
solid reference electrode and an automatic
potential controller suitable for the operating
conditions of high temperature and extreme
agitation were developed.
Results obtained
using various stainless steel alloys show the
effects of increased temperature and time of metal
exposure to the 6776 H,SO, system. The
installation of controllers on each vessel is
described. Successful operation for a year has
resulted in a reduction of Fe content throughout
the process, improved quality of the product and
increased productivity of the plant.

GLASS TECHNOLOGY

12,

(11,

Trans. Sac. Instr. Technol., 1960,

38-49

Instruments used on a continuous, under-port
oil-fired, regenerative-type furnace are described.
Control of oil temperature and pressure and its
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Precision Temperature Control for Fibre
Glass Production
I S A Journal, 1960, 7, (I), 37-40 (From a
paper presented by P. E. STRAIGHT and c. 0.
HUFFMAN at the 14th Annual ISA InstrumentAutomation Conference and Exhibit, Chicago,
Sep.3 19591
The control system installed by the Pittsburg
Plate Glass Co. is shown in a block diagram. The
functions of the input-amplifier, magnetic
control chassis and magnetic summing amplifier
are explained. A Pt:13%Rh-Pt thermocouple
welded directly to the Pt bushing measures its
temperature and actuates the control equipment.
ANON.,

Nucleation, Crystallisationand Glass Formation
w. A. WEYL, Sprechsaal I-eram. Glas Email, 1960,
93, (6), 128-136 (In English)
T h e mechanisms of homogeneous and heterogeneous nucleation and the effect of molecular
structure of glasses on their crystallisation rate
are discussed in detail. The role of colloidal Pt
as a nucleation catalyst is explained by the
preferential adsorption by the metal particles of
S i 0 4 tetrahedra with the most non-bridging 02ions. (37 references)

ELECTRICAL ENGINEERING
High-speed Noble Metal Switching Relays
for Dial Offices
Siemens Z., 1960, 34, (4), 174-175
The trend of development in telephone switching
technique is briefly reviewed. Special features of
the relays designed for Siemens dial systems
include a high percentage Pd alloy double contact.

ANON.,

The Conductivity of Oxide Cathodes. Part 7.
Solid Semiconduction
and E. MAcARTNEY, Proc. znstn. Elect.
Engrs., Part C , 1960, 107, ( I I), 91-97
A standard S-type assembly consisting of Pt
cores with a matrix of equimolar BaO-SrO was
used in a study of the properties of the solid
conductivity state below 600°K. Semiconductivity of the oxide matrix results from activation
by a thermo-chemical mechanism of the form:
nPt+ mBaO+Pt,Om+mBa. This conductivity at
G. H. METSON

Application of Instrumentation to GlassMelting Furnaces
N. I. WALKER,

flow to the furnace as well as control of atomising
air flow, combustion air flow, furnace pressure
and furnace reversal are discussed in detail.
Glass level is measured normally by using a
reciprocating Pt-tipped refractory probe. Aboveglass temperatures are measured by Pt:Rh-Pt
thermocouples sheathed in recrystallised A1,0,
which project through the crown and side-walls
of the furnace. Pt-sheathed thermocouples are
used to measure below-glass temperatures. The
various controls are co-ordinated by the operator.
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420'K (the low-temperature reference con- 630.5" and 1063"C, fixed points on the Interductivity, n4zo)of a Pt-cored assembly increases national Temperature Scale. Use of high purity
almost linearly with increase of conditioning Pt wire for the resistor has reduced thermometer
temperature. The function u,,, also increases drifts to less than 0.001deg/hr at IOOO"C.
In
with increase of chemical activity of the core one design, the resistor wire is supported by four
metal. There is a definite relationship between synthetic sapphire discs through holes in which
the high-temperature vacuum conductivity, are threaded eight heavy lengths of Pt wire.
u ~ ~ ~and
, , ,~ 4 2 0 . I n the temperature range 40-Four leads of Pt wire are joined to the resistor.
3o0°K, the conductivity is rapidly and almost The assembly is protected by a fused A1,0, tube.
completely destroyed by oxygen. ula0is constant
over a wide range of applied voltage and current Techniquesof CathodeTemperatureMeasureand shows a high degree of electrical stability ments as Applied to Commercial Cathodewith time.
Ray Tubes
P. P. COPPOLA, Rev. Sn'. Imtr., 1960, 31, (2),
137-143
TEMPERATURE
Thermocouple, optical pyrometer and retarding
potential techniques of measurement were investMEASUREMENT
igated and the relative merits and limitations are
discussed. Corrections necessary for each method
Spotting Reaction Hot Spots
are given. The design is given of an electron-gun
J. F. LOVETT, Instrumentation, 1959, 12, (4),23
planar-disc cathode structure used for making
A travelling Pt:Rh-Pt thermocouple is used to thermocouple measurements.
Pt: Io%Rh-Pt
detect reaction hot spots produced in a heat thermocouples are used.
exchanger tube during the oxidation of naphthalene. The thermocouple, surrounded by ceramic
insulating material, is sheathed with stainless Radiation Effects on Thermocouples
M. J. KELLY and w. w. JOHNSTON, U.S.A.E.C.
steel.
Instrumentation and Controls Div., Report
0RNL-2787J 19.59~"'v*, 7 7 7 9
High-TemperatureResistance
Data obtained on the effect of neutron flux on
Thermometry
Pt:Rh-Pt thermocouples are shown graphically.
ANON., US. Nut. Bur. Stds. Tech. News Bull.,
The percentage error at 1900°F is shown as a
I9.59, 43, (I2), 233
function of neutron exposure. A deviation curve
A Pt resistance thermometer has been developed of thermocouple error vs output for a Pt:roO,,
for measurement of temperatures between Rh-Pt thermocouple is given.

NEW PATENTS
Grain-stabilising of Metals and Alloys
& co LIMITED British Patent

JOHNSON, MATTHEY

830,628
A grain-stabilised platinum group metal or alloy
material is made by compacting and sintering a
mixture of the powdered metal or metals and
o.oo5-5% by wt. of the total mixture of a
refractory metal carbide, preferably tungsten
carbide, also in powder form.

Reforming Catalysts
INDUSTRIES INC.
British Patent
830,838
In making a platinum-alumina catalyst (0.2-1.5 yo
by wt. platinum), part of the platinum is incorporated by reaction in aqueous medium of a
halogen platinic acid with hydrogen sulphide in
the presence of an alumina hydrate catalyst base
precursor. Another part of the platinum is
incorporated by mixing the precursor with an

ENGELHARD
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aqueous platinum sulphide sol. The resulting
product is dried and calcined. At least 0.1% of
platinum is added in each case.

Gas Analysis
British Patent 831,039
Carbon dioxide analysis apparatus includes an
absorption chamber and an electrolytic vessel
having an anode of platinum and cathode of iron
or nickel separated from the anode by a diaphragm
of aluminium oxide so as to prevent passage of
carbon dioxide produced during electrolysis from
the anode to the cathode.

H. MAIHAK A.G.

Hydrogenation of Acetylene
INC.
British Patent
831,406
A catalyst for use in the selective hydrogenation
of acetylene is composed of palladium on activated alumina, the weight of palladium metal

ENGELHARD INDUSTRIES
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being below o.o010/, of the total catalyst weight,
but at least o.00001 yo (preferably about 0.0001 :&).

Platinum Group Metal Catalysts
British Patent
832J031
A catalyst for chemical reactions consists of a
base metal or solid rekactory having a flamesprayed coating of alumina, zirconia or other
oxide refractory on which has been flame-sprayed
a coating of platinum or another platinum group
metal, particularly rhodium or palladium. An
alloy, e.g. 90"/0 Pt and I O ~ "Rh may also be used.
NORTON GRINDING WHEEL CO. LTD.

Alloy for Nuclear Reactor Control Rods
British Patent
832J959
An alloy suitable for making a nuclear reactor
control rod is composed of 0.5-1.5% by wt. of
platinum, ruthenium, rhodium, osmium or
palladium, o-ro% by wt. of cadmium, 2-20%
by wt. of indium and balance silver. Numerous
examples given.

U.S. ATOMIC ENERGY COMMISSION

Hydrogenation Catalyst
British Patent
832,141
A hydrogenation catalyst (for the hydrogenation
of 1,4-butyne-diol to I,?-butendiol) is made by
treating a liquid dispersion containing a copper
compound, e.g. copper acetate, and metallic
palladium with a reducing agent, e.g. hydrogen
or hydrazine, to precipitate metallic copper in situ
on the palladium. The palladium may be supported on alumina or charcoal.
GENERAL ANILINE & FILM CORP.

Production of Hexahydroterephthalic Acid
British Patent 833,185
Hexahydroterephthalic acid is prepared by
subjecting terephthalic acid to the action of
hydrogen at elevated temperature (150-300°C)
and pressure (at least 3,000 p.s.i.g.) in the presence of a palladium or ruthenium catalyst and of
an inert liquid medium in which the acid is at
least partly soluble under the reaction conditions.

HERCULES POWDER CO.

Catalytic Hydrogenation of the Dinitro
Derivatives of Toluene
British Patent 832,153
A platinum or palladium catalyst may be used in
a method of reducing dinitrotoluene to the
corresponding diamine by catalytic hydrogenation
of the dinitrotoluene while in the molten state.

Concentration of Hydrogen
PRODUCTS CO.
British Patent
833,837
A gas stream of increased hydrogen concentration
is produced from a hydrogen-containing gas
mixture by passing the mixture at elevated pressure and temperature through a diffusion zone
separated into upstream and downstream portions
by a membrane of a hydrogen-permeable metal
of Group VIII. The membrane is supported
against the upstream pressure by a rigid porous
matrix comprising compressed sintered steel
particles.
The stream of higher hydrogen
concentration is collected on the downstream
side. The membrane may be formed of platinum
or palladium or alloys thereof, e.g. silverpalladium, gold-palladium or boron-palladium
alloys are referred to.
UNIVERSAL OIL

ALLIED CHEMICAL CORP.

Productionof Alumina Hydrate Compositions
ENGELHARD INDUSTRIES INC.
British Patent
832,200
A platinum metal-alumina catalyst is made by
forming an alumina hydrogel, converting it to a
hydrate, mainly alumina trihydrate, incorporating
platinum, rhodium, palladium or iridium in the
hydrate composition in finely distributed form,
drying and calcining. Method of preparing the
alumina hydrate described and claimed.

Analysis of Gaseow Hydrocarbons

Producing Nitro and Polyamides

BAYER A.G.
British Patent
832,423
Gaseous hydrocarbon mixtures are analysed by
gas-chromatography using hydrogen as carrier
gas, by converting the unsaturated constituents of
a sample of the gas mixture into saturated hydrocarbons by hydrogenation in a hydrogenation
column containing platinum or palladium as
catalyst, and separating the gas mixture so obtained in a gas-chromatographic column.
FARBENFABRIKEN

Cow. British Patent
834,155
An amine of specified structural formula is produced by catalytically hydrogenating, in the
presence of a fatty acid having 1-5 carbon atoms
in its molecule, a nitride of specified formula. A
palladium-on-charcoal catalyst is used.
COMMERCIAL SOLVENTS

Production of Aromatics

Catalytic Dehydrogenation of N-Methylpyrrolidine
IMPERIAL CHEMICAL INDUSTRIES LTD.
British
Patent 832,855
N-methylpyrrolidine is dehydrogenated to N-
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methylpyrrole by passing it in vapour form
together with hydrogen at elevated temperatures,
e.g. 200-500°C, over a catalyst composed of
platinum or palladium supported on silica gel.
1% to 10% by wt. of the gel of platinum or
palladium is used.

THE BRITISH PETROLEUM CO. LTD.

British Patent

8 34,9 12
Aromatics are produced from feedstocks,
consisting of or containing non-aromatic hydrocarbons having at least 6 carbon atoms in the
molecule, by contacting the feedstock with a
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catalyst comprising platinum on a support of
alumina or silica, with or without halogen and up
to 5 96 wt. of sodium or lithium in combined form,
sufficient to suppress side reactions. 0.01-5o/u wt.
of platinum may be used. Temperature of 400600°C and 0-200 p.s.i.g. pressure are employed.

hour, separating solid hydrous alumina from the
resulting slurry, repeatedly re-slurrying the
alumina with aqueous ammonia solution (pH at
least 9), again separating solid hydrous alumma
and finally impregnating the alumina with 0.051 7 by
~ wt. of platinum, drying and calcining.

Activation of Platinum-containing Catalysts

Preparation of Methylene-bisphenols

N.V.

cow. U.S. Patent 2,925,444
A bis-(hydroxyphenyl) methane is made by
reacting at ambient temperature a bis-(hydroxyphenyl) ketone with hydrogen at 1-5 atm pressure
in the presence of a relatively small amount of
palladium supported on an inert carrier.

DE

INDUSTRIAL RAYON

BATAAFSCHE PETROLEUM MAATSCHAPPIJ

German Patent 1,065,384
In the activation of platinum-containing catalysts
on alumina or a carrier consisting mainly of
alumina and containing chlorine and/or fluorine,
before activating the catalyst at a temperature of
25+550"C, the catalyst is pre-activated with a
mixture of hydrochloric or hydrofluoric acid, as
well as water vapour and oxygen, or an oxygencontaining gas at 200-225'C, the mole ratio of
water vapour to hydrogen halide being at least 50.

Catalyst for Isomerisation of Hydrocarbons
co. U.S. Patent 2,925,453

THE PURE OIL

A catalyst consists of a silica-alumina hydrocarbon-cracking composite containing 50-95 :L by
wt, of silica, in which is incorporated a small
amount of palladium and rhodium, each being
present in amount to improve the isomerisation
activity of the catalyst. More palladium is
present than rhodium.

Brush for Tinning Metal Surfaces
TILTMAN LANGLEY LTD. German Patent 1,065,688
A brush for use in tinning metal surfaces, e.g. of
aluminium or alloys thereof and for producing a
solder joint between two surfaces tinned with
solder, has bristles made of glass threads, quartz
threads or another non-metallic material of
similar strength and flexibility, coated with a layer
of platinum.

Catalyst

German Patent 1,066,028
Laboratory apparatus and like chemically resistant
apparatus is formed of an alloy of 3-8Y0 gold and
balance platinum.

U.S. Patent 2,927,141
Acetylene is selectively hydrogenated by passmg
a gaseous mixture containing up to 276 by wt. of
acetylene together with hydrogen in amount at
least stoichiometrically equivalent to the acetylene
content and at elevated temperature and pressure
over a catalyst composed of palladium, a promoter
metal (rhodium, silver or iron) and activated
alumina. o.oo1-0.0350/~ by wt. of palladium and
0.001-5~/0 by wt. of promoter metal are used.

Bath for Electrodeposition of Rhodium

Catalyst

ENGELHARD INDUSTRIES INC.

Platinum Apparatus
DEUTSCHE GOLD-UND SILBER-SCHEIDEANSTALT

SEL-REX

cow. German Patent 1,068,081

E.I. DU FONT DE NEMOURS & co. U.S. Patent
2,924Y540
An electrical resistor is formed of a ceramic
dielectric carrying a vitreous enamel resistor
element comprising 8-50?" by wt. of finely
divided palladium embedded in a glass matrix.

Catalyst
U S . Patent 2,925,395
A platinum-alumina catalyst is made by adding
ammonia, ammonium hydroxide or a watersoluble amine to a Heard-type alumina hydrosol
in sufficient amount to raise the pH to 8.5-12,
maintaining the mixture at this p H for over I
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Fluidised Platinum Reforming Process
& ENGINEERING co. U.S. Patent
2,9331446
In the continuous hydroforming of a naphtha,
the naphtha and hydrogen first contact in a
reaction zone maintained at 900-975"F and
50-500 p.s.i.g., a large size catalyst in the form of
"shot" having a platinum content of 0.3-0.6 wt.O/o
and a chlorine content of 0-0.4 wt.0,; to convert
the naphthene constituents to the corresponding
aromatic, and then the partially converted feed
contacts, in the same reaction zone, a fluidisable
sized catalyst containing 0.03-0. I wt. 7; platinum
,
whereby the hydroand 0.7-1.0 ~ t . ~ : chlorine,
forming is completed and an improved yield
product is recovered overhead from the reaction
zone.
ESSO RESEARCH

Ceramic Composition

STANDARD OIL co.

OIL PRODUCTS co.
U . S . Patent
2,930,765
A catalyst for hydrocarbon conversion consists of
alumina, 0.01-1": by wt. platinum, o . I - I ~ / by
~
wt. combined halogen and o.01-1y4, by wt. of an
alkali mctal.

UNIVERSAL

An clectrolytic bath for depositing rhodium with
low internal stress and containing free sulphuric
acid and rhodium as rhodium sulphate comprises,
per litre of solution, 20-100 ml (preferably 50 ml)
of free sulphuric acid, about 2-5 g of rhodium,
10-100g (preferably 50 g) magnesium sulphate
and remainder water.
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