PLATINUM METALS REVIEW
A quarterly survey of research on the platinum metals and of
developments in their applications in industry

VOL. 4

JANUARY 1960

NO. 1

Contents
Platinum in thc Glass Industry

2

Ncw Hydrogenation Catalysts

10

Platinum Metals in Potentiometers

11

Palladium Plating of Printed Circuits

12

Tantalum-Platinum and Titanium-Platinum Bi-Electrodes

15

Anodic Corrosion Control

17

Iridium Platinum Alloys

18

The Platinum of New Granada

27

Properties of Ruthenium, Osmium and Iridium

31

Abstracts

32

New Patents

38

Communications should be addressed to
The Editor, Platinum Metals Review
Johnson, Matthey & Co., Limited, Hatton Garden, London, E.C.1

Platinum in the Glass Industrv
J

By Eric Preston, Ph.D., D.s~.
I n the glass industry of today platinum and its alloys are accepted as
essential tools in the successful production of a wide variety of glass-ware,
.from the humble bottle to theJinest optical glass, from the electric light
bulb to the jibre glass insulating material. This article, to be published
in two parts, reviews the most important of these applications of platinum
and outlines some newer developments.

of thermocouples for the control of the
melting and working operations. In fact, as
far as the glass industry is concerned it was
rather the other way round. The connection
of platinum with the process of glass melting
dates from 1829 when Michael Faraday, in
the Bakerian lecture of that year, gave his
account of the successful production of a
number of new optical glasses of exceptional
purity. He obtained them by mclting in small
trays of “platina”, as the metal was then
called. This was hardly production on a

It would not be unfair to suggest that to
most managements and technicians enga.ged
in glass manufacture today the use of platinum
and its alloys to assist in the melting and
working of glasses is a comparatively modern
development.
Equally, they could be forgiven for believing
that the first use of this metal and its alloys
was in the laboratory in the form of crucibles
and other chemical ware for the analysis of
glass, and that subsequently its first entry
into the glass factory proper was in the form

One of the major uses oj’plutinlrm i n the glass industry is i n the production of glass jibre i n
electrically heuted platinum vessels or bushings. This photograph of the drawing sertion of the
ASEA glass-jibre mill at Xobertsfors, Sweden, shows the battery of bushings, operating at n
temperature of around 1400°C.
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One of the platinum bushings
producing continuous $lament
glass fire in the ASEA plant.
The base of each bushing contains either 102 or 204 ori$ccs
through tchirh the molten glass
is drawn on to a spool. The
,fibre diumster is dependent
upon the speed of drawing, the
diameter of the orifire. and the
temperature.

factory scale, but Faraday obtained the
glasses in amounts sufficient for him to
determinc thcir more important optical
properties.
T o this day one of the major uses in the
glass industry of platinum and its alloys is in
the manufacture of optical and other special
glasses requiring to be free from contamination by iron oxide or from the effects of the
solution of the refractory materials of the
fireclay or sillimanite pots in which they
would otherwise have to be melted. This is
undoubtedly to be considered as the commercial development of the technique the
possibilities of which were first demonstrated
by Faraday.
It is not, however, by any means the only
major use. Among others to be described in
this article arc the cladding of furnace refractories with platinum in order to avoid
contamination of the glass by corrosion
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products, and - one of the most fascinating
of modern industrial developments - the production of fibre glass through a series of
closely dimensioned orifices in a platinum
bushing at a working temperature of around

c.

1400-

The important properties of platinum and
platinum alloys that render them of particular
value in all forms of glass manufacture today
arc their high melting points, their extreme
resistance to oxidation at glass melting
temperatures, their virtual insolubility in all
molten glasses, all combined with the fact
they can be produced under such carefully
controlled conditions that their chemical
compositions and physical properties remain
constant within very close limits.
I n general, platinum and its alloys are
used in the glass industry because they are
“refractory mctals”, thcy are indestructible,
and their thermo-electric properties enable
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them also to be used as the most accurate
means of temperature control. T h e sections
which follow give a brief account of the varied
applications of these metals in widely different
sections of the industry.

also rises.
I n applications where pure
platinum is considered to be too soft, then
one or other of the alloys is employed containing usually 5 or 10 per cent rhodium.
However, the mechanical strength of platinum
at high temperatures is by no means insignifiit requires a pull of more
cant, and at IOOOT
than two tons per square inch to cause
fracture. As will be seen from the table, this
is increased to some six tons per square inch
in the 10 per cent rhodium alloy.
The ductility of platinum and the ease
with which it can be shaped and welded,
which are also features of the harder alloys,
greatly facilitate its industrial applications.
I n the case of the glass industry these properties allow any shape to be covered with a
comparatively thin "overcoat" of platinum
or alloy to protect the underlying material
from corrosion by the molten glass.
The value given in the table beiow for the
coefficient of linear thermal expansion may
be surprising to glass technologists who are
more familiar with the value 9.1. For one of
the earliest applications of platinum was as a
conductor which sealed easily into glass,
making a strain-free seal with a glass of
approximately the same thermal expansion,
namely 9.0 to 9.1 x I O - ~ . Indeed it was this

It is a significant fact that the use of these socalled "precious metals", admittedly high in
initial coat, has always resulted in the production
of the particular types of glass to which they have
been applied at a more economic price. This is
due entirely to the production of a purer glass, or
a glass with greater freedom from defects from
whatever cause.

The metals that find greatest application
in the glass industry are platinum and its
alloys with rhodium up to a maximum of 10
per cent. Alloys containing higher percentages
of rhodium have been employed on occasion
but they are not in general use and at the
moment it is doubtful if it is necessary to go
beyond 10 per cent rhodium.
Platinum and rhodium form a continuous
series of solid solutions in which the liquidus
temperature gradually rises from the melting
point of platinum, 1769"C, to that of rhodium,
1966°C. As the proportion of rhodium present
in the alloy increases so also does the mechanical strength of the alloy, and, a most important feature, the resistance to creep stresses

I

Properties of Platinum and Rhodium-Platinum Alloys
5 per cent

10 per cent

Pure
Platinum

RhodiumPlatinum

RhodiumPlatinum

Density, g per cc

. . . . . . . . .

21.4

20.8

20.0

Melting point, "C
"F

. . . . . . . .

. . . . . . . .

I769
3216

I820
3318

I850
3362

10.2

10.3

10.4

I8,OOO

35,000

48,000

..

..

Coefficient of linear expansion, (20"-I00Oa C )

. . . . . . . . . . . .

Ultimate tensile strength (annealed) a t room
temperature, Ib per square inch
. . . .
Ultimate tensile strength a t IOOO'C (1832"F),
Ib per square inch

. . . . . . . .

Resistivity, microhm-cm at 0" C

4,500

8,000

14,000

. . . . . .

9.8

17.3

18.4

.

.I7

,I I

.09

Thermal conductivity, CGS units
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R L Corning Glass Works. Corning, N e w Ynrk, pouring n sample of’ (I
new glass composition .from a platinum-linrd cruciblr

easy matching of the expansions of glass and
platinum that allowed the early lamps and
radio valves to be manufactured by sealing
the conductors through lead oxide containing
glass. Even today, the substitute which was
quickly developed, sopper-clad, is still often
referred to as “red platinum”.
I n common with many other materials,
including glasses themselves, the coefficient
of linear thermal expansion is not constant
throughout the entire temperature range, the
plot of expansion against temperature being
a curve and not a straight linc. I n the range
zoo to 32oOC the linear thermal expansion of
pure platinum is almost exactly that of a
glass containing 30 per cent lead oxide,
i.e. 9.1 x I O - ~ .
It is difficult to state a “safe” temperature
at which platinum and its alloys may be
employed, for much depends upon the
conditions, chemical and physical, into which
the metal is to be introduced. I n some cases,
as in thermocouples, 1600°C is a perfectly
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safe temperature over long periods, while
1450°Ccould be said to be a generally safe
temperature in T hich to employ platinum
and its alloys in glass working operations, but
appreciably higher temperatures are commonly encountered.

Laboratory Uses
T h e glass technologist first becomes aware

of the value of platinum to the industry in
the laboratory where he is called upon to
carry out chemical analyscs of the glasses
which would be quite impossiblc without
platinum crucibles and dishes, and also many
physical tests that require special platinum
apparatus.
Although not the greatest
amounts of platinum are employed here it is
the section of the factory where platinum and
its alloys will be universally found.
I n addition to these, many special pieces of
apparatus in platinum or its alloys are often
required. Tests devised for the control of the
devitrification temperatures of glasses are
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exercised in the production of the wires to
give products of constant thermo-electrical
properties that there are so many temperature
measuring and recording devices whosc
scales and charts require no alteration when
new batches of thermocouple wire are put
into service. For all practical purposes today
these properties remain constant and allow
temperature control of glass-making proccsses
without difficulty. This degrcc of
to &IT
control is necessary in many high-speed
modern glass forming operations.
Not many years ago one thermocouplc
would have been regarded as adequate as
giving “the melting temperature”, but today
furnace technicians are much more conscious
of the need not only for constancy of temperature at the measured point but for constancy
of temperature distribution within the melting
and working compartments of a tank furnace
if glass of consistent properties and quality is
to be produced.
In a moderate sized tank for the manufacture of the commonplace bottle it would not
be unusual to find as many as a dozen
platinum thermocouples, both in the combustion space and within the glass itself, and
in a glass works having three such tanks as
many as fifty or sixty such couples in operation would be found for measuring not only
the furnace and glass temperatures, but in
the feeders conveying the molten glass to the
machines, in the annealing furnaces and pot
arches. In the huge sheet glass furnaces of
today as many as fifty may be found in a single
furnace.
For the measurement of temperature in the
combustion space, and above the glass surface,
the old forms of refractory sheathed couple
still survive, but for the measurement of
temperatures within the molten glass itself
they are obviously at a disadvantage. The
refractory sheath is attacked by the glass and
gradually dissolved, and frequent replacements are necessary. This is not an easy
operation, especially if they are inserted
through the siege of the furnace. T o meet
this requirement a more rigid type of couple,

carried out in K O per cent rhodium boats
inches.
measuring approximately 6 x 9 x
For the determination of the viscosity of glass
at high temperatures concentric cylinders of
platinum alloy are required or sometimes a
variation of the falling ball techniquc is used,
employing a platinum ball and rod. I n the
larger glass-works laboratories such equiF ment is part of the routine control employed
in glass manufacture and it is here in th s
vital section of the factory that the young
technician appreciates the refractory, ir soluble nature of the platinum metals and
then naturally seeks to apply them in prcduction.

+

Temperature Measurement
and Control
The value of platinum : rhodium-platinum
thermocouples to industry is too well known
to require further elaboration. Today they
are accepted without question, and it is a
tribute to the extreme care and control

For the measurement of temperature i n molten
glass, this platinurn : rhodium-platinum lhermocouple has Been developed by the Foster Instrumera
Co. Ltd. The former refractory sheath has been
replaced by a platinum sheath
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Accurate temperature measurement and control are vital i n the operation cf modern glassforming
machines. This “ribbon” machine produces more than one and a quarter million electrir lamp bulbs
a day at the works ojGlass Bulbs Ltd. at IIarzoorth, Yorkshire, where more thanfcftyplatinum thermocouples are installed

For intermittent and experimental exploration of glass temperatures a form of this
couple has been devised based on the
immersion thermocouple familiar in steel
works operations, in which the expendable
silica sheath has been replaced by one of
platinum. Such a portable thermocouple for
the rapid determination of glass temperatures
in pots, or for the exploration of glass temperatures in tank furnaces and feeders, has now
been made available. After a year’s operation it is calculated to be no more expensive
than the similar form with the cxpendable
sheath.
It is not unlikely that in the futurc thermocouples of this type with the platinumsheathed end will replace the old refractory
sheaths, for the latter, even in the furnace
space, are often so attacked by the products of
combustion that they are burnt through, to

illustrated on page 6, has been devised. The
former refractory sheath is replaced by a
sheath of platinum or rhodium-platinum
alloy, and the unit is practically indestructible,
with the added advantage of a much quicker
response to any temperature variations.
This form of couple finds application not
only in the melting and refining compartments of tank furnaces but in the feeder
channels where it is even more vital to have
accurate and rapid temperature control for
the most efficient operation of the modern
A
high speed glass forming machines.
typical example is in thc production of
electric lamp bulbs by the ribbon machine,
where from a single feeder more than 1.25
million bulbs are produced each 24 hours
and where a variation of 2 degrees in the glass
temperature would completely upset the
operation of the machine.

Platinum Metals Rev., 1960, 4, (1)
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the detriment of the couple inside and in
consequence they have to be replaced from
time to time.
Replacing a thermocouple through the
crown of a furnace operating at 15oo0Cand
higher is not a pleasant task, and the newer allmetal sheath should not require replacement
and would have the very important advantage
of following more rapidly the temperature
fluctuations in the combustion space and
thereby allowing the fuel and air controls to
react more quickly.

of these syslems to bc developed was the
sodium-vapour lamp. For a time it was
perhaps a little over-shadowed by the
mercury-vapour lamp but today there appears
to be a strong preference for sodium-vapour
lighting of main thoroughfares.
For the successful production of a sodiumvapour lamp the essential unit is a tube of
glass which is itself resistant to the attack of
sodium vapour. This is achieved by producing a tube the internal surface of which is
coated with a layer of sodium-resistant glass.
It would be far too costly to produce the
entire tube in this glass, so a very small
quantity of the sodium-resistant glass is
covered with a much larger mass of ordinary
soda glass and the whole drawn out into a
tube having a thin layer on the internal surface
of a glass inherently resistant to sodium
vapour. T o bc successful this internal layer
must be absolutely free from contamination
by iron oxide. The only way of ensuring
this is to melt the glass in platinum pots.
The first platinum pot for this process was
supplied about twenty-five years ago and the
technique for the production of this glass

Glass Melting in Platinum Pots
Apart from the melting of optical glasses,
which must in the chronological sequence be
accorded first place, one of the most important
applications of platinum to the factory
production of glasses is for the electrical
industries. Some twenty-five years ago it
became obvious that discharge lamp lighting
was far more efficient in terms of light output
for watts input than tungsten filament
lighting. The individual lighting units however were expensivc but wcre ideally suited
to public lighting systems. One of the earliest

Optical glass i s produced by Bausclk and
Lomb offlochester, New
York, both i n continuous-jlotu furnaces, portions oJ which are lined
with platinum, holding
Stoatonsofglass, andin
platinum-lined crucibles each holding up
to 200 Eb of glass. The
platinum-lined pot
shown here is pouring
a small experimental
batch of optical glass
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Removing a platinum pot, supported i n a refractory rrucible. from the jiwnacr at the
Birmingham works of Chanre Brothers Ltd. Thp pot holds 12 litrps of optical glass

one-third to one-quarter that of the 10 per
cent rhodium alloy so that when pure
platinum is employed it is wise to give it
added strength by supporting the pot in an
external refractory crucible. This technique
is exemplified in the illustration above, which
clearly shows the platinum pot supported by
its refractory outer case. Optical glasses of
the highest degree of purity and freedom
from colour are produced by this means.
Apart from the production on a commercial scale in the factory of such glasses
melted in platinum or rhodium-platinum
alloys, there continues daily the experimental
development of glasses melted in platinum
on a laboratory scale. The overriding
requirement is to keep the glasses free from
colouring oxides such as iron resulting from
the solution of the normal alumino-silicate
refractories in which they would otherwise
have to be melted.

remains the same, although the pots have
grown in size and number. These pots relied
entirely on their own mechanical strength and
were usually in 10 per cent or 5 per cent
rhodium-platinum alloys. Their life before
reshaping was required was, and remains,
upwards of one year.
It is true to say that the vast majority of
sodium-vapour lamps employed in street
lighting today contain glass melted in
platinum alloy pots.
In the optical glass industry although there
is a longer history of the use of platinum pots
the tonnage involved is not quite so great.
Here it is a question of even greater chemical
purity. Although the platinum alloys are
virtually insoluble in molten glass it is true
that minute quantities of rhodium can be
detected in the resulting glass, and as optical
glasses are required to be of the highest
possible purity they are generally melted
when required in pure platinum pots. We
have seen that the mechanical strength of pure
platinum at high temperatures is only about

Platinum Metals Rev., 1960, 4, (1)

The concluding part of D r Preston’s article will be
published i n the April issue of ‘Platinum Metals
Review’.
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New Hydrogenation Catalysts
POSSIBILITIES OF PROTEIN FIBRES AS BASES
A new type of palladium hydrogenation
catalyst developed in Japan at Osaka University has silk as its carrier material. Early work
by S. Akabori, Y. Izumi, Y. Fujii and S.
Sakurai resulted in a silk-palladium catalyst
which was effective for the asymmetric reduction of certain unsaturated compounds. The
catalyst was prepared by co-ordinating palladous chloride with silk fibroin fibres and then
hydrogenating the complex. Because of its
low density, high ignition point and the ease
with which it may be handled, the silkpalladium has characteristics which recommend it as a general hydrogenation catalyst.
It is easily mixed with reacting substances
and may be separated from them by simple
filtration. The silk may be prepared as sheets,
cloths or wool by spinning and weaving.
In three recent papers Y. Izumi describes
an investigation into the suitability of the
silk-palladium catalyst for general hydrogenation reactions (Bull. Chem. SOC.Japan, 1959,
32, (9), 932-945).
The preparation and
stability, properties and physicochemical
characterisation of the catalyst were studied.
At the same time, a 6-Nylon-palladium
catalyst was prepared and assessed.
Although the original silk-palladium complex was prepared by boiling silk fibroin
fibres with an aqueous solution of palladous
chloride, Izumi found a 5 per cent palladium
content may be obtained by using a dilute
acetic acid solution of the palladium salt.
The resulting chelate is activated by reduction with hydrogen in an autoclave. Both the
catalyst and its precursor, the silk-palladium
chelate, are quite stable and may be stored
for a long period without loss of activity.
A value of 14.5kcal/mol is quoted for catalyst
activation energy in the hydrogenation of
nitrobenzene to aniline. 4-Nylon-palladium
prepared by a similar method has a lower
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palladium content (2.3 per cent) but also
shows a high activity; its activity is proportional to its palladium content.
The activity of the catalyst was examined
with a variety of unsaturated compounds.
In contrast to the original catalyst prepared
from an aqueous palladous chloride solution,
it does not achieve asymmetric catalysis.
However, aliphatic C = C double bonds are
reduced at low temperatures in a selective
reaction in which carbonyl groups remain
unattacked even at higher temperatures.
Therefore, the catalyst is particularly suitable
for the preparation of saturated aldehydes
and ketones from the corresponding unsaturated compounds. Aromatic C - C bonds
are inert to the catalyst. Although aliphatic
carbonyl groups (with the exception of
cr-ketoglutarate) are not susceptible, aromatic
carbonyl groups are attacked. Aldehyde,
nitrile and nitro groups attached to aromatic
rings are catalytically hydrogenated as are
azobenzene and some oximino groups, but
there is a weak catalytic effect for aliphatic
nitro groups. After one run the activity of
the silk-palladium catalyst is considerably
increased and this higher activity persists for
at least four more runs.
Toxicity tests carried out during the hydrogenation of nitrobenzene and diethyl maleate
showed that the silk catalyst is more seriously
poisoned by ethyl mercaptan than is a
palladium-carbon catalyst; however, no palladium is extracted from the silk-palladium
in contrast to a carbon catalyst. The mercaptan probably inhibits the catalyst by
direct blocking of the active palladium.
Acetylation and the presence of ferric and
cupric ions greatly lower the activity. It is
thought that the metal ions form chelate
linkages with the protein, thus blocking the
active palladium atoms distributed inside the
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fibroin micelles; acetylation may have a
similar effect. Treatment with EDTA reactivates the catalyst poisoned by ferric or
cupric ions; in fact, EDTA treatment produces a more active catalyst. Also, treatment
of silk fibroin with acetic anhydride prior to
the preparation of the catalyst gives a strongly
active product.
In an attempt to determine the mechanism
of catalytic asymmetric reactions, silk fibroin,
its palladium chloride chelate, the silkpalladium catalyst and 6-Nylon catalyst were
examined by X-ray diffraction and infrared spectrophotometry. The reaction of the
palladium in the silk complex with p-nitrosodimethylaniline was also observed.
Infra-red absorption measurements indicate that the NH, OH, COOH and CONH
groups of the fibroin participate in the
chelate formation. On reduction, the chelate
linkages are broken and the palladium is then
present in an atomic form. Studies by X-ray
diffraction suggest that chelate formation

does not significantly alter the arrangement of
the fibres. Distinct patterns due to palladium
atoms are observed after hydrogenation of the
complex. Chemical reaction with p-nitrosodimethylaniline confirms the presence of
some of the palladium of the complex in a
readily reactive state while the remainder
appears to be dispersed in the fibre structures.
It is concluded that part of the palladium
atoms in the catalyst are assembled in fine
crystalline particles and the remainder probably becomes regularly arranged in the micelle
structures of the fibres. There is a possibility, also, that certain regular structures
emerge in the protein carrier itself.
No definite explanation of the mechanism
of catalytic asymmetric reduction is given
although it is suggested that it is related to
the structure of the carrier. The lack of
activity in this type of reaction of catalysts
prepared in acetic acid is so far not understood.
5. M. G.

P L A T I N U M METALS IN POTENTIOMETERS
To achieve complete reliability of contact at the low
brush pressures necessary for
long life, Kelvin & Hughes Ltd.
have made careful selection of
materials for their precision
potentiometers.
The example illustrated is a
miniature sine-cosine potentiometer intended mainly for use
in airborne equipment. This
has a flat Corundite former
wound w i t h either 10 per cent
rhodium-platinum o r 20 per
cent copper-platinum wire
according t o the resistance required. The face of the winding
is swept in a circular track by
brushes of platinum-gold-silver
alloy wire, soldered end-on t o
beryllium-copper blades so
that the contact area does not increase w i t h wear. Slip rings of copper-palladium are used
w i t h platinum-gold-silver brushes.
Only I-5/8inch in diameter, the potentiometer provides 18’ revolution and 0.5 per
cent sine law accuracy, w i t h life expectation exceeding half a million revolutions.
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Palladium Plating of Printed
Circuits
By .J. E. Philpott,

B.s~.

Where low and stable values of contact resistance are required in a
printed circuit, the contact surfaces are locally electroplated with a noble
metal. The physical properties of palladium, combined with its relatively
low cost and the ease with which it can be applied, make it an ideal
metal f o r .this purpose.

During the last decade the printed circuit
has been extensively developed and is now in
general use in a variety of electronic equipment. It consists basically of a series of
conducting tracks bonded on to a nonconducting backing.
Numerous materials and production techniques have been investigated during this
period of development and although other
types are still in use for certain specialised
applications the most common form of printed
circuit is based on synthetic resin-bonded
paper and copper foil. Such circuits are produced by etching techniques and they have
found their way into equipment ranging from
domestic radio and television receivers to
elaborate defence devices.
The use of printed circuits was originally
confined to applications where the conducting
tracks replaced the wiring of conventional
chassis. The main requirements of the track
were that it should be of tolerably high
conductivity and that it should readily soft
solder.
Copper met these requirements
adequately, although there has been a growing
interest in improving the soldering properties of the surface-particularly
after
storage. The contact properties of the track
were not however of interest, since all connections to the circuit were soft soldered.
Wider uses of printed circuits have since
been developed, and there are now two
fields of application where the contact
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properties of the track are of great importance.
In the first, the printed circuit is used as
the major component of a switch, the track
replacing the mechanically produced segments or slip rings of the conventional
switch.
In the second, one edge of the printed
circuit board is designed for plugging into a
suitably designed socket. This application is
of particular importance to the computer
manufacturer since it makes it possible for
various sub-circuits, each capable of carrying
out some mathematical operation, to be
plugged into a computer during “programming”. The plug contacts usually take the
form of a number of parallel strips at right
angles to one edge of the board.
Copper is not an ideal contact material; the
oxide layer that it forms on its surface may
give rise to high and unstable resistances and
it is too soft for the more severe mechanical
conditions that may be encountered, particularly in switching duties. Attention has
therefore been directed towards providing
tarnish-free surfaces that are preferably
harder than copper and this has been achieved
by locally electroplating a noble metal on to
the copper. Four metals have been investigated: silver, gold, rhodium and palladium.
Silver has not been widely used. Although
silver electrodeposits are obtainable with a
hardness in excess of 100 V.P.N., the metal
tarnishes fairly readily in sulphur-laden
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Two printed circuits by Ferranti Ltd., designed for plugging into ,fixed sockets. The contuct
surfuces are palladium plated

atmospheres, and while this may be of little
consequence in many duties, it prevents its
use in the light duty conditions normally
associated with printed circuits.
More
important is the tendency of silver to migrate
across the backing and so to reduce the
insulation resistance between adjacent tracks.
Gold or gold alloys are widely used for
conventional light duty plugs and sockets and
give outstandingly good electrical performance.
Unfortunately, the gold baths in
general use (like the silver baths) are strongly
alkaline, and when used for printed circuits
they readily attack the bond between the
copper and the base material. Some work has,
however, been carried out on the development
of low pH gold electrolytes.
Rhodium is excellent for light duty
switches, and rhodium plating is used
extensively on printed circuit switches; the
great hardness (800 V.P.N.) of electrodeposited rhodium gives a remarkably long
service life although the high state of stress of
the metal may sometimes give rise to lifting
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or cracking. The bath from which rhodium
is deposited is extremely acid and although
this does not affect the bond between the
copper and the base material it may attack
exposed areas of the base material and reduce
its insulation resistance.
Palladium is coming increasingly into use
for the plating of printed circuits, particularly
for plug applications. Electrodeposited palladium has a hardness in the range 300 to 400
V.P.N. and is relatively free from internal
stress, so that the plate does not suffer from
curling and peeling troubles. It is tolerably
free from porosity, and a deposit only
o.oooos inch thick will remain tarnish-free in
store and give a short operating life; for
improved working life deposits up to O.OOOZ
inch should be applied.
The physical properties of palladium
combine to make it an ideal metal for the
plating of printed circuits. In addition, its
low specific gravity, coupled with its relatively
low intrinsic cost, make it of particular
economic interest and importance in this field.
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to abrade away any oxide film. Proprietary
domestic cleaning powders should not be
used for cleaning because some contain
soaps which produce insoluble calcium soaps
in hard water and these cannot be completely
rinsed off the metal surface without a great
deal of trouble.
The base metal track on the printed circuit
is generally of copper, and after cleaning this
can be directly plated with palladium. Where
necessary the palladium plate can be confined
to certain areas of the printed circuit by using
a chlorinated rubber masking paint or
masking tape.

Properties of Electrodeposited
Palladium
Specific gravity
Resistivity,
0” c . ,

..

microhm-cm

..

..

..
at
,

.

Electrical conductivity, p e r
c e n t IACS
..
.,
..
Thermal conductivity,

units

..

..

.

,

11.9

10.7
16

CGS

..

0.17

Vickers hardness (annealed)

300-400

Thermal emf against platinum, (100”C) mV . .
..

0.57

Several palladium baths are reported in the
literature, but the best of these for use with
printed circuits is that based on tetramminopalladium nitrate. The bath is simple and
stable in use, has good throwing power, and
gives satisfactory deposits in normal applications, but is especially useful with printed
circuits because it is practically neutral,
allowing direct plating on most base metals
backed by phenolic resins without affecting
the bond.
The bath consists of an aqueous solution
of tetrammino-palladium nitrate, containing
30 g of the salt per litre. It is preferably
contained in a glass-lined or polythene vat.
Insoluble anodes are used in the bath and
these are normally of platinum gauze,
although graphite and stainless steel anodes
have been used. Graphite anodes tend to
disintegrate with age and the possibility of
contamination by organic material originating
from the bonding resin also exists, while with
certain types of stainless steel anodes corrosion has been known to occur, causing a
brown precipitate of ferric hydroxide to form
in the bath.
Generally, printed circuits are grease-free
when received for plating, and no trichlorethyelene treatment is necessary. Initially
the printed circuits are cleaned with stiff
bristle brushes in water and are then gently
scoured with fine pumice powder. This
serves to remove grease from the surface and
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Plating Conditions
The bath may be operated in the temperature range 60 to 80°C at current densities
ranging from 5 up to 20 amp ftz. In the
upper part of the temperature range it is
possible to increase the current density
appreciably without “burning” the work.
The rate of deposition at 5 amp,’ft2 is approximately 1.2 mg per square inch per minute.
As with all insoluble anode processes the
metal content of the plating bath is slowly
reduced as the bath is worked, and it is
necessary for replenishment to be made at
regular intervals.
The palladium metal plated out of solution
may be replaced at the rate of 6 g of the salt
for every ampere-hour, and the palladium
content of the solution should not be allowed
to drop below the level of 20 gll.
Careful control of the palladium content
of the bath will give a maximum service life,
but after prolonged use it will be found that
the pH of the solution is gradually reduced
due to the increasing concentration of ammonium nitrate.
Rejuvenation of worked solutions by the
removal of ammonium nitrate from the bath
is not practicable and it is advisable to make
up fresh solution. The palladium in worked
solutions may be precipitated by addition of
an organic reducing reagent such as hydrazine
or formaldehyde, and the precipitate filtered
off and returned to the supplier.

Tantalum-Platinum and
Titaniurn-Platinum Bi-Electrodes
ANODIC BEHAVIOUR IN ELECTROLYTES OF LOW CONDUCTIVITY

By L. L. Shreir, Ph.D.
Rattersea College of Technology, London

Previous studies of the anodic polarisation
of titanium in chloride solutions have
demonstrated that, when the potential across
the oxide exceeds a critical value (12to 14
volts), film growth ceases owing to breakdown
of the oxide film and intense corrosion or
pitting occurs at localised areas. Pitting of
the titanium can, however, be prevented by
having platinum in contact with the metal
surface. In these circumstances the entire
current will be conducted through the
platinum and pitting of the titanium will occur
only if the breakdown potential is exceeded.
A continuous coating of platinum is not
essential, and very high current densities can
be applied to a titanium-platinum bielectrode in sea-water, or other highly
conducting electrolytes containing chlorides,
without exceeding the breakdown potential
(I, 2). The use of platinised titanium as an
anode for cathodic protection of structures
in sea-water is now firmly established.
The situation is, however, quite different
if the electrolyte has a very high electrical
resistance as, in these conditions, it is possible
to exceed the critical potential with consequent film breakdown and pitting of the
exposed titanium. A rod of titanium, coated
with platinum over its lower half only, that
has been anodically polarised in fresh water
(specific conductivity 3 x I O ~ mhos cm-’),
using a cathode of equal length placed one
inch from the anode, at 25 amp’ftz shows
appreciable pitting. Owing to the geometry
of the system and the very high IR drop
through the electrolyte the potential of the
8
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titanium will increase with increasing distance from the platinum and, at a certain
point, the breakdown potential will be exceeded. It has been observed, however,
that the titanium adjacent to the platinum
shows no evidence of pitting. If the experiment had been carried out in sea-water the
titanium would have remained unattacked.
Tantalum, unlike titanium, can be anodically polarised in sea-water without the occurrence of pitting, and film growth, as shown
by the interference colours, proceeds until
160 volts, when the film
the potential is
breaks down.
The thick oxide produced in these circumstances is not, however, firmly adherent to the
metal and can be readily detached with
Sellotape.
The potential of tantalum during anodic
polarisation can be demonstrated visually by
the brilliant interference colows.
If a
tantalum-platinum bi-electrode (I >; I inch
tantalum with platinum, 0. I x 0.I inch,
welded to the centre) is anodically polarised
in sea-water only a first-order blue film will
be formed uniformly on the tantalum surface
and current will then proceed through the
platinum (Fig. 2u). In a low-conductivity
water, however, the potential distribution is
not uniform and the thickness of the oxide
will increase with increasing distance from
the platinum microelectrode. This results in
a wedge-shaped oxide film (Fig. 2b) which
gives rise to five orders of interference as a
series of concentric rings around the platinum,
as shown in Fig. I. Since the thickness of
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-

Fig. 1 Interference colours produced o n a
tantalum-platinum bi-electrode anodically
polarised in fresh water. ( T h e $rst order of
interference is immediately adjacent to the
platinum and is not revealed in the photograph)

the oxide is a function of the potential
(14.5 A:/V for tantalum) it is evident that the
potential increases with increasing distance
from the platinum.
A similar experiment with a corresponding
titanium-platinum bi-elcctrode resulted in
only I to 2 orders of interference, as breakdown of the film, at points in the surface
where the potential exceeded -12 volts,
precluded further film thickening (Fig. 2c).

ANODE

CATHODE

Again, however, it is necessary to observe
that in no circumstances could pitting be
produced in the immediate vicinity of the
platinum. Although the potential at which
pitting occurs usually corresponds to IZ to 14
volts, this value can be exceeded by careful
preparation of the metal surface. Other
conditions being equal, a roughly machined
surface pits at a lower potential than a surface
that has been carefully prepared by poliehing
or by pre-anodising in a non-corrosive
electrolyte.
The bi-electrode previously described
represents an extreme case of exposure of
titanium to the electrolyte and is unlikely to
be encountered in practice.
Short-term
laboratory experiments have demonstrated
that appreciable areas of platinum (0.5 inch
diameter) can be removed from platinumcoated titanium without consequent pitting
when the metal is used as an anode in a
natural fresh water. It would appear from
laboratory tests that although platinised
tantalum would be preferred, platinised titanium could be used with some confidence as
an anode for cathodic protection of systems
containing natural fresh waters. It is essential,

ANODE

CATHODE

ANODE

CATHODE

Fig. 2 Diugrammatic representation of the anodic polurisation of bi-electrodes
in seawater and natural fresh water
( a ) platinum-titanium or platinum-tantalum in sea-water showing the formation of a thin u n g o r m oxide film
( b ) platinum-tantalum in a natural fresh water showing the formation of a
wedge-shaped oxide fclm giving rise to a series of interference colours
( c ) platinum-titanium in a natural fresh tuater showing pitting where the
potential exceeds the breakdown potential
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however, that, if high voltages are to be used,
the titanium should be completely coated
with platinum.
In conclusion it should be observed that
these experiments have been conducted using
“commercial purity” titanium. It has recently
been suggested (3) that, as a result of research

into the breakdown voltage of this purity
titanium, anodes may shortly be available
which will permit the use of higher voltages
than 12 to 14 volts.
Acknowledgments are made to M r M.
Giles of Metal & Pipeline Endurance Limited
for carrying out the experimental work.
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Anodic Corrosion Control
A NEW METHOD OF PROTECTION BY PASSIVATION
The anodic passivation of mild and stainless steels has been applied by the Continental Oil Co., Baltimore, U S A . , to their
protection from corrosion by a wide range of
acids and alkalis. The process, known as the
Anotrol process, makes use of the fact that
when a potential is applied to a metal immersed in an electrolyte the current passed
from metal to liquid suddenly drops to a very
low level when a certain critical voltage is
reached. This drop results from the formation of a thin insoluble film, having a high
resistivity, which confers an excellent resistance to attack by corrosive acid or alkaline
media. The initial current to form the film
may be large, but the period for which this
is required is short-a fraction of a second.
Thereafter, only a very small current is
needed to maintain the passivating film.
In this process, which was described by
D. A. Shock and his co-workers at a meeting
of the National Association of Corrosion
Engineers, the steel vessel to be protected
is the anode of the electrical circuit. A
specially designed platinum electrode is used
as the cathode. The initial passivating current
and the current required to maintain protection are supplied by a potential controller
employing a calomel or silver chloride reference electrode. When in operation, the
required current is automatically regulated
to keep the potential difference between
reference electrode and the protected vessel
constant. The current requirements for initial
passivation and maintenance of passivity rise
with increase in temperature.
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Complete success has been reported in a
test conducted during the past year on a
stainless steel tank used in the neutralisation
of sulphonic acid by 20 per cent caustic soda
solution. The severely corrosive conditions
to which this tank was subjected during operation caused frequent breakdowns due to
pitting before the passivation process was
applied. No deterioration of the tank has
been found after a year’s continuous use with
the Anotrol system in operation.
A further advantage of anodic passivation
of chemical plant is that complex contours
of vessels and pipelines may be completely
protected by an electrode system situated a
considerable distance from areas to be passivated. A demonstration of the “throwing
power” of the system is the complete protection of a 60-feet length of $-inch stainless
steel tube, with fifteen bends, where both
cathode and reference electrode were located
in the acid container at one end.
Practical applications of this process have
great potential value in the protection of steel
plant employed for storing, processing or
transporting a wide range of corrosive
chemicals. Sulphuric and phosphoric acids,
strong alkalis and aqueous solutions of oxyacid salts have all been found to be suitable
media.
Reducing systems, especially in the presence
of halogens, cannot be used although some
concentrations of halogens may be tolerated
in oxidising conditions. Copper and copperbased alloys such as brasses and bronzes
cannot be passivated.
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Iridium Platinum Alloys
A CRITICAL REVIEW OF THEIR CONSTITUTION
AND PROPERTIES

By A.

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

Native crystals of iridium-platinum are
frequently found in association with platinum
ores. These natural alloys, of rather variable
composition, occur as grains, and sometimes
as small cubes with rounded edges. Although
the geographical distribution is fairly wide
the major deposits appear to be in the Urals.
One such crystal, described in I940 by Masing,
Eckhardt and Kloiber (I) had a well-defined
two-phase micro-structure.
Synthetic alloys were produced at an early
date. Gaudin (z), who fused spheres of a
10per cent iridium-platinum alloy on hearths
of lime and magnesia, commented in 1838
upon the lustre, malleability and extreme
corrosion resistance of the resultant product.
Twenty years later, however, iridium was
still regarded as a troublesome impurity in
platinum, but the researches of Sainte-Claire
Deville and Debray (3) did much to dispel
this illusion. On behalf of the Russian
Government they carried out extensive trials
at the French Mint to determine the suitability of iridium-platinum alloys for coinage.
The crude platinum for these experiments
came from the mines of Prince Demidoff at
Nijne Tagilsk and contained 92.55 per cent
of platinum, 7 per cent of iridium and 0.45
per cent of rhodium. Alloys prepared from
this material were greatly superior to pure
platinum in both strength and corrosion
resistance. The alloy obtained by directly
fusing the crude platinum was found to be
well suited for coinage, as were the synthetic
alloys containing up to 20 per cent of iridium.
The 15 per cent alloy was extensively employed for the construction of chemical plant.
Nickles (4), in a letter to the American
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Journal of Science, in 1860, remarked somewhat incredulously: “The platinum makers of
Paris are manufacturing these alloys and
contrary to the wishes of the discoverers are
extracting higher prices for them than for
pure platinum”.
Prominent physicists were, at this period
of the nineteenth century, devoting considerable effort to the problems involved in representing their fundamental and derived units
in concrete form. Iridium-platinum alloys
came to fill a unique position in the scale
of substances capable of retaining indefinitely their mass, form, and linear dimensions.
In addition to their corrosion resistance
and good mechanical properties they were
readily workable and of fairly high electrical
resistance. No internal transformations were
recognised in those days and the alloys were
established as materials par exceZZence for
instrument technology.
Iridium-platinum was selected, therefore,
as the logical material for the construction of
of the International Metre (5). A 250
kilogramme ingot for this purpose was cast
on May 13th, 1874, at the Conservatoire des
Arts et MCtiers in Paris. The platinum,
weighing 225 kilogrammes, came from
Johnson and Matthey, the iridium being
supplied by the Director of Mines, St.
Petersburg.
Henry Tresco and George
Matthey made the melt in a lime block under
the general supervision of Sainte-Claire
Deville and Debray and the ingot, which
contained 10 per cent of iridium, was practically perfect and very uniform in composition.
Prototype metres and geodesique rules
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were in subsequent years manufactured by
George Matthey in accordance with the
requirements of the Comitt Internationale
des Poids et Measures and the Association
Geodesique Internationale. Details of the
melting, forging and rolling processes adopted
during this work were published in 1879 (6).
The unique combination of strength and
high density made the alioys very suitable for
the production of standard weights. The 10
per cent iridium alloy was used for the
National Kilogramme of France described
by Violle in 1889 (7). Prototype kilogrammes
were rigorously tested before acceptance by
the International Commission of the Metre.
Very high pressures were applied to ascertain
whether such treatment had any effect upon
the apparent density. Material submitted by
Johnson and Matthey successfully withstood
this proving treatment, the apparent specific
gravity of eleven standard kilogrammes
submitted falling within the range 21.548 to
21.552 g/cm3.

Iridium-platinum was sometimes used for
electrical standards. Klamenri? (9) concluded
in 1885 that of all the materials available at
the time platinum-silver and platinumiridium best fulfilled the service requirements
of standard resistors. Two iridium-platinum
coils were included in the group of British
Association resistance standards constructed
by Matthiesen in 1865 (10). The iridium
alloy had a higher temperature coefficient
than platinum-silver but its resistance variations, revealed by careful testing over a total
period of 67 years, were considerably less
capricious (I I).

The Constitutional Diagram
It was generally believed until comparatively recently that platinum and iridium
when alloyed synthetically were completely
miscible in all proportions. Nearly all the
experimental evidence appeared to confirm
this view. Feussner and Miiller’s melting
point determinations (12), obtained by optical
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Fig. 1 Equilibrium diagram of the iridium-platinum system
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reported by Nemilow.
Fig.2 Variation of lattice parameter with iridium concentration f o r
All the micro-structures
alloys quenched from 1700°C (Raub and Plate)
shown in this paper were
of typical solid solutions.
Zvyagintsev, Raikhstadt and Vladimirova
methods, lay on a smooth curve which
suggested the existence of a continuous range (16) studied the mutual diffusion of platinum
of solubility below the solidus. Nemilow (13), and iridium in the solid state and concluded
who studied the whole system metallo- that platinum diffused into iridium faster than
graphically had previously arrived at the iridium diffused into platinum. Electrical
same conclusion. He prepared alloys by resistivity measurements showed that fairly
oxy-hydrogen melting and drew those con- homogeneous solid solutions could be protaining up to 20 per cent by weight of iridium duced by normal powder metallurgical
into wire. Electrical resistivity measurements processes.
were made upon these wire samples, and
temperature coefficient determinations on cast The Miscibility Gap
and homogenised specimens covering the
The behaviour of iridium-platinum alloys
entire composition range. Time and tempera- was, however, incompatible with the view
ture, it was concluded, had little effect upon that no transformations occurred. As early
the electrical properties, which were typical as 1886, for example, Le Chatelier (17)
of those expected from simple solid solution observed transformations in a 20 per cent
alloys. Heavy coring was observed in alloys iridium-platinum alloy which were accomcontaining more than 20 per cent by weight of panied by an absorption of heat at 700°C and
iridium. None of the heat treatments adopted at a second temperature midway between the
completely eliminated this coarse dendritic melting points of gold and silver. Thermostructure.
electric studies by Barus in 1892 (29) did not,
Weerts (14)~in confirmation of previous however, reveal any e.m.f. discontinuities at
evidence, showed that the lattice parameter these points. Geibel (18) reported in 1911
of quenched alloys varied with concentration that the tensile strength of wires containing
in a perfectly linear manner.
more than 10 per cent of iridium could be
Nemilow experienced great difficulty in considerably increased by heat treatment at
etching his alloys, and for those containing 750°C and suggested that the effect was caused
more than 40 per cent of iridium resorted to by an allotropic modification in the iridium.
immersion in a fused bath of manganese Nowack (IS), commenting on these findings
dioxide and sodium chloride. Raub and Buss in 19303 attributed the phenomenon to
tn
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precipitation hardening
although he had no evidence to support his
hypothesis.
Ten years later Masing,
Eckhardt and Kloiber (I)
were still unable to demonstrate the existence of
a second phase. These
investigators carried out
resistance measurements
at temperatures up to
I 150°C. The resistancetemperature curves had
WEIGHT PER CENT I R I D I U M
sharp discontinuities proFig. 3 Electrical resistivity and temperature coeficient of resistance of
viding evidence of transiridium-platinum alloys
formations at temperatures in good agreement
with those obtained from the results of tensile or in vacuum. The slow rate of establishtesting. X-ray examination provided no ment of equilibrium made the decomposition
evidence of precipitation, however. It was process difficult to follow by X-ray methods,
concluded that the changes in physical pro- and because of the small differences in lattice
perties were caused by an order-disorder constants between platinum and iridium
reaction which was not revealed because of X-ray determinations of the true solubility
the similar scattering power to X-rays of limits were not particularly accurate. Elecmcal resistance measurements provided the
platinum and iridium atoms.
The true nature of the platinum-iridium most accurate phase boundary determinadiagram was finally elucidated by Raub and tions.
Plate (zo), who published their results in
20
1956. These investigators provided definite
metallographic evidence of a miscibility gap
which had its highest point at 975°C and
50 atomic per cent of iridium. At 700°C the
15
gap extended from 7 to 99 atomic per cent
of iridiunn. Microscopic evidence of a duplex
IIn
structure over this composition range was
?
5 10
confirmed by the results of electrical resist-J
ivity, X-ray diffraction] and dilatometric
I
measurements.
Previous workers had not arrived at these
5
conclusions for the simple reason that they
had not annealed their specimens for long
enough periods. Raub and Plate showed that
heat treatment periods of the order of one
year were required to establish some sem1
0
20
30
blance of equilibrium in the two-phase region.
WEIGHT PER CENT I R I D I U M
In order to avoid loss of iridium due to Fig. 4 Thermal e.m.f. between iridium-platinum
alloys and pure platinum
oxidation, heating was carried out in argon
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Fig. 5 Density and instantaneous linear expansion coeficients of
iridium-platinum alloys

Hardness and electrical conductivity
changes occurred after heat treatment periods
of several hours. The development of a reasonably well-defined duplex microstructure in
the 50 atomic per cent iridium alloy required
360 hours of heat treatment at 800°C. X-ray
diffraction examination first detected the
second phase after I440 hours at 8oo0C, but
the lattice parameters of the two phases
approached constancy only after 3600 hours
of heat treatment. After goo0 hours at 600°C
no sign of decomposition was evident in the

Limiting solubility concentrations of
iridium-platinumalloys
(Atomic percentage of iridium)
Method of Determination
Temper
ature

"C
976
974
958
946
922
910

Resistance

700

X-Ray
Diffraction

50

50

40
40
30
20

900

aoo

Dilatometric

10

40 and 74
26-40 and 72-86
7-28 and 60 -99

Platinum Metals Rev., 1960, 4, (1)

quenched from

50 per cent alloy. The
table below, taken from
Raub and Plate, gives the
concentration limits of
the duplex region for
various temperatures
between 700 and 976°C.
The equilibrium diagram shown in Fig. I is
based upon the findings
of Feussncr and Miiller
(12), Masing, Eckhardt
and Kloiber (I), and
Raub and Plate (20).
Fig. 2 illustrates the
linear variation of lattice
parameter with iridium
concentration for alloys
1700'C (20).

Electrical Properties
Fig. 3 shows that the electrical resistivity,
after a rather rapid initial rise, reaches a fairly
flat maximum of 32 to 34 microhm-cm at an
iridium concentration of approximately 40
per cent. Differences in purity probably
explain the slight differences between the two
sets of values quoted. Although Raub and
Plate illustrate the resistivity of the 50
atomic per cent alloy as approximately 62
microhm-cm at 20"C, this value requires
verification.
Nemilow's temperature coefficient data
agree closely with recent determinations made
in the Johnson Matthey Research Laboratories.
The alloys have a positive thermal e.m.f.
Fig. 4
with respect to pure platinum.
illustrates the effect of composition upon the
e.m.f.s generated at 700'C and 1200'C (21).
Above IOOO~C
volatilisation and oxidation
losses render iridium-platinum alloys less
stable than rhodium-platinum alloys for high
temperature measurement.

Physical and Mechanical Properties
The specific gravity curve, shown in Fig. 5,
displays a slight positive displacement from
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linearity although the effect is not pronounced. The second curve in this illustration shows an approximately uniform decrease
of linear expansion coefficient with iridium
concentration (20).
The mechanical properties of the alloys
increase rapidly with iridium content as
shown by Fig. 6 (21). With 30 per cent of
iridium the ultimate tensile strength of
quenched test pieces rises to 56 tons per
square inch. The hardness data show that the
maximum mechanical properties of the series
are obtained with iridium contents of approximately 60 per cent. The hardness and tensile
strength of all the alloys increases very rapidly
with the degree of cold working; the tensile
strength of hard drawn 20 per cent iridiumplatinum wire, for example, frequently
exceeds IOO tons per square inch. Fig. 7
illustrates the effect of cold rolIing upon the
hardness of the 2 0 and 25 per cent iridium
alloys. A reduction in thickness of 70 per
cent increases the hardness of the 25 per cent
alloy from 246 to 370 V.P.N. (21).
Very high hardness values can be developed
by quenching and subsequently ageing alloys
containing more than 10 per cent by weight
of iridium. Fig. 8 illustrates the hardness
changes which result when alloys quenched
from 1400OCare subsequently aged at 700°C.
The steady rate of hardness increase after
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heat treatment for 16 hours illustrates the low
rate of precipitation in this alloy system (21).

Workability
Alloys containing up to 40 per cent of
iridium have been hot forged for many years,
although the ease of working decreases
rapidly when the iridium content exceeds
20 per cent. In 1879 for example George
Matthey (6) reported that although the 25
per cent iridium alloy could be worked into
sheet and wire great difficulty was experienced
at higher percentages, the 50 per cent alloy
being unworkable. W. C. Heraeus ( 2 2 ) was
able, in 1891,to produce cold drawn 40 per
cent iridium-platinurn wire but regarded this
composition as a practical working limit.
The ease of worldng increases with the
purity of the materials employed, and argon
arc melted material appears to be more
malleable than that melted in the open. Small
samples of sheet capable of being subsequently
rolled have been produced by carefully hot
forging at temperatures just below the melting
point of the alloy, argon arc melted ingots
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alloys quenched from 1400°C and subsequently
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containing up to 60 per cent of iridium (21).
Raub and Plate in their recent work employed
drawn 50 per cent iridium-platinum wire (20).
Such alloys are, however, even more difficult
to work than pure iridium, and fabrication
has so far been restricted to purposes of
research.

Corrosion and Oxidation Resistance
Iridium additions increase considerably
the corrosion resistance of platinum. At a
very early date it was appreciated that iridiumplatinum boilers used for sulphuric acid
concentration resisted the attack initiated by
nitrous compounds better than those of pure
platinum. Heraeus (23)stated for example
that the rate of corrosion of the 10 per cent
iridium-platinum alloy in sulphuric acid was
only 58 per cent that of the pure metal. The
resistance to halogen attack increases with
iridium content in a similar fashion. The
40 per cent iridium alloy is virtually unattacked by boiling aqua regia but can be
slowly etched by nascent chlorine at elevated
temperatures. An alternating current process
utilising a saturated electrolyte of sodium
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chloride in hydrochloric acid facilitates the
solution of this material (IS).
Alloys containing more than about 5 per
cent of iridium oxidise when heated in air.
The bluish film which develops above 700°C
disappears at temperatures above 1200°C
leaving a clean matt surface upon the alloy,
Iridium-platinum thermocouples were shown
by Burgess in 1908 (24)to be less stable than
those of rhodium-platinum. Crookes in 1912
(25)emphasised that the volatility of iridium
in air was many times higher than that of
platinum, and Wise, at a later date, quoted an
evaporation ratio, a t 1227°C of one hundred
to one. The high evaporation losses from
heated iridium-platinum alloys can, in fact, be
attributed to the volatility of iridium oxide.
The table below, taken from Raub and Plate
(26) summarises the results of some tests
made upon sheets of iridium-platinum alloys,
0.5 mm thick, heated for 23 hours at IIOO"C
in a current of oxygen. The weight loss of the
alloy with 10per cent of iridium amounts to
2.8 per cent of the iridium content, while the
corresponding value for the 40 per cent iridium
alloy is 46.6per cent.
Fig. 9 illustrates some results obtained at
900°C. SmalI sheet samples were suspended
for various periods in a furnace through
which an oxygen current of 0.4 litre per
minute was passed. The weight losses at
900°C are less than a tenth of those at I 103°C.
The sudden increase in volatility when the
iridium content exceeds 20 per cent is
Evaporation losses from iridium-platinum
alloys heated in a current of oxygen at
1100°C for 23 hours
(After Raub and Plate)
I

Evaporation loss related
t o iridium content
Iridium
Wt.%)

Decrease
in wt.
(mg/cm2)

mgig of
alloy

content

10
20
30
40

I .35
13.99
58. I 0
89.29

2.8
29.2
123.6
186.4

14.6
41.2
46.6

I
I

I

associated with the fact that the 30 and 40 per
cent alloys are, at 900"C, well within the
duplex region. Raub and Plate postulated
that under such conditions most of the
evaporation occurred from the iridium-rich
phase. The evaporation mechanism suggested
was simple volatilisation of the oxide formed
when metal atoms diffused to the surface of
an oxygen layer adsorbed on the solid metal.
The rather limited thermodynamic data
support this hypothesis. Holborn and Austen
(27) reported that the volatility of iridium at
1670°C increased less rapidly than the first
power of the oxygen pressure. Raub and
Plate demonstrated that the rate of volatilisation of iridium-platinum alloys was practically independent of oxygen pressure except
when this was very low indeed.
This
behaviour suggests the volatilisation of an
oxide rather than the dissociation of an unstable oxide. Brewer (28) assumed the oxide
to be IrO, and estimated A H,,, for the
expression
IrO,(solid) =IrO,(gas)
to be 85 57Kcals. For the reaction
Idsolid)+ O,(gas) =IrO,(gas)

2
N

:
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E
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I
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Fig. 9 Evaporation losses from iridium-platinum
alloys heated i n a current of oxygen at 900°C
(Raub and Plate)
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a value of A H,,, -41 h 10Kcals was arrived
at. At very high temperatures it was suggested
that evaporation occurred via an Ir,O
molecule, since this was the only one having
a positive entropy of formation from atomic
oxygen. Iridium-platinum alloys melt before
such conditions arise.

Applications
Electrical contact applications account for a
fair proportion of the iridium-platinum alloys
supplied to industry. The high hardness and
low contact resistance of the 10 and 20 per
cent iridium alloys make them particularly
suitable for low current, low pressure
applications where dust contamination prejudices the performance of softer materials.
In medium current applications when resistance to hammering becomes important alloys
containing up to 20 per cent of iridium are
sometimes employed. A recent study showed
that material transfer from the cathode was
proportional to the number of coulombs
passed through the arc and decreased steadily
with iridium contents up to 35 per cent (30).
Pfann (31) has shown that interesting results
can be achievcd by pairing a negative 20 per
cent iridium-platinum contact with a positive
contact of pure gold. With medium currents
the material transfer caused by an asymmetrical molten bridge was found to balance
the other transfer processes, thus minimising
contact wear.
Precision resistors and slide wire potentiometers utilise considerable quantities of 10
and 20 per cent iridium-platinum wire. The
combination of moderate resistivity, low
temperature coefficient and high corrosion
resistance exhibited by these alloys is of great
value in the construction of high quality
transducers. In the temperature measurement field we find the 10 per cent iridiumplatinum alloy used in combination with a
40 per cent palladium-gold wire. This
thermocouple, capable of generating 34
millvolts at 6oo0C, has wide applications at
moderately high temperatures.
The bridge wires used in electric detonators

fuses, and cartridge igniters must be very
strong and resistant to corrosion, and iridiumplatinum alloys have long been preferred for
such applications. Needles used for the initial
perforation of diamond dies by electrosparking are sometimes made from the t o per
cent iridium alloy.
The elasticity and high mechanical properties of alloys containing up to 30 per cent
of iridium can be successfully employed in
instrument suspensions.
Over the range
O-IOO"Cthe modulus of rigidity of the 10 per
cent iridium-platinum alloy decreases by
only 0.8 per cent (21). Where complete

freedom from corrosion is essential the age
hardening properties of the 20 per cent
iridium alloy render it very suitable for the
production of high quality hairsprings.
Little is known about the creep properties
of iridium-platinum at high temperatures.
Some tests by Stauss (32) suggested that the
10 per cent iridium alloy was slightly inferior
to the 10 per cent rhodium alloy, but the
results were not conclusive. To avoid fracture
at I I O O O C , the applied stress, it was concluded,
should not exceed 1.5 per cent of the normal
room temperature tensile strength or 6 per
cent of the short term strength at IIOO'C.
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The Platinum of New Granada
By Donald McDonald,

B.Sc., M.I.Chem.E., F.R.I.C.

Concluding his article from the last issue of ‘Platinum Metals Review’,
the author continues the story of platinum mining and metallurgy in the
Spanish-American colonies during the eighteenth century. At one time
platinum was ordered to be thrown into the river as a nuisance, but
scientijic reports from Europe prompted the Spanish Government to seek
useful outlets for the metal.

The publication in 1750 and 1752 of
Watson and Scheffer aroused considerable
attention in Spain. The affairs of New
Granada, which would include platinum, came
under the Secretary of State for the Indies,
who in 1753 found among his possessions a
small bag of native platinum sent to him by
the Bishop of Popayan. In view of the interest
created already by the publications, he sent
this to the Irish naturalist William Bowles,
whom his Government had appointed the
previous year to examine and advise upon the
natural history of the empire and especially
on its minerals.

William Bowles and his Warning
To Bowles the material submitted to him
was quite new and he applied to it a series of
experiments very similar to those carried out
by the other pioneers mentioned above. In
particular he noticed its high density, its
insolubility in simple acids and its miscibility
with gold. The Minister had asked him to
give advice on any good or bad uses to which
it could be put. His answer was: “Platina is
a metallic sand that is sui generis which can be
very pernicious in the world because it mixes
easily with gold and because, although by
chemistry it is easy to find the means of
recognising the fraud and of separating the
two metals, since this means would be available only in the hands of a few people and
as cupidity is a general malady, temptation
seductive, the means of deceiving easy and in
everybody’s reach, there can only be great

Platinum Metals Rev., 1960, 4, (l), 27-3 1

27

danger in letting platina loose in commerce.”
(9).
The Government took notice of this report
and confirmed the prohibition of the export
of platinum from New Granada to Europe.
Persistent statements will be found in the
textbooks that the Spanish Government prohibited the mining and recovery of platinum
completely and ordered any found to be
thrown into the rivers or the sea. Ramon de
Manjarres in his History of Platinum (IO),
states definitely that he can find nothing in
the archives of the Indies about such an
order, and M. L. ( 2 ) says equally categorically
that “those who believe that the Spanish
Minister has caused the platina mines to be
shut up have certainly been misinformed,
since there are no such mines for platina
alone. All he has done is to prevent its introduction into Europe, because of the inconvenience which might have resulted from its
being alloyed with gold, which was not easy
to recognise at that time; a wise precaution
which has assuredly forestalled a large number
of frauds in the gold trade”.

Prohibition of Exports
It must however be borne in mind by
the reader that right from the time of the
Spanish conquest in 1526 the trade of the
new colonies had always been reserved to
Spaniards, and that foreigners were not
allowed to partake in it or to enter the
countries. An additional bar was the fact
that the Spanish Church, acting through the

Native women panning for
platinum i n the Condoto
river area of Colombia. The
majority of thehand mining
is done by women, employing much the same methods
used by the Spanish colonists

thrown away anywhere and everywhere, a
practice that led to curious scenes years afterwards when it had become a valuable commodity. In this connection there is a famous
story of how the mining village of Quibdo
was wrecked completely in an enthusiastic
search for discarded metal among its foundations (I I).

Holy Office of the Inquisition, regarded the
native inhabitants as its children, needing to
be protected from foreigners. So the trade
of the Indies was practically a Spanish monopoly, proceeding by way of the Caribbean
ports of Vera Cruz, Puerto Bello and Cartagena, through the gauntlet of pirates in the
islands, home to the motherland in Spain.
The only new edict was the prohibition of
the export of platinum to Europe and, as de
Manjarres goes on to point out, the whole
question of the collection of platinum carried
its own cure, since at that time it was not
profitable. The only uses suggested for it
round about I740 were as small shot or as
pieces in small bags for adjustable clock
weights, since it appears that by then the
alloying with copper had ceased on the
grounds of increased costs. The metal was
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Separation from Gold
Some platinum however still penetrated
to thc mints mixed with the gold and M. L.
(2) describes how this was dealt with. He
states that all the output of gold from the
Choco went to the two mints at Santa FC
de Bogotd and Popayan, where a very careful
separation of any platinum still remaining in
it was carried out. “The King’s Officers
keep this and when they have a certain quan-
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medals might still be in existence. But however this may be, there was one important
consequence of Don Francisco’s exploit,
namely that an order was issued that in future
“platinum should be worked exclusively for
His Majesty as was the case with gold” (10).
This resulted in 1778 in a further order that
all platinum must be sent to the King’s
representative or, in other words, to the
mints. No payment was offered and little
platinum was brought in (12). Consequently
in 1788 a price of two Spanish dollars per
pound was offered and severe penalties set up
for infringement of the law. Before the end
of the year this brought in no less than 3,820
pounds. But by that time interest in the
metal was widespread in Europe and the
demand opened a brisk market for metal
smuggled to the coast, or to Jamaica, at up
to ten dollars a pound. So, in spite of a long
list of heavy penalties, less and less platinum
found its way to the mints, while more and
more travelled to the smugglers’ market at
Cartagena (12).

tity of it, they go, accompanied by witnesses,
to throw it into the Bogota River two leagues
from Santa Ft or into the Cauca which is one
league from Popayan.” This is probably thc
real basis of the story that all platinum had to
be thrown into the nearest river.

Enquiries by the Spanish
Government

The widespread interest created in scientific
circles by the results of the various examinations of its properties soon came to the notice
of the Spanish Government and in 1765 the
General Commercial Council in Madrid
asked the Secretary of State for the Indies to
obtain detailed information. In due course he
provided them with particulars of how the
metal was found and recovered, and of how
the mints protected themselves from trouble
arising from it; “it was not prohibited but was
thrown away in order to prevent miners from
deceiving others with it”, for instance by
offering it for sale as silver. An ironic comment on this is afforded by the existence of
gold double-doubloons of Spain dated 1771
containing a considerable amount of platinum Refining and Fabrication
alloy. These are said to be the result of a
By this time however the Spaniards at
debasement, officially ordered but never home had mastered the problem of refining
announced.
platinum and converting it into malleable
metal by means of the process devised in
Attempts to Find Uses
1786 by Don Fausto de Elhuyar and Pierre
The result of the Council’s inquiries was FranFois Chabaneau. A refinery was set up
an attempt to make the metal useful, and in Madrid and between then and say about
possibly the debasement had its origin in this. 1804a considerable quantity of platinum was
Inquiries were also made in the Colonies, refined and fabricated into articles for both
since in June 1774 the Viceroy at Santa F6 domestic and scientific use. No figures have
called for experiments in melting it and so far been published for this so-called
reported success, sending to the Council for “Platinum Age in Spain”, but if they ever
its inspection, “two portraits of the King, emerge from the Archives of the Indies, they
one in pure platinum and the other in will be found to be large ones, and from this
platinum alloyed with its own weight of it is evident that the Spaniards must have
copper”. These were said to have been pre- been prepared to pay a proper price for the
pared by a process devised by Don Francisco native metal.
Renito, engraver at the Santa F6 Mint, the
But all through the period covered by this
details of which he was advised to keep story, their Government was always willing
secret. This was so well done that no descrip- to give samples, or sell quantities, to respecttion has ever been published, though de able scientific people and bodies, both at
Manjarres (10)hints in 1913 that one of the home and abroad; de Manjarres quotes an
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One of the modern mechanical dredges operated by the Compania Minera Choco Pacijico i n the main
platinum area now being worked near the Sun Juan river in Colombia

impressive list of names and amounts (10).
Eight or ten pounds were sent to London in
1755 (or was it, as Lewis says, I754?); in
1779 the Comte de Milly in Paris had a
quantity for his important work on the refining process; in 1786 d’Arcet and de Morveau
were recipients; in 1797 the French Government were given 700 marks (about 5,500 troy
ounces) for the making of the standards of
length and weight in the newly devised
metric system; and finally in 1798 some was
sent to the Russian Trade Envoy. All these
seem to have been given quite freely and
without payment, and therefore there is little
warrant for the accusations that appear in
some of the literature of that time that the
Spaniards were not willing to allow other
people to acquire platinum for scientific purposes. But as interest increased and practical
applications appeared, the demand grew.

Scientific Expeditions from Europe
The smuggling trade has been mentioned,
and the penetration of the Colonies by
scientists continued. The Spaniards them-
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selves encouraged the latter by sending out
their own scientists. Of these the first and
best known was the botanist, Jose Celestino
Mutis, who became a centre of attraction for
visiting scientists and accumulated a vast
library of records, which was brought to
Spain before the revolts in South America
began and remains there safely to this day (13).
A French party arrived in 1781, nominally
with ornithological aims, but it is recorded
that, before they left Paris, the French statesman Turgot instructed the leader “to spare
no pains to procure for men of science such a
quantity of platina as might be useful to
them in their researches”. In 1776 Dombey
reported that he had obtained and was
sending home no less than 33 livres to be
divided between the Academy, Turgot and
Buffon.
Later, in 1786, the Spanish Government
sent out Don Juan Jose de Elhuyar to look
aFter the mineral resources, and it is interesting
to note that it was one of Mutis’ young
botanists Francisco Zea who, after the
Spaniards had been driven from Colombia,
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available nearer home in Russia, and it was
not until the end of the nineteenth century
that Colombian platinum again became a
noticeable feature of the market.

concerned himself with the first commercial
export of platinum from the new Republic in
its search for foreign credits (14). But by
then other sources of the metal had become
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Properties of Ruthenium, Osmium and Iridium
MELTING POINT AND HARDNESS DETERMINATIONS
The search for metallic materials capable
of some degree of useful service at very high
temperatures had led to several investigations
being undertaken on the more refractory
members of the platinum group metals.
Among the several organisations that have
pursued these studies is the Research
Laboratory of Associated Electrical Industries
Ltd. at Aldermaston, and a recent report
from there by Dr. J. D. Baird (AEI Report
No. A.843) gives the results of an investigation of the melting points, hardness and
ductility of ruthenium, osmium and iridium.
T h e melting points of the three metals
were determined by taking optical pyrometer
readings on the solid-liquid interface of the
metal beads in an argon arc furnace. Between
fifteen and twenty readings were taken for
each metal, and all but one lay within ~ I O "
of the mean values. These are as follows,
and represent somewhat diffcrent values from
those formerly accepted, more particularly for
ruthenium and osmium.
Melting Points

c

Ruthenium

2250"

Osmium

3000"C
24 10" C

Iridium

Room temperature hardness measurements
on arc-melted specimens using a Vickers
pyramid indenter showed a very wide scatter
with the two close-packed hexagonal metals.
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Ruthenium gave results ranging from 200 to
500 VPN, the variation being found to be due
to differences in orientation between grains.

A similar variation was found in osmium,
readings ranging from 300 to 670 VPN.
As would be expected from its face-centred
cubic structure, the hardness of iridium did
not vary greatly from grain to grain, but some
variation between specimens was observed;
most specimens had hardness values from
210to 240.
High temperature hardness measurements
were made on individual grains at goo, 1030,
1100 and I~ooOC, and again considerable
variation was found. The maximum hardness
of ruthenium at IZOO"C
ranged from 40 to
170VPN. The mean hardness of osmium at
1200°C was found to be about 300, which is
thought to be considerably higher than that
of any other metal at this temperature. The
mean value for iridium at the same temperature lay around 70 VPN.
The ductility of the three metals was
measured by rolling or squeezing arc-melted
beads with 2 per cent reduction per pass
until cracking occurred. At room temperature ruthenium specimens failed after 8 to
12 uer cent reduction, osmium after 2 to 5 per
cent, and iridium after g to 19 per cent.
Increasing the rolling temperature to 500
and 900°C had no significant effect on the
ductility of ruthenium and iridium.

ABSTRACTS
of current literatwe on the platinum metals and their alloys
PROPERTIES
The Iron-Palladium System
and A. T. GRIGOR'EV, Russ. J . Inorg.
chem., 1959, 4, (3), 297-300 (Transl. of Zhur.
Neorg. Khim., 1959, 4, (3), 655-6611
V. V. KUPRINA

T h e constitution of the system was determined
by differential thermal analysis, measurement of
hardness, resistivity and its temperature coefficient and by studies of microstructure. Two
maxima in the phase diagram correspond to
PdFe and Pd,Fe. I t was found that the solubility
of P d in u-Fe did not exceed 5 at.O;, at Soo"C,
though in y-Fe it is infinitely soluble. The
temperature of the a + y transition of Fe is
lowered by the presence of Pd. A eutectoid point
at 40 at.:b Pd is given by the intersection of the
curve bounding the two-phase region, x I;(,
with that of the y+yl region. The eutectoid
horizontal extends at 6 2 0 T from the solid solution to the region where PdFe exists. At 57
at.:: Pd the temperature maximum of the curve
bounding the PdFe (yl) region is formed at
830'C; that in the region of Pd,Fe occurs at
70 at.?; Pd. The curves bounding the regions
of PdFe and Pd,Fe intersect at 35 at.":', Fe.

The Palladium-Ruthenium System
and R. s. POLYAKOVA, Russ. J .
Inorg. Chem., 1959, 4, (6), 631-636 (Transl. of
Zhur. Neorg. Khim, 1959, 4, (6), 1404-1414)
The investigation was restricted to Pd-rich
alloys which were examined by X-ray analysis,
thermo-e.m.f. measurements, differential thermal
analysis and measurements of hardness and
electrical resistivity. Peritectic reactions occur
at 1593°C between the liquid and Y solid solution
based on Ru, with the formation of an intermediate fi-phase and at 1575°C between the
liquid and (3-phase with the formation of a solid
solution based on Pd. The intermediate (3-phase
occupies a narrow region 15-20 wt.O/o Ru and
undergoes eutectoid dissociation at 724°C and
15 wt.7" Ru. The solubility of Ru in Pd is
< 5 wt.% at room temperature and increases to
-12 wt.y/, at 140o0C. The solubility of Pd in Ru
at room temperature is < I O wt.O/, and rises to
-40 wt.7; at the temperature of the peritectic
reaction.
A. A. RUDNITSKII

The Constitution and Properties of Zirconium-Palladium Alloys
K. ANDERKO and H. w. SCHLEICHER, Metall, 1959,
(81, 763
The constitution of the Zr-rich side of the system
1.33
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was investigated by thermal, microscopic and
X-ray analysis and by conductivity and hardness
testing. Because of the reactivity, the alloys were
worked at high temperatures under vacuum or
inert gas protection. The intermediate phases
Zr,Pd and ZrPd exist; Zr,Pd melts at 1085°C
and ZrPd at over 1600°C. There is a eutectic
point at 1030°C with 27.5 w t a O &
Pd. The maximum solubility of Pd in $Zr is 13 wt.?"; in
The fi-Zr phase forms a
or-Zr it is (0.1 wt.O:.
eutectoid at 765°C with 8 wt.7: Pd. Alloys with
Pd content up to I O ~ / ,were corrosion tested in a
pressure bomb at temperatures between 350" and
480°C. The stability of the alloys at 700-800°C
passes through a minimum value with incrcasing
) is as resistant as 5":)
Pd content. A 0 . 5 ~ ~alloy
or unalloyed Zr.

The Structure of the Systems CobaltGallium, Palladium-Gallium, Palladium-Tin
and Related Compounds
K . SCHUBERT, H. L. LUKAS, H.-G. MEISSNER and
S. BHAN, Z. Metallkunde, 1959, 50, (9), 534-540

The Co-Ga system was determined by thermal,
microscopic and X-ray analysis. The structure
of CoGa, was elucidated. The phases FeGa,,
RuGa,, OsGa,, RhGa,, RhIn,, IrGa, (h) and
IrIn, had the same structure analogous to
CuAlz (C16). The systems Pd-Ga and Pd-Zn
were determincd in the same way. Pd,Ga is of
the Ni,Si (C37') type as are Pd,Al, Pd,In,
Rh,Sn and Pd,Sn. Pd,Ga,, Pd,Al, and Pd,In,
are of the RhjGc, type with structures analogous
to NiAs (B8). PdGa, has a structure similar to
CoGa, (C16). Phase diagrams are given for the
Co-Ga, Pd-Ga and Pd-Zn systems.

Palladium-Cadmium
M. ADER and J. PAVLIK, U.S. Atom. Energy Comm.
Report ANL-5996, 1959, 94-97
The solubility between 397" and 500°C of P d in
Cd was investigated. Samples were taken after
constant temperatures had been maintained for
an hour and the Pd content was determined
spectrophotometrically. Solubility data are given
in a table and a least squares analysis of the data
is given. The solubility of P d was found to be
lower than that expected by extrapolation of
thermal analysis data obtained at higher Pd
concentrations.

Palladium-Uranium-Cadmium
M . ADER and J. PAVLIK, U.S. Atom. Energy Comm.
Report ANL-5996, 1959, 97-99
The effect of U on the solubility of P d in Cd

solutions was determined, Mg being included in
the metal phase to suppress air oxidation of U.
Pd and U solubility data are shown on a reciprocal temperature plot and a least squares
analysis of the Pd data is given. Pd solubility is
only slightly depressed by the presence of U in
Cd-rich solutions. U solubility in liq. Cd is
decreased up to zoo times by saturating with Pd.

The Effect of Alpha-Activity on the Corrosion Rate of Platinum and Zirconium in
HBr
J . Nucl. Energy, 1959,
9, (I-4), 189-190 (Transl. of Atomnaya Energiya,
1958, 4,293)
In this investigation r l o P ~in solutions of specific
activity 0.3-1 curie ml-l was used as the source
of radiation. Pt and Zr foils of 99.9:4 purity
were washed with HBr, distilled H,O and alcohol,
dried and accurately weighed. Measurements of
corrosion rates in HBr were madc. After exposure, the samples were again washed and
weighed. At room temperature the corrosion
rate of Pt is not markedly increased by a-activity
and there is only a small rate increase at 80°C
by an activity of 0.3 curie ml-I. The corrosion
rate of Zr was increased at least roo times by a
similar activity. T h e increased rates are due to
the action of atomic Br, H,O, and other radiolysis
products of the HBr.
D. M. ZIV and I. A. EFKOS,

Hydrogen Absorption by Palladium in
Aqueous Solution
and F. A. LEWIS, Trans. Faraday
1959, 55, (8), 140*1408
Cold drawn and annealed P d wire spirals were
used in the investigation which was carried out
in zN H,SO, at 25°C and I atm. The course of
absorption was followed by measurement of the
relative electrical resistance, R/R,, of the Pd
wires. The relationship between [HI /[Pd] and
R/R, for these wires was established separately,
the Pd being charged by electrolysis. Factors
influencing the attainment of equilibrium were
investigated. It was shown that hydrogen may be
adsorbed from solution to an equilibrium concentration [HI,@"] =0.69 which corresponds to
that found from gas-phase isothermal experiments. The mechanism of the absorption is discussed; dissociation at the Pd surface is ratedetermining.
T. B. FLANAGAN
SOC.,

Surface-to-Volume Considerations in the
Palladium-Hydrogen-Acid System

7. Electrochem. soc., 1959, 106, (S),
640-643
Experiments were carried out using Pd electrodes of wire and sheet of varying diameter,
thickness and shape. Thc surface of some of thc
electrodes was partly covered with polythene
film. The electrodes were charged with hydrogen
by standing on open-circuit in a hydrogenJ. P. HOARE,
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stirred Z N H,SO, solution and open-circuit
potential against a Pt/H, electrode was measured
as a function of time. In some cases, the electrical
resistance was recorded as a function of time.
Results show that the time required for charging
is related to the surface-to-volume ratio of the
electrode. It is suggested that the penetration
of the surface skin of the metal is the ratedetermining step. The mechanisms of three
hydrogen-charging methods are discussed.

High Pressure Diffusion of Hydrogen through
Palladium Membranes
Paper presented before the Division of Petroleum Chemistry, A.C.S. Atlantic
City Meeting, Sep. 13-18, 1959
Diffusion rates through a o.ooo8 in. thick membrane weremeasured at 650"-85o"F. Upstream and
downstream pressures ranged from 1 7 0 0 psig
and 0-300 psig respectively with a maximum
pressure drop of 400 psi. It was found that
below 25 psia diffusion rate is proportional to
pressure drop. Above 25 psia, the linear relationship holds for the differences of the 0.8 powers
of the pressures. The rate-determining processes
are believed to take place at the surface below
2.5 psia upstream pressure and in the bulk of the
metal above 25 psia. Hydrogen was separated
from nitrogen and from CH, at 850°F and
upstream and downstream pressures of 700 psig
and 300 psig respectively.
A. J. DE ROSSET,

Liquidus and Solidus Relations in IronRich Iron-Platinum Alloys
and W. HUME-ROTHERY, J . Iron
Steel Inst., 1959, 193, (I), 61-62
Liquidus and solidus curves of Fe-rich Fe-Pt
alloys were determined by thermal analysis. The
system is of the open y-field type. At 1519" C
there is a (6 t liquid) peritectic horizontal and
with increasing Pt content the y-liquidus and
solidus probably sink to a very shallow minimum. Both 6- and y-solid solution alloys have a
very narrow freezing range. A comparison of the
Fe-Pt, Fe-Pd, and Fe-Ni systems shows that Pt
has a strong effect in stabilising the y-phase.
R. A. BUCKLEY

+

The Diffusion of Hydrogen through Palladium-Coated Quartz Glass
H. BORNERT and u. VON WEBER, 2. anorg. allgem.
c h m . , 1959, 300, (1 121, 81-83
The rate of diffusion of hydrogen through quartz
glass was measured between 301" and 1032'C at
hydrogen pressures of 0.50, 0.75 and 1.00 atm.
An activation energy of 9.8 k cal/mole was
obtained by plotting diffusion rate against I/T.
Changes in the activation encrgy at lower temperatures are believed to be due to a change from
crystalline to intercrystalline diffusion. The
diffusion rate through quartz glass coated by a
film of Pd in the temperature range 40O0-~0O"c
is 1.44 times greater than that through pure
quartz glass.

A Paramagnetic Investigation of Hydrogenated Pd-Fe AUoys

wCHER,
Compt.
p. B ~ ~ E.G V~~~
~ ~ and
,
rend., 1959, 249, (16), 1480-1482
The investigation was carried out with four
and at.o/, F~
pd-Fe alloys containing I, 3,
respectively.
was found that by saturating
alloys of Pd-Fe with hydrogen, the magnetic
moment of the p d was neutralised. A magnetic
moment of 5 , 9 ~ Bwas found for Fe alone; this is
the theoretical value for ferric ions. The paramagnetic Curie points of the hydrogenated alloys
vary linearly with the Fe content.
J.

were used. Treatment in boiling H,O resulted
in “bare” electrodes, while subsequent anodic or
chemical oxidation gave “oxidised” electrodes.
Measurements of static tension values were made
and cathodic polarisation curves were plotted for
Pt electrodes in H,O, solutions Over a range of
p H values. With acid and ncutral solutions,
results with the “oxidised” clectrode could be
interpreted as an electrochemical reduction of
Pto,. Values obtained for alkaline solutions are
inconclusive.

Study of the Impedance of a Platinum
Electrode in a Redox System
J. LLOPIS, J. FERNANDEZ-BIARGE
FERNANDEZ, Electrochim. Acta.

A Note on Certain Properties of Osmium
and of its Alloys with Molybdenum

and
1959,

M. P ~ R E Z

I, (2 /3),
130-145
The system FeZJ/Fe”’+ (HCI, as.) was studied in
order to illustrate the intervcntion of an adsorption process in the expression of the faradic
impedance of an electrode when acting in the
presence of a redox system. Experimental results
are interpreted and the mechanism of the electrode reaction is discussed. Results support the
theory of Gerischer that adsorption is a ratedetermining step. T h e system 1 2 / P(H,SO,, as.)
was also studied using active and non-activated
electrodes and the mechanism of this electrode
reaction is discussed.

G. A. GEACH and A. G. KNAPTON,
Plansee Proc., 1958, 371-379
The melting point of 0 s was determined as
3000& zoo‘C by an optical pyrometer technique.
Changes in surface orientation gave haddness
values varying from 300 to 670 V.H.N. At
12ooT the mean hardness is still 300 V.H.N.
0 s is very brittle and fractures mainly by cleavage
on basal planes. It work-hardens unevenly due
to its anisotropy. The Mo-rich side of the Mo-0s
system was examined. Phases of the P-tungsten
and sigma structures are formed. The solubility
of 0 s in Mo is less than that of Re. Additions of
up to 10 at.:’, 0 s reduce the ductility, but it
increases to a maximum at 14 at.0& 0 s before
again decreasing. The 14 at.O/, 0 s alloy has a
room temperature hardness of 450 V.H.N. which
is retained up to ~zoo”C.
J. D. BAIRD,

The ElectrochemicalBehaviour of Hydrogen
and Oxygen Mixtures on Platinum Electrodes

and F. MAZZA, Electrochim. Acta, 1959,
198-204
Electrochemical processes accompanying the combination of hydrogen and oxygen dissolved in
ELECTROCHEMISTRY
aqueous solutions on Pt electrodes were investigated at 25°C. Partial processes involved are
Electrode potentials Of the Pa’adiumcathodic oxygen reduction and anodic hydrogen
Hydrogen System
Hydrogen
oxidation. Mixed potentials were measurcd and
T. B. FLANAGAN and F. A. LEWIS, Trans. FaradaY
anodic and cathodic polarisation curves Were
S O L . , 1959, 55, (8), 1409-1420
plotted for acid, neutral and alkaline solutions.
Hydrogen was absorbed from zN HBSOl and HzOzsolutions are reduced by hydrogen and the
2N HCl solutions into cold-drawn and annealed measured mixed potentials may be related to the
Pd wire. Electrode potentials were measured in processes of hydrogen oxidation and H,O,
HY- reduction. For concentrated H,O, solutions
the range [H]/[Pd]=o to [HI/[Pdl-0.69.
drogen content was determined simultaneously (o.o~M),the mixed potential equals the potential
by measuring the relative resistance R / R , of the for H,O, reduction.
Pd wire. Several methods of preaaivating the
wire surface were investigated. Agreement was Hydrogen Overvoltage on Bright Platinum
found between the free energies of solution of 111. ~ f l ~ ,of
, t Hydrogen pressure
hydrogen in Pd calculated from
s. SCHULDINER, J . Electrochem. Sot., 1959, 106,
potentials and from gas-phase isotherms. A free-energy
89r-895
difference between electrically charged and gasExperiments were conducted in I M H,SO,
phase saturated Pd hydrides cannot be supported.
stirred by hydrogen, 5 O U nitrogenlhydrogen or
hydrogenlhelium mixtures using a small Pt
Influence Of %Irface PreparationOf ‘latinurn sphere at the end of a short length of Pt wire as
Electrode
0” cathodic Processes Of Hydrocathode. Kinetic parameters were determined
gen Peroxide
from the anodic -and cathodic overvoltages.
G. BIANCHI and G. CAPRIOGLIO, Electrochim. Acru,
Experimental data support the theory of a
1959, 1, (I), 18-21
mechanism controlled by slow combination of
Two different methods of surface preparation hydrogen atoms adsorbed on the I’t surface. It
G. BIANCHI

I, (2/3),
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is shown from the Langmuir adsorption isotherm
that the surface of the active Pt electrodeis
sparsely covered with atomic hydrogen at
equilibrium.

LABORATORY APPARATUS
AND TECHNIQUE
The Determination of Oxygen in TitaniumManganese Alloys
and J. A. OLIVER, Analyst, 1959, 84,
436-439
A semi-micro vacuum fusion method was used
for the determination in an alloy containing 4O/U
each of A1 and Mn. 30 mg sample with 10 mg of
Sn were placed in a graphite crucible containing
about 5 g of Pt and the crucible was heated in an
evacuated system for 10 minutes at 1500o:;ICto
volatilise the Mn. On raising the temperature
to I 88o"C, oxygen was converted quantitatively
to CO in the Pt bath. Evolved gases were collected and analysed. The method should be
applicable to other metals containing alloying
amounts of Mn.
D. F. WOOD
(IOoO),

Platinum-Flux Method for Determining
Oxygen in Titanium
and M. J. TRZECIAK,
Anal. Chem., 1959, 31, (7), 1237-1241
In this modification of the Pt-bath technique, a
0.25 g sample is wrapped in at least eight times
its weight of Pt and dropped into a vacuumfusion furnace maintained at 1850°C. The
evolved gas is collected in a 30 min extraction
and then analysed. Blank corrections are made.
The accuracy of the method is compared with
that of the dry-crucible technique. By both
methods it is possible to recover at least 92% of
the 0, in unalloyed Ti. Average recovery from a
6", A1-4%V-Ti alloy was 93;l; by both techniques. Reproducible results were obtained from
8o/&Mn-Ti, 2%Fe-2~i"Cr-274Mo-Ti and 50,;
Al-2.50: Sn-Ti alloys.
W. R. HANSEN, M. W. MALLETT

Laboratory Equipment Made of HighStability Platinum
Werkstoffeu. Korrosion, 1959, 10,
(9)3 564-572
A Au-Pt alloy containing a small amount of Au
has been developed in an attempt to improve the
mechanical strength and dimensional stability of
Pt laboratory apparatus without detriment to its
chemical resistance. The alloy, which melts at
174o"C, in the annealed state has twice the tensile
strength of normal crucible-Pt at temperatures
up to ~ooo"C.Comparison of crucibles and dishes
of the Au-Pt alloy with those of normal Pt in
analytical laboratories has shown that they have
excellent shape stability and that their chemical
resistance is as good. The weight constancy of
both materials is compared after use for ignition,
G. REINACHER,
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fusion with various materials and after contact
with acids,

The Palladium Electrode in Aqueous and
Non-Aqueous Titrimetry
J. T. STOCK, w. c. PURDY and T. R. WILLIAMS,
Anal. Chim. Acta, 1959, 10, (I), 73-78
Two types of electrode are described, one with
a horizontal Pd diaphragm and the other, a
generating electrode, with a vertical diaphragm
and fast constant speed circulation. The latter
type was found to be the more reliable; it responds
rapidly and gives reproducible results. This
electrode has been used in a variety of acid-base
titrations in aqueous and non-aqueous systems.

CAT+LYSIS
Selective Hydrogenation of Olefines in
Olefine-Aromatic Mixtures
R. M. SOEMANTRI and H. I. WATERMAN, Chim. et
Znd., 1959, 82, (z), 181-188
Selective hydrogenation of olefines in the presence
of Pt/SiO,/Al,O,, Pt/Al,O,/Cl, SiO,/Al,O, and
WS, was investigated. A I:I mixture of hexenes
and xylenes (0-, m- and p-) and hydrogen was
passed over the catalyst after preheating. The
gases and liquids were separated and the reaction
products were analysed by the fluorescent indicator adsorption method. A study was made of
the influence of varying temperatures, pressures,
space velocities and H,:organic mixture ratios.
Pt/SiO,/Al,O,, PtjAl,O,/Cl and WS, showed
good selectivity under the experimental conditions.

The Reactions of Palladium Chloride with
Olefinic C=C Double Bonds
J. SMIDT and R. SIEBER, Angew. Chem., 1959, 71,

(IS), 626
Experiments were carried out to ascertain the
action of aqueous PdC1, solution on olefinic
compounds containing nitrogen.
The compounds chosen were unsaturated amines, unsaturated nitro-compounds, an unsaturated nitrile
and unsaturated amides. From the unsaturated
amines the N was split off and mono- and dicarbonyl compounds were obtained. The nitro
group was retained by the unsaturated nitrocompounds, with the higher nitro-olefines giving
a mixture of several carbonyl compounds. Unsaturated amides reacted as free carbonic acids.

Decomposition of Hydrogen Peroxide Catalysed by Ruthenium Complexes
F. P. DWYER, N. NELSO KING and M. E. WINFIELD,
Austral. J . Chem., 1959, 12, (2), 138-146

Kinetic measurements and experiments such as
electrolytic oxidation of Ru complexes followed
by reduction with H,O, were used to obtain
evidence for the mechanism of the decomposition.
The four selected octahedral Ru" complexes
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[Ru" dipy, gly](ClO,), [Ru" acac dipy,]
(ClO,), [Ru" gly pyJ](CIO1), and [Ru" acac
py,](ClO,), (where dipy, gly, acac and py
represent dipyridyl, glycinato, acetylacetonato
and pyridine groups respectively), were all
oxidisable at least in part to the RuIV state by
H,02. Oxidation of Ru" to RuIV accompanied
by reduction of H,02 to hydroxyl ions, followed
by a 2-electron reduction of RuTVto Ru" with
oxidation of H,O, to 0, and hydrogen ions
appears to be the basis of the catalysis.

Catalysis of Hydrogen Peroxide Decomposition by 2-Electron Oxidation and Reduction
N. NELSO KING and M. E. WINFIELD, Ausnal. 3.
Chem., 1959, 12, (z), 147-151
The decomposition of H,02 by RulI complex
catalysts is used as a basis for a thermodynamical
explanation of the reaction mechanism. Support
is found for the suggestion that the usual chain
mechanism is not necessarily the main course of
the reaction if the catalyst can readily undergo a
reversible 2-electron oxidation. An ionic mechanism is thermodynamically possible and is
favoured if the catalyst chosen has appropriate
redox characteristics.

The Present State and Development Prospects of the Production of Dilute Nitric Acid
M. A. MINIOVICH, J . Appl. Chem. U.S.S.R., 1958,
31, (8), 1121-1129 (l'ransl. of Zhur. Priklad.
Khim., 1958, 31, (8), 1129-1138)
The increase in the production of nitrogenous
fertilizers in post-war years is illustrated by
production figures obtained from the West.
Production processes operate either at atmospheric pressure, at high pressure or by a combination of atmospheric and high pressures. An
examination of the merits of the three processes
shows that the combined process is the most
promising of existing methods.
Methods of
purifying the ammonia-air mixture are described.
The efficiency of Rh-Pt catalysts used in ammonia
oxidation in the West is compared with that of
Pd-Rh-Pt catalysts used in the U.S.S.R. Operation of a two-stage oxidation process in the
U.S.S.R. makes possible a 60";~reduction in
precious metals used.
Searches for efficient
non-Pt catalysts for ammonia oxidation have
not been successful. Operating techniques and
plans to decrease power consumption are discussed. The problems of the development of
thermal and radiation processes for the production of oxides of nitrogen and treatment of waste
gases for their rcmoval are outlined.

Catalytic Properties of the System Pd-Pt
and M. A. INDZHIKYAN, zhur.
Fiz. Khim., 1959, 33, (7), 1467-1472 (English
summary)
A study was made of co-precipitated Pd-Pt
catalysts for the hydrogenation of C,H,. It was
A. A. ALCHGDZHYAN
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shown that with a decreasing 1'd:Pt ratio, thc
catalytic activity reaches a minimum where
Pd:Pt has a value between I:I and 1:2. The
paramagnetism of the solid solution decreases
with incrcasing Ft content. Ncither the paramagnetism nor catalytic activity has a zero value,
whatever the ratio Pd:Pt. Similar Pd:Pt values
are associated with least catalytic activity and
lowest paramagnetism.

Kinetics of Catalytic Liquid Phase Hydrogenation. I. The Hydrogenation of Aromatic
Nitrocompounds over Colloidal Rhodium
and Palladium
H.-C. YAO and P. H. EMMETT,J.

Amer. chem. soc.,
1959, 81, (16)~4125-4132
Experiments were carried out by kinetic methods
using p-nitrophenol and p-nitroaniline in waterethanol and water-dioxane solutions.
The
reaction rate was followed by measuring (i) the
change of hydrogen volumc at constant prcssure
of I atm and (ii) the change of hydrogen pressure at constant volume. Results show that the
catalytic behaviour of Pd towards the compounds
studied is essentially the same as that of Rh. The
reaction is, within the experimental conditions,
first order with respect to hydrogen prcssure.
The reaction order with respect to substrate was
found to vary with the amount of catalyst used
and with the nature of the solvent. The reaction
rate is affected by the nature of the substrate
only when the reaction is first or fractional order
with respect to it. Under conditions leading to
fractional or first order with respect to the substrate, the activation energy is in the range
12-15 k cal/mole, but it is only a few k cals when
the ratc is limited by hydrogen diffusion through
the solvent. A kinetic equation is derived which
supports the kinetic characteristics of the reaction.

Catalytic Activation of Hydrogen in Aqueous
Solution by the Chloropalladate (11) Ion
J. HALPERN, J. F. HARROD and P. E. POTTER, Cunad.

J * Chem.3 1959, 37, (91, 146-1450
The rate of catalytic reduction of FeCl, by
molecular hydrogen in the presence of PdCI,
was determined by measuring the volume of
hydrogen taken up at constant pressure. The
PdC1, acts as a homogeneous catalyst for the
reaction. It was found that the rate law is
-d[HJ /dt =k[H,] [PdCl;-]. The reaction mechanism is discussed.

Regenerative Catalytic Reforlhing
C. E. SLYNGSThD, Indust. 15'Eng. Chem., 1959,
51, (91, 993-996
The development of Pt regenerative catalysts and
the economic advantages of their use are described.
Operation at lower pressures with an increased
yield of high-octane fuel has become possible,
while continuity of operation provides a continuous source of H, for other processes. Operating costs are reduced by lower circulating gas

rates and lower catalyst replacement costs. The
essential properties of regenerative Pt catalysts
are stated and a case study of a five-stage reformer
is presented.

Studies of Mixed Hydrogenating Adsorption
Catalysts. I. An Investigation of Mixed
Pd-Ag Catalysts on Silica Gel
and M. A. MANTIKYAN, Zhur.
Fiz. Khim., 1959, 33, (4), 780-789 (English
summary)
A study has been made of the effect of Ag upon
the catalytic activity of thin Pd layers on SiOz
with respect to the hydrogenation of C,H,. It
was shown that, in general, with increasing Ag
content on the Pd/SiO, surface (at constant P d
content) the catalytic activity increases, attains a
maximum and then decreases. T h e degree of
activation or deactivation of the P d by the Ag
has been found to depend upon the extent of
SiO, surface coverage by the Pd. Investigation
of the kinetics of hydrogenation of C,H, has
shown that the reaction is of zero order with
respect to C,H, and to hydrogen, both on
Pd/SiO, and PdTAg/SiO,, the apparent activation energy being practically the same for all the
catalysts. It is concluded that on introducing
Pd and Ag to the SiO, surface they interact so
as to change the number of active sites without
changing its energy state.
A. A. ALCHUDZHYAN

Catalyst Applications to Continuous Strip
Ovens
Wire & Wire Products, 1959, 34,
1346-1348and 1390-1391

R. J. RUFF,

(IO),

A catalyst used for the oxidation of noxious waste
gases from enamelling ovens consists of a thin
coating of Pt alloys electrolytically deposited on
high Ni-alloy ribbon supporting material. The
design of ovens for varying requirements is
illustrated and the utilisation of heat energy
released by catalysis is discussed. Catalysts may
be used in ovens operating at temperatures as
low as 150°F although the normal operating
range is 500°-6000F. Advantages of catalytic
oxidation of oven exhaust gases are assesscd.

Preparation of Diamond
H. P. BOVENKERK, F. P. BUNDY, H. T. HALL, H. M.
STRONG and R. H. WENTORF, Nature, 1959, 184,

(October IO), 1094-1098
Diamond has been synthesised in systems involving C dissolved in molten metal catalysts.
Operating pressures ranged from 55,000 to IOO,OOO
atm and temperatures were between 1200" and
2400%. Catalysts used were Ta, Cr, Mn, Fe,
Co, Ni, Ru, Rh, Pd, Os, Ir, and Pt.

GLASS TECHNOLOGY
Crystallisation of Sodium Disilicate Glass
J. A. PASK, Glass Industry, 1959, 40, (7), 354-355
(Paper presented at the 61st Annual Meeting of

the Amer. Cerarn. SOC.,Chicago, May 1959)
Nucleation and crystal growth from a Na,Si40,
glass were observed, using a high-temperature
microscope. Both high-temperature nucleation
from the glass-Pt interface and low-temperature
nucleation at the glass-air interface were observed. The kinetics of the crystallisation process
were studied. The crystal form produced depends
upon both the temperature of growth and the
nucleation catalyst on which it is grown.

A Contribution to the Study of Catalytic
Reactions on Incandescent Platinum. Determination of the Volatilisation of the
Catalyst by the Use of Radioactive Platinum
P. BUSSIERE, University of Lyon. Thesis presented
July 1959, 73 PP.
The volatilisation of a Pt ribbon catalyst during
the combustion of air or an air-CH, mixture was
studied. Radioactivation of the Pt prior to cornbustion facilitated the estimation of the amount
which passed into the gaseous phase. The
apparatus which was used both for the combustion reactions and for the measurement of the
radioactivity of the gases is described in detail.
Pt ribbons 0.02 mm thick and 2.20 mm long
were heated electrically in a combustion chamber
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itself enclosed in a larger Pyrex glass ampoule.
Temperatures were measured by an optical
miaopyrometer and the radioacrivity of the
gaseous mixture was measured directly by a
Geiger-Muller counter. The volatilised radioactive Pt was also separated by filtration of the
gas mixture, chemical solution, separation by
paper chromatography and was estimated by
measurement of its activity.
The principal
activities considered in the experiments were
those of PtlS7and Au199 (arising from the decay
of Ptlg9), the effect of other isotopes being
regarded as negligible. Measurements were made
at temperatures between 1380" and r5ro"C in
air or a 356 CH,-air mixture. It was found that
both Au and Pt volatilised more quickly in the
gas mixture than in air alone and, for both metals,
volatilisation increased with increasing temperature. A suggested explanation for the preferential
volatilisation of Pt in the CH,-air mixture is
that the interaction of CHI and the oxide (or
oxides) of volatilised Pt brings about the decomposition of the latter with the production of
atomic 0.

Further Studies of the Nucleation of a
Lithium Silicate Glass
G. E. RINDONE, Glass Industry, 1950, 40, (7),
354 (Paper presented at the 61st Annual Meeting
of the Amer. Ceram. SOC.,Chicago, May 1959)
The importance of Pt nucleation of glass was
reviewed. The optimum condition of crystallisation is reached when the Pt particles are extremely
small. Further studies on the crystallisation rate
of a lithium silicate glass heated at constant
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temperature have been carried out by X-ray
diffraction analysis and electron microscopy.
It was found that the amount of crystallisation
occurring at a given time and temperature reaches
a maximum of about o.oo~':{, Pt when the heating
time is short. With longer heating or increase of
temperature, the amount of crystallisation becomes greater as the Pt content is increased to
o.oz~'%.Electron microscopy revealed that prior
to any heat treatment, the glass contained a fine
structure.

TEMPERATURE
MEASUREMENT
A Survey Of Temperature Measuring Techniques
W . A. SEATHERTON, Brit.
19592 6 , (101, 700-709

COmmUn. & Electronics,

The basic capabilitics and limitations of various
techniques for measuring temperatures encountercd in industrial processes are outlined. Both

contact and non-contact methods of measurement are discussed and classified. The principles
of operation and applications of electrical resistance thermometers and thermocouples made of
base metals and Pt metals are given in some detail.
Charts have been prepared indicating the applications of each type of instrument.

The Vacuum Casting of Uranium
J. STEPHENSON, J . Brit. Nucl. Energy Conf., 1959,
4, (4),335-341
The design of a furnace developed by the
U.K.A.E.A. for melting and casting U under
vacuum is described. In experiments to establish the relationship between temperature and
pressure, the casting temperature was measured
by a 1 7 c x , Rh-pt:pt thermocou,,le in the side
wall of- the crucible. A second thermocouple
shielded by a mullire sheath was fitted through
the sighting hole above the graphite crucible in
order to measure the temperature below the metal
surface. Details of the casting assemblies and
techniques are given.

NEW PATENTS
New Dioxolane Derivatives
SOC.

DES

USINES

CHIMIQUES

RHONE

POULENC

British Patent 815,968
2-piperidyl-dioxolanes arc prepared by reducing
2-pyridyl-dioxilanes of given general formula by
means of hydrogen in the presence of an Adams'
platinum catalyst.

Saturated hlclehydcs
co.

hydrous alumina phases containing 65-95
of
tri-hydrate. The catalyst contains 0.1-1
by
wt. of a platinum metal, preferably platinum, in
sufficiently finely divided form as to exhibit, by
X-ray diffraction, the absence of crystallites and
crystals of larger size than 50 A.

Reforming of Naphthas
ESSO RESEARCH

LTD.

A naphtha boiling at 170-34o"F is reformed in
the presence of a platinum-alumina-halogen
catalyst and added hydrogen at 850-9oo"F, using
a naphtha residence time in the reforming zone
of 15-50 sec. A heart-cut fraction boiling at
175-290'F is recovered from the products and
is reformed a t gz5-rooo"F for roo-zoo sec to
produce a gasoline. A material containing alkyl
aromatics and boiling above 290°F is recovered
from at least the first reforming zone and this is
thermally reformed to recover a gasoline.

Isomerisation of Alkanes

Isomerisation of Alkanes
ENGELHARD

INDUSTRIES

INC.

& ENGINEERING co. British Patent

821,210

British Patent 816,151
An rthylenically unsaturated aldehyde is hydrogenated in the vapour phase at elevated temperature to the corresponding saturated aldehyde by
reaction with hydrogen in the presence of a
platinum group metal catalyst. The catalyst is
made by treating an alumina, magnesia, titania
or chromia support with a solution of a compound of the platinum group metal in an organic
solvent to deposit the oxide of the metal, treating
thc resulting product with an aqueous solution
of the hydroxide, carbonate or bi-carbonate of an
alkali metal and finally reducing the oxide.
THE DISTIILERS

ENGELHARD

British Patent

820,140
A normal alkane is isomerised by bringing it, in
admixture with 1-5 moles of hydrogen per mole
of alkane, into contact with a platinum metalalumina catalyst at 800-9oo"F, a pressure of
200-500 psig and a wt. hourly space velocity of
2-20. The feed catalyst is characterised by large
pore, high area base structure composed of
gamma alumina modifications resulting from the
drying and calcining of a mixture of precursor
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INDUSTRIES

INC.

British I'atent

822,670

Alkanes are isomerised by contacting the alkane(s)
and hydrogen with a catalyst composed of sulphided rhodium supported on alumina at 650IOOO"F,
a pressure of zoo-roo0 psig, a hydrogen
to alkane molar ratio of I:I to ZO:I and a weight
hourly space velocity of 0.5-20.
The catalyst is
prepared by contacting a calcined composition
of rhodium on the support with a sulphiding
agent, e.g. hydrogen sulphide, at 70-1000°F and
a pressure of up to roo psig.
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Novel Hydrazine Derivatives
F. HOFTMANN-LA ROCHE

& CO.

A.G.

Catalyst
Britidz Patent

U.S. Patent 2,897,137
A hydrocarbon reactant is contacted at 600125ooF, a pressure of I am-2000 psig and a wt.
space velocity of 0.01-15 with catalyst particles
containing 1-25% by wt. of platinum on a carrier
material in physical admixture with particles of
a carrier material in amount sufficient to provide
an average platinum concentration of 0.05-o.gg"L
by wt. of the mixture.
THE M.W. KELLOGG CO.

822,796
A platinum oxide or palladium/charcoal catalyst
is used in the hydrogenation of a hydrazone
produced at an intermediate stage in the manufacture of novel hydrazine derivatives of given
general formula.

~ ~ u f aofcPlatinum
t ~
Metal Catalysts
German Patent
17052,366
In the manufacture of a catalyst by impregnating
activated alumina with a compound of a platinum
group metal and subsequently reducing to the
metal, activated alumina is treated with an
aqueous solution of a strong inorganic oxidising
medium, which is removed from the alumina
before impregnation thereof.
E.I. DU PONT DE NEMOURS & CO.

Catalyst Particles
%SO RESEARCH & ENGIN~ERING60.

US. Patent
2,898,289
Hydrocarbons are hydroformed by contacting
them, mixed with hydrogen, under active conversion conditions, with catalysts obtained by
submerging preformed bodies of adsorptive
alumina in a large amount of water, circulating
through a bed of the particles, slowly adding a
solution of a platinum group metal compound
sufficient to incorporate the desired amount of
platinum metal, continuing the circulation for at
least half hour after addition of the platinum
metal compound, separating the impregnated
bodies and drying and calcining them.

Separation of Noble Metal Salts
ROHM & HAAS

G.m.b.H. German Patent 1,053,482

In a method of Separating platinum metal salts
from gold and/or lead salts with polymeric hydrocyanic acid from a mixture of these salts, polymeric hydroeyanic acid is charged to saturation
with the salt or salts of the same platinum metal
or metals as are present in the mixture to be
treated, and the so-treated poIymerisate is contacted with the solution containing the salts
whereby a complete absorption of the gold and/or
lead salts results, so that the separated solution
contains only the salt or salts of the platinum
metal or metals.

Electrodeposited Rhodium
US. Patent
25895,889
Rhodium metal under low internal stress is
electrodeposited on a basis metal from an
aqueous bath composed essentially of 20-100
cc/l. of free sulphuric acid, 2-5 g/l. of rhodium
as rhodium sulphate and 10-100 g/l. of magnesium sulphate, remainder water, at a current
density of 4-20 amplsq. ft. at 20-25°C.

SEL-REX PRECIOUS METALS INC.

Hydroforming Hydrofined Naphtha
co. U S . Patent 2,899,378

STANDARD OIL

In a method of producing high octane fuel from
a low octane naphtha containing sulphur and
chloride, in which thc naphtha is hydrofined to
remove the sulphur and chloride, fractionated
and then hydroformed in the presence of a
platinum-alumina catalyst, catalyst deactivation,
caused by removal of the chloride, is eliminated
by introducing into the hydrofined naphtha, after
fractionation, 0.1-ro parts per million of chloride,
at least part being added to the effluent stream
from the first hydroforming stage, contacting
the naphtha with the catalyst at a pressure of
150-400 psi at inlet temperatures of 85c-950"F
until the activity of the catalyst declines and then
regenerating the catalyst in each stage when its
activity declines below the required level.

Hydrocarbon Conversion Process

Electrodeposited Rhodium
SEL-FW

PRECIOUS

METALS INC.

PHILLIPS PETROLEUM CO. U.S. Patent 2,899,382
A petroleum distillate boiling at go-4m"F is
reformed by contacting it at 700--10m'F, a
pressure of 100-1ooo psig and a hydrogen to
hydrocarbon mol ratio of 1-20 with a catalyst
consisting of O.OI-IO~& by wt. of platinum
deposited on a support formed of 5-50'" silicaalumina and an inert support (alumina or silica),
one or both of which components has been calcined before mixing.

U S . Patent

2,895;890
Rhodium is electrodeposited from an aqueous
bath containing rhodium sulphate and 10-100
gjl, of magnesium sulphamate dissolved therein.

Catalyst Activation
US.Patent 2,893,948
A petroleum hydrocarbon is reformed by contacting it under reforming conditions of elevated
temperature and pressure in the presence of
hydrogen and a palladium-alumina reforming
catalyst, which has been previously heated to at
least 1zoo"F in an atmosphere of a free-oxygencontaining gas for about 15 hours.

ENGELHARD INDUSTRIES INC.
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Brazing Alloy
THE TRANE co. US.Patent 2,900,251
A high temperature brazing alloy consists of
30-60O;, nickel, 20-45'6 tin, 10-30"~ palladium
and 4-80,, silicon.
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Catalytic Reforming
SOCONY MOBIL OIL

co. INC. U S .Patent 2,902,435

A hydrocarbon reforming process involves the
use of a catalyst consisting of a mechanical mixture of particles of less than IOO microns diameter
of ( I ) a porous carbonaceous carrier on which is
deposited O.05-fi0/0 by wt. of platinum and (2)
alumina activated by the presence therein of an
acidic promoter and composed of a mixture of
the dehydration products of beta alumina
trihydrate in which eta alumina predominates.

Brazing Alloys
LITHIUM CORP. OF AMERICA INC.

U.S. Patent

22903,352

A self-fluxing, air-proof brazing alloy contains
0.25-8O,',lithium, 0.25-2.5 'hboron, 5-50'6 nickel
and balance palladium.

to germanium in the finished catalyst ranging
from 5-95";,

Reforming of Hydrocarbons
co. U.S. Patent 2,906,701

THE STANDARD OIL

Discloses the reforming of a petroleum naphtha
boiling in the gasoline range with the catalyst of
No. 2,906,700 (above).

Hydrogenated Lecithin
THE GLIDDEN co. U.S. Patent 2,907,777
Phosphatides are hydrogenated by contacting
them with hydrogen and a platinum or palladium
catalyst at a pressure of 0-12 lb. gauge and a
temperature of 32-175"F. The phosphatides are
in the form of a solution in which roOb or more
of the total solvent for the phosphatides consists
of chloroform, chlorobenzene or methylene
chloride or mixtures thereof.

Brazing Alloys
LITHIUM CORP.

OF AMERICA INC.

U.S. Patent

Hydroforming Process

ESSO RESEARCH & ENGINEERING co. U.S. Patent
The alloy of No. 2,903,352 may contain 1-80°/, 2,908,636
copper, in which case the palladium comprises
Virgin petroleum naphtha fractions are hydronot less than 14.57~
of the alloy.
formed by contacting the fractions mixed with
hydrogen-rich gas with a fluidised bed of finely
Hydrocarbon Detrction
divided platinum-on-alumina catalyst particles
in a reaction zone at 800-975°F and a pressure of
NATIONAL LEAD CO. U.S. Patent 2,904,406
In a method of testing gas samples for hydro- 50-100 lb/sq. in. long enough to produce a C,+
carbon content involving catalytic combustion at hydroformate and periodically regenerating the
the surface of a hot wire, use is made of a tem- deactivated catalyst particles.
perature calibrated wire composed of platinum
or palladium alloyed with rhodium, iridium or Preparation of Catalysts
ruthenium.
HOUDRY PROCESS COW.
U.S. Patent 2,908,654
A non-acidic single function hydrogenation
Selection of Corn Steep Liquor
catalyst is made by impregnating sorptive high
AMERICAN CYANAMID co. U S .Patent 2,904,473
arca alumina (minimum dimensions 2-13 mm)
Selection of a corn steep liquor, giving an im- with an aqueous solution of chlorplatinic acid
proved yield during growth of a particular type of to deposit compounds corresponding to 0.2-1.9~&
organism, is made by measuring the potential of a platinum, treating with hydrogen to form
platinum electrode immersed in the liquor platinum and then with an oxygen-free gas for
against a saturated calomel electrode and choosing 1-36 hours at 700-1000°F to reduce the chloride
a liquor having a potential more positive than content of the particles to below o.I"(,.
170 millivolts at 22OC.

2,903,353

-

Hydroforming Process

Hydrocarbon Reforming
UNIVERSAL

OIL

PRODUCTS

co.

U S . Patent

2,906,699
A catalyst capable of promoting hydrocracking
of paraffins and dehydrogenation of naphthenes
and containing one or more refractory oxides and
platinum or palladium is used in a method of
reforming a hydrocarbon fraction containing
sulphur compounds, paraffins and naphthenes.

Catalysts
U.S. Patent 2,906,700
A reforming catalyst is made by impregnating a
support with platinum and germanium compounds, and heating at 900-1800°F in a reducing
atmosphere to form a solid solution of the
platinum and germanium, the wt. ratio of platinum
THE STANDARD OIL CO.
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GULF RESEARCH & DEVELOPMENT

co. U.S. Patent

2,909,480
Naphtha rangc hydrocarbons are reformed by
contacting the hydrocarbons, pre-heated to below
their thermal cracking temperature, mixed with
hydrogen with a platinum-alumina reforming
catalyst in a fixed-bed reforming zone under
reforming conditions of temperature and pressure
including a temperature above 900°F (which is
substantially above the pre-heat temperature),
separating a hydrogen-rich gas from the product,
recycling part of this gas to the reforming zone,
burning another part and introducing the hot
resultant combustion gas directly into the reforming zone separately from the naphtha in
amount, and at a temperature, sufficient to
maintain the reforming zone at above 900°F.
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