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The Principles of the Solion
A NEW RANGE OF ELECTROCHEMICAL CONTROL DEVICES

By R. M. Hurcl, and W. H. Jordan, Jr.
Texas Research Associates, Austin, Texas

The current flowing in an electrical circuit
has been controlled in the past primarily by
the use of vacuum tubes in which the flow
of electrons through space is controlled by the
imposition of electric fields, Recently the
transistor, in which electrons and “holes”
move through a solid, has replaced or supplemented the vacuum tube in many of its
functions. Still more recently, a technology
has been developed which makes use of the
principles of electrochemistry to yield a series
of circuit control elements in which the charge
carriers are ions rather than electrons, and
in which the working medium is a solution of
ions. These devices have therefore been
named suliuns.
Since the velocititics of ion movement in
solution are extremely low in comparison
with electron velocities, solions are inherently
low frequency devices (0to 1,000cps). While
this limitation to low frequency operation
places solions at a disadvantage in so far as
incorporation into present electronic circuitry
is concerned, these devices possess distinct
advantages over the previously used elements
for application in this frequency range as they
permit a decided reduction in circuit complexity. Another outstanding advantage of
the solion units is the extremely low power
level required for their operation, much less,
for example, than that required to operate a
comparable transistor system.
This low
power requirement makes it possible to
operate complete solion circuits for very long
periods (years) with small hearing aid type
batteries.
In most solion units the electrochemical
circuit consists of inert metal electrodes in
contact with a reversible redox electrolyte
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A new technique, based upon electrochpmical phenomena, has led to the
development of the solion, the name
given to a range of versatile detector and
control devices that supplement both the
thermionic value and the transistor.
Solions have special advantages at low
potential owing to their extremely low
power requirements and to the simplicity
of the circuitry involved. This article
outlines the principles underlying their
design and development and the operating characteristics of a number of
distinctly different t-ypes of solium.
Generally, they comprise an electrolyte
of iodine and potassium iodide, with
platinum electrodes.

system.
The electrodes are usually of
platinum, and are not only inert to the
electrochemical reactions but also to chemical
attack by any corrosive reagents in solution.
Many of the reversible redox systems listed
in the table of standard electrode potentials
may be used as the electrolyte system; those
which have been studied for this application
include iodine-iodide, bromine-bromide,
ceric-cerous, ferric-ferrous, ferricyanideferrocyanide, and thallic-thallous. In general,
however, the iodine-iodide system offers the
best combination of properties, such as freedom from interfering reactions over the
operating voltage range, solubility and stability
in both water and some organic solvents, and
in the ease with which the desired electrode
reactions proceed.
In an aqueous or alcoholic solution of

iodine and potassium iodide, the iodine
exists predominantly as tri-iodide ion, formed
by the reaction:
I,
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When current is passed through this solution,
iodine will be reduced at the cathode to iodide
ions, and the iodide will be oxidised at the
anode to tri-iodide, as follows:
Cathode reaction: 1
,
Anode reaction: 31-

+ 2e
-

31-

2e + I;

(2)

(3)

Thus there is no net change in the solution
with the passage of current.
By using an anode of much larger surface
area than the cathode, and an iodide concentration large with respect to that of
iodine, the current becomes a function only
of the rate at which iodine reaches the
cathode, and the total voltage applied to the
cell appears as cathode potential, E,. This is
one of the focal points in operation of the
solion units, namely, that the current is controlled by conditions in the vicinity of the
cathode only.
A typical plot of current against voltage is
shown in Fig. I for solutions of three different
concentrations of iodine. The current increases rapidly with voltage, obeying Ohm’s
law, until the supply of iodine to the cathode
becomes limited, at which point the current

Fig. 2

levels out and becomes voltage independent.
Since most of the potential drop appears at
the cathode, each added increment of voltage
makes the cathode a better reducing agent, so
it is imperative to exclude from the solution
all substances (other than iodine) which may
be reduced over the operating voltage range.
Oxygen, for instance, would be reduced at
about 0.5 volt, lead at about 0.7 volt, etc. In

Solions may be of several diferent types. Those illustrated above are, f r o m left to right, a diode,
a detector, integrators and a n electro-osmotic cell
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(4) and the phenomenon it describes, called
concentration
polarisation, are of utmost
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importance in the operation of most of the
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solions, since they make it possible to
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determine the concentration of iodine at any
point in the solion by a simple electrical
n
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measurement, and to detect disturbances,
such as flow, in the fluid.
5
n
In several of the solions, advantage is taken
400
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of the fact that iodine may be transferred from
a
one region of a solution to another instantane200
ously by electrolysis, and that the amount so
a
moved is an exact function of the quantity of
0.2
0.4
0.8
0.8
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electricity used (Faraday’s law). FurtherVOLTAGE APPLIED
more, the very large value of the Faraday
makes it possible to obtain usable currents
Fig. 3 Relationship between the pressure
developed by a typical electro-osmotic cell
(microamperes) from the movement of
and the applied voltage
extremely small quantities of iodine.
One other electrochemical phenomenon
Fig. I the second increase in current at about
used in solion applications is that of electro1.0 volt is due to reduction of the hydrogen
osmosis, which is the movement of a liquid
ions from the solvent; in solions this undesired
through a porous medium, such as fritted
side reaction is avoided by limiting the bias
glass, under the influence of a voltage
to 0.9 volt.
gradient. Electro-osmosis is used in the
The value of the limiting diffusion currents
solion units exclusively as a micropump to
of Fig. I, for quiet, isothermal conditions, is
feed fluid flows into coupled units, and by
given by
selection of the right combination of disc
I=
(4) sizes, porosities and working fluids, the
magnitudes of voltages required and fluid
where n is the number of electrons involved flows developed can be made to correspond
in the electrochemical reaction (in this case, to those used and developed in the coupled
two), F the value of the Faraday, A the cathode units. In Fig. 3 the pressure developed by a
area, D the diffusion coefficient of iodine, and typical electro-osmotic cell is plotted against
dc/dx the concentration gradient. Equation the applied voltage. For additional details on
\

_I
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the electrochemistry involved in solions, the
reader is referred to previous publications
(1, & 3 ) .

Operating Characteristics
of Typical Solion Units
At the present time there are several
distinctly different types of solions which may
be classified according to the function performed, as follows:
( I ) Current limiter, or electrochemical diode
(2)

Detectors, flow meters and transducers

(3) Electrochemical integrators

(4) Differentiators, multipliers and amplifiers
An idea of the general size and shape of

typical operating units is given in the illustration on page 43.
The simplest solion is the electrochemical
diode, which depends entirely on concentration polarisation for its action. Fig. 4 is a
cutaway view of a solion diode, which simply
comprises two platinum electrodes in a sealed
unit containing a solution of iodine and
potassium iodide in water. The polarisation
curve for such a diode is given in Fig. 5, which
shows the familiar rectifier characteristics,
with a forward-to-reverse current ratio of
about 500 to I. Because
of a storage charge effect
inherent in the solion
diode, it is not operable
at frequencies above about
0.1

Here the cathode is in the form of an orifice
through which the solution may be pumped by
means of an external pressure incident on the
plastic diaphragms. With no flow through the
orifice, and with the electrodes biased at about
0.9 volt, a very small background current (a
few microamperes) will flow in the external
circuit. Forcing fluid through the orifice,
however, disturbs the diffusion layer and
causes the current to increase. The device
thus produces a d.c. current which is a
function of the amplitude of the flow. By
suitable design of the detecting cathode, the
functional nature of the response to flow may
be varied; thus, elements with a linear,
logarithmic, and square root response to flow
have been built. The units are sensitive to
flows down to 10-j cm3/sec, or to incident
pressures of a few dynes/cm2. Units have been
designed to detect and meter flows from d.c.
up to some zoo cps.
The electrochemical integrator is probably
one of the most important solion units, and is
nothing more than the familiar iodine
coulometer (4), but with some rather important changes in design. One type of integrator
is shown in Fig. 7. It consists essentially of
two separate electrolyte chambers, generally

cps.

Solion detectors, flow
meters and transducers
take advantage of the
increase in current resulting from the disturbance
of the solution near the
cathode. A schematic
drawing of one type of
detector is shown in Fig.
6; this detector incorporates essentially the
same electrochemical
circuit as the solion diode,
but with a new geometry.
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Fig. 5 A polarisation curve f o r a solion diode
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iodine, and current is passed through the
integrator in the direction shown in Fig. 7,
the concentration of iodine in this chamber is
proportional to 1 Idt at any time. Iodine
concentration could be measured chemically,
but as this would require disassembly of the
integrator, it is usually measured visually by
change in colour of the iodine solution, or
electrically by measurement of the concentration voltage between the two compartments. Since the iodine-iodide system is
electrochemically reversible, the integrator
can be cleared or reset by passing current
between the two electrodes in a direction
opposite to the original integrated current.

Electrochemical Readout
Integrators

of different volume, with a platinum electrode
in each chamber, and filled with the iodinepotassium iodide electrolyte solution. Separating the two chambers is a “diffusion barrier”,
the purpose of which is to prevent mixing of
the iodine in the two compartments, while at
the same time maintaining a conduction path
of electrolytefor the flow of current.
Faraday’s law applied to this device may be
expressed as:
Grams of iodine formed at anode 126.92fIdr (7)
~

96,500

Differentiators and Multipliers

where I is current in amperes and t is time in
seconds.
Since the volume of the chambers is fixed,
the concentration of iodine is directly proportional to grams of iodine in the chambers.
Thus, if the small chamber is initially free of
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Another type of electrochemical integrator
is the electrical readout integrator (ERI).
In this type of unit, two electrodes are used
to replace the “diffusion barrier” shown in
the previous type. As the name implies, the
integral value is determined by an electrical
readout, the particular means being the
limiting diffusion current. Since the limiting
diffusion current is a linear function of the
concentration, by imposing a voltage across
the two electrodes in the integral compartment, one obtains a current which is a direct
measure of the concentration. Since the
volume is fixed, any change in concentration
represents a change in the amount of reagent
formed and hence a change in J” Idt. The
integral values obtainable with this type of
integrator are much smaller than the capacity
of the type discussed previously. The ERI
was designed, however, as a short-term
integrator from which the integral value can
be read within one second after integration
is finished.

Solion differentiators, multipliers and
amplifiers consist of the electro-osmotic cell
coupled to solion detectors of various designs.
Because of the very low frequency response
of the electro-osmotic cell, all of these devices
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operate from very low frequencies down to d.c.
In the amplifier the solion detector operates
linearly, and since the pressure developed by
the electro-osmotic cell is linear with applied
voltage (see Fig. 3) the output of the detector
follows the input to the micropump, but with
large current gains. The current and power
gains obtainable by such a device may be
illustrated by considering a detector which
operates by reducing all the iodine contained
in the fluid flowing past the cathode, which in
this case consists of closely woven platinum
gauze. The current output for this cell is
given by:
dv
I = I o - ~F N dt

where

F=96,500

N = normality of iodine in the fluid
e = f l o w rate in cm”/sec.
dt

From this equation, assuming an iodine
normality of I O - ~ , flow rates of I O - ~ to I O - ~
cm3/sec yield currents in the neighbourhood
of IOO to 10,000microamperes. Input to the
micropump to drive the detector to 10 3
cm3/sec is roughly 20-30 microamperes at
1.0volt, which gives current and power gains
of some 400-fold. It is in this manner that the
large value of the Faraday, almost 105
coulombs equivalent, makes so many of the
solion units practical.
Differentiation and multiplication units are
obtained by combining the electro-osmotic
cell, detectors of various types, and hydraulic
components such as bellows, resistive and
inductive capillary tubes and capacitive diaphragms into complete hydraulic circuits

which are analogous to electrical networks.
Solion units other than those described
here have been developed; still others are in
the experimental stage. The technology of
solions is young, having been developed over
a period of about the last ten years. Many
problems in design and fabrication remain to
be solved; however, the basic theory is now
well understood, and it is felt that solions will
occupy an important position in the future of
such things as control circuits and automation
of chemical plants, where low frequency
hydraulic measurements are common, in
instrumentation, where long period differentiation and integration are often desired, and
as components in almost any situation where
low frequency hydraulic or electrical signals
are available.

References
I

R. M. Hurd, R. N. Lane, and H. B.
Reed

2

..

..

..

R. M. Hurd and R. N. Lane

..
..

3 H. B. Reed and J. B. McQuitty
4 E. W. Washburn and S . J. Bates

Platinum Metals Rev., 1960, 4, ( 2 )

..

..
..

..

The Solion; Technical Information Office, U.S.
Naval Ordnance Laboratory, Silver Spring, Md.,
I957
Principles of Very Low Power Electrochemical
Control Devices, J . Electrochem. Soc., 1957, 104,
727
The Solion, Yale Scientific Magazine, 1958,32, No. 5
J . A m . Chem. SOC.,1912,34, 1341

47

Platinum in the Glass Industrv
J

By Eric Preston, Ph.D., D.%.
Concluding his article from the January issue of “Platinum Metals
Review”, Dr Preston deals with the application of platinum and its
alloys as a means of protecting refractories from attack by molten glass,
with the production of fibre glass through platinum bushings, and with
other applications of platinum in glass melting practice.
One of the greatest difficulties in the production of homogeneous glass of high quality
is the effect of the corrosion of the refractory
materials with which the molten glass is in
contact. This reacts in two ways; first,
solution of the furnace refractories by the
glass means a shorter furnace life, and
secondly the dissolving of the refractory
material in the glass means the introduction
of inhomogeneities, stones and cord, which
in the later stages of melting and refining are
extremely difficult to remove.
Many of the earliest applications of
platinum and its alloys on a large glass melting
scale were concerned with the protection of
certain refractory parts of the furnace, or

subsidiary refractory pieces which it was
necessary to introduce into the glass for the
particular process employed, not so much to
protect the refractories themselves, but to
remove the deleterious effects in the glass of
the solution of such refractories. If, for
example, at the gathering point in the working
end of a tank furnace from which the glass is
gathered by hand, or in a feeder channel just
before the exit of the glass to the machines,
there is any pick-up from the refractories that
glass is very prone to be “stoney” or “cordy”
and to give a product of inferior quality.
T o avoid the ill effects of late contamination by the refractories, the practice is
steadily growing of completely covering cer-

A skimmer block faced
with platinum to prevent erosion of the
refractory and contamination of the glass
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A platinum liner for a
double-gob orijce ring

glass so that it becomes a source of stones and
cord. Such skimmer blocks are not infrequently covered with sheet platinum, as
illustrated on the facing page, to avoid their
becoming a source of contamination.
Even at the very last moment when, in
gravity feeding, the “gob” of glass issues
from the feeder orifice to the forming machine, be it a bottle machine or press, the
glass may be rendered defective and rejectable
by the pick-up of small stones or by the
effects of wear on the orifice. In cases where
the same orifice size is required for long
periods it is economic to cover the orifice
plates with sheet platinum as indicated in the
illustration above, which shows a platinum
covering for a “double gob” orifice ring.

tain essential refractory pieces by sheet
platinum or platinum alloy. Typical examples
are gathering rings for the production of
cathode ray tubes where the complete absence
of stones is essential, floaters for glass level
indicators, and gates in the Danner tube
drawing process, these gates being raised and
lowered in the glass stream to regulate the
flow of glass to the tube drawing machine.
In glass feeders the bowl of the feeder may
often be lined with sheet platinum to prevent
pick-up of stones at the last moment before
the delivery of glass to the forming machines.
In the United States the complete lip of a
sheet-glass tank has been covered with
platinum to avoid the pick-up of small
stones and the introduction of lines in the
glass due to an irregular contour of the edge
of the lip as the glass stream issues from the
furnace on to the drawing table.
In many processes it is undesirable to take
what is known as surface glass and it is frequently skimmed before entering the feeder.
This is done by means of a skimmer block.
There is a danger, however, that the skimmer
block, while holding back any surface scum
on the glass, may itself be attacked by the
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The Manufacture of Fibre Glass
In all cases where platinum or platinum
alloy materials are employed in commercial
glass manufacturing processes as a component part of the furnaces the object is
always the same, to minimise or remove
entirely the effects of refractory corrosion
which either has an adverse effect on the
quality of the glass and the efficiency of the
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process, or entirely prevents the successful
operation of that process with consequent
heavy expenditure in stoppages and replacements. There is no more striking example of
this than in the modern production of fine
fibre glass. It is safe to state that without the
use of platinum and its alloys such a process
as the production of glass fibre would be one
of great difficulty.
These fibres are often made of a glass completely free from alkali, or containing only a
small proportion of alkali compared with
bottle and sheet glasses, for the very fine
fibres having a great surface to volume ratio
are particularly susceptible to attack by
moisture unless they are produced from low
alkali glass, or are bonded in some way to
minimise this surface attack.
Although any glass can be drawn into a
fibre there are only about six types of glass
compositions in general use for the production of fibres for various purposes. The most
important application is as glass wool for
thermal or acoustic insulation; next in importance is the textile field, which includes the
manufacture of glass fibres for the reinforcement of structural plastics, for electrical
insulation, and of yarns for decorative
materials; another group of uses is concerned
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with filtration, while the use of glass fibre is
also important in the reinforcement of coal
tar or bitumen enamels used to protect buried
steel pipelines from corrosion.
Fibre glass is produced today by four
fundamental processes, all of which have in
common the operation that by some means
the glass is drawn away at high speeds and
so attenuated into fine threads. The diameters
of the different types of fibres may range
from less than 0.0002 up to approximately
0.010 inch depending on their ultimate
usage. The processes are:
Air or steam blowing
Flame blowing
Spinning
Drawing
In the blowing process the fibres are produced by the impingement of powerful jets
of air or steam on the molten glass stream as
it issues from the furnace. The sketch below
illustrates diagrammatically the production
of glass wool. The glass flows from the
furnace through platinum bushings in the
form of troughs having a number of small
orifices in the base through which the glass
emerges. These bushings may be attached to
the melting furnace itself, as shown in the
diagram below, or may be placed in small

in length, and contain a certain amount of
what is known as “shot”. The presence of
this shot-small spheres of glass-constitutes
one of the difficulties in steam-blown fibre
glass production and detracts from its insulating and other properties. This comparatively coarse wool contains fibres in the
diameter range 0.0003 to 0.0006 inch.
For the production of h e r fibres for fabrication into textiles, the remelting technique is
generally employed as illustrated here diagrammatically. These remelting furnaces are
electrically heated, glass marbles being fed
into them automatically to maintain a constant depth of glass. The glass streams
which issue from the platinum alloy bushings
are again subjected to high pressure air jets
which attenuate the fibres to three to four
times the length of the coarse wool and
having diameters in the range 0.00025 to
0.0004 inch. In this case the fibres are collected on a revolving drum from which they
are spun into a single thread, much as in
cotton spinning, and wound on to a spool
for subsequent processing into yarn.
The flame blowing process differs somewhat from the air or steam blowing technique.
In this process individual coarse
fibres are drawn continuously by mechanical
remelting furnaces in which the glass in the
form of marbles is remelted. One great
advantage of the remelting technique is that
the process may be carried out quite independently of the actual glass melting operation.
A binder or lubricant is sprayed into the
tangled mass of fibres just before they are
deposited on the conveyor belt taking the
“mattress” of wool to the drying oven, after
which it is cut into pieces of convenient size
for storage and dispatch. As much as IOO tons
a day may be produced by this technique.
It is calculated that the velocity of the
fibres as they are torn away by the blowers
may be as high as 30,000 feet a minute, or
about 350 miles an hour. These fibres are
relatively short, seldom exceeding 6 inches
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itself, taking the place of the air jets in the
coarse fibre process, draws out the fibre.
From this point onwards the process is
essentially the same as the production of
glass wool, except that where the very fine
fibres are intended for paper making no
lubricant or binder is added. Some of the
finest fibres, as fine as 0.00005 inch in diameter, are produced by this means and the
technique has the advantagc that the product
is virtually free from “shot” or small glass
nodules.
The spinning technique is best typified by
a recent development known as the Fibreglass
Crown process. Here the fibres are attenuated
by centrifugal force. Briefly, the glass issues
from an orifice into a rapidly spinning
chamber of nickel-chrome steel which has a
large number of fine holes round its periphery
through which the glass threads are flung.
Again platinum plays an essential part in the
system. Obviously should the glass issuing
from the feeder contain any small stones
(inclusions of refractory material) then these
will block the minute orifices and in time
cause a cessation of the process and demand
replacement of the spinner. This process is
illustrated diagrammatically on page 51.

means from the orifices. These fibres are
then fed into a chamber where they pass
through flames of high velocity. In passing
through the flames the individual threads of
glass are remelted and the velocity of the flame

A close-up view of glass jibre emerging from a n incandescent rhodium-platinum alloy
bushing at the Camberley factory of Glass Yarns and Deeside Fabrics Ltd
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Continuous $lament
production in the works
of Fibreglass Ltd at
St Helens

which is drawn off at high speeds on to a
winding tube or spool. The winding speed
may be as high as IZ,OOO feet a minute and
the fibre diameter from o.oooz5 to 0.0004
inch. “Sizing” is necessary to provide both
lubrication and a bond to retain the individual
fibres in the strand.

This process produces a shot-free and finer
fibred product than the air or steam blown
material. Apart from improving its insulation properties against heat and sound, the
product is much easier to handle and has
greatly improved resilience.
Mechanical drawing of fibre glass is very
largely employed for the production of fibres
for the textile and electrical fields, especially
in the low alkali or alkali-free glasses. The
sequence of operations is shown in the diagram on page 52. Again, the source of glass is
preformed marbles which are fed at a controlled rate from a container to the remelting
furnace. The molten glass issues as before
through the platinum alloy bushings in a
number of continuous filaments, about zoo
from each bushing, which are treated with
“size” and combined into a single strand
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Rhodium-Platinum Bushings
From the foregoing descriptions of the
essential process of fibre manufacture it will
be apparent that the glass working temperatures are comparatively high and for the
accurale maintenance of fibre diameter it is
essential that the orifices from which the
fibres emerge must remain constant in
diameter. The normal refractory materials are
therefore ruled out of consideration and
rhodium-platinum alloys are universally used
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Welding rhodium-platinum alloy bushings in the zuorlcs of Fibreglass Ltd at St Helens

for this type of glass manufacture. By whatever means the glass is supplied to the final
outlet from the furnace, this outlet always
takes the form of a platinum alloy bushing or
trough, the design of which may vary in
detail but the bushing always contains a
large number of fine orifices through which
the molten glass emerges. A n exception is the
Crown process in which a single and larger
platinum alloy orifice is used to feed the
spinner. It is essential to the success of the
processes that these fine orifices shall maintain their accuracy of size for long periods at
working temperatures as high as 1400T.
It is difficult to over-estimate the importance of this industry, which has greatly improved the performance of electric motors,
dynamos and generators and revolutionised
the techniques of heat and sound insulation.
Platinum has played a very essential part in
the development of the different processes.
Even in the best available refractory materials
the nozzles would quickly become enlarged
by the combined corrosive and erosive effects
of the molten glass passing through them at
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such high speeds and almost daily replacements would be required. The platinum
alloy troughs such as those illustrated have a
life of many weeks before replacement is
necessary.

Large Scale Tank Furnace
Melting of Glass
Mention has already been made of the
use of platinum alloys in the protection of
skimmer blocks and the covering of orifice
rings, but there are many other applications
in tank melting practice.
One of the most common faults in tank
melting is a variation of the level of glass in
the tank, which, apart from introducing
feeding difficulties, accelerates the wear on
the surface of the refractories at the glass
surface level. T o avoid these ill effects a
“glass level controller” is almost invariably
employed. This generally consists of a
platinum probe which is caused to rise and
fall mechanically at a regular rate. As soon
as the probe makes contact with the glass
surface in the feeder channel the electrical

circuits reverse the direction of motion until
the probe is ready to descend again. In this
way a continuous record of the glass level in
the furnace is obtained and to maintain the
glass level the controller causes the rate of
feeding in of the raw materials to be increased
or decreased as required by accelerating or
decelerating the speed of the batch charging
mechanism.

Platinum-clad Stirrers
and Tank Blocks
T o render the glass more homeogeneous
and thereby obtain better quality and production it is not infrequently the practice to stir
the glass in the feeder channel.
The refractory stirrers used may be so subjected to attack by the hot glass in the feeder
channel that their object would be defeated
if they were not given some surface protection. In the United States perhaps more
than in this country the practice has grown
of coating these refractory components with
platinum or platinum alloy, a sheet of
about 0.25 mm in thickness usually being
adequate.
Even within the melting compartment of
the tank furnace itself platinum alloys frequently find application in protecting vital
tank blocks from the combined ill effects of
corrosion and erosion. Often the life of a
tank is determined by the failure or imminent
failure of a particular block or small number
of blocks, and the life of a furnace may be
considerably increased if protection by
platinum sheathing is given to areas such as
the throat and bridge wall which separates
the melting from the refining end of the
furnace.
Two other interesting applications of quite
recent introduction are in the provision of
electrodes for the technique of electric
boosting of furnaces, and the formation of
bubbler nozzles for stirring the glass and
obtaining homogeneity in the melting end
more rapidly than by relying on the thermal
movements of the glass which are comparatively slow.
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The advantage in using platinum electrodes is that the metal does not dissolve in
the glass as occurs when molybdenum electrodes are used, and further no precautions
have to be taken against oxidation where the
hot metal comes into contact with air.

Platinum Bubbler Tubes
Similar considerations apply to the use of
bubbler tubes which if constructed in, or
covered with, platinum or a rhodiumplatinum alloy stay in position during the
life of the furnace and need no replacement,
for they are unattacked by the molten glass
and there is no reaction with whatever gas
is used as the bubbling medium.
Such bubbler tubes are normally placed
through the siege of the melting end of the
glass tank furnace. It is only the last few
inches of the tube, however, which require
to be constructed of platinum, for it is made
up in much the same way as an all-metal
clad thermocouple, the platinum section being
then welded to a nickel tube or one of heatresisting stainless steel. The joint between
the platinum and the base metal should be
at such a position that its temperature under
operating conditions is well below the working
temperature of the weld. For example, if
the siege block is the usual 12 inches in
thickness, then the bubbler tube would be
positioned in the block so that the weld
comes somewhere within the outer six inches
of the block thickness. There is a good
mechanical reason for this to avoid deformation of the bubbler tube if, for any external
reason causing a failure in the system, it is
necessary to remove the bubbler and replace
it with a new one.
Enough has been written to show that in
the glass industry of today platinum and its
alloys are accepted as essential tools in the
successful production of a wide variety of
glassware from the humble bottle to the
finest optical glass. It is a record of more
than a century of progress and almost daily
new developments and applications are being
found.
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Bright Platinum Plating
A NEW ELECTROLYTE YIELDING HEAVY DEPOSITS

By N. Hopkin,

B.SC., and

L. F. Wilson,

Ph.D.

This article, a communication from the Johnson Matthey Research
Laboratories, describes the development of a stable platinum plating bath
capable of producing heavy and bright deposits on a wide range of base
metals. This bath has beengiven the name DNS Platinum Plating Solution.

About thirty years ago a great deal of
interest was being taken in platinum plating,
and a number of papers and patent specifications appeared describing improved electrolytes and their methods of operation. Two
of these baths have since been employed to a
limited extent, although it has been well
understood that both suffered from shortcomings of one kind or another. Very little
work has been done in the intervening years
to improve this situation.
A factor of much importance in diverting
attention away from platinum as an electrodeposit was the introduction, shortly after the
development of the newer electrolytes, of a
successful rhodium plating process. Rhodium
seemed to offer all the desirable properties of
platinum-complete freedom from tarnish
and good reflectivity-while
it could be
readily plated from a stable bath which
yielded an exceptionally hard and wearresistant deposit. Rhodium plating therefore
became firmly established, more particularly
in electronic applications where a reliable
and stable contact surface is essential,
None the less platinum still has considerable usefulness in electrodeposited form, and
during the last year or two it has again
attracted attention. In the first place, the
greatly increased use of electrodeposited
noble metals in light duty contact applications
has brought about a re-examination of the
properties and relative merits of gold,
rhodium, palladium and platinum that affect
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contact performance. Secondly, platinum
deposited electrolytically on to metals such
as titanium and tantalum has been found to
provide a particularly valuable material for
use as electrodes, both in cathodic protection
and in electrochemical production methods.
It was felt that existing electrolytes were
inadequate to meet the needs of these newer
developments, and the authors therefore
undertook an investigation designed if possible
to provide a more reliable platinum bath
from which heavy, coherent deposits could be
obtained, preferably bright at all thicknesses.
Such an electrolyte has in fact been developed, and found to be satisfactory in
prolonged laboratory and plating shop tests.

Disadvantages of Existing
Electrolytes
The two baths hitherto operated on a
commercial scale are based respectively on
diammino-dinitrito-platinum and sodium
hexahydroxy-platinate.
The diammino-dinitrito platinum bath,
introduced by Keitel and Zschiegner (I),
comprises this compound, Pt(NH,),(NO,),,
sometimes referred to as platinum “I?” salt,
together with ammonium nitrate and sodium
nitrite, in a dilute solution of ammonia. It
suffers from several disadvantages. It is
operated at a high temperature, around 95”C,
and frequent additions of ammonia are necessary to replace losses due to evaporation.
The concentration of nitrite ions tends to

rise, suppressing the dissociation of the
platinum complex and causing a decrease in
current efficiency. At times, in fact, the
current efficiency may fall to zero, and treatment with ammonium nitrate, followed by
vigorous boiling, is necessary to restore
normal operation. Further, only “flash”
deposits can be produced readily; if thicker
deposits are required the work must be removed and scratch brushed at intervals, and
the resulting deposits are not bright.
The Powell and Scott bath (2) consists of
sodium hexahydroxy platinate, Na,Pt(OH),,
aH,O, dissolved in dilute sodium hydroxide.
It too has disadvantages. As the bath is
alkaline it absorbs carbon dioxide from the
atmosphere; caustic soda must therefore be
added from time to time, with a consequent
build-up of sodium carbonate in the bath.
It is sometimes difficult to obtain consistent
results from this bath, and very careful control of plating conditions is always necessary.
It is suitable only for deposits up to about
0.0001 inch in thickness, heavier deposits
tending to be rough and dull and liable to
chip away from the base metal.
The only other platinum bath that has been
described in recent years is that developed
by Atkinson (3) consisting of chlorplatinic
acid, H,PtCl,, dissolved in hydrochloric acid.
This bath, on account of its unusually high
acid content, is suitable only for the deposition of platinum on to noble metals, while its
high temperature of operation and the serious
difficulty of controlling agitation have so far
precluded its use on a commercial scale.

extensive study was begun of the chemistry of
these compounds. A large number of compounds of this general type were prepared,
including:
K,Pt(N02),C1

Potassium chloro-trinitritoplatinite
K,Pt(NO,),CI,
Potassium dichloro-dinitritoplatinite
K,Pt(NO,)Cl,
Potassium trichloro-nitritoDlatinite
K,Pt(N0,),S04 Pdtassium sulphato-dinitritoplatinite

T h e corresponding perchlorato-nitritoplatinites were also prepared, as were the
sulphato-dinitritoplatinites of sodium, ammonium, lithium, magnesium, aluminium,
nickel, and zinc. Further compounds prepared and studied were the potassium
dinitritoplatinite salts with acetate, borate,
tartrate, citrate, fluoborate, phosphate, sulphamate and sulphonilate radicals.
Practically all of these compounds in solution yielded electrodeposits of good quality
on a laboratory scale, with cathode efficiencies
of the order of 10to 15 per cent. Plating tests
were carried out on I inch square copper
specimens, degreased in trichlorethylene and
electrolytically cleaned in an alkali phosphate
solution. Operating conditions were 5 amp/
sq. ft. and 40°C; the platinum concentration
was 10 g/1 and platinum anodes were used.
The pH of all solutions was adjusted to
below 2 with sulphuric acid.
Extended plating tests were then carried
out to establish the working life of the solutions, the platinum concentration being maintained by daily addition of a concentrated
solution of the platinum compound. In a
number of cases the solutions darkened rapidly
during use, and after a time either cracked,
or rough and powdery deposits were produced. In other cases, however, plating was
continued until a turnover of more than
500 per cent of the initial platinum content
had been achieved.
Of all the compounds investigated it was
found that while sodium and potassium
sulphato-dinitritoplatinites gave good results
a solution containing sulphato-dinitritoplatinous acid, H,Pt(N02)2S0, gave optimum

Deposition from Complex
Nitritoplatinites
Early in the investigation attempts were
made to produce electrodeposits from a wide
range of platinum compounds. The only
promising results were obtained from solutions of complex nitritoplatinites, of general
formula K,Pt(NO,),X,-, where X represents
an anion, e.g. chloride, sulphate.
Little is known of the preparation and
properties of complex nitritoplatinites and an
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results. A solution of this compound has
now been prepared for commercial use under
the name DNS Platinum Plating Solution and
patent applications covering baths of this type
have been filed in a number of countries.

ency for a slight precipitate to form in a
new bath and after a few days’ operation the
solution may need to be filtered, During use
the bath gradually darkens to an orange-red
colour but this has no effect on plating.
Platinum from DNS solution can be deposited successfully on to copper, brass, silver,
nickel, lead and titanium. Owing to the
acidity of the bath it cannot be used ito plate
directly on to iron, tin, zinc, or cadmium,
and with these metals an undercoat of nickel
or silver is needed.

Plating Conditions
Good deposits are obtained from the new
bath with a platinum concentration above
4 g,1. Below this figure the plates are
uneven and dark in appearance. The concentration recommended for general use is
5 g/l. Platinum anodes, which are completely insoluble, are used and the concentration of platinum in solution is maintained
by addition of a concentrated solution of
DNS as necessary.
The pH of the solution has a marked effect
on the plating properties. Above pH-2,
black powdery deposits are obtained and
there is heavy gassing at the cathode. Below
this value satisfactory deposits are produced
and variation of the pH below 2 leads to
only slight changes in current efficiency.
Bright plates are produced with current
densities up to 25 amp, sq. ft., but cracking
occurs above about 20 amp/sq. ft. At 10
amp/sq. ft. there is no evidence of cracking,
but a current density of 5 amplsq. ft. is
recommended for building up heavy deposits.
If the temperature of the bath is below
z5‘C the deposits may be rough and have a
“frosted” appearance, but in the range 30°
to 70’ the smooth bright character of the
deposits remains unchanged. The deposition
rate at 50°C is 0.0001 inch in 2 hours at 5
amp/sq.ft., which is ideal for general use,
though for fast plating this time can be
reduced to 30 minutes using a 15 g/1 bath
at 20 amp/sq. ft.
Despite the low cathode efficiency of the
bath no gassing occurs, making agitation
unnecessary and removing the danger of
porosity due to gas pitting. There is a tend-

C . W. Keitel and H. E. Zschiegner . .
A. R. Powell and A. W. Scott
.,
3 R. H.Atkinson
.. .. . .

I
2

Platinum Metals Rev., 1960, 4, ( 2 )

Character of Deposits
The deposits from the new bath are
exceptionally bright and lustrous at all thicknesses. Electrographic tests have shown that
deposits up to 0.0005 inch on polished copper
are free from porosity, but that above 0.001
inch deposits are liable to show cracking.
However, on etched copper surfaces, deposits
in the range 0.001 to 0.002 inch can be prepared in which the cracking is much less
severe than corresponding deposits on highly
polished surfaces. Microhardness tests on
deposits give values of 400 to 450 V.P.N.
Plates 0.0001 and o.oooj-inch in thickness,
on polished copper, corrosion tested in 25 per
cent nitric acid, remain unattacked for four
and sixteen hours respectively. Similar plates
exposed over a 5 per cent sodium sulphide
solution for one week remain unattacked.
The advantages of the DNS bath may be
summarised as follows:
I.

2.

The deposits are bright and smooth and
no polishing is necessary.
Deposits may readily be obtained up to
0.001 inch in thickness.

3. The bath is stable, gives consistent
results, and does not deteriorate on
standing.
4. The bath can be used for plating on base
metals.
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Increasing the Resistance
of Titanium to Non-Oxidising Acids
INFLUENCE OF ADDITIONS OF PLATINUM METALS

By T. P. Hoar,

s ~ . D . ,F.R.I.c., F.I.M.

Department of Metallurgy, University of Cambridge

A recent article in this journal ( I ) summarised some of the work of Tomashov and
his colleagues in the course of which the
influence of small additions of platinum
metals to 18-8 type stainless steels on their
resistance to acids was explored. In that
article it was suggested that “the general
principle of alloying with small quantities of
noble metals may find use in further increasing the passivity of metals such as titanium,
zirconium and tantalum towards acids”. An
abstract of a paper (in Japanese) by Nishimura
and Hiramatsu (2) appeared in the same issue
of Platinum Metals Review; this reported,
inter alia, the beneficial effect of 2 per cent
additions of platinum or palladium in reducing the corrosion rate of titanium in 20 per
cent hydrochloric acid at 25°C. Moreover,
Buck and Leidheiser (3) showed that the
corrosion rate of titanium in boiling zM
hydrochloric acid is strikingly reduced by
contact with platinum, palladium, rhodium
or iridium-in contrast to the great increase
of corrosion rate that such contact produces
on most of the common metals.
The electrochemical behaviour of titanium
in non-oxidising acids and the great improvement in its passivation effected by small
additions of platinum metals has now been
further studied by Stern and his colleagues
at the Metals Rescarch Laboratories of Union
Carbide Metals Company. A preliminary
note on this work has appeared in this
journal (4); the present account is a review
of three of their papers (5, 6, 7).
Stern and Wissenberg ( 5 ) examined the
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general corrosion and passivation behaviour
of titanium in sulphuric and hydrochloric
acids of various concentrations at various
temperatures. Fig. I is typical of the potential/
external-current-density plots obtained potentiostatically. At very negative potentials, the
plot substantially represents cathodic evoluNear the “corrosion
tion of hydrogen.
potential” (no external current) of -0.71 V
(saturated calomel electrode scale), the plot
represents the difference between the cathodic
current and the anodic current equivalent to
dissolution of titanium to soluble ions;
Fig. 2 is an expanded view of this region,
also showing how the corrosion current+0.4
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Fig. 1 Anodic and cathodic behaviour of titanium
i n hydrogen-saturated 20 per cent sulphuric acid
at room temperature (Stern and Wissenberg)
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Fig. 2 Expanded view of part of Fig. 1 , showing
the calculated anodic polarisation curve of titanium
density can be obtained by extrapolation of
the appropriate all-cathodic and all-anodic
parts of the potential/external-current-density
curve. At a critical anode current density,
passivation begins, because at the corresponding potential, -0.48 V (sce) the production
of insoluble titanium dioxide becomes thermodynamically possible. I n Fig. I, the authors
label the top end of the unstable portion
(decreasing current with increasingly positive
potential) of the curve as a “critical potential”. This potential probably has less significance than the potential above which the
current begins to decrease, -0.48 V (sce);
this latter value agrees closely with that to
be expected for the onset of titanium dioxide
formation in 20 per cent sulphuric acid, as
indicated by the thermodynamic data collected and interpreted in the potentialipH
diagrams of Schmets and Pourbaix (8). It is
likely that with very slow experimental
increase of potential, the authors’ ‘(critical
potential” would be much lower and approximate to that at which the current begins to
decrease. In any case, Stern and Wissenberg
point out that since passivation due to oxide
formation sets in at potentials more negative
than the reversible hydrogen potential,
passivation would be automatic if the rate
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of the cathode reaction zH’+te+H, were
large at but slight overpotential. However,
as shown by the lowest part of the plot in
Fig. I, an overpotential of more than 0.5 V is
required to give a cathode current density of
100-200 pA,’cm2, necessary if the anode is
to achieve passivation conditions, and consequently plain titanium is active and corrodes.
The modern general theory of passivation
is given in detail elsewhere (9) but here the
matter may be clarified by a schematic diagram, Fig. 3. Here ABCD is the anodic
polarisation curve for the metal (AB active,
BC passivating, CD passive). L is the reversible hydrogen potential, more positive
than the passivating region BC, and LMN
represents a cathode reaction that is rapid at
small overpotential; the mixed potential
M, and passivation of the metal, would be
achieved. But actually the cathode reaction
on unalloyed titanium requires considerable
overpotential, LOP, and the mixed potential
0, with corrosion, is observed.
Evidently, coupling the titanium anode
with an auxiliary cathode of low overpotential, able to sustain current densities
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Fig. 3 Schematic diagrams showing passive ( M )
and active ( 0 )mixed potentials

according to LMN, should
TABLE I
produce passivation, and
Effect
of
Galvanically
Coupling Titanium to Various
this is the explanation of
i
n Boiling H,SO, Solutions
Cathode
Materials
the results of Buck and
Leidheiser (3). Stern and
Weight Loss of Titanium (mg/dm%/day)
Area Ratio
Wissenberg ( 5 ) coupled
A (Ti)
Couple
Boiling
Boiling
Boiling
several metals with titan4 (Cathode)
1 % H&Oa
3% H&Od
5% H,SO,
-5% Na,SO, A5% NazSOa
ium, obtaining the results
given in Table I, which
Titanium
..
1,400
1,800
2,900
extend those of Buck and
Titanium-18-8
Leidheiser. All the metals
Stainless . ,
I
0
2
10
tested could passivate ti6.6
6
tanium if sufficient area
Titanium-Hastelloy
were present.
Further
alloy F
..
I
0
potentiostat experiments
12
2
with plain titanium (5)
Titaniu m-Car bon
0.2
0
0
3,600
showed t h a t , n a t u r a l l y
0.5
0
I
1,200
enough, passivation becomes progressively more
Titanium-Platinum
0.25
LI
65
I
difficult as the temperature
65
2
is increased and as the
4
I08
1,700
35
corrosive environment becomes more severe by
increase of acid concentration. None the less, a low overpotential cathode is even here a
potentiostat curves similar to that of Fig. I, possibility.
Stern and Wissenberg (6) next prepared
with the passivating portion more negative
of titanium with small amounts of
alloys
than the reversible hydrogen potential, were
noble
metals,
so that points of low hydrogen
obtained even in 10 per cent hydrochloric
overpotential
should
be present on the alloy
acid and 5 per cent sulphuric acid at the
I1
gives
some results. The
surface.
Table
boiling points, indicating that passivation by
I.
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Fig. 5 Ejects of platinum andpalladium additions
o n the corrosion rate of titanium i n boding hydrochloric acid solutions (Stern and Wissenberg)

Fig. 4 Effects of platinum andpalladium additions
on the corrosion rate oftitanium in boiling suZphurie
acid solutions (Stern and Wissenberg)
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TABLE II

Effect of Various Alloy Additions
on the Corrosion Resistance of Titanium
Composition

Weight Loss in 24 Hours (Mils/Year)
Boiling H,SO,
Boiling HCl
I%
10%
3%
10 %

Titanium

460

3,950

242

Ti-0.064 % Pt

-<2

I45

Ti+0.54% P t

<2

48

<2
3

I28
120

Ti+0.08 % Pd

<2

I66

+0.44 % Pd

3

I00

<2

45

Ti+O.l % Rh

<2

26

<2
5

67
96

Ti-( 0.5% Rh

3

48

Ti+O.I % Ru

3

I87

<2
5

55
280

Ti

Ti+0.5% Ru

<2

48

TiS0.I I % Ir

<2

359

Ti-0.60% lr

<2

45

5

480

TiTO.lO% 0 s
Ti+0.48 % 0 s
TiCO.1 I % Re

<2
235

Tir0.36% Re
Ti+O.I I % Au

9
1,050

Ti+0.48% Au

3

Ti+0.04 % Ag

500

Ti+0.34% Ag

-

Ti+0.17% Cu

470

Ti+0.44% Cu

660

82

-

-

small additions of all six platinum metals are
seen to give striking improvements in corrosion resistance even in hot and fairly concentrated sulphuric and hydrochloric acids.
Platinum, palladium, rhodium and ruthenium
gave the best results, osmium and iridium
appearing to be slightly less effective.
Similar additions of rhenium, gold, silver
and copper give either a smaller improvement, or an actual increase of corrosion rate,
doubtless because they are less effective
cathodes, with higher overpotentials; in fact,
the order of merit as passivators of the various
metals examined was approximately the order
of the exchange current for the reaction
2H++2e+H2 on their surfaces.
The points of low hydrogen overpotential
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<:

4,500

2

II3

3
3
3

I20

1.820

3

208

345
30
1,500

88

-

9
334

I46

-

4,850

340
550

-

do not result from dissolution and redeposition of the noble metal, as shown by Stern
and Bishop (7); titanium and titaniumpalladium alloy corrode at their usual relatively fast and relatively slow rates even when
they are together in the same vessel. The
points of low hydrogen overpotential are
therefore present on the alloy surface before
any attack begins, or are produced during
an induction period during which some
titanium dissolves and exposes them.
Platinum and palladium additions were
further investigated (6); Figs. 4 and 5 show
the influence of platinum and of palladium
content on corrosion rates in boiling sulphuric
and hydrochloric acids of various concentrations. It is evident that the maximum benefit

to be derived from platinum metal additions
is reached at quite small contents, of the
order of 0.1 per cent-somewhat smaller for
hydrochloric acid than for sulphuric acid
conditions. The data of Figs. 4 and 5 are
derived from 24-hour corrosion tests, and it
is likely that active conditions at first prevailed in the alloys with the lower noble
metal contents, until sufficient noble metal
became exposed to give the requisite amount
of cathodic stimulation to produce passivation; Fig. 6 shows potentialjtime curves that
illustrate the effect.
Further experiments by Stern and Wissenberg (6) confirmed that the behaviour of
titanium alloyed with platinum metals is as
excellent as that of unalloyed titanium in
oxidising acids.
In non-oxidising acids
saturated with oxygen, the alloys are decidedly
better, because the somewhat uncertain
passivating action of oxygen as a cathodic
reactant is greatly enhanced.

Large Scale Experiments
The above results were sufficiently encouraging for Stern and Bishop (7) to
examine titanium alloyed with palladium on
a larger scale. Palladium was chosen as
among the most effective, and as the least
expensive, of the noble metals. A content of
0.22 per cent palladium was aimed at, as an
ample excess over the 0.1per cent previously

Fig. 6
Potential as a
function of time for titanium, alloyed with various
concentrations of platinum,
in boiling 1 per cent
sulphuric acid (Stern and
Wissenberg)

shown to give the maximal effect, and was
achieved with very little segregation in an
ingot 10inches high and 4 inches in diameter
by consumable arc melting of compacted
titanium sponge and palladium powder. The
ingot was hot-forged into slab and hot-rolled
to 0.06 inch thick sheet; the fabricating
properties of the alloy and the tensile properties of the sheet appeared to be identical
with those of unalloyed titanium.
In oxidising media, the corrosion resistance
of the alloy was as good as that of unalloyed
titanium; it is obviously important that a
new alloy should not show the excellent
resistance of the unalloyed metal impaired
under any conditions. The great improvement effected by palladium alloying for nonoxidising media is illustrated by the results
given in Table I11 for seven acid media.
In a series of autoclave corrosion tests
conducted at 190°C in various concentrations
of hydrochloric and sulphuric acid, while
unalloyed titanium, in the absence of oxidising agents, was rapidly attacked, the palladium
alloy showed useful resistance in solutions
containing up to 5 per cent of either acid.
On the basis of these and many other
experiments, Stern and Bishop conclude
that titanium-0.2 per cent-palladium alloy
is second only to tantalum as a corrosionresistant material able to handle strongly
acid media that are either oxidising, non-
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TABLE Ill

Comparison of the Corrosion Resistance of Titanium-Palladium Alloy
with Commercially Pure Titanium in Various Non-Oxidising Type Media
Corrosion Rate-Mils/Year
TitaniumCommercially
Palladium
Pure Titanium
Alloy

Environment

Aluminium chloride, 10 %, boiling

<I

<I

Aluminium chloride, 25%, boiling

2020

I

Citric acid, 50 %, boiling

17

<I

Formic acid, 50%, boiling

I43

3

Hydrochloric acid, 5 %. boiling

I120

7

Oxalic acid, I %, boiling

I800

45

Phosphoric acid, 50%, aerated, 70°C

405

71

Phosphoric acid, lo%, boiling

439

I 27

I920

20

Sulphuric acid, 5 %, boiling

oxidising or reducing, or which fluctuate in
these respects. It is superior to titanium in
being as good in oxidising and much better
in non-oxidising and reducing acids; it is
superior to zirconium in being at least as
good in non-oxidising and reducing acids,
and much better under oxidising conditions
(which are inimical towards zirconium).
Whereas the practicability of platinum
metal additions to stainless steels, as previously discussed (I), remains problematical,
that of the same additions to titanium seems

to be scarcely in doubt. Not only is the
passivating effect much more definite in the
case of titanium; it is achievable most readily
with the cheapest platinum group metal,
palladium, and on a basic material that is,
and no doubt will continue to be, considerably more expensive than stainless steel. It
has been estimated that the addition of
0.1 per cent of palladium to titanium would
add only something like 32 cents per lb, a
very small fraction of the present or the foreseeable cost of titanium.
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Rhodium Plated Uniselectors
IMPROVED CONTACT PERFORMANCE AT LOW VOLTAGES

Uniselectors arc electromechanical multiposition switches which are employed almost
universally in automatic telephone and telegraph exchange equipment. Among the
numerous functions that they perform in such
equipment are line-finding, line-selection and
call storage. For this type of duty base metal
contacts fulfil the requirements, and 18 per
cent nickel silver has been generally adopted
since it provides the best combination of low
contact resistance, good spring properties and
long operational life.
However, attention has more recently
turned to the use of uniselectors in applications where they are called upon to handle
lower voltage levels than those encountered
in telephone and telegraph
exchange equipment, and
here the tarnish film
which nickel silver readily
forms may become a
source of trouble due to
the high and unstable
values of contact resistance that it may bring
about under these conditions of light electrical
loading.

With a view to overcoming this problem
A. E. I . Woolwich have investigated the use of
electrodeposited rhodium on the uniselector
contacts, and uniselectors having an electrodeposit of rhodium 0.00025 inch, applied
direct to the contact areas, are now in use.
This deposit, which has a hardness of 800
V.P.N., gives an outstandingly long operational life coupled with a consistently low
contact resistance.
Examples of the uses of uniselectors with
rhodium plated contacts include the switching
of programme lines for the broadcasting and
television authorities as well as in telemetering-the remote scanning of thermocouple
outputs, generally of a very low order.

A high-speed motor-driven
u n i s e l e c t o r by A . E . I .
Toolwich, with contacts
rhodium plated to a thickness of 0.00025 inch

Platinum Metals Rev., 1960, 4, (2), 65-65

65

The Pallador Thermocouple
By H. E. Bennett,

F.I.M.

A sensitive thermocouple, of much greater response than the well-known
platinum :rhodium-platinum combinations, and free from the oxidation
problems associated with base metal thermocouples, is provided by a
palladium-gold alloy and an iridium-platinum alloy. This article
describes recent investigations that confirm the usefulness of this
thermocouple at temperatures up to 1000°C.

For the measurement of temperatures above
rooo"C the platinum : rhodium-platinum
thermocouple is outstanding in its reliability
and widespread applications. At temperatures
below this, several alternative means are
available, including thc platinum resistance
thermometer and the various base metal
thermocouples. In some applications the
relatively large size of the platinum resistance
thermometer and its rather delicate construction make it inconvenient to use, while the
base metal thermocouples are naturally
susceptible to heavy oxidation and consequent
loss of calibration if exposed to high temperatures for long periods. Again, while the
platinum : rhodium-platinum couple can well
be used below IOOO~C,
its relatively low
thermal e.m.f. in this range is a disadvantage.
For some years now there has been available a noble metal thermocouple which
admirably fits into the medium temperature
range, but until quite recently it has not been
altogether accepted as a completely reliable
element. Further research on this combination-a wire of 40 per cent gold-palladium
and one of 10per cent iridium-platinum-has
now resolved certain doubts that formerly
existed and has shown this thermocouple,
known as the Pallador couple, when prepared
under careful control, to be reliable and
accurate when used at temperatures up to
IOOO'Ceven for quite long periods.
The remarkably high thermal e.m.f. of the
40 per cent gold-palladium alloy against
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platinum was first observed by Wilhelm
Geibel (I) as long ago as 1910. Geibel,
working in the Heraeus research laboratories
in Hanau, carried out a comprehensive study
of a number of noble metal alloys, using
materials of a higher purity than had hitherto
been available. Burgess (2),the collaborator
of Henri le Chatelier, described his work as
"the most thorough and reliable investigation
of the electrical and mechanical properties of
the noble metals and their alloys in view of
their availability for temperature measurement". Among many other determinations,
Geibel found that the addition of gold to
palladium had an extraordinarily marked
effect on the thermal e.m.f. of the alloys
against platinum, with a maximum at 40 per

Physical Properties of Pallador
Thermocouple Alloys
40 per cen
palladium
gold
Specific resistance,
microhm-cm at 0°C

IOpercenl
iridiumplatinum

27.0

24.5

0.00034

0.00 I3

0.070

0.074

Temperature coefficient of resist
ance (0- I OO'C), per

"C
Thermal conductivity, c.g.s. units
Melting point
(solidus), "C

I450

I780
-__I_
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cent of palladium, the value at 1000°C being
-42.7 millivolts. He proposed the use of this
combination for temperature measurement,
commenting that it gave a response no less
than six times greater than that of the
platinum : rhodium-platinum thermocouple.
In more recent years it was found preferable to use the 10 per cent iridium-platinum
alloy as the positive limb, this combination
developing a still higher thermal e.m.f.
Various investigators have since reported
it to be unstable at high temperatures, the
view generally advanced ascribing the instability to oxidation of the palladium, and in
consequence it was at one time recommended
for use only up to 500°C. The present writer
(3) found that heating to temperatures above
goo"C was found to cause a progressive
increase in e.m.f. of the palladium-gold alloy
against the platinum alloy, while the palladium-gold limb became gradually embrittled. Although the appearance of the

wire surface remained bright, examination
under the microscope showed penetration
from the surface of what appeared to be oxide.
More recent work (4) has shown that
when the 40 per cent palladium-gold alloy
is prepared under conditions that preclude
the absorption of any appreciable gas content,
and is also given a stabilising treatment prior
to drawing, it does not suffer embrittlement
or significant change in calibration after
prolonged service in air up to ~ooo"C.
This couple, therefore, with its high e.m.f.
and freedom from corrosion when heated for
long periods in air, offers a distinct field of
usefulness at moderately high temperatures.
The temperature : thermal e.m.f. relationship for the Pallador couple is given in the
graph by comparison with those for the
iron : constantan, chrome1 : alumel and platinum : rhodium-platinum thermocouples. The
physical properties of the two alloys forming
the couple are given in the table.
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The Platinum Chalice of
Pope Pius VI
By Donald McDonald
I n the Treasury of St. Peter’s in Rome there is a large and very j n e
chalice, consisting entirely of platinum. It is of great historical interest,
having been made as long ago as 1788 from the j r s t platinum produced
in malleable form and in the following year presented to Pope Pius VI
by Charles I I I , King of Spain.

Platinum, in its native form of small
heavy metallic grains, had been known to
exist in South America in the then Spanish
colonial province of New
Granada (now mostly Colombia and Venezuela), where it
was a nuisance to the miners
of placer gold. Eventually, as
recounted by the present
author in the two preceding
issues of Platinum Metals
Review, samples reached the
scientists of Europe and it was
recognized, about 1750, as a
new metal with some very
striking properties of resistance to heat and corrosion.
The chief part in this work
was played by English, French,
German and Swedish chemists
and the French went on to
produce (by a difficult process
involving the use of arsenic)
foil and plate that could be
made into articles for decorative and scientific use. The
Spaniards, who of course controlled the supply of mineral,
were slow to awake to this,
but eventually they did so.
The Secretary of State for the
Indies then asked Don Fausto
de Elhuyar, since 1782 Pro-
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fessor of Chemistry at the Seminario at
Vergara, to take up research on the subject.
This he did, assisted by the French Professor
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of Physics, Pierre Fransois Chabaneau
(frequently spelled Chavaneau by the
Spaniards).
I n September 1785 Don Fausto had to
leave Vergara to make a European tour before
going to Mexico as Director General of
Mining, and Chabaneau carried on the
platinum work. H e had made considerable
progress by March, 1786, when Don Fausto
paid him a short visit, and in that same month
he was able to report that he could produce
the metal in a malleable and ductile state.
As a result of this, he was transferred by the
King to an honorary professorship in Madrid
and given a laboratory-workshop to be
devoted to the refining and fabricating of
platinum.
I n 1786 or 1787 he went to Paris to meet
Marc Etienne Janety, who was (by means of
the arsenic process) the only other practitioner
of these two arts. There, under Janety’s
instruction, he made a number of ornamental
articles from platinum that he had brought
with him.
On his return to Spain he trained his own
silversmith, Don Francisco Alonzo, in the
making of jewellery and instruments, and
provided him with a room in his workshop.
The first platinum object made in Spain in
these circumstances was the large chalice
made for the King, who presented it in 1789
to Pope Pius VI. An inscription on the
plinth reads:
CAROLUS In HISPAN ET IND REX PRIMITIAS
HAS PLATINAE A F R E CHAVENEAU DUCTILIS
REDDITAE PI0 VI P.O.M.D.D.

[Charles 111, King of Spain and the Indies,
gives as a gift the first fruit of platinum made
malleable by Francisco Chavaneau to Pius VI,
Supreme Pontiff of all the World (Pontifici
Omnium Maximo Dono Dedit)]
There is said to be an announcement of this
gift in the Gaceta de Roma, Number 8 of
1789, but it has not been possible so far to
check this reference.
The chalice is said to have remained among
the private possessions of the Popes until
Pius IX, at some date not published, gave
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it to the Basilica Vaticana and it is now on
public view in the Treasury at St. Peter’s.
Its dimensions are as follows:
Height-29.5 cm.
Diameter of cup-8.5 cm.
Diameter of base-15 cm.
Weight-55.45 oz. troy
There is also a small paten weighing
6.27 02. troy.
Inside the cup is engraved the following:
HISPAN ELABORAVIT ANN. R. J.
MDCCLXXXVIII
rE FRANCISCUS ALONSO

[Francisco Alonso the Spaniard fashioned
(this) in the year A.D. 1788.1
The motifs of the elaborate and splendid
decoration of the outside of the cup derive
from the French style of the time of Louis
XVI, and no doubt owe their inspiration to
Chabaneau’s visit to Janety in 1786 or 1787.
Janety had been a prominent goldsmith
serving the Court of King Louis, before
devoting his attention to platinum.
References
The chief sources from which the above
information has been drawn are:
Discursos leidos ante la Real Academia de
Ciencias Exactas Fisicas y Naturales en la
Recepcion del Ilmo. Sr. D. Juan Fages y
Virgili, 27 Junio 1909 (Los Quimicos de
Vergara)
de Galvez-Caiiero y Alzola, A.-Boletin
del
Instituto Geologic0 y Miner0 de Espafia, 1933:
53, 377-629 (Apuntes biograficos de 13.
Fausto de Elhuyar)
Anales Sociedad Espaiiola de Fisica y Quimica,
1933, 31, 115-143 (El Primer Centenario
de D. Fausto de Elhuyar)
Encyclopedia Universal Ilustrada EuropeoAmericana, Barcelona: 1907 on. Volume
XLV, p. 558 on. Article on Platinum
Restrepo, V.-Estudio
sobre las Minas de
Oro y Plata de Colombia, 1884, pp. 208-214
(El platino)
Thanks are due to Mr James D. Utlcy, Attache
at Her Britannic Majesty’s Legation to the Holy
See, Rome, for obtaining from the Authority of
the Treasury of St. Peter confirmation of the
accuracy of the statements made above, and also
for the detail of the dimensions of the chalice and
the disclosure of Alonso’s name and date inside
it. Thanks are also due to Mrs. L. B. Hunt for
noticing the presence of this magnificent relic in
St. Peter’s.

69

ABSTRACTS
of current literature on the platinum metals and their alloys
PROPERTIES
The Systems Palladium-Indium and Palladium-Tin
J. R. KNIGHT and D. W . RHYS, J. Less-Common
Metals, 19591 1, (4), 292-303
The constitution of the Pd-In and Pd-Sn
systems was investigated by thermal analysis,
metallographic and X-ray methods.
In the
Pd-In system, Pd,In, Pd,In, PdIn, Pd,In, and
PdIn, phases and in the Pd-Sn system, Pd,Sn,
Pd,Sn, Pd,Sn,, PdSn, Pd,Sn, and PdSn, phases
were observed. The solid solubilities of I n and
Sn in Pd at the liquidus temperature were found
to be 20-21 at.:/, and 17 at.:; respectively, but
P d has a very low solid solubility in both In and
Sn. Data for the hardness of Pd-In and Pd-Sn
alloys are given. The resistivity of Pd-Sn solid
solution alloys is compared with that of Pd-Ag
and Pd-U alloys.

stitution was determined by thermal analysis
and micrographic examination. T h e mechanical,
electrical and thermoelectric properties of the
alloys were examined. I t was found that there is
limited solubility in the liquid and solid states
and that the alloys crystallise with the formation
of a eutectic containing approximately 3 wt."&
Ru at 920°C. Ru is not soluble in solid Ag. The
hardness increases with increasing Ru content,
reaching a maximum near the eutectic. Electrical
resistivity of the alloys is lower than that of pure
Ag, but does not depend on the Ru content. For
alloys containing up to 3 wt.% R u the thermoelectric properties are the same as for pure Ag.
Alloys containing more than 3 wt.% Ru crystallise
from a melt consisting of two layers.

Gold-Ruthenium Alloys

and 0. A. NOVIKOVA, R U S S . 3.
Zrzorg. Chem., 1959, 4, (7), 722-724 (Transl. of
Zhur. Neorg. Khim., 1959, 4, (7), 1601-1605)
Studies on the Platinum-Base Alloys in the Au-rich alloys of the system were examined by
thermal analysis and a study of their microPt-Mo System
structure, mechanical and electrical properties.
H. NISHIMURA and H. KIMURA, 3. Jap. Inst. Metals,
The
phase diagram shows limited solubility in
1959, 23, (11), 616-620 (English summary)
the liquid state up to about I wt.q/, Ru. The
The maximum solubility of Mo in the cr(Pt)-phase z-solid solution based on Au is formed by a
is 15% and the lattice parameter of the a-phase peritectic reaction at 1066°C between the Ru(f.c.c.) decreases with increased Mo content.
rich P-phase and the liquid phase rich in Au.
er-phase alloys containing less than 6% Mo may The maximum solubility of Ru in Au decreases
be cold worked and their annealing temperature with decreasing temperature. Thermoelectric
is above IIOO"C. On heating above IOOO~C, and electrical properties of Au are altered little
MOO, volatilises rapidly and the @-phasetrans- by the addition of less than I wt.% Ru, but the
forms into er-phase by oxidation in air. A pre- temperature coefficient of resistance is lowered.
ferred oxidation of Mo in the a-phase was The plasticity and tensile strength of Au are
observed on prolonged heating in air.
reduced by the addition of 0.5 wt.% Ru while
the hardness is slightly increased.
A. A. RUDNITSKII

The Compound Bi,Rh

R. G. ROSS and W. HUME-ROTHERY,J. Less-Common
Metals, 1959, I, (41, 304-308
High temperature X-ray experiments showed that
only one form of Bi,Rh exists at temperatures
between 20' and 460°C. The temperature for the
B i 4 R h e Bi,Rh peritectic horizontal was established as 460°C. The crystal structure of Bi,Rh
is body-centred cubic and the lattice spacing was
determined as 14.9274+0.0002 A at 20°C. A
probable equilibrium diagram for Bi-rich Bi-Rh
alloys is given.

Solid State Transformations in Alloys of
Iron with Cobalt and Palladium
v. v. KUPRINA and A. T. GRIGOR'EV, Russ. J . Inorg.
Chem., 1959, 4, (7), 724-727 (Transl. of Zhur.
Neorg. Khim., 1959, 4, (7), 1606-1612)
Alloys corresponding to the ternary diagram
parallel to the Fe-Co side containing 2, 5, 10,
20, 30, 40 and 50 at.% Pd were investigated by
thermal analysis and examination of the microstructure of quenched and annealed alloys. The
alloys studied undergo a polymorphic transformation between 700" and 900°C which is associated
with the formation of a wide two-phase (er ky)
region. This region contracts with increasing
P d content and increasing temperature. A threephase ( e + - r t Y 1 ) region is formed with Fe-rich
alloys. At about 2 at.;/, Pd the FeCo (crl) region

Alloys of Silver with Ruthenium
and 0. A. NOVIKOVA, Russ. J .
Znorg. Chem., 1959, 4, (7), 719-722 (Transl. of
Zhur. Neorg. Khim., 1959, 4, (7), 1596-1600)
Alloys rich in Ag were prepared and their conA. A. RUDNITSKII
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penetrates into the (ctfu) region and remains
there up to about 46 at.% Pd. Ternary y-solid
solutions persist down to room temperature in
Co-rich alloys and in those with more than
50 at.% Pd.

were obtained by studying X-ray powder photographs. Structural similarities with the phosphides of the Fe group metals were noted.

Oxide Complexes of the Platinum Metals
University of Leiden. Thesis presented May 1956,76 pp. (English summary)
Oxide complexes of the alkali metals with Pt,
Pd, R h and Ir were prepared by heating a mixture
of thc alkali metal carbonate and the Pt metal in
oxygen in crucibles made of fused MgO. Li,RhO,,
Li,PdO,, Li,Ir03, LiJr04, Li,PtO,, Na,IrO,
and NaPtO, were found to be monoclinic,
isomorphous with Li,SnO,, while Na,Pt,O, and
NaPd,O, are cubic. LiRhO, and NaRhO, are
isomorphous with NaNiO, (monoclinic modification). The crystal structure of KRhO,, Li,PdO,
and NaRhO, (high temperature modification)
could not be resolved.
J. J. SCHEER,

Effect of Atomic Ordering on Exchange
Interaction in the Fe,Pt Alloy
K. P. BELUV and z. D. SIROTA, Soviet Phys. JETE',
I959J 36, (91, (41, 752-754 (Trans]. of J . ExPl.
Theoref. Phys. (U.S.S.R.), 1959, 36, (4), 10581062)
An Fe-Pt alloy containing 58 wt.?; Pt was used
in this investigation. The magnitude of the shift
of the Curie point due to pressure and spontaneous deformation of the lattice is computed
from data on the measurement of the temperature dependence of magnetostriction. It was
found that these quantities decrease with atomic
ordering in the alloy. Atomic ordering in the
Fe,Pt changes not only the magnitude of exchange interaction, but also the nature of its
dependence on the interatomic distance.

A Volatile Higher Chloride of Ruthenium
S. A. SHCHUKAREV, N. I. KOLBIN and A. N. RYAEIOV,
Russ. J . Inorg. Chew., 1959, 4, (7), 763 (Transl.
of Zhur. Nemg. Khim., 1959, 4, (7), 1692)
A higher chloride formed when RuCl, is heated
in a current of chlorine is thought to be RuC1,.
Vapour pressure measurements support this
theory.

The Fabrication and Properties of Ruthenium
D. W. RHYS, J.

Less-Common Metals, 1959, I,

(41,269-291
The physical properties and refining of Ru are
outlined. Properties of R u which affect its
working and those of the worked metal prepared
from sintered compacts are given in detail.
Material used in the investigation was prepared
by convcntional proccsses though some extra
purifying treatment was given. Four methods of
powder preparation from RuC1, solution were
used and compacts were pressed by steel die and
plunger or by hydrostatic pressure. Sintering
temperatures lay between 1450" and 2200'C and
various atmospheres were used. Specimens were
worked by pressing, hammering, swaging and
rolling at temperatures up to 1800°C. Factors
found to affect working properties include mode
of powder preparation, purity and sintering
conditions. The hardness and density of the
sintered compacts and thc worked material were
measured.
Directional properties developed
during working were not removed by annealing.
Crystallographic examination indicated that Ru
deforms both by slip and by twinning. Machining of Ru proved impracticable. Ru melted in
an argon-arc furnace was worked with difficulty.
Single crystal Ru prepared by a floating zone
electron bombardment technique was initially
ductile, but work hardened rapidly and became
polycrystalline and brittle on annealing. It is
suggested that greater ductility may be obtained
from material of higher purity.

Phosphides of the Platinum Metals
s. RUNDQVIST, Nature, 1960,185, (Jan. 2), 31-32

The Crystal Structure of UPt,
B. A. HATT

WILLIAMS,

Acta Cfyst.,1959,

The alloy was prepared by arc-melting
stoichiometric proportions on a water-cooled Cu
hearth under a purified argon atmosphere. By
means of data obtained from powder and singlecrystal photographs, the structure was determined. It was found that the structure is
orthorhombic, space group A maz with a=5.60,
b=9.68 and c=4.12 A. The similarity between
this structure and that of UPt, is discussed.

Sorption of Hydrogen in an Aqueous Suspension of Palladium Catalyst During
Shaking
and D. MOGER, Acta chim. Acad. Sn'.
Hung., 1959, 21, (2), 159-167(In German)
Hydrogen sorption, during shaking, in an aqueous
suspension of Pd/BaSO, catalyst was investigated. It was found that there is a linear relationship between the quantity of sorbed gas at
equilibrium and the changes in the concentration
of the suspension. A kinetic equation is derived
to describe the changes of sorption with time.
F. NAGY

The Constitution of Manganese Base Alloys
with Metals of the Second Transition Series
A. HEUAWELL, J . Less-Common Metals, 1959, I,
(511 343-347
Binary alloys of M n with Y , Zr, Nb, Mo, Ru,
Rh, Pd and Ag were prepared and examined by

Crystallographic data for Ru,P, RuP, RuP,,
OsP,, Rh,P, lr,P, RhP,, PdP,, IrP, and PtP,
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The Influence of Palladium on the HighTemperature Water Corrosion of Zirconium
n.-w. SCHLEICHER, Z . Metallkunde, 1959, 50,

thermal analysis and by microscopical and X-ray
methods. The effect of the various solute metals
upon the allotropic transformation temperatures
was studied. Phase diagrams for the alloys
(provisional in the cases of Y-Mn and Zr-Mn)
are given.

(121,687-690

Ordering in Copt-FePt Alloys
J. C. WOOLLEY and B. BATES, J . Less-Common

Metals, 1959, I, ( 5 ) , 382-389
Six alloys were prepared covering the range from
Copt to FePt in increments of 10 at.% F e with
a constant 50 at.?& Pt content. Lattice parameter values were determined for both the
ordered and disordered states. The disordered
phase of FePt could not be obtained. For alloys
of less than 25 at. 94 Fe (less than 50 mol. 96 FePt),
X-ray techniques were used to determine the
ordering temperatures and types of ordering
reaction occurring at various temperatures.
Possible values of percentage disregistry between
the ordered and disordered structures of the low
Fe yo alloys were calculated. The possibility of
producing hard magnetic materials from these
alloys is discussed.

Small additions of P d and coupling with Pd
improve the corrosion resistance of Zr in hightemperature water and steam.
Methods of
testing are described and results are discussed
with regard to possible mechanisms.

ELECTROCHEMISTRY
Action of the XOi- Inhibitors

G . H. CARTLEDGE, Corrosion, 1959, 15, (9), 37-40
Results of experiments on the effect of CrO;-,
MOO:-, WO:~, TiO; and OsO, upon the corrosion
of Fe and steel are summarised. The competitive
and reversible nature of the surface state has
been shown by measurements of electrode
potentials in inhibited solutions and the effect of
foreign electrolytes upon these potentials. In
the case of OsO,, passivation is so complete that
an Fe electrode indicates the thermodynamic
potential of the O s ~ v - 0 ~couple.
~ ~ ~ ~Oxygen
1
is
believed to build films on specimens in inhibited,
aerated solutions without the use of HNOB or
The Effect of Plastic Deformation on the anodic polarisation. The effect of adsorbed
Resistivity of Copper-Palladium Alloys
particles on the kinetics of electrode processes at
E. KLOKHOLM and B. HYATT, Trans. Met. SOC. metal-solution interfaces is discussed.
A.I.M.E.9 1959, 215, (51, 792-794
Wires in the range 9.6-29 at.% Pd were annealed Studies on the Alternating Current Electrolyat 600°C and quenched in an ice bath. The sis. IV. The Attack on Bright Platinum
wires were deformed in tension in a tensile Electrodes Caused by Alternating Current
tester and after each increment of plastic strain, Electrolysis in Aqueous Solutions of Various
the load was reduced to zero and the resistivity
measured. The relative change in resistivity as a PlI
s. SHIBATA, J . Chem. SOC.Japan (Pure Chem.
function of plastic strain is illustrated graphically. Section),
1959, 80, (51, 453-456
A continuous decrease in resistivity with increas- O.IN H,SO,, acetate buffer (pH 5), borax buffer
ing tensile strain was observed. This effect (pH 10) and O.IN NaOH solutions were used
increases with increasing Pd content until about in this investigation.
In hydrogen-satured
12.5 at.% Pd, decreases until about 20.9
solutions, the minimum value E, of the cathodic
Pd, and then again increases. In addition to the polarisation in each cycle was found to depend
usual increase in resistivity caused by plastic on the p H of the electrolyte, but not on the
deformation, there must be a simultaneous current density. Maximum value E, of the
mechanism which produces a net resistivity anodic polarisation increased with current density
decrease in alloys in this range. It is assumed and finally reached the oxygen evolution potenthat the anomalous decrease in resistivity, com- tial. Electrode attack began at a value E
:
, where
pared with results for brass and Cu,Au, is due to EZ is a constant anodic potential characteristic
the decrease in short-range order after cold work. for the p H of the solutions. E: coincides with
the equilibrium potential of the PtO-PtO,
The Constitution of Zirconium-Palladium couple. It is concluded that electrode attack is
caused by repeated oxidation and reduction of
Alloys
K. ANDERKO, 2. Metallkunde, 1959, 50, (12)~ the Pt.
681-686
The phase diagram of the Zr-Pd system in the A Study of the Zinc-Noble Metal Couple in
range 0-50 at.?& Pd was established by thermal, Alkaline Solutions
micrographic, resistometric and X-ray analysis. T. r. DIRSKE and E. G. VRIELAND, J . Electrochem.
In the range 50-100 at.O, Pd, the system was Sot., 1959, 106, (121, 997-999
examined less thoroughly. The intermediate Thin metal strips of Zn coupled with one of the
phases Zr,Pd, ZrPd, ZrPd, and ZrPd, were metals Ni, Ag, Cu, Pt and Pb were immersed in
observed. The solubility of Pd in N-Zr is less 3504, KOH solution at room temperature.
than 0.1at.%, while in p-Zr it reaches 11.5 at.%.
Coatings of Zn or a Zn-rich alloy were formed
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on Ag, Cu, Pb and Pt, but not on Ni. The
conditions under which the coating is formed were
studied and it was found that Zn is deposited
on Cu, Ag, Pb and Pt when these metals are
coupled with Zn in strong KOH solutions containing dissolved ZnO. Several possible mechanisms for the process are discussed. It is
suggested that the coating results from the
reduction of the dissolved Zn species by atomic
hydrogen. The persistence of the coating depends
on the ability of the Zn atoms to fit into the lattice
of the noble metal.

Overvoltage and Diffusion through Iron and
Palladium
J. N. ANDREWS and A. n. UBBELOHDE, Proc. Roy.
S ~ C 1959,
.,
253, (12721,6-15
High-dispersion X-ray methods were used to
measure the lattice parameters of Fe and P d
cathodes before, during and after the entry of
electrolytic hydrogen into the lattice. For Fe,
no expansion of the lattice greater than o.oooz
could be observed during diffusion and no preferred crystallographic planes for the evolution of
molecular hydrogen were observed. Blisters
formed across the faces of single-crystal Fe
cathodes indicated that diffusion of hydrogen
occurs through the crystal grains. For I’d, an
expansion of 0.0170~0.0002
A was observed
during actual electrolysis, There was a reversion
to a less-expanded lattice of Pd hydride after
electrolysis ceased. No preferred planes for
hydrogen evolution were indicated.

a

ELECTRODEPOSITION
Electroplating Metal Contacts on Germanium
and Silicon
D. n. TURNER, J. Electrochem. Soc., 1959, 106,
(9),786-790
Pt, Rh, Au, Ag, Cr, Co, Ni, Cu, Zn, Cd, In, Sn,
Sb, Te, Pb, and Bi have been successfully plated
on to Ge, mostly by the use of a jet plating technique. All the metals except Sb gave rectifying
contacts on n-type Ge and ohmic contacts on
p-type Ge; Sb contacts behave in the opposite
manner. Cu, Au, Ni, In, Sn and Zn were plated
on to Si. Oxide films and chemical residues on
the Ge may be removed by cathodic reduction
prior to plating. In the case of Si, the oxide layer
was reduced by HF and alkaline solutions.

LABORATORY APPARATUS
AND TECHNIQUE
Determination of Boric Oxide in Glass by
Pyrohydrolysis Separation

of the sample, U30s and Na,Sil&.gH,O at
130G-1350”C. The mixture in a Pt lined Alund u n boat, is placed in a Pt pyrolys s tube I in.
0.d. and 17 in. long contained in a I O O / ~ Rh-Pt
wound combustion furnace. The temperature of
the interior of the reactor tube is measured by a
10% Rh-Pt thermocouple. A Pt condenser tube
0.25 in. 0.d. and 18 in. long is welded at rightangles to the closed end of the reacior tube and
is surrounded by a glass water-coding jacket.
The BzOs content of the distillate is determined
by mannitol-NaOH titration. Thz effects of
sample size and composition, catalyst, temperature and distillation rate are discussc d.

Electrical Ignition in the Schiini seer Oxygen
Flask Method
and H. DEVERAUX, Anal. Chem., 1959,
31, (II), 1932
Thermally unstable materials for C-determination may be ignited by electrical means instead
of hand ignition. An adapter consi:;ting of a Pt
wire mesh basket for the sample connected to a
Pt ignition filament is described. The procedure
for the use of the adapter is given.
A. J. MARTIN

Leak Detection
w. STECKFLMACHER, Nucl. Eng., 1959, 4, (43),
450-453
Vacuum test and positive pressure methods of
leak detection are described. Among the vacuum
test instruments is the Pd barrier detector which
employs hydrogen as the search gas and a hot
ionisation gauge as the sensing element. The Pd
disc, acting as anode, is heated by electron bombardment from an indirectly heated cathode. In
exceptional cases, leaks of the order of 10-5lusecs
may be detected.

Investigations on the Working of a
Palladium-Pirani Gauge
P. K. DUTT and s. K. MUKHERJEE, z. Angew. Phys.,
1959, 11, ( 1 2 ) 470-474
~
(In English)
Physical principles involved in the use of the
gauge for leak detection are discussed. Experiments showed that for different background
pressures in a vacuum system a “threshold”
hydrogen pressure exists for transmission through
Pd. Dependence of hydrogen flow rate through
P d on hydrogen pressure was studied. Pirani
gauge conversion factors for hydrogen and
deuterium gases were found to be not even
approximately constant over the Pirani range of
readings.

Gas Chromatography with Hydrogen and
Deuterium
J . P&s. Chem.,

C. 0. THOMAS

and

J. P. WILLIAMS, E. E. CAMPBELL and T. s. MAGLIOCCA,

1959, 63,

427-432

Anal. Chem., 1959, 31, (9), 1560-1563
B,O, in many glasses may be separated by a
reaction in which steam is passed over a mixture

A fixed phase of P d on quartz was used in the
partial separation of a hydrogen-deuterium
mixture.
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H. A. SMITH,

Improved Apparatus for Rapid Measurement of Viscosity of Glass at High Tem-

peratures

3.Amer. &ram. SOC., 1959, 42, (11),
537-541
A viscometer for making rapid measurements in
the range 6.5 to 13,000 poises has been developed.
In the furnace, an insulated Pt-alloy tube serves
as both resistance-heating element and glass container. Eight fins arc welded on to the outside
of the tube in order to obtain a uniformly heated
section. A Pt-alloy spindle containing a thermocouple is immersed in the molten glass during
the testing period. The viscometer mounting,
temperature controller and operating procedure
are described. About 15 min per point are
required to establish a viscosity/temperature
curve and precision is good.
R. L. TIEDE,

CATALYSIS
Absorption of Hydrogen and Catalytic
Activity of Palladium-Silver Alloys
M. KOWAKA, J. Jap. Znst. Metals, 1959, 23, (11),
655-658 (In English)
A study of the kinetics of hydrogen absorption
and hydrogen-C,H, combination was carried
out in the temperature range o0-4o0"C. Ribbons
of Pd and Pd-Ag alloys were used as catalysts,
the pressure of the gases used was 10 cm Hg, and
change in pressure was measured at constant
volume. Pretreatment by hydrogen poisons a
Pd catalyst, but has little or an opposite effect on
the Pd-Ag alloys. The energy of activation for
the combination reaction remains constant and a
discontinuous increase occurs at about 60 at.",
Ag. The activity of the reaction rises to a maximum at about 35 at. yo Ag, decreases with increasing Ag content, and falls to zero at about 65 at.4,
Ag. A similar behaviour was found in the
absorption of hydrogen. It appears that there is
a close correlation between hydrogen diffusion
and catalysis.

Metallic Salts as Promotersin Hydrogenation
with Platinum Oxide Catalysts
and S. AKHTAH,J. C h m . SOC., 1959,
(Nov.), 3130-3133
The effect of adding small amounts of various
metallic chlorides to liquid-phase hydrogenation
systems in the presence of a Pro, catalyst was
investigated. It was found that for the hydrogenation of CH,(CH,),CHO, SnCl, was the most
effective promoter tested. The variation of the
promotion effect with temperature was examined;
in both promoted and unpromoted systems the
hydrogenation rate for CH,(CH,),CHO passcs
through a maximum at 2 5 C The use of SnCl,
in the hydrogenation of CH,COCH,, C,H,CH
CHCOOCzHB and cyclohexene was also
studied. If the addition of the promoter is made
before the reduction of the PtO, to metal, an
increase in the hydrogenation rate up to over
ten times its unpromoted value is obtained. It
is suggested that retardation by the promoter of
the autocatalytic reduction of PtO, prolongs the
period during which highly active nascent Pt is
produced.
E. B. MAXTED

The Mechanism of Hydrogenation of Benzoquinone on Skeleton Nickel, Platinum, and
Pd/CaCO,
N. M. POPOVA and D. v. SOKOLSXY, Zhur. Fiz.

The Combination of Hydrogen and Oxygen
on Palladium-Silver Alloys
J. Yap. Znst. Metals, 1959, 23, (11),
659-662 (In English)
Kinetic measurements for the combination reaction were made in the presence of ribbons of
Pd, Ag, and their alloys in the temperature range
80"-450"C. Pressure changes wcre measured at
constant volume. For pure Pd there is an induction period at the start of the reaction, but for
pure Ag the decrease in pressure is a linear function of time. Pretreatment by oxygen raised the
reaction rate for Pd, but had little effect for Ag.
The apparent activation energy of the reaction
remains constant until 60 at.O, Ag when it
increases with increasing Ag content.
The
activity of a series of alloys has a maximum at
M. KOWAKA,
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30 at.% Ag. The significance of the results is
discussed.

Khim., 1959, 33, (11), 2573-2578 (English
summary)
The hydrogenation reaction was investigated in
order to determine the stability of the contacts
and the reaction mechanism. The surrounding
medium and temperature have a definite effect
on the rate and order of the process. It is shown
that the activity of Pt or Pd/CaCO, is not reduced in quinone hydrogenation, but that of the
Ni decreases as a result of poisoning. The
activity of partially poisoned skeleton Ni is
dependent on the amount of hydrogen sorbed in
it. The reaction mechanism is discussed in the
light of the donor-acceptor theory of catalysis.

Kinetics of the Decomposition of Ammonia
on Platinum at Low Pressures
and M. I. TEMKIN, Zhur Fix
Khim., 1959, 33, (121,2697 - 2705
Experiments were carried out at pressures of the
order of I O - ~ mm Hg. I n the temperature range
900-1350"C, the decomposition rate is proportional to the NH, pressure, the reaction is not
retarded by its products, and the activation
energy is 5100 cal. In the range 49oo-56o0C,
the decomposition is retarded by hydrogen, its
rate being proportional to ( p & ~ , / p ~ ,where
),
n
varies from 0.73 to I with increase in hydrogen
pressure, and the activation energy is 49300 cal
(for n-0.73).
The rate-controlling step in the
L. 0. APEL'BAUM
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low temperature range is the desorption of
nitrogen, while in the high temperature range it is
the decomposition of NH, molecules on their
impact at the surface. I n the high temperature
range, the rate of nitrogen formation approaches
that in the oxidation of NH,.

The Catalytic Properties
Tetroxide

of

RuO,-NaIO,. The Os0,-NaIO, system produced
pyrene-4,s-quinone and the lactol of 4-formylphenanthrene-5-carboxylic acid by exclusive
4,ybond oxidation.
From the Os0,-H,O,
oxidation, only pyrene-4,5-quinone could be
identified.
Oxidation by the Ru0,-NaIO,
system occurred at the atoms of greatest electron
density as well as at the 4,s-bond. Yields of the
4,s-quinone and lactol from the Os0,-NaIO,
oxidation were 237" and 240," respectively.

Osmium

L. J. C S ~ Y I ,Acta
21,(I), 35-39 (In

Chim. Acad. Sci. Hung., 1959,
German, English summary)
OsO, may be used as an effective general oxidising catalyst in both acidic and alkaline media.
I n an acidic medium, the redox pair Os(VII1)Os(IV) is responsible for the catalysis, while in
an alkaline medium, the redox pair Os(VII1)Os(V1) is responsible. OsO, promotes oxidation
reactions carried out with H,O, and its derivatives and catalyses the electroreduction of Hz02.
This catalysis is neutral and, in a very slightly
acid medium, may be interpreted by the formation of peroxy-osmic acid. Induction reactions
observed in the system H,O,-OsO, are similarly
promoted by the catalytic effect of OsO,.

The Reaction between Hydrogen and Nitrous
Oxide on Gold-Platinum Alloys
and H. KNESER, Z. Phys. Chem.
(Frankfurt),195% 22, (5/6), 359-376
The kinetics of the reaction H,+N,O+ H,O+
N, were investigated using Pt, Au, zoo; Pt-Au
and 95% Pt-Au as catalysts. The theory of the
reaction mechanisms is discussed in detail.
G.-M. SCHWAB

Studies of Mixed Hydrogenation Adsorption
Catalysts. 11. Investigation into the Activity
of Mixed Pd-Ag Catalysts Adsorbed on
SiO, with Respect to the Order of Adsorption
of Pd and Ag

Structure and the Action of the y-Al,O,/Pd
Catalyst

A. A. ALCHUDZHYAN

Y. FUJII,J.

Zhur.

Organic Deuterium Compounds. 11. Some
Deuterated Tetrahydrofurans
and M. FINGER, J . Org. Chem., 1959,
24, (9)1 1259-1261
The synthesis and some of the physical properties
of tetrahydrofuran-2,2,s,5-d4, tetrahydrofuran3,3,4,4-d4, tetrahydrofuran-2,3,4,5-d4 and tetrahydrofuran-d, are reported. Tetrahydrofuran2,3,4,5-d, was prepared by reduction in a n
atmosphere of deuterium in the presence of a
5 :h Rh/Al,O, catalyst.

E. R. BISSELL

Osmium and Ruthenium Tetroxide-Catalysed
Oxidations of Pyrene
F. c. OBERENDER and J. A. DIXON, J. Org. Chem.,

Competitive Hydrogenation of Acetylenic
Compounds
T. PUKUDA, Bull. Chem. Soc..yapan, 1959, 32, (12),

1959, 24, (919 122&1229
The oxidation of pyrene was investigated as a
possible route to the synthesis of sterically hindered 4,5-dialkylphenanthrenes. Oxidant systems
Os0,-NaIO,
and
used were OsO,-H,O,,
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MANTIKYAN,

summary)
The activity of Pd-Ag/SiO, catalysts was studied
with relation to the order of adsorption and
reduction of Pd and Ag as salts on SO,. It was
found that when Ag is adsorbed first, activity
increases with increasing Ag (and constant Pd)
content to a maximum and then decreases. A
similar maximum is obtained with simuItaneous
adsorption of Ag and Pd. Zero activity results
when P d is adsorbed first. It is suggested that
in the latter case Ag concentration on the P d
surface is always high, clectronic interaction
between Ag and P d increases and the catalyst
becomes inactive.

Decarboxylation of Oxaloacetic Acid by
Silk Fibroin-Palladium Catalysts
Biochem. (Japan), 1959, 46, (S), 1069I075
Three types of silk fibroin-Pd catalyst, (i) silk
fibroin- PdCl,, complex, (ii) its reduction product,
and (iii) p-nitrosodiethylaniline-treated (i), have
been found to catalyse active decarboxylation of
oxaloacetic acid to pyruvic acid at 30°C and
p H 5. The most effective catalyst is (iii). An
interpretation of the experimental results in terms
of modes of linkage bctween P d and silk fibroin
is discussed. Some characteristics of the catalysed
decarboxylation raction are given.

and M. A.

Fiz. Khim., 1959, 33, ( S ) , 1691-1694 (English

Roczniki Chem., 1959, 33, (2), 533535 (German summary) (Chem. Abs., 1959, 53,
(22), 21 IOIf)
The reaction mechanism for the hydrogenation of
C,H, is used to illustrate the mutual interaction
of y-A1,O3, Pd and hydrogen. Electrons are
thought to oscillate between Pd and the radical
0 =Al- even in the absence of hydrogen. This
may explain the decrease in magnetic susceptibility of metallic P d adsorbed on the surface of
A1,0,.
A. KRAUSE,

1299-1302

The properties of Pd/CaCO, as a catalyst for
the hydrogenation of phenylacetylene and propargyl alcohol were studied. It was shown that

75

than with the others and explains its high
activity in gasoline reforming. The high stability
and activity of this catalyst is ascribed to the
presence of Pd sulphide.

partial hydrogenation was not possible in the
presence of quinoline and that the catalytic
properties are affected by the adsorption of 1,4butynediol, phenylacetylene and propargyl alcohol.

Physical Properties of Solid Catalysts. 111.
Electroconductimetric Studies of the Platinum-Alumina Catalyst Applied in the
Platforming Process atnd Determination of
Semi-conductivity in Platinum Oxide
I. v. NICOLESCU and A. POPESCU, Acad. rep.

Catalytic Activation of Molecular Hydrogen
in Solution by Chlororhodate (III) Complexes
and J. HALPERN, Canad. J . Chem.,
1959, 37, (II), 1933-1935
RhCI, in an aqueous HC1 solution activates
molecular hydrogen homogeneously.
The
catalysed reduction of FeC1, was studied to determine the kinetics which were found to be of
the form -d[H,] idt =k[H,] [Rh(III)]. The slight
dependence on the HC1 concentration and the
effects of added electrolytes follow much the same
pattern as found for Pd(I1) and are attributed to
variations in the solubility of hydrogen. It is
suggested that the major catalytic contribution is
due to the RhC1, - species.

J. F. HARROD

populare Ramine, Studii cercetari chim., 1959,
7, 49-60 (Chem. Abs., 1959, 53, (22), 21102b)
The combined influence of both the support and
the active component was studied. A direct
relationship of electrica I conductivity to electronic structure of the solid and to its catalytic
properties is considered. Results are given for
y-Al,O,, Pro, PtO/A1,0, and Pt/AI,O, operating
under various conditions of temperature and
atmosphere. PtO behaves as an n-type semiconductor in the temperature range 200"-500"C.
At low temperatures, Al,03 and 10.8yo PtO/A1,0,
appear as weak p-type semiconductors and as
n-type at high temperatures. 1.087; PtO/AI,O,
behaves as a weak n-type semiconductor, whereas
1% Pt/AI,O, acts as a aeak p-type.

~

The Carbon Monoxide Exchange of Iron
Carbonyls
and J. J. MITCHELL, J. Phys. Chem.,
1959, 631 (1x1, 1878-1885
Exchange reactions were carried out at 0°C and
progress was followed by using C14, initially
present in the gas phase, as a tracer. Solid Fe
carbonyls apparently exchange CO without a
catalyst, but a catalyst is required for exchange
with Fe(CO), at 25°C or below. Catalysts for
the exchange in ascending order of activity are
Fe,03, A1,0,, Fe, Cu, Fe304, Ni and Pt. The
exchange reaction is halted by covering the
catalyst surface with more than a monolayer of
Fe carbonyl. A mechanism for the reaction is
proposed.
A. N. WEBB

The Products of Up-Grading Heavy Gasoline
from German Crude (Oil in a Platforming
Plant
H. PIETSCH
12,

s. FRASER, Petroleum, 1960, 23, (I), 15-16
The principles and economics of the operation
of Oxycat heat recovery units using a Pt/Al,O,
catalyst are discussed. The operating process is
described.
D.

Properties of Metal-Oxide Catalysts for
Gasoline Reforming. V. Some Peculiarities
of Catalytic and Physical Properties of
Palladium Catalysts
and A. M.
S.S.S.R.,
Otdel. Khim. Nauk, 1959, ( 5 ) , 819-825 (Chem.
A6s.j 1959, 53, (22), 22855b)
Three P d catalysts, (i) Pd/A1,0,, (ii) Pd/Al,O,
pretreated with HF and (iii) as (ii) but given an
aftertreatment with HF, were tested. Only (ii)
showed signs of sintering in gasoIine reforming.
The catalysts contained only crystalline Pd and
u-Al,O,.
The temperature coefficient of the
reaction rate with (iii) was appreciably greater
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B. FRITZ,

Erdol u. Kohle, 1959,

The operation of a German refinery is described.
It consists of a Unifining unit, a Platforming unit
and a plant for utilising the by-product gases.
Advantages of the use of the reforming process
for the production of high ocxane gasoline and
the utilisation of other products in the chemical
industry are emphasisecl. The future use of
hydrogen for isomerisation processes with Pt
catalysts is an important devebpment.

Recovering Refinery Waste Heat by Catalytic
Oxidation

KH. M. MINACHEV, M. A. RYASHENTSEVA
RUBINSHTEIN,
Izvest. Akad. Nauk

and

(91, 712-717

Preparation of Toluene Concentrates from
Petroleum Fractions by Low-Temperature
Dehydrogenation over Platinised Carbon
N. I. SHUIKIN, KH. M. MINACHEV, I. L. GARANIN,
s. s. NOVIKOV and N. F. KONONOV, J . Appl. Chem.

U.S.S.R., 1958, 31, (11), 1757-1759 (Transl. of
Zhur. Priklad. Khim., 1958, 31, (11), 17651767)
Results of experiments on the production of
CeHBCHsconcentrates in a pilot unit are given.
C,H,CH3 was subsequently isolated from the
concentrate by azeotropic distillation with
CH,OH. A 4 % P t / C catalyst has high activity
and stability in the aromatisation of the 98-112'
fraction of gasoline from Il'skii petroleum. The
yield was 23-30°/0 of the catalysate. Aromatisation of the 98-112" fraction of Khadyzhensk petroleum, not treated to remove S compounds, yielded
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concentrates containing 25-400{, C,H,CH,, and
the catalyst remained active for more than 58 days.
Trials showed that 98-1 12' fractions containing
S compounds may be used providing the time of
the catalyst run is reduced.

Up-Grading of Straight-Run Gasolines by
Low-Temperature Dehydrogenation over
Platinised Carbon
N. I . SHUIKIN, KH. M. MINACHEV, S. S. NOVIKOV,
N. F. KONONOV and I. L. GARANIN, J. Appl. Chem.

U.S.S.R., 1958, 31, (II), 1717-1723 (Transl. of
Zhur. Priklad. IChim., 1958, 31, (11), 1732-1738)
Pilot-plant aromatisation of Surakhany gasoline
has been achieved at 300°C using a 47,; Pt/C
catalyst. The preparation of the catalyst is
desuibed in detail and the pilot-plant process is
outlined. The octane number of the gasoline
obtained was 95.5. Laboratory tests of 27; Pt/C
and 404, P t / C showed that both catalysts were of
high activity and stability. Results of the pilotplant process show that aromatisation continued
at almost the same level for 700 hours.

CATHODIC PROTECTION
Sonie Platinum Anode Designs for Cathodic
Protection of Active Ships
H. S. PREISER

and

B. H . TYTELL,

Corrosion, 1959,

15, (111, 56-60
The development of Pt-clad anodes and their
holders is described. Design criteria for hullmounted anodes are enumerated.
Sea-water
tests carried out in the laboratory and in Boston
harbour established current-voltage relationships
for various Pt anode forms. A Pt-clad T a disc
produced the best ratio in both cases. In the
harbour tests, it gave 2 amps per impressed volt,
while the other anodes gave 1.3 amps per impressed volt. In the laboratory tests, the ratios
obtadned were 3.2, 3.1, 2.6, 2.2 and 2.1 amps per
volt for the Pt-clad Ta disc, wire gauze, 48-in.
and 36-in. wire spirals, and a flat Pt disc, respectively.

of wetting angle measurements by the author and
other workers at glass-metal and metal-ceramic
contacts are shown. The metals used as surfaces
were Cu, Ag, Ni, Pd, Pt, Au, Fe, Ti, Mo, W, Ta,
Rh-Pt, Pd-Pt and Ir-Pt. Si, Ni and Fe were
used to form drops on surfaces of refractory
oxides of Al, Zr, Mg, Be, T i and T h and on
carbides. Experiments were carried out in N,
He, H, 0, air and in a vacuum. A suggested
explanation of the results obtained is given in
terms of a metal-oxygen bond and the phenomenon of coalescence (12 references).

The Relationship between Wettability by
Glass Melts and the Electrochemical Properties of Noble Metal Alloys
A. DIETZEL

and M.

COENEN,

Glastechn. Ber., 1959,

32, (911 357-361

The angle of contact of molten soda-lime glass
on foil of Pt-Rh alloys of various compositions,
a Pt-Au and a Pt-Be alloy was chosen as an index
of wettability. A relationship was established
between wettabiliry by glass melts at temperatures between 800" and IIW'C and the metal
electrode potential in I N H,SO,, the anode
overpotential at room temperature and the damping of mechanical vibrations. Since the overvoltage vanishes at the temperature at which
oxygen atoms may diffuse through the lattice,
it is concluded that the overvoltage at room
temperature represents a measure of the capacity
for diffusion at higher temperatures. For Pt-Rh
and Pt-Au alloys, for which a relationship between oxygen-overvoltage and wetting angle
exists, the wetting is determined by the diffusion
of oxygen atoms through the metal lattice and by
the oxygen atoms produced at the metal surface.
For Pt-Be alloys another wetting mechanism,
the formation of BeO, is assumed. A hindering
of the diffusion of atomic oxygen leads to oxygen
overvolt age.

ELECTRICAL ENGINEERING

The Permanent Anode in Impressed-Current The Formation of Increasingly Resistant
Layers of Organic Origin on Electrical
Cathodic Protection Systems-Part 2
c. A. CURTIS, Corrosion Technol., 1959, 6, (11), Contacts
333-334 and 342
The properties, use and limitations of Pb,
platinised Pb and platinised T i are described.
The: fundamental principles of connection are
given.

GLASS TECHNOLOGY
Gla.ss-Metal and Metal-Ceramic Wettability
GODRON, Silicates Indust., 1959, 24, (11),
539-549
Definitions of various surface phenomena and
methods of measuring them are given. Results

Y.
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and M. HONRATH-BARKHAUSEN, Z.
Angem. P ~ Y s . 19-79>
,
11, (101, 399-403
T o study the formation of these layers, which
were traced to the decomposition of organic
substances on the contact spot, naphthalene with
CI4 was used as indicator. It showed that the
black layers are formed by making currentless
contact with only the P t metals and their high
percentage alloys and by making contact during
the passage of current with all noble metals
including Cu. Adsorption experiments which
were undertaken to explain the effect showed no
preferred naphthalene adsorption on the Pt
metals.
I. DIETRICH
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ELECTRONICS AND
TELECOMMUNICATIONS

Housed in glass, it contains four small Pt electrodes and a KI/12 solution, The integrator
anode and cathode constitute the covers of a
small cylindrical volume for storing electrical
information in the form of ions. The integrator
may be stored for many years and produces I to
several thousand p amp as a true-time integrated
function of an electrical input.

The SoIion Integrator
Elect. Manufacturing, 1960,65, (11,156
The design and operating principles of this
precision electrochemical cell are described.
L. WILSON,

NEW PATENTS
Measurement of Dissolved Oxygen
CAMBRIDGE INSTRUMENT

co.

LTD.

High Temperature Measuring Apparatus

British Patent

DEUTSCHE GOLD-UND SILBER-SCHEIDEANSTALT.

British Patent 822,916
Apparatus for measuring high temperatures,
e.g. 1500"-2000"C includes a thermocouple, one
limb of which consists of iridium or tungsten or
molybdenum and the other limb of an iridiumrhenium alloy, a housing of gas-impermeable
non-metallic temperature-resisting material surrounding the thermocouple. The first limb may,
if desired, also consist of an iridium-rhenium
alloy.

818,732
The invention concerns apparatus for thc
measurement of dissolved oxygen in a liquid
which includes a scrubbing tower in which a
gaseous stream, inert with oxygen gas, is contacted with an oxygen-containing liquid, the
oxygen being absorbed by the stream, and an
electrochemical cell for measuring the concentration of the oxygen. The cell contains an anode
comprising platinum wire coated with platinum
black. A small furnace containing a palladised
asbestos catalyst may be used for checking the
zero of the apparatus.

Catalyst Manufacture
OIL PRODUCTS co. British Patent
822,998
A catalyst is made by vaporising aluminium
chloride or bromide on to a prepared composite
of a refractory oxide and a platinum group metal,
preferably platinum, with subsequent heating at
above 300°C until substantially all uncombined
chloride or bromide has been removed.
UNIVERSAL

Production of Methylol Aminoalkanes
DEUTSCHE GOLD-UND SILBER-SCHEIDEANSTALT.

British Patent 818,764
A hydrogenation catalyst comprising activated
nickel together with a platinum group metal is
used in a process for production of methylol
aminoalkanes by reacting a nitroalkane with
formaldehydc in an alkaline medium and hydrogenating the methylol nitroalkane formed with
hydrogen.

Catalytic Cracking of Methyl Isopropenyl
Ketone Dimer
co. British Patent 822,999
A platinum group metal, preferably palladium,
catalyst is used in a process for converting methyl
isopropenyl ketone dimer to methyl isopropenyl
ketone monomer by heating the dimer at 196"600°C in the presence of the catalyst.
THE DOW CHEMICAL

Production of Saturated Chlorohydrocarbons
& SODA FABRIK A.G.
British
Patent 819,420
A catalyst composed of a platinum group metal or
compound thereof is used in a process for
producing saturated chlorinated hydrocarbons
from olefinic, cyclo-olefinic or alkenyl-aromatic
hydrocarbons by adding on chlorine to these substances in the presence of the catalyst at temperatures up to 300°C. Palladium chloride on
alumina is the preferred catalyst.

BADISCHB ANILIN

Isomerisation of Hydroearbons
UNIVERSAL OIL PRODUCTS co.
British Patent
823,010
An isomerisable hydrocarbon is subjected to the
isomerising action of a catalyst composed of
alumina, 2-5 yo by wt. combined fluorine, less
thano.o75::, by wt. chlorine and from 0.01-z.o~b
by wt. of a platinum group metal, preferably
platinum. Numerous examples are given.

Reaction of Silanic Hydrogen-bonded Compounds with Unsaturated Compounds
British Patent 822,830
A catalyst composed of platinum on a support of
99.99?6 gamma alumina is used in a process for
producing organo-silicon compounds by reacting
at elevated temperature and pressure and in the
presence of the catalyst an unsaturated organic
compound with a silane of given general formula.
UNION CARBIDE CORP.
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Reforming of Petroleum Naphthas
co. British Patent

ESSO RESEARCH & ENGINEERING

823,320

A component for gasoline blends is prepared by
catalytically reforming a naphtha in the presence
of hydrogen and a platinum catalyst at 100-300
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p.s.i.g. to cause aromatisation, separating from
the products a heavy fraction, boiling above
230°F, which fraction is then catalytically reformed using a platinum catalyst at 300-800
p.s.i.g. to cause dealkylation. A 0.2-2 wt.7;
platinum on alcoholate alumina catalyst is preferred.

Platinum Apparatus
DEUTSCHE GOLD-UND SILBER-SCHEIDEANSTALT,

British Patent 825,079
Shaped platinum apparatus required to be
dimensionally stable at high temperatures is made
of an alloy of 92-97;; Pt and 8-376 Au. 94-96?,,
P t and 6-4% Au is the preferred composition.

Reforming Catalyst
THE ATLANTIC

REFINING

CO.

Production of Hydrocyanie Acid and Hydrogen

British Patent

823,324
A hydrocarbon-reforming catalyst is composed of
pelleted or extruded masses each in the form of a
mixture of finely divided particles of a sorbent
carrier, e.g. silica-alumina or barium sulphate,
on which is deposited 0.1-200/, by wt. of platinum
or palladium, and particles of a silica alumina
cracking component (7-3oo/o by wt. alumina).
The sorbent carrier comprises 5-75?:> by wt. of
the catalyst.

DEUTSCHE

Contact Catalyst fur Oxidation of NH, to NO
British Patent 824,479
In an Ostwald converter comprising two concentric tubes, the inner of which is provided with
a pad of crinkled and uncrinkled platinum strips
coiled face to face, the pad is arranged over a
stack of two or more platinum gauzes, the meshes
of which are smaller than the cross-sections of the
tubular channels in thc pad.
STAMICARBON N.V.

SILBER-SCHEIDEANSTALT.

Separation of Hydrogen from Mixtures
Containing Hydrogen
MATTHEY & CO. LIMITED.
British
Patent 825,973
In the separation of hydrogen from gaseous mixtures by the use of a palladium diffusion membrane or tube through which pure hydrogen
diffuses and thus separates from the other constituents of the gas mixture, the gas mixture is
maintained in continuous movement or circulation over the palladium membrane or tube,
whereby a constant degree of permeability is
maintained.
JOHNSON,

New Unsaturated Esters
&! CO. A.G. British Patent
824,514
A palladium-calcium carbonate catalyst, partially
deactivated by treatment with a lead salt is used
in a process for the manufacture of novel esters
of given general formula.
F. HOFFMAN-LA ROCHE

Production of High Molecular Weight
Polyethylene

Reforming of Hydrocarbon Oils
“SHELL” RESEARCH LTD. British Patent 824,636
Hydrocarbon oil fractions having an initial
boiling point of not over 105°C and a final
boiling point of 128”-140”C and containing not
over 2576 by wt. of naphthenic hydrocarbons are
reformed at at least 400°C and 20 atm pressure
in the presence of hydrogen and of a catalyst
composed of at least 0.5% by wt. of a platinum
metal on a carrier, e.g. alumina, having acidic
propertics resulting from the presence of at least
0.I qb of halogen, e.g. chlorine.

British Patent 826,638
A high molecular weight polyethylene for use as
a plastic is made by polymerising ethylene in the
presence of a catalyst composed of a reaction
product of an organic compound of a metal of
Groups 1-111 of the Periodic System of given
general formula with an ionic compound of a
Group VIII metal, e.g. platinum or palladium,
under conditions in which oxygen and water are
excluded and the ionic compound is not reduced
to the free metal.
K. ZIEGLER.

Manufacture of Grid Electrodes

Catalyst

British Patent
825,028
A grid or mesh electrode for television cameras
is made by coating the surface of an insulating
support, e.g. glass, with palladium, placing a grid
or mesh structure of nickel over the coated surface
and sputtering off metal through the apertures in
the structure to remove the metal coating opposite
these apertures.
ENGLISH ELECTRIC VALVE GO. LTD.
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GOLD-UND

British Patent 825,762
The catalytic production of hydrocyanic acid and
hydrogen from ammonia and a volatile hydrocarbon can be effected with high gas loads and
throughput yields after short starting periods
less than <oth of those normally necessary if
there is used as catalyst not only the usual
platinum group metal or metals, but additionally
one or more of magnesium and metals of the 3rd
Group of the Periodic System, i.e. aluminium,
scandium, yttrium and lanthanum, preferably in
the form of the nitride.

British Patent 826,639
Covers the catalyst of No. 826,638 per se.
K. ZIEGLER.

Natriuetic Agents
& CO. INC. Brirish Paten? 826,921
A palladium-on-charcoal hydrogenation catalyst
is used in the preparation of novel benzothiadiazine-I-I-dioxide compounds.

MERCK
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Sulphonamides

Platinum Catalysts

& CO. INC. British Patent 826,924
A palladium-on-charcoal hydrogenation catalyst
is used in the preparation of a substituted disulphamoyl aniline compound of given general
formula having diuretic properties.

STANDARD OIL CO.

U.S. Patent 2,911,375
A platinum-on-alumina catalyst is prepared by

MERCK

forming an alumina hydrosol by treating aluminium metal with dilute acid in the presence of
catalytic amounts of mercury, mixing a platinum
compound with the hydrosol, drying and calcining the product, which is then activated with
hydrogen.

Preparation of Diethyl-ketone
ESSO RESEARCH & ENGINEERING CO. British Patent

8271396
Diethyl-ketone is made by reacting ethylene,
carbon monoxide and a hydrogen donor at 100'300°C and a pressure of 1500-5000 p.s.i.g. in the
presence of a rhodium-containing catalyst capable
of being dissolved in the reaction mixture under
the reaction conditions. The catalyst may be
rhodium sesquioxide, alone or supported on any
conventional carrier material.

Production of Benzene
OIL PRODUCTS GO.
U S . Patent
2,9113451
Benzene is prepared by treating a cycloparaffin
(6 carbon atoms per molecule and at least 5
carbon atoms in the ring) with hydrogen and a
non-siliceous catalyst composed of platinumhalogen and alumina, the catalyst having a surface
area of 75-150 sq. m/g.

UNIVERSAL

Separation of Hydrogen from Gaseous
Mixtures
JOHNSON, MATTHEY & GO. LIMITED.

Hydrocarbon Conversion Process
THE M.W. KELLOGG co. U.S. Patent 2,914,464

British Patent

827,681
I n order to prevent cracking or distortion of the
palladium membrane or tube of a palladium
hydrogen diffusion unit in use, the membrane or
tube is heated to a temperature above the
transformation temperature of the palladiumhydrogen system from the alpha to the beta
phase and is not allowed to fall to, or below, the
transformation temperature, preferably even
when the unit is not in operation.

A naphtha fraction is reformed by contacting it
with a catalyst composed of platinum and palladium combined with o.1-109/0 of gallium oxide
supported on alumina at 875"-950'F, a weight
space velocity of 0.25-5, a total pressure of
100-750 p.s.i.g. and in the presence of 0.5-20 mols
of hydrogen per mol of naphtha.

Platinum-containing Catalysts

porating a platinum sulphide sol, formed by
reaction of a halogen platinic acid with hydrogen
sulphidc and aged for about 15 min to 2 hr,
with an aqueous alumina hydrate slurry (predominantly alumina monohydrate) in such quantity that the platinum comprises 0.1-20u/b by wt.
of the final catalyst, drying and calcining.

N.V.

Catalysts
U.S. Patent 2,914,485
A platinum-alumina catalyst is made by incorENGELHARD INDUSTRIES INC.

DE BATAAFSCHE PETROLEUM MAATSCHAPPIJ.

British Patent 827,705
A platinum-alumina catalyst is made by peptising
a hydrogel (mainly hydrated alumina) by acidifying it to a pH of 5.5-7 with a dilute aqueous
solution of one or more hydrohalic acids and/or
nitric acid, mixing the treated hydrogel with a
platinum-containing solution, treating the product
with hydrogen sulphide to form platinum sulphidc, drying and calcining.

Palladium Plating

U.S. Patent 2,910,429
A petroleum naphtha is contacted under hydroforming conditions with a platinum-alumina
catalyst, and when the latter has become deactivated, it is withdrawn and reactivated at 350"10~0°F
with a vapour steam comprising a volatile
aluminium halide for 0.25-12 hr. to deposit
0.1-39; by wt. of the halide.

co. INC. U.S. Patent
2,915,406
A palladium plating bath comprises a single
phase, water-containing liquid containing in
solution 0.001-0.25 mole/l of divalent palladium,
0.002-0.05 mole/l of hydrazine, 0.005-0.25 molejl
of a stabilising agent (aliphatic ketone, ammonium
salt of a mono- or a di-basic mineral acid, or the
disodium salt of ethylenediaminetetraacetic acid),
2.5-14 moles/l of ammonia or an aliphatic organic
compound containing a primary amine group
and balance water (at least 2 moles/l).

Catalyst

Process of Preparing Indans

Reactivation of Platinum Catalysts
STANDARD OIL CO.

PHILLIPS PETROLEUM

co. U.S. Patent 2,911,357

SINGLAIR REFINING CO.
U.S. Patent 2,916,529
In a process for the production of indans, an
0-ethyl-methyl benzene is subjected to dehydrocyclisation conditions in the presence of hydrogen,
a Platinum group metal hydrogenation-dehydrogenation catalyst and a small amount of ammonia.

In the catalytic conversion of hydrocarbons with
a supported Pt, Pd or R h catalyst, the metal is
stabilised by incorporating in the catalyst Co,
Ru, Ir to form an alloy so as to retard crystallisation of the metal,
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