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The Design of Platinum-wound
Electric Resistance Furnaces
By J. E. Priddis, A.M.I.E.E.
Platinum and its alloys are particularly suitable for the construction of
electric resistance heating elemeqtsfor.furnaces with working temperatures
i n the range from 1200 to 1700'C. The principal factors governing the
design of these furnaces are discussed i n this article.

The introduction of high temperature
sintering and refining techniques in the electronic industry, the extension of the use of
combustion analysis in the control of steelmaking, as well as the requirements of
metallurgical and ceramic research, all contribute to the demand for an accurately
controllable source of high temperature heat.
This demand has been largely met by the
platinum-wound furnace, which possesses a
combination of properties unique in the high
temperature field. It is compact, simple in
construction and operation, easy to control
and widely adaptable. It can be used at
temperatures up to 1700'C without the need
for a protective atmosphere.
Of the available types, the horizontal
tubular models are the most widely used, and
these alone will be considered in detail here.
Before the last war, it was in the laboratory
itself that most of the platinum-wound
furnaces were constructed. At that time,
little fundamental data existed and it was
therefore not surprising that these furnaces
met with a widely varying degree of success.
Failures which subsequent experience has
shown were largely due to faulty methods of
construction were frequently attributed to
defective resistor material or to impure refractories. It is only in comparatively recent
years that a thorough investigation of constructional methods has been made and it is
now apparent that, in a furnace of sound
design, not only must great care be taken in
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the construction of the element but at least
as much attention must be paid to the general
furnace design.

Element Design
The important properties of platinum and
its alloys in furnace construction are high
mechanical strength and resistance to oxidation at very high temperatures. Although
superior in this combination to any of the
heat-resisting base metal alloys, the advantages of platinum are relative, and elements
must be designed to minimise the mechanical
stress on the winding and to protect the
resistor from erosion by oxide volatilisation.
To achieve these objectives the platinum
resistor must be carried in a refractory body
that will not slump or sag, which must be
sufficiently dense to exclude air from contact
with the winding, and which will withstand
repeated heating without cracking.
The basis of all elements embodying a
platinum resistor must be a highly refractory
material. Almost all the physical characteristics of the material are important, and each
has to be considered. It is necessary that the
material be free from contaminants, resistant
to thermal shock, and of low electrical conductivity at all temperatures. Besides these
essential qualities, it is desirable that it is a
good heat conductor, has a low firing shrinkage, a coefficient of expansion similar to that
of platinum, and can readily be formed into
the required shape. Not unnaturally, no

single material or combination of materials
adequately meets these requirements and to
some extent a compromise has to be made.
Were it merely a matter of procuring a
highly refractory former upon which to wind
a resistor little difficulty would be experienced,
but this will inevitably lead to failure. In
ordcr to obtain a satisfactory life from a
platinum-wound element, the resistor must
be firmly and completely embedded in the
refractory material, since any cavities which
form around the resistor will bring about
local volatilisation with consequent failure.
In muffle furnaces, therefore, it is necessary
that the resistor be embedded in a homogeneous refractory material which will as far
as possible remain free from cracking under
the arduous conditions likely to prevail.
Alumina fulfils the required conditions
better than any other material but, like all
oxides, it lacks both plasticity and strength
in the “green” or unfired state. The addition
of a small proportion of china clay will make
good both these deficiencies at the expense

of a slight reduction in the refractoriness of
the resultant material. Generally, the improved working characteristics of the material
justify this reduction, but a solid supporting
bed must be provided for the element. If
this is not practicable, or if the operating
temperature is above ISOO~C,
purer alumina
must be used in spite of its limited workability.

Selection of Resistor Material
The first step in the application of platinum
to furnace construction is to choose the most
suitable alloy. Both pure platinum and pure
rhodium have been employed, but neither is
entirely suitable. Platinum has too low a
melting point (1769°C) and insufficient hot
strength.
Rhodium, although having a
higher melting point, 1966”C, is too brittle.
Both have a comparatively low specific
resistance at room temperature, and a high
temperature coefficient, so that the starting
currents are very large in relation to the
loading when hot.

Aplatinum-wound laboratoryfurnace and control unit set up with Strohlein apparatus f o r the determination
of carbon in steel
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Electrical resistivity and
temperature coefiient
of rhodium-platinum
alloys

Alloys of rhodium and platinum, which
form a continuous series of solid solutions,
are much more suitable. It can be seen from
the graph shown above that the region
between 10and 40 per cent rhodium-platinum
provides the best electrical properties. The
10 per cent rhodium-platinum alloy, with a
melting point of 185o0C, is ductile and workable, with excellent mechanical properties at
the working temperature, and is used in nearly
all general purpose furnaces, although there
is no reason why 15 or 20 per cent rhodiumplatinum cannot equally well be employed.
Because of its higher melting point (1950°C)
the 40 per cent alloy is chosen for elements
working at temperatures above 1550°C. The
melting point of pure rhodium is a little
higher, but this advantage is more than offset
by its inferior ductility.
In furnaces having radiating elements, the
resistor section is usually governed by the
surface power loading of the resistor material,
with the result that a flat strip of large surface
area is frequently selected. In platinumwound muffie furnaces where the heat is
conducted from the resistor by the surrounding refractory material, the need for large
surface area does not arise. Indeed, such a
shape would prove detrimental because a
resistor of large area would break up the
“key” of the refractory and cracking would
inevitably result. With fine gauge resistors,
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any section other than circular would have
insufficient mechanical strength to be practicable. Since both platinum and rhodium
are volatile at high temperature, a circular
section conductor will assist in restricting to
a minimum any loss by this means. It is for
these reasons that round wires are invariably
employed.

Power Rating
Because tubular furnaces are put to a
variety of uses, it is good practice to rate all
sizes up to about 24 inches bore diameter
so that they will attain their working temperature with both ends open. Under these
conditions, the end losses will be severe even
in a well-designed furnace, with the result
that for a given bore diameter the power
losses will remain substantially constant for
any furnace up to 24 inches in length.
Accurate calculation of the heat losses can
only be made with the aid of very comprehensive data, and not only is this rarely
available, but for furnaces of this size the
possibility of error will always remain considerable. Reference to tables based upon
experience is, therefore, the simplest and most
practical method of arriving at the required
input.
The graph shown opposite indicates the heat
losses from tubular furnaces of varying bore
and with open ends after a state of equili-
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brium has been reached. Although these
curves have been based on furnaces of the
type of construction dcscribed here, they will
be found to be substantially correct for any
well-insulated furnace of comparable size.
I n arriving at an appropriate rating, due
allowance must be madc for any variation in
supply voltage, and bearing in mind that the
furnace input is proportional to the square of
the voltage, an addition of 25 per cent in
power input is advisable. Further allowance
should also be made of about 10per cent to
cater for any variation between the designed
input and the actual input, and to allow for
depreciation during life. T h e input thus
arrived at will usually prove satisfactory for
average conditions and should enable the
furnace to reach its working temperature in a
reasonable time. Naturally, variations must
be made to suit individual circumstances. I n
laboratory furnaces, the heat demand of the
charge and its associated apparatus is usually
insignificant, but this is not necessarily always
so, and in some instances additions to the
rating may have to be made on this account.

matter of individual dcsign approach, the
important factor being an appreciation of the
effect upon life and operation that these may
have. For a given metal weight and power
rating the life of the element will, apart from
minor considerations, be unaffected by the
operating voltage. The factors which this
will affect, however, are the mechanical
strength of the element, the turns spacing of
the winding, and the likelihood of electric
shock.
Considering first the mechanical properties
of an element, refractory formers inevitably
shrink as a result of prolonged heating at high
temperature and in so doing tend to compress
the resistor wire. Also during heating the
resistor expands faster than the refractory,
this again setting up stresses between the
two materials. If the wire is coiled into a
helix before being wound around the former,
a degree of resilience is imparted and the
element is better able to withstand these
internal stresses. Even so, a resistor of this
formation can still be sufficiently rigid to
cause the refractory to crack if the wire diameter is too large. Generally, it is inadvisable
to employ wire gauges in excess of 0.050 inch,
while sizes below 0.036 inch are to be
preferred.
While too stout a wire can bring about a
crack in the refractory, too fine a wire, on

Electrical Considerations
When a suitable alloy has been sclected,
the conductor cross-section, t h c operating
voltage and the current can be correctly interrelated. Which of these is chosen first is a
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0.5

1.0

1.5

BORE DIAMETER

Platinum Metals Rev., 1958, 2

, (21,

41

2-0

- INCHES

2.5

3.0

A high temperuture platinum-wound furnace ,fittrd with an impervious combustion
tube for work in sperial atmospheres

the other hand, may itself fracture. Further,
very fine wires are more liable to become
weakened, either through straining in the
winding process, or as a result of grain
growth after prolonged heating. Such troubles
are more likely to occw in wires below 0.01
inch diameter and in general it is preferable
to employ a gauge in excess of 0.012 inch
diameter.
The total length of the resistor wire is
proportional to the voltage applied, and this
must be suitably chosen to permit a satisfactory turns coverage. Thc maximum permissible distance between turns can vary within
quite wide limits according to the particular
construction employed, but generally this
should not exceed inch, while, on the other
hand, the turns’space factor should be limited
to a maximum of 50 per cent.
The possibility of electric shock must not
be overlooked. Although alumina has a
high resistivity at room temperatures, this
decreases very sharply with increasing temperature and the material becomes a poor
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electricalinsulator in the range 1500 to 1700’C.
Consequently, the limitation of the element
potential to earth can only be regarded as a
wise precaution and in the writer’s experience
it is prudent to restrict this to a value not
exceeding 150 volts.
It will generally be found that all the above
electrical conditions will be satisfied if a
value of current between 5 and 12 amp. is
selected.
The laboratory furnace user often requires
as great a length of the clement as possible
at constant temperature with a sharp fall-off
at each end. At the temperatures under consideration, the axial heat radiation is high and
a very sharp fall-off at the ends is therefore
not practicable. Indeed, it is as well not to
aim at too sharp a temperature change at
this point, as such an achievement will only
result in undue thermal stresses. With the
type of furnace design under discussion here,
a reasonably fast rate of fall will be obtained
at the ends, while a flat heating zone gradient
is possible for about 60 to 70 per cent of the

element length. The actual spacing of the
turns in order to obtain this flat zone will
vary with diameter and length, but generally
about 20 per cent of the total power is allotted
to the centre third of the clement, with the
balance distributed equally between the two
remaining thirds .

Element Life
The matter of element life is one which
the user cannot afford to ignore. Before
installing a furnace, he may fairly ask what
life he is to expect from a single element, and
it may appear unreasonable that no positive
answer can be given. The constancy of use
of a furnace, its method of control, the variation of supply voltage, the shape and nature
of the charge, varying temperatures of use
and the rate of heating and cooling are only
some of the operational factors which determine the life of an element. Clearly, therefore,
it would be quite impossible for an estimate
of life to be given which would hold good
under such diverse conditions of use.
Manufacturers will design their furnaces
to withstand, as far as possible, the usage
likely to be encountered and will make tests
to determine the resistance of their furnaces
to this, Nevertheless, operating techniques
vary so widely that it would be quite impossible to establish any “standard operating
conditions” for test purposes, and consequently representative life tests can only be
conducted if the conditions of test running
are carefully controlled. These usually consist of running furnaces continuously at one
fixed temperature until failure.
Within certain limits, the life of an element
is directly proportional to the weight of
platinum alloy embodied in it, and is therefore within the designer’s control. It is of
course necessary to hold a proper balance
between the capital cost of the noble metal and
the economic working life of the element.
While the user will naturally be concerned
with the life of the furnace in his laboratory
rather than on the test bed of the manufacturer, it will nevertheless be appreciated that
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it is upon the “test life” that the hours of
useful work ultimately depend. The degree
by which a furnace in use will fall short of
this life will clearly, therefore, depend upon
the conditions of use. Experience has shown
that modern furnaces are much better able
to withstand severe service conditions than
their counterparts of ten years ago, with the
result that operational lives of 60 per cent of
the maximum expectation are commonly
encountered, while lives approaching IOO per
cent have been achieved in many instances
where the furnaces are employed under
favourable conditions. The platinum furnace
is thus able to provide reliable service under
severe conditions but, like any other tool, the
kinder the treatment it receives the more
useful work will it perform.

The Furnace Case
The element will of course only achieve
its full designed life and temperature rating if
it is properly supported in a n insulating housing so that it cannot sag, and is at as nearly
as possible the same temperature throughout
its length.
To provide adequate support, solid insulating material should be used which must be
highly refractory and free from contaminants.
The lightest possible insulating materials
having sufficient refractoriness should be
employed in order to reduce the furnace
heating time and heat losses. It is important
that this material be given a prolonged firing
at high temperature if subsequent shrinkage
is to be avoided.
Because the more refractory materials are
of high density and relatively high thermal
conductivity, it will be necessary to use at
least three grades of furnace insulation, each
successive layer being of greater thermal
resistivity. For furnaces designed to operate
in excess of 1500‘C four or even five grades
are sometimes necessary.
Eflicient lagging is necessary as, for a given
alloy, the weight of noble metal forming the
resistor will be directly proportional to the
power rating of the furnace. On the other

T h e i n t e r i o r of a
.Johnson Matthey high
trmperature f u r n u r e ,
w i t h the i n s u l a t i n g
cartridge partly dismantled. The cast aluminium case is fully
ventilated and continuously air-rooled
during use

hand, it must be remembered that laboratory
furnaces are generally used intermittently
and care must be taken not to over-insulate
the furnace, otherwise the heat mass of the
insulating material will unduly prolong the
heating time. For this reason, it is preferable
to employ lighter insulation and a higher case
temperature than would normally be employed
on a larger industrial type furnace, while
selecting the best possible insulants available.
One very satisfactory arrangement is to provide a light and compact insulation to permit
rapid heating and to surround this with a
separate case with an air cooling stream between the insulation and the outer case.
Escaping heat is thus convected upwards and
the operator is not subjected to constant heat
radiation from the furnace case.
T o ensure that all parts of the furnace
element are maintained as nearly as possible
at the same temperature, the heat losses
should be balanced in all directions so that
excessive local loss due to either conduction
or radiation is prevented. With tubular
elements it is not always convenient for the
user to operate the furnace with plugged ends,
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and allowance for this must be made in
design. In such cases, the element should be
considerably shorter than the overall length
of the insulation if end radiation is to be
appreciably restricted. This end insulation
may sometimes be a hindrance in use but
can generally be tolerated to some extent,
and it is desirable that an unheated, insulated
length equivalent to about three times the
furnace bore be incorporated wherever
possible.
The furnace shown above is an example
of the application of the factors outlined in
this article. The wound element length is
less than one-half of the overall length; the
element is surrounded by three layers of
graded solid insulation which is split radially
to allow easy access to it. The element inside
its insulation forms a cartridge, which is
borne on transverse ribs forming part of the
two light alloy castings that make up the
ventilated outer case.
This design has proved so successful that
the test life of elements in the prototype
models has been about three times as great
as that of former standard types.
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Platinum-faced Titanium for
Electrochemical Anodes
A NEW ELECTRODE MATERIAL FOR
IMPRESSED CURRENT CATHODIC PROTECTION

By J. B. Cotton, A.M.c.T., A.R.I.C.
Imperial Chemical Industries Limited, Metals Division, Birmingham

The good resistance of titanium to corrosion
cannot be better illustrated than by its
behaviour in sea-water in which it is virtually
immune to attack (I), and from this it might
be logical to suppose that the metal would
form an excellent anode for impressed
current cathodic protection of structures such
as steel jetties, under-water pipelines and
ships' hulls.
In point of fact, the protective surface film
on titanium has peculiar properties. It is
resistant to the passage of current into an
electrolyte, but it has low resistivity when a
second metal makes contact with it. If an
attempt is made to use titanium as an anode
in salt water, this resistance to the passage of
current into the electrolyte immediately becomes apparent for, as shown in Fig. I, an

increasing anodic current is applied to it, the
voltage required to force the current through
the surface film rises until at the weakest
points the film breaks down and intense local
corrosion ensues. This is illustrated in Fig. z
which records the appearance of a titanium
anode after a very short operational period in
sea-water at a current density of 24 amp. per
square foot.
If, however, a small piece of platinum foil
or wire is spot-welded to the titanium, most
of the current passes out through the
platinum and the titanium is uncorroded.
Fig. 3 shows a composite titanium strip/
platinum wire specimen which was unaffected
in sea-water after carrying a current of
24 amp. per square foot for several days.
The unique property of titanium to behave

16
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Fig. 1 Currerat-voltage
characteristics of untreated titanium and of
composite t i t ani u mplatinum i n sea-water
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in this manner as compared with other metals
is demonstrated in Fig. 4 which illustrates
the comparative behaviour of composite
aluminiumi’platinum, titaniumiplatinum,
stainless stec1,’platinum and copperiplatinum,
anodes after four hours’ immersion in seawater while subject to an anodic current
density of 24 amp. per square foot.

Thickness of Platinum
Theoretically, the thinnest possible film of
platinum should suffice to conduct current
and, in fact, extremely thin films of platinum
-of the order of o.ooooo5 inch thick-if
firmly in contact with the surface of titanium,
will carry high current densities without
visible deterioration, even when the platinum
film is porous and discontinuous. Such a film
has carried anodic current densities of as high
as roo amp. per square foot in sea-water for
a period of 250 hours without failure, an mcoated specimen suffering rapid corrosion in
less than 30 minutes.
Evidence of the need to have noble met‘
actually at the anode surface and not merely
to have a noble metal enriched surface is
obtained if ~ e thin
r ~films of platinum are
deposited upon titanium and the composite

Composite
aluminium ,platinum
anode

Fig. 2 (left)-serere corrosion oj titanium anode
after operation f a r
short time in sen-water at a
current density of 24 amp. per square foot
Fig. 3 (right)--Composihe titunium striplplntinum
after operatirtg in sea-u>aterl o r sweral
M.ire
days at a current density of 24 amp. p e r square fO(Jt

Composite
titanium:platinum
anode

Composite
stainless steel;
platinum anode

Composite
copper ‘platinum
anode

Fig. 4 The unique property of titanium i s demonstruted in this illustration, which shows
beakers of sea-wuter containing composite anodes ?fie‘ f o u r hours’ seroice at an ot.erall
current density of 24 amp. per squure foot. A titanium rathode icas used in each beaker
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test pieces are subjected to appropriate heat
treatment, such that the thin films of platinum
diffuse into the titanium in varying degrees.
When, after the diffusion process, these
specimens are immersed in saturated brine
and forced to carry an anodic current density
of IOO amp. per square foot, the time to
failure is entirely consistent with the extent
of heat treatment; those specimens in which
the platinum diffuses inwards by reason of
the more rigorous heat treatment fail after a
very short test period, while those having
been subject to a less rigorous heat treatment
and in which there is virtually no diffusion of
platinum do not fail within 250 hours. Failure
in this test usually takes place at the water-line
and on the titanium wire connecting lead.
Fig. 5 shows the condition of a series of
specimens which have been subjected to the
treatment just described.
For many applications it will, of course,
be necessary to apply much more substantial
coatings than the very thin films referred
to above, but the important point is that,
contrary to the situation arising when most
mixed-metal systems are exposed to corrosive
environments, the conjoint presence of
titanium and platinum in saline solutions does
not result in adverse galvanic effects upon
either metal, whether D.C. current is flowing
from the junction of the two or not.

Fig. 5

Specimens of titanium coated with
approximately 0.000005 inch of platinum after
operation at an anodic current density of 60 amp.
per square foot i n sea-water at room temperature

(a) Not heated after coating. Greater than 250
hours without failure
(b) Heated in argon for 60 minutes at 500°C.
Greater than 250 hours without failure
(c) Heated in argon for 15 minutes at 600°C.
Failed after 250 hours
( d ) Heated in argon for 60 minutes at 600°C.

Failed after 70 hours

( e ) Heated in argon for 60 minutes at 900°C.
Failed after go minutes

the field of use, for titanium is strong and
can be formed into virtually any basic shape
and size of anode, from strip, sheet, bar or
wire, upon which platinum can be deposited,
by a variety of methods at chosen points.
The fact that the combination can withstand
high anodic current densities without deterioration enhances the economic aspect, for in
many circumstances it means that fewer
anodes need to be used for a required area of
protected metal. Titanium anodes carrying
electrodeposited coatings of platinum approximately 0.0001 inch thick are on trial under
actual service conditions.

Importance in Cathodic Protection
The practical consequences of these observations are likely to be of some importance.
Cathodic protection is being increasingly
employed as a means of preventing corrosion
of chemical plant, and of structures and
equipment which have to withstand marine
environments. Platinum i s probably the most
durable anode material available, but its use
is severely restricted by its high cost. The
discovery that platinum can be used in conjunction with titanium considerably widens
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The Importance of Platinum
in Petroleum Refining
CATALYTIC REFORMING IN MODERN PROCESSING PRACTICE

By Claude

c. Peavy, B.s., Ph.D.

Houdry Process Corporation, Philadelphia

When historians of industry are writing
about petroleum refining in the United States
during the years from 1950 to 1960, they
may refer to refining’s “high octane decade”
or its “platinum period”. If they do so,
they should not be accused of exaggeration
inasmuch as both expressions aptly summarise a major trend in refining over this
span of time.
The reason is that platinum plays a vital
role in a number of catalytic reforming
processes used in producing the very high
octane fuels required for modern aircraft
and automobile engines in every country
committed to the maintenance, expansion
and improvement of the aviation and automobile industries. The United States is the
outstanding example of such a country.

I930s, produced the huge quantities of high
octane stocks required as the blending base
of World Mar I1 aviation fuel. Catalytic
gasoline was further up-graded by addition
of small quantities of tetraethyl lead (TEL),
and by blending with other refinery products
of higher octane values (such as alkylate
produced from butylenes). This method of
producing gasoline of higher than IOO octane
was costly but necessary; after the war was
over refiners largely discontinued or dismantled these economically unjustifiable
processing schemes to concentrate on lower
octane fuels for automobile engines, and on
industrial and home heating fuels.

Meeting the Bulk Demand
The industry, however, had little respite.
The rejuvenation of the automobile industry
progressed quickly from the stage of competitive styling to competitive power. It
became apparent early in the present decade
that automobile engine compression ratios
and horse-power ratings were to undergo
enormous increases. Whereas compression
ratios around 6 to I were average in the 1940s
and early I ~ ~ O Sthese
,
ratios rose to an average
of about 8 to I in 1955, and currently a
number of American automobiles have
engines with compression ratios higher than
10 to I. Horse-power today averages in the
150-225 range; some automobile engines are
rated at higher than 300 hp, and this figure
may well be the average by 1960.
Because it is possible to utilise efficiently

High Octane Aviation Fuel
During World War 11, the development
and production of powerful, efficient pistondriven aircraft engines forced upon the
refining industry the adoption of techniques
by which sufficient supplies of aviation-grade
fuels could be produced. These special fuels,
necessary to achieve peak aircraft-engine
performance, tested out at octane numbers
(anti-knock ratings) of IOO and higher.
Automobile fuels were in the 7-80 octane
range.
Catalytic cracking of certain fractions of
crude petroleum, a process discovered and
commercially perfected by Eugene J. Houdry
and Houdry Precess Corporation in the late
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The combination processing
catalytic reforming unit at the
n m 130,000 barrels per day
rejinery of Tidewater Oil Company rwar Wilmington, Ddaware, U.S.A. Houdry platinum-containing catnlyst is
employed i n the six reactors of
the twin-train 45,000 barrels
per day Houdriformer in the
right foreground. This rejinwy
section, which includes feed
pre-treat unit and aromatics
extraction, produces 102-104
octane blending stock (unleaded) for automobile and
aviation fuels.

the high power output of today’s automobile
engines only by fuelling them with high
octane gasolines, the progressive refiner in the
United States has been forced into a “high
octane sweepstake” in which he must provide
gasolines of higher and higher octane rating
for the growing number of new automobiles
now on the road, and newer models yet to
come. Premium motor fuels of 97-98 octane
(leaded) were on the market early in 1955;
today virtually all American oil companies
offer gasoline of more than one octane rating,
and one company provides custom-blending
at the pump to satisfy old and new motor
requirements. This is truly the “high octane
decade” for American automobiles.
The entire refining industry in the United
States expects that roo-octane automotive
fuels are likely to be the rule within the next
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few years. How is the refining industry going
to provide automotive fuels of IOO octane,
and higher, in the huge quantities necessary
to satisfy expected demand?

The Choice Of Method
One answer may be by production of
greater quantities of over 100-octane alkylate,
as in the war years, for blending with gasoline
produced by catalytic cracking and upgraded in anti-knock characteristics by use
of tetraethyl lead and other chemical additives. The ultimate quantity of such alkylate
is, however, limited, and costs of tlis method
are likely to be out of proportion under
conditions of normal peacetime competition.
The most likely solution appears to lie in
platinum catalyst reforming of low-octane
straight run naphtha fractions of the crude

Flow diagram of the processing scheme for Iso- Plus Houdrqorming with recycling of parafinic rafinate-essentially the system
employed i n the twin-train Houdriformer at the Tidewater Hejinery

to extremely high octane levels-95 to 100,
with further improvement possible by addition of tetraethyl lead in minimal quantityor in “combination processing” to produce
quantity blending stocks with an octane
number of IOO or higher.

The Tidewater Refinery
This latter road to higher octane fuels was
selected by the Tidewater Oil Company
for its new 130,000 barrels-per-day refinery
near Wilmington, Delaware. This completely
new refinery has the largest and most modern
catalytic reforming installation in the world
-a 45,000 barrels-per-day twin-train Houdriformer that is the heart of a process section
producing the refinery’s highest octane
blending stock for both aviation and motor
gasolines.
Houdriforming, developed and licensed
by Houdry Process Corporation, is one of
six platinum catalyst reforming processes
now in use throughout the world; it is basic
also to the Houdry Iso-Plus Process, which is
one of the two currently available “combination processing” designs whereby refiners
are enabled to achieve gasoline blending
stocks of 100-plus octane number with
economically justifiable capital investment.
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The catalytic reforming section at the
new Tidewater refinery consists of a feed
pre-treat section, two three-reactor Houdriforming sections that may be operated singly
or in conjunction, and an aromatics extraction
unit which sends part of its product to final
blending and part to join the fresh naphtha
charge to the pre-treat unit. Each of the
reforming trains is designed to process zz,500
barrels-per-day of desulphurised feedstock,
normally West Texas, Kuwait and cokerunit naphthas plus the recycled paraffinic
raffinate from the aromatics extractor.
The Tidewater Houdriformer itself is
capable of yielding a product in excess of
95 F-I clear (unleaded) octane, in oncethrough regenerative operation. (A single
common catalyst regeneration facility is
provided to serve both trains.) However,
inasmuch as Tidewater’s plans envisage only
moderate-operating severities for some time
to come, it is expected that the reforming
trains will run for a year or more without
need for regeneration of the rugged Houdry
3-D platinum-content catalyst in the six
reforming reactors. At normal throughput
with design charge stock, the yield of debutanised product is approximately 82 per cent
of charge stock, at 90 octane, F-I clear.

The advantage of combination processing, a processing scheme like Houdriforming:
however, becomes apparent when the re( I ) Platinum catalyst naphtha reforming
formate undergoes aromatics extraction. This
processes, such as Houdriforming,
supplemental process provides raffinate for
produce large amounts of hydrogenrecycle to the feed pre-treat section, and an
rich gas easily recoverable as hydroaromatic concentrate that is blcnded into
gen of relatively high purity. This
the final product. l h e resultant blending
hydrogen is sufficient for process
stock of the refinery’s “combination” catalytic
requirements, for the treatment of
reforming section, at non-regenerative operatsour feedstocks, and for other refinery
ing severity, is in the range of 102-104F-I
processes requiring an atmosphere of
octane, unleaded. This is Tidewater Oil
hydrogen.
(One-reactor HoudriCompany’s choice of methods to solve
forming, in fact, is already in refinery
production problems and meet competition
use, primarily for hydrogen proin America’s “high octane derby”.
duction.)
The “combination process” scheme Tide(2) A platinum catalyst reforming prowater has constructed, with Houdriforming
cess, such as Houdriforming, may
as the basic process, illustrates only one of
be operated at the severity required
three alternative Iloudry Iso-Plus schemes.
for economic production of desired
Another design couples basic Houdriforming
yields of gasoline or blending stocks
with separate (rather than recycle) reforming
in the So-roo octane range. Where
of raffinate from the aromatics extraction
operation
at moderate severity is
unit; with some additional modifications, this
planned,
provision
may be made for
alternative had produced over 82 per cent
future
installation
of (a) hydrogen
of charge stock as 108 octane (unleaded)
pre-treatment
facilities
to purify
gasolinc.
(b) inhigh
sulphur
charge
stocks;
Still another Houdry Iso-Plus alternative
place
catalyst
regeneration
when
couples thermal reforming and catalytic
necessary
for
higher
octane
gasolines;
polymerisation to basic Houdriforming.
and ( c ) supplemental processes, such
Blending stock of 102-104octane, unleaded,
as
aromatics extraction or thermal
is being produced by this process in the
reforming
for ultra-high octane
S.A.R.O.M. refinery at Ravenna, Italy.
blending stocks.

Reforming Outside the U.S.A.
Not all countries, however, require a
refining industry primarily for the production
of high octane aviation and automotive fuel.
The kinds of refinery products required in
European countries, in Latin America and
in the Orient vary widely, but in all these
areas less importance is assigned to the percentage of gasoline produced by total refinery
operation, although octane number is important.
Increased use of platinum catalyst reforming, therefore, may logically be forecast for
refining industries in these widely separated
parts of the globe. Foundation for this statement is found in the versatility inherent in
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(3) A platinum catalyst reforming process may be operated to produce
aromatics such as benzene, toluene
and xylenes, rather than gasoline
blending stocks. Houdriforming is
being operated in this manner in
several instances. These aromatic
chemicals, produced from a more
select naphtha fraction than is used
for gasoline production, find increasing use as intermediates in the
manufacture of explosives, plastics,
synthetic fibres, insecticides and
other products.
The versatility of a process such as
Houdriforming is partly achieved by varia-

tions in operating conditions such as temperatures, pressures, hydrogen recycle ratio,
ratio of charge to catalyst, and so on. Largely,
however, this versatility is closely related to
the polyfunctional characteristics of the
platinum containing catalyst.
Houdry’s 3-D reforming catalyst is manufactured in the form of extruded cylindrical
pellets 2.4 mm in diameter. The catalyst is
responsible for a number of complex chemical
reactions that change, or re-form, the molecular structure of the hydrocarbon feedstock.
These reactions are summarised here:
Sulphur, if present in the feed, is removed as hydrogen sulphide. Olefins become
saturated, and then undergo a number of
reactions, as do naphtlienes and paraffins.
Naphthenes undergo dehydrogenation to
aromatics, while paraffins are isomerised,
hydrocracked, or aromatised. The resulting
“re-formed” effluent, after liquid product is
separated from hydrogen-rich gas, undergoes
final stabilisation and emerges as high octane
gasoline.

barrels daily. The prospect is that total
world reforming capacity may reach a figure
of 2,000,000 barrels daily by 1960, with
platinum catalyst used in most of the installations.
At the moment, the end of this tremendous
growth in catalytic reforming capacity is
not yet in sight in the United States, and
certainly it is only beginning in other countries
with much additional construction in prospect
in the next two years. As refining capacity
increases in Europe, Latin America and the
Orient, it is expected that refiners in these
areas are more likely to turn to catalytic
reforming than to catalytic cracking to
produce both aromatics and high octane
aviation and automotive fuels of the qualities
and in the quantities dictated by national
needs and economies.
Whereas the quantity of platinum required
for the manufacture of platinum reforming
catalyst was only a few thousand ounces in
1950,the amount has grown until today the
refining industry uses hundreds of thousands
of ounces. The effect of this decade’s major
refining industry trend on the production
Future Prospects
of platinum has already been marked and
of Catalytic Reforming
will continue to be felt for some years to
The first platinum catalyst reforming come.
Thus the amount of platinum being used
process was introduced to the refining
industry in 1949. In the ensuing seven years, by the refining industry today, and the
total reforming capacity of the industry purpose for which it is being employed, also
(including capacity of five other processes provide sufficient reason for refining’s hisemploying non-platinum catalysts) has grown torians to write of the years 1950-60 as the
from virtually zero to more than 1,300,000 industry’s “platinum period”.
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Development of Metal-Ceramics
POSSIBILITIES OF THE PLATINUM METALS IN
SILICIDE CERMETS FOR HIGH TEMPERATURE SERVICE
The possibility that one of the platinum
metals might meet all the exacting requirements of a metallic binder for a silicide cermet
having strength, stability, and oxidation resistance at high temperatures is put forward
by Dr. Alan W. Searcy, associate professor
of ceramic engineering in the Division of
Mineral Technology of the University of
California, as a result of a theoretical survey
he has just published on “Predicting the
Thermodynamic Stabilities and Oxidation
Resistances of Silicide Cermets” (I).
Cermets, which have been the subject of a
great deal of intensive-and for the most part
disappointing-research during the past ten
or fifteen years, are essentially composite
bodies made by incorporating particles of
some refractory (usually silicide, oxide, boride
or nitride) in a continuous, ductile, metallic
network. The familiar cemented carbides,
made by bonding particles of tungsten and
other carbides with cobalt, are the prototypes
of all cermets.
The most optimistic seeker after the perfect
cermet hardly hopes that he will ever develop
a kind of super heat-resisting alloy, capable
of being hammered home in a force fit or
adjusted to shape after installation; what is
needed is a highly refractory body, almost
certainly destined to be ground to shape, but
resistant to the blows of normal service.
The number of combinations possible is
obviously enormous, and in recent years
many scores have been made and tested
experimentally. Dr. Searcy now suggests
that the area of investigation can be very
appreciably narrowed down by choosing
those combinations which are most likely,
from thermodynamic considerations, to be
( a ) resistant to oxidation and (b) chemically
stable-the refractory and the metal must not
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react at high temperatures. He has therefore
collected the available thcrmodynamic data
and applied it to the problems of those
cermets incorporating, as a refractory, the
high-melting silicides.
Among the known silicides, molybdenum
disilicide is outstanding in its resistance to
oxidation, and this is attributed to the formation on the surface of the particles of a closelyadherent layer of nearly pure silica glass, the
MOO,which is formed at the same time escaping by volatilisation. Very protective silica
coatings also form on silicon carbide and
silicon nitride by a similar reaction. In
general, therefore, Dr. Searcy suggests that
investigation of further silicides should be
confined to those of high silica content which
on oxidising form silica glass together with a
volatile metal oxide. He concludes that “the
only uninvestigated silicides that appear to
meet this requirement are the disilicides of
rhenium, ruthenium, rhodium, palladium,
osmium, iridium and platinum”. The stability
of none of these, however, seems likely to be
better than that of molybdenum disilicide.
The bonding metal must similarly be
resistant to oxidation and must not react
with the silicide. Here again, the platinum
metals appear to have attractive properties
and are well worth further consideration. At
first sight, therefore, molybdenum sulphide
bonded with platinum would seem to have
promise, but two American investigators, De
Vincentis and Russell (2), have recently
reported that reaction takes place between
these materials at 1425OC. Dr. Searcy and his
collaborators are now investigating the behaviour of the remaining platinum metals
with molybdenum disilicide, but apparently
have little hope of finding a stable combination. There seems greater hope in bonding

silicon carbide or silicon nitride with one of
the platinum metals, since the latter do not
form stable carbides or nitrides, and Dr.
Searcy writes that “cermets of platinum
metals with silicon carbide or silicon nitride
seem to be well worth investigating”.
Dr. Searcy concludes his review with these

words: “Unfortunately the materials that
seem to have the greatest promise are rare
and expensive. In certain areas of critical
needs, such as in high-temperature engine
parts, the high costs of such materials would
not bar them, however, from limited application if they prove to be really satisfactory.”
J. C. C.
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Rhodium Plating in a Homopolar Generator
Direct current electromagnetic pumps have
been applied to the primary heat-transfer
circuits of nuclear reactors cooled by liquid
metals. They have substantial advantages for
pumping liquid metals, but they require to
be supplied with a very large direct current.
An experimental homopolar generator for
this purpose has been designed at the Atomic
Energy Research Establishment at Harwell (I)
and made by A. Frazer-Nash and the Palatine
Tool and Engineering Company (Surbiton)
Ltd. The use of mercury collector rings in
this machine has reduced the “brush drop”
to a few millivolts, with a friction loss of about
two per cent of the power output. These
losses are remarkably small for a rating of
10,000 amp. at one volt.
The copper rotor and brush assembly is
shown in the photograph, with the outer
collector rings separated. When assembled
and rotating, each outer collector forms a
circular trough filled with mercury. The rim
of each stationary inner collector is immersed
in the mercury in the trough. The relative
peripheral speeds of the outer and inner rings
may be more than 40 feet per second, so that
the hydrodynamic conditions in the channel
between them are severe, and lightly protected copper rings suffered attack. A heavy

I
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..
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Brush and rotor assonibly ojthe homopolar generator

electrodeposit of hard nickel, by Fescol
Limited, provided resistance to erosion, and
to this a deposit of 0.0001 inch of rhodium
was applied by Johnson, Matthey & Co.,
Limited. The rhodium surface is quite inert
to mercury and is free from tarnish, so that
very high electrical conductivity is maintained.

Reference
The development and operation of a 10 kW homopolar generator with mercury brushes, AERE R/R
2375 (to be published in Part A, Proceedings I.E.E.)
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The History of the Melting
of Platinum
TWO HUBDRED YEARS OF PROGRESS

By Donald McDonald,

BSc., M.I.Chem.E., F.R.I.C.

Those who came early into contact with
native platinum, when the Spaniards were
finding it in New Granada in the sixteenth
century, were at once struck by its apparent
infusibility, coupled with a metallic appearance. As it did not melt at any degree of heat
available at the time, they decided that it
could not be a metal and must therefore be
classed as a “semi-metal” until someone
melted it. This feat was achieved just two
hundred years ago, in Paris, by the distinguished French chemist Pierre- Joseph
Macquer and his assistant Antoine Baum;,
who, by means of a large concave “burningmirror”, managed to concentrate the heat of
the sun on to a specimen sufficiently to
produce partial fusion, yielding a brilliantly
metallic silver-white substance that was fully
malleable and could be hardened by working
and softened by annealing just as other
recognised metals.
This showed that the substance could be
melted if a sufficiently high temperature
could be achieved and maintained and, over
the next generation, many attempts were made
to boost up the available furnaces to produce
higher and higher temperatures to that end.
These efforts usually resulted in melting the
furnaces and the crucibles without having
much effect on the platinum, but there is no
doubt that a few of the investigators, such as
Guyton dc Morveau, did succeed in bringing
about melting. It is however noticeable that
when these people were successful they
always used considerable quantities of carbon,
or of material that yielded carbon at a high
temperature, and there can be little doubt
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Pierre-Joseph Macquer
Professor of Chemistry in the Jardin d u Roi i n
Paris, Macquer and his assistant Antoine Banmi
succeeded in 1758 in melting platinum by means of
a large burning mirror
(From an engraving b.y Benoist after a portrai6 by
Garrard. B y courtesy ofthe Bibliothkque Nationale)

that the fusion was assisted by the introduction into the metal of small quantities of
impurity sufficient to lower its melting point
so that the available heat could melt it. The
effective elements were probably phosphorus
or silicon or both, reduced by the carbon
from phosphates or silicates in the crucible
or the fluxes or in the ash of the carbon itself.
This conclusion is reinforced by the fact
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that the metal was almost always brittle.
The first complete melting of platinum
was a result of the discovery of oxygen, and
was achieved by Lavoisier, He reported it in
1783 in the course of a series of attempts to
melt a number of substances, hitherto
accepted as infusible, by heating them on
charcoal in a blast of the new gas. With
platinum he obtained full fusion into rounded
globules, but he found difficulty in keeping the
piece of metal molten if it exceeded 12 to 15
grains in size.
Soon after this another mcthod came into
use when the development of electricity
made possible currents heavy enough to
raise the temperature of platinum wires to
the melting point.

Hare’s Oxy-hydrogen
Blowpipe
The next advance after Lavoisier’s in the
technique of melting platinum came with the
introduction of the oxy-hydrogen blowpipe.
The blowpipe, as a mouth instrument,
came down to us from prehistoric times and
the fitting to it of bladders of air and simple
air-pumps goes back a long way, but the use
of oxygen and hydrogen was not simple
because of the ease with which the mixture
explodes. Nevertheless, by the second decade
in the last century practical instruments
were available, and two developments fall
for description here. The earlier occurred in
1801 when Robert Hare, the son of a brewer
of Philadelphia, read to the Chemical Society
of that city a paper describing how he could
feed a blowpipe with a continuous current
of air or other gases by storing them in
vessels from which they were slowIy expelled
by hydrostatic pressure, to be ignited at a
common orifice. This system enabled oxygen
and hydrogen to be used, and with them Hare
was able to melt on cupels a series of extremely refractory substances, including of
course platinum. From the winter of 1802
Hare collaborated with Benjamin Silliman
and there were further communications on
the blowpipe in 1803 and 1804. After that
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Joaquim Bishop
For some years instrument maker to Dr. Robert
Hnre at the University of Yennsylvnnia, Rishop
later set up in business i n Philadelphia and put
Hare’s blowpipe to commercial zcse in melting
platinum and in making platinum rquipment

the two men seem to have gone on to other
work and nothing more is heard of their
melting of platinum until 1836, when Hare
took the work up again and was able to produce pieces of metal of quite considcrable
size; one of 28 ounces is mentioned. He also
managed to melt iridium and rhodium.
There is no evidence that Hare at any time
produced melted platinum for sale, but by
1842 Joaquim Bishop, who had been instrument maker in the University of Pennsylvania
under Hare, and had built his apparatus,
put the blowpipe to commercial use in the
business which he set up in Malvern,
Pennsylvania. Afterwards he specialised in
the making of platinum apparatus and was
the first man to use the melted metal in this
way. The business that he founded has
continued to do so until the present day.

Sainte-Claire Deville and
the Lime-Block Furnace
The next man to enter the story is llenri
Sainte-Claire Deville of Paris.
He had
interested himself in the production of the
then rare metal aluminium, and had achieved

success by 1855. The work led him on to
study refractory substances and to seek to
melt those metals which were not easily
fusible by the means then available. To do
this he turned his attention to the burning
of coal-gas and oxygen in a blowpipe, and
by 1857 he and his assistant, H. Debray,
had succeeded in melting platinum in considerable quantity in a simple apparatus
consisting solely of two blocks of quicklime.
Each was hollowed out in a saucer-shaped
depression so that, when one block was
placed on the other, the two saucers formed
an enclosed space in which solid platinum
could be melted by means of a coal-gas/
oxygen flame introduced through a hole in
the top. At the end of the operation the
whole apparatus could be tilted and the
molten metal poured out through a hole in
the side.
From that time, melted metal became
freely available in platinum refining, and
thereafter all newly-formed fabricating firms
used it alone for their work. The old established businesses did not, however, change
over to it entirely for many years, since they

Henri Sainte-Claire Deville
After his researches on the production of aluminium,
Deville turned to the melting of more refractory
metals and i n 1857 he and his assistant, H . Debray,
succeeded i n melting platinum in a lime-block
furnace by means of a coal-gas and oxygen flame
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The lime-block furnace devised by Henri
Sainte-Claire Deville and 11. Debray for
the melting uf platinum
Upper cylindrical block of lime,
holloaved out and pierced at Q to
receive the torch
Lower lime block, hollowed out to
hold the platinum
Pouring hole f o r the molten
platinum
Coal-gasloxygen torch

found in the forged metal certain advantages
which will be referred to later in this article.
But something else happened to give the
melting process its own firm niche in the
industry, and that was the demonstration in
1862by Deville and Debray of the important
hardening of platinum brought about by
alloying it with various amounts (normally
ten per cent) of iridium. The production of
this and other alloys could not readily be
achieved by the forging process, although
some producers did make a success of coprecipitation, and melting had to be employed
to an increasing extent to this end alone.
But although the practice of melting came
into use more and more as the years went on,
at the same time shortcomings in connection
with the lime-block method began to appear.
I n the first place it became difficult to locate
suitable lime that would stand up to the high
temperatures without cracking or even
breaking up. Next, the precise control of the
composition of the gas mixture was difficult
and called for slight but definite differences
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A contemporary engraving of the scene i n the Consematoire des Arts et MGtiei-s in Paris i n
1874 when a melt of some 236 kilogrammes of iridium-platinum was made i n the lime-block
furnace by Henry Tresca and George Matthey, under the direction of Sainte-Claire D e d e
and Debray

of a high-pressure flame on the surface of the
molten metal gave rise to losses in fume,
which again were not important when the
price of platinum was LI per ounce, but
became increasingly serious as it rose towards
(and over) its present level. All this explains
why the old fabricators were very loth to
part with the forging process altogether and
why, by the nineteen-twenties, there was a
growing need for a major improvement in
the method of platinum melting.

at various stages of the process. If the
composition erred on the reducing side, then
the metal took up traces of impurities from
the constituents of the lime, in the form of
small quantities of calcium and magnesium.
In the early days these did not matter, but
later the demand for higher and higher
purity brought out the fact that these traces
of impurity appreciably raised the hardness
of the metal, and seriously altered some of its
electrical properties, especially those used in
its application to thermocouples. The third
defect of the lime-block furnace was that if
the composition of the gases was on the
oxidising side, then the metal produced
contained gas inclusions which vitiated its
mechanical properties when required for
very thin foil. The fourth fault was the
impossibility of getting really efficient mixing
of metal and alloy under the closed-up
conditions of the operation. The final fault
of the process was that the direct impingement
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The High-frequency
Induction Furnace
This came promptly in 1920in the United
States in the form of the high-frequency
electric induction furnace invented by D r
E. F. Northrup and made by the Ajax
Electrothermic Corporation. In this extremely simple but most ingenious piece of
apparatus use was made of the property of
electromagnetic induction, as in the ordinary
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electric power transformer. I n this case the
metal to be melted is placed in a crucible
situated on the axis of a water-cooled copper
helix, which carries the primary alternating
current, while the secondary currents are
generated inside the metal in the crucible.
The electrical resistance of this metal to the
rapidly alternating currents produces heat,
and the key to the Ajax-Northrup achievement was to obtain sufficient heat to melt the
most refractory metals. This was effected
by using primary currents of very high
frequency, and by careful design of the
dimensions of the primary coil and its position
relative to that of the crucible and its
contents.
I n 1921 a visit was made to the United
States by S . S. Moore Ede and F. T. F.
Toller of Johnson Matthey & Co. Limited,
and while there they saw a very early example
of the Ajax-Northrup furnace. At once they
grasped its possibilities in connection with
the melting of platinum and, having been
assured that this could be done in crucibles
of fused silica, they arranged for a furnace
to be sent to them in London at the same time

as one which had already been ordered by
the National Physical Laboratory. These
duly arrived and were the first to be brought
to England, while the Johnson Matthey
unit was the first to be applied to the industrial
melting of platinum. I n this task there was
at the outset a great deal of trouble over the
choice of a suitable refractory for the crucible.
The softening point of fused silica proved to
be too near the melting point of platinum
to avoid serious distortion, and another
solution of the problem had to be sought.
This was not easy because the very high
melting point of the metal caused the
temperature gradient through the walls of
the crucible to the water-cooled conditions
outside to be excessively steep, and no ordinary refractory could stand up to it. Eventually,
however, zircon was found to have the
essential properties and the first crucible
of this material for melting IOO ounces of
platinum by the high-frequency method was
tested in June 1922; since then it has been
used generally for this work.
The Ajax-Northrup technique avoids most
of the drawbacks of the lime-block furnace,

A modern highfrequency
inductionfurnace melting
platinum in the Johnson
Matthey rejneries
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with the sole exception of a slight danger of
oxygen pick-up, but this is easily dealt with
by suitable control of the melting conditions.
The incorporation of necessary alloys or
other additions is much facilitated by the fact
that, when the currents have finished their
melting work, they promote a vigorous
“electromagnetic rotation” in the molten
metal and so bring about a most efficient
mixing of the charge.
Since the furnace itself is of such a simple
design and the heat is generated entirely
within the metal to be melted, the crucible,
if suitably packed within a silica sheath, can
be picked up with the gloved hand for the
molten contents to be cast. In the early days
the high-frequency currents were generated
by means of a spark-gap operated in hydrogen
in conjunction with a large bank of condensers. In the more modern equipment these
currents are produced by valves somewhat
resembling those used in radio transmission.
Nevertheless, it is quite evident that the

high-frequency induction furnace is not
necessarily the last word in the long story
of the evolution of the melting of platinum
and its alloys.
Recent developments in the electrical, electronic and chemical industries have shown
that even the most minute traces of impurities
may profoundly affect the physical and
chemical properties of metals called into use
today; modem research is therefore confronted
with the problem of producing metals in a
state of ultra-purity. This involves, in the
case of platinum, rigid purification of the
compounds from which the metal is prepared
and careful control of the melting conditions
to avoid contamination with impurities
derived from the refractories and the melting
atmosphere. There is little doubt, therefore,
that sooner or later methods will be devised
for melting platinum without using refractories and without allowing molten metal to
come into contact with gases likely to lead to
contamination.

Iridium Electrodeposits from a Molten Salt Bath
HIGH TEMPERATURE OXIDATION RESISTANCE
The high temperature strength of molybdenum would make it a most attractive constructional material for a number of components in jet engines and missiles were it not
for the very severe oxidation which occurs
when this metal is heated in air; the search
for a reliable method of protecting molybdenum from oxidation has therefore become
one of the most vigorously pursued of
metallurgical studies.
An unusual approach to this problem was
reported to the American Electroplaters’
Society Convention held last year in Montreal
and is now published in the Society’s Fortyfourth Annual Technical Proceedings. This
paper, presented by James C. Withers and
Dr. Paul E. Ritt of Melspar Inc., Falls Church,
Virginia, under the title “Iridium Plating and
its High Temperature Oxidation Resistance”,
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describes a study of the electrodeposition of
iridium from a molten mixture of sodium
and potassium cyanides. Iridium complexes,
probably K,Ir(CN)6 and Na,Ir(CN)6, were
first formed in the bath by electrolysis at
SOO’Cwith alternating current, and plating
was then carried out with direct current at
600°C. An iridium concentration of 400 to
500 mg per IOO gm of fused salt gave good
fine grained deposits at current densities of
10 to 20 amp./sq. ft.
Iridium deposits only O.OOOS inch in
thickness were found to give a considerable
degree of protection from oxidation to
molybdenum exposed at 10oo”C for 30
minutes. This leads the authors to conclude
that thicker deposits of iridium might well
offer complete protection to molybdenum at
high temperatures.
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The Structure of Rhodium
By E. S. Bale,

A.I.M.

This note, a communication from the Johnson Matthey Research Laboratories, records an investigation into the crystal structure of high-purity
rhodium carried out in an attempt to understand why this metal should
present such dificulties i n working

It is well known that rhodium, although
having a face-centred cubic crystal structure,
is much more difficult to work than most other
metals of similar structure such as copper,
silver, gold, platinum or palladium. It has
been suggested that this difficulty might be
due to the presence of impurities, while
another suggestion which has been put forward is that a transformation takes place to
some other crystal form (I, 2 ) .
The present investigation was therefore
undertaken into the behaviour of pure
rhodium towards external stresses and into
the possibility of a transformation taking
place.
To obviate any anomalous behaviour due
to the presence of foreign elements a specially
prepared batch of chloropentammine rhodium
dichloride was taken and after several recrystallisations a sample of rhodium oxide was
obtained which gave the spectrographic
analysis shown below.
Element
Per cent
cu
0.0002
Fe

M g

Si
Ca
K

Na

0.0001
0.0001
0.oOoI
0.0002
0.OooI
0.0002

The following elements were not detected:
Ag, Al, As, Au, Ba, Cd, Co, Cr, Ir, Li, Mn,
Mo, Os, Pb, Pd, Pt, Rb, Ru, Sb, Sn, Sr, Te,
Ti, V, W, Zn, Zr.
By reduction of this oxide, rhodium containing less than 10 parts per million of
metallic impurities was produced.
A sample of this metal was pressed, sintered
in oxygen-free hydrogen and cold rolled with
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intermediate anneals to sheet 0.060 inch in
thickness, from which a tensile specimen was
prepared.
This specimen was annealed in high vacuum
and tested using an extensometer capable of
measuring to O.OOOOI inch. The applied load
was increased and no elastic region was
observed, the stress-strain diagram being a
smooth curve from the origin. The mechanical properties obtained from this test are
shown in the table.

Mechanical Properties of Pure
Rhodium
Proof stress (0.01:h), tons per sq.

..

..

3.8

Proof stress (0.1 yo),tons per sq. inch

4.6

Ultimate tensile strength, tons
per sq. inch
. . . . ..

30.6

.

6.5

inch

..

..

Elongation, per cent, on 2 in.

,

Modulus of elasticity, pounds per
sq. inch

..

Vickers hardness

..

..
..

..

4 1 . 2 ~loB

..

I10

Another sample of the pure rhodium was
used to obtain a work hardening curve, which
showed that the hardness increased to over
300 VPN with about 15 per cent reduction by
rolling. It was apparent from these tests that
pure annealed rhodium is initially very soft,
but that its rate of work-hardening is very
rapid at room temperature.
As mentioned earlier, there seemed no
reason why pure rhodium should behave in
this manner as it has a face-centred cubic
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structure, but its behaviour towards mechanical working seemed like that of a material
with a more complex structure.
In order to investigate the possibility that
an allotropic transformation occurred with
increasing temperature, an apparatus was
constructed by which high temperature
X-ray diffraction photographs could be
obtained and examples of the crystal structure
of rhodium were determined at temperatures
up to 1600°C. Fig. I shows the relationship
between the diffraction spacing and temperature, and as this relationship is a straight line
it can be concluded that rhodium has a facecentred cubic crystal structure over the range
from room temperature to 1600'C.
To confirm this result and to ensure that
the atomic packing was consistently perfect,

high temperature electrical conductivity
measurements were made during heating to
1450°C and cooling to room temperature.
Fig. 2 shows the curve obtained from these
measurements and it can be seen that no
significant change of shape or hysteresis
occurs. These two experiments provided substantial evidence that the crystal structure of
rhodium is face-centred cubic between room
temperature and say 15ooOC.
It follows, therefore, that either rhodium is
susceptible to the presence of impurity atoms
of an order unknown in any other face-centred
cubic metal, or that the mechanism of its
plastic behaviour is unlike that of metals with
a similar crystal structure.
It appears most likely, therefore, from the
present work that pure rhodium has an intrin-

Fig. 2 Effect of temperature on the electrical resistivity of rhodium
ELECTRICAL RESISTIVITY
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sically high rate of work-hardening and that
this is due to a different mechanism of slip
processes than occur in other face-centred
cubic metals. Further experimental work

I
2

based on a study of slip line formation combined with a suitable X-ray diffraction technique would be necessary to define the operative slip system.
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Vacuum Casting Uranium Reactor Fuel Elements
TEMPERATURE CONTROL WITH PLATINUM THERMOCOUPLES
Among the final operations at the Springfields Works of the United Kingdom Atomic
Energy Authority is the vacuum casting of
high-purity uranium into rods for use as
reactor fuel elements.
The Springfields Works undertakes the
preparation of almost all the uranium refined
in Britain, starting from the ore. After a
series of chemical treatments, uranium tetrafluoride is reduced with metallic calcium by
firing in a reduction mould.
T o produce the reactor fuel elements in
the required shape and size, and also to
remove metallic and non-metallic impurities,
the uranium is then melted and cast in a

group of high-frequency vacuum furnaces.
These are of the stationary-crucible, bottompouring type, the base of the crucible being
pierced by a pouring hole, closed during
melting by a graphite or alumina bung.
For successful casting the pouring temperature is critical, and is controlled by means of
platinum : rhodium-platinum thermocouples
led in through the top of each furnace.
When correct pouring temperature has been
attained, the bung is removed by means of a
graphite rod and a system of bell cranks, push
rods and levers, and the molten uranium runs
through a launder into the moulds stationed
in the lower part of the furnace.

A battery of three highfrequency vacuum casting furnaces for the
production of uranium
reuctor fuel elements at
the Springjelds F’orks
of the Atomic Energy
;4uthority.
Temperature control during melting and casting the
uranium is effected by
means of platinum:
rhodium-pl utinum
thermocouples
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ABSTRACTS
of current literature on the platinum metals and their alloys
PROPERTIES

the absence of Fe) have no effect between
400 and 600' C. The membrane activity can be
The Effect of Non-Metallic Additions on the maintained if its temperature is held above 400'
Strength of Platinum at High Temperatures between runs in a good vacuum (10 to 10 cm.
Hg) and if it is continuously protected from
I. F. BELYAEV, Tsvetnye Metal, 1957, 30, (6),
extraneous gases by two adjacent cold traps at
57-61 (Chem. Abs., 1957,S', 176758)
Metal-ceramic compacts of Pt with 0.05, 0.1 -193" C. The rate of diffusion at high hydrogen
and 0.5% A1,0,, BeO, BaO and ZrO, were pressures is determined by the rate of diffusion
of protons through the lattice. At low pressures
prepared by mixing solutions of (NH,)$tCl,
it is governed by the surface reactions: dissociaand metal nitrate, drying and calcining at 1050'
to give a sponge. This was powdered, briquetted tion of hydrogen molecules and adsorption of
and subjected to three cycles of sintering at the protons followed by their final desorption
and recombination.
1500' and forging. Wires drawn from the compacts were several times stronger than wire made
from pure Pt, and had the same ductility and Quenching Vacancies in Dilute Binary
Platinum Solid Solutions
corrosion resistance.
S. PEARSON and F. J. BRADSHAW, Phil. Mag., 1957,
2, (Nov.), 1387-1388
Conductivity and Hall Constant
VII-Deformation and Recrystallisation in The experiments described previously for Pt
(Platinum Metals Rev., 1957, I, (2), 62) were
Pure Metals
repeated
using I at. % Rh-Pt and 0.5 at. %
w. KOSTER and w. SCHULE, 2. Metallkunde, 1957, Au-Pt alloys.
The vacancy formation energies
483 (121, 634-636
deduced for both alloys were within 1:0.1e.v.
The effect of deformation and recrystallisation on of the value for pure Pt. The resistance increases
conductivity and Hall constant was studied for on quenching and the annealing behaviour does
Cu, Ag, Au, Pd, Pt, Mo, W and Al. The resis- not differ significantly from that for pure Pt.
tivity increases on deformation, the increases From these results it was deduced that the
varying from 0 . 2 % for Pd to 10.2% for W. vacancy-solute atom binding energies would not
The change in Hall constant is negative except exceed o'16e.v. (Rh-Pt) and 0.23e.v. (Au-Pt)
for Al and possibly Pd where it is positive and for and are probably much smaller than these values.
Pt where there is no change. Since the increase in
resistivity and decrease in mobility are about
equal the perturbation of the lattice periodicity Paramagnetic Studies on Hydrogenated
is considered to be the main reason for the Dilute Cobalt-PalladiumAlloys
J. P. BURGER and J. WUCHER, Compt. rend., 1957,
resistivity increase.
245, (Dec. 16), 2230-2233
Mechanism of the Diffusion of Hydrogen Alloys containing I, 2 and 4 at. % Co were
saturated with hydrogen by subjecting them to
through Active aiid Inactive Palladium
electrolysis in an acidic bath.
Addition of
0. N. SALMON, D. RANDALL and E. A. WILK, U.S.
hydrogen neutralises the magnetic moment of
Atomic Energy Comm., Report KAPL-1672,
Pd by causing the filling up of holes in the
56 PP.
electronic d-band. A moment of about 5.2pB
Expefiments were carried out on flat Pd was obtained for Co alone which is similar to the
membranes, 0.0025-0.020 in. thick, at an value found in compounds containing Co2+.
upstream hydrogen pressure up to 50 cm. Hg The paramagnetic Curie points of the alloys are
and essentially zero downstream pressure, with sensitive to an excess of hydrogen.
a membrane temperature between 300 and 600'C.
The factors involved in diffusion are discussed
and an equation obtained which fits the experi- Electrical Resistivity of the Nickel-Palladium
mental results quite well for active Pd membranes Alloy System between 300°K and 730°K
under the given conditions. The Pd membrane A. I. SCHINDLER, R. J. SMITH and E . I. SALKOVITZ,
is rendered inactive by low true surface area due Phys. Rev., 1957, 108, (Nov. IS), 921-923
to lack of surface roughness and/or poisoning Measurements were carried out, in DQCUO, on the
by impurity atoms or molecules occupying active whole range of Ni-Pd alloys. The maximum
sites on the surface. Hydrocarbon vapours and resistivity moves from about 70 at. % Pd at
H,S poison the surface but SiFI and HCl (in 323'K to 50 at. % at 723'KJ where all the alloys
~
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are paramagnetic. Matthiessen's rule, which
States that the rate of change of resistivity with
temperature is independent of concentration in
an alloy system, is obeyed only above the Curie
temperature of the alloys, i.e. above 629OK.
The asymmetry in the resistivity versus composition curves and the non-applicability of
Matthiessen's rule at low temperatures is
explained by the composition dependence of the
filling of the two half d-bands in Ni. At higher
temperatures the two halves of the d-band are
equally filled and are composition independent.

Neutron-Diffraction Observations on the
Palladium-Hydrogen
and
PalladiumDeuterium Systems
J. E. WORSHAM JR., M. K. WILRINSON and c. G.
SHULL, Phys. Chem. Solids, 1957,3, (3[4), 303-310

Neutron-diffraction investigations on powdered
samples have shown that both hydrogen and
deuterium atoms in $-phase Pd-H and Pd-D
are located in octahedral positions in the Pd
lattice. No conclusions could be drawn regarding
the position of hydrogen in the a-Pd lattice,
since insufficient gas entered this phase even at
low gas concentrations.
The total neutronscattering cross-section for hydrogen in the
Pd-H system is abnormally low, indicating that
the Pd-H bonds involved are weaker than normal
chemical bonds.

ELECTROCHEMISTRY
Surface States of the Platinum Anode (11)
The Structural Change of Platinum Oxides
by Heat Treatment
T. INOUE, J . Electrochem. Sac. Japan, 1957, 25,
(8), E87-88 (English summary)
Pt hydroxides were prepared by two methods
and the structural changes occurring in the
temperature range I 10-90ooC were determined
by X-ray analysis. No change in crystal structure
was observed on heating below 200'C; above
ZOO' partial decomposition of the oxide to Pt
metal occurs and above about 750"this conversion
is complete.

oxygen Coatings on Noble Metal Electrodes
11-Smooth Iridium Electrodes
M.

BREITER, K.

HOFFMANN

and

C.

A.

KNORR,

Z. Elektrochem., 1957, 61, (9), 1168-1176
The oxygen coating on smooth Ir electrodes in
H,SO, solution within a definite range of
reference potential was examined by means of
potentiostatic anodic current-voltage curves and
cathodic charge curves. The decrease in anodic
current density with increasing reference potential can be explained by the formation of an
anion adsorption layer. The coating is much
larger on Ir than on Pt under the same conditions.

Superconductivity in the Nickel-Palladium- The Action of Cations on the Polarisation
Potential of Platinum Anodes and on the
Arsenic SyBtem
s. GELLER and B. T. MATTHIAS, Phys. Chem. Solids, Ovcrpotential of Oxygen, Respectively

T. ERDEY-GRUZ and I. S.WARIK, Acta Chim. acad.
1958, 4, (V),
156-157
The phases present in the following alloys were sci. Hung., 1957, 13, (1-2), 159-178(In German)
At low current densities ( I O - ~ - I O - ~ amp.!
determined: (Nio.75Pd,.zs)As, (Nio.zsPdo.
and (Nio. ,Pd ,. 8)As. Both (Ni o. e5Pd 7 5 ) A ~ sqxm.) in H,SO, solution only oxygen is formed
and (Nio.lzPdo.as)Aswere found to be super- at the Pt anode and the polarisation potential
conducting with transition points at I .6-I'34 increases linearly with the log of current density.
and 1.39~Krespectively. Since both alloys have Above 10 -l amp./sq.cm. persulphates are formed
the pyrite structure it appears that under the and the polarisation increases rapidly. When
proper electronic conditions this structure is metal sulphates are dissolved in the HISOl
electrolyte the polarisation is increased, the
favourable to superconductivity.
effect of the various ions being as follows:
Sigma-Phase in the System Ruthenium- K + >Ala+ >NH4+ >ZnZ >Na + >Mg2+ >L i +.
The action was similar in ZN and 9 N HaSOI and
Tungsten
also in the absence of acid. The K + ion showed
W. OBROWSKI, Naturwiss., 1957, 44, (22), 581
The cs-phase is formed by peritectic reaction iIz identical action on smooth and platinised P t
the W-solid solution and has the composition and on Ni electrodes, the effect increasing
Ru,W3. It is only stable above 165ooC,at lower linearly with concentration of K +. Interpretation
temperatures it decomposes eutectically into W- of the results is effected by assuming the metal
cations to be adsorbed in the diffuse portion of
and Ru-solid solutions.
and H S 0 4 the double layer, by the ions
The Crystal Structures of the Monosilicides which are directly adsorbed on the metal surface.
+

of Osmium, Iridium and Ruthenium
KORST, L. N. PINNIE and A. w.

w. L.

3.Phys. (%m.,

SEARCY,

1957,61, (II), 1541-1543

OsSi has the cubic FeSi structure. IrSi has the
orthorhombic MnP structure. RuSi exists in
two modifications one with the CsCl structure
and the other with the FeSi structure. Space
groups and cell dimensions are given.
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Effect of Alternating Current on the Overpotential of Oxygen on Platinum Anodes in
Solutions of Sulphuric Acid-I
T. ERDEY-GRUZ and I. SAFARIK, Acta Chim. acad.
sci. Hung., 1957,13, (1-2), 201-213(In German)
Changes in the polarisation potential of a Pt
anode under the influence of A.C. superposed
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changes in hydrogen pressure. Pd in gaseous
hydrogen forms p-Pd, but in hydrogen-stirred
acid solution it forms a-Pd. This is explained
by a change in the sign of the surface charge on
passing from Pd to ?-I'd, due to absorption of
hydrogen, which blocks any further absorption
in thc presence of water molecules.

on D.C., were examined in 2N and 9N H,S04.
Low frequency A.C. reduces the polarisation by
0 . 0 9 in zN H,SOI and by 0 . 3 5 ~
in gN H,S04.
In both solutions there is a maximum depolarising
action at
1000 Hz after which the polarisation
increases again. At low current densities, where
oxygen evolution is the main electrode process,
the depolarisation is independent of current
density, but when persulphate is bemg formed the
action of the A.C. decreases with increasing
current density until at I amp./sq.cm. it has no
effect at all. It is assumed that the superposition
of A.C. affects the surface oxides of Pt by a
periodic alternation of oxidation and reduction.
Since A.C. is meffective when persulphate is
being formed it is concluded that the surface
oxides of Pt can play no part in determining the
rate of formation of persulphate.
N

Electrolytic Preparation of Perchlorates
K . C. NARASIMHAM, A. NARAYANASWAMI and
B. B. DEY,
sci. Indust. Res., 1957, 16A, (11),

3.

5 12-5 16
Optimum conditions for the electrolytic oxidation
of chlorate to perchlorate were established with a
view to designing a large-scale unit for the
production of ammonium and potassium perchlorates. The electrolytic cell was constructed
of mild steel which acts as the cathode, the anodes
were of Pt foil and the electrolyte composition
(g.11.) was: NaC10, 600, K,Cr,O, 0.6, K,CrO,
0 . 6 and MgCl, I . On a laboratory scale a
maximum current efficiency of 96 % was obtained
under the following conditions: temperature
30-35OC, current density 40 amp./sq.dm.,
voltage 5 - 0 - 5 . 5 ~and p H 6-7. This corresponds
to a power consumption of about I a046 kWh/lb.
of NaClO,. Experiments were extended t o a
21. cell, similar in design to the smaller one, in
which an efficiency of 85.2 % was obtained under
the optimum conditions, both in batch and
continuous operations. Conversion of the NaClO,
in the electrolyte to KC10, and NH,C104 is
described, respective yields of 81 % and 67%
with purities of 99.87 and 99.5 % were obtained.

Electrochemical Behaviour of the PalladiumHydrogen System
I-Potential-Determining Mechanisms
and J. P. HOARE,
(I), 16-19
The potential of saturated a-Pd in hydrogenstirred solution with respect to a Pt/H, reference
electrode is 0.0495 I 0~0005v. It is proposed
that the potential determining reaction is an
equilibrium between H- in solution and H
atoms dissolved in the metal, which is independent
of hydrogen pressure. Pd in solution spontaneously absorbs H to form a-Pd having a
HjPd ratio of 0.025. Between HjPd
0 . 0 3 and
0.36 sc- and p-phases coexist but the a-phase
determines the potential, between 0.36 and 0 . 6
the potential is a function of the hydrogen
content of the Pd. When H/Pd
0 . 6 (p-phase)
the potential is zero.
S. SCHULDINER, G. W. CASTELLAN

3. Chem. Physics, 1958,28,

LABORATORY APPARATUS
AND TECHNIQUE

2

11-Thermodynamic

Automatic Temperature Programming and
Recording for a Platinum-RhodiumFurnace

Considerations

ibid., 20-21
From thermodynamic principles a value of
0 . 0 4 8 ~is obtained for the potential of a-Pd
against Pt/H,, which agrees with the observed
value of 0 , 0 5 0 ~ . In the gas-charged alloy the
13-Pd phase is stable at 1 atm. pressure but in the
electrolytically charged alloy the p-phase loses H
spontaneously and reverts to a composition
corresponding to a point in the two-phase region.
These facts can only be reconciled by assuming
that electrolytic charging gives an alloy with a
higher free-energy content than the gas-charged
alloy.

111-Gas-Charged

and R. DERRY, .7. sci. Znstruments,
1958, 353 (I), 26-27
Because of the large increase in the resistance of
10?< Rh-Pt furnace windings with temperature,
the voltage applied to the winding must be
adjusted continuously as the temperature changes
and it is preferable that this should be done
automatically. This was achieved by means of a
servo-mechanism.
The temperature control
instrument is a proportional on-off programming
unit which operates from a thermocouple in the
furnace.
J. M . CUTTER

An Oxidising Atmosphere Furnace for use
with an X-Ray Diffractometer
s. w. KENNEDY and L. D . CALVERT, 3. Sci. Instru-

Palladium Alloys

ibid., 22-24
Experimental evidence is presented to support
the proposed difference in electrochemical
properties between p-(gas-charged) and pl(electrolytically-charged) Pd-H alloys.
The
p-Pd/H ,electrode is a true equilibrium hydrogen
electrode. The presence of a passivating film
explains the insensitivity of this electrode to
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ments, 1958, 35, (2), 61-62
A furnace wound with 10% Rh-Pt wire for use
with the Norelco diffractometer is described. I t
enables the investigation of rigid specimens or
powders to be carried out in controlled
atmospheres or vacuum.
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4:ATALYSIS
Combined Catalysts a# Revealed by Electron
Diffraction
YAMAGUCHI, J . Chem. Physics, 1957, 27,
(Nov.), 1114-1115
Solid catalysts combined with promotors,
ZnCr,O,-ZnO, Cu-NiO and Al,O,-Pt, were
investigated by electron diffraction using alternate hard and soft wavelengths. Three types of
catalyst are distinguished from the results
obtained. In ZnCr,O, the ZnO crystallites are
enveloped in the chromite substrate, in Cu-NiO
the NiO particles are scattered on the surface of
the Cu, whereas the diffraction pattern of
Al,O,-Pt shows a homogeneous mixture of
components with the probability of bonding
between the Pt and the y-Al,Os.
S.

Infra-Red Studies of Carbon Monoxide
Chemisorbed on Rhodium
and C. W. GARLAND, 3.Phys. Chem.,
1957361, (111, 1504-1512
The infra-red spectrum of CO chemisorbed
on Rh supported on a high area alumina was
investigated in the region 1700-4000 cm. -I. The
mode of adsorption of CO, deduced from its
spectrum, varies with the amount of Rh on the
catalyst and with its heat treatment, whethcr
sintered or unsintered. The results indicate that
three types of adsorption occur: (a) two CO
moleculesisite, (b) a single linear CO molecule:
site, and (c) a bridged CO between two sites
already having a linear CO. With 2 Rh in the
catalyst only type (a) occurs; with 8-16'x Rh
and a high coverage of CO all three typcs occur,
but with a low coverage only type (6).
A. C. YANG

Carbon Dioxide Chemisorption on Evaporated Metal Films
A. c. COLLINS and B. M. w. TRAI'NELL, Trans.
Furaduy Soc., 1957, 53, (II), 1476-1482
The interaction of CO, with evaporated films of
12 metals was studied between -78 and 7oOC.
Among the transition metals the chemisorption
on Rh, Pt and Pd is very slight but on W, Mo,
Fe and Ni it is extensive, fast and irreversiblc.
Very little CO is liberated during CO, chemisorption indicating that this is non-dissociative.
Carboxylate ions are probably formed indicating
that the low activity of the Pt metals may be due
to their high work functions. The relevance of
the results to the catalysis of isotopic exchange
between CO and CO, is discussed.
and A. B. R. WEBER, J . Inst.
Petroleum, 1957, 43, (Dec.), 315-322
Simultaneous reactions are divided into three
types, consecutive, side and parallel, and reaction
courses are calculated for each assuming firstorder kinetics. The method is applied to the
H. I. WATERMAN

, (21,

Possibility of Enhanced Catalytic Reactions
M. J. D. L o w , J . Chem. Physics, 1957, 27, (Oct.),
979
It is suggested that the enhancement of the rate
and extent of gas-solid chemisorption reactions
by gaseous electrodeless discharges is due to a
chain mechanism initiated by the reaction of an
active particle with a surface atom. Thus, if
hydrogen adsorption is a prerequisite for hydrogenation on Pd, the action of the catalyst should
be increased by energising the gas mixture above
the catalyst. The energising could be accomplished by high or low energy electro-magnetic or
corpuscular radiation or even by ultrasonics.

Catalytic Exchange between Deuterium and
Saturated Hydrides
Rev. Pure Appl. Chem., 1957,
7, (Sept.1, 165-194
A review of catalytic exchange reactions in the
gaseous phase over various caialysts, including
the Pt metals. Among the reactions discussed are
those in the hydrogen-deuterium system, in
saturated hydrocarbons, ammonia and water
and in certain aromatic amines and alcohols.
(93 references)
J. R. ANDERSON,

The Exchange between Hydrocarbons and
Deuterium on Palladium Catalysts
R. L. RURWELL, JR., B. K. c . SHIM
Amer. Chem. soc.,
LINSON,

3.

and H. C. ROW1957, 79, (IS),

5 142-5148
The results of isotopic exchange between
deuterium and twelve alkanes and cycloalkanes
are reported. The catalyst used was mainly
Pd-A1,0,, but some work was done with evaporated Pd and Rh films. At about 150" the results
on both Pd catalysts were similar and resembled
those on Ni, but below 100' Pd-Al,O, favoured
more extensive multiple exchange than Ni.

Contact Oxidation of Sulphur Dioxide arid
Hydrogen Sulphide by Platinised NickelChromium in the form of a Complex Spiral
N. z. KOTELKOV, Zhur. Priklad. Khim., 1957, 30,

Selectivity in Chemical Reactions
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hydrogenation of linoleic esters on Pt-C and
Ni-kieselguhr catalysts. At high pressures the
reaction course is in accordance with the assumption of a consecutive first-order reaction, but
there are unexpected deviations at low temperatures. The derivation of sound theoretical functions is practically impossible for many complex
simultaneous reactions but the course of these
reactions can be described to a good approximation by functions containing two constants,
where the reaction products are considered as
pseudo-three-component systems. These functions are applied to some reactions described in
the literature.

(No. 31,470-474
Tests were carried out using catalysts of platinised
Ni-Cr and for comparison, Ni-Cr and platinised
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Pt. The degree of oxidation on Ni-Cr at 450" C
is 76.7 and 69.4% at bulk velocities of 68 and
234 respectively. Preliminary heat treatment of
the Ni-Cr causes the temperature of maximum
oxidation to increase and the maximum degree
of oxidation to decrease. The degree of oxidation
of SO, on platinised Ni-Cr and platinised Pt
is 99.7% at 450" C and a bulk velocity of 214.
On platinised Ni-Cr about 99% of H,S is
oxidised at a bulk velocity of 97 and about 97%
at a bulk velocity of 194, the temperature being
450" c.

by selective hydrogenation of the acetylenic
alcohol using a Lindlar Pd catalyst and reaction
of the product with diketene (Platinum Metals
Rev.,1957, I, (4),119-120). Related ketones are
prepared from this intermediate by effecting
substitutions at carbon atoms 3, 4, 5 and 6 and
are converted to the corresponding pseudoionones.
The latter are precursors of a number of compounds of use in the essential oil industry.

Oxycat Burner Handles Flue Gases

Current Requirements for Cathodic Protection of Oil-Well Casing

Oil GUSJ., 1958, 56, (Jan. 6), 110-111
An Oxycat unit has been installed at the Stanotex
El Paso plant to burn flue gases from the Houdriflow catalytic cracker. The flue gases, consisting
of residual oil and carbon monoxide, together
with oxygen are passed at 800" F over Oxycat
ceramic bricks coated with Pt-Al,O, catalyst.
Excess oxygen is always present to ensure
complete combustion.
L. RESEN,

Heat Recovery by Catalytic Oxidation of the
Tail-Gases from the Thermofor Catalytic
Cracking Unit at the Refinery at Donges
and P. SIMONNIN, Bull. Assoc. Franc.
Techn. Petrole, 1957, (Nov.), 493-497
A Houdry " Oxycat " unit has been installed at
the refinery of Antar-Petroles de 1'Atlantique at
Donges in order to recover heat from the waste
gases of the 12,500 b/d cracking unit. The
gases are passed over a combustion catalyst
consisting of Pt-Al,O, supported on porcelain
rods. The average gas temperature on entering
the catalyst chamber is 470" C and on leaving
753" C. The gases then pass through a heat
recovery chamber before being discharged to the
atmosphere at a temperature of 285" C. The gas
flow rate is about 10,400 kg/hr.
R. MOREL

CATHODIC PROTECTION
w. HAYCOCK, corrosion, 1957, 13, (11), 767-773t
Methods at present used to indicate the minimum
applied current required for complete cathodic
protection are discussed and evaluated in terms
of their scientific basis and their applicability
to the protection of oil-well casing. Laboratory
experiments are described in which cathodic
protection currents are applied by means of Pt
anodes to a series assembly of galvanic steel-Pt
cells. Results of these experiments lead to a
modification of the log current versus potential
criterion of complete protection which is widely
used at the present time. Experiments also indicate the amount of corrosion repressed as a
function of the applied protection current. This
is of considerable value when an economic
balance is involved.
E.

GLASS TECHNOLOGY
Influence of Platinum Nucleation on
Crystallisation of a Lithium Silicate Glass
G.

E. RINDONE,

J . Amer. cerum. soc.,

1958,

413 (I), 41-42

The rate of crystallisation of Li2O.4SiO,
glass at 650" C was greatly increased in the
presence of 0-001and 0 . 0 1 % Pt. To render the
glass completely opaque a 16 hr. heat-treatment
The Catalytic Hydrogenation of Quinols
is required if no Pt is present whereas in the
A. SIEGEL and H. BRBLL-KECKEIS, Monatsh., 1957,
presence of 0.001 and 0.01% Pt the time is
88, ( 5 ) > 910-918
reduced to 4 hr. and 45 min. respectively. The
Free quinols on hydrogenation with Pd-BaSO,,
glass samples containing 0.01% Pt have a gray
and other Pd and Pt catalysts, give hydroaromatic
colour owing to the concentration of colloidal
compounds whereas quinol acetates give aromatic Pt. Nucleation by Pt results
in smaller glass
derivatives, e.g. 4-carbethoxy-methyl-p-quinol
crystals with a more uniform distribution than
on catalytic hydrogenation using Pd-BaSO,
when no Pt is present. The phase crystallising
catalyst gives 4-carbethoxymethylcyclohexanolout is identified as primarily Li,O.zSiO,
4-one, whereas its acetate derivative gives
p-hydroxyphenylacetic acid.

ELECTRICAL ENGINEERING

Synthesis of Pseudoionone Homologues and
Related Compounds

The Effects of Dust and Force upon Certain
Very Light Electrical Contacts

W. KIMEL, J. SURMATIS, J. WEBER, G. CHASE,

and

J. org. Chem., 1957,

22,

(IZ), 1611-1618

A. J. MADDOCK, C. C. FIELDING, J. H. BATCHELOR
and A. H. JIGGINS, Brit. J . Appl. Physics, 1957,

In the total synthesis of pseudoionone a key
intermediate, 6-methyl-5-hepten-~-one,
is formed
by the reaction of acetone and acetylene, followed

8, (12),471-475
Pt-Au-Ag and Au contacts of the point-to-plane
type in a low-current moving-coil relay were

N. SAX

A. OFNER,
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investigated. Sets of about 80 contacts were used
in order to obtain representative results. In
testing the effect of dust on the contacts the
voltage used was 3v, the current at make zoomA
and the contact loading 1 - 8 mg. The contacts
were enclosed in a dry-box and the dust concentration measured by an Owen’s jet dustcounter. A linear relationship was found between
the number of contact failures and the dust
concentration, the failures increasing as the dust
concentration rose.

ELECTRONICS AND
TELECOMMUNICATIONS
Principles of Very Low Power Electrochemical Control Devices
R. M. HURD and R. N. LANE, J . Electrochem. soc.,
19571 104, (121, 727-730
A new technology utilising electrochemical
phenomena has been developed from which it is
possible to design detection and control devices
with power consumption 100-1000 times smaller
than that of transistors. A detector for acoustic
I,
energy, using Pt gauzc electrodes in KI
solution, operates on 10 pW in the quiescent
state, delivering 300-50opW when fully excited.
Development work to date has been limited to
low frequencies+-zoo C.P.S.

The Variation with Current and Inductance
of Metal Transfer between Contacts of
Palladium and Silver

+

and J. RIDDLESTONE, Inst. Elect.
Eng. Monograph No. 272, Dec. 1957, 6 pp.
Transfer between Pd and Ag contacts was measured in 6v D.C. circuits and work on Pd was
extended to 12 and 24v circuits. I n 6v circuits
experiments were carried out with break currents
of up to 6.5A for Pd and up to 14’5A for Ag
and inductances from 0.07-77 pH. Except for
inductances (0.1 pH the transfer for Ag is
several times greater than for Pd. Photographic
records were obtained of the surface damage
caused by a single switching at about 6A and
0.07 and 4.5pH. The behaviour of Pd in 12v
circuits is similar to that at 6v, but at z4v considerable cathodic erosion appears at quite low
inductances for currents above 2.4A. This is
due to the mean arc voltage for the contacts
lying between 12 and 24v. The general nature
of transfer in Pd contacts is similar to that for
Pt, but in the case of Ag neither residual nor
reversed short arc transfer was demonstrated.
R. I. B. COOPER

TEMPERATURE
MEASUREMENT
Temperature Measurement of Liquid Steel
by Immersion Thermocouples
Metallurg., 1957, (No. 2), 11-14
(In Russian)
Tests made at the Kuznetskii Metallurgical
Combine have led to new developments in the
construction of Pt/Rh-Pt thermocouples. Systems
of temperature measurement of liquid steel in
open-hearth and electric furnaces are described.
M. M. EPSTEIN,

A Method for the Continuous Measurement
of Liquid Steel Temperature in the Ladle

Metal Migration in Electrical Contacts
G. ZIELASEK, Arch. Elektrotech. (Berlin), 1957,
439 (4), 249-275

I n Pt and Pd contacts metal transfer depends
primarily on the Thomson effect whereas in Cu,
Ag and Au the principal causes are tunnel effects
and heat conduction. Variations in the physical
properties of the contact materials can cause
large divergencies between transfer values, as
has been found experimentally. With Cu, Ag
and Au the loss of material from the anode is
dependent on current (I) and Ia, with a contribution from a factor I3at high currents (20-IOOA)
due to the Thomson effect. With Pd and Pt the
transfer is dependent on I3 over the whole
current range. These two possible mechanisms
help to explain the previous discrepancies between
the nearly quadratic current dependencies
obtained experimentally and the theoretical
Is-proportionality. Material loss in Pd and Pt,
controlled by the Thomson effect, is independent
of voltage. For Cu, Ag and Au it increases with
the square of the voltage and is greater for
slowly separating contacts.
Theoretical and
experimental results are in good agreement.
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and Y . WADA, Sumitorno
Metals, 1957, 9, (Jan.), 13-20 (In Japanese)
An immersion thermocouple sheathed with fused
alumina and protected by alumina cement and a
steel tube is used for the continuous measurement
of liquid steel temperatures in ladles of various
sizes. The temperature difference between the
ladle and the trough during casting is only 6’ C.
This method can therefore be used to investigate
ladle cooling of steel and to control the casting
operation.
R. KATAKURA, H. MIWA
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Thermoelectric Measurement of OpenHearth Furnace Roof Temperatures
and H. RODRIAN,
Arch. Eisenhiittenwesen, 1957, 28, (IO), 61 1-614
(Transl. in Iron Cod Trades Rev., 1958, 176,
(Jan. 319 42-44)
Roof-temperature control has recently gained in
importance because the increased furnace temperatures used require more accurate control
measures. Indirect measurement by means of
optical pyrometers is now standard practice, but
has several disadvantages. Thermocouples could
be used if effective shielding were devised.
Various types of shielding were therefore tested
in two German steel plant furnaces with acidic
and basic roof-linings respectively.
A 6%
H. J. KIRSCHNING, E. HOCHSTRATE

Rh-Pt/3o % Rh-Pt thermocouple was used and
the materials selected for shield tubes were BeO,
spinel, ZrO, and Also,.
These tubes were
protected by a Cr-Ni steel tube in the acidicroofed furnace, but this was unnecessary with
the basic type. The life-time of the shields in
operation at a temperature of
1700' C is as
follows (in numbers of melts): Be0 over 100,
ZrO, 18-20,A1,0, 18-20, spinel
14. The
Life of the thermocouple was 300 melts. The best

-

-

shield material is obviously B e 0 although
ZrO, and A1,0, could also be used. Spinel is not
suitable. A disadvantage in using A1,0, is that
carbon contamination (observed in all cases)
leads to the formation of an Al carbide with a
melting point of only 1 4 0 0 ~C. Carbides of
Zr and Be which may be formed have melting
points of 3500' and 2100~C respectively. The
estimated cost of temperature control by this
method is less than that using optical pyrometers.

NEW PATENTS
Glutamic Acid Derivatives
INTERNATIONAL

MINERALS

an aqueous solution of a water-soluble platinum
compound in sufficient amount to give 0.1-2 wt. yo
of platinum. The platinum compound which is
preferably chloroplatinic acid is then reduced to
the metal.

& CHEMICAL CORP.

British Patent 786,226
A platinum, palladium or rhodium catalyst is
used in the treatment of N-carboallyloxy-Lglutamine to remove the carboallyloxy group.

Removing Impurities from Platinum
Preparation of Metal Gluconates

British Patent
787,296
An aqueous solution of an acid containing
platinum as part of a complex anion and also
containing a cation impurity is purified by contacting the solution with a sdid cation exchange
material, transferring the impurity to this
material by a cation exchange reaction and
separately recovering the purified solution of the
platinum.
The platinum may be present as
chloroplatinic acid (H,PtC16).
UNIVERSAL OIL PRODUCTS CO.

& CO. 1°C. British Patent 786,288
A metal gluconate is prepared by contacting an
aqueous glucose solution (concentration at least
20'% by weight) containing a noble metal catalyst
with oxygen at not above 55°C and at a p H
maintained at between 8 and 11, the p H used at
any given temperature being chosen so as to
minimise decomposition. The catalyst consists of
palladium-on-charcoal or palladium-on-alumina.
CHAS. PFIZER

Hydrogenation of Organic Nitro Compounds
E. I. DU PONT DE NEMOURS & co. British Patent

Regeneration of Catalysts

786,407
In the catalytic hydrogenation of organic nitro
compounds to the amine product with the use of
a noble metal, i.e. platinum or palladium catalyst
supported on an inert carrier, e.g. carbon,
diatomaceous earth or silica. an increased rate of
hydrogenation is obtained by mixing with the
catalyst an oliophilic carbon having an oil
absorption factor of at least 200.

British Patent 787,340
A supported palladium catalyst, after becoming
deactivated in use for the manufacture of hydrogen peroxide, is reactivated by treatment with a
solution of sodium hydroxide.
LAPORTE CHEMICALS LTD.

Conversion Of
OIL PRODUCTS co.
British Patent
787,539
. . .-.
A platinum-alumina-combined halogen catalyst
(British Patent 657,565) or a platinum-alumhasilica catalyst containing 0.2-2 gm of platinum
per IOO cc of catalyst ( U S . Patent 2,473,916) is
used in a process for the catalytic reforming of
gasoline hydrocarbons.
UNIVERSAL

Production of Tetracycline
AMERICAN CYANAMID GO. British

Patent 787,056
Tetracycline is made by reacting hydrogen with
chlortetracycline in the presence of a palladium
hydroxide catalyst. The palladium hydroxide
may be used alone or supported on a porous
carrier, e.g. activated carbon or activated alumina.

Platinum-Alumina Catalyst
Gasoline Reforming Catalyst

STANDARD OIL CO.

& GO. British Patent 787,275
An alumina base reforming catalyst is made by
simultaneously incorpxating silica and fluorine
values with a porous gamma-type alumina base
by impregnating the base with silicon tetrafluoride or fluosilicic acid in sufficient amount to
form a final catalyst containing 0.03-3 wt.% of
silica and 0.1-8 wt.% of fluorine and mixing in

An alumina-supported platinum catalyst is made

W. R. GRACE
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British Patent 787,755

by adding an alkaline substance, e.g. ammonia or
a water-soluble amine to peptised alumina, e.g.
an alumina hydrosol, in sufficient amount to
raise the pH to 8.5 to 12, maintaining this condition for over I hour, separating solid hydrous
alumina from the resulting slurry, drying to a
volatiles content below 50:& by weight wet basis,

70

and impregnating the dried alumina with 0.05r"/n by weight of platinum based on dry A1,0,.

Manufacture of Geranyl-Acetone and
DehJ-drogeranyl-Acetone
F. HOFFMANN-LA ROCHE & co. A.G. British Patent
788,302
A lead-poisoned 5 % palladium-calcium-carbonate
hydrogenation catalyst is used in a process for
the synthesis of hexahydro-pseudoionone.

Manufacture of a Novel Acetoacetone
F. HOFFMANN-LA ROCHE & co. A.G. British Patent
788,303
A palladium-calcium carbonate catalyst (leadinhibited) is used in the manufacture of dihydrolinalyl acetoacetate.

British Patent 789,679

A cracked naphtha is first distilled and the two

DE BATAAFSCHE PETROLEUM MAATSCHAPPIJ

Monoalkylaminoalkyl Esters of Substituted
Benzoic Acids
ABBOTT LABORATORIES INC. British Patent 788,585
A palladium-on-charcoal catalyst is used at one
stage in the preparation of the above esters.

Hydroisomerisation Process

co.

5-(S-chlorobutylidene) hydantoin is brought
into intimate contact with hydrogen in the
presence of a hydrogenation catalyst to produce
5-(S-chlorobutyl) hydantoin. The catalyst may
be platinum oxide.

CALIFORNIA RESEARCH CORP.

British Patent 788,571
A mixture of liquid hydrocarbons for use as
aviation fuel is prepared by separating a fraction
of initial boiling point of 6545°C and a final
boiling point of 13c-14o"C from a naphthenic
straight-run gasoline, catalytically reforming,
i.e. with a platinum-containing catalyst, the
fraction and removing from the resulting reformate an intermediate fraction of initial boiling point
of 85°C and a final boiling point of 10g"C. See
also No. 788,572 for similar subject matter.

GULF RESEARCH & DEVELOPMENT

Heterocyclic Compounds
MERCK & co. INC. British Patent 789,484

Upgrading of Cracked Naphthas

Preparing Aviation Fuels
N.V.

action of hydrogen in the presence of a palladium
on charcoal catalyst and in a solvent reaction
medium composed of isopropyl alcohol, n-butyl
alcohol, ten-butyl alcohol or mixtures of any
two of them.

British

fractions hydrogenated in the presence of a
catalyst (or hydrogenated and then distilled) and
then the hydrogenated cracked naphtha fractions
are separately contacted with a platinum catalyst
(0.1-19/, platinum-on-alumina or silica-alumina)
under dehydrogenating conditions severe enough
in each case to produce liquid product having a
F-I clear octane rating above 80.

Hydrogen-Treating Catalytic Naphthas
ESSO RESEARCH

& ENGINEERING CO. British Patent

789,847
Hydrocarbon naphtha fractions of improved
octane number are produced by separating a
fraction boiling at 65-115°F from a catalytically
cracked naphtha and hydrogen-treatingy e.g.
hydrogenating, the fraction to an extent such that
at least 30:& of the olefins present in the fraction
are saturated. Platinum on alumina catalyst is
referred to.

CatalyticPressureRefining of Crude Gasoline
etc.

Patent 788,588
A hydroisomerisation process, i.e. for converting
n-pentane and n - h e m e to branched-chain
isomers, in the presence of hydrogen, consists in
contacting a hydrocarbon charge of the gasoline
boiling range, in admixture with hydrogen, with
a supported platinum catalyst at 3I5-54O"cJ a
pressure of 1.4-140 kg. per sq. cm. gauge and a
charge liquid hourly space velocity of at least
5 vols. of hydrocarbon per vol. of catalyst per
hour, whilst maintaining a ratio of hydrogen to
hydrocarbon in the charge from 1.4-28 standard
cubic metres of hydrogen per barrel of hydrocarbon. A 0.2-1 yo platinum-alumina catalyst is
used.

BADISCHE ANILIN & SODA FABRIK A.G. British
Patent 789,988
Hydrogenation catalysts consisting of platinum,
palladium or ruthenium are used in a process for
the catalytic pressure refining of crude benzene,
crude gasoline, crude kerosene or crude gas oil
with 0.2-2.5 cubic metres of a hydrogen-containing carbon monoxide at a hydrogen partial pressure of 10-60 atmospheres, a throughput of
0.3-2.5 kg. of crude product per litre of catalyst
per hour and an admission temperature of
280-450°C into the reaction zone.

Preparation of Saturated Carbinols
co. INC. British Patent 788,969

N.V. PHILIPS GLOEILAMPENFABRIEKEN
Belgian
Patent 551,868
An article to be coated is piaced in an electrolytic bath consisting of a solution of chloroplatinic acid and chloride of mercury (HgCl,).

AIR REDUCTION

The selective hydrogenation and hydrogenolysis
of a symmetrical aliphatic ditertiary acetylenic
glycol is effected by subjecting the glycol to the
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Coating of Metals Electrolytically with a
Layer of Platinum

Fluid Hydroforming Process

Treatment of Gaseous Mixtures
THE DOW CHEMICAL

co. Belcian Patent 553,873

ESSO RESEARCH

& ENGINEERING co.

U.S. Patent

2,8169857

Acetylene contained in a gaseous mixture of
ethylene and acetylene is hydrogenated by contacting the gas with hydrogen in the presence of a
catalyst composed of 60-99 parts by weight of
palladium and 40 parts to I part of copper, silver
or gold.

Describes a method of hydroforming hydrocarbon oils boiling in the naphtha boiling range
with the aid of a fluidised bed of a platinumcontaining catalyst, which is continuously regenerated.

Use of Palladium Alloy for Spinning
Nozzles

THE M.W. KELLOGG

Conversion of Hydrocarbons

w. C. HERAEUS G.m.b.H. German Patent 1,010,742
An alloy of 15-30?; iridium and remainder
palladium is used for making spinning nozzles
for the production of artificial threads, e.g.
artificial silk, 20-30% of iridium is preferred.
Up to IS:,;, but preferably less than s"/o,of the
palladium may be replaced by another platinum
group metal.

co. U.S. Patent 2,817,690
In a process for pyrolysing hydrocarbons in which
the hydrocarbons and oxygen are passed at a
linear velocity exceeding the flame propagation
velocity through a conversion zone under conditions suitable to effect flame partial combustion
and conversion of the hydrocarbons, the combustion flame is maintained by contacting the
reactants with a flame stabilising material, which
may be platinum or palladium.

Preparation of Acid-Addition Quaternary
Salts
OLIN MATHIESON CHEMICAL CORP.
US. Patent

Catalyst

2,813,904
A catalyst composed ofpalladium black, palladiumcharcoal, rhodium-charcoal or palladium-barium
sulphate is used in the preparation of acidaddition quaternary salts by hydrogenation, at
superatmospheric pressure, of a diquaternary
ammonium compound of stated general formula.

co. U S . Patent 2,818,393
A catalyst is made by combining an ammine
complex of platinum or palladium, a mercury
compound as an activator and a carrier material
and treating the mixture to decompose the ammine
complex to the metal.
THE M.W. KELLOGG

Preparation of Platinum-Containing
Catalysts
UNIVERSAL

Catalysts

OIL

PRODUCTS

co.

co. U S . Patent 2,814,599
A catalyst is composed of 0.01-5% by weight of
platinum or palladium in combination with
0.05-20% by weight, based on the total catalyst,
of a compound of a Group I11 metal of atomic
number at least 21 and not over 89, supported on
an inorganic metal oxide not reducible below

2,s 18,394

1200°F.

Electrical Resistance Wires

THE M.W. KELLOGG

Brazing Alloy
THE INTERNATIONAL NICKEL co. INC.

US.Patent

2,815,282
An alloy for soldering heat-resistant chromium-

U S . Patent

A refractory inorganic oxide support is impregnated with platinum-containing solution in a
series of stages. After each of a number of such
stages, the impregnated support is heated first
in an oxidising atmosphere and then in a reducing
atmosphere at from 500°F to about 11oo"F.

SECON METALS CORP. U.S. Patent 2,819,162
An electrical resistance wire is composed of an
alloy of 54-60 parts of platinum, 34-40 parts of
palladium and 5-8 parts of molybdenum or of a
mixture of molybdenum and tungsten (not over
25% tungsten).

containing alloys for high temperature service of
about 550-850OC is composed of 28-67% nickel,
16-40% manganese and balance of 56-10?;
Catalyst Carrier
palladium. The alloy has a melting temperature A. GOTTWALD U.S.Patent 2,821,510
of not less than 1050°Cand not more than 125ooC.
A support or carrier for a platinum catalyst is
made by impregnating and coating a combustible
Electrical Contacts
cellulose fibre textile fabric with a solution of
~ T A L AND
S
CONTROLS CORP. U.S. Patent
waterglass, drying and immersing it in a dilute
2,815,421
aqueous solution of a mineral acid long enough
One contact element of a pair of co-operating to convert the waterglass into silicic acid with a
contacts is formed of an alloy consisting of salt. The fabric is then washed and dried at not
60-80% by weight palladium, 0.5-1.8% nickel, over z00"C ignited in air and the residue heated
cobalt or copper or mixtures thereof and rein an oxygen atmosphere to 1200-2000~Fto
mainder silver. The other contact element cause any carbon in the residue to combine with
consists of an alloy of 5 0 4 0 % gold by weight the silicic acid and with oxygen. The residue is
and remainder silver.
then treated with platinum or platinum black.
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