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The Design of Precision
Wire-wound Potentiometers
By K. J. Willis
J. Langham Thompson Ltd., Bushey Heath, Hertfordshire

Many modern electronic devices call .for transducers i n the .form of
precision potentiometers actuated by extremely low operating forces.
For the windings of such potentiometers certain of the platinum alloys
provide the required combination of properties, and this article discusses
both the choice of resistance material and the design and construction
of these potentiometers.
The great increase in recent years in the use

of analogue devices in computing and control
circuitry has drawn attention to the enormous
possibilities of precision potentiometers designed for extremely light operating forces.
A potentiometer is an electro-mechanical
device consisting of a resistance element in
contact with a movable slider. A diagram of
a simple potentiometer is shown in Fig. I, in
this case the resistance element being a slide
wire of uniform cross-section. If a battery B
is connected across the ends of the slide wire
then the open circuit voltage V appearing
between the slider and one end of the slide
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wire P will be proportional to the displacement 1 of the slider from P.
Fig. 2 shows how this slide wire potentiometer can be used to compare two unknown
e.m.f's, El and E,. The battery B, whose
e.m.f. is greater than either E, or EQ,passes
a current I through the slide wire, the
resistance R having the purpose of limiting
this current. Points S, and S, on the slide
wire can be found for both E, and E, where,
with the switch K closed, no current flows
through the galvanometer G. The ratio of the
length of slide wire P S I : PS? equals the ratio
of the e.m.f's under comparison, E l : E,.
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Fig. 3 A displacement
transducer, b y J . Langhum
Thompson Ltd., in which
a linear potentiometer is
actuated by a push-rod,
providing a n output f r o m
the slider proportional to
the axial displacement of
the rod. T h e potentiometer
i s wound with rutheniumrhodium-platinum wire

This elementary form of potentiometer was
first modified by R. E. Crompton and is still
in common use, though later versions make
provision internally for calibrating the
potentiometer against a standard cell of
known voltage enabling direct readings to be
made of unknown e.m.f's.

Types of Potentiometer

of component is small and inexpensive
although its accuracy is low. A common use
of such a potentiometer is as a radio volume
control, where the resistance clement is
normally of composition material, or as an
adjustment in other types of electronic
apparatus.
A more recently developed type of potentiometer comprises an accurately wound resis-

For laboratory work the potentiometers
used are generally of the enclosed box type
comprising four or more decades of which
the last may be in the form of a slide wire
and the rest in the form of fixed resistors that
can be switched in or out of circuit. With such
potentiometers low voltage D.C. measurements can be made with an accuracy as high
as one part in IOO,OOO.
T h e most widely known form of potentiometer is that used in electronics engineering
and known to the circuit engineer as a " pot ".
This normally consists of a resistance element
of circular form with the slider mounted on an
arm revolving on a central shaft. This type
Fig. 4 In this low pressure transducer ( J . Langham
Thompson Ltd.) a bellows pressure chamber is
connected to a linear potentiometer wound with
20 per cent iridium-platinum wire. T h e slider
potential varies in proportion to a n applied steady
or pulsating pressure
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the base of the instrument controls the output
of the unit. An entirely different type of construction is shown in Fig. 6. Here the winding
also consists of a length of wire in the form of
a helix but with a brush replacing the slider of
the conventional potentiometer. This lifts the
wire from the support as it rotates, giving an
output of infinite resolution. A precision
potentiometer with a circular winding and
rotating slider is shown in Fig. 7. The output
from the slider wires is fed out from the
potentiometer through the slip ring and
brushes near the centre.
The design and construction of this general
group of precision potentiometers will now
be considered in greater detail.

Selection of Resistance Wire
Fig. 5
This accelerometer incorporates twin
potentiometers and can be used .for measuring both
static and dynamic acceleration ( J . Langham
Thompson Ltd.)

tance element, often having miniature dimensions, used in conjunction with mechanical
sensing elements to provide information, in
terms of voltage, on such physical changes as
displacement, temperature, pressure or acceleration. Transducers incorporating such
potentiometers are used for data transmission
in telemetry systems and as control elements
in automatic processes in both of which
applications accurate measurement of these
values is essential. Typical transducer elements are shown in the accompanying
illustrations.
In the simple transducer shown in Fig. 3
a linear potentiometer is actuated by a pushrod; the axial displacement of this rod can be
measured in terms of the output from the
potentiometer. The low pressure transducer
illustrated in Fig. 4 comprises a potentiometer similarly actuated by a bellows pressure
chamber so that when the potentiometer is
energised the slider potential varies in proportion to an applied steady or pulsating
pressure. Fig. 5 shows an accelerometer
incorporating twin transducer elements. Here
the acceleration of a spring-loaded mass in
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The resistance element consists of precision
drawn fine wire close wound on to a former
whose shape is often determined by the
equipment into which the potentiometer is to
be fitted. Generally speaking, the main
requirements of the alloy used for the wire
are relatively high resistivity, freedom from
surface films and a low rate of wear. The last
two requirements are to some extent comple-

Fig. 6 A Spiralpot potentiometer, by Teddington
Aircraft Controls Ltd., in which a wiper-brush
continuously contacts a single helically-wound
length of molybdenum-platinum alloy wire
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mentary; freedom from surface films permits
a low brush pressure to be used and this in
turn contributes to the long life of the winding.
Certain of the platinum group alloys are
ideally suited for this purpose. They combine
freedom from surface films - in many cases
at elevated temperatures - with the electrical
and mechanical requirements sought by the
designer.
There are, however, many other factors
that govern the choice of material for resistance wires. In certain applications a low
temperature coefficient of resistance is desirable. As a general rule it is found that as the
resistivity increases the temperature coefficient
decreases and this may present a design
problem if a low resistance element is required
with a low temperature coefficient.
A high tensile strength is also necessary in
order that very fine wires shall be able to
withstand the stresses involved in winding
without fracture. Miniature precision resistance elements are wound with resistance
wires as small as 0.0004 inch diameter, and
there is a natural tendency to take advantage
of the high tensile strength of the hard drawn
wires to ease winding problems. In the hard
drawn condition the platinum-bearing alloys
have realised an ultimate tensile strength of
IOO tons per square inch, but it should be
remembered that alloys in a severe state of
cold work tend to relax over long periods
even at ordinary temperatures. Generally the
resistivity of an alloy is affected by cold work
and the use of an extremely hard drawn wire
may give rise to instability of resistance with
time. In certain cases therefore it may be
desirable to use a properly annealed wire and
to accept the greater difficulties involved in
handling and winding.
Another factor which is not always obvious
to the instrument designer tempted by reading
of exceptionally high resistivities and tensile
strengths combined with low coefficients is
that an alloy chosen for use in a precision
potentiometer should not be unduly complex
in constitution nor critical in its heat treatment. I n either case the manufacture of such
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Fig. 7 A Ferranti precision potentiometer, wound
with Diamel-covered 10 per cent iridium-platinum
wire

a material may well give rise to unacceptable
variations in resistivity from batch to batch,
or even along a given length of wire, while
instability of resistance with time may again
be encountered. Moreover, an alloy of great
hardness and tensile strength is difficult to
draw into fine wire and may yield wire of
non-uniform cross section.
There is no limit to the number of compositions that might satisfy these sometimes
conflicting requirements in some degree, but
it is obviously desirable to confine the choice
to a range of materials which have been
developed and used commercially over long
periods and found to be satisfactory. The
table on page 78 lists such a range of alloys
and their properties, and while special-purpose
materials may sometimes be called for, this
range should provide for quite wide variations in design requirements.
The 10 per cent rhodium-platinum alloy,
formerly used as a potentiometer wire, is not
now employed to any great extent, its
temperature coefficient being too high for
precision resistance measurements. The principal value of this alloy as a resistance
material is its retention of strength at high
temperatures in heating applications.
The two iridium-platinum alloys provide

77

useful combinations of moderately high
resistivity with a low temperature coefficient
but the 20 pcr cent alloy has the greater
mechanical strength. In the same bracket as
the latter material is the ternary ruthcniumrhodium-platinum alloy which is now being
employed extensively in the newer types of
sensitive potentiometer. Alternatively, the
straight ruthenium-platinum alloy provides
an appreciably higher resistivity with a lower
temperature coefficient although its mechanical strength is a little less.
For higher resistance values the 5 per cent
molybdenum-platinum alloy offers a good
balance of properties, possessing a slightly
higher resistivity and a lower temperature
coefficient than the tungsten-platinum alloy.
Where the lowest possible temperature
coefficient is required the 40 per cent silverpalladium alloy has a great deal to commend
it. It has a moderately high resistivity and is
widely used in potentiometer work, but it is
inferior to the platinum alloys in terms of
wear resistance and mechanical strength.
Naturally the successful use of any one of
these materials necessitates an unusual degree

of precision in wire drawing and adherence by
the manufacturer to close tolerances on the
uniformity of resistance pcr unit length of
wire. In order to be certain of securing the
required properties it is desirable to specify
resistance values per yard or per metre rather
than diameter of wire, and provided that the
requirements are made clear to the supplier
in this way a maximum deviation of k 3 per
cent from the specified value can be obtained.
Fig. 8 shows an operator threading one of the
multiple-die wire drawing machines employed
in the final stages of the production of
precision resistance wires. The nomogram
shown on page 80 will be found useful in
arriving quickly at the most appropriate
alloy and nominal diameter of wire to meet a
particular design problem.
The use of close-wound potentiometers
demands, of course, that the wire used should
be insulated and in the interests of overall
accuracy it is essential that the insulating
coating should be as uniform as possible. This
requirement is very adequately fulfilled by
enamels based upon epoxy-resins such as
Diamel.

Properties of Noble Metal Resistance Materials

--

Resistivity a t 20°C

Temperature
coefficient
of resistance
per "C
(0 to 100°C)

Ultimate tensile
itrength as fine wire
tons per sq. inch
Annealed

Hard
drawn

19

I I4

0.00 17

30

75

Ion; Iridium-platinum

..
..

24.5

I47

0.0013

35

80

20", Iridium-platinum

..

32

192

0.00085

45

I05

IOU,, Ruthenium-platinum . .

42

252

0.00047

50

90

5(>[)Ruthenium- I5O
rhodium-platinum

..

31

I86

0.00070

65

I10

8% Tungsten-platinum

..

62

372

0.00028

60

95

64

384

0.00024

60

90

42

252

0.00003

24

70

lO<d) Rhodium-platinum

5",) Molybdenum-platinum

.

40",, Silver-palladium

Platirium Metals Rev., 1958, 2

9

(31,

78

Fig, 8 Threading one of the multiple-die wire drawing machines employed i n the Jinal
stages of production of precision resistance wires in the Johnson Matthey jine wire shop

Types of Former
The former is equally important in the
manufacture of precision potentiometers. The
material must be dimensionally stable, nonhygroscopic and capable of being produced
with a smooth finish on the winding surface.
A surface finish of 10 micro-inches is not
uncommon for circular section formers but
any figure for surface finish must be considered in relation to the actual resistance
wire diameter. Ebonite and resin-bonded
paper laminates are suitable as former
materials provided the ambient operating
temperature is low. At ambient temperatures
of 100°Cand above the high coefficient of
linear expansion will increase the former
dimensions and may result in permanently
distorted windings.
Flat card-type formers are also used in
linear potentiometers and for sine-cosine
units, while other non-linear potentiometers
are usually based on a tapered form of the
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card. Special treatment must be given to cardtype formers to produce a rounded surface on
the edge of the card since a rough surface will
cause the wire to be displaced during winding,
resulting in high and low turns with nonuniform spacing. Such defects will seriously
affect the accuracy of the potentiometer.
Where an operating angle of 360" is required
toroidal formers are used, although these are
far more difficult to wind.

The Slider
The choice of slider material is governed by
the need to maintain a low and constant
resistance between the slider and the winding
and to ensure that their rates of wear are
sufficiently low to give the potentiometer an
adequate operational life.
When a noble metal winding is used, a
noble metal alloy is also favoured for the
slider since it has a similar degree of freedom
from tarnish films. Gold bearing alloys are
in common use as slider materials. Some of
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these alloys can be work-hardened, either
during rolling or drawing or during the
forming process, to give mechanical properties
similar to those of phosphor bronze, while
other alloys are now available that can be
heat treated after forming to increase their
hardness, and consequently their wear resistance, as well as to improve their mechanical
properties.
In the transducer elements illustrated in
Figs. 3, 4 and 5 the sliders are made from a
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gold-bearing alloy having a relatively low
modulus of elasticity and this enables a slider
pressure not exceeding one gramme to be
obtained at the point of contact with the
winding. If the environmental conditions in
which the instrument must operate include
severe vibrations of varying force and
frequency then it is desirable to use a slider
of high transverse stiffness to increase its
natural frequency, but this in turn makes it
difficult to obtain a low contact pressure. This
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can be partially overcome by correct slider
design, but usually some compromise is made
depending on the permissible sensitivity
to static and dynamic acceleration forces.

Resolution
The resolution of a potentiometer is, in
effect, a measure of its ability to distinguish
between small differences in slider position
and it may be considered as the resistance of
one turn of the winding expressed as a ratio
of the total resistance of the winding. The
resolution of a potentiometer must be taken
into account at the design stage, and should
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not be greater than one-half of the permissible
tolerance on potentiometer accuracy. For
example, an instrument with an overall
accuracy of I per cent should have a resolution
of 0.5 per cent or less. To take full advantage
of the resolution the slider must be correctly
shaped to discriminate between adjacent turns
on the winding and if this is not done it is
most probable that the instrument accuracy
will suffer.

Operating Conditions
When the impedance of the load on the
output of a potentiometer is infinitely high,
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the output voltage will be accurately related
to the displacement, that is, in the case of a
linear potentiometer the output voltage will
be directly proportional to the displacement.
This condition is encountered when the output is applied direct into the grid of a valve,
or in the case of a null balance circuit as in
Fig. 2.
When the load impedance assumes finite
proportions an error, known as the loading
error, is introduced, as shown in Fig. 9.
This is due to the fact that the load draws its
current through one part of the potentiometer winding and so causes the current in
one part of the winding to be higher than that
in the other. In practice this error can be

reduced by using end resistors in series with
the potentiometer thereby limiting the working range of the potentiometer to the most
linear part of the curve.
The maximum current through the resistance element is usually limited by the
maximum permissible temperature rise in
the winding. Heat dissipation tests carried
out on the transducer element of Fig. 3
resulted in the temperature rise curve shown
in Fig. 10. Results such as these are helpful
in arriving at a figure for the maximum power
that can be safely dissipated in a potentiometer winding, but such figures may have to
be restricted if the instrument is required to
function at high temperatures for long periods.

The Mechanism of Glass-Fibre Formation
A PHOTOGRAPHIC STUDY OF THE PROCESS
In the Owens-Corning glass-wool process
the fibres are produced by subjecting streams
of molten glass flowing at a temperature of
about 15ooOC from orifices in a platinum
bushing to a blast of superheated steam;
fiberisation takes place within the steam, and
the fibres are collected on a conveyor below.
The exact mechanism of fibre production
has not been fully understood, as the movement of the glass is too rapid to be followed
by eye or recorded by ordinary photographic
techniques. A study of this problem was
therefore undertaken in the laboratories of

Fibreglass Ltd. and Pilkington Brothers Ltd.,
St. Helens, by A. de Dani and J?. E. Jellyman
( J . SOC.Glass Tech., 1957, 41,276-282) using
flash photography with a flash duration of
zps, and cinC photography at a frame speed
of 3000 per second. The paper is well
illustrated with the photographs and frame
sequences obtained, and it is concluded that
the mechanism is neither the formation and
attenuation of drops of glass, nor the division
of the stream of glass by branching, but is a
looping and folding of the glass stream
induced by turbulent flow of the steam blast.

7 h i s photograph of the OrccnsCorning glass wool process in
operation, taken at a n exposure
of 1/25 second. gives un
impression of the visual
appcarance of the process.
The bottom of the platinum
bushing, and the glass above
and below the blower chamber.
are seen to 612 inmndescent.
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Iridium as a High Temperature
Material
By Professor F. D. Richardson,

D.s~.,M.I.M.M.

Imperial College, London

Researches at high temperature are often
severely restrictcd by the inadequate properties of available refractory materials. The
problem of chemical attack at high temperatures is so formidable that the research worker
has to press into service all kinds of metals,
oxides, sulphides and carbides as materials for
his tubes and crucibles, using each over a
limited range of chemical and physical
conditions.
During the past few years iridium has
proved particularly useful as a material for
crucibles in certain high temperature investigations which have been made in the laboratories of the Nuffield Research Group in
Extraction Metallurgy. As crucibles are not
normally made from this metal, the following
notes on their use may be of general interest
to those concerned with high temperatures.
In the course of measurements of the
thermodynamic properties of silicate melts

containing lead oxide ( I , 2), it became necessary to find a container which would be
immune from attack by both molten lead and
lead oxide at temperatures from IOOO'C to
15oo'C. Although normal refractory oxide
crucibles are quite satisfactory for holding
lead at these temperatures, they will not
resist attack by silicates containing large concentrations of lead oxide over long periods of
time, say six to fifty hours. Most refractory
metals are either oxidised by lead oxide (e.g.
molybdenum) or are too soluble in lead (e.g.
platinum).
It was found that Sir William Crookes had
made experiments in 1912 with an iridium
crucible which had been presented to him by
"Messrs. Johnson and Matthey" (3). He
claimed that he had boiled lead in this
crucible without harm and that he had also
been able to melt copper and iron in it without significant attack.

Parts of the assembly of
iridium crucibles used
i n high temperature investigations on silicate
melts containing lead
oxide. The diameter and
depth of the main rrurible at top left were 3.6
and 3.1 cm respectively.
The weights from left to
right and top to bottom
were 4.0, 3.5, 1.9, 0.8
and 0.3gm.
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In view of Crookes' report, tests were made
with iridium and it was found to be completely resistant to attack by lead at temperatures of concern in these investigations. As
had been hoped, the iridium was not oxidised
by lead oxide (PbO) at any temperature.
Although a black oxide of iridium forms when
the metal is heated and then cooled in air,
this oxide requires higher oxygen potentials
for its formation than are associated with the
system Pb -: PbO at any temperature. There
may, of course, be a volatile oxide of iridium,
as there is of platinum (4),but this probably
requires oxygen pressures of the order of an
atmosphere for its formation at high temperature.
The assembly of iridium crucibles used in
the investigations with lead is shown in the
figure. It was made by Johnson, Matthey &
Co., Limited, from sheet 0.012 inch thick
(99.95 per cent purity), each crucible being
of welded construction. The three pieces in
the upper part of the figure are, from left to
right, the main crucible, its main lid which
fitted closely outside it, and a small lid which
fitted inside it. Below them from left to right
are a crucible for holding PbO melts, and two
smaller crucibles for holding lead. These
three were enclosed within the main crucible
during the course of an experiment. The
entire assembly was robust and kept its shape
well throughout many experiments; the
iridium metal is much harder than platinum
and is not easily deformed.
The crucibles lost weight slightly during
use and became etched in appearance,
whether they held slags or metal. The metal
grains so revealed ranged in size up to I mm
across. The following losses of iridium were
typical: 0.0002 g. into 18 g. lead in 444 hours
at IOOO'C;0.0014 g. into 20 g. slag and 20 g.
lead in 144 hours at IOOO"C.
After continuous daily use for about a year
the crucibles became slightly porous and
brittle, and although they were patched from
time to time by welding, they ultimately had
to be scrapped. The cost of the sheet is
about three times that of platinum and the
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Some Properties of Iridium and
Platinum

Atomic number

..

..

Hardness (annealed), VPN
Tensile strength (annealed),

tonslin?

..

..

..

Modulus of elasticity,

working cost rather more than for platinum.
If allowance is made for the scrap value of
the crucibles, the refractory bill for the research was relatively small. It was much less
than it would have been if alumina crucibles
had been suitable, for at least two would have
been expended in each experiment.
Attempts were made to confirm Crookes'
claim that iridium can resist molten copper
and iron. Experiments at 1 5 o o C to 1600T
showed that both these metals attack iridium
too quickly for them to be held for any useful
time in contact with it.
Tests with iridium as a container for slags
at 1500°C to 1650°C show that it can hold
calcium phosphates (23 to 45 mole per cent
P,OJ at oxygen pressures of 10-' to 10-'atm.
These are conditions under which platinum
crucibles melt, on account of the reduction of
phosphorus into the metal. In this connection
it is interesting to note that the eutectics of
iridium with boron, phosphorus and silicon
lie well above those of platinum with this
same series of elements (5).
Iridium is clearly less reactive than
platinum towards a variety of elements, so
it has potentialities as a special refractory for
both research and restricted industrial purposes. Its principal physical properties, compared in the table above with those of

platinum, are attractive from the standpoints
of stiffness (as shown by its extremely high
modulus of elasticity) and creep. Allen and
Carrington (6) carried out a series of compression creep tests on metals of high melting
point. The strength at IOOO'Cwas assessed
by measuring the stress needed to give I per
cent deformation in 24 hours. The value

obtained for iridium was 6 tons per square
inch compared with approximately 0.1ton for
platinum, 0.3 tons for palladium and 3 tons
for rhodium. Of the base metals examined
only tungsten, which has the disadvantage of
being easily oxidised at these temperatures,
had a strength comparable with that of
iridium.
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The Catalytic Oxidation of Ammonia
A STUDY OF THE REACTION KINETICS
Among the papers presented to the first
European Symposium on Chemical Engineering, held last year in Amsterdam, was a
contribution on the catalytic oxidation of
ammonia by means of a rhodium-platinum
alloy gauze by Dr. A. I?. Oele, of the Dutch
State Mines (Chemical Reaction Engineering,
Pergamon Press, London, 1958,pp, 146-157).
The process was studied as a typical fast
heterogeneous reaction conducted in an
adiabatic reactor. The main oxidation reaction is accompanied by side reactions leading
to the decomposition of ammonia and nitric
oxide, but these can be suppressed by employing suitable working conditions. The feed
gas normally contains between 8 and 11 per
cent of ammonia, and it flows through the flat
circular platinum or rhodium-platinum gauzes
which have a large area per unit of weight
and which are set as close together as possible.
Within the usual range of ammonia concentration, the physical transport of ammonia
molecules to the gauze surface is the principal
rate-determining factor. The transport distance is very short, and the ammonia transport may be considered as a stationary
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diffusion process in a laminar flow. A calculation of the mass transfer may be made by
using an empirical formula for flow perpendicular to the wires. The resulting data
agree fairly well with the practical results,
and it is possible to determine by relatively
simple calculation most of the design data
for a burner using a given type of gauze at a
chosen gas loading.
The remaining factors may be determined
by making a rough examination of the temperature distribution. When there is thermal
equilibrium the heat evolved, which is determined by the heat of combustion and the local
ammonia concentration for each unit area of
gauze, is equal to the heat released by
radiation and convection.
The optimum operating conditions in relation to platinum loss are also considered.
These losses constitute a significant element
in the costs of the process and may range
from 200 to 2000 mgm. per ton of nitrogen
throughput.
Observation and calculation
indicate that minimum losses may be realised
by limiting the gas load and temperature and
by using a pad of not more than five gauzes.

Platinum and Palladium in the
Pharmaceutical Industrv
J

By William H. Jones,

Ph.D.

Merck & Co., Inc., Rahway, New Jersey

Without question the most important application of platinum and palladium in the
pharmaceutical industry is in catalytic hydrogenation. Indeed these two noble metals are
frequently the catalysts of choice. Their
popularity is largely explained by the rather
unique nature of chemical processing operations in this industry.
Production of a pharmaceutical product is
usually expressed in pounds per year; in most
other sectors of the chemical industry, production in terms of tons per year is the rule.
Furthermore, pharmaceutical companies
usually market a diversity of products each
produced in comparatively small amounts.
Relatively small, batchwise operations are,
therefore, most common, and the use of
standardised low cost, batch process equipment is highly desirable.

Low Pressure Hydrogenation
Such equipment is usually rated for use at
internal pressures of only one or two atmospheres. In terms of catalytic hydrogenation
this means that considerable time and effort
are justified in finding conditions whereby a
given catalytic reduction may be carried out
at a relatively low pressure. Rarely is the
anticipated production of a pharmaceutical
product sufficient to warrant the much greater
capital investment required for the equipment
to carry out a catalytic reduction at high
pressure. In the few instances where high
pressure conditions are required, the catalyst
may or may not be a noble metal depending
on the type of compound being reduced.
As a consequence of this emphasis on low
pressure conditions, platinum and palladium
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catalysts are the ones most frequently
employed because of their outstanding activity in the reduction of a wide range of functional groups at low hydrogen pressure. Other
metals, particularly nickel, rhodium and
ruthenium, are used to a lesser extent.
Since representatives of practically every
class of organic compounds are to be found
among known biologically active substances,
it is not surprising that catalytic hydrogenations in pharmaceutical processing likewise
extend over a wide range of organic compounds
and reducible functional groups. Perhaps the
best way to indicate the versatility of platinum and palladium catalysts is to cite a few
examples of industrial pharmaceutical processes which involve catalytic hydrogenation.

Synthesis of Vitamin A
A key step in an industrial synthesis of
Vitamin A is the selective reduction of an
acetylenic bond to an olefinic bond in a highly
unsaturated intermediate, 1,6-dihydroxy-3,
7-dimethyl-9-(2’,6’,6’-trimethylcyclohexenyl)zJ7-nonadiene-4-yne(I):

I
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lactone in place of the more difficultly
prepared ribononitrile. The initial reaction
gives the ribonamide which is acetylated
and then dehydrated and chlorinated with
phosphorous pentachloride to form the
chloroimine (V). The chloroimine (V) is
next hydrogenated in the presence of a
palladium on calcium carbonate catalyst.
Still another approach (4) to the same intermediate involves the preparation of 2,3,4,5tetraacetyl-D-ribose (VII) by means of a
Rosenmund reduction of tetraacety1-Dribonyl chloride (VI) with a palladium on
barium sulphate catalyst in refluxing xylene at
atmospheric pressure :

Important to the successful accomplishment
of this stop was the development of a special
palladium catalyst supported on calcium carbonate and poisoned with lead acetate and
quinoline (I).
The hydrogenation can be carried out
either at atmospheric or slightly higher
pressure, and is highly selective in adding
one mole of hydrogen to the acetylenic linkage
without attacking the olefinic bonds.
The catalyst has proved useful in the
selective reduction of quite a number of
acetylenic compounds in addition to the one
described above.

Vitamin B,-Riboflavin
An intermediate common to several industrial processes for manufacturing riboflavin is
N-D-ribityl-3,4-dimethylaniline or its tetraacetate (IV). Most, if not all, of these processes involve a catalytic hydrogenation step
in the route to this important intermediate.
One such catalytic hydrogenation (2) is the
reductive coupling of tetraacetyl-D-ribononitrile (111) with 3,4-dimethylaniline (11).
This reaction proceeds in the presence of a
palladium catalyst at low pressure.
Another published process (3) for preparing
the same compound also starts with 3,4dimethylaniline (11) but employs D-ribono-
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The tetraacetyl-D-ribose (VII) is then reductively coupled with 3,+dimethylaniline, again
at low pressure, in the presence of a platinum
or palladium catalyst.
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X

IX

Vitamin B,-Pyridoxine

drug. The sugar portion of the streptomycin
A reported industrial synthesis (5) of pyri- molecule contains a free aldehyde group. It
doxine, 5-hydroxy-6-methyl-3,q-pyridinedi- was found that when this aldehyde group is
methanol, employs a stepwise hydrogenation reduced to an alcohol by catalytic hydrogenation in the presence of platinum (6), the
of 2-methyl-~-nitro-~-ethoxymethyl-~-cyanoresulting dihydrostreptomycin (XII) is fully
6-chloropyridine (VIII).
In the first step of the above process, the as active as the parent antibiotic, and can
3-nitro group is reduced to the amino com- usually be given to patients who have become
pound (IX) in the presence of Adam's plati- sensitive to streptomycin itself without pronum oxide catalyst. The subsequent step, ducing the allergic reaction:

carried out in the presence of a mixed platinum-palladium catalyst, removes the 6-chloro
group by hydrogenolysis and reduces the
5-cyano group to an aminomethyl group.
The product (X) is then converted in later
steps to pyridoxine by diazotisation and acid
hydrolysis.
Outside of the vitamin field there are many
other types of pharmaceutical products whose
production depends on efficient low pressure
catalytic hydrogenations, for example :

H2

R-CHO

XI

A reported process for manufacturing this
valuable drug from bile acids involves a
catalytic reduction in a key step shown below.
In this reduction, carried out at low pressure
in the presence of a platinum catalyst (7), the
12-keto group in compound (XIII) is reduced
to a secondary alcohol (XIV). The double
bond at position 9,11 is so sterically hindered
that under the conditions used it is not
reduced.

v

XI11

, (31,

XI1

Cortisone

One of the earliest isolated and still one of
the most useful antibiotics, streptomycin (XI),
occasionally produces an allergic reaction in
patients who have become sensitised to the
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where R represents the remainder of the
complex streptomycin molecule.

Dihydrostreptomycin

-

___)
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Ephedrine
This ancient drug once produced by extraction of the Chinese plant, Ma Huang, is now
made synthetically. The Neuberg fermentation process yields the optically active ketol
(XV) which will undergo a stereospecific
reductive amination with methylamine
(XVI) in the presence of a platinum catalyst
(8) to give I-ephedrine (XVII).
Another noteworthy feature of using platinum or palladium catalysts is the ease with
which they can be recovered from a process
economically and practically quantitatively.

XVll

Certainly the above examples should suffice
to show the versatility and usefulness of low
pressure hydrogenation reactions employing
platinum and palladium catalysts.
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A New Catalyst for Selective Hydrogenation. Helv.
Chim. Acta, 1952, 35, 446: Hydrogenation of
Acetylenic Bonds Utilizing a Palladium-lead
Catalyst. U.S. Patent 2,681,938 (1954)
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Tetraacylribonyl-xylidine.
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Platinum Catalyst in Butane Isomerisation
A new process has been developed by
Universal Oil Products Company for thc
economical conversion of normal butane to
isobutane, required in increasing quantities
as a component of alkylation plant feed stock
with the growing use of alkylate for blending
into high-octane motor spirit.
I n developing this new conversion process,
known as the Butamer process, the primary
objective was thc development of a stable
and rugged catalyst capable of operating at
relatively low temperatures. I n this way the
concentration of isobutane in the reactor
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effluent could be maintained sufficiently high
to eliminate an excessive amount of recycle
of normal butane. T h e object has been
achieved by the use of a specially prepared
platinum-bearing catalyst of high activity
which makes it possible to operate the
process at economical liquid hourly space
velocities, thus providing for a reasonable
catalyst inventory. T h e usual impurities that
may be expected in commercial operations
act only as temporary suppressors of catalyst
activity and the process design may be readily
arranged to eliminate any such materials.

89

Pvrometrv in the Non-Ferrous
J

J

Foundrv
J

PLATINUM THERMOCOUPLES IN THE CONTROL
OF MELTING OPERATIONS
The importance of controlling pouring
temperatures, not only in achieving soundness
and in meeting tight specifications, but also
in economising in fuel and refractories, is
generally accepted by the foundryman.
Many non-ferrous foundries are not yet,
however, fully equipped with instruments
designed for the control of their melting
operations, and although this may be due
in some degree to the lack of encouragement
given to the instrument manufacturer, there
is no doubt that satisfactory types of pyrometers and other equipment are available and
that their use can be of real value. A detailed
review of this problem, and of the factors
governing the choice, installation and maintenance of foundry instruments, was presented at the annual conference of the
Institute of British Foundrymen, held at
Buxton in May, by D. W. Brown, of the
Morgan Crucible Company Ltd., under the
title “Instrumentation for the Melting of
Non-Ferrous Metals” (Brit. Foundryman,
1958, 51, (3L 128).
In the steel-making industry the full and
very real advantages of immersion pyrometry
have been achieved by recognising the need
for proper care and maintenance of the
thermocouple. As Mr. Brown explains early
in his paper, a similar acceptance of this
essential factor is required in the foundry
if equally valuable results are to be obtained.
The instruments should be designed so that
the thermocouple and its protective tube can
be easily changed, and one man should be
made responsible for ensuring that the
equipment is in working order. Given this
simple form of respect, thermocouple pyro-
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meters will give consistent and reliable
service and appreciably greater accuracy
than can be obtained with optical pyrometers.
The two major considerations then remaining are the choice of base metal or noble
metal couples, and the provision of a sheath
combining adequate protection with reasonable speed of response.
The chromium-nickel : aluminium-nickel
couple is used to an appreciable extent in the

A composite thermorouple protwtion tube for
continuous immersion. The thin inner tube is of
Impervious mullite, sealed into a stout open-ended
silicon carbide outer tube
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melting and casting of non-ferrous alloys,
but its accuracy and life fall off at temperatures above I 100°C. The platinum : rhodiumplatinum couple, on the other hand, can be
used to give accurate readings up to temperatures of about 1650”C, and although care is
necessary to avoid contamination its great
reliability, together with its high scrap value,
have led to its increasing use not only in the
higher temperature range but in the casting
of bronzes and other copper alloys at around
1100to 1200°C. With a properly designed
thermocouple it is usually possible to obtain
a life of between 50 and IOO dip readings; a
new junction can then be made in a few
minutes with the removal of only about half
an inch of contaminated platinum wire.
The disadvantages of the bare-wire method
and of heat-resisting metal protection tubes
are described in the paper and the author
then goes on to discuss ceramic tubes (both
simple and composite), electrographite and
the newer metal-ceramic tubes. For dip
readings ceramic tubes are insufficiently
resistant to thermal shock, but they are
probably the best available for continuous
immersion. A recommended design of
composite sheath comprising a thin inner

tube of impervious mullite sealed into a
stout open-ended silicon carbide to provide
strength is shown in the diagram.
Electrographite withstands thermal shock,
is unaffected by molten metals and slags and
is reasonably strong. It does not give long
life when continuously immersed, but is
very useful for dip-immersions up to 16oorC
or over, giving a reading in 25 to 40 seconds,
with a life of between 40 and IOO dips.
Metal ceramic tubes-in
combinations
such as chromium-alumina and molybdenumalumina-show considerable promise as “the
pyrometer tube of the future”, but at present
are still in course of development. They have
been used successfully for both dip and
continuous readings in copper and nickel
alloys, but at their present cost are probably
not economical for dip readings by comparison with electrographite tubes.
In the conclusion to his paper, Mr. Brown
emphasises that the problem of instrumentation in the non-ferrous foundry is becoming
urgent as skilled labour is more difficult to
obtain, so that control of operations must
be taken out of the hands of the man and
built into the melting plant.
L. B. H.

Petroleum Reforming Research in the USSR
The use of a platinum on silica gel catalyst
for reforming a naphtha fraction has been
studied by a group of chemical engineers
working at the Division of Chemical Sciences
of the USSR Academy of Science (Izv.
Akud. Nuuk USSR, 1957, 10, 1223-1228).
The catalyst had a platinum concentration
of 0.5 per cent and was prepared by impregnating silica gel with a solution of chlorplatinic acid. The particle size range of the gel
was 1.5 to 2.5 mm. The hydrocarbons in the
naphtha fraction had a boiling range from
96 to 114°C and werc, by volume, 55 per
cent paraffinic, 39 per cent naphthenic and
6 per cent aromatic. The apparatus was of
conventional design with an electrically-
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heated stainlcss steel reactor. It was arranged
for gas-recirculation and was suitable for
operation at pressures up to 50 atm.
The effects of pressure, hydrogcn/hydrocarbon ratio, space velocity and temperature
on the yield and composition of the product
were studied. Altering the gas ratio had little
effect, increasing the pressure and the space
velocity diminished the yield of aromatics,
while raising the temperature increased the
aromatic hydrocarbon content. The optimum
combination of conditions for the maximum
production of aromatic hydrocarbons was
established. The catalyst was an effective
dehydrogenating agent, the aromatics coming
chiefly from dehydrogenation of naphthenes.

The Recovery of Platinum
from Reforming Catalysts
By J. Keelty,

A.R.I.C.

The platinum-bearing catalysts now i n such substantial u s e i n the
petroleum industry retain their high activity during many months of
use, but ultimately they require to be replaced by fresh charges. The
e@cient and economic recovery of the platinum from spent catalyst is
therefore of great importance to the commercial success of catalytic
reforming. This article describes the methods adopted in the Johnson
Matthey rejineries, particularly for sampling, to achieve the highest
possible recoveries of these residues.
The most notable development since the war
in automotive engine design has been the
steady increase in compression ratios, which
has brought about a rising demand for highoctane motor spirit. This need has mainly
been met by the introduction of platinumcatalysed reforming processes.
Catalytic
reforming can be applied to a range of
naphtha fractions that are available in ample
quantities from either American or Middle
Eastern crudes, and gives an excellent yield
of high-octane blending stocks that also have
good lead susceptibility. The only other
practicable method of octane-enhancement is
by alkylation, and this process is less attractive
economically and requires raw materials of
more limited availability.

Catalyst Life
All platinum reforming processes are
operated a t relatively high temperatures and
pressures, so that the activity of the catalyst
mass gradually diminishes during use, and
progressively increasing severity of operation
is necessary to maintain the required octane
level in the product. It has been found
possible to prolong the active life of the
catalyst, partly by pretreating the feed-stocks
to remove sulphur compounds and other
catalyst poisons, and partly by periodical
regeneration of a part of the charge. Ulti-
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mately however the catalytic activity of the
charge falls to an unacceptably low level,
and it must be removed and replaced.
The catalyst charge is made up of small
spheres or pellets of alumina or silica-alumina,
impregnated with up to one per cent of
platinum. The value of this platinum is a
substantial part of the cost of the catalyst,
so that ability to recover it almost completely
from the spent mass is of essential importance
to the economic success of the various
reforming processes. It was clearly necessary,
therefore, for a suitable process to be developed that would provide an efficient and
economic method of recovery, and the design
and development of large-scale plant for this
purpose has in fact gone hand in hand with
the manufacture of catalyst and erection of
reformers.

Problems of Large Scale Recovery
There has always been a strong economic
incentive to recover platinum metals after
use, and refiners are accustomed to treating
fairly large quantities returned either as
metallic scrap or dispersed in sweepings and
residues of various kinds. The large-scale
recovery of platinum from a relatively
refractory aluminous carrier is however a
much more difficult problem, to which a
number of different approaches are possible,
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and the need to recover many thousands of
ounces of platinum from spent reforming
catalyst has initiated a vigorous search for
the most effective method.
One of the most difficult aspects of the
recovery problem is that of accurate sampling,
and it is of course necessary to do this in
order to make a precise determination of the
platinum content of the spent mass, which
will form the basis of payment. The material
is returned for recovery in quantities of from
2,000 to 40,000 lb. weight, and the pellets
are partly covered with carbon, impregnated
with hydrocarbons, and accompanied by
fines containing iron oxide and sulphide, and
by miscellaneous debris. The overall platinum
content will usually lie between 0.4 and I per
cent, but it will vary slightly between
individual pellets, and considerably between
the pellets, the fines and the scale and
oversize.

Sampling Procedure
A very elaborate sampling and assay
procedure is therefore necessary to establish

the true platinum content of returned material
which is hygroscopic and must therefore
be exposed to the atmosphere as little as
possible. The sampling plant shown here
was designed specifically for handling the
substantial amounts of spent reforming
catalyst that are now required to be recovered.
The material is sampled, if the amount is
sufficient, in quantities of 4,000 lb. The
contents of each drum are lifted in a skip
hoist and discharged through a bottomopening valve into a hopper over a screening
machine. This is a totally-enclosed doubledeck vibrator, with one 4 mesh and one
18 mesh screen, and in it the charge is separaated into three fractions-oversize, fines and
intermediate. The intermediates, containing
all the whole pellets, go over a magnetic
drum separator and thence to an eight-stage
riffle which separates out a 1,256 part. Each
250 lb. drum of material is treated in this way,
and the pellet samples are combined. A
proportion is kept as pellets and the remainder
is ground, coned, and split for assay. Ignition
loss is determined on the iinground pellets,

The sampling plant i n the Johnson Mutthey rejineries, specially designed for hundling
spent reforming catalyst
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and fines, oversize, magnetics and ground
pellets are each treated separately and
assayed for platinum content. In this way, a
very accurate measure of the actual weight
of platinum in the whole consignment is
built up. Check weighings are made at the
beginning and end of sampling to eliminate
errors caused by changes in weight, and dust
losses are carefully controlled.
After sampling, the spent catalyst is
roasted under carefully controlled conditions
to remove the organic contaminants and then
goes forward for treatment. The operations

are carried out entirely in closed systems from
which no losses are possible, and all the
effluents are monitored and treated, if
necessary, for the recovery of traces of
colloidal or particulate platinum.
Because of the accuracy of sampling and
assay, and the control over all sources of
platinum loss, that have been achieved in
this plant, it is possible to carry out this
difficult recovery operation at a very low
cost and to make a major contribution to the
overall economic success of platinum reforming in the petroleum industry.

Contamination of Electrical Contacts
A PLASTIC REPLICA METHOD OF EXAMINATION
Many millions of relays in the telephone
and communications field depend for their
successful operation on the contacts, and
while the use of platinum and palladium
virtually eliminates trouble due to tarnish
films some inexplicable failures occasionally
arise, more especially under very sensitive
conditions. These are usually accounted for
by the presence of dust, fumes, erosion
products or other extraneous matter, but the
examination of failed contacts and the identification of the contaminant is an extremely
difficult and delicate task.
An elegant method of contact study has
recently been described by two engineers of
the Bell Telephone Laboratories, H. W.
Hermance and T. F. Egan (A.I.E.E. Com-

munications and Electronics, 1958, Jan.,
756-762). The technique consists of pressing
the warmed contact into a clear thermoplastic
material, which reproduces faithfully all surface details in the contact in reverse relief,
while solid deposits on the surface adhere to
the plastic. Foreign material suspected of
impairing contact operation is thus made
available for microscopic study on a clear and
relatively inert base to which chemical tests
may be applied. Using this method, an
astonishing variety of materials has been
identified as causing contact failure in individual cases. Most open-circuit conditions
examined were found to be due to fibrous
dusts from workers’ clothing, from packing
materials or from insulating materials.

Tito typical replicas of p a l / udium relay contacts after
failure in servire. That o n the
left shows u large cotton Jbre
with smaller ,fibre fragments
and some erosion dust. O n the
right, phenol jibre fragments
are predominant
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Behaviour of the Platinum Metals
at High Temperatures
By A. R. Powell,

F.R.S.

A n important factor i n the utilisation of the platinum metals at high
temperatures is the loss i n weight that occurs to some degree due to
oxidation and volatilisation. The author critically reviews recent work
on this subject and describes some original experimental work.

It is well known that palladium and atmosphere in an electric furnace at 1300°C;
rhodium, when heated in air, become coated after 30 hours the loss amounted to 0.33 per
with films of oxide and that these oxide films cent and the cooler parts of the furnace were
dissociate at higher temperatures. Wohler coated with a deposit of minute hexagonal
state that rhodium monoxide plates of platinum. No loss occurred in 20
and Miiller (I)
is completely dissociated above I 127°C~
and hours at 900°C.Under the same conditions
Wohler and Witzmann (2) report that a 2 g. rhodium crucible lost no weight in
palladous oxide reverts to metal above 870’C. 20 hours at 900°C~
but 0.13 per cent in 30
Of the six metals of the platinum group, hours at 13003C.The loss in weight of both
platinum alone remains untarnished on heat- metals at 1300OCwas ascribed to sublimation
ing in air at all temperatures under ordinary of the metal.
conditions, although Wohler (3)claimed to
have produced temper colours on platinum Effects of Heating in Oxygen
I n a recent paper Dr. Ernst Raub and
foil by heating it for 16 days at 420-450°C.
Since this observation was made as long ago Dr. Werner Plate (9, of the Forschungsas I903 and has not been confirmed by later institut fur Edelmetalle, Schwabisch Gmiind,
work, it may well be that the platinum used report the results obtained in a study of
in the test was not of the highest purity and the behaviour of rhodium, palladium and
the colours were due to oxidation of impurities platinum in oxygen at temperatures between
900 and 13oocC.At 1100-C
rhodium sheet
slowly diffusing to the surface.
Prolonged heating in air of all the platinum becomes coated with a thin film of oxide, the
metals results in more or less rapid loss in increase in the weight of the sheet due to
weight at temperatures above about 1000°C; the oxide film reaching a maximum of about
since this loss does not occur in inert gas 8 mg per sq. dm of surface in about 12 hours
atmospheres it has been attributed to the and then remaining constant. At 1200 C
formation of volatile oxides. This is certainly there is an initial gain in weight (about I mg
true for osmium and ruthenium which form per sq. dm) in the first hour or so and then a
extremely volatile tetroxides, but so far the steady and practically linear decrease in
oxides responsible for the volatilisation of the weight of nearly 2.5 mg per sq. dm per hour,
other members of the group have not been At 1300‘Cthe metal begins to lose in weight
immediately and the loss increases linearly
isolated and identified.
I n 1912 Sir William Crookes reported with time at the rate of 6 mg per sq. dm per
that a 10 g. platinum crucible lost weight hour. When sheet which has been subjected
continuously when heated in a stagnant to this treatment is subsequently heated in a
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high vacuum at a lower temperature there is
Although Lacroix (6) states that platinum
a further loss in weight of 0.02 mg per does not begin to volatilise in oxygen below
sq. dm, equivalent to 1.56 mg per IOO g some temperature between 1000' and IIOO"C,
of rhodium. The authors consider that this Raub and Plate (5) find that a measurable
further loss represents the solubility of oxygen loss in weight occurs after very prolonged
in rhodium at 1300"C,but it might equally heating at 900"C,while at 1000°Cthe loss may
well be due to thermal dissociation of a amount to a few mg per sq. dm of surface
surface film of oxide so thin as to be invisible in 24 hours and is about 15 mg per sq. dm
or to dissociation of oxides of base metal at IIOO'C
in the same time. At 1200" and
impurities. No analysis of the rhodium used 1300°Cthe loss in weight of a platinum sheet
in the tests is given.
heated in oxygen increases linearly with time,
Although palladous oxide dissociates com- reaching 65 and 120 mg per sq. dm respecpletely at 870"C,a sheet of palladium heated tively in 24 hours. Comparing the behaviour
in oxygen at 12oo~Cgains in weight by about of these three metals in oxygen at high tem0.1per cent in the first hour due to absorption
peratures the authors conclude that platinum
of oxygen without formation of a superficial is the most, and palladium the least, volatile
film of oxide. On more prolonged heating at at temperatures up to 12oo3C, whereas at
this temperature there is a slow loss in weight 1300'C there is relatively little difference in
due to volatilisation. At 1300°C in oxygen the volatility of all three. The graph shown
the weight of a palladium sheet increases by opposite illustrates these results.
about 0.08 per cent in the first half-hour and
then decreases linearly with time, the original Influence of Alloying Additions
weight being reached in about five hours.
The volatility of platinum in oxygen at
~
is a gain in weight of 0.05 per 900-1 100°C
At I I O O " there
is appreciably reduced by alloying
cent in five hours, after which the weight it with palladium or rhodium. The 10 per
remains almost constant. At 900- and IOOO'T
cent rhodium-platinum alloy loses about
the increase in weight is 0.007 per cent in one 240 mg per sq. dm in ten days at 1100C
hour and 0.015 per cent in four hours re- and 90 mg per sq. dm at 900"C, whereas the
spectively, and morc prolonged heating at corresponding figures are 190 and o for the
either of these temperatures produces no 30 per cent rhodium alloy, 200 and 30 for the
further change in weight. If sheet is heated 10per cent palladium alloy, and IIO and 10
to IZOO'C in oxygen until the maximum for the 30 per cent palladium alloy. On the
0.095 per cent of oxygen is absorbed and then
other hand, iridium-platinum alloys suffer
allowed to cool to 55o"C, 0.037 per cent of much greater losses in weight on heating in
the gas is still retained; on slow cooling to oxygen than does pure platinum owing to the
room temperature 0.028 per cent of oxygen greater ease with which iridium oxidises and
remains but some of this may be combined to the relatively high volatility of iridium
with the traces of base metals present. Sheet oxide. Thus, even at 900'C the 30 per cent
quenched directly from 1200°Cvery slowly iridium-platinum alloy loses about 400 mg
evolves oxygen at room temperature, and per sq. dm in 24 hours, while the 20 per cent
practically all the oxygen absorbed by a high- iridium alloy loses about 200 mg per sq. dm
temperature treatment of palladium in oxygen in 36 hours.
can be removed by heating the metal in a
These results indicate Practical Importance in
vacuum at about 800°C.
that the oxygen is present in solid solution, High Temperature Applications
not as palladous oxide; this conclusion is conThe rate of oxidation and volatilisation of
firmed by X-ray measurements of the lattice platinum, rhodium and palladium in air is,
parameter after various heat treatments.
of course, very much less than in pure
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oxygen, but it is of considerable importance
in the utilisation of platinum and rhodium
and their alloys in high-temperature work.
The three principal high-temperature applications of these metals are for thermocouples,
for resistors in electric tube and muffle
furnaces, and for the troughs used in the
production of fibre-glass. In the last-named
application the trough is surrounded by steam
during use and, although some air is undoubtedly present, the partial pressure of
oxygen in the gas stream is so low that practically no loss of metal by volatilisation
occurs. In the absence of steam, however,
very serious volatilisation of the platinum can
occur as has been demonstrated by some
experiments carried out in the Johnson
Matthey Research Laboratories some time
ago.

Troughs for Glass Fibre Production
In these experiments troughs of platinum
and of 10 per cent rhodium-platinum alloys
were heated electrically inside a vertical
chimney of refractory brick and maintained
at 1450°C for seven weeks. The white-hot
metal induced a strong upward current of
air which swept away any vapours given off
by the metal and these then condensed in the
cooler part of the chimney above and around

the trough. At the end of the test the trough
had lost about 4.7 per cent of its original
weight, a bright crystalline metallic deposit
had built up on the walls of the refractory
surrounding the trough and, in some tests,
this crystalline deposit had formed a bridge
between the trough and the chimney walls.
The crystalline deposit consisted of welldefined cubes and hexagonal plates, some of
which had sides several millimetres long; the
crystals produced from the platinum trough
were pure platinum and those from the alloy
trough were platinum with 10.05 per cent of
rhodium.
In the cooler zone of the chimney above
the crystalline deposit there was a considerable amount of black amorphous deposit
which contained about 3 per cent of oxygen
irrespective of whether the trough was pure
platinum or the 10 per cent rhodium alloy;
the p1atinum:rhodium ratio in the black
deposit obtained from the alloy contained the
two metals in an almost exactly 9:1 ratio.
These results indicate that volatilisation of both
metals in air at 1450°C occurs as the result
of the formation of a volatile oxide and that
no preferential volatilisation of either platinum or rhodium takes place in air at this
temperature. The volatile oxide appears to
dissociate completely in the hot zone (1200-
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1300

1300’C)from the more concentrated oxide
vapours, but in cooler parts (700-800°C) of
the refractory a considerable portion of the
deposit consists of oxide, even when rhodium
is absent. According to R. Lacroix ( 4 ) the
oxide produced by volatilisation of platinum
in air contains platinum and oxygen in the
atomic ratio of Z:I, i.e. the deposit should
contain 3.94 per cent of oxygen. Since only
3.1 per cent was found it is probable that some
dissociation occurred owing to the high temperature of the refractory on which it was
deposited.

Improvement in Life of
Platinum-wound Furnaces
Early tube and muffle furnaces wound with
platinum wire resistors packed loosely in
kieselguhr frequently failed after more or less
prolonged use at high temperatures by
thinning of the wire due to volatilisation of
the heating element. Examination of the
refractories after failure generally disclosed
crystalline deposits of platinum on the tube
and in the surrounding refractories and packing material. I n modern furnaces of these
types the platinum, rhodium-platinum or
pure rhodium wire heating element is embedded in the alumina refractory and the
whole is pre-fired to form a monolithic
element with the wire resistor completely
surrounded by fired alumina. This has the
effect of preventing even slow circulation of
air over the bare wire and consequently
prevents its oxidation and volatilisation, thus
ensuring a much longer life for the furnace

and the ability to operate it at higher temperatures without fear of premature breakdown. The design of this type of furnace
was recently described by Priddis (7).

Rate of Volatilisation
of Thermocouples
Thermocouples consisting of platinum:
rhodium-platinum wires are well known to
suffer small changes in calibration after prolonged heating at high temperatures. If the
couples are protected with suitable refractory
sheaths which prevent a rapid circulation of
hot air over the metal the rate of volatilisation of the metal is very small, but quite
serious losses in weight can occw if the bare
wires are heated in contact with a moving air
stream for long periods. McQuillan (8) rcported a loss in weight of over 10per cent to
occur in 22 hours at 1400°Cwith a platinum:
13 per cent rhodium-platinum couple; since
at this temperature both wires probably
volatilise at similar rates the composition of
the vapour produced will be intermediate
between that of the two wires and any deposition of metal on the wires is likely to cause
changes in composition and hence a change
in the calibration of the couple. With a nonporous refractory tube surrounding the
couple the air is kept stagnant and the rate of
volatilisation considerably reduced but not
altogether eliminated. The effect of prolonged
heating of thermocouple wires at high temperature is discussed at some length by
Bennett in his book on “Noble Metal
Thermocouples” (9).
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ABSTRACTS
of current literature on the platinum metals and their alloys
PROPERTIES

of -148 and -127 k.cal./mole for Ru and Rh
respectively. This is consistent with values of
other physical properties of Pd and indicates the
abnormally weak binding in this metal due to
the presence of a more complete &electron shell
than those in the other Pt metals.

Self Diffusion in Polycrystalline Platinum
G. v. KIDSON and R. ROSS, Atomic Energy of
Canada Ltd., Report AECI, 449, CRMet-702
Self-diffusion coefficients of pure Pt have been
determined between 1325'C and 1600'C using
the radioactive isotope Ptlasm.The active isotope
was evaporated onto one face of an inactive Pt
disc and after annealing at a known temperature
the disc was sectioned and the activity of each
section determined. The diffusion coefficient D
is given by D-0.33 exp( -2.96/kT), where Tannealing temperature. The value obtained for
the activation energy for self-diffusion, QSd=
-2.96 ev, does not agree with a previous value
obtained from quenching measurements. I t is
found that there is a simple correlation between
absolute melting point (TmoK) of a metal and its
activation energy. When Qsa is plotted against
TmaK, values for 17 metals, including Pt, lie
approximately on the same straight line.

Studies of the System Silver-Platinum
NOVIICOVA and A. A. RUDNITSKII, Zhur.
Neorg. Khim., 1957, 2, (S), 1840-1847
The Ag-Pt system was studied by means of
hardness, electrical resistance, temperature coefficient of resistance and thermal e.m.f. measurements on heat-treated alloys and on alloys
annealed at 600 and 900°C. X-ray and micrographic investigations were also made. From
the results an equilibrium diagram was constructed. This shows a peritectic reaction at
about 1160°C, at which temperature the solid
solubility of Ag in Pt is about 10 wt."/, and that
of Pt in Ag is 57.6 wt.56. At room temperature
the solubilities are extremely limited, that of Ag
in Pt being <2 wt.q/o and of Pt in Ag <5 wt.o/,.
No evidence was found of the compounds which
had been reportcd by earlier investigators. The
solid solutions based on Ag which were thoroughly
investigated were distinguished by their stability,
the low vClocity of diffusion processes and high
dispersion of precipitation products.
0. A.

Simultaneous Evaporation of Platinum and
Carbon for Possible Use in High-Resolution
Shadow-Castingfor the Electron Microscope
Nature, 1958, 181, (Mar. 29),
875-877
It was found that simultaneous evaporation of Pt
and C from electrodes containing about 85 wt.Ob
Pt gives a substantially non-crystalline film suitable for deposition on specimens for electron
microscopy. This very thin film forms a selfsupporting replica. The examination of P t / C
shadowed surfaces indicates that the method is
extremely promising for high-resolution shadowcasting. With crystals of methyl orange and sugar,
very sharp shadows leading to good resolution
were obtained. Films in use previously limited the
resolution bccausc of their large crystallites.
D. E. BRADLEY,

Magnetic Susceptibility of the Alloy Pt,Fe
between 20 and 900°K
J. CRANGLE, Nature, 1958, 181,(Mar. I), 644-645
The magnetic susceptibility of the annealed a5
at.% Fe alloy containing the Pt,Fe superlattice
was measured. At high temperatures the CurieWeiss law is obcyed, at about 200°K deviations
from the law begin, the susceptibility rising to a
maximum at 1o5"K. This behaviour suggests
the presence of antiferrornagnetism in the
ordered alloy at low temperatures. Annealed
alloys with compositions on either side of 25
at.?; Fe are ferromagnetic. In the 25% alloy
cold work renders the alloy ferromagnetic by
destroying the superlattice.

The Vapour Pressure of Palladium
and A. H. D.ANE, Trans. Met. Sot.
Amer. Inst. Min. Met. Erg., 1958, (Feb.), 115-116
The vapour pressure of Pd was measured using
the Knudsen effusion technique. A graphite
vessel was used having the part in contact with
solid Pd lined with W foil. The measurements
were obtained under a vacuum of I O - ~ mm or
less rn the temperature range 1388-1675~K. The
vapour pressure was found to be higher than the
estimated values in the literature by a factor of 15.
The heat of vaporisation of Pd is about -80
k.cal./mole-considerably lower than the values
J. F. HAEFLING
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Transformation Characteristics of Dilute
Ternary Alloys of Uranium
D. J. MURPHY, Trans. Amer. Sot. Metals, Preprint
No. 74, 12PP. (1958)
Ternary additions of I wt.q/, or less of Nb, Pt
and Mo were made to a 0.54: Ti-U alloy. The
acicular structure of rnartensitic E-U is less per-
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becomes superconducting at a composition other
than that of the ideal formula. Further experiments showed that the phases PdlSe and PdSe,
are not superconducting above 1.5"K.

sistent in forming when 0.5::b Pt is added, 0.5%
Mo produces a similar but lesser effect and about
1:4 Nb is required to give an effect equal to the
Pt addition. Hardness profiles are raised as the
total alloy content is increased. Peak hardness
and the disappearance of acicular martensitic
r-U occur at about the same cooling rates.

ELECTROCHEMISTRY

Structure of Superconductors, X-Thermal,
Microscopic and X-Ray Investigation of the
Bismuth-Palladium System

Effect of the Degree of Oxidation of the
Platinum Anode on the Kinetics of the
Electrochemica1 Separation of Oxygen in
Sulphuric Acid Solutions

N. N. ZHURAVLEV, Soviet Pkysics+ETP,
53 (6), 1064-1072. (Transl. of Zhur.
Teoret. Fiz., 1957, 32, 1305-1312)

1957,
Eksptl.

The phase diagram of the Bi-Pd system up to
65 wt.% P d was determined by thermal analysis
and microstructure investigations. The compounds Bi,Pd, Bird and BiPd, are formed and
a eutectic occurs at about 584" and 38 wt..,i, Pd.
A solid solution (y) occurs in the region 4354%
Pd and not the compound Pd5Bi, as previously
reported. The density, microhardness and superconducting transition temperature (To) are determined for the various compounds.
The
compounds a and P-Bi,Pd (low and high temperature modifications) and BiPd are superconductors. Superconductivity occurs in compounds with very diverse types of crystal lattice.
Increase in minimum interatomic distance leads
to an increase in T,.

Structure of Superconductors, XI-Investigation of Alloys of Bismuth with Platinum,
Ruthenium, Osmium and Iridium
N. N. ZHURAVLEV and L. KERTES, Soviet PhysicsJ E T P , 19-57, 5, (6), 1073-1078. (Transl. of Zhur.
Eksptl. Teoret. Fiz., 1957, 32, 1313-1318)

The phase diagram of the Bi-Pt system was
determined up to 75 wt.% Pt by thermal and
microstructural analysis. The compounds aBi,Pt, p-Bi,Pt (transformation temperature 390°C)
and BiPt are formed and eutectics occur at about
0.2% Pt and at about 730" and 57% Pt. The
density and microhardness of the compounds are
determined. The presence of $-Bi,Pt accounts
for superconductivity in alloys of this composition. Bi does not form compounds with Ru, 0 s
and Ir by direct alloying.

Superconductivityin the Palladium-Sclenium
System
B. T. MATTHIAS
I9s8J

and S.

GELLER,

Phys. Chem. Solids,

4, (41, 318-319

Melts were madc with a P d : Se ratio of 1 - 2 3 .
The superconductivity of the alloys was measured
and powder photographs were taken. The two
phases Pd,.,Se and Pd,.,Se were found, Above
Pd,.,Se the alloys consist of mixtures of the two
phases. Pd,.,Se is not superconducting when
occurring alone, yet alloys above Pd,.sSe are completely superconducting with a transition temperature of 2.5"K. It appears that Pd,.,Se
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and N. A. IZGARYSHEV, Zkur. Fiz.
Khim., 1956, 30, 1606-1614. (Transl. F. LACHMAN,
R.A.E., Farnborough, Library Transl. No. 685)
The electrochemical deposition of oxygen on
P t in solutions of I-36N H,SO, was investigated.
The Tafel coefficient b is dependent on the duration of preliminary polarisation of the Pt anode
if this is < 15 minutes. The amount of oxygen
deposited increases with polarising current
density and the period for which the anode is
maintained at constant potential. Simultaneously
the Pt-0 bonds become more stable and phase
oxides are formed. It appears that the formation
and decomposition of Pt oxides on the electrode
surface are indispensable to the electrochemical
separation of oxygen. Increased duration of
preliminary polarisation causes deeper oxidation
of Pt, increased stability of Pt-0 bonds and
consequently a decrease in the electrochemical
activity of oxidic compounds and an increase of
overpotential during the separation of oxygen.
E. A. EFIMOV

An Electrochemical Investigation of Hydrogen Producing Reactions Catalysed by
Nickel and Nickel-Palladium Cathodes
J. P. HOARE

and s.

SCHULDINER,

3. Pkys.

Chewi.,

19-58, 62, (21, 229-233

Hydrogen overvoltage measurements of Ni, Pd
and Ni-Pd alloys in acid solution were made.
The hydrogen producing mechanisms are discussed. The steady-state open-circuit potentials
against a Pt/H, electrode are positive for Pd and
high Pd content alloys but zero for alloys containing 32-99 at.X Ni. By use of Ni-Pd-H
ternary alloys the number of holesiatom in
the d-level can be varied from zero to 0.6. The
relative catalytic activity of these metals for the
hydrogen producing reaction is shown to be
related to this number.

The Surface State of Platinum Anodes for
Electrolytic Persulphate Manufacture by
X-Ray Examination

T. INOUE, 3. Electrockem. soc. Japan, 1957, 25,
(I I), E123 (English summary)
The surface coating of used and unused anodcs
was studied by a Geiger counter X-ray diffractometer technique and by X-ray fluorescence
analysis. The anodes studied were of smooth Pt
ribbon formed by cold-rolling and are those used
in the Japanese, Loewenstein and Riedel-de-
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Haen, process for persulphate manufacture.
After electrolysis the abnormal surface orientation
of crystal planes due to cold-rolling disappears
and the smoothness of the original surface is lost.
Pt30a and I’tOe.nH,O were found on the surface
of a badly attacked anode.

mechanisms are the same in each case. The
equilibrium potential of thc c(-Pd-D system in
deuterium saturated solution is fo.ozgv. with
respect to a I’t/D, reference electrode. For a
P-Pd-D cathode diaphragm the reaction mechanisms are the same as for [3-Pd-H.

Head-End Processes for Dissolving Stainless
Steel-Uranium Dioxide Dispersion Type Fuel
Elements
F. s. MARTIN and M. J. WATERMAN, U.K. Atomic

METAL WORKING

Energy Authority Report, AERE C/R 2454 (1958)
Two methods to facilitate the dissolution of the
stainless steel content of fuel elements in HNO,
were tested. Treatment with NH3 or CH, at
1000°C renders the metal more susceptible to
dissolution but the rate is very slow and is only
suitable for very thin plates. Complete fuel
elements can be dissolved by applying an anodic
potential to the element using a Pt cathode. By
varying the applied potential a range of HNO,
concentrations can be used. The bulk of the U
dissolves and recoveries of 99.5 yo are possible.

R. N. RHODA

An improved technique is described for the

deoxidation of P d and 4.5y0 Ru-Pd which is
especially suitable for use in making small castings with an induction-melting and casting
machine. Tests were carried out on 4.5‘X Ru-Pd
in the form of oxidised and scrap metal, melted
in an alumina lined crucible, deoxidjsed with
0.01-0.05% Al and cast.
Castings from the
deoxidised scrap were of better quality than
those from the oxidised metal demonstrating
that, with this technique, prior oxidation may be
omitted. Castings produced by melting in air
were as good as those from melts in argon. The
effect of crucible lining on the efficiency of the
residual deoxidiser and accompanying oxide
film was determined. The linings tested were
ZrO,, A1,0, and MgO cements and fused MgO;
ZrO, was the best, A1,0, being also satisfactory.

Bull. Chem. SOC.
Japan, 1958, 31,
(2), 220-224 ( I n English)
The electrolytic separation factor of hydrogen
isotopes (a) was measured using the following
cathodes: Pt, Au, Ag, Ni, Fe, Pb, Cu, Sn and
Hg. The hydrogen gas evolved during electrolysis was analysed on a mass spectrometer.
Values of a vary from 2-7 depending on the
cathode material-for Pt, Ag and Au a is about
4.5. For Fe, Au and Ag a remains constant over
an electrolysis period of 3 hr, but for Pt, Ni and
Cu it decreases during this period.
Y. TAKAHASHI,

LABORATORY APPARATUS
AND TECHNIQUE
A Palladium Column for Concentrating
Tritium from 2-Litre Mixtures of Tritium
and Hydrogen

Effect of pH on the Catalytic Activity of
Hydrogen-Producing Reactions on u- and
P-Palladium-Hydrogen Cathodes
HOARE,

J . Phys. Chem.,

In solutions of p H 10.2 and 12.0 the rate controlling step on a- and P-Pd cathodes is the slow
discharge of water to hydrogen atoms, whereas
in strongly acid solutions it is desorption of
adsorbed hydrogen atoms. At the p H at which
the rate controlling step changes from desorption
to slow discharge the catalytic activity of a-I’d
towards hydrogen producing reactions becomes
higher than that of (3-Pd.

Mechanisms of Hydrogen-Producing Reactions on Palladium, V-The DeuteriumPalladium System
s. SCHULDINER and J. P. HOARE, J . Electrochem.
~ W . 1958,
J
105, (51,278-284

Anodic and cathodic polarisation curves for the
a-Pd-D system were found to be very similar
to those for a-Pd-H, indicating that the electrode
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and R. H.ATKINSON, Trans. Met. SQC.

A m p . Inst. iMin. Met. Eng., 1958, (Feb.), 113-115

The Electrolytic Separation Factor of Hydrogen Isotopes on Metal Electrodes

s. SCHULDINER and J. P.
1958, 62,(41, 504-506

Use of Aluminium for the Deoxidation of
Palladium and Palladium Alloys

J. CHADWICK, U.K. Atomic Energy Authority
Report, AERE I / M 47, 1958, 5 pp.
Dilute mixtures of up to 16 at.9/, of tritium in
hydrogen were separated on a Pd chromatographic separation column packed with I’d,
asbestos and Dixon rings. The tritium-hydrogen
mixture was contained in a pyrophoric uranium
storage and outgasscd storages were provided to
collect the separated tritium and the mixed band
of gases. The system was evacuated and the
mixture passed over the column and absorbcd.
The absorbant was eluted by hydrogen gas
passed through the column at a rate of 3 litres/hr.
Tritium was eluted first and its emergence was
detected by an ionisation chamber. The maximum concentration of tritium--gg at. %-was
achieved with the highest tritium concentration
in the original mixture,

Preparation of Zeise’s Salt and Ethylene
Platinum I1 Chloride
and A.
Ind., 1958, (May 101,557.
Zeise’s salt-K[Pt(C,H,)Cl,]-is

W. MacNEVIN, A. GIDDINGS
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FORIS,

Chem. &

prepared by

reacting an acidified solution of potassium
chloroplatinite with ethylene in a closed system
under pressure. Ethylene platinum I1 chloride
is prepared from Zeise’s salt by treatment with
ethanol and HC1.

Precision Calorimetric Measurement

Research, 1958, 11, (9,192-202
The paper is confined to a consideration of
“drop” methods with macro-calorimeters and
direct specific heat determinations for solid and
liquid phases excluding flow methods. The most
accurate calorimeters are the Bunsen ice calorimeter and the adiabatic aneroid calorimeter.
Temperatures are normally measured by Pt /Rh-l’t
thermocouples or platinum resistance thermometers.

J. R. FATTISON,

CATALYSIS

Electron Bonds in Solid Catalysts and their
Connection with Catalytic Properties
Acta Chim. m a d . sci. Hung., 1958,

14(1/2), 173-195 (In German)
Three types of catalyst were investigated: metals
and alloys, oxides with superconducting properties, and other mixed-oxide systems. I n the first
section particular attention was paid to alloy
systems with unusual electron structures, e.g.
Cu-Pd and Cu-Pt and also superstructures and
Hume-Rothery phases. In all these systems a
definite correlation between catalytic properties
and electron-bond structure appears to exist.

Correlation of Physical Constants and
Chemical Structure, VI-Graphical Statistical Methods for Studying Catalytic Processes. Characterisation of Catalysts by
Parameters
H. I. WATERMAN, c . BOELHOUWER and J.
Anal. Chim. Acta, 1958, 18, (5),
497-507. (See Platiiium Metals Rev., 1958, 2,
33 and 67)
The activity of catalysts is determined by practical methods by correlating the most important
catalytic actions-conversion of starting material
(A), formation of desired product (B), and formafunctions of the
tion of by-products (C)-as
process variables, temperature, pressure and
nature of catalyst, by means of simple equations.
Thus chemical processes can be represented
graphically as “pseudo-ternary’’ systems in which
the components are A, B and C. These graphs
facilitate the rapid determination of favourable
reaction conditions thus reducing the expenses
of semi-industrial process development work.
CORNELISSEN,

, (31,

Chem. Eng., 1958, 65, (May 5), 56-58
U.S. Steel have installed a nitric acid plant at
their Geneva works at Provo, Utah, which uses
the Montecatini process for ammonia oxidation.
Whereas most U.S. processes operate at a pressure of 120 Ib/sq in and a temperature of about
1720YF, this process uses a pressure of 40 lb!
sq in and a temperature of 1500°F. A lower
pressure means a higher ammonia conversion
but a larger plant and therefore higher running
costs, while a lower temperature reduces Pt loss
from the catalyst but also lowers the ammonia
conversion. It is estimated that at 40 lb/sq in
and 1500°F a minimum in the overall cost is
obtained. Under these conditions the loss of
Pt is only 0.08 g./metric ton and shut-downs for
catalyst repair need only occur every 3-4 months.
Within the reactor is a heat-recovery boiler which
enables the process to operate at zero power
input. The NO, from the reactor is absorbed by
a cascade process in horizontal stainless steel
absorbers which also act as heat exchangers.
The plant has an output of 160 tons of I O O ‘ ~ ~
HNO, per day.
ANON.,

s. YAMAGUCHI, Kollmd-Z., 1958, 157, (I), 59
Since the Pt in a Pt-Al,O, catalyst behaves towards the alumina carrier as a dispersed phase,
the catalyst should be considered as a lyophilic
colloid.
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1958, 246, (Feb. 24), 1200-1203
The combustion of the mixtures, 3nb CH, in
air, 3y0 CHI in oxygen, 3% CH4in air plus a little
nitrogen and 3y0 hydrogen in air, were studied
using Pt ribbon as catalyst. In all cases the
thermal effects of the reaction occur on or near
the ribbon at relatively low temperatures. On
increasing the temperature the thermal effects, of
the final stage at least, occur further and further
from the ribbon. This can be explained by a
reaction mechanism consisting of a stage in the
heterogeneous phase followed by a chain reaction
in the gaseous phase.

Nitric Plant Optimises at Medium Pressure

Catalyst as a Lyophilic Colloid

G. RIENACKER,

Combustion of Methane and Hydrogen on
Incandescent Platinum: Transfer of Energy
and Mechanism of the Reaction
P. DEVORE, c. EYRAUD and M. PRETTRE, Compt. rend.,

Nitric Acid Production
and N. W. ROBERTS, Brit. Chem.
Eng., 1958, 3, (3), 124-127
The development of nitric acid manufacture is
reviewed briefly. The chemistry of the ammonia
oxidation reaction is given. A modern plant with
a capacity of 150 tonslday of rooo/:, HNO,,
produced at 65% concentration, is described.
Ammonia is reacted with oxygen at 120 p.s.i.g.
pressure on a Rh-Pt gauze catalyst.
W. PLETCHEK

Nitrogen Industry of the U.S.S.R.
Brit. Chem. Etzg., 1958, 3, (4),
194-I99
Describes the manufacture of synthetic ammonia,
nitric acid and nitrogenous fertilisers. Nitric acid
is produced by three processes all of which use a
P t catalyst; one is operated a t high pressure, one
E. Y. MELNIKOV,
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at atmospheric pressure and in one the oxidation
of NH, is at atmospheric pressure and absorption
a t high pressure. Most new plants use one of the
high pressure processes. Efforts are being made
to improve these by achieving higher yields and
lower consumption of Pt.

cyclisation predominating. At 400”and a hydrogen pressure of 20 atm. the conversion over an
aluminosilicate catalyst is only 147; which indicates that promotion of the catalyst by Pt is
useful for the reforming of gasoline.

Morphy Richards Install an Oxycat

Effect of Amines on the Catalytic Hydrogenation of Chlorohenzene

Fuel Eficiency, 1958, 6 , (2), 36-37
A Houdry Oxycat air treatment and heat recovery
unit has been installed at the Morphy Richards
Ltd. paint stoving and bonderising plant in
Kent. The effluents from the enamelling oven
are passed over the Pt containing catalyst where
the organic materials are oxidised and the heat
produced is used to heat the enamelling and
dry-off ovens. This has resulted in a reduction
in fuel consumption and a saving in running cost.
ANON.,

Aromatics from Petroleum
Petroleum, 1958, 21, (3), 95-96
Aromatics are synthesised from petroleum by
catalytic reforming processes. An outline of the
reforming process over molybdena-alumina and
platinum based catalysts is given. The synthesis
of benzene from petroleum is also described.
H. G. McGRATH,

The Preparation of Amines and Hydrazo
Compounds using Hydrazine and Palladised
Charcoal

Mina a1 Ahmadi Refinery
Petroleum, 1958, 21, (5), 158-160
The existing refinery is expanding from a daily
capacity of 30,000 bbls. to 190,000 bbls. New
distillation units and storage facilities are already
complete. A U.O.P. “Hydrobon” Platformer is
due on stream this year. The “Hydrobon” unit
desulphurises the feed to the Platformer.

Recent Developments in Refining
w. J. NEWBY, Preprint of paper given at Institute
of Petroleum Meeting, May 1958, 10 pp.
The increase in octane requirements of motor
fuel is reviewed. The following processes for upgrading such fuel are descrlbed in some detail:
reforming, isomerisation, cracking, alkylation,
polymerisation, chemical treatments, and hydrofining. Future requirements in Europe will be
for the highest possible severity in catalytic
reforming and for processes which will upgrade
light gasolines.

Conversion of n-Nonane in a Flow System
in the Presence of Platinised Aluminosilicate
and Hydrogen at Elevated Temperature and
Pressure
K. M. MINACHEV, N. I. SHUIKIN, L. M. FEOFANOVA
and Y. P. EGOROV, Izvest. Akad. Nauk, S.S.S.R.,

Otdel. Khim. Nauk, 1957, 1218-1222. (Chem.
Ah., 1958, 52, 4 9 6 7 ~ )
A 17; Pt-aluminosilicate catalyst was tested in a
flow system for its action on C,H,, at 400’ and
360°C in the presence of hydrogen at 20 atm.
pressure. At 400°, 100~6conversion is obtained
with isomerisation, hydrocracking and dehydro-

, (31,

Canad. J . Chem., 1958, 36, (I),
238-241
The reduction of nitro-compounds to amines by
ethanolic hydrazine and I O O ~ Pd-C catalyst is
described. The method is more rapid and gives
higher yields than classical reducing agents and
requires no special apparatus. The reductions
probablyproceed through the nitroso and hydroxylamine derivatives, The reduction of azo to
hydrazo-compounds can also be carried out in
this way, which is an improvement on the normal
Zn-KOH reduction.
P. M. G . BAVIN,

ANON.,
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Chenz. b Ind.,
1958, (March 22), 362-363
The effect of certain alicyclic amincs on the hydrogenation of chlorobenzene in aqueous ethanol
using Adam’s PtO, catalyst was studied. The
hydrogenation occurs in two stages: hydrogenolysis to give benzene followed by hydrogenation to
cyclohexane. All the tested amines are more toxic
to the ring hydrogenation than to the hydrogenolysis, suggesting that the mode of absorption
of the reactant in the two reactions is different.
Cyclohexylamine and pyridine are more toxic
than the tertiary amines.
E. R. A. PEELINC~
and D . K . SHIPLEY,

Total Synthesis of Pseudoionone and an
Isomeric Ketone
W. KIMEL, N. SAX, S. KAISER, G. EICHMANN, G.
CHASE and A. OFNER, J . Org. Chem., 1958, 23,

(z), 153-157
Full chemical details are given of the process
described in Platinum Metals Rev., 1957, I, (4),
I 19-120.
Pseudoionone is synthesised from
acetone and sodium acetylide. The key step is a
pyrolytic rearrangement of a disubstituted propargyl acetoacetate (dehydrolinalyl acetoacetate)
to pseudoionone.

Catalytic Perhydrogenation of Rosin
J. B. MONTGOMERY, A. N . HOFFMANN, A. L.
GLAZEBROOK and J. I. THIGPEN, Indust. b E Y ~

Chem., 1958,50, (March, Part I), 313-316
In a commercial process using a Ni catalyst
rosin is hydrogenated to improve its oxidation
resistance properties, but one constitucnt, dehydroabietic acid, is resistant to hydrogenation by
this method.
Perhydrogenation (complete
hydrogenation) was attempted using Os, Pt,
Rh and Pd catalysts. Rh and Pd were found to
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be very active. Extended tests on the hydrogenation of dehydroabietic acid were carried out using
a 5;; Pd-C catalyst. Metal ions present in the
rosin at the time of reaction poison the catalyst
and must be removed. In order to design a
continuous pilot plant the effect of the process
variables, catalyst-rosin ratio, temperature and
pressure, on the reaction rate were determined.
An equation is given summarising these effects.
The rate of hydrogenation increases with increase
in catalyst concentration, temperature and pressure. Reaction conditions of high temperature
(about 260°C) and high pressure (about 5000 Ib/
sq in) were therefore chosen. The resultant
perhydrogenated rosin is colourless and very
resistant to oxidation while retaining the other
physical properties of rosin. It should find use
where oxidation causes undesirable effects such
as darkening, loss of tack or odour, as for example,
in lacquers and adhesives.

piece of Pt foil (see I’lutinum Metals Rev., 1958,
z, (21, 45-47). An anodic film is formed on the
T i which is capable of withstanding very high
anodic current densities. T i coated with a porous
film of Pt withstood sea-water corrosion at
anodic current densities of IOO amp./sq ft for
a period of 250 hr without failure. This has
practical value in providing non-corrodible
anodes for impressed current cathodic protection.

ELECTRICAL ENGINEERING
Selection of Contact Materials
hfuchine Design, 1958, 30, (March 6),
129-133
Contact materials are divided into four groups:
Ag and Ag base alloys; noble metals (Au, Pt and
Pd) and their alloys; \V and Mo; sintered metal
powders. The conditions under which each type
of contact material is used are given. Causes of
contact failure are enumerated.
Z. R. SMITH,

Oxidation-Reduction Studies in the Realm
of Indole Alkaloids
E. WENKERT and D. K. ROYCHAUDHURI, J .
Chem. Soc., 1958, 80, (Apr. 5), 1613-1619

Line Selector Using High-speed NobleMetal Relays

Amer.

Platinum-Catalysed Addition of Triethylsilane to Methyl Methacrylate
J. w. CURRY and G. W. HARRISON Jr., 3.Org. Chem.,
1958, 23, (4), 627-628
Triethylsilane was reacted with methyl methacrylate in the presence of a Pt-C catalyst. The
compound formed is a-methyl-P(triethylsily1)propionate. The Pt catalysed addition of merhyl
dichlorosilane to methyl acrylate gives methyl-cc(methyldichlorosily1)propionate. It can be seen
that the presence of the a-methyl group in the
unsaturated compound reverses the direction of
addition of the silane.

(31,

and K. S. PoRovSKII, Soviet Physics,
Techn. Physics, 1958, 2, (3), 459-460 (Transl. of
Zhur. Tekhn. Fiz., 1957, 27, (3))
The effect of Ag, Pt and A1 electrodes on the
insulation ageing (breakdown in electrical properties) of two ceramic materials, one basically
A1,0, SiO, and the other basically SiO, - MgO,
is studied. In both ceramics a Ag anode with
cathodes of Ag, Pt or A1 caused breakdown after
times of from 3-380 hr. With anodes of Pt and
I. E. BALYGIN

Chem. & Ind., 1958 (April 28),
492-493
Ti can be protected by coating with a very thin,
porous film of Pt or by welding to it a small

9

v. PLANER, Paper given at the International
Symposium on Component Design, Malvern,
Sep. 1957. (Extended summary in 3. Brit. Inst.
Radio Eng., 1958, 18, (3), 177)
As well as oxide film potentiometers which
formed the main part of this paper, reference was
also made to metal film potentiometers where a
deposit of Pt-Au alloy is fired on to a glass
substrate. For high total resistance meandering
patterns are applied by a photo-abrasion technique giving tracks with resistance up to 500,ooo
ohms on a 2 in. diameter.
G.

Effect of Electrode Metal on the Insulation
Ageing of Ceramic Dielectrics

Further Aspects of Anodic Polarisation of
Titanium

Platirium Metals Rev., 1958, 2

Metal Oxide Film Potentiometers

ELECTRONICS AND
TELECOMMUNICATIONS

CATHODIC PROTECTION
J. B. COTTON,

SbiWnS-Z., 1958, 32, (4), 239-240
In the new line selector, high-speed noble metal
relays with Pd contacts, of the type used in
modern Siemens PABXs, are arrayed at either
end of each main trunk. Resulting advantages
are high transmission performance, service
reliability and flexibility with respect to the
number of main trunks and subscribers.

R. GROTE,

A generally applicable method was required for
the elucidation of ring skeletons of the yohimbine-,
ajmalicine-, and corynantheine-type natural
products, Dehydrogenation of the C-ring of
these indole alkaloids by Pd black and maleic
acid fulfils this requirement and relative rate
data can be used as a diagnostic test for these
systems. Catalytic hydrogenation (PtO, at p H 10)
or sodium borohydride reduction of the tetradehydro compounds lead mainly to normal- and
ello-products. The structure of sempervirine
was determined by oxidation-reduction studies.
An infra-red spectrophotometric method for the
determination of the steric configuration of C-3
in indole alkaloids is presented.
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Al, however, no brcakdown occurred over a
period of 707 hr. This establishes that a considerable part of the insulation ageing occurs
because of the penetration of Ag from the anode
into the ceramic. For reliable operation for long
periods at increased or high temperatures the
anode, at least, should be made of burnt-in Pt.

range -182.97-C to 1062°C; up to 630.5”C it
has a reproducibility better than o.01”C. Mercury
thermometers have the advantage of simplicity
in use but are not very accurate unless special
precautions are taken. Pt /Rh-Pt thermocouples
can be used in the range ~ o o - I ~ o o ~with
C , an
accuracy from &rocat 1063°C to L5”C at
I 600°C. Other thermocouples are also described.
Above the range of rare-metal thermocouples a
disappearing filament pyrometer is used, but
this is only accurate when the emissivity of the
surface is known. With a black-body source
accuracies of 10°C at 1600°C can be obtained.

Rhodium Plating Techniques
R. R. BENHAM

and

I. J. WARWICK,

Brit. Commun.

6.Electronics, 1958, 5, (4), 266-269
The uses of Rh plating in the electronics industry
are described. The high wear and corrosion
resistance and constant resistivity of Rh deposits
make them particularly suitable as a contact
material. An outline of the plating procedure is
given.

Immersion Thermocouple Sheaths
0. M. MARGULIS, K. G. ROMANCHENKO
GETMAN, StaZ’, 1957, (S), 714-715

and

I. A.

Research was carried out on the development of
sheaths capable of repeated use in liquid steel
temperature measurement. In general ceramic
sheaths were found to crack at the liquid metalair interface. This cracking can be prevented if
the sheaths are covered with a protective coating
of a composition based on magnesite or on
ZrO, stabilised with CaO. Sheaths prepared in
this way can be used for several brief immersions
or for a prolonged immersion of up to 4 hrs.

TEMPERATURE
MEASUREMENT
The Accurate Measurement of Temperature
Research, 1958, 11, (4), 147-151
The International Temperature Scale and some
of the most accurate temperature measuring
instruments are described. The platinum resistance thermometer can be used in the temperature
J. A. HALL,

NEW PATENTS
hydrolysing the product, followed by isomerisation to form 2,6,6-trimethyl-hexan-dione-(1,4),
which is then reduced with hydrogen in the
presence of the catalyst to give 2,6,6-trimethylcyclo-hexanone-( 1)-01-(4).

Supported Platinum Catalysts
British Patent 790,431
A catalyst is prepared by commingling alumina
shapes with an aqueous chlorplatinic acidhydrogen halide solution 0.1-1 .o normal with
respect to the hydrogen halide, drying at 200400°F and then converting the adsorbed platinum
to the metallic state. The hydrogen halide may
be hydrofluoric acid or hydrochloric acid. Suitable for reforming of gasoline.
W. R. GRACE & CO.

New Carotenoid Compounds
co. A.G. British Patent
790,614
A palladium/calcium carbonate catalyst is used
as a hydrogenation catalyst in a process for the
manufacture of 4,41-disubstituted-~5,~51-dehydro-beta-carotenes.
F. HOFFMANN-LA ROCITE &

Catalytic Reforming
SOCONY MOBIL OIL co. INC.

British Patent 790,476
A reforming catalyst having a surface area of
from 650-100 g/sq metre comprises platinum
and/or palladium in amount from 0.05-2u/; by
weight deposited on silica which contains alumina in amount from o.z5-7o/b (based on weight
of catalyst), the amount being correlated with the
surface area to define a point falling within an
area given on an accompanying graph.

New Carotenoid Compounds
F. HOFFMAN-LA ROCHE & CO. A.G. British Patent
790~6
15
A palladium/calcium carbonate hydrogenation
catalyst is used in a process for the manufacture
of 4,4l-diketo-15,15~ dehydro-beta-carotene and
15,15l monocis, 4&diketo beta-carotene.

Manufacture of a Cyclic Ketone
F. HOFFMANN-LA ROCHE & co. A.G. British Patent
790,607
A platinum hydrogenation catalyst is used in a
process involving the oxidation of 2,6,6-trimethylcyclo-hexen-(1)-one-(4) with an organic peracid,
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Di (2,2,2-Trifluorethyl) Acetal of Acetaldehyde
AIR REDUCTION co. INC. British Patent 790,824
Di (z,2,2-trifluorethyl) acetaldehyde acetal is
heated in the presence of a dehydration catalyst
to produce 2,2,2-trifluorethyl vinyl ether. The
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catalyst may be platinised asbestos containing
10% by weight of platinum.

Purification of Aliphatic Acids
British Patent 791,044
Impure aliphatic monocarboxylic acids of 2-4
carbon atoms produced by the liquid phase
oxidation of paraffinic hydrocarbons of 4-8
carbon atoms and containing certain odorous
substances and materials of a reducing nature
are purified by subjecting the acids to hydrogenation in the presence of a platinum group metal
catalyst. The catalyst may comprise 0.1 part by
weight of Adam's platinum oxide, or granular
carbon impregnated with 1% by weight of
palladium or silica impregnated with I [!h palladium may be used.
THE DISTILLERS CO. LTD.

by hydrogenation thereof with hydrogen in the
presence of a catalyst composed of finely divided
platinum or rhodium deposited on a carrier,
e.g. carbon, at atmospheric pressure or a pressure
not exceeding 10 atmospheres, hydrogenation
being effected initially at room temperature and
completed at a temperature not over 100°C.

Novel Esters
& CO. A.G. British Patent
791,177
A lead-inhibited palladium catalyst, e.g. leadinhibited palladium-calcium carbonate catalyst,
is used as a hydrogenation catalyst in one stage
of a process of producing new esters of specified
general formula useful as odour-imparting agents
in perfumes and scents.
F. HOFFMANN-LA ROCHE

Desulphurisation of Petroleum Fractions

Hydantoin Derivatives

British Patent 791,071
A sulphur-containing petroleum fraction is
desulphurised by contacting it with a catalyst
comprising o.o~(:,~
to 20% by weight of a metal
of the platinum or palladium series, i.e. having
an atomic number of 44-46 or 76-78 inclusive,
supported on an inert carrier, e.g. alumina,
silica, magnesia, charcoal or coke at 500-850°F
in the presence of hydrogen under a pressure of
100-3,000 lb/sq in (gauge) at a liquid hourly
space velocity of 0.1-10 V/V/hr and with a
hydrogen to hydrocarbon molar ratio of 1-80.
Platinum or palladium is preferred.

& CO. INC. British Patent 791,327
A palladium-on-charcoal hydrogenation catalyst
is used in the preparation of a s-(delta-halobutylidene) hydantoin in which the halogen is
other than fluorine, e.g. bromine or chlorine,

SOCONY MOBIL OIL CO. INC.

Combined Hydrocracking and Hydroforming
Process
British l-'atent 791,072
In a process of catalytic conversion of petroleum
hydrocarbons, a stock of heavy petroleum fractions is hydrocracked in the presence of a catalyst
composed of 0.05-200/0 by weight of a metal of
the platinum or palladium series (atomic number
44-46 or 76-78 inclusive), deposited on a synthetic composite of solid oxides of at least two
elements of Groups IIA, IIIB, IVA and IVB of
the Periodic Classification, such as silica-alumina
at 400-825"F, the heavy naphtha produced is
then reformed in the presence of a platinum or
palladium reforming catalyst to produce a
gasoline.
SOCONY MOBIL OIL CO. INC.

Catalytic Hydrocracking
SOCONY MOBIL OIL co. INC. British Patent 791,073
Discloses the hydrocracking step of No. 791,072
above, using a catalyst of platinum- or palladiumon silica-alumina with or without fluorine.

Production of Compounds of Amides of
Lysergic Acid
British Patent 791,173
Dehydro compounds of ergotamine, ergotoxine,
ergocristine, ergotinine, ergosine and sensibamine
or addition products or salts thereof are produced
CILAG LTD.
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MERCK

Hydantoin Derivatives
& co. INC. British Patent 791,328
5-(delta-aminobutylidene) hydantoin is contacted
with hydrogen in the presence of a catalyst of
noble metal or noble metal oxide, e.g. platinum
oxide, to produce 5-(delta-aminobutyl) hydantoin.
MERCK

Preparation of 3,3,3-Trimcthylolisopropanol
A.G. FUR BERGBAU & CHEMIE
British Patent 7913542
3,3,3-trimethylolisopropanol is prepared by hydrogenating 3,3,3-trimethylolacetone at normal or
elevated pressure and normal or elevated temperature in the presence of a hydrogenating
catalyst, e.g. platinum oxide or platinum black.
RHEINPREUSSEN

Alcohol Hydrofinishing
& ENGINEERING CO. British Patent
79 1,747
Ethyl alcohol obtained from the hydration of
ethylene and having a permanganate time of at
least 10 minutes is purified by treatment in
liquid phase with hydrogen in the presence of a
platinum catalyst, preferably for less than 24
hours and at a temperature below the boiling
point of the alcohol.
ESSO RESEARCH

Cathode Ray Tubes
EGYESULT IZZOLAMPA ES VILLA-MOSSAGI RESZVENYTARSASAG British Patent 792,046

A cathode ray tube has a supply cathode comprising a closcd supply chamber containing an
activator, part of the chamber wall consisting of
a porous sintered body, the pores of which form
the only passages for the activator to the outer
surface of the cathode. At least part of the surface
of the body is made of a metal of the platinum
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group or an alloy thereof and adapted to form
an alloy with an alkali metal or alkaline earth
metal. The activator is an alloy containing an
alkali or an alkaline earth metal.

sultant hydrous alumina slurry being then aged
for A hr to 15 hrs, the alumina separated from
the slurry and calcined at 400-1250’F.
The
catalyst metal used is platinum.

Combustible Gas-leak Detectors

Capacitors

British Patent 792,101
A platinum filament or a filament of a less noble
metal coated with spongy platinum is used as a
catalyst in a gas-leak detector. The catalyst
filament, which is included in a Wheatstone
Bridge network, becomes, in the presence of gas
and air, heated and varies in resistance.
NORTH THAMES GAS BOARD

Hydrogenation of Alkali Metal Salts of
Dicyclopentadiene Dicarboxylic Acids
ESSO RESEARCH & ENGINEERING co. British Patent
792,218

A hydrogenation catalyst of Adam’s platinum
oxide or palladium may be used in a process for
hydrogenating a water-soluble alkali metal salt
of a dicyclopentadiene dicarboxylic acid.

Preparing Aviation Fuels
N.V.

DE BATAAFSCHE PETROLEUM

MAATSCHAPPI J

British Patent 792,643
A mixture of liquid hydrocarbons is prepared by
separating from a naphthenic straight run gasoline a fraction having an initial boiling point of
about 65°C and a final boiling point of I30-14Ooc,
catalytically reforming the fraction in the presence
of a platinum catalyst and mixing the resulting
reformate with all or part of the fraction boiling
up to about 65°C.

Preparation of Catalyst Particles
ESSO RESEARCH

& ENGINEERING

CO.

British Patent

792,645
Platinum group metal-alumina catalysts are made
by submerging preformed shaped bodies of
adsorptive alumina in a large amount of water,
circulating water through a bed of such bodies,
slowly adding a solution of a platinum group
metal compound to the water in sufficient amount
to incorporate the required amount of platinum
group metal into the support and continuing the
circulation so as more completely to impregnate
the support, after which the bodies are separated,
dried and calcined. Chloroplatinic acid may be
used.

Hydroforming Processes
ESSO RESEARCH & ENGINEERING CO. British Patent

792,806
A petroleum hydrocarbon is contacted in a
hydroforming zone undcr hydroforming conditions with a hydrogen-containing gas and a
hydroforming catalyst supported on an alumina
base containing a major amount of eta alumina
and obtained by hydrolysing an aluminium
alcoholate with 1-10 volumes, based on the
alcoholate of ammonium hydroxide solution
containing 1.8-3.4% by weight of ammonia.
Hydrolysis is carried out at 3j-100°F, the re-
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v.

PLANER LTD.

British Patent 792,835

A capacitative element consists of a composite
body with at least two closely adhering electrodes.
The body is composed of a ceramic, e.g. a fired
alkaline earth titanate, in which are dispersed
particles of a metal with a melting point above the
forming temperature of the ceramic; the body as
a whole constitutes an electrical insulator and
has an apparent permittivity of 750 or over.
The metal is preferably a platinum group metal
or an alloy containing gold, e.g. a gold-platinum
alloy. Platinum or palladium powders of relatively fine particle size are referred to.

Hydrogenation of Alkylanthraquinones
& CO. British Patent
793Y004
In the production of hydrogen peroxide with the
use of an alkylanthrahydroquinone produced by
hydrogenation of alkylanthraquinones, as an
intermediate by the process of Patent No.
686,574 using a metallic palladium-on-activated
alumina catalyst in the hydrogenation of the
alkylated anthraquinone, optimum catalyst performance is obtained by maintaining the water
content of the mixture in the hydrogenator
within the range corresponding with relative
humidities in the gas phasc of the mixture of
from 40-980/, .
E. I. DU FONT DE NEMOURS

Production of Amines
IMPERIAL
CHEMICAL INDUSTRIES LTD. British
Patent 793,716
A 5% platinum-on-charcoal catalyst is used in
the production of 4-sec-butylamino-diphenylamine by reacting 4-amino,-4-nitro or +nitrosodiphenyl-amine with hydrogen and methyl
ethyl ketone in the presence of the catalyst.

Desulphurisation of Hydrocarbons
ESSO RESEARCH & ENGINEERING co. British Patent
793,817

A sulphur-containing hydrocarbon is desulphurised by contacting it in the vapour phase
standard cubic feet of hydrogen
with ~oo-~o,ooo
per barrel of liquid hydrocarbon at 340940°F
and a pressure of 1s-600 p.s.i.g. in the presence
of a platinum-type hydrogenation catalyst. The
catalyst preferably contains 0.05-2 wt% of
platinum, supported on alumina, silica-alumina,
silica-magnesia or activated charcoal.

Hydroforming
& ENGINEERING co. British Patent
793,924
Gasoline is produced by hydroforming a naphtha
feed, separating C9 and heavier hydrocarbons
from the product, thermally hydrodiakylating
the C, and heavier components to form C, and
ESSO RESEARCH
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C , hydrocarbons, hydrofining at least part of
the latter and recycling the hydrofined product
to the hydroformer. A platinum-on-alumina
catalyst is used.

the presence of a catalyst prepared by adding to
a platinum metal catalyst at least one compound
of arsenic, antimony, bismuth, sulphur, selenium
and/or tellurium; the compound is reduced
under the reaction conditions to the respective
element.

Electric Capacitor
AEROVOX CORP.

British Patent 794,056

Hydrogenation of Nitro Compounds
& co. US. Patent

A ceramic capacitor comprises a ceramic core
having an inner electrode of non-oxidising
refractory metal bonded to and covering the
length thereof, but leaving at least one end
surface exposed. This electrode is covered with
a dielectric film which leaves exposed the end
surface of the electrode remote from the exposed
end of the core, this film being covered with an
outer electrode. The refractory metal is preferably platinum or palladium and is applied in the
form of the resinate.

E. I. DU PONT DE NEMOURS

2,823,235

A hydrogenation catalyst for use in the reduction
of organic nitro compounds comprises an oleophilic carbon black support having an oil absorption factor of at least 200 and a surface area of
20-100 m2/g, on which is deposited O.I-IO%
by weight of the support of palladium or
platinum.

Treating Noble Metal Catalysts

Manufacture of Alumina-platinum Catalysts
UNIVERSAL OIL PRODUCTS co.
US. Patent

British Patent 794,349
Platinum group metal on alumina catalysts are
activated in the presence of iron by treatment, in
the absence of normally liquid hydrocarbons and
carbon, with a gas mixture consisting mainly of
hydrogen and comprising hydrogen halide in an
amount not greater than 15% of the hydrogen
halide partial pressure necessary for the formation of iron halide at the treating conditions to
increase the halide content of the catalyst to at
least 0.05, but not more than z:4 halogen.
HOUDRY PROCESS CORP.

Metallisation of Ceramics
GENERAL ELECTRIC co. NEW

YORK
US. Patent
2J820,727
A refractory body having a high alumina content
is metallised by applying to the body one or more
layers of a mixture of alumina and Fe,O, or
Cr,O, (A1,0,-=3o-y% by weight of the mixture)
and then a layer of platinum or iridium. The
coated body is then heated in an oxygen atmosphere to 1200-1600°C for platinum or 121750°C for iridium to cause the oxide-alumina
coating to react with the body and form a bond
between it and the metal coating.

Production of Cyclohexylamine
U S . Patent 2,822,392
Cyclohexylamine is prepared by passing continuously countercurrently aniline and hydrogen,
in the absence of a solvent, once through a reaction zone containing a ruthenium catalyst maintained at a temperature of 200-250T and a
pressure of 25c-10,000 lb/sq in. The rate of
flow of the aniline through the catalyst is 0.5-3.5
volumes of feed per hour per volume of catalyst.
ABBOTT LABORATORIES

Production of Hydroxylamine Salts
& SODAFABRIK A.G. U S . Patent
2,823,101
Hydroxylamine salts are formed by reduction of
nitric oxide with hydrogen in an acid medium in
BADISCHE ANILIN
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2,826,555
A platinised alumina catalyst is prepared by
commingling with an aqueous chloroplatinic acid
solution containing an appreciable amount of
chloroplatinous acid, an amount of oxidising
agent, not much in excess of that required to
oxidise the chloroplatinous acid, and oxidising
the latter with it. The oxidising agent comprises
a mixture of hydrochloric acid and hydrogen
peroxide. The treated solution is then composited with alumina, in an amount to form a final
catalyst containing O.OI-IO%
by weight of
platinum and the composite is calcined at
5oc-12oo"F.

Manufacture of Trichloro- and Tetrachlorobenzenes
ETHYL CORPORATION US.Patent 2,826,617
Chlorinated benzenes are recovered from a waste
tetrachlorobenzene chlorination by-product mixture containing a large proportion of pentachlorobenzene by reducing the materials to
lower chlorinated benzenes by reacting the
mixture with hydrogen at above 250°C while in
contact with a hydrogenation catalyst to reduce
the pentachlorobenzene by an amount greater
than the net reduction of the tetrachlorobenzene.
The catalyst used may be platinum or palladium.

Preparation of Hydroxylamine
SPENCER CHEMICAL co. US.Patent 2,827,363
Hydroxylamine is prepared by bringing together
an aqueous solution of nitric acid, molecular
hydrogen and an active rhodium catalyst at a
temperature ranging from above the freezing
point of the mixture up to 170°C. The hydrogen
is provided at the catalyst-acid interface in time
to prevent dissolution of the catalyst and is
maintained thereat during the reaction, the
hydroxylamine so produced being recovered.
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