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Platinum Catalysts in Petroleum
Refining
By S. W. Curry,

B.s., M.B.A.

Universal Oil Products Company, Des Plnines, Illinois

Rejbriiiirig processes using platinunz catalysts have beconie oj- major
importance in petroleum rejining during the past seven years. The?.
enable the octane rating of naphthas to be greatly increased, am1
cue more economicnl than any other rejiningyrocess f o r the production
of high octane gasoline. I n this article the general nature of the
processes is described and the Platforniing process is considwed iti
iiiore rletnil.

Platinum in any form was virtually unused
in the petroleum industry until 1949. Then
Universal Oil Products Company introduced
it on an unprecedented scale as the active
catalytic agent in its Platforming process for
catalytically upgrading low octane petroleum
naphthas to high quality products.
Prior to the installation of the first UOP
Platforming unit, platinum was found chiefly
in laboratories in the oil industry. In sharp
contrast with 1949, platinum today may be
regarded as a most essential item in the production of high octane gasoline for automobiles and piston-engine aircraft. Moreover,
substantial portions of the world's benzene,
toluene and xylenes are extracted from the
product obtained by catalytically reforming
petroleum naphthas. These chemicals are in
large demand as intermediates in the manufacture of many other chemical products
such as plastics, man-made fibres, explosives,
rubber, insecticides and so forth.
From less than 400 ounces of platinum
metal contained in the catalyst charge of that
first Platforming unit, the use of platinum by
the oil industry-as distinguished from consumption-has climbed to a matter of tons.
Thus the oil industry has risen from
insignificance to the rank of one of the
world's foremost platinum users in seven
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years. The end is by no means in sight,
since the trend in octane number requirement,
particularly for automobiles, has continued
to creep upward year by year.
To have advocated the use of 400 ounces
of a noble metal, selling at about $70 per
ounce at that time, in a catalyst charge for a
single small commercial refinery unit, would
doubtless have been branded prior to 1949
as the impractical idea of a dreamer. UOP's
announcement surprised many in the oil
industry for that matter.
Even after the first Platformer had been
proven a practical success (it is still operating),
it was over a year before the next Platformer
was placed in operation. This, of course, is
an understandable reflection of the natural
prudence of the industry towards any new
process. Indeed, while catalytic reforming
had first been used as early as 1940,and more
units were installed during the early days of
World War 11, the shortcomings of the
non-platinum catalyst and the complexity of
the regenerative operation had categorised
catalytic reforming in the opinion of the industry as too expensive for the peacetime
production of motor and aviation gasolines.
It was nearly two years after Universal's
Platforming process had shown the industry
an economically feasible route to high octanes

and aromatic chemicals from low octane
naphthas, that the first competitive processes,
also employing platinum-containing catalyst,
were brought out by several oil companies
and other engineering research organisations.
It was 1952 before units employing these
processes were ready to run.
There are now six other reforming processes in addition to Platforming available to
the industry.
All employ platinumcontaining catalyst. Universal also has developed a variation on the Platforming process,
called “ Rexforming ”, which is in commercial use and employs the Platforming
catalysts. Similarly, another licensor offers
a variation on his original process. This
brings the total of platinum-catalyst reforming
processes to nine. (There are five other
reforming processes, too, which variously use
cobalt- mol yb dena,
chromi a- alumina,

molybdena-alumina, and bauxite catalysts.)
Two processes employing platinumcontaining catalysts of undisclosed nature
have been announced during 1956 for the
isomerisation of Cs and Cg hydrocarbons
(Universal’s “ Penex ” process and Atlantic
Refining Company’s “ Pentafining ”). No
commercial units employing either of them
have yet been constructed.

Increase in Octane Rating
The response of the petroleum industry to
an economically practicable catalytic reforming process has thus been enormous, since the
particular forte of the processes is greatly to
increase the octane rating of naphthas over
that which can be secured readily and
economically by other refinery processes. For
a time, non-platinum catalyst reforming
processes enjoyed popularity because of the

The Platforming unit at the Kent Refinery of the British Petroleum Company Ltd. on the Isle of
Grain. This has a capacity OJ 6,000 burrels per day
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hydrocarbon production) with a given charge
stock.
The reactions may be summed up thus for
simplicity:
(I) The naphthenes present in the charge
are converted to aromatic hydrocarbons by dehydrogenation
(2) Some of the paraffins are isomeriscd,
other paraffins are converted to
aromatics, and still other paraffins are
hydrocracked
(3) Sulphur compounds which may be
present are decomposed to hydrogen
sulphide and the corresponding
hydrocarbon
(4) Olefins are saturated and then undergo any of the reactions previously
mentioned.
The dehydrogenation reaction is particularly energy-consuming and is largely
responsible for the decrease in temperature
which characterises catalytic reforming. Since
the temperature level affects the reaction
kinetics and equilibria, heat must be supplied
as the reactions proceed.
Because the writer is most familiar with it,
the Platforming process is used here to
illustrate the comrncrcial catalytic reforming
of petroleum naphthas by means of platinum.
The flow diagrap above illpstrates a typical
Platforming process. The raw charge stock is
a petroleum naphtha which is prefractionated
to separate for the reactor charge a cut boiling

cheaper catalyst they employ and the relative
insensitivity to poisons. This is no longer an
advantage because increased by-product hydrogen availability has encouraged refiners
to install facilities to clean up contaminated
charge stocks, and thus protect the platinum
catalyst.
Most of the reforming processes other than
Platforming employing platinum catalysts
utilise regeneration in situ to prolong catalyst
life. Because the catalyst does not require it,
Platforming is unique in not employing a
separate regeneration system. This is one of
the reasons why Platforming requires in
general less catalyst per barrel of daily charge
capacity than do most of the other processes.
But in doing so, however, it suffers no penalty
in effective catalyst life, as measured in barrels
of charge processed per pound of catalyst
employed in the reactor system. Moreover,
the higher initial cost and operating complications of regeneration are avoided.

Reactions in Reforming
The numerous reactions comprising catalytic reforming over platinum are complex,
interdependent and proceed at different rates.
Conditions of temperature, pressure, hydrogen recycle ratio and space velocity therefore
are chosen to achieve the optimum overall
equilibrium as indicated by the desired octane
level (in thc case of high octane fuels) or
aromatisation (when running for aromatic
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roughly between 200 and 4m'F (93 to 204OC)
from lower and higher boiling hydrocarbons
which may be present. The reactor charge
is then mixed with hydrogen generated in the
process and heated to the desired reaction
temperature, ranging from 850 to 950°F
(454 to 51o'C). The hot charge is admitted
to the first of four (sometimes three) reactors.
Effluent from the first reactor is considerably cooler than when it entered, as a
consequence of the endothermic reactions
which occur, and is reheated to the operating
temperature before it enters the next reactor.
This is repeated with the material entering the
third and the fourth reactors.
The final effluent is usually heat-exchanged
against incoming charge, then further cooled,
and finally enters the products separator.
Enough hydrogen for process requirements is
compressed and recycled to the charge entering the first reactor, while the remainder is
by-product hydrogen of high purity. The
separator liquid is fractionated to the initial
boiling point desired by the refiner, the light
hydrocarbons so separated being available for
other uses in the refinery.
The illustration on page 39 is an overall
view of the Platforming unit installed in the

Kent Refinery of The British Petroleum
Company Ltd. This has a capacity of 6,000
barrels per stream day. A smaller Platforming
unit installed in a refinery in Southwestern
United States is shown below, while the figure
overpage shows a close-up of the heart of a
Platforming unit-the
heater and reactor
sections. The platinum catalyst is contained
in the four cylindrical vessels in the centre of
the picture.

Characteristics of Charge and
Product
The table on page 43 shows the characteristics of the depentanised charge to the reactor
section of a Platforming unit and the Platformate product. The reactor chargc had an
octane rating of 48 Research, which probably
would have increased to 70 octane or so upon
the addition of 3 ml. of tetraethyl lead per
gallon. This would not be a suitable fuel for
a modern automobile. After Platforming,
however, the octane number was 93 Research,
unleaded, and upon the addition of 3 ml. of
tetraethyl lead per gallon was rated at over
IOO octane. Moreover, the distillation range
suits this material for use as an automotive
fuel upon the addition of " outside " light

A typical 5,000 barrels per day Platfonning unit processing mid-continent naphtha
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The heart of a Plutforming unit. The catalyst is contained in the four squat vessels in the foreground ;
the heater is on the left of the photograph

ends to bring the initial boiling point to
approximately IOO'F and increase the vapour
pressure to the range of 9 to 13 pounds.
Another important point shown in these data
is that a yield of 83.5 per cent Cs+ by volume
was achieved, despite the very high octane
rating secured in the final product and the
inherent volume shrinkage which accompanies
aromatisation.
Higher octane ratings than are illustrated
in the table have been achieved by Platforming. Using the variation called Rexforming,
which includes solvent extraction to make the
desired product, octane ratings of up to
nearly 105 Research, leaded, have been reported in commercial operations. Even
higher octane ratings can be secured with this
process.
World capacity of catalytic reforming units
employing platinum-containing catalysts has
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climbed enormously from the modest 1,500
barrels per stream day represented by the first
Platformer. Latest published reports ( I , 2)
indicate that there are now I,IOO,OOO barrels
per day of platinum-catalyst reforming units
in operation in the world, of which nearly
800,000 daily barrels of capacity is in United
States refineries. These and other (3)
reports show that another 775,100 daily
barrels of capacity are either planned or under
construction since January I, 1956. A grand
total of 1,885,100 barrels per day of catalytic
reforming capacity is thus in sight.
It is a little difficult to estimate how much
catalyst or what weight of platinum is represented in these units, since the platinum
content of the various catalysts varies with
the process and with the type of catalyst
within processes. Moreover, there is no
uniformity in either the weight of catalyst
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employed per daily barrel of charge capacity
or in the bulk density of the catalyst. Jensen
(4) reports that typical catalyst compositions
range from 0.3 to 0.8 weight per cent of
platinum, and that from three to five pounds
of catalyst are required per daily barrel of
capacity.

11,000Barrels per Stream Day Commcrcial Unit

Variations in Practice
There are a number of reasons for these
variations, among them respective catalyst
manufacturing techniques, differences in
composition intended to permit the catalyst
to be used under various operating conditions, and different processing schemes.
One of UOP's catalysts, for instance, contains
more platinum than any of this company's
other catalysts and is tailored particularly for
the production of very high octane Platformates. I n order to achieve continuity of
operations, some regenerative-type processes
employ a " swing reactor " which takes the
place of that one of the other reactors undergoing regeneration of spent catalyst. Still
other processes use more catalyst per barrel
of rated capacity in order to extend the time
between regenerations, but taking a broad
view of the industry it can be said that the
amount of platinum embodied in existing
reforming installations is measured in hundreds of thousands of ounces, while installations now planned or under construction will
absorb further correspondingly large amounts.
T h e continuing upward trend of octane
number requirement for automobile engincs
shows no sign of ending; there is still a
margin of virgin gasolines and naphthas
available as reformer feed, while the possi-

Gravity, "API

Yield and Properties of Mid-continent
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-
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..........
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......

Research octane ratings:
Clear
......
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bility of widening the range of hydrocarbons
economically suitable for feed stocks is being
studied. Active expansion of catalytic reforming capacity is therefore probable for
some time to come, but a " saturation point ''
must ultimately be reached after which the
building of reforming facilities is likely to slow
down and run parallel with thc growth of
general refining capacity.
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The Platinum Metals in Glass
COLORATION AND OTHER EFFECTS OF
METALS IN SOLUTION OR SUSPENSION

By M. G. Hawes,

A.R.c.s., B.s~.

Platinum metals have long been used in
the glass industry for crucibles and liners
because of their high melting points and their
chemical inertness to most molten glasses.
Contamination of glass by platinum metals
has not been reported except in one or two
instances where the glasses had a high
content of lead or barium. It is well known
that heavy lead glasses are more susceptible
to colouring by traces of impurity than other
types of glass, and Hampton (I) and his
co-workers found that glass of this type, even
when made from very pure materials, became
coloured when heated in platinum. He was
able to produce a colourless specimen only
by melting in a thoria crucible. Some
optical glass manufacturers have also found
a reddish colour in glass having a high lead
or barium content after contact with a
rhodium-platinum crucible; this coloration
was probably due to traces of rhodium in the
glass.
Another instance of glass becoming
coloured by platinum was reported in 1947
when Rindone, Marboe and Weyl (2) were
working on the electrolytic oxidation and
reduction of glasses containing various metal
ions. Platinum electrodes were used and it
was found that platinum ions from the anode
tended to pass into solution in the glass. In
borate glass the platinum ions were unstable
and either reverted to metal, which was
precipitated in the glass because of the low
solubility of platinum, or, under certain conditions of temperature and viscosity, gave
pink colloidal platinum producing a glass
analogous to the familiar gold-ruby. Phosphate glasses were known to have a stabilising
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effect on silver ions in glass solution and they
exhibited the same behaviour towards
platinum, giving amber-coloured glass, the
colour being similar to that of a solution of
platinic chloride.

Structure of the Dispersed Metal
During this period work was also being
carried out in India on the solution of noble
metals in glass. It should be emphasised
that in this work the platinum was deliberately
introduced in a finely divided state into the
glass melt and was not derived from the walls
of the container, as it was in the studies of
Hampton and of Rindone and his co-workers.
The purpose of the investigation was to
examine the state of the metal in solution and
its effect, if any, on the physical properties
of the glass.
Papers were published by Majumda (3)
in 1948 on the magnetic susceptibilities of
borax glasses containing gold and platinum,
and by Majumda and Mukherji (4) in 1953
on the molar refraction of platinum dispersed
in Lindemann glass. X-ray studies were
made by Majumda and Banerjee (5) in 1946
and by Banerjee (6) in 1953. The former
was a short paper dealing with noble metals
dispersed in borax and boric oxide glasses,
and included X-ray photographs containing
lines due to the metal as well as the normal
diffuse bands from the glass. Comparison
of these lines with X-ray photographs of the
pure metal indicated that the metals have the
same lattice spacing when dissolved in the
glass as they have in the pure state.
This work was extended in the second
paper (6) to a more complete study of

colloidal coloured glasses containing gold and
platinum. Borate glasses containing these
metals were examined, the samples all being
prepared under identical conditions, and it
was found that the vitreous limit occurred
at a metal concentration of 2 to 3 per cent,
depending on the type of glass. The
platinum dispersed in the glass gave a grey
colour which could be intensified by the
addition of an oxide of lead, zinc or antimony
-which also served to increase the vitreous
limit of the glass-although alkali halides,
even in very small amounts, suppressed the
development of any colour.
The X-ray powder photographs obtained
were similar to those described in the previous
paper (5). As would be expected, the
intensity of the lines caused by the platinum
increased as the concentration of platinum
in the glass increased, but there was a
corresponding decrease in the intensity and

sharpness of the bands due to the glass. This
was thought to result from the superior
absorptive power of the dispersoid, such that
at concentrations as low as z per cent it could
override the low absorption of the glass base.
The calculation of lattice constant of the
dispersed metal confirmed that it was the
same as in the massive state.

The Mechanism of Colour
Formation
Glasses coloured by colloidal platinum are
examples of " ruby glass ", a term applied
to those coloured red by colloidal gold and
copper but now extended to cover glasses
containing colloidal platinum and silver,
even though the colour is different. An
understanding of the mechanism of colour
formation in these glasses has been a longstanding problem and Banerjee (7), in a paper
published in 1954, approached it by a study

Pouring molten opticd glass from a 12-litre platinum crucible at the Birmingham works af Chance
Rrothers Ltd.
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of the state of the dispersoid. A colourless of their chlorides to give concentrations
glass is usually obtained first, and the colour varying from 0.0005 to 0.4 per cent.
Palladium causes primarily yellow-brown
is developed by heat treatment; it is the
nature of the change occurring in this heat ionic colours in all the glasses, but at higher
treatment that Banerjee attempted to concentrations dark grey and brown metallic
colours are obtained. Rhodium also occurs
elucidate.
Chemical tests on the colourless specimens mainly in the ionic form giving yellow, peach,
showed platinum to be present in the elemen- orange and amber colours, with metallic
tal state. The effect of heat treatment is to greys at higher concentrations. Silicate
cause coloration and reference is made to glasses containing more than 0.05 per cent of
Zsigmondy’s theory (8) that this is controlled rhodium exhibit grey colours due to the
by the relative rates of two distinct processes. presence of rhodium crystals.
These processes, both of which are temPlatinum in both silicate and borate glasses
perature dependent, are the formation of gives either transparent or turbid grey
colourless, thermodynamically stable nuclei colours, shown to be due to dispersed metallic
of metal atoms followed by crystallisation of particles, whereas in phosphate glasses yellow,
the dispersed phase on these nuclei forming orange and brown colours due to ionic
particles large enough to give colour to the platinum are obtained as well. This beglass, which in this instance was grey.
haviour is in agreement with previous work
The size of the metal particles in the (2) which showed that platinum ions were
coloured glasses was determined from the stable only in phosphate glasses.
width of the metal lines in X-ray photographs.
Anomalous Behaviour in Phosphate
As the concentration of platinum in the metal
increased, the size of the particles increased Glasses
from about 60 to 243 A, all in the colloid
An apparently anomalous behaviour is
range. In transparent coloured glass the observed in some phosphate glasses, namely
metal particles are only partly colloidal, but those with the composition NazO . P 2 0 5 and
after prolonged heat treatment the whole 0.5 Na20 * 0.5 Liz0 .P205. As the platinum
of the dispersed phase is precipitated giving concentration increases, the colour in the
an opaque, strongly coloured glass.
glass changes from grey to yellow, and finally
at concentrations above 0.I per cent the metal
Colour in Simple Glasses
crystallises out in the form of hexagonal
Within the last year further studies have plates of microscopic dimensions producing
been published by a group of workers at the beautiful aventurine glasses. In the sodium
Pennsylvania State Univerity, which provide metaphosphate glasses these effects are
systematic information on the coloration accompanied by partial devitrification of the
imparted to glass by the platinum metals. glass when the platinum concentration lies
The effect on a wide range of glasses has been between 0.002 and 0.008 per cent.
studied, since a knowledge of the conditions
The reason for this change in colour from
under which they become coloured by grey to yellow, which in effect means a change
platinum is of great interest in industrial glass from metallic to ionic platinum in the glass,
manufacture.
was investigated by melting in the presence
The fist paper in this group was published of an oxidising or reducing agent and it was
by Rindone and Rhoads (9) in 1956 on the found that on oxidation the grey glasses
colours of platinum, palladium and rhodium became yellow, while by reduction the yellow
in simple alkali borate, phosphate and glasses could be made grey. Since the
silicate glasses. The metals were introduced platinum was introduced into the glass as
into the glass batches as aqueous solutions chloride, the melt becomes more oxidising as
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the concentration of platinum increases,
through the following reactions which
produce a chlorine atmosphere:
370"
PtC14 -+PtC12
581"
PtC12 -+Pt

+ Clz

+ C11

(i)

(ii)

At low platinum concentrations (ii) proceeds
to completion giving metallic platinum in the
glass, but at higher concentrations the
chlorine partial pressure of (i) is greater than
that of (ii), so reaction (ii) is suppressed
leaving platinum in the ionic form.
The explanation of the colour change by
this mechanism is supported by the fact that
grey platinum glass turns yellow when melted
in a chlorine atmosphere.
This question of the mechanism of colour
formation has been further studied in a paper
presented by Ryder and Rindone (10)to the
October 1956 meeting of the Glass Division
of thc American Ceramic Society. The
effect of platinum in simple lead glasses was
studied and although the paper is still in the
press an abstract indicates that predominantly
grey colours were obtained with borate glasses
and yellow-red with phosphate glasses. Attempts were made to explain the formation of
these colours on the basis of chloro-platink
reactions in the glass melt which are susceptible to oxidising and reducing agents.
The singular behaviour observed with
platinum in sodium metaphosphate glass (9)
is the subject of further study in a paper by
Rindone and Ryder (11). The platinum
was introduced into the glass melt as chloride
giving concentrations of 0.002 to 0.006 per
cent. In this instance grey colorations were
obtained, while the platinum also caused the
glass to devitrify when present in concentrations of 0.002 per cent and over.
Electron micrographs indicated that the
presence of platinum nuclei in the melt causes
the molten glass to separate into two phases,
thus enhancing its devitrification. X-ray
diffraction analysis showed that the phase
crystallising from the glass in the presence of
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platinum was different from that obtained by
devitrification without platinum, and moreover could not be identified using any known
diffraction data for sodium phosphate.
In a molten glass system it is normally
thermodynamically impossible for separation
into two phases to occur, but in the presence
of platinum nuclei one phase is preferentially
adsorbed and the free energy of the system is
thus sufficiently lowered for the size of these
adsorbed groups to grow and for phase
separation to occur. The nature of the phase
adsorbed on the platinum was investigated by
studying the effect on the concentration of
platinum needed to produce crystallisation
of altering the ratio of NazO to P205in the
melt. It was found that as this ratio increased
from 0.89 to 1.2 the concentration of platinum
required to produce crystallisation decreased
from 0.05 to 0.0005 per cent. This can be
explained if the liquid phase which separates
out through adsorption on the platinum
particles is richer in P205 than the remainder
of the melt.

Photosensitive Glasses
Nucleation by palladium leading to
crystallisation is made the basis for a photosensitive glass process in a patent taken out
by Stookey (12) for the Corning Glass Works
in 1950. Palladium and either silver or gold
are introduccd into the glass as sensitising
agents and it is desirable, though not essential,
that cerium and antimony oxides be also
present. If this glass is exposed to ultraviolet radiation, it develops a brown colour
on subsequent heating at a lower temperature
than it otherwise would if untreated. If the
exposure i s made through a photographic
negative, a brown photographic image can be
obtained in the glass by heat treatment at a
suitable temperaturc. This discovery adds
usefully to the colour range of photosensitive
glasses. A normal concentration of palladium is about 0.01per cent and the optimum
concentration for gold or silver is about 0.02
per cent. A variant of this process involves
the addition of an amount of NazSiF6 to the
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glass melt giving sufficient fluorine to produce
on heating an opal background to the picture.
Another patent (13) covers the use of
ruthenium dispersed in glass to produce red
and black coloured glasses, glazes and
enamels. Lead borosilicate and lead silicate
glasses containing ruthenium take on pink to
reddish-black colours, whereas with all other
glasses ruthenium gives a true black coloration. The value of the latter lies in the
fact that it gives equivalent absorption of
transmitted and reflected light at all wavelengths in contrast to commercial black glass
produced in the normal way by dissolving
several oxides to give overlapping absorptions
at various wavelengths. Both the red and
black colorations are obtained by mixing the
desired concentration of ruthenium, preferably as its oxide, with the molten glass or
enamel. A brown ceramic stain is also

described in which ruthenium or its oxide is
fused with, for example, titania or thoria.

Practical Aspects
The study of these effects is of more than
theoretical interest. The mechanism of
colour formation is of obvious importance in
the manufacture of decorative glasses, but it
is equally of interest to the maker of dense,
colourless glasses. I n the manufacture of
optical glasses and of dense glasses for radiation shielding, platinum is, on nearly every
count, the best container material, even for
high-lead glasses. Although it is only when
they contain alkali that colour is developed
in these glasses by traces of platinum, any
work which will lead to an understanding of
the conditions in which the colour formation
may be suppressed is of considerable practical
importance in the glass industry.
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Separation of Hydrogen Isotopes
ELECTROLYTIC MIGRATION THROUGH
A PALLADIUM MEMBRANE
With the increasing importance of “ heavy
water” as a moderator in nuclear reactors
there arises a pressing need for a more efficient
method of separating hydrogen isotopes. In
a report by 0. N. Salmon to the U.S.
Atomic Energy Commission (AEC Research
and Development Report KAPL 1272) a
process is described which aims to improve
the method of separation by the electrolysis
of water. This process is based on the
hypothesis that if a voltage drop is maintained
across a palladium membrane in aqueous
solution hydrogen ions will be discharged
into thc palladium at the negative surface
and will diffuse through the membrane to
the positive surface. There they will combine
with oxygen ions and re-enter the electrolyte
as water. If the current density is sufficiently
low a steady state will be reached where no
hydrogen is evolved at the negative surface
and no oxygen at the positive surface.
Furthermore it is reasonable to expect that if
hydrogen isotopes are present in the solution
fractionation will occur at the palladium
membrane with the lighter isotope being discharged preferentially at the negative surface.
It was estimated that the separation factor
would be equal to or slightly greater than that

achieved by conventional electrolysis.
T o test these hypotheses and find the value
of the separation factor, the cell shown here
diagrammatically was found to be the most
satisfactory. The palladium membrane, in
the form of a thimble, and the two palladium
electrodes were made from commercial
In
palladium of 99.9 per cent purity.
saturating the palladium thimble with
hydrogen expansion occurs due to an increase
in the cubic lattice parameter on passing
from a-phase palladium to ,&phase palladium
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Electrolytic cell for determining e$iciency
and separation factor for the migration of
hydrogen and deuterium

hydride. Consequently it was found preferable to saturate the thimble with hydrogen
before assembling the electrolysis cell.
The palladium membrane, the wire cathode
and the cylindrical anode dip into an
electrolyte of 0.36N. HzS04 solution.
Glass tubes, perforated to allow the free
passage of ions, insulate the palladium
thimble from the cathode and anode
respectively.
A potential difference of 0.6 volts was
required across the palladium thimble to
maintain the current density of protons
and deuterons at 0.005 amp.lcm2, whereas a
voltage drop of about 2 volts is necessary to
decompose water at the same rate. In a run
of 372 hours, at 2 5 T , 1.38 Faradays of
electricity were passed through the cell and
0.064 cc of D20 and 12.40cc of H20 were
decomposed by electrolysis.
Initially the
anode compartment contained 4.15 cc of
D20 and 33.81 cc of H20 in the H2S04
solution, whereas at the end of the run

there were 3.74 cc of DzO and 21.76 cc
of H20. Hence the separation factor, a,
is given by:

/
log 4-15
21.76
3-74

a = log 33**-1

--

=

4.26

This value is about the same as that
achieved in electrolytic separation, but it
should be possible to increase it further
when the optimum conditions for the
process are known.

These investigations indicate that a palladium membrane can be used for months, or
even years, in the separation of hydrogen
isotopes by electrolytic migration without
any appreciable deterioration or poisoning.
A cascade process utilising these membranes
has yet to be tested experimentally, but if
successful it may well provide a basis for a
more efficient separation of hydrogen isotopes
than has hitherto been possible.

Fume Elimination in Enamelling Ovens
Processes for thc catalytic combustion of
fumes from enamelling ovens have been
successfully developed during the past three
or four years, and are in active use in several
types of manufacturing operations. The
advantages of this method of dealing with
oven effluents and preventing condensation
in wire enamelling ovens were described by
Mr. R. J. Ruff, President of the Catalytic
Combustion Corporation, Detroit, in a paper
given before the Wire and Cable Section of
the National Electrical Manufacturers Association at its annual convention in Atlantic
City. The paper, published in Wire and
Wire Products (1957, 32, (I), Jan., 62-64),
reviews first the conventional methods of
fume elimination by dispersion, water scrubbing and direct flame incineration, and then
deals more particularly with the use of a
platinum catalyst to achieve oxidation and
burning.
The catalyst unit resembles an air filter
element in appearance, and consists of thin
ribbons of nickel alloy on which platinum
has been deposited. The ribbons are crimped
into the form of a mat, and conditioned
for activity. A typical mounting arrangement
€or a catalytic combustion system is shown
in the diagram. The basic difference between
the latter process and direct flame incineration
is that the catalyst accelerates fume combustion, permitting the oxidation reaction to
proceed at about 5oor F. As the fume burning
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temperature now approaches the oven exhaust
temperature, little pre-heating is required and
this frequently during starting operations
only.
More than 500 wire enamelling ovens are
now equipped with this system, and many
are exceeding 15,000 hours of operation without the need for servicing. Other oven
operations in the electrical manufacturing
industry where the catalytic combustion
system have been successfully employed
include coil-baking, core-plate enamelling and
fabric and paper impregnation.
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A typical mounting arrangement for the
catalytic combustion system on a vertical
wire enamelling oven

The Beghnings of Chemical
Engineering
THE DESIGN OF PLATINUM BOILERS FOR
SULPHURIC ACTD CONCENTRATION

By Donald McDonald, B.Sc.,

X.I.Chem.E., F.R.I.C.

The beginnings of the development of
chemical engineering as a science and technique appear about the middle of the last
century and it is interesting to explore the
circumstances that brought them about.
There seems little doubt that the real start
took place in the sulphuric acid industry,
when the invention by Roebuck and Garbett
of the chamber process in 1746 set many
problems in construction, the choice of
materials, the control of temperatures, the
transfer of heat, the flow of highly corrosive
liquids and so on. The earliest use of the term
“chemical engineer” so far noticed is in the
first edition (1839) of Ure’s Dictionary of Arts,
Manufactures and Mines in the article on
sulphuric acid (page 1220) where there is the
statement : “provision should therefore be
made against this event by the chemical
engineer”.

instructive and can be reconstructed from
the literature and from the records of the
manufacturers.
From the painstaking researches of the late
Mr. L. F. Gilbert, there seems no doubt that
the first boiler for this purpose was made in
1805 by that great pioneer in platinum, W. H.
Wollaston, for one Philip Sandman, a smallscale manufacturer of vitriol in Southwark,
and after this, between 1809 and 1818
Wollaston went on to make fifteen more such
vessels. Mr. Gilbert reports that they were
plain boiling-down pots “usually truncated
cones, each narrowing slightly to a bottom
that was convex externa!!y”. They held from
24 to 47 gallons each and were heated from
the bottom in sandbaths. A charge of weak
acid was put in and then boiled down to the
right gravity in a discontinuous operation,
being poured or siphoned out and the operation repeated. In some cases a platinum
siphon was provided to help the discharge.

Little record of the earliest achievements in
this field has come down to us until we reach
the time when the platinum boiler was introduced for the concentration of the relatively
dilute acid yielded by the chamber process,
and had to compete very strongly with the
glass retorts already in established use. The
high cost of the metal was, of course, a great
handicap, and forced a development of the
highest possible efficiency with the thinnest
possible vessel walls, and this in turn compelled scientific attention to a whole series
of fundamental principles of chemical
engineering that previously had been subject
merely to rule-of-thumb. The story is
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As i s well known, Wollaston kept this work
in his own hands and after about 1820 it
ceased. One of the reasons for this was no
doubt Wollaston’s increasing preoccupation
with his other scientific work but another was
undoubtedly competition from France. There
the refining of platinum had been set up on a
commercial scale by J. R. BrCant, backed by
the scientific knowledge of Vauquelin, and the
refinery was served by a first-class fabricator
named Couturier. He at once entered into the
boiler business and his “alembics” became
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famous. The trouble about Wollaston was
that his ingots of metal were small and
therefore his sheets were small. These he
soldered together by means of fine gold and
the joints so made did not take kindly to the
discontinuous process of heating and cooling
that has been outlined. Consequently leakage
and fume and waste of acid were considerable.
BrCant, on the other hand, set himself to
produce large ingots from which he obtained
single sheets up to four feet square. This,
of course, reduced the number of joints
considerably, but Couturier was not content
with that. Before very long he had achieved
an autogenous platinum joint by forgewelding. As the use for them of the term
“alembic” indicates, the boilers were now
provided with a retort-head with a swan-neck
passing to the condenser and they were
heated in seatings made in a hot flue.

Continuous Operation
The technique of boiler making in platinum
was still further improved in the eighteenforties in Paris by Adrien Quennessen, who
exhibited at the London Exhibition of 1851 a
very fine specimen of 30-gallon size “made in
one piece without seam or solder”. This was
a challenge to the English who had been out
of the business since 1820 and it was responded to by George Matthey, the active
young junior partner of Johnson and Matthey,
a firm that had been working quietly in
platinum for many years but had so far
produced no remarkable developments. He
realised that if platinum boilers were to make
progress and to win the battle with glass,
which the conservative acid manufacturers of
England favoured strongly, they had got to
offer a continuous operation and one economic
in metal, in time and in fuel. The French
boilers differed very little from those of
Wollaston. The process was still always
discontinuous and the only improvement had
been the introduction by Brtant of a watercooled siphon. The heating, too, was effected
most inefficiently by bottom heat on to a deep
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volume of liquor, and it was to this point that
Matthey gave his first attention in collaboration with “an eminent chemical engineer”
named William Petrie of Charlton in Kent.
Where this man gained his experience and
how he obtained his eminence we have no
idea, but the evidence of his work shows that
there was some solid basis of fact in it. The
first fruit of the collaboration was shown at
the Paris Exhibition of 1855. This boiler had
a much larger bottom surface for exposure to
the heat and consequently worked with a
much less depth of acid (actually two inches
only). Heat transfer was further improved by
heating “by means of direct radiation from
the surface of a clear fire, as distinguished
from heating by a draught through flues in
part out of sight of the fire”. Moreover the
boiler was arranged for continuous operation
by direct feed and withdrawal by siphon. It
was lined with gold to lessen the effects of
corrosion on the platinum ; its diameter was
about 33 inches, its height to the neck 20
inches ;its capacity 40 gallons ;and its output
34 cwt. of strong acid per day of continuous
working.

Design Considerations
By July 1859 considerable further advances
had been made in boiler design, as is shown in
a letter from Johnson and Matthey to their
American agent in which they tell him that in
designing these vessels, the most attention
must be paid to the area of the bottom and
sides rather than to volume. “The gallons of
liquid per hour which the vessel will rectify or
distil depends on the number of square feet of
heat-absorbing surface of the vessel, while the
bulk of liquid contained at one time is quite
unimportant if the system of continuous
running in and out at the same time be
adopted.” They suggest that the liquid
should be worked through about three vessels
in succession connected by siphons, as this
prevents any mixture of unrectified liquor
with that which is running out in a rectified

A platinum bailer exhibited by Johnson Matthey at the Paris exhibition i n 1867.
This had a capacity of 8

state. “By having the bottom of the vessel
supported on iron bars made smooth to fit
well against the metal, the new form can have
it wholly exposed to the full heat of the fire,
and this system of boiling is far more advantageous than when the heat is applied to an
equal surface placed more vertically, as the
sides of the vessel are, for the bubbles clear
themselves more rapidly from the bottom,
while in ascending from the sides they
obstruct the heat besides not heating the rest
of the liquor by passing so completely
through it.” The circular bottom of this
boiler had a diameter of 24 inches, and the
conical sides sloped inward to give greater
mechanical strength than the former outward
slope, to 8 inches at the head.
The next model was shown at the London
Exhibition of 1862. The chief new feature
was that the rectified acid left the boiler by a
tube passing through the side from a separate
compartment in the centre, and passed to an
arrangement for cooling it by preheating the
cold feed. This vessel produced more than
two tons of strong acid per day, and was the
last type to be lined with gold. This change
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per day

represented a considerable economy, since
gold then cost three times as much as platinum
and was permitted by improvements in the
quality of the latter, as well as by the discovery
by Pelouze that a small addition of ammonium
sulphate produced enough sulphur dioxide
to destroy the traces of nitrous compounds
which caused most of the corrosion.
After 1861 an entirely new factor was
introduced into the construction of the
boilers by George Matthey’s invention of the
fusion welding of platinum, which made
possible fully autogenous, and therefore much
stronger, joints.

As time went on the capacity of the boiler
installations increased and in August 1865 a
quotation was made for one to rectify five tons
per day. Improvements made about that time
include the feeding of the cold acid through
a sort of collar perforated with small holes,
through which it fell into the hot acid in the
form of rain instead of in a single stream,
which prevented “bumping” and consequent
strain on the vessel. Also the swan-neck
now sloped upwards to the condenser
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instead of downwards, so that splashes were
returned. I n the Paris Exhibition of 1867
a boiler was shown which yielded 8 tons
per day.
The next advance consisted in providing
the boiler with a corrugated bottom (Prentice’s patent), which gave greater strength and
greater surface for heat transmission.
I n 1876 came the final development in
design, according to the patent of M. Gustav
Delplace of Namur, Belgium. This provided
a vessel of an elongated square or oval shape,
with a very flat structure, into which Prentice’s
corrugated bottom was often incorporated.
The flat design resulted in considerable
economy in the weight of platinum used, and
in working with a very thin layer of acid and
correspondingly increased evaporating power.
For a make of four to six tons of acid per day
the still measured three feet by one foot six
inches and normally two were worked in
series “to provide a degree of concentration
higher than any before obtained commercially
in platinum apparatus worked continuously.”
From this time onwards there was little change
in the general principles of the design of the
boilers, and they remained a cardinal feature
of Johnson Matthey’s work for the rest of the
century and into the early years of the next
one.

It must not be thought from the above that
Johnson Matthey had a monopoly in the
supply of these boilers. From the beginning
there was keen competition from France,
where the successors of Brkant and Couturier,
and also Quennessen himself, came together
in a partnership for which the most convenient name is Desmoutis Quennessen (it
varied as third partners came and went).
This carried on the work of its constituent
members and at first was more successful in
converting the Continental acid manufacturers to the use of platinum than the British
firm was with those of England. The French
were early in the introduction of continuous
working and the “rain” feed, and they also
had a system of internal partitions which
prolonged the flow of the acid through the
still and prevented the mixture of incoming
and outgoing liquid.
I n 1863 competition was further stimulated
by the introduction in Germany by Faure and
Kessler of a system of evaporation in two large
flat platinum dishes arranged in cascade. This
gave a very good performance and forced the
English and French firms to improve their
products. I n the struggle the former proved
the most responsive, and the application of
their study of the principles of chemical
engineering proved a decisive factor in their
leadership in the boiler field.

A Delplace boiler, built hy .Tohnson Matthey in 1875 and inrorporating
bottom devised by Prerrtice
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the corrugated

Oxidation and Volatilisation of

Platinum at High Temperature
It is generally accepted that platinum (as
well as the other platinum metals) can form
at least one unstable volatile oxide when
heated in air or oxygen. The evidence for
this belief, however, is mainly circumstantial,
and surprisingly little is known about the
resulting oxide or oxides or about the precise
conditions necessary for their formation,
volatilisation or decomposition.
As a step towards gaining a better appreciation of the reaction, R. Lacroix has
recently presented in Revue de Metallurgie,
1956, 53, (11), 809-818, the results of an
interesting study of the changes observed
in the appearance of the polished surfaces
of platinum specimens after heating to
temperatures of the order of IOOO'C and
over. The work was done in the laboratories
of Comptoir Lyon Alemand, Paris, and the
results are discussed with special reference to

their relation to heat etching effects which
have been recorded in the past on other
metals.
I n the introduction to this paper, M.
Lacroix provides a useful survey of the
literature on the oxidation of platinum. The
earliest reference is to measurements made
in 1903 by WGhler, who records that platinum
leaf turned to various shades of red or blue
after heating at 4z5-450rC for 16 days in
pure dry oxygen, and gained in weight by
1.9 per cent after 37 days. M. Lacroix quotes
this without comment, but it may perhaps be
permissible to question whether the platinum
was as pure as Wohler thought, and particularly whether it was entirely free from
contamination by iron from the forging
hammer and rolls. The first direct evidence
of the effects of oxygen on heated platinum
was provided by the work of Jones, Langmuir

Fig. ]-Traces of groovt-s at former grain
boundaries o n a samplp whirh has undergone grain growth
x 520
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Fig. 2-Striations
lographic dirwtions

$5

foi1olc.k~

crysiulx '60

Fig. 3-Curved striations, possibly due to
imperfections i n the rrystals
X 780

Fig. 4-striation pattern unchanged by
migration of grain boundary
x 780

and Mackay, carried out in the early days of
development of the incandescent electric
lamp, in which the loss of weight of platinum
filaments heated in vacuum was measured
and shown to be very much less than that of
filaments heated in air. A striking demonstration o f the volatility of platinum from a
wire heated in air is provided by the appearance of any platinum resistance furnace which
is dismantled after operating for some time
at a high temperature.
Small brilliant
crystals of metallic platinum are always seen
as a coating on the refractory for some
distance on each side of the windings, and
have obviously been either deposited from
platinum vapour or have grown by decomposition of an oxide at their surfaces.
In the present paper M. Lacroix has
recorded that the following changes can take
place on the surface of platinum after
heating in air:
(I) Grooves may develop at the crystal
boundaries, as shown in Fig. I (and
diagrammaticallyin Fig. 5) and when,
on prolonged heating, the boundaries
move as a result of crystal growth,
the abandoned grooves fill in gradually.
(2) Striations may occur in certain
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crystals, as shown in Figs. 2, 3 and 4.
These only appear distinctly on
surfaces which have been alternately
polished and etched or have been
electrolytically polished so that they
are entirely free from any mechanically altered layers.
(3) In some instances a portion of the
surface of the platinum may appear
coated by small needle-shaped or
more regular thin crystals which often
exhibit interference colours. These
crystals have not been very fully
studied and no really complete
explanation is offered of their cornposition or mode of formation. The
number and size of the crystals is not
greatly affected by the temperature
or time of heating, or whether
heating takes place in oxygen or in
air.
M. Lacroix is concerned in his paper
to discuss more particularly the striations

Fig. 5-Diagrammatic form
grain boundaries

of grooves at

been previously observed in the heat etching
of iron, silver, copper, nickel-chromium
alloys and nickel, and it is possible that they
are the result of such an exchange on these
metals, as well as on platinum. It is noted
that in general, striations can only clearly
be seen on surfaces which have not been
disturbed by mechanical polishing. The
conception as presented by M. Lacroix is by
no means fully worked out, but the underlying thought is that in the presence of oxygen
the mobility of the surface atoms is increased.
As a result, surface markings such as the
striations observed, as well, perhaps, as the
small isolated crystals, are encouraged to
form.
J. C . C.

observed on the platinum after heating, and
an attempt is made to show that some of these
phenomena are characteristic of the effects
produced on heating metals which display
limited oxidation at high tempcrature. The
intergranular grooves do not seem of particular significance to the present discussion
and are considered to represent the typical
form of heat etching which results from the
heating of a metal in vacuo or in a neutral
atmosphere. In their production there is no
evidence that any reaction of the surface
with oxygen is involved.
On the other hand, the striations appear
to be a consequence of an exchange between
the metal surface and either a metal vapour
or an adsorbed compound. Striations have

Arc Erosion of Electrical Contacts
Erosion under the action of the arc is one
of the determining factors in the operating
life of electrical contacts which are required
to interrupt currents of the order of several
amperes. The loss or transfer of material
from the contact surfaces which takes place
during arcing may occur by a number of
processes, but that most frequently encountered involves a loss of material from
the negative contact under the action of the
so-called ‘‘ normal arc ”.
Relatively little experimental data are
available on the magnitude of arc transfer,
but a study now published by Dr. W. B.
Ittner and H. B. Ulsh of the International
Business Machines Corporation, New York,
(Proc. Inst. Elec. Eng., Part B, 1957, 104,
Jan., 63-68), provides a valuable contribution
to this subject, more particularly as the
materials investigated include a number
normally used in industrial practice.
The paper describes measurements of the
“
normal arc” transfer in resistive and
inductive 50 volt circuits interrupting currents
of 1.5 to 5 amp. Within the experimental
errors the material transfer from the cathode
was found to be directly proportional to the
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Cathode loss
Material

11

Platinum

1 Silver

57

..

..

..

..

Tungsten ..
..
50% Copper-palladium . .
10% Iridium-platinum . .
15% Iridium-platinum
20% Irid i u m-plati nu m
35% Iridium-platinum
5% Ruthenium-palladium
1 1 % Ruthenium-platinum

I

~

1.15

total charge passed in the arc, confirming a
relationship first proposed by R. Holm.
A summary of the results is shown in the
table, which gives the average measured
values of the cathode loss in microgrammes
per coulomb, and-by
dividing by the
density of the material-in cubic centimetres
per coulomb.
Agreement between the experimental data
and those computed from a modified
Llewellyn Jones formula was found to be
good, from which it follows that the desirable
properties for minimum arc erosion are a
high boiling temperature, a high thermal
conductivity and a high density.

An Economical Resistance-Type
Controller for Platinum-Wound
Furnaces
By I<. J. fiewmari,

A.M.I.E.E.

This note, a communication from the Development Laboratory of
Johnson, Mutthey & Co., Limited, describes u temperutu,re controllpr
for resistance furnaces with platinwm alloy winclings. The control
signal i s obtcsin.ed hy monitoring the resistnrrce ofthe wircding, so that
no sqmra.te terni,eratiLre-.serLsing. element is required. l$-%ovisionis
rnnde.for control of the in,itin,l h,e:ating rate to avoid th,rrmal shock.
I n cases where the expense of a pyrometer
controller is not warranted, and where the
required long-term accuracy is no greater than
say *20”C. it has been customary to use an
energy regulator which, of course, does not
take direct cognisance of furnace temperature.
It has, however, the advantage that the energy
input may be set to a low level to bring the
furnace temperature slowly up to say 600°C.
When reset to the energy input required for
the working temperature, it is necessary either
to wait for several hours until the temperature
has stabilised, or to overset initially and then
to arrive at the required temperature by the

L
L

tedious process of successive approximations.
The arrangement to be described provides
facilities for slow run-up, and also gives
sufficiently close temperature control for
most routine laboratory work.
The basic circuit diagram for temperature
control is shown in Fig. 1. A “raw” rectified
D.C. voltage is obtained from a current
transformer in the furnace circuit. A voltage
having a similar mean value is obtained from
the A.C. mains through a further rectifier.
These two voltages are connected in series
opposition, and the circuit closed through the

O
x ) CLOSING
PULSES PER MIN.

I

FURNACE
E

N
Fig. 1--Basic circuit diagram f o r ternyerutwe controller
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“on” pulses of about half a second spaced by
ten seconds in the first case and two seconds
in the second case. The timing on position 1
is arranged to give an idling temperature of
about 600 ’C. if the furnace is left to stand-by
on this setting.

coil of a sensitive polarised relay. A large
capacitor shunts the relay coil to carry
unbalanced ripple current. The relay is
polarised so that it is operated whenever the
voltage derived from the furnace current is
higher than the reference voltage. At this time
a contact maintains power to the furnace.
When the furnace current falls sufficiently to
equalise the voltages the relay will drop out.
Since there is now no furnace current this
would be the end of the sequence but for the
existence of a restoring circuit consisting of a
neon tube, resistor and capacitor. The neon
discharge closes the polarised relay for a short
period af?er a few seconds, and if the temperature is too low the relay remains closed until
balance is again achieved between the voltages.

The third position closes the Sensitive relay
(if it should be found open) every four
seconds, when the balance condition found
dictates whether or not it will remain closed.
The sensitive relay R operates a slave relay
C which is fairly slow to fall out. When
balance is near relay R will tend to “dither”,
and its mark-to-space ratio will slowly fall
until insufficient mean power is supplied to
hold C which will release. When the furnace
power is interrupted the voltage from the
current transformer disappears, firmly opening relay R. I n order to limit the relay
de-energising current which flows in absence
of furnace current a small rectifier is connected
across the main coil of R. Also in parallel
with the 2000 ohm coil of R is a thermistor
whose purpose is to prevent excessive dissipation in the coil while running up to a high
temperature, during which time there is a
large “bridge” unbalance holding R closed.

The relay voltage is not fully smoothed by
its shunt capacitor, and the residual ripple
serves to keep the relay “wetted”. With the
particular relay used the discrimination
between “open” and “closed” conditions of
the relay contacts is about .05 volt. The
differential for relay operation is about
2 degrees at 1500°C. and is less at lower
temperatures.
The “onyytime is dictated by the thermal
mass of the windings and adjacent refractory
material, also, of course, by the power input at
the temperature in question. I n a typical case
the furnace may remain “on” for two-second
periods at lOOO”C., and for twenty-second
periods at 1500°C.

The factors militating against accuracy of
temperature control are as follows :

A. The current transformer uses a core
of grain-oriented silicon steel run at a
moderate flux density. There is, however,
a small departure from linearity of
relationship between furnace current and
rectified voltage, which in the present
model results in a fall of approximately
1 T . for each volt rise in mains potential.

Possible Sources of Error
There are appreciable sources of error
inherent to the arrangement, and these w
ill be
discussed in conjunction with the full circuit
shown in Fig. 2. Switch positions 1 and 2 are
used respectively to run the furnace from cold
to about 200°C. in approximately ten minutes,
and from 200°C. to 600°C. in approximately
twenty minutes, at which time position 3
arranges the circuit for control at a set
temperature. The first two positions give
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B. Change in supply waveform will affect
calibration in that the reference voltage
will rise more rapidly with increasc of
form factor than will the current transformer output, This is unlikely to be of
importance when using the mains supply
directly ; but the output waveform of
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certain stabilising transformers varies
considerably with load, and can cause
appreciable errors of control temperature.

C . A slow drift of calibration will
occur as the furnace element wire
volatilises during its life. This amounts
to no more than about 1“Cper 500 hours,
and may be neglected since the suggested
function of the present instrument is for
short-term laboratory work.
D. Change in rectifier characteristics
during life may cause a calibration drift
of as much as 100°C in a typical case if
aged rectifiers were used for one side of
the “bridge” and new ones for the other
side.
E. The design of tubular muffles is
usually such that while they are being
heated the rate of temperature rise of the
central zone along the axis is more rapid
than that of the end zones, although
eventually all reach substantially the same
temperature. Therefore, if the present
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controller is set to act at an element
temperature of x, “cycling” will commence with the central region at a
temperature higher than x and end
regions lower than x. The disparity,
which in a typical design may be about
20°C, will take several hours to disappear.

It is advisable to allow a little light from,
say, a pilot lamp to fall on the neon tube so as
to stabilise the breakdown voltage.

Conclusions
This device is cheaper to produce than
most orthodox temperature controllers. The
accuracy is sufficient for many purposes.
The absence of a thermocouple or other
sensing element in the hot zone is often
advantageous. Occasional temperature checks
must, of course, be made with a probe thermocouple, but the life and accuracy of the latter
are not impaired by long subjection to high
temperature or possibly inimical atmosphere.
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Reference Data

Physical Properties of the Platinum Metals
Platinum

Iridium

Osmium

78

77

76

46

4s

44

195.23

193. I

190.2

106.7

102.9 I

101.7

Lattice structure

F.c. cube

F.c. cube

C.p. hex

F.c. cube

F.c. cube

C.p. hex

Lattice constants, c

3.92

3.83

2.72
4.314

3.88
-

3.80

2.70
427

Atomic number ...

...

Atomic weight

c

-

-

Palladium

Rhodium

-

Ruthenium

Density a t 20°C

21.4

22.4

22.5

11.9

12.4

12.3

Melting point, "C

1769

2442

> 2550

I552

I960

> 2550

Thermal conduct i v i t y , C.G.S.
units . . . . . .

0.17

0.35

-

0.17

0.36

-

Specific heat, cal/
gm/ C at 20°C

0.032

0.032

0.03 I

0.058

0.059

0.03 I

6.6 x IO-=

11.7x 100

Coefficient of
Iinear expansion

...

(0-100°C)

Resistivity,
m i c r o h rn-centimetres at 20°C

8 . 9 ~10-c

6.5~

10.6

5.3

9.5

10.7

0.0039

0.004

0.0042

0.0038

8.5 x 10-G

9.6 x

4.7

9.5

0.0046

0.0042

Temperature
coefficient of
resistance

(0-I O O T )

...

4 0 . 1 5 ~10.' i 0.05X 10-f +5.4x

Mass susceptibility

1 1.1OX lo-'

Thermionic functions, A. amp.
cm-2("K)-2 ...

32

-

-

60

33

-

5.32

5.40

-

4.99

4.80

-

...

10

16

-

10

24

-

Limit of proportionality - an
nealed-t o n s/
ina . . . . . .

2

-

-

2

-

-

0,volts (work
function)

..l

Tensile strengthannealedtons/inp

10-0

i I . l l X l 0 ~ t 0 . 5 0 ~10-6

-

E I o n g a t i onannealed-per
cent.. . . .

40

-

-

40

5

-

Modulus of elasticity in tension,
Ib!in2 . . . . . .

2 2 x I08

74x 106

-

I 6 x IOI

4ox 106

-

H a r d n ess-a nnealed-V.P.H.

40

120

40

100

.
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ABSTRACTS
of current literature on the platinum metals and their alloys
PROPERTIES
The Magnetic Susceptibilities of PalladiumUranium Alloys
Proc. Phys. soc., 1956,
69By (W, 997-1005
Measurements are made of thc paramagnetic
susceptibilities of the solid solution range
(0-21 at. (><, U), the intermetallic compound
Pd3U and specimens of very pure Pd and U.
Results show a decrease in susceptibility with U
content up to 9 at. (;A U, followed by a rapid
increase. The temperature dependence of the
susceptibility is investigated and it is found that
above 12 at. O,; U the alloys obey a Curie-Weiss
law, this being explained by a change in the
valency of the U. The results are discussed in
relation to the Pd-Ag system.

with Ag, Re and Ti. The results obtained
together with electrical resistivity measurements
for the Pd-Ag system indicate that some magnetic
coupling of electrons occurs in these alloys.

L. F. BATES and S. J. LEACH,

Quenching Vacancies in Platinum
F. J. BRADSHAW and S. PEARSON,

Phil. Mag., 1956,

I, Sept., 812-820

The electrical resistance of Pt wires was measured
in liquid nitrogen before and after heating to high
temperatures and quenching to room temperatures. It was found that the resistance after
quenching was greater than the original value
but that the increase couid be removed by
annealing at temperatures in the region of
400 'C. This annealable increase is interpreted
as being due to lattice vacancies. From theoretical considerations the activation energies for
movement and formation of a single vacancy are
deduced from the annealing results.

The Effect of Prior Extension on the
Annealing Rate of Lattice Vacancies in
Platinum
F. J. BRADSHAW and S. PEARSON,
I, Sept., 880-882

Phil. Mag., 1956,

Pt wires, after conditioning at 1 7 0 0 T and
quenching, were extended up to 9.276 of their
length and it was found, as was expected, that
this extension increased the rate at which the
vacancies annealed out. A graph of the ratio
of annealing rates against the I>L extension from
0-9.2 shows that after an initial steep rise the
annealing ratio increases approximately linearly
with extension.

Contribution to the Experimental Study of
Interactions of the Molecular Field Type.
Solid Solutions of a Fcrromagnetic and
Antiferromagnetic Metal in Palladium
Compt. rend., 1956,243, (21) 1613-1616
Values of the Curie temperature and the molecular
Curie constant were determined for alloys of up
to 207; Ni and Cr in Pd. In the Pd-Ni system
the Curie temperature changes from negative to
positive at about 4yl0 Ni whereas in the I'd-Cr
system it becomes increasingly negative thus
showing in each of the systems a tendency to
adopt the properties of the ferromagnetic Ni and
antiferromagnetic Cr respectively, even at low
concentrations.
J. COHEN,

A Magnetic Study of the Ternary Alloy
System Palladium-Nickel-Copper
Compt. rend., 1956,243, (23), 1845-1847
Thcrmomagnetic studies were carried out on
ternary alloys Pd-Ni-Cu. Starting from a Ni-Pd
alloy containing 6.9o/b Ni four ternary alloys were
prepared containing up to 18.7';. Cu. In the
temperature range investigated, 0-800' C, the
magnetic susceptibilities obeyed the Curie-Weiss
law. The Curie temperature fcll from 127" K
for the Ni-Pd alloy to -rooOK for the alloy
containing 18.7Ix Cu, and the Curie constant
varied from 246 to 160. A theoretical interpretation of the results is attempted.
J. COHEN,

-Measurement of the Atomic Heat of Pure
and Hydrogen-containing Palladium
W. EICHENAUER and L. SCHAFER, Z.

Naturforschung,
1956, I I ~ ,N0v.j 955-956
It was found that the atomic heats of Pd containing 11.8 and 16.3 at. 'JL of hydrogen are higher
than for pure Pd. This result is discussed in
relation to phase-transformations in the Pd-H
system.

The Thernial arid Electrical Conductivities
of Metals at High Temperatures

z. Physik, 1957, 147, (2), 148-160
(In English)
A method of investigating electrical and thermal
J . COHEN, Compt. rend., 1956, 243, (16), 1105-11o7 conductivities of metals at very high temperatures
The Hall effect was measured for alloys of I'd
is dcscribed. The ratio of thermal to electrical
M. R. HOPKINS,

Measurement of the Hall Effect in Diamagnetic Palladium Alloys

Platinum Metals Rev., 1957, 1 , (21, 62-68
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conductivity of Pt is determined from IZOO' C to
the melting point and from the melting point to
2300" C by making simultaneous observations of
electrical potential and maximum temperature in
a short wire through which current is passed.
Details of the arrangement of the apparatus and
of the method of temperature measurement are
given.

Phase Transformations in Iron-Platinum
AIIoya near the Composition Fe3Pt
A. E. BERKOWITZ, F. J. DONAHOE, A. D. FRANKLIN
and R. P. STEIJN, Acta Met., 1957~5,Jan., 1-12

The kinetics of the ordering processes in Fe-Pt
alloys near the composition Fe3Pt were studied
in the temperature range 450-750" C by means
of resistivity measurements and Curie point
determinations on polycrystalline wires. Quenched
alloys containing less Pt than stoichiometric FePt
consist of a mixed face-centered y and bodycentered a phase. Information was obtained
regarding the order-disorder transformation in
the y phase alloys and the a-y phase transformation, and as a result of these investigations
some slight changes in the phase-diagram of the
system are suggested.

Investigation of Wrought Iron-ChromiumAluminium Alloys Containing Platinum and
Palladium
H. A. SALLER, J. T. STACY, S. W. POREMBKA,

COmpt. rend., 1957, 244,

(11, 49-51
A preliminary investigation of the effect of
dissolved hydrogen on the magnetic properties of
the alloys Pd-Ni and Pd-Co. I t is found that
for the alloy Pd-ro%Ni the magnetic susceptibility decreases linearly as the amount of
dissolved hydrogen increases, and that for
Pd-2.5O/,Co at low temperatures the Curie
temperature remains constant although the
magnetic susceptibility and moment become very
small as the alloy is saturated with hydrogen.

ZZOOO

Sign Reversal of the Hall Effect in Rhodium
Solids,
1957, 1, Jan., 270-274
Measurements of the Hall effect in Rh were made
at temperatures between 4.2" K and 300" K in
fields up to 22 kilogauss. The results can be
fitted quite closely by theoretical models adapted
to the electronic structure of Rh.
B. R. COLES and J. C. T A Y L O R , ~ . Phys. Chem.

ELECTROCHEMISTRY
Alternating Current Electrolysis. Part V.
Formation of Chlorate and Hypochlorite
During A.C. Electrolysis of Hot Sodium
Chloride Solutions
K. M. JOSHI, J . Indian Chem. soc., 1956, 33,

X-ray Measurements of Order in the CobaltPlatinum System
s. RUDMAN and B. L. AYBRBACH, U.S. Atomic
Energy Comm., Report NYO-7051
The long-range order in the alloy Co-Pt is
measured by means of X-ray intensity and lattice
tetragonality measurements on powder briquettes

P.

Platinum Metals Rev., 1957, 1 , (2),

U.S.

Atomic Energy Comm., Report BMI-1017
The effect of up to 15% Pt and 20% Pd in
increasing the strength of an Fe -25 XCr-5 O/,Al
alloy at 1800-2200^ F without damaging its
oxidation resistance is investigated. The alloys
were arc melted under a partial pressure of helium
and cast. Those containing Pt are very susceptible to cracking on cooling after melting and
can only be rolled with difficulty, while the
addition of more than 100,;Pt causes a rapid
decrease in oxidation resistance at 2200" F.
The Pd alloys can be easily melted and cast
without cracking and the 10% alloy can be rolled
between 1800 and 2350OF with best results at
2200". Additions of up to 15": Pd slightly
improve the oxidation resistance of the ternary
F, with a I O ~ / O addition giving the
alloy at
best result.
In short-time stress-rupture tests the alloys
containing Pt are superior to alloys with corresponding amounts of Pd at 1800' but at ~ Z O O
the
"
reverse is true. At 1800" 15% Pt increases the
strength of the base ternary alloy to over twice
its original strength, while at 2200" the 10% Pd
alloy has a strength three times greater than the
original. The quaternary alloy containing I O ~ ( ~
Pd has the best overall properties and was further
tested for creep-rupture characteristics. ResuIts
show that this alloy has a IOO hr. rupture strength
of 800 and 300 Ib./sq. in. at 1800 and 2200"
respectively, the strength at 2200" being triple
that of the Fe-Cr-Al alloys without Pd.

Magnetic Study of Hydrogenated PalladiumNickel and Palladium-Cobalt Alloys
J. COHEN and J. WUCHER,

quenched from various annealing temperatures.
The long-range order vanishes discontinuously
from a value of Sc=o.78 on heating above the
critical temperature, Tc=833 1 2 " C.
Local
order and size effect coefficients are also obtained
for a series of Co-Pt alloys by means of diffuse
scattering measurements from powder briquettes
quenched from the disordered phase. Short
range order coefficients (i.e. a preference for
unlike neighbours) of the same magnitude as those
found in the Au-Cu system and size coefficients
similar to those found in the Au-Ni system are
observed.

Sep., 653-656
The electrolysis of saturated solutions of NaCl at
70" using Pt electrodes with symmetrical alter-
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nating current was carried out under various
conditions of frequency, current density and pH,
using KZCr20, as depolariser. An explanation
of the observed phenomena based on the
recombination reactions taking place at the
electrodes is offered.

LABORATORY APPARATUS AND
TECHNIQUE

The Preparation of Persulphate with a
Cooled Platinum Anode

Glass Ind., 1956, 37, Oct., 549-552
Describes the adaptation of a calorimeter
developed by Oelsen for metallurgical use to the
continuous measurement of the high temperature
heat content of glasses and fused salts. A
specially designed sample holder to ensure
uniform heat distribution in the molten glass is
constructed. This consists of a Pt crucible fitted
with a thermocouple well with eight radial fins,
also of Pt, into which is inserted a Pt:Pt-Rh
thermocouple. Expcriments were carried out on
B203, Na20.2Si02, and K20.2Si02 glasses and
on the salts NaCl, NaNO3 and KNO3 in the
temperature range 25-1000°C, and results were
obtained which agreed well with previously
published data. This apparatus permits a heat
content-temperature curve for a sample to be
obtained in about an hour.

A Method for the Continuous Measurement
of the High Temperature Heat Content of
Glasses and of Fused Salts
M. TASHIRO,

Y. SHIRASAKI and T. OTAKI, J . Electrochem. Sac.
Japan, 1956,24, May, 225-229 (English summary)
The electrolysis of acidic ammonium sulphate
solution using a hollow cylindrical Pt anode was
studied in order to find the relationship between
the current efficiency of formation of persulphate,
the temperature of the anode and anolyte and the
anode potential. The current efficiency is shown
to increase as the temperature of the anode or the
anolyte decreases; the efficiency of the process
can thus be maintained at a high level by water
cooling the hollow Pt anode.

Hydrogen Overvoltage on Bright Iridium
and Rhodium
J. P. HOARE and s. SCHULDINER, J . Chem. Physics,
1956, 25, Oct., 786
Hydrogen overvoltage measurements on bright
Ir and Rh were carried out in highly purified
2N HzS04 at 29' C with Pt/H2 as a reference
electrode. The curves of overvoltage against log
apparent current density are about the same for
both Ir and Rh and both would be acceptable as
hydrogen electrodes.

Wetting Properties and Mechanical Strength
in Glass-Metal Joints
w. WEISS, Glastechn. Ber., 1956, 29, (IO), 386-392

ELECTRODEPOSITION
Electrochemical Research on Ruthenium by
Radioactive Tracer Methods. II Cathodic
Deposition: Applications
M. HAISSINSKY and M. A. EL GUEBELY, J. Chim.
Phys., 1956, 53, Sept., 744-752
The influence of prepolarisation of the cathode
and of temperature on the cathodic deposition of
radio-Ru in HzS04 solution on electrodes of Au,
Pt, platinised Pt, and Pb is studied. Graphs
showing the effect of temperature on the percentage deposition of Ru are given, and it is
shown that the pretreatment of the electrode also
has a profound effect. For deposition on Pt or
Au the temperature and voltage for an efficient
and adherent Ru deposit are very critical, high
temperatures being required, but Ru is deposited
spontaneously on Pb at room temperature
probably because of the anionic complexes formed
by Ru in solution. Some possible applications
of these deposits are given.

The Hot-wire Anemometer in Supersonic
Flow
Instrument Practice, 1956, 10, Dec.,
1113-1114
Describes work done for the National Bureau of
Standards on the adaptation of the hot-wire
anemometer to the measurement of turbulent
flow in the transonic and supersonic range. The
wires used had to be as fine as possible because
of the very high frequencies (about 105 cycles/
sec.) involved, so wires of Pt, W and Pt-Rh
were made with diameters as small as 5 x I O - ~in.
Tests indicate that this instrument would give
satisfactory results in this range.
ANON.,

An Iridium Plating Solution

Analytical Applications of a Differential
Thermal Analysis Apparatus

Nature, 1957, 179, Jan.5, 39
A short note on an I r plating bath which gives a
dark grey coherent deposit of Ir satisfactory for
electrochemical work. The deposition is carried
out at room temperature and a current density of
20 maicrnz.
P. J. OVENDEN,

Platinum Metals Rev., 1957, 1 , (21,

The wettability of the metals Pt, Mo and W by
glasses with systematically varying compositions
in oxidising and rcducing atmospheres at 130o0C
has been studied. Wettability and surface
tension of the glass are not related, but the
boundary surface forces between the glass and
the metal are responsible for the wetting properties.
The same forces determine the
adhesion at a glass-Pt joint at room temperatures.
In an oxidising atmosphere the adhesion of the
Pt to glass increases with wettability and increasing surface tension of the glass.

Analyt. Chem.,
1957, 29, Feb., 271-275
An apparatus for differential thermal analysis is
described in which an attempt has been made to

P. D. GARN and S. J. FLASCHEN,
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combine as many advantages as possible of
previous systems. The high temperature furnace
incorporates a Pt heating element wound on
alumina, a Pt:Pt-Io% Rh control thermocouple
and a differential thermocouple of Pt-Io% Rh
with a joining wire of Pt or a Pd-Au alloy, and is
designed to raise the temperature to 1 5 0 0 ° C at
a known constant rate.

the catalysts were about the same. The variations in activity were thought to be related to
differences in the final crystalline form of the
adsorbed Pd due to interaction with the organic
anions.

Hot Wire Liquid Level Indicator

G. F. HENNON, w. A. SCHROEDER, R. P. LU and
w. B. SCANLON,
Org. Chem., 1956, 21, Oct.,
1142-1144

A. MAIMONI,
1024-1027

Rev. Sci. Instruments, 1956,27, Dec.,

3.

The theory of liquid level determination by
measurement of the resistance of a heated wire is
developed and applied to the design of a liquidnitrogen level indicator. The sensing element
was a Pt ribbon and the instrument had a power
dissipation of 3.4 mw/in. of length and a deviation
from linearity in the calibration of (0.1 in.

CATALYSIS
An Unexpected Catalytic Dehydrogenation
R. L. MOSS and c. KEMBALL, Nature, 1956, 178,
Nov. 10, 1069
In investigations on the decomposition of cyclohexylamine in the presence of H2 over evaporated
P t films at 1 3 4 ° C the initial reaction product was
not cyclohexane, as was expected, but benzene,
due to the selective action of the catalyst.
Cyclohexane was eventually formed by catalytic
hydrogenation of the benzene, but not until all
the amine, which apparently acts as an inhibitor,
had been used up.

Amino-Sugar Syntheses 11-IV
R. KUHN and w. KIRSCHENLOHR, Ann. Chem., 1956,
60% (21, 115-143

Describes the preparation of dialkylvinylcarbinols
and their esters by the semi-hydrogenation of the
corresponding ethynyl compounds using 5 Y,
Pd-BaC03 catalyst preferably in petroleum ether
solution, with an initial hydrogen pressure of
about 50 p.s.i.g.; the control of temperature in the
range 20-40’ is very critical and is best achieved
by adjustment of the amount of catalyst used.

Refinery Integrates Three Hydrofiners
and L. w. ZAHNSTECHER, Petroleum
Re$ner, 1956, 35, Oct., 166-168
At Esso’s Baltimore refinery it has been found
economical to integrate three hydrofiners, one
of which pretreats charge for a powerformer by
removing sulphur which would poison the
sensitive Pt catalyst. Powerformer charge is
heavy virgin naphtha and this is vaporised and
passed in series through three reactors containing
beds of Pt catalyst pills. Its octane number is
increased from 50 to 85-92.
A. BRANDON

What Happens in a Cat Reformer?
G. F. EISELE

and

R. SMITH,

Petroleum Eng.,

1956,

28, Oct., C-37

A summary is given of the first nineteen months’
operation in the first commercial unit using a
Sinclair-Baker catalyst, which is a moderate Pt
content regenerative catalyst of high life
expectancy.

Amino-Sugar Synthesis VI
and H. J. HAAS, ibid., 148-155
The use of PdO/BaS04 as a catalyst in the hydrogenation and semi-hydrogenation of the aminosugar precursors is described.

R. KUHN

Palladium Catalysts VIII-Catalysts
Prepared in the Presence of Various Organic
Anions
W. D. CASH, P. T. SEMENIUK and W. H. HARTUNG,
J. Org. Chem., 1956, 21, Sep., 9 9 9 - 1 0 0 2
Palladised charcoal catalysts were prepared by
reducing ionic Pd in buffer solutions of acetic,
mandelic, succinic, lactic and tartaric acids with
their sodium salts, and also in the absence of
any organic acid, to study the effect these methods
of preparation had on their activity. The
catalysts were studied in the hydrogenation of six
organic compounds; in the cases of nitrobenzene,
quinone and propiophenone significant differences
were found in the activities of the catalysts,
different ones being the most active in each case,
but in the reduction of benzaldehyde, benzyl
alcohol and piperonal oxime the activities of all
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The Controlled Semi-Hydrogenation of
Tert-Ethynyl Carbinols and Their Acetate
Esters
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Treating Obnoxious Gaseous Effluents with
the Oxycat
Wire Industry, 1956, 23, Nov., 1004
Describes the use of the Oxycat unit, which
contains a film of catalytic alumina and platinum
alloy, in the oxidation of industrial effluents of all
kinds, rendering them harmless; the hot clean
oxidised gases and air can be recycled for heating
purposes.
ANON.

Catalytic Hydrogenation of Acetone on
Evaporated Metallic Films
C. T. H. STODDART and c. KEMBALL,J. Colloid Sci.,
(4/5>~
532-542
The catalytic reaction between acetone vapour
and hydrogen on evaporated metallic catalysts of
Pt, Ni, W, Fe, Pd and Au was investigated. The
main reaction observed was the formation of
isopropanol, but on Pt some propane was formed
1 9 5 6 , 11,

poration’s Texas refinery. The Rexformlng
process combines catalytic reforming over a
fixed-bed Pt catalyst with a solvent extraction
unit employing aqueous glycol; the main advantage is that less severe reforming conditions are
required since unreactcd paraffins pass through
the glycol column and can be recycled. A
flow-diagram for the Rexformer and details of its
method of operation are given.

simultaneously. The order of activity for the
metals was the same as that for the hydrogenation
of ethylene with the exception of Pd.

The Catalytic Fission of the Carbon-Nitrogen
Bond, 1. The Reactions of Methylamine and
Hydrogen on Evaporated Metal Films
and R. L. MOSS, PrOC. Roy. SOC., 1956,
A238, Dec. 4, 107-116
A study of the catalytic fission of the C-N bond
is begun by following the reactions of methylamine
in the presence of hydrogen on evaporated
metallic films of Pd, Pt, Ni, Fe and W. The
expected products, methane and ammonia, were
formed with higher amines and some loss of
carbon to the catalyst. The effects of temperature
and methylamine pressure on the reaction rate
were determined, a reaction mechanism was
postulated, and activation energies derived.

C. KEMBALL

Study of the Platinum Catalyseil Autoxidation of Ethanol using
M. ROTTENBURG

and P.

BAERTSCHI,

HeIv. Chim.

Acts, 1956, 39, (7), 1973-1975

The autoxidation of ethanol in water catalysed
by 10% Pt/C was studied using 1 8 0 as a tracer.
The results are discussed in terms of two possible
alternative mechanisms.

Parafin Sorption on Clean Metals. Par1 I
The Behaviour of Differcrlt Metals towards
CH4 and C2H6
B. M. w. TRAPNELL, Trans. Faraday SOC.,1956,

On the Evaporation of Platinum in the
Course of the Combustion of Methane
P. BUSSIERE, B. DOMANSKI, c. m m and M.
PRETTRE, Compt. rend., 1956,243, (23), 1870-1872

52, Dec., 1618-1622
The amounts of CH4 and C2H6 sorbed by
vacuum evaporated films of W, Mo, Ta, Cr, Rh,
Pd and T i between -78 and 70’C were investigated, and it was found that even at 70‘C
neither gas covers the metal surface completely.
The behaviour of the adsorbed layers on Pd and
Rh is discussed in some detail, and a connection
is found between the catalytic activity in
deuterium exchange reactions and the sorption
velocity.

(see Platinum Metals Rev., 1957, I, (I), 30)
A study of the mechanism of CH4 combustion
over Pt was continued by investigating the
possibility of the reaction taking place in a homogeneous phase by evaporation of the catalyst.
Using active 197Pt obtained by irradiation it was
shown that at the reaction temperature, 1250°C,
the evaporation of the Pt was considerably greater
when the combustible gas CH, was present.

Microstructure of Platinum Ribbon Subjected to Catalytic Activation. Combustion Selective Analytical Hydrogenation of
of an Air-Methane Mixture
Olefinic Distillates
c. EYRAUD, B. DOMANSKI and c. BERGER, Bull. SOC. H. I. WATERMAN, A. B. R. WEBER and C. ZWEEKIIORST,
Chim. France, 1956, (11/12), 1765-1767
Micrographic examination of Pt heated to high
temperatures in an air-methane mixture shows
that crystal size and catalytic activity are not
related, but that there seems to be some
connection between surface roughness and
activity, particularly when the Pt has been treated
at a high temperature.

Characteristics and Catalytic Effcct of Solids
Angew. Chem., 1956,68, (24), 761-776
This article consists mainly of a summary of the
subjects discussed at the 55th Congress of the
German Bunsengesellschaft at Freiburg and is
a survey of the present state of research in the
field of heterogeneous catalysis. Pd and Pt are
among the examples given in the article which
includes sections on the mechanism of diffusion
and adsorption, the electronic characteristics of
catalytic metals and the theory of active centres.
H. NOLLER,

Cosden’s New Rexformer
Petroleum Proceshg, 1956,11, Nov., 79-81
The first commercial Rexforming unit to be built
is now operating at Cosden Petroleum CorANON.,
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J . Znst. Petroleum, 1956, 42, Dec., 349-354
Selective hydrogenation is often necessary in the
preparation of reformed or cracked petroleum
fractions for analysis, since the modern analytical
processes require olefin-free samples. The
following catalysts were therefore tested for
selectivity in the hydrogenation of a petroleum
fraction boiling between 200 and 260’ : NilKieselguhr, Raney Ni, MojC, PdjC, PtlA1203,
and Pt IA1203-Si02. The hydrogenations were
mostly carried out at 10 or IOO atm. initial
pressure, I hr. reaction time at 20-300~,and a
catalyst to oil ratio of I : 4. The methods of
preparing the catalysts are described, as is the
method of analysis of starting materials and
hydrogenated oils by the Fluorescent Indicator
Adsorption method. The hydrogenation is
defined as selective when the volume per cent of
aromatics remains constant while the volume per
cent of olefins becomes less than one unit
(bromine value <I). The results are presented
in tabular form and graphs show the performance
of each catalyst. The Ni, PdiC and Pt/A1203
catalysts are not selective under the conditions
investigated, while the MoiC catalyst is selective
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at 300" and IOO atm., and the Pt/A1203-SiOZ at
150" and 10 atm., the latter being preferable
because of the less drastic conditions required.

CATHODIC PROTECTION
Cathodic Protection of Iron
Nature, 1956,178, Dec. I, 1245-1246
The mechanisms involved in the cathodic protection of Fe by an impressed current anode of Pt
are investigated. The results indicate that the
present theory of cathodic protection is applicable
only to a limited number of cases.
M. J. PRYOR,

CHEMICAL TECHNOLOGY
Platinum Metals in the Chemical Industries
J. M. PIRIE, Chem. & Process Eng., 1957, 38, Jan,,

11-14
A review of the large range of uses of Pt metals
and alloys in the chemical industry. These
include high tcmperature uses, for example Pt
containers in the glass industry and Pt : Pt-Rh
thermocouples, and catalytic uses such as
Platforming, Pt-Rh catalysts for ammonia synthesis and supported Pd catalysts for hydrogenation reactions.

GLASS TECHNOLOGY
Phase Separation Induced by Platinum in
Sodium Phosphate Melts
and R. J. RYDER, Glass Ind., 1957,
Jan., 29-31
The introduction of 0.0005-0.006~0 of Pt
coloured sodium phosphate melts grey, and in
addition it was found that between 0.002 and
o.o06Oj, induced devitrification of the melt on
cooling.
Electron microscope investigations
showed that the Pt nuclei caused the glass melt
to separate into two liquid phases which enhanced
the devitrification of the melt. This phenomenon
was interpreted by the presence of two basically
different structural groups in the glass melt which
became unmixed in the presence of Pt. Further
experiments indicate that this is due to the
adsorption on the Pt particles of a phase richer
in PzOs than the rest of the melt.

of which help to define the amount of armature
travel.

Manufacturing Wire Spring Relays for
Switching Systems
J. w. RICE, Communication and Electronics (A.I.E.E.
Trans.), 1956, Nov., 513-518
Describes the machines and techniques used by
the Western Electric Co. in the mass production
of the Bell Telephone System's new wire spring
relay to the required close tolerances. The twinwire bimetallic Pd-Au contacts are contact-welded
to the tip of each wire, while the contacts on the
single wire blocks, which consist of cupro-nickel
with a layer of Pd on one or both sides, are percussion welded to the tips of the wires in the
required combinations.

Miniature Slip Rings
ANON., Elect. Manufacturer, 1957, I, Jan., 8-9

Describes Kelvin Hughes's improved method of
manufacturing miniature slip ring assemblies.
T h e rings are machined from Cu-Pd alloy and
assembled into a mould where they are gripped
into position by the injection of polystyrene,
which also serves as an insulating base. These
assemblies are suitable for use between -40 and
85°C and are corrosion resistant.

Material Transfer in Electrical Make and
Break Contacts

ELECTRICAL ENGINEERING

and w. M m , Z . Metallkunde, 1957, 48,
Jan., 16-24
Three different mechanisms of material transfer
at contacts in a DC circuit are described. They
are bridge-transfer, short arc-transfer and arctransfer. Some examples of arc-transfer at W
contacts and some Ag alloy contacts are given.
Short arc-transfer is influenced by the thermal
conductivity of the contact material, so that the
transferred quantity is lower for an ordered
Pd-40x Cu alloy and for a Au-3O,a Co alloy when
Co is precipitated from solid solution by thermal
treatment. T h e material transferred between
Au-Co contacts and condensed by short arctransfer on the cathode consists mainly of solid
solution and hardening effects may be observed.
Material condensed by arc-transfer on the anodes
contains oxide and therefore does not harden.

Design Features of Bell System Wire Spring
Relays
n. M. KNAPP, Communication & Electronics

TEMPERATURE
MEASUREMENT

(A.I.E.E. Trans.), 1956, Sep., 482-486

The Freezing Points of High Purity Metals
as Precision Temperature Standards.
1. Precision Measurements with Standard
Resistance Thermometers

G . E. RINDONE

Describes the special features in the design of the
Bell Telephone System wire spring relays which
contribute to automatic control in the important
operating characteristics relating directly to spring
forces and armature travel, The position of the
stationary contacts, composed of Pd coated Ni
contact tape, is one of the dimensions controlling
the contact closure point and contact interval both
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A. KEIL

E. H. McLAREN, Canad. 3.Physics, 1957, 35, Jan.,

78-90
The techniques and difficulties encountered in
precision measurements with Pt resistance
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thermorncters are discussed. Errors may arise
in the resistance bridge, in the Pt wire of the
thermometer and in the water triple point cells.
The relative drift of resistance coils in Mueller
resistance bridges is <I ppm/year. The intrinsic resistance of a Pt thermometer is comparatively unstable since the wires are annealed,

and cold work and heat treatment affect their
temperature coefficient. The errors arising from
the cells were determined by measurements on
reproducibility and long-term stability of cell
temperatures. The limiting uncertainties due to
variations in these three factors are each of the
order of 10-4'C.

NEW PATENTS
Reactivating Spent Catalyst
ESSO RESEARCH & ENGINEERING CO.

British Patent

760,612
A spent supported platinum or palladium hydroforming catalyst is reactivated by contacting it at
elevated temperature with fluorine, chlorine or
bromine or with a first substance containing
halogen which is labile and with a second substance having oxidising properties under the
contacting conditions. The substances are so
chosen that not more than 10wt % of the metal
and not more than 20 wt "/o of the support is
removed from the catalyst during reactivation.

Hydroforming Catalyst
co. British Patent

STANDARD OIL

761,192

A hydroforming catalyst of improved activity and
in which the catalyst metal is uniformly distributed throughout the carrier is prepared by
impregnating solid hydrous alumina (1-30% by
weight of combined water based on dry A1203), in
the presence of 0.001-0.02 mole of a water
soluble inorganic aluminium salt per mole of
dry A1203, with a solution of a platinum compound in quantity to add o.01-19/0 of platinum,
drying and calcining the mixture. The aluminium
salt is preferably aluminium chloride and a
solution of chloroplatinic acid is used.

Catalytic Hydrogenation
British Patent 760,737
Alkylated or arylated anthraquinones in solution
are reduced by hydrogen in the presence of a
palladium on silica-alumina catalyst which has
been prepared by impregnating the carrier with
a palladium compound, by adsorption from an
aqueous solution of palladium nitrate or chloride
and then treating the catalyst with an aqueous
alkaline solution, followed by reduction to the
metal.
LAPORTE CHEMICALS LTD.

Catalytic Combustion of Hydrocarbons
& co. British Patent 760,796

Production of Fully Hydrogenated Aromatic
Hydrocarbons
British
Patent 761,755
Polynuclear aromatic hydrocarbons and/or partially hydrogenated polynuclear aromatic hydrocarbons are passed entirely in the vapour phase
at t 0 - 1 ~
atmospheres partial hydrogen pressure
over a Group VIII catalyst, e.g.
at ~ o o - ~ o o ° C
metallic platinum, either alone or supported on
a carrier and preferably containing promoting
substances such as thoria.
THE COAL TAR RESEARCH ASSOCIATION

WGAS WCH

Apparatus for flameless combustion of propane,
methane or town gas comprises a catalytic mass,
e.g. platinum on asbestos fibres or silica gel,
arranged in a housing on a heat storage body
formed by a gas-pervious ceramic or metallic
plate having a minimum width greater than its
thickness and a gas distributing chamber formed
between the plate and the base of the housing.

Measuring Concentration of Gases
British Patent 761,055
The presence of oxygen or hydrogen in a gas or
gaseous mixture is detected by flowing a stream
of the gas over a palladium catalyst and measuring
any rise in temperature of the catalyst above the
temperature of the gas stream flowing towards
the catalyst. The catalyst may consist of finely
divided palladium supported in a plate of sintered
glass forming the wall of a tube through which
the gas flows, a platinum resistance element being
wound on the outside of the tube.
A. LIGHT
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Joining Metal Meinbers to Ceramic Members
TELEPHONES & CABLES LTD. British
Patent 762,105
A metal member is joined to a ceramic member,
e.g. a ceramic support rod in electric discharge
devices, by electroplating an area of the ceramic
with a metal coating and then spot welding
the metal member to it. For example, a ceramic
rod is painted with a colloidal suspension of
platinum in oil of lavender and the rod heated
to 500°C to give a very thin conducting layer.
Copper is then plated on to the platinum coating,
and an end cap of copper-nickel alloy is spot
welded in place.
STANDARD

Conversion of Crude Oil
UNIVERSAL OIL

PRODUCTS

co. British Patent

761,847

A reforming catalyst composed of alumina aqd
o.o5-1.5% of platinum and preferably containing

Nickel-Manganese Alloy

o.I-z~/;,combined fluorine is used in a process of
converting crude oil into valuable hydrocarbons.
The process comprises distillation, reforming all
or part of the recovered gasoline that results in
a net production of hydrogen, deasphalting part
of the rcsidual fraction, hydrocradring in the
presence of hydrogen from the reforming step
to produce gasoline.

co. LTD. British Patent
763,171
A nickel-manganese alloy for use as a brazing
metal in joining stainless steels or other heating
resisting alloys contains 30-60 parts by weight
of nickel in every IOO parts of nickel plus manganese, and 1-40% by weight of palladium.
Melting point not over 1250°C 5-1574 palladium
used with 3-50 parts of nickel.
THE BRISTOL AEROPLANE

Synthesis of Hydrocarbons
RHEINPREUSSEN A.G. FUR BERGBAU UND CHEMIE

British Patent 762,704
Hydrocarbons and oxygen containing organic
compounds are synthcsised by contacting a
mixture of carbon monoxide and water vapour
(z vols. of CO per vol. of water vapour) at 150350°C with a catalyst mainly consisting of an
VIIIth Group metal, e.g. ruthenium, and prcviously activated at I5-350"'c with CO and then
with hydrogen.

Reduction of A 4-3-Keto-Steroids
British Patent 763,301
I n the reduction of the 4(5) double bond of a
A4-3-keto-steroid to form isomeric 5-a- and
5- p- derivatives by catalytic hydrogenation, a
palladium-carbon catalyst containing 5 :4 palladium is used. Triethylamine is used as the
promoter.
FARMACEUTICI ITALIA s.A.

Production of Gasoline

Synthesis of Hydrocarbons

SODA FABRIK A.G. British
Patent 763,377
A catalyst consisting of alumina impregnated
with a platinum group metal (platinum or
palladium or a compound thereof) is used in
process of producing gasoline from a crude oil
fraction by a multistage catalytic pressure
hydrogenation in the liquid and gas phase.
BADISCHE ANILIN U.

RHEINPREUSSEN A.G. FUR BERGBAU UND CHEMIE

British Patent 762,705
Similar subject matter to No. 762,704.

Platinum-Alumina Catalyst

co. British Patent
762,728
The activity of a platinum-alumina catalyst is
improved by inclusion of aluminium chloride.
T h e catalyst is made by contacting an alumina
with an aqueous solution containing aluminium
chloride and an organic platinum-containing
compound, drying to impregnate platinum and
aluminium chloride on the alumina and then
0.01-20/0 platinum and 0.01-15 7;
reducing.
aluminium chloride, based on total weight of
catalyst is preferred.
ESSO RESEARCH & ENGINEERING

Production of Gasoline
BADISCHE ANILIN
Patent 762,Sr I

&

SODA FABRIK A.G.

Apparatus for Making Glass Fibres
OWENS-CORNING FIBERGLASS CORPORATION British
Patent 763,160
In apparatus for making glass fibres, thc feeder
for forming a number of streams of molten glass
is composed of one or more V-section members
having a number of orifices in a part made of
platinum-gold alloy having a wetting angle not
less than 55" for molten glass. Thc alloy is prcferably a 97% Pt 3:; Au or 94% Pt 6% Au
alloy.
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A heating and catalytic body for use in endothermic gas reactions at high temperatures is
composed of an electric resister, e.g. a rod of
graphite or carbon, surrounded by a protective
fireproof dielectric layer, e.g. porcelain, alumina
or quartz, and an outer layer of a catalytic metal,
preferably platinum or other platinum group
metal or alloy.

British

Gasoline is produced from oils by passing the
initial material together with hydrogen at a
pressure of more than 50 atms. and at z50-45o"C
ovcr a catalyst consisting of a silicate of a metal
of the 5-8th Groups. Platinum, palladium, and
ruthenium may be used as the catalyst.

-

Electric Reactors for Catalytic Gas Reactions
MONTECATINISOC. GEN. PER L'INDUSTRIA MINERARIA
E CHEMICA British Patent 763,461

Semi-Conductor Translating Devices
STANDARD TELEPHONES & CABLES LTD. British
Patent 763,927
A point-contact semi-conductor translating device
has the whisker formed of an alloy containing
8-20% of a platinum group metal and 0.1-20/,
of an accepter impurity and remainder gold.
The material may comprise S-zoo() platinum and
0.1-274 gallium. Rhodium or ruthenium may
be used and indium instead of gallium.
Catalytic Reforming of Light Gasoline
Fractions
N.V. DE BATAAFSCHE PETROLEUM MAATSCHAPPIJ

British Patelzt 764,389
The octane number of a light paraffinic gasoline
fraction boiling at 95-11o"C is improved by
separating the fraction by fractional distillation
into a lower boiling and a high boiling fraction at
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Hydrofining of Crude Oil Fractions

55-75"C, reforming the higher boiling fraction
by use of a platinum-containing catalyst and
blending the resulting products.

u SODA FABRIK A.G. British
Patent 766,021
A catalyst consisting of platinum, palladium or
ruthenium, or mixtures thereof with an iron
group metal is used in a process of desulphurising
crude oils by high pressure hydrogenation.

BADISCHE ANILIN

Preparatiou of Compounds of Fluorine and
Carbon
& CO. British Patent
7641424
A platinum-lined nickel tube is used for containing
anhydrous mercury fluoride and carbon black in
a process for the preparation of fluorocarbons.

E. I. DU PONT DE NEMOURS

Production of Gasoline
N.V.

Sparking Plug Electrode
K.L.G. SPARKINGPLUGS LTD. British Parent 764,831
The discharge portion of a spark plug electrode
is formed of a platinum group metal having a
surface layer impregnated with chromium, the
outermost part of the surface being substantially
all chromium.

Regeneration of Platinum and PalIadium
Catalysts
& ENGINEERING CO. British Patent
765,221
A catalyst composed of O.OI-IO% of a platinum
or palladium metal supported on a refractory
oxide base used during a hydrocarbon conversion
reaction is reactivated by burning off the carbonaceous deposits with a gas of 2-6 vol :/,
initial
oxygen content at an initial temperature above
7oo"F, the burning reaction raising the temperature rapidly to not over I 100°F;the temperature is kept at around rooo"F until danger of
temperature runaway is removed, the catalyst
then being contacted with a gas of higher oxygen
content to complete reactivation.
ESSO RESEARCH

DE BATAAFSCHE PETROLEUM

MAATSCHAPPIJ

British Patent 766,404
A catalyst composed of platinum supported on
alumina, which has been treated with hydrofluoric acid, is used in a process of platforming
a straight-run naphtha to an octane number of 89.

Production of Ketones
IMPERIAL CHEMICAL INDUSTRIES LTD. British
Patent 767,409
A solid catalyst comprising up to 109.b by weight
of platinum or palladium supported on gammaalumina, alumina-silica, alumina-zirconia or
thoria is used in a process of converting olefines
into ketones.

Manufacture of Peroxidic Compounds
THE DISTILLIIRS co. LTD.

British Patent 767,615
A platinum oxide or palladium dioxide hydrogenation catalyst is used in a process of making
saturated organic mixed tertiary and primary
or tertiary and secondary peroxidic compounds
by hydrogenation of a beta-gamma unsaturated
peroxide of specified general formula.

Manufacture of Pyridoxin- or RiboflavinPhospho-Metallic Compounds
Brirish Patent 767,664
Pyridoxin or riboflavin is treated with pyrophosphoric acid and phosphoric anhydride and a
salt or a hydrated oxide of an oligodynamic metal,
e.g. platinum or iridium, is added in the presence
of a condensation catalyst, e.g. zinc oxidc.
P. PADULA

Electric Contacts
Britkh Patent 765,273
An electric contact is formed of an exposed
layer or cap of an alloy of at least 5074 gold and
0-5"/ (not more) of a platinum group metal and
an unexposed layer of an alloy containing at
least 50% of a platinum group metal, e.g. 5076
palladium-nickel or 1oo7b palladium.
For
example, in a " dry " circuit, the circuit is closed
through the gold layer and in a '' wet " circuit,
the gold layer is worn away and the circuit
operates through a palladium layer, thereby
avoiding failure due to organic deposit when a
"dry " circuit is used.
WESTERN ELECTRIC C o .

Isomerisation of' Waxy Hydrocarbons
N.V. DE BATAAPSCW? PETROLEUM MAATSCHAPPIJ

British Patent 766,027
A process for the catalytic isomerisation of
waxy hydrocarbo:ns includes subjecting a solid
catalyst composed of platinum supported on
alumina, containing chlorine or fluorine, to a
conditioning treatment by heating to at least
250°C in the presence of hydrogen under increased prcssure.
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Decomposition of Metal Salts in Productioii
of Catalysts
German Patent 945,504
After impregnation or coating of a catalyst
support with catalytic metal salt solution, in
the manufacture of supported catalysts, the
catalyst containing the combined metal salts is
led through a film or spray of reducing gas, e.g.
hydrogen, which is surrounded by a combustible
gas formed by burning the reducing gas in the
presence of the atmospheric oxygen at the edges
of the spray. Applicable to the manufacture
of platinum or palladium supported catalysts.
The noble metal salts are decomposed rapidly
and completely and at a relatively low temperature.
OXY-CATALYST INC.

Electric Contacts
W. C. HERAEUS G.m.b.H. German Patent 947>742
A palladium-copper alloy containing 5-18 "/,

copper and remainder palladium is used as the
material for electric contacts. 1c-15:/0 copper
preferred.

acid per mol of A1203) to form a paste and adding
2-30% of platinum or palladium to the paste and
drying.

Treatment of Platinum Catalysts

Production of HCN

German Patent 950,192
The length of life of platinum catalysts, wound
or rolled up in disc-like form from narrow strips
of platinum, when used in ammonia oxidation
and like chemical processes is vastly improved
if the discs are turned from time to time and/or
rotated about their axes and/or freed of platinum
dust or powder adhering thereto. 16,000-25,000
operating hours is stated to have been attained
with this method of treatment.

DEUTSCHE GOLD U SILBER SCHEIDEANSTALT

RUHRCHEMIE A.G.

Catalytic Naphtha Reforming
co. U.S. Patent

ESSO RESEARCH & ENGINEERING

2,7651262
Describes a continuous method of hydroforming
naphthas in a system comprising a hydroforming
zone and a catalyst regeneration zone, in which
a platinum on active alumina catalyst is used.

Catalytic Dehydrogenation of Peperidine to
Pyridine
IMPERIAL CHEMICAL INDUSTRIES LTD. US. Patent
21765,310
A platinium or palladium catalyst is used in a
process of dehydrogenation of peperidine to
pyridine by passage of peperidine vapour and
hydrogen thereover.

Dehydrogenation of Peperidine to Pyridinc
IMPERIAL CHEMICAL INDUSTRIES LTD. US. Patent
2,765,311
Peperidine is dehydrogenated to pyridine by
passing peperidine vapour and hydrogen over
a platinum or palladium catalyst supported on
silica gel at 2oc-500”C.

Dehydrochlorination Process
U.S. Patent 2,765,350
Platinum or palladium or their oxides are used
as catalyst in the mamfacture of chloralkinc by
contacting a polychloroethane with the catalyst
at 150-5m”C.
ETHYL CORPORATION

Production of Methylcyclopcntene
SHELL DEVELOPMENT co. U.S. Patent 2,765,355
Methylcyclopentene is produced by dehydrogenating methylcyclopentane at 400-600°C with
a catalyst composed of O.O~-O.~O/Oplatinum on
silica gel which is free of alumina impurity.

Catalyst Manufacture
U.S. Patent 2,768,125
A hydroforming catalyst is prepared by precipitating aluminium hydroxide gel from an
alkali metal aluminate solution by reaction with
a mineral acid, mixing the resulting filter cake
with hydrochloric or nitric acid (0.1-1 mol of
AMERICAN CYANAMID GO.
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U.S.
Patent 2,768,876
A gaseous mixture of volatile hydrocarbons and
ammonia is reacted in the presence of a platinum
metal catalyst in a heated reaction chamber the
walls of which are formed of 0.7-896 SO2 and
remainder A1203.

Removing Arsenic froni a Naphtha

US.Patent 2,769,770
Reformed gasoline is produced from an arseniccontaining hydrocarbon charge by irradiating
the charge with light ofwavelength 0.1-0.8 micron
separating a gasoline fraction having an arsenic
content of less than 0.315 part per million and
reforming the fraction in the presence of a
catalyst composed of alumina and platinum
or other platinum group metal.
UNIVERSAL OIL PRODUCTS CO.

Refining a Hydrocarbon Distillate
co. U.S. Patent 2,770,578
An unsaturated sulphur containing hydrocarbon
distillate is refined by hydrogenation in the
presence of a platinum or palladium catalyst at
below desulphurising temperature and then by
desulphurisation in presence of a catalyst containing a Group VI metal and a metal of the
iron group.
UNIVERSAL OIL PRODUCTS

Reduction of Metachloronitrobenzene
US.Patenr

COLUMBIA-SOUTHERN CHEMICAL CORP.

23772,313
A metahaloaniline is prepared by treating a
metahalonitrobenzene with hydrogen in the
presence of a catalyst containing metallic rhodium,
at 25-180°C.

Refining of Hydrorarbons
UNIVERSAL OIL PRODUCTS co. US.Patent 2,773,or I
A hydrocarbon fraction containing nitrogen
compounds is purified by treatment with hydrogen
at 400-850°F in the presence of a catalyst composed of alumina, platinum and an alkali metal
or a compound thereof.

Hydrocarbon Reforming
STANDARD OIL co. U.S. Patent 2,773,013
A platinum-on-alumina catalyst is used in a
process of converting a low octane number
naphtha containing more than 0.1 ;/, sulphur and
rich in paraffins and naphthenes into a high
octane naphtha product.

Hydrocarbon Reforming
co. US. Patent 2,773,014

STANDARD OIL

Similar subject matter to No. 2,773,013.
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