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Preparation of Heavy Water
by Catalytic Exchange
By M. G. Hawes, A.R.c.s.,

B.S.

The great advantages of heavy water as a moderator in nuclear reactors
have been very largely offset by the di.culties of establishing a satisfactory
and economical manufacturing process. This article reviews possible
methods of preparation by catalytic exchange, with particular reference
to a process, recently developed i n Germany, f o r the enrichment of heavy
water by high pressure exchange between hydrogen and an aqueous
platinum catalyst suspension.

It has been known since 193 I that hydrogen
occurs naturally in the form of two stable
isotopes, with atomic masses of I and 2, both
of which are present, in combination with
oxygen, in natural water. The heavier isotope,
deuterium, forms what is commonly known as
which is present in
“heavy water”-D,O-which
nature to the extent of only 0.014 per cent.
With the development of nuclear engineering,
heavy water has advanced from an academic
curiosity to a vital chemical product. This
increase in importance is due to its exceptional
power of moderating neutrons, that is, slowing
down neutrons released by fission to speeds
at which they can cause further fission most
effectively. Heavy water is many times more
efficient than graphite for this purpose, but
has not been as widely exploited because as
yet no fully satisfactorymanufacturing process
has been devised, with the result that it is
available only in relatively small quantities at
a cost running to many thousands of pounds
per ton.
Despite this economic disadvantage, many
countries have built, or have in the design
stage, research reactors using heavy water as
moderator, while much planning effort is
being put into larger scale heavy water
moderated reactors both for land use and for
marine propulsion. Interest in the development of processes for the economical pro-
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duction of heavy water is therefore very
considerable.
Before the last war all the heavy water
produced commercially was made by electrolysis, the largest plant being operated at
Rjukan in Norway by the Norsk Hydro Co.
During the war the race for the atom bomb
stimulated research in the United States and
in Germany into alternative methods of
manufacture. In the United States H. C.
Urey and his co-workers at Columbia University studied this problem and their work
resulted in the erection of commercial scale
units at the ammonia synthesis plant of the
Consolidated Mining and Smelting Company
of Canada Ltd. at Trail, B.C., and at three
plants operated by E. I. Du Pont de Ncmours
and Co. Inc. in the U.S.A. (I).

Methods of Production
The basis of all methods of heavy water
production is the separation of deuterium
from a suitable hydrogen-containing raw
material by utilising the slight differences in
physical and chemical properties which exist
between deuterium and hydrogen isotopes.
In practice the raw material is almost always
natural water or hydrogen. Although the mass
ratio of z for hydrogen and deuterium is
greater than for any isotopes of the heavier
elements the task is made difficult by the low
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D I D O , the experimental high-flux materials-testing reactor at Ilarwell. cooled and moderated by heavy
water. A similar reactor, P L U T O , is also i n operation at Harzmll while a new reactor, D M T R , practically
identical with P L U T O , is nearing completion at Dounreay. The Atomic Energy Authority has concluded that the best possible alternative to the gas-cooled graphite moderated reactor for small land-based
power stations and for ship propulsion may well be a heavy water moderated reactor.

concentration of deuterium in natural water,
which requires that large quantities be
handled in the initial stages of the separation.
An additional complication is caused by the
fact that, when present in such low concentrations, deuterium is distributed in the
water as HDO molecules which have properties intermediate between H,O and D,O.
The only processes to have been operated on
a large scale are the electrolysis of water-in
which H,O is decomposed more readily than
D,O; water and hydrogen distillation; and
chemical exchange, which depends on the
isotopic displacement at equilibrium in
certain reactions resulting in the concentration of deuterium in one component (I, 2).
In selecting suitable processes the following
points must be considered: reversibiIity of the
reaction, which is a measure of the power
required, separation factor, which determines
the number of reaction stages, and finally the
complexity of the plant. The highest separa-
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tion factor, cx = 4 to 7, is given by electrolysis,
but this process is highly irreversible and the
cost of power is prohibitive except in such
places as Norway where very cheap hydroelectric power is available or where there is
some form of natural power such as the
geothermal springs in New Zealand. Electrolysis is, however, almost invariably used for
the final concentration of deuterium once its
level has been raised to the order of z to 5
per cent by other methods, since in this case
smaller quantities are involved and the
power consumption is much reduced.
Distillation methods are highly reversible
and therefore have a low power consumption,
but water distillation has a low separation
factor while hydrogen distillation must be
carried out near absolute zero, where knowledge of techniques is very limited.
Chemical exchange is probably one of the
most promising methods for future large-scale
production of heavy water. The basis of its
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The primary heavy water plant erected
at Trail, B.C., hy the Consolidated
Mining a7~d Smelting Company of
Canada Ltd.

in the gaseous phase, which introduced difficulties into the design
of the plant, since the water had
to be alternately evaporated and
condensed.

Trail Plant

operation is that if in the general equation
RH+R’D+RD+RH

where R and R‘ are radicals attached to hydrogen and deuterium, the equilibrium constant
K, which is equivalent to the separation factor
x , is not equal to I, some concentration of
deuterium will be possible.
Many reactions are known which satisfy this
condition but only those with water as one
component are of practical importance. The
reaction between water and hydrogen has
often been suggested for this p u r p o s c i t can
take place with water in the gaseous or
liquid phase:
H,O (gas)-HD (gas)+HDO (gas) 1 H, (gas)
or
HDO(liquid)+H,(gas)
H,O(liquid)+ HD(gas)i=

The two-phase reaction provides the better
separation factor, 4=3.87 at 25°C compared
with 3.62 for the single-phase reaction, but it
has been found in practice that the hydrogenwater system comes to equilibrium only very
slowly, so that a catalyst is required, and until
very recently no catalyst was known which
would give efficient service in liquid water.
Consequently the reaction had to be operated
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A plant using this process was
installed during the last war at the
synthetic ammonia plant of the
Consolidated Mining and Smelting Company of Canada Ltd. at
Trail, B.C. The necessity of using
hydrogen as one of the raw
materials restricted this process to
sites where there was an abundant supply of
the gas. In effect the hydrogen, produced by
electrolysis, was borrowed for the purpose of
extracting its deuterium content and then
returned for the synthcsis of ammonia. The
deuterium was concentrated by a combination
of catalytic exchange and electrolysis, carried
out in the so-called primary and secondary
plants.
The feed to the primary plant comprised
steam and hydrogen gas from the ammonia
plant. The deuterium concentrated in the
steam and was raised to a proportion of about
2.3 per cent D,O by this method in combination with electrolysis-further concentration to 99.8 per cent D,O was effected in
the secondary plant by electrolysis alone. The
most effective catalysts for the exchange
reaction were found to be platinum-oncharcoal and nickel-chromium, the former
being used in the first three exchange towers
and the latter in the fourth.
The primary heavy water plant at Trail is
shown in the illustration above, and a
simplified diagram of one of the exchange
towers is given below. A stream of water
containing H,O and HDO flowed in at the
top of the tower and a gas-vapour stream,
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consisting of a mixture of H,, HD, H,O and
HDO flowed into the bottom. This gas stream
was obtained from partial electrolysis of the
water leaving the column and from stripped
gases leaving the top of the subsequent tower.
In the exchange tower the HD was partially
absorbed in the descending water stream, the
remainder of the vapour passing on to the
next catalyst layer. Since the catalyst did not
operate satisfactorily if wet, the scrubbing
water was by-passed around each catalyst
section and heaters were provided to dry the
gas stream before it entered the catalyst bed.
On leaving the tower the water entered an
electrolysis cell where it was partially electrolysed; the hydrogen and some of the undissociated water returned to the tower as the
vapour stream while the rest of the waterenriched in D,O-entered
a subsequent
tower for further concentration.
The development of the platinum-oncharcoal catalyst for the exchange reaction
by G. G. Joris and his co-workers at Princeton
University has been described in some detail
(3). Canadian 8-mesh gas-mask charcoal and
peach-nut charcoal when completely activated
were found to be excellent supports. The
most satisfactory combination of economy in
platinum with high catalytic efficiency was
attained with a catalyst containing 0.4 g platinum per
IOO ml charcoal. The catalyst was easily poisoned by
carbon monoxide, hydrogen
sulphide, sulphur dioxide,
mercury and water, even in
minute traces. Regeneration
was normally very simple;
heating in hydrogen removed inactivation due to
carbon monoxide and heating in air or oxygen removed the effects of sulphur
poisons.
The cost of heavy water
produced at Trail was more
than $60 per lb, which is
comparatively high and
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which led to the closing of the plant in 1955.
However, it is known that by economies such
as decreasing the losses of water vapour and
hydrogen to a negligible value, and by
cutting down the amount of catalyst, the
cost of the heavy water could have been
reduced to $38 per lb. There are inherent
disadvantages in this method, however, the
most serious being the limitation of output
imposed by the amount of hydrogen available. The Trail plant is the largest producer
of hydrogen in the North American continent and yet its output of heavy water was
only 6 tons per year. Since it has bcen
estimated that in Canada alone the annual
requirements of heavy water will be
several hundred tons in a few years’ time
(4), it is evident that some further method
must be sought for really large-scale
production.

Dual-Temperature Processes
Where exchange reactions have equilibrium constants sufficiently dependent on
temperature the reaction can be carried out
at two temperatures in such a manner that the
water is enriched at one temperature and
depleted at the other. The second component carries deuterium from the depleted
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using a potassamide catalyst, has recently
been announced by Constructors John
Brown Ltd.; the enriched ammonia is distilled and exchanged with water, and it is
envisaged that this process could be operated
in conjunction with ammonia synthesis
plants to produce small quantities of heavy
water at a price of about $21 per lb. In a
recent patent (6) supported platinum or
palladium catalysts are suggested as alternatives in the above process.
The main disadvantage in the past of a
dual-temperature process utilising the hydrogen-water exchange reaction has been that
only catalysts active in the vapour phase had
been developed. It was widely thought that
if an efficient catalyst could be developed for
the exchange reaction between liquid water
and hydrogen, the dual-temperature hydrogen-water exchange process might well
provide the most attractive method of
producing large quantities of heavy water (4).

High
- Pressure Exchange with
Aqueous Catalyst Suspension
to the enriched water stream and is not
required as a raw material.
A dual temperature process using the
system
HDS+H,O$ HDOf H,S

has been developed for the plants at Dana and
Savannah River in the United States (5).
This system has the advantage that it requires
no catalyst and can be operated in the liquid
phase. Its main disadvantage, and one which
held up progress for some time, is the
corrosive nature of the liquids used. The
plants produce about 800 tons of heavy
water per year at a price of $28 per lb.
The United Kingdom Atomic Energy
Authority has studied dual-temperature
chemical exchange processes between H,S
and water and between liquid ammonia and
hydrogen, but no results have as yet been
made available.
A process based upon the latter reaction,
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In the past few years a group of German
workers under the leadership of Professor E.
W. Becker, of the Department of Physics,
University of Marburg, has been developing
a process for the enrichment of heavy water
through high pressure exchange between
hydrogen and an aqueous platinum catalyst
suspension (7). By using the catalyst as a
suspension the exchange can be carried out
in the liquid phase. The process, which is
said to have distinct economic advantages
over others being operated, is to be developed
by the firms Degussa and F. Uhde GmbH.
The process utilises a dual temperature
cycle with hydrogen or a nitrogen-hydrogen
mixture as the feed material. The suggested
arrangement is shown in the diagram above.
The dispersion of water and catalyst circulates through columns K, and K,, which are
held at about 30 and 200°C respectively. The
feed material is introduced at the lower end of
the hot column at a pressure of about 200 atm.
The enriched product is drawn off between
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the columns and the deuterium-poor gas is removed from
the top of the cold column
and returned to the supplierprobably a hydrogenation or
ammonia synthesis plant. The
heat carried by the materials
is recovered as far as possible
by means of heat cxchangers.
The main energy consumption is due to the incomplete
heat recovery and the mechanical energy required to mix
the phases. The latter is less
for this process than for the
hydrogen sulphide-water process because the material flow
required for a given production rate is lower.
A pilot-plant has been designed in order to obtain the
necessary data for the construction of a large-scale plant
It was calculated
for D,O production.
that the volume of the cold-column in a
three-stage process should be 23 c u m /
metric ton D,O/ycar. The hot column can
be considerably smaller since the velocity of
isotopic exchange increases rapidly with increasing temperature. In a plant of this size
10 per cent platinum-on-charcoal catalyst
containing 7.7 kg of platinum is required to
produce a concentration of 10 per cent
deuterium. It was found experimentally that
a greater concentration of catalyst reduces
the efficiency of mixing bctwecn the phases
and thus renders the process less efficient.
Any further increase in the ratio of platinum
to charcoal in the catalyst does not cause an
increase in the rate of the process. The
effects of catalyst concentration and platinum-charcoal ratio on the exchange constant, K, which is a measure of the rate of
the reaction, are shown in the graph above.
It is estimated that the total heat consumption for the plant designed will be
0.94 x 106kcal per kg D,O. The total power
consumption is estimated to be not more than
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k w h per kg D,O, which is only about a
quarter of the power required for the American hydrogen sulphide process. The investment in platinum, including the necessary
reserves, will be 16 kg for an annual production of 1000kg D,O.
These economic calculations are based on
the assumption that the enrichment of
deuterium is carried out exclusively in dualtemperature columns. The cost can, however,
be considerably reduccd by combining the
dual-temperature process with some form of
phase-conversion, which can be achieved by
carbon monoxide convcrsion, water gas formation or electrolysis of water. Such phaseconversion depends on the possibility of completely separating the water from the catalyst
suspension, and this has been found possible.
200

Future Outlook
Although this process has very favourable
economic characteristics, it suffers from the
same disadvantage as the Trail plant in that
it uses hydrogen as feed material and therefore
depends on large-scale sources of this gas.
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circuit and incorporating a further
exchange column in this circuit.
This auxiliary column contains a
catalyst such as platinum on
aluminium silicate or porcelain.
Water having normal deuterium
content is passed through the
column from the top downwards,
enriches the circulating hydrogen and is removed as an impoverished product. The enriched
material is drawn off between
the two dual-temperature columns,
as in the arrangement described
earlier in this article.
If this process can be operated
economically using only natural
water as feed material it should
prove of great value in future
large-scale production of heavy
water.
With hydrogen as feed
material the process should be of
particular advantage for relatively
small-scale production of about
Model of a plant to produce 10 tons n year of heavy water,
50 tons per year.
using the high pressurf exchange process developed by Degussa
1t is probable that a number
and F. Uhde GmbH. It is designed to operate i n combination
of
processes for heavy water
with an ammonia synthesis plant.
manufacture will be brought into
Fortunately it is possible to adapt this process use, adapted to suit the energy and material
for use with water as feed material. Such a resources of different countries. Many of
modification would, however, considerably them are likely to depend on chemical
increase both the plant and operating costs exchange as the primary mechanism of
due to the increased material flow required separation; where the quantity needed is
for a given DrO production.
A further relatively small, hydrogen may be the
modification (8) which does not require the favoured source of deuterium, but natural
use of hydrogen as feed material is obtained water is the only possible basis for largeby causing the hydrogen to flow in a closed scale extraction,
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Fixed Resistors for Use at
High Temperatures
NOBLE METAL FILMS PROVIDE SATISFACTORY
RESISTIVE ELEMENTS IN ELECTRONIC EQUIPMENT
One of the major problems encoun:ered
by the designer of electronic equipment for
missiles and other defence applications is the
progressively increasing temperature!; at
which his equipment must operate. At
temperatures up to 1 5 o T the choice of
resistors for such equipment is wide; at hLgher
temperatures the choice is far more limited.
However, a temperature limit of 15o'C is
already too low for much of the equipment
already in production and it is reasonable to
assume that the demand for components
capable of working at temperatures above
150°C will increase still further over the next
few years. In view of this, a report (I) published on part of the research work carried
out by the International Resistance Company
of Philadelphia, under a U.S. Air 1:orce
Contract, on ultra-high temperature res stive
elements capable of withstanding specified
nuclear radiation, is of particular interest.
The work was mainly concerned with the
investigation of components capable of
operating at temperatures of ~00°Cor rnore,
which is appreciably higher than the rnaximum operating temperature of any :omponents in current production, and was
directed primarily towards studying basic
materials and methods that showed promise
in achieving this objective.
No results are published in the repcrt of
tests carried out under irradiating conditions,
but in the great majority of applications this
information would not be relevant. There
are, however, a number of gaps to be filled in
the section of the report that has been published.
The work covered three main aspects:
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ceramic resistivity evaluation,resistive element
investigation and investigation of terminations and enclosures.

Ceramic Resistivity Evaluation
Ceramic materials are of interest here for
two purposes: as substrate materials which
support the resistive element and as enclosure
materials to protect the element and, in some
cases, to seal it hermetically.
This evaluation was directed towards
finding substrate and enclosure ceramics that
maintained suitably high values of surface and
volume resistance at temperatures up to
600°C. Numerous commercial ceramics were
examined: for tests under load Alsimag 652
(high alumina) and Alsimag 243 (forsterite)
were chosen. For most of the tests carried
out without load Alsimag 531 (alkali earth)
was used-principally on grounds of lower
cost and more ready availability. All these
materials are manufactured by the American
Lava Corporation.

Resistive Element Investigation
Two types of resistive element were
investigated: fired-film and evaporated film.
Fired-film resistors on glass substrates for
lower temperature use are already established
and have been in production in Britain for
some time. The films are produced by the
same basic technique that is employed in the
decoration of glass or ceramic ware. Solutions
of the resinates or sulpho-resinates of the
required metals in essential oils are applied
to the surface to be metallised and the parts
are fired in a mildly oxidising atmosphere.
This burns away the organic materials present
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Two jired-hlm resistors
by Painton 6;: Company
Limited, shotan without
external p r o t e c t i o n .
"hat on the lest employs
u ,flat glass stL6strate;
that o n I ~ P right is
wound with metallised
glass fibre.

and leaves behind a thin, homogeneous film
of alloy.
The need €or noble metals is obvious. In
Britain, alloys of gold and platinum have been
most favoured since these produce films of
tolerably high resistivity and acceptable
temperature coefficient of resistance. U p to
now the majority of the work has been
concentrated on films fired on flat or tubular
glass bodies, the film being cut or helixed to
increase the total resistance. However, a
recent article by Dummer and Benham (2)
describes a new approach to the problemthe use of metallised glass fibre which makes
possible the production of fired-film resistors
in the megohm range.
However, in the work covered by the IRC
report, ceramic substrates were used because
of the obvious temperature limitation of glass.
Evaporated films are produced by the
evaporation under vacuum of the required
metals-a technique already in general use
for a variety of purposes. This technique has
already been employed, on a limited scale, in
the production of base metal resistors on glass
bodies.
The IRC report shows that initial work on
fired films was conducted with a commercially
available palladium-based solution which
showed excellent stability of resistance at
550-c but which was too low in resistivity
to be of interest.
Methods of increasing the resistivity of
gold-palladium solutions by additions were
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therefore investigated: the addition of inorganic solids was tried, but because of
settling problems this was discarded in
favour of soluble organic salts which dissociated during firing, the resultant product
being co-deposited in the film with the noble
metals. Salts of lead, aluminium, silicon and
zinc were investigated. Of these, lead salts
were found to be the most satisfactory. A
gold-palladium solution, with a lead addition,
applied to a forsterite type of ceramic showed
reasonable stability under load in an oxidising
atmosphere of 500 C but the low resistivity
of the film would limit its use to low-value
resistors.
Also investigated were the use of multiple
applications, which in all cases improved
stability at the expense of resistivity, and
increasing the firing period of the solution
with a view to stabilising the film. The
effects of extended firing periods are still
under investigation.
Initial work on evaporated films, for which
quartz was used as the substrate, was concentrated on rhodium. This was found to be
too unstable in air (presumably due to
oxidation) to be of interest but showed
promise for use in hermetically sealed
enclosures. Nickel-chromium films were also
investigated but their lack of stability showed
them to be useless in this application. T h e
most satisfactory evaporated film was found
to be that of 'carbon-alloy'-a
process
developed earlier by the International Re-
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sistance Company-mounted in a hermetically
sealed enclosure. The high resistivity of this
fJm is such as to lend itself to the manufacture of megohn value resistors. Its composition is not disclosed.
For use in unsealed assemblies certain
platinum alloys, 10 per cent rhodiumplatinum, 10 per cent iridium-platinum and
1 1 per cent ruthenium-platinum, show great
promise and further work on these has been
initiated. These alloys compare extremely
favourably with pure platinum in that they
are far more stable and have lower temperature coefficients.
Iron-nickel caps with nickel leads were

employed for the fired-film resistors, these
caps being pushed onto gold-platinum bands
fired onto each end of the body. The caps
but did not cause a disoxidised at SOOT
cernible increase in resistance.
Gold or
platinum leads were used with the evaporated
films.
The best method of sealing the enclosures
to the caps was found to be that of metallising
the enclosures with a nickel-plated molybdenum-manganese band and brazing them
to the caps with a silver-free brazing alloy.
Silver is objectionable because of its tendency
at high temperatures to penetrate the seals
and evaporate.
J. G . W.
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A NEW NITRIC
ACID PLANT
A high pressure ammonia
oxidation unit w i t h an output
of 250 short tons of 100 per
cent nitric acid per day forms
part of the new ammonium
nitrate factory recently built
f o r Fisons Ltd. at Stanford-leHope on the Thames estuary.
It employs a modification of
the D u Pont process, and has
been built under a contract
placed w i t h Chemical & Industrial International. Liquid
ammonia from the neighbouring plant of the Shell Chemical
Co. is stored i n a 2,000 t o n
spherical tank. A 10 per cent
mixture of ammonia in air at
120 Ib. per square inch is preheated and passed through a pad of 36 hexagonal 10 per cent rhodium-platinum gauzes, 36
inches across flats, at a temperature of 950°C. After cooling, the nitrogen oxides are
absorbed i n a single stainless steel bubble-cap tower. The tail gases are treated i n a fume
eliminator containing a platinum catalyst and are then expanded through a gas turbine. All
the power for the compressor is provided by gas and steam turbines on a common shaft
which utilise heat derived from the process reactions.
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The Wetting of Platinum
by Molten Glass
A REVIEW OF RECENT INVESTIGATIONS
In the handling of molten glass in platinum or platinum alloy vessels,
wetting of the metal by the glass is a factor of importance. During the past
few years studies have been made in the United States, Germany and
Russia on this subject from different points of view, but it is evident that
there is a direct relationship between the a#nity for oxygen and the
wettability of the surface.

Platinum and its alloys are almost the only
metals that will withstand long exposure in
contact with molten glass without a protective atmosphere or coating. In an increasing range of glass-making and manipulating processes the inadequate physical and
mechanical properties of siliceous refactories
have encouraged the employment of platinum
as a constructional material. In some of these
uses wetting of the platinum metal by molten
glass is a disadvantage; when optical glass is
poured from large crucibles into moulds
there may be a substantial gain in yield if the
glass can be made to flow completely out of
the crucible, while in the manufacture of
continuous filament glass fibre wetting of the
orifice face of the bushing sometimes interferes with filament formation. Interest has
therefore been stimulated in the conditions
that govern the interfacial relationship between the platinum metals and molten glass.
Only a limited amount of work has yet
been done, and the viewpoint of the investigators has differed considerably, but it is
possible to see a common factor in the
available information-the significance of the
surrounding atmosphere, and particularly
the presence of oxygen, in differentiating
the surface behaviour of the metals.
In the United States a series of papers has
been published describing work carried out
in the University of California, under the
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direction of Dr J. A. Pask ( I , 2, 3), in which
an experimental exploration of the fundamental mechanism of the interfacial reactions
is described. Some of these papers discuss
the behaviour of platinum, palladium and
gold in contact with molten silicate glass at
various temperatures and pressure, and in
different atmospheres. The degree of wettability was determined in each case by
measuring the contact angle, that is the included angle between the solid surface and a
tangent to the liquid drop at the liquid-solid
interface. The measurements were all made
by viewing the liquid drop through a telescope
while it remained in the furnace.

Effects of

Atmospheric Conditions
The contact angle of sodium disilicate glass
on gold at a temperature of IOOO~C
was found
to be virtually unaffected by atmosphere. In
vacuum, or in atmospheres of oxygen, carbon
dioxide, water vapour, hydrogen, argon,
helium or nitrogen from 10-3 mm to I mm of
mercury, the contact angle remained substantially the same, about 60". Platinum,
however, was found to be very sensitive to
the atmospheric conditions; in vacuum at
IOOO'Cthe contact angle was 60", in helium
it was also 60°, but in hydrogen it was only
43",indicating a lesser degree of wetting, while
in air or oxygen complete wetting was
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observed. Palladium, because of its affinity
for hydrogen, behaved somewhat differently
and was more strongly wetted in hydrogen
than was platinum. In atmospheres containing oxygen at very low pressures, the degree
of wetting was diminished by increasing the
oxygen concentration up to a pressure of
I O - ~ mm of mercury; above this pressure the
degree of wetting became continually greater.
The initial decrease is due to the adsorption
of oxygen on the platinum surface lowering
the surface tension; the increase at higher
pressure can be shown to be due to absorption
of oxygen into the bulk metal. The absorbed
gas migrates to the glass-metal interface and
causes the decrease in interfacial energy. The
behaviour of platinum in other atmospheres
can be explained on an analogous basis.

Electrochemical Properties
The phenomena of wetting have also been
studied by Dr Coenen of the Max Planck
Institute, Wiirzburg, and the results of his
work were incorporated in a paper given to
the German Society of Glass Technology at
a meeting in Freudenstadt in May 1958 (4).
This author considers that the relationship
between the wettability of rhodium-platinum,
gold-platinum and beryllium-platinum alloys
by molten soda-lime glass is related to the
reversibility of the electrochemical properties
of these alloys. He considers that the cause
of this relationship is the diffusion of oxygen
atoms, which are essential links in the glass
network and are capable of diffusing in the
noble metal alloys.

Glass Fibre Bushings

action of molten glass. Tests were made on
samples of the following metals and
refractories:
(I) Unalloyed platinum; (2) 7 per cent
rhodium-platinum; (3) I per cent chromiumplatinum; (4)25 per cent palladium-platinum;
( 5 ) 25 per cent platinum-palladium; ( 6 ) 5 per
cent nickel-platinum; ( 7 ) Unalloyed palladium;
(8) Fused silica; (9) Alumina.

Two Russian workers, M. G. Cherniak and
G. G. Naidus ( 5 ) were concerned with the
behaviour of the alloys used in bushings for
glass fibre manufacture, and they sought to
collect quantitative data on the behaviour of
different materials in contact with molten
glass in order to improve the efficiency of
furnaces for fibre manufacture. A suitable
material must have adequate mechanical
strength at 1180~-1200~Cand must resist the

Two glasses were used, one containing
principally 55 per cent SiO,, 17 per cent CaO,
11 per cent B,O, and 1 1 per cent A1,0,; the
other 74 per cent SO,, 15 per cent Na,O
and 7 per cent CaO.
The experimental technique differed from
that of the American workers, in that the
specimens were examined by the “frozen
drop” method, as plates on which a 0.1g glass
specimen was mounted. Each sample was
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was found to be only 1.5 to '2 of angle.
The results obtained by these investigators
are shown in Figs. I and 2. No values are
shown for I per cent chromium-platinum,
which had the same wettability as unalloyed
platinum, or for 5 per cent nickel-platinum
which was easily oxidised at the temperatures
of experiment. The resistance to wetting
increased in the following order:
( I ) Unalloyed palladium
(2) 25 per cent platinum-palladium
(3) 25 per cent palladium-platinum

(4) Unalloyed platinum
( 5 ) 7 per cent rhodium-platinum

placed for 30 minutes in an electric furnace
at a chosen temperature, in the range 1080 to
xzoo"C for glass I, and 850 to I I O O " ~for
glass 11, then removed and rapidly cooled to
fix the shape of the drop. The profile of the
fixed drop was optically projected and the
contour was traced. Although the profile was
not exactly the same as at the temperature
of experiment, the variation in contact angle

Available data on the ease of oxidation of
the metals was correlated with the experimental results and a direct correspondence
was found between the resistance to wetting
and the resistance to oxidation, which was in
the same sequential order: more easily oxidised metals or alloys are more easily wetted.
Although the results of these various
workers are not directly comparable, they all
indicate the great importance of the nature of
the atmosphere surrounding the glass metals
system, and the probability that the phenomena of wetting are related to the reactivity
of the metals and alloys towards the gases in
the atmosphere, and that wettability is
controlled by changes in the surface energies
at the respective interfaces.
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The Use of Platinum Anodes
in Organic Anodic Processes
By Milton J. Allen
CIBA Pharmaceutical Products Inc., Summit, New Jersey

Platinum, the most plentiful of the platinum
group metals, has many uses due to its
resistance to corrosion. In addition, it is
extremely useful as a catalyst for oxidations,
such as for the production of sulphuric and
nitric acids, and for hydrogenation as in the
production of many pharmaceuticals and
chemicals. In inorganic chemical industry
platinum is widely used as the anode in a
number of electrochemical processes, but
perhaps least known is its usefulness as an
anode in the electrolytic oxidation of organic
compounds.
This metal, unlike the others which have
been used as electrodes in anodic processes,
has the advantage of being essentially passive
in most electrolytes. As a result it is possible
to obtain graded potentials with platinum.
With the non-platinum group metals, it is
generally difficult to obtain such a stable anode
potcntial, as the potential generally rises
rapidly from the low value, at which the
anode dissolves, to the high value for passivity
and oxygen evolution. In those circumstances
in which platinum is less passive, that is, in
the presence of halogen acids, it is possible
to counteract the action of these acids merely
by incorporating 5 to 10per cent of iridium
into the electrode.

Electrochemical methods of preparing
inorganic chemical products are well
known, and the reactions taking place
at anode and cathode are well underI n the organic sphere a n
stood.
increasing interest i s developing in
electrolytic methods of preparation, but
the processes are neither so widely used
as yet, nor are the principles so well
clarijied. D r . Allen, who i s Director of
the Physical Research Laboratories of
CIBA, has devoted much energy and
enthusiasm to studies in organic electrochemistry and he and his colleagues have
devised a number ofpreparative methods
f o r pharmaceutical products or intermediates based upon anodic oxidation
and allied electrolytic processes. I n this
article he reviews the mechanism of these
reactions and outlines some of the
important syntheses capable of being
effected with the aid o f p l a t i n u m anodes.

on the scene. He showed that electrolysis of
an acetate salt yielded ethane and carbon
dioxide (2):
2 CH,COO-

The Mechanism of Anodic
Oxidation
One of the most widely used anodic organic
reactions is the Kolbe reaction. Although
Faraday, as early as 1834, demonstrated that
upon electrolysis of an acetate solution he
obtained some hydrocarbon ( I ) ,detailed data
did not become available until Kolbe came
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This process was considered by its discoverer
to involve the oxidation of the carbonyl group
by oxygen obtained from the electrolysis of
water.
An interesting fact about this reaction is
that in an aqueous medium, the hydrocarbon
is formed in appreciable quantities only at a
smooth platinum or iridium anode. If a
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Synthesis of ( ~)-3,13,19-trirnethyZtricosano~c
acid from 3-rnethyllteptanoic acid
in a series of four electrolyses

platinised platinum, gold, palladium, nickel
or iron anode is used, the efficiency for hydrocarbon formation is considerably reduced and
methanol is the predominant product from
the electrolysis of acetates. Although the type
of electrode material is not of as great importance when the Kolbe reaction is performed in non-aqueous media, from a
practical point of view these types of media
are not too desirable because of their greater
resistance to the passage of current.
Much has been written concerning the
mechanism of this reaction. Although numerous mechanisms have been proposed, they
all have essentially one feature in common:
the reaction that occurs via a free radical
mechanism. Therefore it would be preferable
to utilise a high over-potential state such as is
found with platinum.

by Mislow and Steinberg ( 6 ) for the synthesis
of chaulmoogric acid. Electrolysis of a
mixture of (+)-cyclopentenyl acetic acid
and ethyl brassylate, followed by saponification of the product mixture, yielded chaulmoogric acid identical with the natural
product.

Synthesis of Fatty Acids

Syntheses by Anodic Alkoxylation

The applications of the Kolbe electrosynthesis are numerous, and have been
described by the present author elsewhere (3).
Only a few will be given here by way of
illustration.
For example, this electrochemical method has been found extremely
satisfactory for preparation of many biologically active branched-chain fatty acids as
found in nature (4). One such acid, ( L)-3,13,
I 9-trimethyltricosanoic acid, has been synthesised from 3-methylheptanoic acid (5) in a
series of four electrolyses.
Of interest is the efficient method developed

Anodic alkoxylation reactions performed
with a platinum anode have become an
increasingly important tool in the synthesis of
many intermediates that could not previously
be prepared efficiently by the usual chemical
methods. In this connection we may cite the
methoxylation of furan. The reaction of furan
with a methanolic solution of chlorine or
bromine yields 2, j-dimethoxy-2, j-dihydrofuran (7). As the product obtained by the
chemical method is often contaminated with
a small quantity of halogen-containing impurity, the stability of the acid-sensitive di-
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Synthesis of chaulnioogric acid from
( )-cyclo-pentenylacetic acid
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methoxydihydrofuran is not too great. With
the electrochemical method, a halogen-free
product is obtained (8). In the reaction, a
methanolic solution of ammonium bromide is
mixed with the furan and subjected to electrolysis at a platinum anode at a temperature of
- 14°C. During electrolysis ammonia and
hydrogen are liberated at the cathode; the
bromine which forms at the anode reacts
with the methanol and the furan to give the
desired compound:

CH,O

J$Lo:;

HBr

Anodic rnethoxyylation of.furan

The ammonia liberated at the cathode reacts
with the hydrogen bromide to regenerate the
ammonium bromide required in the process.
This highly efficicnt process has been applied
to the methoxylation of such furans as 2-

Platinum Metals Rev., 1959, 3, (4)

rnethylfuran, furfuryl alcohol, and furfuryl
acetate, with the final products being the
corresponding 2,5-dihydro-2,5-dimethoxyfuran in each case (9). Ethoxylation of the
furans has also been accomplished by using
ethanol instead of methanol in the process.
With furan under these conditions the 2,5diethoxy-2,s-dihydroxyfuranis obtained (10).
More recently it has been demonstrated
that the methoxylation of furan can be
accomplished by utilising the medium of
sodium hydroxide and methanol ( I I). Thus
all possibilities of destruction of 2,s-dihydro2,5-dimethoxyfuran by halogen are eliminated.
This method has been applied to a large
number of furans with considerable success.
In addition, it has opened the way to a
number of interesting new syntheses.
A useful route to the synthesis of pyrroles
has been developed by utilising the dialkoxydihydrofuran obtained by anodic substitution,
reducing this to the tetrahydrofuran and then
reacting it with a primary amine or ammonia.
Application of anodic methoxylation to furfurylamine and its derivatives has resulted in
a route to the synthesis of pyridols, which has
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Anodic
____t
Methoxylation

BzNHCH,
Me0

OMe

0

ianodic mPthoq1arion applied to the synthesis of histidins

been extended to give a novel synthesis of the
vitamin pyridoxine (12).
Anothcr intcresting application of this
method is in thc synthesis of histidine (13).
A modification of this reaction has made it
possible to chloromethoxylate a number of
steroids utilising a platinum anode and a
medium of lithium chloride in methanol (14):

containing calcium carbonate and a small
quantity of calcium bromide (15):

2 HOH,C-

C __ C - C -

/
OH

/
OH

CHO

I
n

R

Anodic oxidation of arabinose, i n u medium c o n
tuining calcium carbonate and rakium bromidp,
yields ctrlcium urabinate

Nicotinic acid is readily obtained by the
oxidation of nicotine at a platinum electrode
in an aqueous sulphuric acid medium (16):

OMe

Anodic chloromethoxylation of steroids

Some Anodic Oxidation
Processes
Anodic oxidation has been used with great
success in many organic processes. For
example, calcium arabinate, a blood supplement given intravenously, is obtained by
oxidation at a platinum anode in a medium
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Anodic oxidation of nicotine to nicotinic acid
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Synthesis of saccharin by anodic oxidation of o-toluene-sulpkonamide

Alizarin, an important dyestuff, is prepared
from anthraquinone. This intermediate is
obtained by oxidation of a suspension of
anthracene in an acetone-sulphuric acid
medium at a platinum anode (17).
Of interest too, is the efficient synthesis of
saccharin from o-toluene-sulphonamide using
a platinum anode and a 2N sodium carbonate
medium (IS). In this process the sulphonamide is first oxidised to o-carboxyl-sulphonamide, which then loses a mole of water to
form saccharin, as shown above. Earlier
investigators had shown that oxidation of
a-toluene-sulphonamide could readily be
accomplished with a platinum anode in a 2N
sodium carbonate solution at 6oo0C, a
membrane not being required to separate
anolyte from catholyte if a lead cathode were
used. This procedure was reported to give a
40 per cent yield of saccharin. Addition of an
oxygen carrier resulted in a yield of 75 per
cent, the preparation of saccharin by an
electrolytic process thus becoming a practical
procedure.

Anodic Polarography
Any discussion of anodic oxidation processes, however brief, should make mention of
the use of the rotating platinum electrode in
anodic polarography. The introduction of a
platinum electrode of such a design as to give
reproducible results has created many possibilities for it in the study of anodic mechanisms and as an analytical tool (19). Its
application to the study of the mechanism of
oxidation of indole alkaloids and the quantitative determination of one in the presence of
others indicates the potential usefulness of
this technique (20).
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Heating of Soaking Pits
CONTROL BY PLATINUM THERMOCOUPLES
For a number of years after the installation
of circular soaking pits at the Ebbw Vale
works of Richard Thomas and Baldwins
Limited it was found that some ingots in a
load were not achieving the correct temperature for rolling. This was an irregular
occurrence, but became more frequent when
oil firing replaced the older system of firing
with a mixture of blast furnace and coke oven
gases and was then traced to irregularities in
the flow of oil to the eight burners placed
tangentially round the pit.
The first attempt to rectify the trouble
involved fitting each burner with an orifice
plate and checking periodically with a portable manometer. While this effected a certain
amount of improvement, the results were
not all that could be desired, and the time
occupied in checking became considerable.
The temperature of the soaking pit was controlled thermostatically by means of a platinum : rhodium-platinum thermocouple, but
this controlled only the total flow of fuel to the
burners and not its distribution among them.
It was realised that to
ensure an even temperature to all ingots more
temperature determinations would have to be
made around the pit, and
as an experiment three
additional couples were
mounted so that, with

the control couple, readings were taken at
intervals of 90° round the circumference.
Preliminary tests showed that variations
ranging from 150 to zoo"F occurred round the
pit. From these readings the operator was
able to adjust his burners to ensure even
heating, but further development of this
practice was found to be desirable.
A three-point recorder is now installed in
addition to the control recorder so that both
operators and management can see instantly
whether temperatures are steady all round the
pit, rise together to the maximum of 2400"F,
and remain there during the soaking period.
This simple system has proved very effective and economical. The net average heating
efficiency of the ingots now works out at
94 to 10 therms per ton, while the life of
each thermocouple is about four months.
The couples are 34 inches long, mounted
inside sillimanite sheaths, these being encased
in carborundum outer sheaths z inches
OD by I inch ID and 36 inches long, projecting 3 inches into the soaking pit.

A circular soaking pit at the
Ebbw Vale works of Richard
Thomas and Baldwins L i m ited. Two of the four control
thermocouples can be seen
projecting from the wall
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Paramagnetic Resonance in
Platinum Group Compounds
By J. Owen,

M A . , D.Phi1.

The Clarendon Laboratory, University of Oxford

During the past few years there has been an
increasing interest in the magnetic properties
of palladium and platinum group compounds.
In these the magnetism arises from electrons
in an unfilled 4d (Pd group) or 5d (Pt group)
shell. The main difference in magnetic
behaviour of ions of these groups compared
with that of the more commonly investigated
ions of the iron group which have an unfilled
3d shell, arises from the stronger covalent
bonds which are formed between the ion and
its immediate diamagnetic neighbours. The
effects of bonding on magnetic properties in
general are consequently easier to investigate
in the higher transition groups, especially the
platinum group, and it is the purpose of this
article to give a brief account of some paramagnetic resonance investigations of such
effects.
The measurements have been made by a
group at Oxford on salts provided by the
Johnson Matthey Research Laboratories.
First will be given a short description of the
paramagnetic resonance technique, and then
an outline of two of the most interesting
results. These are (i) a method of measuring
the unpaired electron distribution over the
paramagnetic complex, and (ii) a method of
measuring the antiferromagnetic exchange
interactions between neighbouring magnetic
ions in the crystal.

Experimental Technique
The paramagnetic specimen is placed in a
waveguide or cavity resonator in an external
magnetic field H. Each magnetic ion then has
an associated set of Zeeman energy levels
corresponding to the allowed orientations of
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the magnetic moment in H. Microwave
radiation of frequency v in the waveguide is
absorbed when the spacing between adjacent
Zeeman levels equals the quantum of microwave energy hv. The resonance condition is
then hv = g p H, where p is the Bohr magneton and g is the spectroscopic splitting factor
which is often close to z for ions in crystals
and is 2.0023 for a free electron.
Typical operating conditions might be
V=IOOOO
Mcps (corresponding to a wavelength of 3 cm) and H=g5oo gauss at resonance. Two of the most important quantities
measured are (i) the g-value which is effectively a direct measure of the spin and orbital
magnetic moment of the ion; and (ii) shifts
or splittings of the absorption line arising from
internal fields in the specimen. Such internal
fields may be present, for example, if there is
hyperfine interaction between the electron and
a nucleus of spin I, which splits the absorption
line into z I + r hyperfine components. A
second kind of internal field may result from
the interaction of the magnetic electrons with
the electron magnetic moments of neighbowing paramagnetic ions.

Bonds and Electron Distribution
The measurement of electron distribution
will be illustrated by reference to the mixed
compound (NH,),Ir,PtCl, with Jr:Pt-I:~oo.
Here the Ir(1V) ion has configuration 5d5,and
only one of these five electrons is unpaired
and this electron is responsible for the paramagnetism. The Pt(1V) ions, 5d6, have all
their electrons paired off and are diamagnetic;
they merely serve as a diluent to keep the
magnetic Ir ions well separated. The para-
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magnetic resonance spectrum shows a hyperfine structure due to interaction of the Ir
unpaired electron both with the Ir nucleus and
with the surrounding octahedron of C1 nuclei
in the (IrC16)2-complex, as is shown in the
figure below.
The spectrum can be accurately interpreted by assuming that this unpaired
electron is distributed over the (IrC16)zcomplex in x-antibonding molecular orbitals.
The size of the C1 hyperfine structure is
simply proportional to the probability p of
finding the unpaired electron in a p,-orbit on
a C1 multiplied by the size of the hyperfine
structure in a free C1 atom. The results give
p=5 per cent, so that the unpaired spin is
approximately 70 per cent on the Ir ion and
30 per cent on the six C1 ions.
This result is also confirmed independently
by the g-value, which on the molecular
orbital theory is g=2-4pJ as was first shown
by Stevens. The observed g is 1.8 which
again gives an electron transfer of p = 5 per
cent.
These measurements of hyperfine structures and g-values provide two of the most
direct methods available for investigating
electron distribution and bonding in paramagnetic complexes. Since the initial work
on iridium salts, they have been applied to
other systems including iron group salts. A

I
Bond
Complex

(MnF,)'(Ni(H20)d2
(RuC1,J(IrClJ(IrClJ(IrBr,) '-

Configuration

tme

Per cent
transfer, pp
transfer,

-~
x
x

few examples are given in the table above.
Here, p denotes the probabiIity of finding the
unpaired electrons on any one of the attached
ions of the complex and only the bonding
responsible for this transfer is quoted.
In general, the results show that with a
given type of bond and complex, the electron
transfer and bond strength increase as the
unpaired electrons are changed from 3d to
4d to 5d, or from 4f to gf. This is not unexpected because of the increasing radius of
the electron orbits. Similarly, for a given type
of central ion the bonds to different ligands
can be directly compared. For example,
almost exactly the same charge transfer is
found in (IrClJ- and (IrBrJ-.

Exchange Interactions
The measurement of exchange interactions
will also be illustrated by (NH,),Ir,PtCl, with
Ir : Pt-1 : 10. With this concentration there
is an appreciable chance of two (IrC16)z-

Photograph and reconstruction of paramagnetic resonance spectrum from (IrCl$- complex. The magnetic
field I1 is increasing from left to right. The reconstruction assumes a CI-Ir-C1 hyperfine structure arising
from a 5 per cent transfer of the unpaired electron spin from Ir to C1
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complexes occupying nearest neighbour positions in the crystal lattice, which has facecentred cubic structure. The pair could be
represented diagramatically by the structure
c1- -c1-

/
Ir4+

\

\

/

Ir44
c1- -c1-

if the two unpaired spins were localised on
their respective iridium ions. However, the
measurements described above show that
there is an 0.5 per cent chance of finding these
spins on adjacent C1 atoms giving a possible
structure of the form
a-c1
i

\

1r34\

11-33

/

c1- -c1There can then be an exchange interaction
between the two unpaired electrons rather like
that which occurs in a C1, molecule.
The lowest energy levels of this system are
a ground state singlet (spins anti-parallel)
and a triplet (spins parallel) higher in energy
by the antiferromagnetic exchange interaction J.
The paramagnetic resonance spectrum from
the triplet and the temperature dependence
of its intensity gives a direct measure of this
exchange interaction, J = 5 cm-l. In the
concentrated salt, (NH4)JrCl&, it is found
that the magnetic susceptibility obeys a

Curie-Weiss law with Weiss constant 0 =20%
This value is in good agreement with that
predicted from the directly measured J = -5
cm-1 in semidilute crystals. It is also found
that the salt goes antiferromagnetic at z.I'K,
and a direct knowledge of J is very helpful in
the interpretation of this transition.
This method of studying the mechanism
and the magnitude of exchange interactions,
which is perhaps the only direct method
available, is applicable to any antiferromagnetic which can be diluted by replacing
the magnetic ions by diamagnetic ions. Work
is at present in progress on other platinum
group compounds, and also on the wellknown antiferromagnetic oxides of the iron
group.
In conclusion, it may be said that the paramagnetic resonance investigation of platinum
group compounds has so far been a very
interesting problem, because it has contributed not only to a better understanding of
these compounds, but also to the understanding of the magnetic properties of
transition group salts in general. It seems
likely that further magnetic resonance research on the platinum group may also lead
to new results of fundamental interest.
This work has been carried out by a group
at the Clarendon Laboratory, Oxford. It is
a pleasure for us to thank the Research Laboratories of Johnson, Matthey & Co.,
Limited, for their help and co-operation, and
particularly to thank Dr. F. M. Lever and
Mr. A. R. Powell.

A New Route to Acetaldehyde
A process for the direct oxidation of
ethylene to acetaldehyde announced by the
Consortium fur Elektrochemische Industrie
of Miinich involves reacting a rising stream
of ethylene-containing gas in a tower with a
descending 0.1 M aqueous solution of
palladium chloride:
CJ34+PdCIz+-H,O + CH,CHO+PdtzHCl

Liquid from the tower is passed to a still,
where crude acetaldehyde is stripped off,

Platinum Metals Rev., 1959, 3, (4)

while the spent palladium chloride is regenerated by air oxidation in another tower:
Pd+2HCI+&O2 +- PdCl,+H,O

The advantages claimed for this process,
which gives a 90 per cent yield, include low
initial investment and the use of chcap raw
materials. The same route could, it is thought,
be employed economically to produce acetone
from propylene and methyl ethyl ketone from
normal butylene.
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The Platinum of New Granada
MINING AND METALLURGY IN THE
SPANISH COLONIAL EMPIRE

By Donald McDonald, B.Sc., M.I.Chem.E., F.R.I.C.
The first important source of platinum to be discovered was i n the western
part of what is now the Republic of Colombia, then part of the Spanish
American colonies and known as New Granada. This article recounts the
early history and exploitation of these deposits, which have been worked
continuously since the earliest expeditions of the Spanish Conquistadores.
There seems to be no doubt that the first
mention and identification of platinum in
European literature is that by the Spanish
officer and scientist, Don Antonio de Ulloa,
in the book published in 1748 which described
his visit to New Granada and other parts of
the Spanish empire in South America in
1736-1746 (I). What he said was: “In the
district of Choco are many mines of Zavadero
or wash gold . . . several mines have been
abandoned on account of the platina.”
The region in which this happened was a
maze of river valleys in the south-western
part of what is now the Republic of Colombia,
then part of the Spanish colonial province of
New Granada, occupying the north-west
corner of the South American continent.
Where it was present, the platinum concentrated with the gold in the washing operations
in the form of white alluvial grains like small
shot, accompanied by heavy black magnetic
sands (the name was a rather derogatory
diminutive of plata, meaning silver). Separation could only be effected laboriously by
amalgamation of the gold with mercury or by
visual picking-over with a knife or forceps.
Ulloa’s mention is merely the record of a
casual observation, and for a more definite

account we must turn to a man who preferred to be known only by the initials M. L.,
who spent three years in Peru and read a
paper in Paris in June 1785 on his experiences ( 2 ) . He records that the only neighbourhood where there is any considerable occurrence of the material is in the two provinces
of Novita and Citara in the district of the
Choco. The gold and platinum occur mixed
together in alluvial deposits and the grains

The title page of the book by Juan and Ulloa,
published in Madrid i n 1748, describing a n
expedition to Arew Granada and other SpanishAmeriran rolonies and containing the jirst reference to platinum
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A map dating f r o m about 1730 showing the Spanish colonies in South America. PZutinum
from the Choco district on the west coast of New Granadu aius shipped from the ports of
Vera Cruz, Pikerto Bello and Cartagenu, often through u guuntlet of pirutes operating from
the Caribbean islands

of both are about the same size. The proportions of the two vary in different localities
and might be one, two, three or four, or even
more ounces of platinum per pound of gold.
The greater the proportion of platinum to
gold, the less inclination there was to work
the mine and it might even be abandoned,
since the total amount of precious metals in
these mines was more or less constant and,
the more platinum there was, the less the
amount of gold obtained from the same
amount of labour and costs.

Pre-Columbian Indians and Incas
Naturally this annoying substance had
been noticed many years before Ulloa’s visit
and rumours of its existence and properties
had even reached Europe. In 1790the Spanish
Minister Izquierdo brought to the notice of
the Abbe Rochon the well-known Scaliger
rumour, dating from 1557, that was described
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in Platinum Metals Review in July 1957.
There was also the Spanish Emery mentioned
by William Lewis in 1763, which from his
description must have been a mixture of
native platinum and magnetic sand (3). But
even before that, the pre-Columbian Indians
of the neighbourhood had interested themselves in the mineral and P. Bergwe (4) has
described how certain finds in the river sands
of Ecuador show that they had mastered the
soldering of platinum grains by means of
gold, and the means of alloying them with
gold, silver and copper. The former technique
produced small articles of adornment such
as those shown in the illustration overleaf,
and the latter process larger articles such as
handles and utensils.
After the Inca invasion in the fifteenth
century the newcomers took over the alloying
technique and in due course the Spaniards,
after their conquest in 1526,developed it into
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a manufacture of sword-hilts, buckles, snuffboxes and other such objects. There are
several mentions of these things in the literature, with sometimes the comment that the
alloy was “a brittle metal although heavier
than gold”. E. I?. C. Meyer, writing of the
Spanish archives (5), mentions that some of
these documents “refer to the shipment of
quite large quantities (in one case 18 lb) of
alloyed metal which was called platina”; he
attaches the date of 1735 to this statement.
William Brownrigg, writing in 1750 (6),
states that “the Spaniards have a way of
melting it down either alone or by means of
some flux; and cast it into sword-hilts . . .
and other utensils; . . . A gentleman of
Jamaica bought five pounds of it at Carthagena for less than its weight of silver and it
was formerly sold for a much lower price”.
D. J. Krunitz, writing in the Humburgisches
Muguzin for 1759 (7) refers to the Spanish
alloy thus: as these (the hilts etc.) “do not lose
their brilliance in the air and do not become
tarnished or rusty, excellent concave mirrors
for telescopes can be made from this metal.
When it is mixed with copper the corrosion
of the latter is hindered and, without diminishing its malleability, a hardness and density is
conferred which enables the metal to be used
for several purposes to which copper itself
cannot be applied”.
Finally, the Abbe

Platinum-surfaced gold pendants and platinum
nose rings made by pre-Columbian Indians, found
at La Tolita i n Ecuador and now preserved in the
Museum of the American Indian, New Y o r k
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Rochon reports as follows (8): “During the
time I resided at Corunna in I770 the Intendant General of Galicia . . . made me a
present of a small ingot of platina which was
combined with a great deal of zinc and red
copper; this ingot, which weighed about
8 ounces, was in Spain considered as a very
rare and curious specimen. Buffon afterwards gave me two dishes of a mixture altogether similar which had been manufactured
at Lima.” Later the Abbe was himself making
reflectors for telescopes out of an alloy of
platinum with copper, arsenic and tin.

Counterfeiting of Gold
It also became known to the Spaniards that
platinum could be alloyed to some extent with
gold without changing its specific gravity or
its appearance, and also that its heavy alloys
with silver and copper could be gilded, and
so profitable frauds made possible. They
must have become aware of this quite early
because Lewis (3) quoted from J. J. Becker
(1635-1682) a mention of the debasement of
gold by means of something extracted from
Spanish Emery.
Then the well-known
mineralogist E. M. da Costa says (6): “In
January 1742/3 there were brought from
Jamaica in a man-of-war several bars (as
thought) of gold, consigned from different
merchants of that island to their different
correspondents here, as bars of gold. These
bars had the same specific gravity as, or
rather more than, gold, and were exactly like
that metal in colour, grain, etc. A piece of
one of these counterfeit bars was sent to the
Mint to be tested and it was found to be
21 carats 3 grains worse than standard.”
(that is, it contained very little gold at all).
Brownrigg reports (6) that a Mr Ord, a
former Factor to the South Sea Company,
once received, in payment for Esoo, ingots
where the gold was mixed with such a quantity of platinum that it had become brittle and
fragile so that he could “not dispose of it,
neither could he get it refined in London, so
that it was quite useless to him”. In the
EncycZopuediu of Diderot and d’Alembert
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The main platinum urea in the Choco district o j New Granada was the Condoto rivrr, seen

in the foreground running into the Sun Juan river. Mining has been carried out here from
the earlirst days of the Spanish conquest in the sixteenth rentury, and is continued today
with modern dredges by the Compania Minera Choeo Pacifico, whose camp, named after
Andagoya, one of I’izarro’s lieutenants, lies at the junction vf the two rivers

(1774) there is a story that some Dutchmen
who had had a similar fraud practised upon
them, when next visiting the placc where it
had occurred, sought out the guilty Spaniards
and hanged them from their yard-arms.

Smuggling and Piracy
In spite of all this, the interest of scientists
in Europe in platinum was only aroused when
some of the actual metal in its native state
arrived there and was examined in the laboratories by qualified persons, who published
their results in adequate reports. The first
occasion on which this happened came at the
hands of Charles Wood, described as “an
assay-master of Jamaica and a skilful and
inquisitive metallurgist”. To explain the
presence of such a man in Jamaica at that time
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(about 1740), it must be borne in mind that
many of the Caribbean islands had been
occupied by enterprising people from England,
France, Holland and even Denmark to conduct flourishing trades, in both smuggling and
piracy, at the expense of the wealth of the
Spanish American empire as it was transferred
from the continental coast home to Spain by
sea. So, for the best part of two centuries
these islands had been the centre of considerable trade.
In 1741 Wood bought some samples of the
so-called platina, which he was told came from
Cartagena, the port of New Granada. They
consisted of the mixture of native platinum
and black sands as found in the mines, some
native platinum separated from the sand,
some that had been “melted”, presumably
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T h e w is still sonie produrtion of platinum b,y nativr miners, rmploying the same hand methods used
since the Spanish conquest. Here they are working along a high bedrock area ziihich had recently been
exposed by one of the dredges

with copper, and part of the pommel of a
sword. These he brought home to England
early in 1749 and showed them to his friend
Dr. William Brownrigg, a well-known student
of chemical affairs, who has already been
quoted in this article. Brownrigg practised as
a doctor in Cumberland and his attention to
the sciences was confined to his spare time.
Further, he was of a very retiring disposition
and made no direct communication to the
scientific world, preferring to do this through
the agency of suitable friends in London, of
whom the chief was William Watson, a wellknown authority on electricity and a Fellow
of the Royal Society of London.

Establishment of the
Properties of Platinum
Wood sent samples of his platinum to
Brownrigg and the latter was considerably
interested. He encouraged Wood to subject
the material to certain rudimentary tests,
which he did, establishing some of its fundamental physical and chemical properties.
These he discussed with Brownrigg, who in-
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tended to repeat the tests, but, apart from
later re-trying the effect of cupellation, he
does not seem to have found time to do so.
Eventually, feeling the need to publish information about this peculiar substance, he
wrote to Watson on December 5th, 1750,
sending him the specimens, a report of
Wood’s observations on the occurrence and
properties of the material and some comments
of his own, asking him to communicate this
to the Royal Society. Watson hastened to
comply and on December 13th, 1750, he read
the letters to that Society and presented t h ~
specimens to them (6).
Further publication took place in two
letters written by Watson to Professor G. M.
Bose, of Wittenberg, dated January and May
1751,which summarised the contents of his
address to the Royal Society. These letters
spread the news effectively on the Continent
and we have the authority of the French
chemist Fourcroy that “these first attempts,
which announced very extraordinary properties, made a great commotion in Europe, at a
time when the discovery of a metal as singular
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as this appeared to be was a phenomenon
entirely unexpected. Then the great chemists
of Europe set to work on platinum and its
distinctive properties”.
The platinum reached them in small quantities, begged from their acquaintances in
Spain, to which country it continued to be
sent as an interesting curiosity. A quantity
obtained by the Swedish jurist Rudenskjold
formed the basis of the well-known work of
Scheffer, published in 1752. An even more
important series of researches, because much
more comprehensive, had already begun in
England at the hands of Dr. William Lewis,

but he was unable to extend his work to its
full scope until the beginning of 1754 when
he obtained 100 ounces of platinum from the
Spanish ambassador in London. A further
quantity of this London metal went to Professor Euler in Berlin who passed it on to
A. S . Marggraf for his research on the subject.
The French then came in and, after the
publication of the pamphlet La Platine in
Paris in 1758, Macquer and Eaumt obtained
a pound of platinum from the Spanish botanist Ortega and carried out their work upon it.
In this way, the more important facts about
platinum were firmly established by 1760.

T h e concIuding part of Mr McDonald’s article will be
published in the next issue of ‘ P l a t i n u m Metals Review’
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Measurement of Surface Moisture
In the study of metallic corrosion much use
is made of specimens exposed at outdoor
research stations, but wide variations in the
results observed can often be attributed to
differences in climatic conditions. Obviously
a major factor in corrosion is the persistence
of free or even of absorbed moisture on the
surfaces of the exposed specimens, and the
interpretation of exposure data from a number
of locations piould be made very much more
reliable if an instrument could be developed
to record the period of time in which a
specimen is actually corroding due to the
presence of moisture.
The need for such a device was recently
realised by the ASTM Committee on Corrosion of Non-Ferrous Metals, and an offer
to undertake its development was made by
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P. J. Sereda of the Division of Building
Research, National Research Council, Ottawa.
Two progrcss reports have now been published describing the investigations leading
to a successful means of measurement of
time-of-wetness ( A S T M Bulletin, No. 228,
February 1958, p. 53, and No. 238, May 1959,
p. 61).
The method adopted, based on a suggestion
by F. L. LaQue, involvcs the measurement of
the potential developed bctween a corroding
metal specimen and a platinum electrode
placed in immediate proximity, surface
moisture serving as the electrolyte. Preliminary trials have proved promising, and an
attempt is being made to develop a field
instrument in which periods of wetness would
be indicated by a time recorder.
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ABSTRACTS
of current literature on the platinum metals and their alloys
PROPERTIES
Permanent Magnet Materials
Materials in Design Eng., 1959, 50,
(I), 108-114
Metals and ceramic materials now available are
The
described in a comprehensive survey.
magnetic, physical and mechanical properties,
composition and applications of magnet steels,
Alnico alloys, Fe-Pt, Co-Pt and other magnetic
alloys are given, as are those of ceramic and fine
particle materials. An explanation of the behaviour of ferromagnetic materials is given. (10
references)
R. J. FABIAN,

Optical Determinations of the Structures of
Coordination Compounds Formed by
Divalent Palladium
G. B. BOKII and v. I. SOKOL, Russ. J . Znorg. Chem.,
I959,4, (I), 29-30 (Transl. of Zhur. Neorg. Khim.,
1959, 4Y 74-78)
The experimental and calculated values for the
refractive index of 10 compounds were compared. Densities were measured by pycnometer.
Molecular and coordinate refractions were
calculated. The results, compared with those for
divalent Pt, show that the order in which the
trans-influence of the substituent falls is qualitatively the same for both cations, but that the
intervals in the two series are different.

(Metallurgical Abs., 1959, 26, (IO), 741)
The electrical resistivity, Hall coefficient and
magnetoresistance of Pt were measured at 4.220°K in magnetic fields of 0-27,000 Oe. Four
groups of current carriers, two n-type ( n , n3) and
two p-type (n2n4)are postulated to explain the
results. The numbers of these atoms (ni/n,) and
their mobilities (q/mi*), i.e. mean time of flight/
effective mass, are given in a table. It is noted
that n l + n 3 = n 2 f n 4 . The ratio of the mean
effective mass to the mass of the free electron
(Gi*/me) =8. Mobilities are an order of magnitude
less than in non-transition metals.

GEC Journal, 1959, 26, (I/2), 82-83
X-ray studies of the Pt coating showed that
structural changes occur on heating above 900°C.
Alterations are caused by the solid diffusion of
Mo into the Pt. Increase in Mo concentration
results in three successive structure transitions
showing that there are three Mo-Pt alloys, PtsMo,
Pt,Mo and PtMo. A table is given relating heat
treatment, composition of each phase and crystal
structure. Experiments were carried out on
0.1 mm diameter wire; single phase structures
were difficult to isolate in wires of greater diameter.

ANON.,

Measurements of magnetic susceptibility were
made in the temperature range 78-300°K on the
compounds (NH4),1rCl6, K21rC16,(NH,),IrBr,,
(cHsNHdzIrC1,~ (PYH)zIrC16, ('PaAs)zIrC1w
IrC14.3H,0, IrO,.zH,O,
KIrF,, Ir(I?y),Cl,,
Sr,IrO, and Na,[Ir(S03),].~oH,0.

The Highest Fluoride of Osmium
R. D. PEACOCK, proc. Chem.
SOC., 1959, (March), 85
Magnetic properties of the compound measured
over the temperature range 80-297°K and analysis
indicated the formula OsF,.
G. B. HARGREAVES and

Palladium-Rhodium Alloys and the Allotropic States of Rhodium
and D. MENZEL, Z. Metallkunde, 1959, 50, (71,428-431
The alloys form a continuous solid solution series
in which lattice parameters vary almost linearly
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Galvanomagnetic Phenomena in Platinum
at Low Temperatures
E. s. BOROVIK and v. G. VOLOTSKAYA, Fiziki
Metallov i Metallovedenie, 1958, 6, (I), 60-66

Alloys Formed on Platinum-Clad Molybdenum Wire

The Magnetochemistry of some Iridium
Compounds
v. NORMAN, Diss. Abs., 1959, 19, 2243-2244

E. RAUB, H. BEESKOW

with composition. There is a wide miscibility gap
at lower temperatures, the critical temperature
being 845°C. Rh shows no structural change
between room temperature and 1500°C; it
crystallises only in the f.c.c. lattice.

Metal and Oxide Film Potentiometers
G. v. PLANER, Inst. Radio Eng. Trans.: Component
Parts, 1959, CP-6, (2), 105-108
Recent developments in resistors and potentiometers of the noble metal and metal oxide film
types are described. Considerations of electrical
stability, ease of application to the substrate as
well as control of the process led to the choice of
a Au-Pt alloy as the resistive material in metal
film potentiometers. The film is applied uniformly on flat plate substrates, usually glass, from
paint solutions. Photographic methods of obtaining meandered resistance paths in both noble
metal and oxide film types have been developed
as has reinforcement of the track portions to
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improve wear characteristics and to reduce
contact resistance against the wiper in the case of
oxide films. The relation between resistance,
temperature coefficient and film thickness has
been determined for oxide films on glass.
Characteristics with respect to wear, noise,
temperature coefficient and electrical load for
both types of element are briefly discussed.

both before and after the attainment of a final
equilibrium concentration. Identical resistancetime curves were obtained with different measuring currents; therefore, heating effects are not
responsible for the drift. Drifts were observed
only in wires which readily absorbed hydrogen
from solution.

Recent Developments in Fixed Resistors

Sorption of Hydrogen by Disperse PalladiumCopper Alloys

Inst. Radio Erg. Trans.:
Component Parts, 1959, CP-6, (2), 105-108
Metal film and metal oxide film resistors, C film
resistors, wire wound resistors and composition
resistors are discussed. Pt-Au films on glass
fibres wound on a cylindrical former produce
stable resistors with higher resistance than the
orthodox metal film. Another noble metal film
resistor uses a combination of metallic P d and
PdO,. It has a low temperature coefficient and
is apparently more reliable than the pyrolytic C
resistor. Improvement in the latter is foreseen as
is the wider availability and use of metal and
metal oxide films.
R. H. W . BURKETT,

and I. P. TVERDOVSKII, Zhur. Fiz.
Khim., 1959, 33, (6), 1393-1400 (English
summary)
The solubility of H, in the alloys was studied at
24°C by determining the Q-cp curves. Increasing
Cu content is accompanied by decreasing solubility of H,, zero solubility being obtained at
about 66 at.Oio Cu. The regions of the H,
solubility isotherms which correspond to pure Pd
phase-transition become shorter with increasing
Cu concentration and disappear at 26 at.?; Cu.
Cu exhibits divalency in the region where two
phases of the Pd-Cu system exist. The heats of
solutions of H, in alloys containing up to 20
Cu were determined. With increasing Cu
content the differential heat of solution passes
through a minimum.
R. A. KARPOVA

on the Superstructure of the ordered Alloy
Cu,Pd 111-High
Diffraction Study

Temperature Electron

The Kinetics of Chlorine Ion Oxidation on
Platinum

Phys. SOC.Japan, 1959, 14, (4),
436-443
Cu,Pd alloys in thin evaporated films were
investigated, using a high temperature electron
diffraction camera, at temperatures above and
below the critical point of order-disorder. Films
of alloys containing 13, 18, 25 and 28 at.:/, Pd
were prepared and examined at temperatures up
to 750°C. Results show that in a"-phase alloys,
the line-up number of anti-phase domains and
the degree of order inside domains decrease with
increasing temperature in the range of 20-40°C
below the critical point. At the critical point,
there is an abrupt decrease of the line-up number
of domains. In the range IOO-ISO"C above the
critical point, short chains of one-dimensional
anti-phase domains with the same period of outof-steps as in the ordered state are present in
equilibrium, being scattered in the disordered
state. In the a'-phase alloy, anti-phase domains
are absent both above and below the critical point.

D. WATANABE~J.

Zhur. Fiz. IChim., 1959, 33, (I),
129-136 (English summary)
Polarographic and polarisation curve methods
were used to show that the limiting stage for all
processes occurring in the anodic polarisation of
Pt in HC1 is the discharge of the C1 ions. A
possible mechanism for the oxidation of C1 is
proposed and the retarding effect of oxygen
adsorbed on the electrode surface is considered.
G. A. TEDORADZE,

Preparation of some Ternary Oxides of the
Platinum Metals

Electrical Resistance in Acidic Solution of
Palladium and Palladium Alloys Containing
Hydrogen
A. w. CARSON, T. B. FLANAGAN and F. A. LEWIS,
Naturwiss, 1959, 46, (II), 374-375
The investigation was carried out using Pd,
Pd-Pt and I'd-Ag wires in ZN H,SO, at 25°C
and resistances were determined by measuring
the potential drop across the specimen. Measured
values of resistance increased steadily on application of the measuring current. Drifting resistances occurred only for absorption of hydrogen
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and R. WARD, 3.Am. Chem. SOC.,
1959, 81, (11), 2629-2631
Oxides of the alkaline earths with Ru, Rh, Ir and
P t were prepared either by heating the alkaline
earth carbonate and metal powder in air at
IOOO-I~OO~C
or by heating pellets in vucuo in an
evacuated silica capsule. The oxides were of the
types ABO,, A,BO, and A,BO,, (AECa, Sr or
Ba and B=Ru, Rh, Ir or Pt). With the exception
of Sr,RhO(,-,,), and SrRuO(,-,), the compounds
appear to be stoichiometric. A change in structure from the perovskite type with E-0-B bonds in
three dimensions for ABO, compounds, to phases
with B-0-B bonds in two dimensions for A,BO,
compounds, to discrete BO, octahedra for A,BO,
compounds is shown. Of all theoretically possible
perovskite-type compounds, the only ones to
form were CaRuO,, SrRuO, and phases in the
system SrRu(,-x)IrxO,. BaRuO, has a hexagonal
structure.

J. J. RANDALL
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ELECTROCHEMISTRY
On the Passivation of the Platinum Electrode
Zhur. Fiz. Khim., 1959, 33, ( 5 ) ,

E. A. AIKAZYAN,

1016-1022 (English summary)
The investigation was carried out with reference
to ionisation of molecular hydrogen in HC1,
HBr, H,SO,, HC10, and NaOH solutions. It is
shown that the passivation is associated with a
reduction in the number of sites on the electrode
surface active to molecular hydrogen. This loss
of activity results from specific adsorption of
anions lowering the Pt-H bond energy.

Mechanisms of Hydrogen Producing Reactions on Palladium, VI-Atomic Hydrogen
Overvoltage on an aPd-H Bielectrode
s.

SCHULDINER,

J. Electrochem. Soc., 1959, 106,

(9,440-444
The electrochemical system used consisted of
two cells, one with a Pd tube anode and the other
with a similar cathode, connected by the bielectrode, a Pd diaphragm 0.004in. thick. Reference
electrodes were (Pd-H)a/H,O+. Atomic hydrogen
overvoltages on the bielectrode were dctermined
and the experimental results were found to
support a kinetic analysis of the system.
Precious Metals

T h e degree of oxygen cover was determincd from
the charging curves, Resting potential increased
with coverage which was produced by anodic
charging or chemical oxidation with H2Cr0, and
which was reduced by cathodic charging. Double
steps occurred in the anodic charging curves of
heavily covered electrodes. Chemisorption of
atomic hydrogen occurred before the evolution
of hydrogen, The reaction Pt+H+ 1- e--tPt -H
had no overvoltage, but the reaction Pt-H+
Pt-IH,+Pt FH2 was very slow. The reaction
PtAH++e-+Pt -H in neutral and alkaline
solution also showed an overvoitagc. The effect
of an oxygen atmosphere on Pt electrodes in the
absence of current and when charged was
investigated.

Chronopotentiometric Oxidation of Ferrocene, Ruthenocene, Osmocene, and some of
their Derivatives at a Platinum Electrode
and T. KUWANA, Chem. &
Ind.2 195% (20), 635436
An investigation of the redox properties of the
metallocenes has indicated the nature of the
bond between the metal and cycln-pentadiene
rings.
D. E. BUBLITZ, G. HOH

LABORATORY APPARATUS
AND TECHNIQUE

E. A. PARKER, Plating, 1959, 46, (6), 621-627

A survey is made of processes for the electrodeposition of Au, Ag, Pt, Pd, Ru, Ir and Rh.
Details of plating bath composition and operating
data for Au-, Ag-, Pt-, Pd- and Rh-plating are
given. Applications and various types of bath are
discussed. (68 references)

A Study of the Electrochemical Behaviour
of Ozone on the Platinum Electrode by the
Method of Cathodic Polarography
K. I. NOSOVA, A. A. RAKOV and v. I. VESELOVSKII,
Zhur. Fiz. Khim., 1959, 33, (2), 349-356 (English
summary)
Experiments were carried out at temperatures
between 25 and - 7 0 ° C . I t was shown that ozone
may be determined quantitatively by means of
cathodicpolarography with a rotating Pt electrode.
A mechanism for the cathodic reduction of ozone
is discussed

Investigation of Polarisation Phenomena at
Electrodes of Smooth Platinum by Using
Charging Curves
Z. Electrochem., 1959,63, (3), 386-397
By using resting potential measurements ( E),
charging curves and post-polarisation curves, the
behaviour of Pt electrodes in N H,SO, was
investigated in the absence of current, and under
anodic and cathodic conditions. Measurements
show that the electrode behaviour is determined
by chemisorbed oxygen, not by specific oxides.
J. GINER,
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Machine for Preparing Phosphors for the
Fluorometric Determination of Uranium
R. E. STEVENS, W. H. WOOD, K. G . GOETZ, C. A. HORR,

Anal. Chenz., 1959,31, ( 5 ) , 962-964
The machine consists of a metal plate which
revolves above a ring gas burner with fused silica
rods supporting 18 Pt dishes attached to the edge
of the plate. Detailed operating instructions are
given. Phosphors prepared in the Pt dishes at
one tlme show good reproducibility.

Measuring Equipment for Polarisation
Studies in Distilled Water
J. E. DRALEY, w. E. RUTHER, F. E. DE BOER and c. A.
YOUNGDAHL, J. Electrochem. Soc., 1959, 106, (6),
490-494
Special equipment was designed for potentialcurrent measurements for corroding metals in
low conductivity solutions. A recording voltmeter
and current interrupter are described, as is the
electrolysis cell. In order to prevent contamination of the distilled water the cell was constructed
of Pyrex glass and Pt. Polarisation data for highpurity A1 in boiling distilled water are given.

The Purification of l*O-Water
and I. R. WILSON, Aust.J. Chern., 1959,
29-31
A new technique for the purification of small
samples of lnO-water, prior to the determination
of its isotopic composition, uses CuO as oxidising
I. LAUDER
1%(I),
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agent. A small fraction of the water is electrolysed
in a Pyrex capillary cell using Pt wire electrodes
and the liberated oxygen reacts with Cu gauze in
a silica tube heated electrically to 750°C. Pt foil
is wrapped round the gauze to prevent reaction
between the CuO and SO,. The remainder of
the water, as vapour, is pumped over the CuO
seven times and traces of volatile organic compounds are quantitatively removed. Samples as
small as 14mg have been purified.

angular velocity of the electrode. Various shapes
of microdisc electrodes were examined and were
found to be satisfactory for polarographic analysis.

CATALYSIS
Structure and Mode of Action of the
Contact y-Aluminium Oxide/Platinurn
Nature, 1959, 183, (Jun. 6), 1615-1616
The action of the contact is explained by the
electron donor properties of the free radical
0 Al-contained by active y-Al2O3. Factors
influencing the regeneration of the 0 Alradical, an important link in the chain of reactions
in the hydrogenation of benzene, are discussed.
A n insufficiency of o =Al-radicals resulting from
low Pt concentration causes rapid loss of contact
activity.
The transformation on heating of
o -Al-radicals
into (A10)+ cations explains the
low activity of contacts prepared above room
temperature.
A. KRAUSE,

Some Equipment for Ceramic Research
and A. E. S. WHITE, Trans. Brit.
Ceram. Sac., 1959, 58, (4), 199-223
Details of several types of high-temperature
furnaces and of apparatus for determination of the
creep of ceramics under compressive and transverse-bending stresses are given. A hot-stage
attachment for the microscope is described.
Samples are heated at a 5:/oRh-Pt:20;&Rh-Pt
junction which acts as heating element and
thermocouple; temperatures approaching 18oo"C
can be reached. With a 20°$Rh-Pt:400bRh-Pt
junction temperatures up to 1820T may be
obtained. A small quantity of matcrial is placed
at the junction of the Rh-Pt wires which are
supported by Rh-Pt supports of the same composition, carried by a four-way terminal block.
The stage is mounted on the platform of a petrological microscope. An accuracy of &2o"C in
temperature measurement is possible. For higher
temperatures, a heater wire of Rh-Ir or Rh-Pt
may be used instead of the thermocouple. This
may be calibrated to an accuracy of *4odC.
Furnaces for sample preparation include gasfired, Rh-Pt and Mo wire-wound, graphiteresistor, S i c and hot-press types.

F. H. ALDRED

Fison's New Factory at Stanford-le-Hope.
-4mmonia from Shell Converted into Ammonium Nitrate
Chem. & Znd., 1959, (24), 724-726
In a two-stage process, nitric acid produced by
the catalytic oxidation of vaporised NH, over a
Rh-Pt gauze pad is mixed with vaporised NH,.
Further utilisation of process heat and reduction
over a noble metal catalyst of oxides of nitrogen in
the tail gases are features of the nitric acid plant.
In the Stengel ammonium nitrate unit, solutions
over 90:" NH,N03 are obtainable.
B. H. J. BELL,

An Active Platinum-Silica Gel Catalyst
and v. J A M , Collection Czechoslov. Chem.
Commnuns., 1959,24, (2), 630-632 (In German)
T h e catalyst, prepared by mixing XOO,, H,PtCl,
solution with 3.5°,0 SiO, solution and heating the
resulting solidified jelly at I O O " ~contained
,
0.180,"Pt, 0.176 C1 and traces of Mg, Cu, Fc, K
and Na were found. The active Pt surface is
seven times greater than that of catalysts prepared by impregnation methods and the catalyst
has a high activity in the reaction of 0, with H,.
P. J i R U

Bromoplatinic Acid as a New Reagent for
the Detection of Alkaloids and Organic
Bases
Mikrochim. Acta, 1959, (2), 214-219
(In German)
The sensitivity of H,PtBr, in the microchemical
detection of alkaloids and organic bases was
compared with that of H,PtCl, and found to be
much grcater. Compounds on which tests were
made included C,H,N,, C,H,N, C,H,,N,,
C,H,N and C,,H,,N,.
The products obtained
with aliphatic, aromatic and heterocyclic bases
are suited to the microchemical differention of
these compounds.
G. SANDRI,

Use of a Rotating Platinum Microelectrode
in Yolarographic Analysis
M. D. BARDIN,YU. s. LYALIKOV and B. s. TEMYANKO,
Zhur. Anal. Khim., 1959, 14, (I),24-27 (Chem.
Abs., 1959,53, (IZ),1106oh)
The possibility of using rotating electrodes in
polarography was investigated.
Diffusion
currents on such electrodes are proportional to
the concencration and the square root of the
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The Kinetics of Hydrogen Chemisorption
on an Iridium Catalyst
M. J. D. LOW

and H.

A. TAYLOR,

Canad. J . Chon.,

1959, 37j (5)>915-921
Rates of adsorption were calculated by measurmg
the change of pressure in a constant-volume
system when a known amount of Pd-filtered
Ir/A120a
hydrogen was adrnittcd to a 0.5')"
catalyst previously evacuated. 38 experiments at
7 different temperatures are reported; readings
were taken at several different initial pressures
for each temperature. The data of each experiment may be precisely described by use of the
Elvoich equation. Isothermal anomalies which
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there was no such exchange under comparable
conditions in the absence of the catalyst. The
mechanism of the exchange, which involves
independent reactions bctwecn a catalyst-diboranc
complex and both diborane and pentaborane-9,
was elucidated by isotopic techniques.

were observed depend on both tcrnperature and
initial pressure.

Cracking of Gaseous Hydrocarbons by
Partial Oxidation
and H. NONNENMACHER, Erdol U.
K o h k 1959, 12, (51, 359-364
Partial oxidation is effective in supplying heat in
endothermic cracking reactions. Three processes
used as illustrations of the method are (i) homogeneous cracking with controlled quenching for
the production of acetylene, (ii) heterogeneous
cracking on inert solid materials for the production of olefines, and (iii) heterogeneous cracking
on catalysts for the production of CO and H,.
The latter process may consist of a flame reaction
followed by catalysis or a flameless, catalytic
reaction. The catalyst bed consists of a layer of
P t catalyst over a layer of Ni catalyst.
E. BARTHOLOMB

Isotopic Exchange between Ethers and
Deuterium on Metallic Catalysts
J. M. FORREST, R. L. BURWELL, JR., and B. K. C.
SHIM,J. Phys. Chem., 1959, 63, (6), 1017-1021
Mixtures of ether vapour and deuterium or
hydrogen were prepared by passing the gas
through a thermostated saturator containing
ether. The catalysts used were O.~"oRh/AI,O,,
3 . 3 ~ ~ P d / A I , 0and
8 Niikieselguhr. I t was found
that the oxygen atom of the ether serves as a
block in the exchange reaction and that the
prcsence of an ether reduces the exchange-rate of
alkanes. Ethers are adsorbed at the oxygen atom
on the catalyst surface. Passage of hydrogen at
reaction temperatures over the catalyst restores
its activity. Ethers used in the investigation were
propyl, isopropyl, ethyl butyl, methyl arnyl and
methyl sec-butyl.

One Hundred Years of Oil
and s. J. RACITI, World Petroleum,
1959, 30, (6-Section I), 176-218
Principal developments in the petroleum industry
of the U.S.A. during the past century are discussed. Production techniques and methods,
refining, transportation, production areas and
marketing are the topics covered. The significance
in refining of catalytic processing in the last
decade is emphasised.

N. P. HURLEY

First Commercial Pentane Isomerisation
Unit
c. s. CRONAN, Chem. Eng., 1959, 66, (13), 80-83
A process flow-sheet for Phillips Petroleum Co.'s
unit at Borger, Texas, is given. The Penex
process using a Pt-containing catalyst is operated
at this plant.

Problems of Processing in Aromatisations
Carried Out by Platinum Catalysts
R. BIRTHLER, Acta chim. Acad. sci. Hung., 1959,
18, (I-4), 157-165 (In German)
It has been found that yields are affected by the
chemical composition of thc matcrials used and
by the operating conditions. These conditions
should be varied according to whether high-octane
products or pure aromatics are required. The
influence of pressure, temperature, catalyst
output and the catalyst itself is discussed.
Pt/Al,O, catalysts gave the best results in largescale aromatisations.

Polymers 11-Polydimethyleneacetylene
w. J. BAILEY and E. J. FUJIWARA, J . Org. Chem.,

Selective Hydrogenation of Olefines with
Ruthenium
L. M. BERKOWITZ and P. N. RYLANDER, J . erg.
Chem., 1959, 24, ( 5 ) 2 708-709
Monosubstituted olefines were reduced in
preference to di- and tri-substituted olefines in
the presence of a 5O;Ru/C catalyst with water as
a solvent.

On the Catalytic Properties of the System
Pt-Au
A. A. ALCHUDZHYAN

and I. SHAPIRO, J . Am.
1826-1827
Mixtures of pentaborane-9 vapour and diborane
were heated at 90°C in the presence of a 0.3%
Pt /A1,0, catalyst. Boron exchange was observed;
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M. A. INDZHIKYAN,

Zhur.

Fiz. Khim., 1959, 33, (9,983-987 (English

Boron Exchange between Diborane and
Pentaborane-9 in the Presence of Alumina
Catalysts
H. G. WEISS, J. A. KNIGHT
Chem. Sac., 1959, 81, (8),

195% 24, (413 545-548
Polydimethyleneacetylene was synthesised in
order to study the effect of a symmetrical triple
bond on the properties of a hydrocarbon. The
compound was produced by condensation of
~-chloro-~-bromo-z-butyne
with Mg and extraction with xylene. Its structure was determined
by analysis, oxidation to succinic acid and hydrogenation in the presence of PtO, to polymethylene.
Results show that symmetry promotes crystallinity
of polymers and increases their melting points.

summary)
The hydrogenation of benzene was used as a basis
for the investigation of the effect of Au on the
catalytic properties of Pt. The composition of the
catalysts varied over the range Pt:Au from 9 9 1 to
1:3. For constant Pt content (0.01g) the activity
of the Pt-Au catalysts increases to a maximum at
5 at.?& Au, but dccreases with further increase
in Au content. The catalyst containing 75 at.?;,
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Au is completely inactive. This indicates that the
fall in activity in the Pt catalyst is due to the
introduction of Au. The occurrence of a maximum
activity for small amounts of Au is probably due
to the masking of a decrease in activity by the
increase in the active surface. There is a correlation between the decrease in activity and loss of
paramagnetism on the introduction of Au; both
properties disappear at approximately the same
composition.

dehydration (HCOOH+H,O+CO) to dehydrogenation (HCOOH-H,I CO,) depends on the
pretreatment of the catalyst. Wires preheated
only in H, give only dehydrogenation while up
to 5”4 dehydration is obtained with wires preheated successively in H,, 0, and H,O. The
H,O+COZH,+CO,
reaction is involved in
neither dehydration nor dehydrogenation; however, the dependence of catalytic properties on
pretreatment is also shown.

Degradation of Corticosteroids 111-Catalytic
Hydrogenation of Cortisol

Industrial Methods of Catalyst Testing

Chem., 1959, 24, (5), 669-673
The hydrogenation was undertaken in an attempt
to obtain satisfactory yields of an equatorial all0
isomer.
PtO, and 50/oRh/Al,0, were used
separately as catalysts. In both cases, difficultly
resolved mixtures were obtained instead of the
single isomer.

Six types of apparatus are described and illustrated. Results obtained using different types of
apparatus and different catalysts with the same
apparatus arc given in tables. The efficiencies of
Pt/A1,0, and MOO, catalysts are compared.

E. C A S P I , ~ . Org.

and P. A. LEFRANCOIS, World
Petroleum, 1959, 30, (7), 60-65
In this review 50 patents are discussed. They
refer to the preparation, regeneration and reworking of reforming catalysts.

H. HEINEMANN

Catalysis in Industry
J. H. DE BOER, Chem. & Znd., 1959, (30),934-941

The development of heterogeneous catalysis in
the last 50 years is outlined. Four major catalytic
processes in operation before the 1914-18 war
are discussed - they were (i) hydrogenation of oils
and fats using a Ni catalyst, (ii) the contact H,SO,
process using a Pt catalyst, (iii) NH, synthesis
using an Fe catalyst, and (iv) the oxidation of
NH, over Pt or Rh-Pt. Many catalytic oxidation
and hydrogenation reactions using both metallic
(Ag, Ni, Pt and Pd) and oxidic (ZnO, CuO,
A1,0, and Cr,O,) catalysts were introduced after
1918. These have led to the large-scale catalytic
cracking and polymerisation processes of the
present time as well as those for the conversion
and purification of gases. Among the principles
of catalysis discussed are catalyst surface reactions,
modification and orientation of the chemisorbed
spccies, activation entropy and activation energy.
The structure and texture of catalysts, catalyst
poisoning and selectivity (factors affecting rates
of diffusion and reaction rates) are discussed in
detail.

The Effect of Adsorbed Gases on the
Catalytic Properties of Platinum
Z. Electrochem., 1959, 6 3 , ( z ) ,198-206
The decomposition of HCOOH on Pt wires
electrically heated to 800-1I 10°Cwas investigated.
In this temperature range the rate of the reaction
is controlled by a diffusion process. The ratio of
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The Deuterium Exchange Activities of
Some Supported Platinum Catalysts
c. G . MYERS, D. J. SIBBETT and F. G. CIAPETTA,

New U.S.A. Patents on Catalysts in the
Petroleum Industry

L . RIEKERT,

H. RODER, R. BIRTHLER and C. SzKIBIK,
256-259
Technik., 1959, 11,

J. Phys. Chern., 19jg,63, (7), 1032-1041
Two exchange reactions, n-C,H1,+D,z
n-C,H,D+HD
and n-C,H,D,+n-C,H,,f
nC,H,D,+n-C,H,D,
etc., were studied over Pt
on 9 different supports (Al,O,, Al,O,-SiO,, SiOz
or activated C). The catalysts had hydrogenationdehydrogenation and acid sites. Indicator reactions were dehydrogenation of C,H,, to C,H,
and 1,4-(CH,), C,H, isomerisation. In either
reaction, assuming that all of the H-atoms of
n-C,H,, are equally replaceable by D-atoms and
that there is no isotope effect on the equilibrium
compositions, equilibrium product compositions
matched those calculated by probability methods.
In the C,H,,-D, reaction, equilibrium was
reached first among the hydrogen isotopes of the
system, then for the distribution of D-atoms
between H, molecules and C,H,, molecules, and
lastly in the C,H,,-C,H,D, portion of the system.
Catalyst activity toward each D-exchange reaction
was related first to dehydrogenation activity and
secondly to “acidity”. Reaction rate and apparent
activation energy varied for each catalyst.
Activation energies and frequency factors showed
a compensation effect. The kinetics indicate that
the number of D-atoms combining with a C,H,,
molecule per collision of C,H,, with D is also
related to catalyst “acidity”. It is suggested that
acid and Pt sites coact to promote this latter effect.

Kinetics of the Ruthenium-Catalysed
Arsenic (111)-Cerium (IV) Reaction
c. SURASITI and E. B. SANDELL, J . Phys. Chem.,
1959, 631 ( 6 ) , 890-892
The rate of the catalysed reaction As(II1)f
zCe(IV)+zCe(III)+As(V) was obtained by
determining spectrophotometrically the concentration of Ce(1V) in the mixture as a function of
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time. The rate was found to be independent of
As(III), As(V), Ce(II1) and hydrogen-ion
concentrations.

“Complexforming” Process for the Catalytic
Aromatisation of Gasoline and the Preparation of Cyclohexane
v. NICOLESCU, A. POPESCU and A. PAPIA, Rev. Inst.
Franc. Pitrole, 1959, 14,(7/8), 1008-1015
The principal aromatisation reactions (dehydrogenation, dehydroisomerisation and isomerisation) were studied in order to determine the most
favourable conditions of temperature and pressure,
contact time and choice of catalyst for the process.
“Complexforming” is a variation of the process
of catalytic aromatisation of gasoline (65-190°C
fraction) in which C,H,, C,H,CH,, (CH,),C,H,,
high octane number gasoline and C,H,, are
produced in a single manufacturing unit.
Catalysts for aromatisation reactions are Pt/AI,O,
for the C, fraction or Pt/Al,O,/SiO, for the
Cj, C, fraction and contain 17,Pt and some HI;.
The catalyst for the hydrogenation of C,H, is
56%Ni/SiO,. Tables are given of operating data
for the treatment of the 65-90°C and g0-19o’C
fractions and for the hydrogenation of C,H,.
I.

CATHODIC PROTECTION
Experiments with a Trailing Platinum
Anode. Cathodic Protection of S.S. “Israel”
on Haifa-New York Voyage
D. SPECTOR, H. s. PREISER and D. KHOUSHY,
Corrosion Techno/., 1959, 6, (5), 143-148
The advantages of the use of trailing anode
systems are enumerated. Details arc given of the
preparations for the voyage with descriptions of
the Pt-clad anode, d.c. power source, bow and
stern reference electrodes, recording instruments
for anode current and hull potential, and propeller shaft grounding brushes. Hull potential/
time graphs plotted from data obtained during
dock-side tests and three underway runs are
given. Methods for overcoming the mechanical
difficulties encountered are described. Results
indicate the feasibility of protecting cathodically
large commercial ships by using inert trailing
anodes.

ELECTRONICS
AND COMMUNICATIONS
Pushbutton PBX with High-speed NobleMetal Relay Switching Array
Siemens-Z., 1959, 33, (4), 194-196
PBX technology has been improved with the
development of a pushbutton PBX which
operates with high-speed noble-metal switching
relays. The layout and simplicity of operation
are described.
W. FATH,
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Further Examples of the Applications of
High-speed Noble-Metal Relays
and H. VOGEL, Siemens-Z., 1959,
33, (511 338-340
High-speed noble-metal relays are finding new
applications because of their high-speed switching, superior operating reliability and adaptability
in thc construction of switching arrays. Examples
are described of the use of the relays for load
distribution, finding operations, and electronic
translation in small dial offices in a nationwide
dialling network.
W. V I L L M A ”

Components for Use with Transistor Techniques
G. w. A. DUMMER, Brit. Commtm. 13Electronics,
1959, 6 , (6), 422-428
The trends of present development are reviewed.
A new approach to design is necessary in order
to take advantage of the characteristics of transistors. Limits on the reduction in size of components are set by the problems of soldering
techniques and accessibility for servicing. The
extended use of film components in which only
the actual working element is used is taken to be
the next logical step in development. Crackedcarbon films, fired noble metal (zoq& Pt-Au or
40qb Pt-Au) films, sprayed metal oxide films,
evaporated resistance metal films, dried anodic
films and other non-metallic films are discussed.

A Survey of Ceramic-to-MetalBonding
Bull. Am. Ceram. soc., 1959,
38, (6), 301-305
The historical development of metal-ceramic
bonding is traced and evaluated. Bonds and
bonding techniques are classified; coating procedures by base and noble metals are reviewed.
(142 references)
G. R. VAN HOUTEN,

TEMPERATURE
MEASUREMENT
Measurement
Temperatures

of

Rocket

Exhaust-Gas

I. WARSHAWSKY, 1.9.4 Journal, 1958, 5, (11), 91-97
Techniques for measuring total and static
temperatures are outlined and sources of measurement error are emphasised.
The range of
Pt:Rh-Pt and 1r:Ir-Rh thermocouples may be
extended by deliberately operating the junction
at a temperature lower than that of the gas, the
heat lost by conduction and radiation being
accurately calculated. In one method, bare wires
transverse to the airstream are used; gas temperatures to 32003F have been measured with a
probable error of 50°F using a Pt:Rh-Pt thermocouple.
It is suggested that Ir:4oo/,Ir-Rh
thermocouples used similarly may have an upper
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limit of 3803°F. Cooled probes m a y also be
calibrated against reference standards at lower
temperatures and higher temperatures may be
estimated by extrapolation. Aspirated themocouples, cooled-tube probes, cooled-gas probes
and pneumatic probes for the measurement of

total temperatures are described.
Opticalradiation instruments for the measurement of
static temperature are discussed.
Accurate
values are obtained only when several distinctly
different instruments are operated in the same
gas stream.

NEW PATENTS
Catalytic Reforming
British Patent 812,895
A hydrocarbon mixture is reformed by contacting it under reforming conditions with a
catalyst consisting of a mechanical mixture of
particles of less than IOO microns diameter of
(I) a porous inert carrier on which is deposited
0.05-590 by wt. of a Pt metal and (2) an acidic
cracking component, the components being
present in a predetermined relationship. The
carrier may be A1,0,, the Pt metal, Pt or P d and
the cracking component SiO,-Al,O,.
SOCONY MOBIL OIL GO. INC.

British Patent 812,896
A hydrocarbon charge is cracked by contacting
it in thc presence of hydrogen with a catalyst
consisting of a mechanical mixture of particles of
less than 100 microns diameter of (I) a porous
carrier inert to cracking activity on which is
deposited O.OS-IO~,, by wt. of a Pt metal and
(2) an acidic cracking component, the components
being present in a specified relationship.
SOCONY MOBIL OIL Co. INC.

Production of Hydrogen
British Patent

813,443
Hydrogen is produced by contacting a petroleum
distillate having an initial boiling point above
zoo°C, which has been hydrocatalytically desulphurised, in the presence of hydrogen, with a
Pt/A1,0, catalyst at 600-850°Fand a pressure of
50-500 p.s.i.g.

2-(P-Amino-Ethyl)-5-Hydroxy-Indole
British Patent 813,777
Pd,'charcoal is used at an intermediate stage,
involving the hydrogenolysis of an amino compound, in the preparation of 2-(P-Amino-ethyl)5-hydroxy indole.
J. R. GEIGY A.G.

Supported Catalysts
THE DISTILLERS co. LTD. British Patent 814,003
A catalyst for use in the selective hydrogenation
of unsaturated aldehydes is made by treating a
solid mildly alkaline support material, e.g. A1,0,,
TiO,, Cr,O,, charcoal, S O , gel or pumice, with
a solution of a Pt group metal compound in an
organic solvent to deposit the oxide of the metal,
treating the product with an aqueous solution of
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Thermocouple Elements
British Patent 814,011
A thermocouple has one limb formed of a Pt13OhRh alloy and the ocher limb of IMO and W
and balance Pt (0.5-591~Mo plus 0.5-107, W).
H. NISHIMURU

Production of Cyano-Benzylamines
British Patent 814,631
Cyano-benzylamines are prepared by hydrogenating phthalonitrile, isophthalonitrile and/or
terephthalonitrile in liquid phase in the presence
of a Pd or Pt catalyst. The presence of this
catalyst enables selective hydrogenation of only
one of the two nitrile groups. P d or Pt/Al,O, or
C is used.
THE DISTILLERS Co. LTD.

Catalytic Cracking of Hydrocarbons

THE BRITISH PETROLEUM CO. LTD.

an alkali metal hydroxide, carbonate or bicarbonate
and reducing the oxide to the metal. The catalyst
contains 0.01-5~b by wt. of the Pt group metal,
preferably Pd. The organic solvent used is a
ketone.

Glass-to-Metal Seals
co. LTD. British
Patent 814,644
The hermetic seal between a glass part and a
ferrous alloy part sealed by fusion is protected
against the effect of humidity by coating the
ferrous alloy in the region of the intended seal
with a layer of R h of o.oooo~-o.oooo5in. thick.
A layer of Ag of o.ooo~-o.ooo~
in. thick may be
first applied.
THE BRITISH THOMSON-HOUSTON

Dehydronovobiocin
THE UPJOHN co. British Patent 815,517
Dehydronovobiocin is prepared by reacting
novobiocin in a solvent therefor with hydrogen
in the presence of a PtO, catalyst.

Catalyst Preparation
US.Patent 2,885,369
In making a Pt/Al,O, reforming catalyst by
forming an alumina hydrate slurry by precipitation from a water soluble A1 salt, transforming
the washed slurry to a mixture of hydrate phases
predominating in alumina trihydrates, drying
and calcining, the Pt metal is incorporated in the
mixture at a point subsequent to initial precipitation of the hydrate and prior to a transformation
thereof to an over SO?,,
alumina trihydrate
composition.
ENGELHARD INDUSTRIES INC.
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Reforming Catalyst
co. INC. U.S. Patent 2,884,382

SOGONY MOBIL OIL

A catalyst is made by pretreating porous A1,03
to replace the air in the pores with gaseous CO,
and then, out of contact with air, impregnating
the A1,03 with a solution of H,PtCl, in amount
to give o.05-5q0 by wt. of Pt in the final catalyst
and calcining at 500-1ooo"F.

contacted at reforming conditions with a catalyst
comprising a refractory oxide, 0.1-5:o by wt. of
P, halogen and o.or-rooi, by wt. of a Pt group
metal.

Hydrocarbon Conversion Catalyst

2,885,365
A ferro-magnetic composition in the form of small
acicular particles of tetragonal crystal structure of
average length not over 2 microns contains
58.4-61.9~,; Cr combined with oxygen and
0.008-4.4O(, Ru combined with oxygen.

co. U.S. Parent
2,890,178
A hydrocarbon conversion catalyst is made by
forming an intermediate catalyst concentrate by
impregnating finely divided adsorptive solid oxide
carrier with 1-35~4by wt. of a P t group metal
compound and drying. A minor amount of this
concentrate is then mixed with a major proportion
of a metal oxide (Al,03), which is free of Pt group
metal, to form a final catalyst containing the
required Pt group metal concentration.

Hydrocarbon Conversion Catalyst

Hydroforming Catalyst

SUN OIL CO. U.S. Patent 2,887,449

& ENGINEERING co. U.S. Patent
2,890,179
Highly active and selective hydroforming catalyst
is made by spray drying a high purity A1203
hydrosol to form Al,03 microspheres, segregating
the particles in the size range of 40-80 microns,
incorporating 0.3-27; by wt. of Pt on the segregated particles to form a Pt catalyst concentrate,
mixing this with unplatinised finely divided
A1,03 to form a fluidisable final catalyst containing
0.005-0.2 wt. 74 Pt.

Ferro-magnetic Compositions
E. I. DU FONT DE NEMOURS & co. U.S. Patent

A hydrocarbon fraction boiling above the gasoline
range is converted to high octane gasoline by
contacting it with a catalyst consisting of by
weight 63-92y0 SO,, 6-2oU/, A1,0,, 0.05-5U/o
ruthenium oxide and I-Iz"/; manganese oxide.

Improved Rosin
co. U.S. Patent 2,887,475
A Pt or Pd catalyst may be used in the treatment
of rosin which includes subjecting the rosin to
disproportionation until it contains less than 5%
abietic acid in the presence of the catalyst.

HERCULES POWDER

Hydrocarbon Conversion Process
U.S. Patent 2,888,397
A hydrocarbon reactant i s contacted at 4001250°F, a pressure of from atmospheric to
2,500 Ib/sq. in. and a wt. space velocity of
0.01-15, with a catalyst made by combining an
ammine complex of Pt or Pd, O . O I - I O ~ / , based
on wt. of carrier, of Hg as an activating agent,
and a carrier material and treating the mixture to
decompose the ammine complex to the metal.

THE M. W. KELLOGG CO.

Production of Hexahydroterephthalic Acid
HERCULES POWDER co. U.S. Patent 2,888,484
Hexahydroterephthalic acid is made by treating
terephthalic acid with hydrogen at I 50-300%
and at least 1,000 p.s.i.g. pressure in the presence
of a Pd catalyst and of an inert liquid medium
in which the acid is at least partly soluble.

Electrical Resistance Element
U.S. Patent 2,890,114
A potentiometer resistance element in wire form
is composed of a Pd alloy containing 1-30:: of
W, Mo or mixtures thereof and balance Pd.

W. C. HERAEUS

G.m.b.H.

Conversion Process
OIL PRODUCTS CO.
US. Patent
2,890,167
A hydrocarbon, boiling in the gasoline range, is

UNIVERSAL
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Platinum Catalysts
PHILLIPS PETROLEUM co. U.S. Patent 2,891,013
A Pt metal catalyst is made by reacting a halo acid
of a Pt metal with H,SO, in aqueous solution;
evaporating the solution until a yellow to orange
precipitate forms with solution remaining; dissolving this precipitate in H,O and impregnating
a catalyst support with this precipitate solution,
drying and heating to activate the catalyst.

Removal of Arsenic with Catalyst
OIL PRODUCTS co.
U S . Patent

UNIVERSAL

2,987,I 31
A gasoline fraction containing As impurities is
contacted at 500-750'F, first with a Pt/Al,O,
catalyst (O.I-I"; Pt), which has previously been
deactivated by use in the reforming reaction, to
remove the As impurities and then at 850-1oW"F
with the catalyst in the remainder of the zones to
effect reforming.

Catalyst
w.

KELLOGG co. U S . Patent 2,897,137
A hydrocarbon reactant is contacted at 6001250"F, a pressure of I atm. to 2,000 p.s.i.g. and
a wt. space velocity of 0.01-15 with catalyst
particles containing 1-25Ob by wt. of Pt on a
carrier material in physical admixture with
particles of a carrier material in amount sufficient
to provide an average Pt concentration of 0.050.950/~by wt. of the mixture.
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Rhodium-Palladium, constitution, a
Rhodium-Silicon, structure of Rh& a
dl-Riciuoleic Acid, synthesis, a
Ruthenium,
atomic and electronic heat at low
temperatures, a
electrochemical properties
physical properties, a
Ruthenium Alloys,
Ruthenium-Boron, structure of Ru,B,, a
Ruthenium-Molybdenum-Uranium,
constitution, a
Ruthenium-Silicon, structure of Ru,Si, a
Ruthenium with U-Zr, U-Nb and U-Mo
y-phase-alloys, a
Ruthenium letroxide, as an oxidant for organic
compounds, a
Ruthenocene, structure of, a

‘ Solion ’, development of, a
Sulphides, hydrogenation of, a
Sulphones, hydrogenation of, a
Surface Moisture, measurement of,
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100
25
108
26
108
27
68

148
112
31
31
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Page
Temperature Control,
in zinc blast furnace
93
136
of soaking pit
Temperature Measurement,
automatic recording dilatometer, a
69
18
continuous, of liquid glass
in aircraft engine control, a
12
In the glass industry, a
112
!n high-speed aircraft, a
72
in iron and steel vacuum metallurgy, a
113
in production of hexachlorocyclohexane, a 112
of molten glass
66
of molten iron and steel
56
of rocket exhaust gases, a
152
of roofs of oxygen-blown steel furnaces, a
32
Thermocouples,
immersion, practical survey, a
73
Iridium :Iridium-Rhodium, measurement
152
of rocket exhaust gases, a
Plathum metals, for aircraft engine control, a 72
Platinum :Rhodium-Platinum,
continuous glass temperature
measurement
18
control of soaking pit temperature
136
error in surface temperature, a
73
for microscope hot-stage attachment, a 149
for oxygen-blown steel furnace, roof
temperature measurement, n
32
in iron and steel vacuum metallurgy, a 113
measurement of rocket exhaust gases, a 152
56
quick-immersion
use in creep tests, a
69
use in dilatation studies, a
69
use in study of oxidation reactions, a
32
use in zinc blast furnace
93
Platinum sheathed, a
112
108
Triterpenes, synthesis, a
30
Tritium-Labelled Water, preparation, a
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