PLATINUM METALS REVIEW
A quarterly survey of research on the platinum metals and of
developments in their applications in industry

VOL. 3

A P R I L 1959

NO. 2

Contents
Cathodic Protection Applications Using Platinum Anodes

38

Lead-Platinum Bi-Electrodes

44

Platinum-bonded Silicides and Borides

46

Electrochemical Properties of the Platinum Metals

47

An Organic Process for the Manufacture of Hydrogen Peroxide

54

Temperature Control in the Ford Foundry

56

Ruthenium Catalyst for Paraffin Wax Synthesis

59

Platinum in the Decoration of Ceramic Wares

60

Hydrocracking on Platinum Isomerisation Catalysts

65

Glass Fibre Manufacture

66

Abstracts

67

New Patents

73

Communications should be addressed to
The Editor, Platinum Metals Review
Johnson, Matthey & Co., Limited, Hatton Garden, London, E.C.1

Cathodic Protection Applications
Using Platinum Anodes
By H. S. Preiser, P.E.
Bureau of Ships, U.S. Navy Department, Washington, D.C.

The introduction of platinum-clad anode materials has opened up wide
possibilities to the designer of cathodic protection systems. The economic
advantages and excellent performance of composite anodes of platinum
on tantalum or titanium are reviewed i n this article.
The commercial development of cathodic
protection for industrial applications has
heretofore been hindered by the choice of
anode materials available to the corrosion
engineer. Galvanic anode materials such as
zinc, magnesium and aluminium alloys have
been used successfully in marine and underground cathodic protection applications but
due to their relatively high cost, frequent
renewal and large bulk their widespread
universal use has been limited severely.
The same argument applies to the so-called
impressed current or energised anode systems
of cathodic protection. Although many suitable anode materials exist such as graphite,
steel and high silicon-iron, and lead alloys,
one deficiency or other in each of these
materials has precluded their general use.

Economic Advantages
of Platinum Clad Anodes
Platinum and palladium-platinum alloys,
because of their unique physical and electrochemical properties, have been proposed as
anode materials and have been successfully
applied in several instances (I, 2). In spite
of their desirable properties of electrochemical
inertness, electrical conductivity and mechanical workability, the high cost generally
associated with these materials has nevertheless restricted their application to specialised
fields; however, in more recent years, the
availability of platinum-clad materials at
much reduced costs has led to increased
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appearance of these anodes in cathodic protection systems (3, 4, 5, 6). The cost of these
platinum-clad materials was proportional to
the thickness of the cladding specified and to
the complexity of completely cladding difficult
geometric shapes. The serious drawback to
platinum-clad materials prior to relatively
recent developments was that a pore-free
cladding had to be applied over common basis
materials such as silver or copper in order to
prevent their electrochemical deterioration.
Sealing the edges of clad silver or copper was
also troublesome.
These objections to platinum-clad anodes
were finally overcome by the commercial
introduction of “rectifier” metals such as
tantalum and titanium, which led to the
development of platinum-coated anodes of
these materials. Tantalum and titanium exhibit an interesting property when anodised
in sea-water and most aqueous media. An
insulating oxide is formed on the surface
which gradually increases in electrical resistance until current can no longer pass into the
electrolyte. These insulating oxides are stable
up to certain puncture voltages, above which
film rupture occurs and electrochemical deterioration of the exposed metal ensues. The
oxide formed on titanium in sea-water is
stable up to 12 volts applied across the film
(7). Tantalum on the other hand exhibits
stability up to 130 volts in certain acid media
(8).
However, the protective oxides on
tantalum form in steps whereby a new oxide

I

The nuclear-powered U.S. submarine ‘Seawolf’. seen here with the -Yautilus’ in Long Island Sound, is
Ftted with an automatically controlled platinum anode cathodic protection system (Oflcial U.S. Navy
photograph)

forms at a characteristic voltage. When a
rupture occurs at a particular voltage, instead
of electrochemical deterioration taking place
a new oxide of a different colour forms at the
next corresponding voltage level and so on
up to 130 volts. These protective oxides can
conduct electronic current when in contact
with another metal despite their non-conducting nature in an electrolyte.
The combination of platinum cladding or
plating on titanium or tantalum has resulted
in a low-cost anode capable of passing high
current densities without deterioration of the
basis metal. These platinum coatings no
longer depend on continuity nor do they have
to be pore-free to perform inertly. The low
electrode-electrolyte interface resistance between platinum and sea-water or other conductive aqueous media permits the stable
oxide layer to form on the supporting titanium
or tantalum because the voltage across the
oxide is kept within safe limits.
Patents relating to the use and fabrication
of composite titanium and tantalum anodes
have been issued during the past two decades
(9, 10, 11, 12). The recent advances in inexpensive commercial production of tantalum
and titanium combined with ingenious ways
of applying thin layers of platinum over them
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has made these inert anode materials instantly
available at low cost to the corrosion engineer.
Platinum has been applied on these metals by
rolling, plating, vapour deposition and
welding.
Although tantalum and titanium anodes
with 50 micro-inches thickness of vapourdeposited platinum facing have been used
successfully in equipment for the electrochemical demineralisation of sea-water and
brackish water, little operational evidence is
available on minimum thickness of platinum
required for cathodic protection purposes, for
example in sea-water under velocity conditions; however, some success using 0.00025
inch of commercially available platinum rolled
on tantalum has been reported (13). Research work has been proposed for examining
weight loss of composite platinum-titanium
or tantalum anodes under maximum current
densities as a function of platinum thickness
and method of coating basis materials.

Chemical Behaviour
of Anode Materials
Before we get into suggested areas of
application, let us compare some of the
properties of platinum, tantalum and titanium
as shown in the table and just mention some
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chemical behaviour of the materials so that
the designer can be aware of some of the
inherent differences between them.
From the viewpoint of cathodic protection
and other allied electrochemical processes
platinum is inert to electrolysis in most media,
including fused salts. In fact, no single acid
can attack platinum; it dissolves only in aqua
regia. Platinum is extremely resistant to
chlorine and oxychloride environments which
make it versatile in sea-water electrolytes. It
is not susceptible to hydrogen embrittlement.
Tantalum is inert to a wide variety of
reagents except certain acids containing
hydrofluoric acid or free sulphur trioxide.
Over the temperature range commonly used
in solution processes tantalum is not attacked
by nitric acid, even when fuming, by hydrochloric acid, aqua regia, chlorine oxide,
bromine, hypochlorous acid or hydrogen
peroxide, to name a few, almost with no
limitation on the concentration.
Tantalum has poor resistance to concentrated alkaline solutions and is dissolved by
molten alkalis. However, dilute alkali solutions apparently have almost negligible effect.
The affinity of tantalum for hydrogen makes

it extremely susceptible to embrittlement.
This is readily brought about when tantalum
is made cathodic in a galvanic or electrolytic
cell. In certain instances such as for electroanalytic copper determinations, tantalum can
be used successfully as a cathode if the initial
copper deposit can be made at relatively high
current densities. The inert oxide film which
forms on a tantalum anode is its prime
characteristic in making inexpensive inert
anodes for cathodic protection and chlorine
production applications.
Commercially pure titanium has outstanding resistance to sea-water and marine atmospheres. It is not affected to any great
extent by chlorine dioxide, sodium and calcium hypochlorite and hot metallic chloride
solutions up to concentrations of 80 per cent.
It is quite resistant to attack by chromic acid
up to concentrations 36.5 per cent and hydrochloric acid up to 3 per cent at room
temperature. The metal is rapidly attacked
by hot or concentrated solutions of hydrochloric acid but is almost completely resistant
in aqua regia. Titanium is attacked by all
concentrations of hydrofluoric acid. Exposure
to hydrogen peroxide, boiling hydroxides,

Comparative Properties of Commercially Pure
Platinum, Tantalum and Titanium
PIatin urn

Tantalum

Titanium

Density, gm/cc

. . . . . . . . . .

21.4

16.6

4.5

Melting point, "C

. . . . . . . . . .

I769

2996

I660

. . . .

0.17

0.13

0.04

Thermal conductivity,

C.G.S.units

Coefficient of expansion (0-IOOT). .

. . . .

8.9 x

6.5 x

8.9 x

. . . . . .

0.032

0.036

0.126

. . . .

0.5058

0,3749

0.1241

Electrical resistivity, rnicrohm-centimetres at 20°C

10.6

15.5

55

Temperature coefficient of resistance, (0-I00"C)

0.0039

0.0038

0.0033

10

22

35

22 x 1 0 6

27 x loG

Specific heat, cal!gm/"C at 20°C

Electrochemical equivalent, mg/coulomb

. . . .

Tensile strength-annealed,

tons/in2

Young's Modulus, lbjinZ

. . . . . . . .
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nitric acid in all concentrations at elevated extrudable can be made for special purposes.
temperatures, or water saturated with hydro- These common forms can be fabricated as
gen sulphide and sulphur dioxide, or molten discs, rings, hemispheres and spheres, tapered
sulphur has a negligible to slight effect on the wires, crimped or specially formed tubes,
metal. In fact, any oxidising substance gener- spirals, helices and a myriad of geometric
ally does not attack titanium due to the shapes to fit compactly, neatly and efficiently
formation of natural protective oxide film into any protection scheme.
on the metallic surfaces; however, nonInsulating supports for these members
oxidising acids such as phosphoric acid above should be a dielectric material not affected
30 per cent and sulphuric acid above 5 per by the environment of the electrolyte in
cent, or in any concentration at elevated temperatures, attack titanium vigorously. This
attack can be reduced to negligible levels by
making the titanium the anode in an electrolytic cell. A potential of 1.5 volts between
anode and cathode is considered a practical
value (14). Titanium is not as susceptible as
tantalum to hydrogen embrittlement and is
readily polarised when coupled galvanically
to more anodic materials.
The ingenuity of the engineer and scientist
is the only limitation as to the type of anode
that can be fabricated for specific application.
The common forms available are plate, foil,
wire, rod and tubing as well as expanded and
woven mesh. Fig. I illustrates an expanded
platinum-clad tantalum mesh anode. In Fig. 1 Detail of expanded platinum-clad tuntalum
anode. Thickness of platinum i s 0.00025 inch.
addition any cross-sectional shape that is
(Metals and Controls Corporation)
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which it is immersed or by the anode or
cathode reaction products resulting from
cathodic protection. In sea-water applications the polyester resins exhibit good chemical resistance against anode oxychloride reaction products and the epoxy resins are
recommended for resistance to cathodic
hydroxide reaction products (15).
Since specific designs of anodes applicable
to various structures mentioned are subjects
of patent disclosures, the details of construction are not available. However, two commercially produced items in the marine field
are receiving widespread attention.

r

A

Protection of Active Ships
In the application of cathodic protection to
active ships, a platinum-clad tantalum anode
mounted in a streamlined holder has been
developed. This anode holder assembly,
shown in Figs. 2 and 3, consists of a seveninch disc of 0.015 inch tantalum which has
been clad with a 0.0025 inch layer of platinum.
During the rolling operation the surface was
embossed with a series of closely spaced
squares. Embossing was used to assist easy
liberation of gaseous products formed at the
anode during electrolysis. The anode proper
is mounted in a resistant, rigid polyvinyl
chloride holder which is in the shape of a
disc with an ogival cross section. A tantalum
prong welded to the centre of the back of
the anode disc surface protrudes from the
holder. This prong mates with a connector
in a specially designed waterproof stuffing

Fig. 2 A hull-mounted platinum-clad tantalum
anode.
The embossing of the surface assists
liberation of gaseous products formed during
electrolysis. (Metals and Controls Corporation)

tube which is welded into the hull. Thc
anode is then bolted to the hull with recessed
bolts which are potted over with epoxy-resin.
A series of four to eight anodes are thus
fitted to the hull of a ship-the number depending on the underwater area to be protected-and
are connected internally to a
suitable D.C. power source.
Another marketable product is the pipc
plug anode used for the protection of pumps.
This type of anode, shown in Fig. 4, consists
of a platinum-clad disc mounted in a plastic
pipe plug which terminates in a suitable con-

PLATINUM C t A O
TANTALUM AMODE

I

TUREADED FI
IRCULAR
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Platinum Metals Rev., 1959, 3, ( 2 )

Fig. 3 CromMion .f rhe
hull-mounted platinum-clad
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nector. These pipe plugs are threaded into
bossings fitted on a pump casing and are
connected together through a harness lead to
the positive side of a D.C. power supply. The
negative terminal is earthed against pump
casing and rotor. This arrangement will
provide cathodic protection to the internals
of the pump. No operational data are available, but tests on a salt water circulating
pump are to be scheduled shortly.
This article is intended to focus attention
on the unlimited possibilities for novel
cathodic protection designs which are now
open to the corrosion engineer. The economic
advantages Of com p o si t e anodes Of platinum
and tantalum or titanium, their excellent performance as inert anode materials in a large
variety of electrolytes and their ease of forming into optimum geometric configurations
make these truly engineering materials of a
new dimension.
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Fig-. 4 A plug-type anode for the c&&ic protee
tion of pumps, Jitted with u platinum-clad disc.
(Metals and Controls Corporation)

T h e opinions expressed in this paper are
the personal views of the author and do not
necessarily reflect the official views of the
United States Navy.
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Lead-Platinum BilElectrodes
By L. L. Shreir, P h . n
Battersea College of Technology, London
The introduction into a lead electrode of a small piece of platinum
brings about a remarkable change in the electrode behaviour. It is shown
that lead-platinum bi-electrodes may well have important applications
in electrolytic processes such as cathode protection.
Lead and lead alloys may be used as inert
It has been shown that insertion of a
anodes in electrolytic processes provided a platinum micro-electrode into pure lead
film of lead peroxide (specific resistance which has been polarised, at 2.5 A/dm2,
40-50X I O - ~ ohms cm) is formed and
until the voltage increases to 50 results in a
maintained on the lead surface. Anodic rapid fall in the voltage to 5. If the platinum
polarisation of lead in sulphuric acid results in is removed from the lead the voltage rises
the formation of an adherent peroxide film rapidly and the lead corrodes.
and, after the film has reached a limiting
Fig. z shows the weight-time relationship
thickness, the electrode behaves as a noble for two lead-platinum bi-electrodes polarised
metal, the electrode process being evolution at 2.5 A/dm2 in artificial sea-water. After an
of oxygen.
initial dissolution of lead there is a gradual
In chloride solutions, anodic polarisation increase in weight due to the formation of
of lead at constant current results in the lead peroxide. After 300 hours the weight
formation of lead chloride (or oxychloride) remains constant, showing that film growth
which produces, if it remains adherent to the has ceased and that current is transported by
metal surface, a rapid increase in voltage. electrons only. During this experiment the
Under certain electrolytic conditions, the voltage did not exceed 5 .
Fig. 3 shows the current-time relationship
lead rapidly corrodes away. It would appear
that, in chloride solutions, a thin film of lead for lead and for lead containing a platinum
peroxide is formed at the lead chloride1
electrolyte interface and is thus insulated
from the metal by the lead chloride.
A study of lead-platinum bi-electrodes has
shown that if a small micro-electrode of
platinum is introduced into the lead surface
there is a remarkable change in the electrode
Fig. I shows the results
processes ( I ) .
obtained when pure lead and pure lead
containing a micro-electrode of platinum are
anodically polarised in 3 per cent NaCl at
5 A/dm’ for 50 hours. Whereas the bielectrode became coated with lead peroxide
and the voltage did not exceed 5 v, the lead
rapidly corroded with the formation of a
white, voluminous reaction product, the Fig. I Lend anodes polarised f o r 50 hozirs in 3
per cent NnCZ at 5 A/dmz. Left, lead containing
voltage reaching 16 to 18.
a platinum micro-electrode; right, pure lead

-
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micro-electrode maintaining the potential
constant at 1.95 v (hydrogen scale). The
initial increase in current with pure lead is
considered to be due to the formation of
Pb+-, which then reacts producing a
coating of lead chloride of high electrical
resistance on the metal surface with a conWith the
sequent decrease in current.
platinum-lead bi-electrode it would appear
that, although initially the electrode process
is similar, after ten minutes the lead chloride
is converted into lead peroxide resulting in
an increase in current.
The previous considerations show that
insertion of a platinum micro-electrode into
the surface of a lead anode results in the
formation of lead peroxide when polarised in
chloride solutions. Removal of the microelectrode results in an increase in the resistance of the film, due presumably to a non-

h

conducting film forming and a consequent
increase in voltage.
Although several factors operating simultaneously may give rise to this phenomenon,
it is suggested that one explanation is that the
platinum functions as an internal ‘potentiostat’ and controls the potential of the lead
surface (I).
It is relevant to consider the function of a
platinum micro-electrode in contact with a
metal which has a natural oxide film of high
electrical resistance, for example titanium,
zirconium or niobium. If such a bi-electrode
is polarised in a chloride solution all the
current passes through the platinum, and
film growth, with a consequent increase in
resistance, is prevented. The platinum thus
controls the potential of the carrier metal.
If platinum is placed in contact with lead the
formation of a film of high resistance will
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Fig. 3 Anodic polarisation of a lead and a
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function of the platinum is to make electrical
contact between the lead and the peroxide.
It is considered that bi-electrodes of
platinum with lead and lead alloys may have
application in electrolytic processes, including
cathodic protection, electroplating and electroprecipitation.
Acknowledgements are made to Metal &
Pipeline Endurance Ltd. for sponsoring this
investigation. Patent application has been
made by this company.

immediately cause electron current to flow
through the platinum with a consequent
increase in its potential. This in turn will
raise the potential of the lead surface to a
value where lead is oxidised to peroxide and,
provided the electrolyte has a high conductivity and attention has been paid to the design
of the bi-electrode, the whole of the lead
surface will become coated with conductive
lead peroxide. Wheeler ( 2 ) has, however,
recently put forward the view that the sole
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Platinum-bonded Silicides and Borides
CERMETS OF THE TRANSITION METALS
The great advantages that would follow if
oxidation-resistant materials retaining great
strength at very high temperatures were
available are so self-evident that considerable
effort and ingenuity continue to be expended
in all fields which might contribute to their
development.
In seeking a basis for such materials, it is
tempting to look particularly to the silicides
and borides of the transition metals of high
melting point-titanium, zirconium, hafnium,
vanadium, niobium, tantalum, chromium,
molybdenum and tungsten. Many of these
compounds have melting points of 3o0o3C
and over, and some are among the hardest
materials known. In addition, many have
excellent resistance to oxidation and scaling.
If these compounds are to be used, and in
particular, if they are to be bonded to form
acceptable cermets, it is essential, as Dr. R.
Kieffer and Dr. F. Benesovsky, of Metallwerk
Plansee A.G., Reutte, Austria, point out in an
excellent review of recent developments
(Powder Metallurgy, 1958, I/Z, 145-171)that
the constitution of the various silicide and
boride systems should be understood and
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physico-chemical properties of the resulting
compounds known. Immense though the task
is of determining these characteristics, very
great progress-reviewed by these authorshas been accomplished during the past few
years. Rather less effort has been given to
bonding these compounds, but the possibility
of using the platinum metals remains attractive.
Kieffer and Benesovsky report briefly the
results of impregnation tests of MoSi,, WSi,
TiBLand ZrB,, first pressed to compacts under
3 tons/in., and sintered at I~oo'C,with a
number of molten metals in argon. In these
conditions both platinum and 50:50 palladiumsilver alloy gave complete impregnation,
although silica alone does not wet the compounds. The one apparent disadvantage of
platinum is that it tended to erode the
compacts-more with the silicides than the
borides-and it is suggested that one method
of inhibiting this erosion might be first to
alloy the platinum with silicon. It appears
that further work along these lines might be
well justified.
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Electrochemical Properties
of the Platinum Metals
A NEW APPROACH TO STUDIES OF CORROSION
RESISTANCE AND CATHODIC PROTECTION

By M. J. N. Pourbaix, J. Van Muylder and N. de Zoubov
Centre Belge d’Etude de la Corrosion, Brussels

It is often possible to understand, and indeed
to predict, experimental results or practical
applications in the field of electrochemistry
and corrosion by bearing in mind the f-mdamental principle that any change is impossible
unless it tends to the realisation of a state
of thermodynamic equilibrium. One of the
authors has described in earlier publications
(I, 2) a method for the calculation of equilibrium conditions in reactions between metals
and dilute aqueous solutions, and the means
whereby such equilibria can be represented
graphically so as to present a considerable
body of information in a small space. The
method employed is based upon the concept
of “solution potential” introduced by Nernst,
but shows the importance of determining the
pH of the solution as well as potential in the
study of chemical and electrochemical oxidation-reduction phenomena.
The conditions of thcrmodynamic equilibrium of all the reactions that can occur when
a metal is in contact with an aqueous solution
at a given temperature are expressed on
potential-pH diagrams in which the equilibrium potential is plotted against pH for
each reaction. As will be shown later, any
solid, liquid, gaseous or dissolved substance
having a definite chemical potential is thermodynamically stable in the presence of an
aqueous solution only in conditions corresponding to certain definite domains in a
potential-pH diagram. The limits of these
domains depend on the concentrations and
pressures of the substances present.
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For a number of years Dr. Pourbaix
has been well known for his original
method of treatment, based on thermodynamic equations, of the changes
occurring when a metal is immersed in
an aqueous solution. His graphical
method, which compresses a great deal
of information into a relatively simple
diagram, has helped to elucidate a
number of problems concerning corrosion, cathodic protection and other
electrochemicalphenomena. This article
summarises the general basis of treatment and describes the work recently
completed in his laboratories on the
platinum metals.

These diagrams must be regarded only as
rough approximations, and the conclusions to
which they lead must be accepted with reserve, but they do none the less provide an
interpretation of observed facts sufficiently
accurate for many purposes and they indicate
profitable lines for further experiment. They
show the conditions in which the occurrence
of given oxidation and reduction reactions is
possible from the energetic standpoint, and
enable one to predict and interpret many
phenomena in the fields of corrosion, of
cathodic protection, of clectrodeposition and
of other branches of electrochemistry.
It is unfortunately impossible in a summary
such as this to give details of the method by
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thermodynamic properties of the reaction components.
(A) and (B) represent the concentrations
of the components A and B.
From the general equation ( I ) four types
of reaction can be obtained, and equation (2)
representing the equilibrium conditions can
be altered accordingly. These four types
come under the two main headings, oxidising
and non-oxidising reactions:
(a) Oxidising reactions (i.e. reactions
involving electrons) which also involve hydrogen ions.
These are
represented by equation ( I ) and the
equilibrium conditions by equation

which these diagrams are constructed, but a
full exposition of the subject may be found in
the senior author’s book Thermodynamics of
Dilute Aqueous Solutions (I) and in “Lectures
on Electrochemical Corrosion”, given at the
University of Brussels (3).

Construction of Potential-pH

Diagrams
The reactions involved in a metal-water
system are written in such a form that if
substance A is changed into substance B, the
only other species appearing in the equation
are water molecules, hydrogen ions and
electrons:
aA

+cH,O

=bB

+mH + +ne -

(2).

(b) Oxidising reactions not involving
hydrogen ions, in which case m = o
in equation (I) and thus

(1)

When the laws of equilibrium are applied
to reactions written in this way, equilibrium
conditions are obtained that are automatically
expressed as a function of the same two independent variables:

a&+

cH,O =bB+ ne-

and, from equation
E=E”+-

The pH, which determines the influence of
the H f ions

n

(2)

[b log(B) a log(A)]

(3)

(c) Non-oxidising reactions involving hydrogen ions, where n =o in equation
(I) and thus

The potential E, which determines the
influence of electrons.

aA+cH,O=bB+mH+

Provided that only dilute solutions are
considered, the concentration of water remains constant and need not be explicitly
considered in setting up equilibrium conditions for different systems. The only other
variables in the expression for equilibrium
conditions are the concentrations of components A and B when these occur in the
dissolved or liquid state.
In the limited space available here it
must be accepted that for the general equation (I), the equilibrium conditions are expressed by the equation:
0 OS9Im

0.0591

E = p - n L PH+ y [ b log(B) -a log(A)]
(2)

where
E =equilibrium potential
E”=standard equilibrium potential, a quantity which can be calculated from the
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In this case the reaction is independent of E and it can be shown (4) that
the equilibrium conditions are given
by:
a log(A) b log(B) =log K m pH

(4)

where
K =equilibrium constant. Log K
can be calculated from the thermodynamic properties of the cornponents.
( d ) Non-oxidising reactions which do not
involve hydrogen ions, in which case
m-o and n = o in equation ( I ) and
thus
aAf cH,O == bB
Since these reactions are independent of both potential and pH,
their equilibrium equation cannot be
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Fig. 2 Conditions of thermodynamic
stability and decomposition of water at
25°C and one atmosphere pressure

Fig. 1 Potential-pH diagram of water
at 25°C and one atmosphere pressure

plotted on a potential-pH diagram.
Such reactions will not often be met
with, however, in studying metalwater systems.
In addition to the above variations in the
equation for equilibrium it should be remembered that the equilibrium conditions
are only affected by the concentrations of the
reactants when they are in the dissolved or
liquid state. Where solid reactants are involved their concentration terms are omitted
from the equation.
The lines representing the equilibrium
conditions of each reaction are obtained by
substituting the relevant values of E" or K
in equations (z), (3) or (4) for given concentrations of reactant and product (if these are in
the liquid phase) and plotting the corresponding values of E and pH.
The form of potential-pH diagrams is best
considered by reference to a simple example,
that of water, which is shown in Fig. I. The
dotted line x refers to the conditions of
equilibrium of the reaction:
zH,O= 02+4H++4e-
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and the line y to:
2H~+ze--H~

At equilibrium the pressure of oxygen and
hydrogen in the respective reactions is equal
to one atmosphere. The area shown in
Fig. 2, enclosed by thc two lines x and y,
represents the domain of thermodynamic
stability of water at 25°C and one atmosphere;
outside the two lines x and y this pressure is
greater than one atmosphere, hence oxygen
and hydrogen tend to be evolved and the
water is no longer stable.
The decomposition of water can be brought
about both chemically and electrochemically.
Chemical oxidising and reducing agents with
potentials in the range above x or below y
respectively, are capable of decomposing
water. Similarly electrolysis using anodes
and cathodes maintained at the desired potential will decompose water into hydrogen and
oxygen. I n clectrolysing a neutral aqueous
solution the points representing the anode
and cathode will lie at, e.g. I and I' of Fig. I
if the solution is perfectly stirred so that the
anodic and cathodic pH's are the same, and
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a t z and 2' in the normal case where the
anolyte becomes acid and the catholyte
becomes alkaline.
The potential of a solution gives a measure
of its oxidising or redwing power and it can
be shown that at the line z in Fig. I solutions
are neutral with respect to oxidation-reduction reactions in the same way as solutions
of pH 7 are neutral to acid-base reactions.
Solutions with potentials lying above z are
oxidising and those with potentials below z
are reducing.
In constructing potential-pH diagrams for
a metal-water system the metal reactions are
superposed on the diagram for water and thus
the behaviour of a metal in all types of solution whether oxidising, reducing, acid or
alkaline can be determined.

Corrosion Studies
Using certain hypotheses (5) the potentialpH diagram of a metal-water system can be
converted to a diagram showing the general
circumstances under which the metal is:
(a) in a state of immunity or of cathodic

protection, the metal being then incorrodible because the potential is
too low for the corrosion reaction to
be thermodynamically possible,
(b) in a state of corrosion, in which case
the metal tends to be dissolved in the
aqueous solution, or

Applications in Electrochemistry
As well as the application to corrosion
studies considered above, these diagrams may
be applied to the numerous ficlds of electrochemical reactions which occur in electrolysis,
elcctrodeposition, general chemistry and
analytical chemistry. It is important not to
forget, however, that the diagrams are
theoretical and not valid except within the
limits of certain hypotheses; they cannot be
used except with prudence, and they should
be considered essentially as guides for experimental studies.
Recently the work has been completed in
the laboratories of the Centre Belge d'Etude
de la Corrosion (Cebelcor) on the treatment
of the platinum group metals by this method.
Their general electrochemical properties, and
in particular their corrosion resistance properties, will now be considered in the light of the
above discussion.

PLATINUM
A potential-pH diagram for the platinumwater system at 25'C was obtained (6) by a
consideranon of the following six reactions:
Heterogeneous reactions involving two solid
cumponmts-clectrwhemical reactions

(c) in a state of passivation where the
metal is covered by a film of oxide
which is generally, though not always,
protective.

Pt-zH,O Pt(OII>, ' zII
2e
l-'t(OH), PtO, J 2H + zePt0,--II,O PtO, 1 2H- 2e

These states relate to the following domains
on the poiential-pH diagram: ( a ) domain of
thermodynamic stability of the metal, (b)
domain of thermodynamic stability of a
metal ion and (c) domain of thermodynamic
stability of a metal oxide. In the case (b)
corrosion is normally considered to OCCLU if
thc concentration of metal ions in solution is
greater than ro-" g iontlitre, hence the line
representing equilibrium between the metal
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or metal oxide and a solution of metal ions of
concentration 1o-O g ion litre is the line
dividing the domains of corrosion and noncorrosion.
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(5)
(6)

(7)

Substituting the relevant values of E in the
expression in equation ( 2 ) and remembering
that since, in these cases, the components
A and R are solids the equilibrium is not
dependent on their conccntration, thc following values for equilibrium potential E are
obtained

For equation (5): E-o.980-0.0591pH
For equation (6): E - 1.045 - o.og91pH
For equation (7;: E-2.0oo-o.05~1pH

Heterogeneous reactions involving one solid
cornponent-chemical reaction

Pt - -1 zH,O--Pt(OH), 2H-

(8)

By substitution in equation (4):
log (Pt I

)=

7.06 2pH

Electrochemical Reactions

Pt-Pt ---+ze-

(9)

Substituting in equation (3):
E=1.188~0.0~95log(Pt

7 )

Pt+ ’ +2H,O

PtO, 7-4H-+ 2e-

(10)

where
E-0.837

-

0.118zpH 0.0295 log(Pt’-)

Fig. 3 shows the potential-pH diagram
and Fig, 4 the corresponding corrosion
diagram obtained from the above equations.
The ions Pt(OH)+++, PtO++, PtO,-- and
PtO,-- are shown in the diagram in their
approximate positions but no quantitative
treatment was possible due to the lack of
thermodynamic data. The oxides PtO,.xH,O
and PtO,.xH,O are given in the hydrated
form, but the exact amount of hydration is

unknown and thus their thermodynamic
properties are known only very approximately.
This leads to doubt as to the exact position
of the lines corresponding to equations (6)
and (7).
It must be emphasised here that Fig. 3 is
valid only in the absence of substances which
form complex ions with platinum. This
limitation, which applics to all these diagrams,
is, of course, very important in the case of
the platinum metals which have a great
tendency to form complex ions. In general
the presence of complexing substances will
increase the corrosion because of the greater
tendency for the metal to go into solution.

Corrosion Properties

of Platinum
Fig. 4, deduced from Fig. 3, shows the
theoretical conditions for the corrosion, immunity and passivation of platinum. Platinum
is seen to be a very noble metal since its
domain of stability covers most of the
domain of stability of water. With the exception of certain strongly oxidising conditions
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corresponding to the part of Fig. 3 situated Cathodic Protection
above the lines 9 and 5 metallic platinum is
Since the primary step in the corrosion of
stable in the presence of aqueous solutions of a metal in aqueous solution is oxidation to its
any pH, provided they contain no complexing ions, which is only possible above the
substances. At temperatures around 25°C it equilibrium potential, a metallic surface can
remains unaltered in the presencc of water be corroded only if its potential lies above the
or of aqueous solutions of caustic alkalis. potential characteristic of equilibrium beIt is unattacked by acids and attacked only tween the metal and its ions for the concentrawith difficulty by oxidising agents.
tion of ions in solution. Corrosion can thus
The predictions of Fig. 4 are borne out in be inhibited by reducing the potential of a
practice, where it is found that the non- metal surface to such a value that the corrocomplexing acids, sulphuric and nitric, do sion reaction is thermodynamicauy impossible.
not attack platinum. Ferric chloride and The basis of cathodic protection lies in
hydrogen peroxide solutions also appear to effecting this reduction of potential by elecbe without any action. The best known trical means. The metal is made the cathode
reagent for dissolving platinum, aqua regia, in an electrolytic cell in which the corrosive
acts by means of a combination of oxidising media acts as the electrolyte. Platinum is freand complexing actions. Hydrochloric acid, quently used as the anode in cathodic protecwhich does not attack platinum on its own, tion because, as has been shown above, it is
will attack it when it contains chlorine in not corroded even at the high potentials at
solution, because it then combines oxidising which an anode must be maintained. An
and complexing actions.
According to important use of cathodic protection occurs
C. Marie (7), platinum is oxidised at ordinary in ships and marine installations where
temperatures by the following reagents: platinum anodes have been used with great
K,S,O,, K,Cr,O,, KClO,, concentrated success.
HNO,, K,Fe(CN), and KMnO,. The oxidation products are PtO,, with eventual forma- Electrodeposition of Platinum
tion of some Pt(OH), and Pt++ ions.
Fig. 3 indicates that metallic platinum is
When used as an anode (upper part of stable in aqueous solution at low potentials,
Fig. 4) platinum normally remains un- hence it can be deduced that elemental
attacked, notably in solutions of sulphuric, platinum will be formed by the reduction of
nitric and hydrochloric acids and caustic aqueous solutions of its salts. Such reduction
alkali. It is, however, as would be expccted may be achieved electrolytically and platinum
from a consideration of Fig. 3, covered with a is electro-deposited on a commercial scale
film of PtO, or PtO, which is normally pro- from electrolytes comprising solutions of comtective. If the platinum is used in the form plex salts such as sodium hexahydroxyplatinof platinum black, however, the oxide formed ate or diamminodinitrosoplatinum.
is not protective and separates off in the form
of a brown skin, the platinum suffering anodic Platinum Electrodes
attack.
for the Measurement of pH
Platinum cathodes normally absorb large
Platinum is stable under the conditions of
quantities of hydrogen which, according to
potential and pH corresponding to the equiliD. T. Hurd (X), is, for the most part, occluded
brium of the reaction
in fissures and faults in the mctallic structure.
A. Thiel and W. Hammerschmidt (9) found
H,=zH++ zethat a platinum cathode absorbed about
35 times its own volume of hydrogen at indicated in Fig. 3 by line x . This reaction
can be accomplished practically reversibly on
ordinary temperature.
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the surface of platinum which has a great
facility for absorbing hydrogen. Because of
this, platinum can, as is well known, be used
for the construction of hydrogen electrodes
for the measurement of pH, particularly since
it can be employed in a finely divided form
previously saturated with hydrogen by cathodic treatment. The potential of this electrode
depends on pH and on hydrogen pressure
according to the following equation, at 25°C:
E=0.000-0.0591pH

-0.0295

log PH?

When t h e hydrogen pressure is one
atmosphere this relation can be simplified to

E

iodine, sulphuric acid, and arsenic acid
respectively while itself being reduced to
platinum and, on the other hand, reduces
hydrogen peroxide, ozone, and permanganate
to water, oxygen, and manganese dioxide
respectively while itself being oxidised to the
hydrated form of platinic oxide, PtO,.xH,O.
Platinic oxide, PtO,, would be expected to
be stable in the presence of oxygen at one
atmosphere pressure since its limit of stability
is indicated by the line corresponding to the
equilibrium conditions of the reaction:
2H20=02+4H+ 4e

= - 0.059IpH.

I t should be, and is, stable in the presence of
water, unaffected by acid and neutral solutions, and a moderately energetic oxidising
agent.
Platinum trioxide, PtO,, is unstable and
tends to decompose into platinic oxide and
oxygen as would be expected. It is an extremely powerful oxidising agent capable of
oxidising water to oxygen as can be predicted from the figure since it can be seen that
water is unstable at the potentials at which
PtO, exists.

Stability and Formation of the
Oxides of Platinum
It is also possible, by consideration of the
potential-pH diagram in Fig. 3, to deduce
certain properties of the oxides of platinum.
Hydrated platinous oxide, Pt(OH),, would
be expected to be stable, as in fact it is, in
water and in non-complexing aqueous solutions provided that they are not oxidising or
strongly reducing. As indicated by its
position in Fig. 3, it would be expected to act
both as an oxidising and reducing agent; it
does, in fact, oxidise hydrogen, hydriodic acid,
sulphurous acid, and arsenious acid to water,

The second part o j this article, to appear in the
July issue of “l’latinum Metals Review”, will
deal with the electrochemical properties of the metals
iridium, palladium, rhodium and ruthenium.
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An Organic Process for the
Manufacture of Hydrogen Peroxide
A new plant costing some 224 million-the largest of its kind i n the
world-has recently been opened by Laporte Chemicals Ltd to produce
hydrogen peroxide by the autoxidation of an anthraquinol. After separation of the hydrogen peroxide the anthraquinone formed is hydrogenated
back to the quinol over a palladium catalyst and the solution recycled.
During the last four or five years the
increasing use of hydrogen peroxide, not only
in bleaching and the manufacture of other
per-compounds, but also as a propellant and
as a reagent in organic synthesis, has resulted
in a great deal of work being carried out on
alternative methods of manufacture to the
electrolytic processes developed over the last
fifty years. Of these alternatives, that which
has received the most attention has been the
use of organic intermediates, particularly substituted anthraquinols, which autoxidise to
form hydrogen peroxide.
The early work on such a process was
carried out by I. G. Farbenindustrie in
Germany, and it was taken to the pilot plant
scale during the war years. The intermediate
used was 2-ethyl anthraquinol, which in
solution was autoxidised yiclding hydrogen

peroxide and the quinone. Aftcr separation
of the hydrogen peroxide by aqueous extraction, the quinone was catalytically hydrogenated to the quinol and the solution recycled.
The original German process has been
further developed since 1945 in a number of
other countries, and several processes are
now in use. Laporte Chemicals Limited has
been particularly active in this field, and is
now operating the only plant of its kind in
Britain and the largest in the world to provide
high test peroxide fuel for rocket motors and
guided weapons.

Selection of Catalyst
Raney nickel was used as thc hydrogenation catalyst in the German process, but this
suffers from the disadvantages that it is easily
deactivated by dissolved oxygen or hydrogen

OZ -el?-

+

OH

H20,

0

t-ethyl anthraquinol

a-ethyl anthraquinone

OH

Autoxidation of2-ethyl anthraquinol yields hydogen peroxide
and the quinone, iuhich is
hydrogenated back to the qiiinol
using a palladium catalyst and
recycled

OH
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The new autoxidation hydrogen peroxide plant erected by Laporte Chemicals Ltd. at their
Baronet Works, Warrington

peroxide, and is pyrophoric. A number of
patents have described the use of palladium
on an inert support as the hydrogenation
catalyst, these supports including alumina,
silica gel and certain silicates, and calcium
phosphate. A major advantage of these
catalysts is that any palladium oxides formed
are reduced to the metal by hydrogen at
ambient temperature.

hydrogen which is passed through the reactor in excess of the theoretical requirement,
the excess being recirculated together with
fresh hydrogen. Catalyst is added to the
reactor at the rate necessary to maintain the
required rate of reaction. Hydrogenated
solution passes through filters which retain
the catalyst in the hydrogenator.
Hydrogen peroxide is extracted from the
organic solution using counter-current flow in
columns fitted with perforated plates. As
the organic solution is less dense than water
it is fed to the base of the columns. The
aqueous product, which is withdrawn at a
constant rate, contains approximately 20 per
cent hydrogen peroxide.
The extracted
organic solution passes to a storage tank
before being returned to the hydrogenator.
The process is thus continuous and cyclic,
and it will be seen that the major raw materials are hydrogen, atmospheric oxygen and
water.
The new process shows a considerable
saving in cost by comparison with the electrolytic method.

The Laporte Process
The process developed by Laporte Chemicals Limited and now in operation at their
Baronet Works is based on the use of z-ethyl
anthraquinone.
Hydrogen is made by cracking butane,
supplied from Stanlow Oil Refinery. The
autoxidation process organic cycle consists of
two identical units which operate in parallel
up to the extraction stage where solution from
both streams mixes. Hydrogenation is carried
out in vertical vessels, using palladium on an
inert support in free suspension as the
catalyst, which is manufactured on the site.
The catalyst is suspended in a stream of
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Temperature Control in the
Ford Foundry
THERMOCOUPLE PRACTICE IN THE PRODUCTION OF
GREY IRON AND ALLOY STEEL CASTINGS

By H. Connor, B . s ~ .
T h e Ford Motor Company Ltd., in
developing improved manufacturing techniques for the large-scale production of
engines and vehicles, has always paid great
attention to foundry methods. The new E74
million Thames Foundry is the largest and
most modern in Europe and, with the older
Dagenham Foundry, supplies Ford’s requirements for grey iron and alloy steel castings

used in their production of motor-cars, lorries
and tractors.
The accurate control of liquid metal
temperatures is of great importance in the
continuous and large-scale production of a
wide variety of castings in a number of alloys.
In order to produce high quality castings
which, for the heaviest cylinder blocks and
gear-boxes, weigh several hundredweights

Measuring the temperature of grey iron while pouring a cylinder block casting i n the
Dagenham foundry of the Ford Motor Company Ltd. A platinum :13 per cent rhodiumplatinum quick-immersion thermocouple is used
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Measuring the temperature
of molten iron in the spout
of a 7-ton tilting electric arc

furnace. Each time a ladle
is jilled a reuding is taken
to ensure unform casting
temperatures i n the production of cylinder heads
and blocks

and are of great complexity, the temperature
of the molten metal must lie within a narrow
range to give the best results. Certain alloys
are sufficiently temperature sensitive to cause
a substantial increase in casting rejects and
scrap if the casting temperatures deviate from
the optimum determined by experience. In
addition, it is highly desirable to have an
accurate knowledge and record of the
temperatures of liquid steels held in electric
arc furnaces and reccivers before pouring
into the ladles.
For some years the temperatures of molten
metals used in the foundry were measured by
means of the optical pyrometer. This method
was subject to a number of errors due to the
presence of slag, fumes and dust, and to the
variable emissivity of oxide films. It also
suffered from the variable human element and
the inability to effect automatic and permanent records of the temperatures measured.
The quick-immersion thermocouple, em-
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ploying a suitably sheathed platinum : 13 per
cent rhodium-platinum couple and an automatic indicating-recording instrument, provides a rapid, accurate and completely reliable
method for measuring liquid metal temperatures. The Ford foundry has employed this
method with great success for over five years.
It has provided much closer control over
casting conditions than had previously been
possible, and enables refractory and sand
problems to be fully investigated. Above all,
a high degree of confidence is now placed in
the permanent records of the temperatures
of individual melts. In the event of defects
in the castings being found, these records
rule out the possibility of the human error in
temperature measurement being held
responsible.
The quick-immersion thermocouples employed in the foundry are all of the same
pattern. A pair of platinum: 13 per cent
rhodium-platinum thermocouple wires pass

” .!

Taking an immersion reading to determine the liquid alloy steel temperature in the ladle prior to
casting crankshafts. The melting process is accurately controlled by taking temperature measurements
at jive minute intervals

through insulators in a mild steel tube about
four feet long, having a right-angle bend
about 18 inches long. Surplus wire is held
on reels in a head box fitted at one end. At
the other end the two wires forming the
junction are protected by a thin silica sheath,
which is closed at one end and fitted into a
graphite plug. The graphite plug is pressed
into a graphite sleeve which protects the
bottom 18 inches of the couple. To extend
the life of the silica sheath and the thermocouple junction for use in the measurement
of grey iron temperatures (1375 to 1430°C)
an expendable graphite sheath is used to
protect the silica sheath. This graphite
sheath is replaced every 50 readings, the
silica sheath every 150 readings. After 200
to 300 dips the thermocouple junction is
renewed by cutting off about one inch of the
wires, drawing down fresh wire from the
reel, and making a new twisted junction.
About IZ feet of wire are stored on the reels
in the thermocouple-head boxes. No graphite
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sheath is used for the measurement of alloy
steel temperatures (1510to 1540°C) where a
speedy reading is essential, and the silica
sheath is replaced after every five to six
readings.
Honeywell-Brown “Electronik” 24-hour
recording instruments are used and give a
visual indication of the tcmpcrature measured
as well as providing a permanent record of
each cylinder block or other casting produced, and this provides valuable data for
investigating the cause of any faults detected
at a later date.
Casting temperatures vary with the alloy
employed and the size and shape of the individual casting concerned. Grey iron cylinder
blocks for tractors, for example, are cast at a
temperature lying in the range 1375 to 1420°C.
Alloy steel crankshafts are cast at 1530 to
1540’C.
An interesting application of the quickimmersion thermocouple is in the control of
the melting process of the alloy steel for cast
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crankshafts. An air-blown cupola melts lowcarbon iron (2.3 per cent carbon) into a 15-ton
electric furnace. Also charged into this
furnace is a burden of cold low-carbon steel
(approximately 0.4 per cent carbon), this
making about 50 per cent by weight of the
total charge. The electric furnace discharges
into a receiver, the temperature here being
measured and recorded every five minutes.
The temperature range here is the controlling factor in the balancing of the two
charge constituents and in any adjustment
of composition found necessary.
The Honeywell-Brown “Electronik” indicating-recording instrument employed with
the thermocouple used in this procedure is
fitted with a time-controlled bell to give an
audible warning when the highest temperature
is reached during each dip. This prevents
undue immersion of the couple in the metal

and consequently reduces the attack on the
silica sheath. In addition, a permanent
record of the temperature is thus obtained
for reference in the future.
It can be seen that the platinum : rhodiumplatinum quick-immersion thermocouple is a
reliable tool in the quality control of castings
in grey iron and alloy steels. It enables the
Ford Motor Company Ltd. to produce many
thousands of cylinder blocks, cylinder heads,
gear-boxes, crankshafts, malleable iron chassis
brackets and other castings with a high degree
of confidence that the casting conditions are
maintained completely uniform throughout
each production run.
The author wishes to express his thanks to
the Ford Motor Company Ltd. for permission
to publish this article, and to the management
of the foundry for their ready co-operation in
its preparation.

Ruthenium Catalyst for Paraffin Wax Synthesis
LIQUID PHASE HYDROGENATION OF CARBON MONOXIDE
The possibility of using ruthenium catalysts
in the preparation of high-melting hydrocarbons through the reaction of carbon
monoxide with hydrogen-the
FischerTropsch synthesis-has been known for many
years. In a recent paper (Liebig’s Ann. Chew.,
1958, 618, 67-71) H. Kolbel and K. K.
Bhattacharyya describe the preparation of
similar compounds by the liquid-phase hydrogenation of carbon monoxide with water,
again using a ruthenium catalyst.
The reaction is carried out in a two-litre
steel autoclave containing the catalyst, 5g of
finely-divided metallic ruthenium, suspended
in 750d of water, through which a stream of
carbon monoxide is passed. The product,
which consists almost entirely of high
molecular weight paraffins, is immiscible with
water, and can easily be separated from the
aqueous suspension. The best results are
obtained with a reaction temperature of 195°C
and a carbon monoxide pressure of IOO atm,
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when over 70 per cent of the carbon monoxide
is converted. The paraffin wax so formed has
a molecular weight of up to 7000 and a
melting point of up to 130°C. The course of
the reaction can be represented as a combination of the water-gas reaction with the
Fischer-Tropsch synthesis - the carbon monoxide and water first react giving hydrogen
and carbon dioxide, the hydrogen so formed
then reacts with further carbon monoxide to
form hydrocarbons and carbon dioxide.
The advantages of carrying out the hydrogenation in the liquid-phase are numerous.
The water, which is present in large excess,
acts not only as reactant but also as a
means of uniformly suspending the catalyst
and as a medium for dispersing the excess
heat produced by the reaction. The technical
development of the process would be
favoured by such advantages and also by the
simplicity of the apparatus and the high
yields obtained.

59

Platinum in the Decoration
of Ceramic Wares
By Neville Wynn,

B.A.

Ancient methods of producing lustre eflects are briefly described as a
background to the introduction of platinum f o r this purpose. Therefollows
a short history of the uses of platinum for producing bright and mattsurfaced decorations on ceramic glazes.
The first use of platinum for the decoration
of ceramics was as a so-called silver lustre
over a brown earthenware body. Although it
was only discovered in the middle of the
eighteenth century, sufficient was already
known about the properties of platinum for
it to come into commercial use as a ceramic
decorating medium by the end of that century,
This took place in the English Potteries of
Staffordshire.
The silver lustre thus produced was seen
at once to have great commercial usefulness.
It was not subject to tarnishing, like true
silver, and when applied all over an article of
pottery it provided a cheap substitute for
sterling silver or Sheffield plated
tea-pots, cream jugs, sugar basins,
candlesticks and the like. When
electroplating appeared in the
1840s the use of silver lustre for
this purpose gradually declined

Nor do the liquid preparations of gold,
platinum and other metals, now referred to
as lustres, bear any relation to the much older
process of producing lustres on pottery by
means of a reducing atmosphere in the kiln.
The newer process might be more accurately
described as metallised pottery.

The Original Lustre Process
Means of producing lustre effects-a
metallic or nacreous iridescence-on ceramics
were known in the Near East before
A.D. goo (2). Egyptian and Syrian potters
soon mastered the technique, which spread
thence to Persia and to Moorish Spain, where

(1).

The phrase silver lustre, having
been in use for one and a half
centuries, is likely to continue
but it is not strictly accurate.
The preparation contains no
silver and this word applies
only to its appearance when fired.

A n early nineteenth-century English
cofee pot, nozti i n the Victoria and
Albert Museum, showing the use of

silver lustre (bright platinum) on
earthenware as an inexpensive substitute for silver
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the magnificent large dishes of Valencia were
produced before A.D. 1400. Italians imported
the Spanish wares via Majorca-whence their
term Majolica-and by the beginning of the
sixteenth century were themselves masters of
the art of madreperla or giltwork, as they also
called it (I). No later products have equalled
the beautiful yellow lustres, produced from a
silver stain, of Deruta or the coppery reds of
Gubbio (3).
T h e lustre was produced by painting the
tin glaze, already fired on the ware, with a
clay paste containing oxides of reducible
metals such as copper and silver and then
firing it in a reducing atmosphere. Armfuls
of gorse branches or broom sprinkled with
turpentine were thrown into the mouth of
the furnace, producing a dense smoke. T h e
compounds painted on to the ware, deprived
of oxygen, tended to return to their metallic
state and at this point the process of remetallisation was abruptly arrested by raking out
the fire and sealing up the kiln. After removal
from the kiln the ware was polishcd with
wood ashes and lustre effects were then
revealed of a quality still unsurpassed. A
great element of chance was involved and
many pieces were spoiled, but the good
results were so much admired that for some
time Italian potters of the renaissance found
it worth while to decorate and fire a hundred
pieces of ware in order to produce six good
ones (4). By 1550, however, they had given
up the use of lustre and confined themselves
to the painting of elaborate compositions on
white glazed grounds which could be fired in
more stable conditions.

The Invention of English Lustre
I n more recent years, towards the end of
the nineteenth century, the art of lustre
staining was rediscovered by William de
Morgan and William Burton but its principles
have remained unchanged.
English lustres were originally made either
from gold or from platinum. T h e gold lustre
applied over a brown body produced a dark
copper effect or, over a white body, various
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shades of pink, lilac and purple with a golden
iridescence. Platinum produced the steel and
silver lustres.
I t is not certain who first invented English
lustre. It may have been John Hancock who,
writing to the StaSfordshire Mercury in 1846,
at the age of 89, claimed to be “the original
inventor of lustre, which is recorded in
several works on Potting, and I first put it in
practice at Mr. Spode’s manufactory, for
Messrs. Daniels and Brown” ( 5 ) . Or it may
have been John Gardner who was also later
employed by Spode.
An early writer on the subject, Simeon
Shaw (6), whose History of the Staffordshire
Potteries was published in 1829,says:
“The general voice of the district is in favour
. . . a person of no mean
talents as enameller . . . having first produced
the lustre. . . . The lustre of our day is a good
red clay body with a fine brown glaze, upon
which is laid, for gold lustre, a very thin coating of a chemical mixture containing a small
quantity of gold in solution; also of copper, for
copper lustre, The Steel lustre employs oxide
of Platinum in the same mixture instead of
gold; and when Silver Lustre is made, a further
coating of platinum in water only, is laid on
the steel lustre. . . . The first maker of the
Silver lustre properly so called, was Mr. John
Gardner (now employed by J. Spode, Esq.) . . .”
of Mr. John Hancock

Further evidence is in William Evans’
A r t and History of the Potting Business, published in Hanley in 1846;here it is stated that
“IMr. Hancock . . . who subsequently invented
the lustre; which was improved to imitate
silver by John Gardner, Stoke, and gold, by
William Hennys, Burslem . . .” (7).

Formuh for Silver Lustre
T h e earliest printed formula for lustres is
given in Lakin’s book (8) published in 1824.
His formula for gold lustre was:
30 parts muriatic acid
10 parts

nitric acid
5 parts grain gold

The gold was added to the aqua regia and
dissolved in about two hours. I t was recommended that 5 per cent of metallic tin on the
weight of the gold be added to the acids at
the same time. Separately 30 parts of balsam
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A nineteenth-century
jug i n silver resist lustre
(hright platinum) also
in the Victoria and
Albert Museum

of sulphur and 20 parts of spirits of turpentine
were gently heated over a water bath until of
a homogeneous consistency. The acid gold
solution was then poured into the diluted
balsam. With this preparation only about
3 per cent of the completed lustring mixture
consisted of gold.
Similar receipts occur throughout the
nineteenth century, one of them stipulating
that small amounts of iron should be included
when a more bronzed effect was required.
The same procedure was employed for
platinum lustre except that the acid solution
of the metal was mixed with 135 parts of
spirits of tar and the whole heated gently
over a water bath until completely homogeneous. For silver lustre the diluent appears
always to have been spirits of tar rather than
the balsam of sulphur used in gold lustres.
Spirits of tar was a pine tar thinned with
turpentine whose resinous content would
carbonise during the firing process and assist
in the reduction of the platinic chloride to a
metallic film.
The best silver lustre was that applied over
a red-brown body, as for gold lustre, but two
applications of lustre were necessary. The
first firing of the lustre solution produced a

Platinum Metals Rev., 1959, 3, ( 2 )

steely-grey colour, referred to as steel lustre.
The full silver effect is said to have been produced by a second coating, using platinum
oxide-not chloride-and a second fire in the
enamel kiln. According to W. D. John and
Warren Baker in Old English Lustre Pottery ( 9 )
the platinum oxide was obtained as an orangecoloured powder by the addition of excess of
salammoniac to the acid-platinum solution.
For silver lustre decoration on a white body
or for resist patterns this second coat was not
used.
Many of these old formulae bring smiles
to the cheek of a modern chemist and it would
seem from the statement just quoted that the
old terminology implied something different
from its present meaning. At best the products of these early formula: were most
unstable and the solutions had to be used as
soon as they were made up.

Current Types of Silver Lustre
The more scientific and stable preparations
now in use are more correctly referred to as
liquid bright platinums. These consist of a
platinum resinate in certain essential oils such
as rosemary or lavender; they are true solutions of uniform character. The rather darker
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and heavy colour given by platinum on its
own, coupled with the high cost, has led to
the incorporation of gold and various other
metals of the platinum group, resulting in
improved whiteness of the metallic film and
a less expensive product.
There are thus now available a number of
liquid bright platinums varying as regards
tint, price, viscosity and suitability for
different types of glaze. It is possible to
adjust these still further for application to
ceramic wares by means of screen-printing,
spraying, rubber-stamping, engraved-plate
printing or mechanical banding. On account,
however, of possible high wastage factors it
is most usual to apply silver lustres by hand
with a brush and the product is generally
adjusted to have optimum handpainting
qualities. It is applied to ware that has been
previously glazed and fired and, when dry,
the lustre is fired in an oxidising atmosphere
at temperatures ranging from 680°C to 830°C
according to the type of glaze over which it
is applied.

Resist Lustre
Almost contemporary with the first use of
silver lustre as an all-over covering was the decoration known as
resist lustre which is still produced by some potteries such as
Josiah Wedgwood & Sons and
A. E. Gray & Company.
T o obtain this result a decorative pattern was painted on to
white ware with a water solution
of gum, sugar, size, honey or sugar
and glycerine-in fact almost any
medium that painted well and
could be detached by immersion
in water. Colouring matter was

added to make the design more easily visible.
When the painted pattern had sufficiently
set, the article was immersed in the platinum
solution up to the top edge and then reversed
and dipped to a depth of one-quarter of an
inch inside the top. When thoroughly dry it
was immersed in water which released the
painting medium and the platinum solution
upon it. The pattern thus “resisted” the
platinum, and when fired it showed up as a
white design on a silver ground.
For current types of silver lustre a muchused resist is Chinese white water colour
tinted with crimson lake, which makes the
design on a white glaze more easily visible to
the worker. When dry, this is painted all over
with the lustre solution and fired in the normal
way. After firing the scurf formed by the
resist and the lustre on top of it is washed
away, leaving a clear-cut white design against
a non-tarnishing metallic background.

Matt Platinum Decoration
The difference between platinum decorations with a bright metallic surface and those
with a matt surface that required further
burnishing after it was fired was in the first

Dinner plate by Doulton Fine China
Lid., with central design and finishing lines in matt platinum
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Vuse and beaker in
modern silver resist
lustre (bright platinum)
p a i n t e d b y Colin
Haxby, 1958

place less sharply defined than it is today.
T h e modern liquid bright platinum, or silver,
as it is still frequently called, is a homogeneous solution which needs no further
treatment after firing. I n liquid matt platinum
the precious metal is only partially dissolved,
the remainder consisting of very fine particles
suspended in the solution and therefore needing agitation before use. After firing the
platinum needs to be scoured, or burnished,
with fine round-grained sand in order to
produce its characteristic silvery sheen.

It is apparent from a paper by Professor
Klaproth, of Berlin (IO), that some such result
was produced as early as 1802. T h e following
is a description of Klaproth’s method of
applying platinum to porcelain.
“I dissolve crude platina in aqua regia and
precipitate it by a saturated solution of salammoniac in water. The red (sic) crystalline
precipitate thence produced is dried and being
reduced to a very fine powder is slowly brought
to a red heat in a glass retort. As the volatile
neutral salt, combined with the platina in this
precipitate, becomes sublimated, the metallic
part remains behind in the form of a grey, soft
powder. This powder is then subjected to the
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same process as gold; that is to say, it is mined
with a small quantity of the same flux as that
used for gold, and being ground with oil of
spike is applied with a brush to the porcelain,
after which it is burnt-in under the muffle of
an enameller’s furnace and then polished with
a burnishing tool.”

Little commercial use seems to have been
made of matt platinum decoration before the
beginning of the present century, but in our
own time it has come into vogue for the
finishing of fine quality china and porcelain,
particularly for tea and dinner-ware.

We thus see platinum first appearing on
pottery as a lustre, a cheap ceramic substitute
for sterling silver or combined with coloured
enamels to decorate “peasant” wares for sale
at country fairs.
Today its cost is such that matt platinum
is seldom seen as more than a narrow band
or line, the final luxury of finish on costly
services, while platinum lustre is mainly
confined to resist decoration on pieces made
solely for their ornamental value.

Hydrocracking on Platinum Isomerisation
Catalysts
A COMPARISON OF ALUMINA AND S U J C A - A I ” A
Catalysts used in pentane or hexane
isomerisation processes require two types of
reaction site - the platinum sites where
dehydrogenation and subsequent hydrogenation occur and acid sites, provided by the
supports, where isomerisation of the dehydrogenated product takes place. An undesirable
side-reaction, hydrocracking to lower molecular weight parailins, has been studied by
C. G. Myers and G. W. Mums, Jr., of the
Socony Mobil Oil Co. Inc. Their results are
published in a recent paper (Indust. & Eng.
Chm.3 1958,5% (121,1727-1732)The hydrocracking of n-pentane, -hexane
and -heptane was studied using isomerisation
catalysts comprising platinum on alumina
and platinum on silica-alumina. The hydrc+
cracking of n-pentane can be correlated with
the dehydrogenation activity of the catalyst a function of the platinum sites - but is not
directly related to the nature of the acidic
support. The products of the cracking
reaction are evenly distributed over the range
C.-C4 hydrocarbons and this distribution is
not affected by altering the catalyst support.
However, the change in pentane hydrocracking activity per unit change in dehydrogenation activity is less for platinum-alumina
than for platinum-silica-alumina catalysts,
with the result that the hydrocracking activity
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BASES

is in general lcss for platinum-alumina when
the two catalysts have the same dehydrogenation activity. This may be explained by
chemical interaction between platinum and
the siliceous support. Thesc results suggest
that hydrocracking of n-pentane is catalysed
by the platinum sites.
Hydrocracking of n-hexane and n-heptane
does not give rise to an even distribution of
cracking products but to a higher proportion
of hydrocarbons derived from cracking at
the centre-bond. This is a characteristic of
cracking at acid sites. It is shown conclusively in the case of n-heptane that the
more acidic silica-alumina support favours
centre-bond cracking to a greater extent than
the alumina support.
The results obtained indicate that on dualfunction isomerisation catalysts two types of
cracking can occur depending on the chain
length of the hydrocarbon.
Platinumcatalysed hydrocracking, giving an even
distribution of reaction products, occurs
alone in n-pentane and together with acidcatalysed cracking in n-hcxane. Acid site
hydrocracking alone occurs in n-heptane. It
is suggested that platinum-catalysed hydrocracking occurs via the olefin intermediate
produced in the isomerisation reaction by
dehydrogenation at the platinum sites.

Glass Fibre Manufacture
A STUDY OF TEMPERATURE DISTRIBUTION IN
RHODIUM-PLATINUM FURNACES
In work on the drawing of glass fibres from
alkaline melts at the Institute for Glass
Research, Hradec Kralovt?, Czechoslovakia, a
particular design of rhodium-platinum furnace, known as the Rh furnace, has been used
successfully for many years. Recently, however, non-alkaline glasses have been developed
and in using the same furnaces to draw fibres
from these melts certain difficulties have been
encountered, occurring at irregular intervals.
The main trouble was caused by sudden interruptions in the drawing, leading to breaking of
the fibres. A paper by two workers at the
Institute (M. Kucera and A. Macenauer, Veda
a Vyzkum v. prum. sklar, 1957, 3, 53-57)
describes investigations carried out on the
effect of one variable, temperature distribution in the molten glass, on the quality of
the fibres.
The furnace used, based on a British design,
weighs 2700 g and is in the form of a tank of
dimensions 2 3 2 x 7 2 ~ 9 0mm. The tank
narrows, like a funnel, towards the base where
the nozzles are situated, the depth of the
funnel being 30 mm. One of the main factors
in the successful production of continuous
glass fibres is the maintenance of constant
temperature at the nozzles and of uniform
heating within the interior of the furnace. In
the ideal case the maximum temperature
should occur at the solid-melt interface and
the temperature should fall uniformly throughout the melt to an optimum value at the
nozzles, guaranteeing the best glass viscosity
for the drawing conditions. Isotherms should
exist within the glass melt, parallel to the base
of the furnace.
The temperature of the molten glass was
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measured at 62 points situated in selected
lateral and longitudinal planes within the
furnace. The measurements were made by
means of a platinum : rhodium-platinum
thermocouple inserted into a cylindrical platinum shoe with an adjustment to enable the
temperature to be read at predetermined
levels in the furnace.
The results showed a range of temperatures
from 930 to 1190C within the melt, but with
an extremely irregular distribution. In no
sections were the isotherms parallel to the base
of the furnace and the distribution varied
widely from one parallel section to another.
The temperature at the nozzles was not uniform and in some instances “pockets” of
lowered temperature were formed within the
glass mass. It is easy to see that such
“pockets”, on travelling through the melt to
the nozzles, will cause interruptions in the
drawing, since the glass viscosity will be continually changing.
It thus appears evident that the breaking
which occurred in the fibres was due to
uneven temperature distribution. This lack
of temperature uniformity may be due to
uneven heating of the furnace, inhomogeneity
in the glass or irregularity of glass addition.
Even when care was taken to ensure uniform
heating and regular glass additions, breakages
still occurred. The cause in this case was
either glass inhomogeneity or some defect in
the design of the furnace such as excessive
width or too great a depth of glass for the
purpose of drawing. As a result of these
experiments, alterations have been made in
the design of new furnaces for automatic
operation, but no details are given.
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ABSTRACTS
of current literature on the platinum metals and their alloys
PROPERTIES
Diffusion of Hydrogen in Palladium

3.Chem. Physics,
1958, 29, (act.), 777-781
The diffusion is studied between 200 and 600°C
and 10-70cm Hg using 5, 10 and 20 mil thicknesses of Pd. Commercial grade, dried hydrogen
was used. Log,Q (Q- -diffusion rate) is plotted
against 1o4/T0Kand against P5 (P hydrogen
pressure) for the different Pd thicknesses. The
diffusion rate is approximately independent of Pd
thickness. The results obtained in the graphs
cannot be explained in terms of existing theory.
P. A. SILBERG and C. H. BACHMAN,

Rate of Permeation and Diffusion Coefficient of Hydrogen through Palladium
Catalysis, 1958,6, (I), 13-19
The permeation of hydrogen at different pressures
through a 0.3mm diameter P d wire towards
vacuum was investigated. The diffusion coefficient was also determined. The permeation
rate is found to be proportional to Pi and is not
perceptibly affected by surface contamination. It
thus appears that diffusion controls the rate of
permeation.
G . T O D A , ~ .Res. Inst.

ture coefficient. The solubility limits of Pt in the
ternary x-solid solution are established. The
solubility of Au in Ag becomes very limited on
introduction of Pt. The addition of 10% Pt
results in a second phase, a $-solid solution, in
alloys rich in Ag and Au. The addition of Ag to
binary Au-Pt alloys reduces the area of a-solid
solution and a considerable increase in Au
concentration is required to increase the area for
the cc-phases of the Ag-rich alloys.

Thermodynamics of the Gold-Platinum
System

and K. J. TAUER, 3. phys. Chem. solids,
I958,7> (2/3)>249-251
The elcctronic, lattice and mixing components of
the free-energy of the Au-Pt system are separated.
The asymmetric segregation in this system can be
ascribed to the filling of the d-band at about
30% Au. The value of the segregation potential
is derived as
6090 cal/mole.

R. J. WEISS

-

Investigation of Platinum-Molybdenum
Alloys
H. NISHIMURA, Nippon Kinzoku
22, (S), 425-428 (InJapanese)

Gakkai-Si, 1958,

The alloys were melted in an argon atmosphere,
their melting points were determined and X-ray
Results of Low Temperature Studies, XXIanalyses and microscopic studies were carried
Atomic and Electronic Heat of Ruthenium out. An equilibrium diagram was constructed
between 10 and 273°K
from the results. Three solid phases were found:
K. CLUSIUS and U. PIESBERGEN, 2. Natzirforschung, a Pi-rich solid solution, a, an intermediate phase,
p, corresponding to a Pt-Mo compound and the
I959J 14a,(I), 23-27
Below 22'K the atomic heat is the sum of the Mo-rich solid solution, y. A peritectic reaction,
lattice heat C,, dependent on T3, and the elec- liquid-(-(3+r, occurs on the Pt-rich side and a
eutectic, liquid+P+y, at about 58"; Mo and
tronic heat, C,, which is a function of T: C,
(Ru)=464.5(T/505)~1 6.2 x IO-~T.
Above IOOOK ZIOO'C. The electric resistivity of the Pt-rich
the electronic heat is characterised by a fall in the alloys and the thermo e.m.fs of Mo-Pt alloys
value of the charactcristic temperaturc as observed against Pt were measured. The resistivity of
alloys containing up to 7"/D M o increases linearly
with Ir and Rh.
with addition of Mo. The thermo e.m.f. of
alloys containing up to 5% Mo shows a maximum
The Gold-Silver-PlatinumSystem
e.m.f. against Pt at the 3.57; Mo alloy.
0. A. NOVIKOVA and A. A. RUDNITSKII, Zhur. Neorg.
Khim., 1958, 3, 729-749. (Chem. Abs., 1958, 52,
Electrode Potentials and Compound Forma19832e)
A systematic study of the system was made. A tion in the Palladium-Platinum-Hydrogen
peritectic reaction resulting in the formation of a System
ternary a-solid solution rich in Au and Ag was A. W. CARSON, T. B. FLANAGAN and F. A. LEWIS,
observed by thermal analysis. The regions of Nature, 1959,183, (Jan. 3), 39-40
a- and (3-solid solution were determined. Three The electrode potentials and electrical resistances
isothermal cross-sections (20, 600, 900" and of P d wires containing 5, 10,2o and 257; Pt were
annealed samples) were studied by the determina- measured while absorbing hydrogen from 2N
tion of micro-structure, hardness, tensile strength, H,SO, solutions. For alloys with up to 2074, Pt
expansion, electrical resistance and its tempera- the plot of relative resistance against electrode
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potential is similar to that for the Pd-H system. amides to imides. The oxidation of aromatic
The results indicate that a two-phase region rings and amines give no identifiable products.
analogous to (3-Pd-H will only occur with alloys
containing <25'!6 Pt. Hence alloys with ~ 5 - 3 5 7 ~The Bismuth-Rhodium System
Pt, which have an appreciable solubility for H, G. S. ZHDANOV, N. N. ZHURAVLEV and R. N. KUZ'MIN,
but which do not form a $-phase, may be pre- Zhur. Neorg. Khim., 1958, 3, 750-755 (Chem.
ferred to pure Pd for osmosis tubes.
Abs., 1958, 52, 19829d)
The alloys were studied by thermal and microMagnetic Investigations on Solid Solutions scopic analysis in the region of the compounds
of Palladium with Transition Elements
Bi,Rh and Bi,Rh. Crystals of p-Bi,Rh and
a-Bi,Rh were prepared and subjected to X-ray
D . GERSTENBERG, Ann. Physik, 1958, 2, (5/6),
analysis. b-Bi,Rh crystallises in the rhombic
236-262
Measurements of magnetic susceptibility were system and a-Bi,Rh in the monoclinic system.
carried out on solid solutions of Pd with Ti, V,
Cr, Mn, Fe, Co, Ni, Zr, Nb, Mo, Ta, W and Re
in the temperature range 90-1100°K. The ele- ELECTROCHEMISTRY
ments Ti, V, Zr, Nb, Mo, Ta, W, Cr, and Re
Electrolysis, IIIlower the paramagnetism of Pd by filling its 4d Alternating-Current
electron band. Mn, Fe, Co and Ni increase the Coarsening of Bright Platinum Electrode by
paramagnetism of Pd. For the Pd-Fe, -Co and Alternating-Current Electrolysis
-Ni systems the measurements were extended to s. SHIBATA, Nippon Kagaku Zasshi, 1958, 79,
the low temperature ferromagnetic region. In 239-243 ( I n Japanese). (Chem. Abs., 1958, 52,
the Pd-Ti system the paramagnetism decreases 196044
until at the solubility limit at 25at.OgTi the The influence of current densiry on the coarsening
alloys are diamagnetic. A similar behaviour is of Pt electrodes in the electrolysis of I N H,SO,
observed with the Pd-V system, The results are by a 50 cycle A.C. was studied. The coarsening
interpreted on the basis of the collective electron predominates for currents above 60 mA/sq. cm
theory of metals.
when the electrolyte is saturated with oxygen or
air, or 85 mA/sq. cm when saturated with
hydrogen.
The Binary System Palladium-Vanadium
w. KOSTER and w.-D. HAEHL, Z. Metallkunde, 1958,
Transport of Hydrogen through Palladium49, (121,647-649
The system was investigated by thermal analysis, Clad Electrodes
microscopic and X-ray studies and by magnetic s. SCHULDINER and J. P. HOARE, Canad. J . Chem.,
and dilatometric measurements.
A phase19591 37, (11, 228-237
diagram is constructed from the results. A Electrochemical polarisation studies on the
eutectic is formed at about boat.U/,,V and at transport of hydrogen atoms and protons through
1340°C. The melting point of Pd is lowered Pd, Pt and Pd-clad Pt, Au, Ni and Fe electrodes
sharply by additions of up to 207" V-further
in 2N H,SO, were conducted. Transport of
additions have less effect. The miscibility gap hydrogen atoms occurred only for Pd and Pd-clad
between y-Pd solid solution and a-V solid solution Fe. Protons migrate through Pt when it is
broadens as the temperature decreases. At 840°C sandwiched between Pd, but no transfer of
the compound PdV, is formed by peritectoid hydrogen atoms occurs. Transport of hydrogen
reaction. It has a p-W structure and is extremely in any form through Au and Ni was not detected.
brittle. I n the range of homogeneous Pd solid
solution the superstructures Pd,V and Pd,V,
Advances in Non-Consumable Anodesboth with f.c. tetragonal lattices, are formed
Development of Titanium,'Platinum
below 815 and 905°C respectively.
ANON., Corrosion Technol., 1959, 6, (2), 49, 62
Considerable work has been carried out on the
Use of Ruthenium Tetroxide as a Multi- possible use of Ti/Pt anodes instead of graphite
Purpose Oxidant
anodes in the electrolysis of brine to NaOH and
L. M. BERKOWITZ and P. N. RYLANDER, J . Amer.
Cl,.
The Ti/Pt anodes have the following
Chem. SOC.,1958, 80, (Dec. ZO), 6682-6684
advantages: maintenance of anode-cathode gap
Ruthenium tetroxide is proposed as an alternative due to absence of erosion or corrosion, high
to the more volatile and toxic OsO, as an oxidant oxygen and low chlorine overvoltage and eliminafor organic compounds. I t is used in either tion of contaminants. Favourable results have
CCl, or alcohol-free CHCl, solution. Primary also been obtained in tests on Ti/Pt anodes in
and secondary alcohols are oxidised by RuO, to cathodic protection and the purification of water
aldehydes or acids and ketones respectively. by electrodialysis. Other possible uses include
Aldehydes are oxidised rapidly to acids. Olefinic sodium hypochlorite manufacture, electrobonds are cleaved by RuO,, not hydroxylated as descaling and galvanising, colloid separation
with OsO,. Ethers are oxidised to esters and (electrophoresis) and in Rh plating equipment.
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Electrode Potentials of the PalladiumHydrogen System

Testing Rhodium Baths in the Hull Cell

T. B. FLANAGAN and F. A. LEWIS,

49, (12h 539-543

S. DORNER

3. Chem. Physics,

1958, 29, (Dec.), 1417-1418
The Pd specimen was immersed in 2N H,SO,
and charged with hydrogen electrolytically and
by gas bubbling.
Its resistance change and
electrode potential against Pt were measured.
When gas-charged the potential falls continuously
to zero on absorbing hydrogen up to 0.69 H/Pd;
when electrolytically-charged the potential rises
to a maximum before falling to zero. These
differences may be due to the presence of oxidising components. No evidence for a difference
in free-energy was found.

A. A. RAKOV, V. 1. VESELOVSKII, K. I. NOSOVA, E. V.
KASATKIN and T. I. BORISOVA, Zhur. Fiz. Khim.,

Metallwarenind., 1958,

LABORATORY APPARATUS
AND TECHNIQUE

1958, 32, (12), 2702-2710
The anodic process in electrolysis of ION H,SO,
on a P t electrode consists of three stages. The
first stage, 0.1-1.8V, gives oxygen evolution and
Pt oxidation, in the second mainly persulphuric
acid (H,S,O,) and oxygen are formed, and in the
third, 5.5-7.0v, mainly ozone and oxygen. These
three stages correspond to different states of the
electrode surface and involve surface compounds
of Pt.

Palladium Film Dosimeter
Rev. sci. Instruments, 1958, 29,
(11), 1008-1010
The dosimeter consists of a film of PdO, coated
with paraffin, on an insulating base, On irradiation
the PdO is reduced to Pd by hydrogen evolved
from the paraffin. This effect is measured by the
large resistance decrease in the film.
The
instrument can be adapted for measuring irradiation doses from a few rads to several million rads
by varying the quantities of hydrogenous material
(paraffin) and PdO.

H. M. CHILDERS,

ELECTRODEPOSITION
The Role of Rhodium in the Battle against
Corrosion

A High Temperature Recording Dilatometer

R. LEVY, Corrosion et Anticorrosion, 1958, 6 , (IZ),
463-466
Rhodium plating is used both decoratively and in
industry. Decorative or “brilliant” Rh plating,
used in the jewellery trade to protect Ag, corresponds to layers <0.5p thick. For industrial uses
layers > IF are required. The method of plating
and properties of the deposit are briefly described.

and J. H. LAUCHNER, Amer. Ceram. SOC.
Bull., 1958, 37, (II), 486-488
Automatic recording equipment for dilatation
studies up to 1300OC is discussed. A Pt wound
furnace arranged to give a uniform temperature
to the sample rod is used. One Pt/ro%Rh-Pt
thermocouple is connected to a programme
controller which regulates the rate of temperature
rise and another is connected to the centre of the
sample. The dilatation is measured by the e.m.f.
difference between two photovoltaic cells one of
which has a shield between it and the light source,
which is moved by dilatation of the sample. The
dilatation curve is plotted automatically as a
function of specimen temperature. Data are
presented for some ceramic materials.
R. J. BEALS

Bright and Thick Rhodium Deposits
Werkstoffe u. Korrosion, 1958, 9, (11),
686-689
The difficulties experienced in attempting to
plate R h deposits that are both thick and bright
are discussed. The effect of various additives was
determined. A sulphate bath was used containing
Iog/l Rh and operating at a temperature of
35-40”c and a current density of IA/sq.dm. The
addition of metallic ions to the bath gave no
significant improvement in the deposits obtained.
The addition of non-ionogenic wetting agents
seems to be promising. The results obtained were
sometimes contradictory but additions of I: 10,000
parts of a 40 molecule polymer of castor oil
resulted in bright Rh deposits of up to 2p thick.

Platinum Metals Rev., 1959, 3, ( 2 )

FROELS,

The effect on Rh deposits of additions of organic
wetting agents such as those found in modern
detergents and of certain brightening agents was
investigated. A normal Rh plating bath was
used, but with the Rh concentration reduced
from 2.5g/l to 1.8g/l. The following additions
were made: a commercial detergent, two nonionogenic wetting agents, a cationic wetting agent
and a brightening agent used in Ni baths. I n all
cases these additions either completely inhibited
Rh deposition or caused deposition of dull,
striated deposits. Because of the unfavourable
effect of these additions it is important that Rh
baths should be protected from contamination by
detergents and by brightening agents from other
plating baths.

The Mechanism of the Joint Electrochemical
Formation of Ozone, Persulphuric Acid and
Oxygen on the Platinum Electrode

R. LEVY,

and M .

Effect of a Ceramic Coating on the Creep
Behaviour of Some High-Temperature
Alloys
and N. J. TIGHE,
Amer. Ceram. SOC.Bull., 1959, 38, (I), 4-12
Creep tests were conducted on uncoated and
ceramic coated sheet-metal specimens of type

J. R. CUTHILL, J. C. RICHMOND
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310 stainless steel and two commercial 8oNi-2oCr
type alloys at 1800°, goo" and 1975°F. Platinumalloy wound furnaces were used for the creep
tests; the windings surrounded the upper, middle
and lower portions of the specimen in order to
facilitate maintenance of uniform temperature.
The creep extensometer attached to the gauge
length of the specimen consisted of a Pt wire;
temperature control was maintained by Pt /Rh-Pt
thermocouples. The ceramic coatings were found
to markedly decrease the creep or extension in
most cases.

CATALYSIS

A Chromatographic Technique for Studying
the Mechanism of Surface Catalysis
Nature, 1959, 183, (Jan. 3I), 319-320
The adsorption during a gaseous reaction is
measured on a chromatographic column. One
reactant is used as carrier gas, a small sample of
the other reactant is introduced at the top of the
catalyst charged column and its adsorption
measured by its retention on the column. Experiments with various gases on a Pd catalyst are
described.
K. TAMARU,

Ferrimetric Detcrrnination of Phosphite :
Catalysis by Palladium Chloride
and G . SOMIDEVAMMA, Z. anal. Chem.,
1958, 164, (41, 391-394 ( I n Endish)
Phosphite can be determined volumetrically
through oxidation with Fe at 100°C if somc
l'dC1, is added to the solution as catalyst.
G. G. RAO

Catalysts in Action
Chem. in Canada, 1958, 10, (9), 39-48
A review embodying historical and theoretical
sections, descriptions of typical catalytic processes, modes of action of catalysts and their
selection and use.
G . A. MILLS,

Hyperbolic Law of Deactivation of a Platinum-Alumina Catalyst
and R. MAUREL, Compr. rend., 1958,
247, (Nov. 24), 1854-1856
The activity of Pt-A1,0, catalysts in the dehydrogenation of trimethyl-1,1,3-cyclohexanedecreases
hyperbolically with temperature. This is interpreted by the occurrence of a second order
polymerisation reaction on the catalyst surface.
J.-E. GERMAIN

Fast and Slow Sorptions of Hydrogen on
Evaporated Palladium Films
and T. NAKATA, J . Res. Inst. Catalysis,
1958, 6, (11, 88-92
The initial rapid chemisorption and subsequent
slow sorption of hydrogen on P d were observed
separately. Small amounts of hydrogen were
introduced stepwise into the evacuated reaction
vessel and the change in pressure with time
recorded on an oscillograph. Isotherms of the
slow and rapid sorption are plotted. The fast
chemisorption tends to a saturation value with
increasing pressure.
A. MATSUDA

Action of Certain Heterogeneous Catalysts
on the Oxidation of Ammonia in Aqueous
Solution by Ozonised Oxygen
s. I. FAPKO, J . Appl. Chem. U.S.S.R., 1957, 30,
(9), 1361-1365. (English Transl. of Zhur. Priklad.
Khim.)
Ozone oxidises aqueous solutions of ammonia to
ammonium nitrate. The effect of various catalysts,
prepared by impregnating a Schott filter, on the
rate of the reaction was studied. Tungstic
anhydride, metallic Pt, P d (prepared by reduction
of PdCl, with H), Ir and Rh have some catalytic
action. Increasing the reaction temperature from
z5-75"C with a Pt catalyst increases the amount
of NH, oxidised from 40.3-52.20/".
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Selective Oxidation of Hydrogen in Carbon
Monoxide over Palladium Catalyst, Part IEffect of Hydrogen Chloride
and K. ISHIZUKA, J . Res. h t . Cat&+,
1958, 6, (I), 1-12
The activity of Pd-black and an alkali-free Pd
catalyst, with and without additions of HCl was
investigated in the oxidation of small amounts of
H, in CO. The catalyst structure was studied by
chemical analysis and electron diffraction. The
gas stream used contained -6y0 H,, -4y0 0,
and -90% CO. The addition of HC1 to the
catalysts increases their activity in H, oxidation
and their selectivity. The Pd-black has a higher
selectivity than the alkali-free Pd catalyst. In
the presence of HC1 the Pd surface is covered with
PdCl, or adsorbed chlorine. Thus the oxidation
of H, occurs effectively on a PdC1, or adsorbed
chlorine surface.

T. SAT0

Review of Recent USA Patents on Catalysts
for the Petroleum Industry
and H. s H A L n , World Petroleum,
1958, 29, (Nov.), 90-94
Catalysts used in cracking, reforming and
similar processes are reviewed.
H. HEINEMA"

Catalytic Reforming
Ems, Canad. J . Chem. Eng., 1958, 36,

N. J.

(Dec.), 267-270
The process of catalytically reforming petroleum
to high octane gasoline is described with particular
reference to the Powerforming process. The
basic chemistry of the proccss is given. The
catalyst used in the Powerforming process is
Pt-A1,0,. The operating conditions are: 300-600
p.s.i.g. pressure, 900-1000°F reactor inlet temperature, a 4000-6000 SCF/bbl recycle gas rate and
1-4 space velocity. The regeneration process is
described. Typical feed stocks are low octane
naphthas, boiling point 175-4oo"F. The reformate
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Positional Isomers Formed During the
Hydrogenation of Methyl Linoleate under
Various Conditions

is normally of roo Research octane number clear.
By combining the reformer with an aromatic
extraction unit higher octane numbers can be
obtained.

and R. 0. FEUGE, J.
Amer. Oil Chem. SOC.,1959, 36, (I), 24-28
The hydrogenation was carried out using Ni,
sulphur-poisoned Ni, 10% Pd-C and PtO,
catalysts at temperatures of 30-2oo0C and catalyst
concentration 0.1-0.4Dj.
The products were
analysed for content of trans isomer and positions
of residual double bonds. With all the catalysts
the greatest double bond concentration occurs in
the 10position except a t low temperatures where
most occur in the 9 and 12 positions. Pt and Pd
catalysts gave higher proportions of trans isomer
than did the Ni.

E. R. COUSINS, W. A. GUICE

Octane Flexibility for D-X Sunray
J. H. MILLER, oil Gas J., 1959, 57, (Jan.S ) , 93-96
The following units have been installcd at the
Tulsa refinery of D-X Sunray Oil Co.: a ZO,OOO
bbl/day Unifiner, 12,000 bbl/day Platformer,
IZOO bbl/day LPG recovery unit, 2400 bbl/day
butane isomerisation unit, 2500 bbl/day HF
alkylation unit. The combination of these new
installations with existing units will enable a
wide range of octane number gasolines to be
produced. Details are given of the operation of
each unit and its relationship to other units.

Stereochemistry of the Catalytic Hydrogenation of Some Bicyclic-a, p-Unsaturated
Ketones
R. L. AUGUSTINE, J . Org. Chem., 1958, 23, (12),

The Synthesis of Benzene Derivatives from
Petroleum
H. G. MCGRATH, Chim. et Ind., 1958, 80, (Nov.),
561-567
Describes the catalytic reforming and hydroforming processes. The relative efficiences of
Pt, Mo and Cr catalysts are compared with
respect to the nature of the starting materials and
the yield of benzene. Pt catalysts are always
used when high ocfane rating is the prime object,
but for special cases, e.g. benzene and toluene
synthesis, Mo-Al,O, and Cr-AI,O, catalysts are
used.

1853-1856
The hydrogenation of A %s-octalone-2 in ethanol
using 1096 Pd-C, 30% Pd-C, PtO, and 2”j,PdSrCO, catalysts resulted in a mixture of cis and
trans isomers. Addition of a little dilute HC1
gave a product containing almost exclusively the
cis isomer (93 >.The hydrogenation behaviour
of A435-hexahydroisoquinoline-6 is similar but
addition of acid only increases the amount of
cis isomer to 85%.

Comparative Evaluation of Catalytic Pro- Hydrogenation of Fat using a Palladium
perties of Platinum under Conditions of Catalyst, 11-Hydrogenation of Whale Oil
Aromatisation of Gasoline at Atmospheric M. ZAJCEW, Fette-Seifen Anstrichmittel, 1958, 60,
(II), 1051-1052
and Elevated Hydrogen Pressure
The hydrogenations were carried out at 1 7 5 T
and about I a m pressure, in a stainless-steel
vessel using a Ni catalyst dispersed in solid fat
(2576 Ni) and I, 2 and 5y0 Pd-active charcoal
catalysts. The whale oil used as starting material
had an iodine number of 111, free fatty acid
0.08% and a peroxide number of 4. Special
treatment was required for the sulphur compounds present to prevent them poisoning the
catalyst. For hydrogenations to form ‘hard’ fat,
I.N. 33-35, both catalysts give similar products.
In hydrogenations to ‘soft’ fat, I.N. 73-79 (e.g.
winter margarine) however, the product obtained
using the P d catalysts is much superior. I t is
more oxidation resistant and has a better consistency than the product obtained using a Ni
catalyst.

Kh.

and v. L. VINOS.S.S.R. Otdel.
Khim. Nauk, 1958, 866-869 (Chem. Abs., 1958,
5z,21016d)
Comparison of 0.87h Pt-C and 4% Pt-C catalysts
showed the former to be more active and stable
for aromatisation of gasoline from Volga-Ural
petroleum. The reaction was conducted under a
hydrogen pressure of 20 atm at 460“. The atm
pressure reaction is much less efficient.
M. MINACHEV, N. I. SHUIKIN
GRADOV, Izvest. Akad. Nauk

The Oxidation of Alcohols with Platinum
and Oxygen, 11-Investigation of the Initial
Step with the help of lSO
and M . THURKAUF, Helv. Chim.
Acta, 1959, 42, (I), 226-231
The tracer experiments showed no incorporation
of lSO from the H,180 medium into either
ethanol or 2-propanol when these are treated
with oxygen and a Pt catalyst for extended
periods of time. This demonstrates that the P t
catalysed reaction of alcohols with oxygen does
not involve reversible dehydrogenation as the
initial step and therefore must proceed by some
form of autoxidation.
M. ROTTENBERG
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Competitive Reductive o-Debenzylation of
Ethers and Esters
and S. M. DEC,J. Org. Chem., 1958,
23, (I I), 1700-1702
Benzyl groups are valuable as protective groups in
complex syntheses. It is often useful to be able to
remove such groups one at a time and tests were
carried out on selective reductive cleavage of
W. E. CONRAD
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phases is two or more orders of magnitude lower
than from Mo. The lowest emission, <0.7 x IO-'
A/sq.cm, is given by the ?-phase Pt,Mo. The
emission from Mo is 6.0 x ~ o - ~ A / s q . c m .Grid
emission from Pt-Mo is rcstricted by its lower
Hydrogenative Cpclisation of Azido Com- work-function when covered with T h and in
addition at temperatures above 1200-r300°C by
pounds
the rcmoval of Th from the surface either by
K. HOHENLOHE-OEHRINGEN, Monatsh., 1958, 89,
solution into the Pt-Mo or by evaporation with
(4/5), 557-569 and 597-602
the Pt. Emission from Ti grids when thoroughly
The catalytic reduction of a-azidodiphenylprecleaned is about IOO times less than for W.
acetonitrile, a-azidodiphenylacetic acid and some
Titanium and Pt,Mo could not be used at
of its derivatives was investigated using a Pd-C
temperatures above IOOOT
and are thus restricted
catalyst. The acetonitrile gives the cyclic to low-power valves. Other Pt-Mo grids should
compound, 4-imino-5,5-diphenyldihydro-1,2,3triazole, on reduction. The azido-acid does not be applicable at higher temperatures for highpower valves.
cyclise and forms the amino-acid, but its ester, in
alcoholic solution, gives the cyclic compound,
5, 5 diphenyl-4-hydroxy- I, 2, 3-triazole. Cyclisation also occurs in other cr-azido-carboxylic acid TEMPERATURE
systems, but the yields are reduced.
MEASUREMENT

various benzyl groups in ether or ester linkages
using Pd-C catalyst. With ethers the selectivity is
never complete but more success was obtained
with esters.

Studies on the Formation and Reactions of
1-Pyrroliie
D. w. FUHLHAGE and C. A. VANDERWERF, J. Amer.
Chem. Sac., 1958, 80, (Dec. 5), 6249-6254
The vapour-phase dehydrogenation of pyrrolidine
to pyrrole over 5 % Pd-C catalyst formed Ipyrroline as an intermediate. Hydrogenation of
pyrrole over Rh-A1,0, catalyst at room temperature gave I-pyrroline in 3ryu yield which could
be further hydrogenated to pyrrolidine. T h e
behaviour of the pyrrole-pyrrolidine-hydrogen
system in the presence of Pt metal catalysts is
described by an equilibrium which includes
I-pyrroline as a stable intermediate.

Palladium Dehydrogenation of Methyl
Reserpate and Yohimbine in Cymene

7.org. Ckem.: 1958, 23, (IZ), 1970I973
Dehydrogenation of methyl reserpate with Pd-C
in boiling cymene gave 7-methoxyyobyrine and
Py-tetradchydroreserpic acid lactone.
Under
similar conditions yohimbine gave Py-tetrahydroyohimbic acid or Py-tetradehydroyohimbine.

A Thermometer for High-speed Aircraft
J . Sci. InstruwzentJ, 1958, 35, (12),
433-439
The principles of aircraft thermometer design
arc reviewed. A flat-plate thermometer with a
conical head has many advantages in high-speed
flight. The sensitive element is a 50 s.w.g. Pt
resistance wire wound on an anodised A1 former,
enclosed in a resin-bonded paper body. The
results of wind-tunnel tests are discussed. The
lag and radiation errors are calculated, the latter
are reduced by enclosing the temperature element
in a highly-reflecting outer-cover. The thermometer is suitable for sub- and super-sonic speeds.
I t has a high constancy of recovery factor for
Mach numbers 0.2-0.9 and a rapid response to
temperature changes.
D. D. CLARK,

H. KANEKO,

ELECTRONICS AND
TELECOMMUNICATIONS
Thermionic Properties of Thorium Deposits
on Control Grid Materials
J. A. CHAMPION, Brit. J . Appl. Physics., 1959, 10,
(2), 71-74
Tests were carried out on various grid materials
for transmitting valves in an attempt to reduce
the grid emission caused by deposition of T h
from thoriated W filaments. The materials
tested were Pt, Pt,Mo, Pt,Mo, Pt3Moz, Mo, T i
and W contaminated with a thin layer of Th.
Emission at IOOOT
from any of the Pt-Mo
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Review of High-Temperature Immersion
Thermal Sensing Devices for In-Flight
Engine Control
Rev. sci. Instruments, 1958, 29,
917-928
Pneumatic probes and high lemperature thermocouples are compared for the thermal monitoring
and control of modern aircraft propulsion units.
The temperature range required is 2000-40m"F
and a fast response rate is desirable. The pneumatic probe has a high upper temperature limit
and fast response rate but is rendered inaccurate
by particles in the gas stream blocking the
constrictions. Typical performances and thermoelectric behaviour of 20 metallic thermocouples
calibrated above the melting point of Pt are
discussed. Special emphasis is given to Pt-Rh
combinations and to couples in which one limb
is of W, i.e. W-Mo, W-Re and W-Ir. Among
other couples discussed are: Rh/8::Re-Pt,
Ir/IoU,,Ru-Ir, Ir/40-6o:/~Ir-Rh and Ir/30°&
Ir-Re. The properties of all the thermocouples
mentioned are compared by means of a chart.
V. D. SANDERS,

(II),
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A review of refractory oxides suitable for the
protection of thermocouples under the conditions
of this application is given.

Temperature Error Associated with Imbedded Thermocouples
and J. c. MORRIS, Rev.
Sci. Instruments, 1958, 29, (11), 1045-1046
The error in surface temperature of a thin plate
in a vacuum as measured by an cmbedded
Pt/IoO,bRh-Pt thermocouple is investigated
experimentally and theoretically.
A. R. THOMAS, B. SCHURIN

Immersion Thermocouple Practice
Iron Steel Eng., 1959, 36, (I),
9 1-97
A detailed description is given of the basic design,
construction, application and maintenance of an
immersion thermocouple assembly. The subjects
are dealt with from a purely practical viewpoint.
Full details are given for taking a temperature
reading and analysing whether or not the result
obtained is acceptable. Great importance is
attached to thermocouple maintenance and
details are given for checking the couple together
with probable causes of any defects.
H. V. SCHUBERT,

NEW PATENTS
Manufacture of Sulphanilamide
F.

HOFFMANN-LA

ROCHE

& co.

A.G.

British

Patent 804,036
A noble metal hydrogenation catalyst is used in a
process for the manufacture of s-sulphanilamido3,4-dimethyl-isoxazole by reduction of P, P’
[bis [3,4-dimethyl-isoxazolyl-(5)1-amino-sulphonyll-azobcnzene in a highly acidic liquid medium.
The catalyst may be Pd-C or PtO,.

Uranium Compounds
UNITED

KINGDOM

ATOMIC

ENERGY

Alloy
ENGELHARD INDUSTRIES INC. British Patent 804,404
A high resistivity high strength alloy suitable for
electric resistance wires consists of 20-62”; Pd
(preferably 30-50:/0), 28-7oo/o Au and more than
5 % up to 18% Fe (preferably 7-12%). The
resistivity of the heat-aged alloy is 450-1200
ohms/mil foot. Pt or Rh (up to ro”6) may be

included.

New Indole Derivatives
DES

USINES

CHIMIQUES

Production of Motor Gasoline
THE BRITISH PETROLEUM co. LTD. British Patent
805,045
A high octane gasoline is made by thermally
reforming a mixture of a light straight-run
gasoline and a “platinum reformate”.

AUTHORITY

British Patent 804,062
Uranium salts of deuterated higher aliphatic
acids are made by treating a uranium salt of a
higher aliphatic acid with deuterium in the
presence of a hydrogenation catalyst, e.g. Pt.

SOC.

z-g gram atoms of Pd to I of Zn and I of Fe.
The catalyst is made by trcating an aqueous
solution of the component ions with an alkaline
material and a reducing agent.

RHONE-POULENC

British Patent 804,786
Adam’s PtO, is used as catalyst in a process
involving catalytic hydrogenation for the manufacture of specified indole derivatives.

Purification of Benzene
THE BRITISH PETROLEUM

co.

LTD.

British Patent

8059050

Benzene is separated from mixtures of benzene
and non-aromatic hydrocarbons which form
azeotropes with the benzene by catalytically
reforming the mixture in the presence of hydrogen
at 850-1050”F and pressure of 50 to 1000p.s.i.g.
followed by fractional distillation of the product
to obtain a benzene fraction. A Pt-AI,O, catalyst
is used.

Preparation of Hydrogen Peroxide
CHEMICAL
cow. British
Patent 805,101
Hydrogen peroxide is prepared by successively
hydrogenating a quinone in a solvent medium
and in the presence of a catalyst, e.g. Pd-Al,O,,
oxidising the product to regenerate the quinone
and generate H,O,, extracting the peroxide at a
temperature below the hydrogenation temperature
and heating the solvent from the extraction to the
hydrogenation temperature.
COLUMBIA-SOUTHERN

Catalysts
Hydroforming of Naphthas

co. A.G. British Patent
804,788
A catalyst is composed of Pd sponge deposited
on a substrate of a mixture of Zn(OH), and
Fe(OH), and/or ZnCO, and FeCO, in the ratio

F. HOFFMANN-LA ROCHE L?
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& ENGINEERING GO. British Patent
805,111
A gasoline fraction is produced by hydroforming
a naphtha fraction in the presence of hydrogen
ESSO RESEARCH
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and a catalyst and passing the total effluent
without cooling to a dealkylation zone, where it
is heated, the total normally liquid product
recovered thereby having a greater vol.ql of
distillate boiling at 230°F than could be obtained
from the effluent from the hydroforming zone.
A Pt hydroforming catalyst is used.

Catalytic Reduction of Aromatic Dinitro
Compounds
& FILM CORP. British l'atent
805,249
Reference is made to the use of Pt group metal
catalysts, preferably Pd or Pt, supported or
unsupported, in a novel process for the catalytic
hydrogen reduction of aromatic dinitro compounds to form the corresponding diamines.
GENERAL ANILINE

Fluorination Catalyst
THE DOW CHEMICAL Co. British Patent 805,503
A fluorination catalyst is made by saturating a
porous activated y-A1208in an aqueous solution
of a halide of, inter a h , Pd to incorporate
O.I-IO(%.;, by weight based on the metal of the
halide, and then passing a stream of anhydrous
gaseous HF into contact with the A1,0, until i t
becomes dry.

Preparation of Liquid Hydrocarbon Mixtures
N.V.

DE BATAAFSCHE PETROLEUM

MAATSCHAPPIJ

British Patent 805,530
Liquid hydrocarbon mixturcs for use in motor
fuels are produced by catalytically reforming a
straight-run gasoline or fraction thereof with a Pt
catalyst on an acidic carrier and distilling the
reformate to separate one or more heavy fractions
boiling above 160°C at least one o i which is
thermally reformed.
A catalyst containing
0.76"" Pt, 0.22:, C1 and 0.38';;, F, all by wt. on
an A1,0, support is referred to.

Preparation of Sulphur Oxyfluorides
& GO. British Patenr
805,874
A reactor tube of Pt or Pt-lined N i is used in the
preparation of sulphuryl and/or thionyl fluoride
by pyrolysis of a sulphur oxy-fluoride, having in
its molecule hexavalent S and two F atoms and of
higher molecular weight than the desired end
product, at between 200'C and 18oo'C.

E. I. DU PONT DE NEMOURS

Spot-welded Joints
SIGNAL STAT GORP. British Patent 805,871
A high carbon spring steel member is welded to
a cold rolled mild steel member by forming a first
spot-weld between the superimposed members,
placing against the spring steel member a piece of
Ni, Pt or an alloy of Ni or Pt and spot-welding
this piece to the members by a second spot-weld
adjacent the first weld.

Hydrogenation of Saccharides
British Patent 806,236
A polyhydric alcohol is made by treating an
aqueous solution of a saccharide with hydrogen
in the presence of a Ru-containing catalyst. The
catalyst consists of Ru metal or RuO, or Ru
mixed with another Pt group metal and prefcrably carried on a support, e.g. C or Al,O,,.
ENGELHARD INDUSTRIES INC.

New Basic Steroid Derivatives
F. HOFFMANN-LA ROCHE & co. A.G. British Patent
806,581
An Adam's PtO, hydrogenation catalyst and a
Pd-C catalyst are used in a proccss for the manufacture of 17 [piperidy1-(2')-methyl]-androstanediol-(39, 172) and ~I-methyland 1'-ethyl derivatives thereof.

Preparing Esters of Unsaturated Carboxylic
Acids
E. I. DU FONT DE NEMOURS & co. British Patent

806,800
Esters of unsaturated carboxylic acids are
MERCK & CO. INC. British Patent 805,828
prepared by reacting allenc and a monohydric
Phosphate derivatives of steroids of given general alkanol or cycloalkanol with CO at a pressure of
formula are hydrogenated in the presence of a at least roo atm and a temperature of 120-250°C
catalyst and a tertiary amine to form the corres- in contact with at least I"& (by wt of the allene)
ponding tertiary amine salt of 3-ethylene-deoxy- of a Ru carbonyl catalyst.
11-(keto or (3-hydroxy)-A5-pregnenc-~7a,2~diol-zo-one-2 I-phosphate. The catalyst used is
Printed Circuits
pre-reduced PtO,.

Phosphate Derivatives of Steroids

BRITISH INSULATED CALLENDER'S CABLES LTD. ET AL.

Preparation of Cyclopentene
& ENGINEERING GO. British Patent
805,865
Cyclopentene is prepared by hydrogenating
cyclopentadiene dimer in the presence of a
PtO, catalyst at z5-150"C to give dihydrodicyclo-pentadiene and cracking the latter at
350-600°C. Hydrogen pressure used is 50-200
p.s.i.g.
ESSO RESEARCH
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British Patent 806,977
A printed circuit is made by mechanically
roughening the surface of an insulating base of
resin-bonded fibrous material, activating part or
all of the surface by treatment with a solution
containing a soluble salt of a noble metal, treating
the activated surface with a reducing agent to
precipitate the noble metal and finally treating
the base with a hot solution containing a soluble
N i salt, hypophosphite ions and a buffer under
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such conditions that the Ni (containing Ni
phosphide) is deposited on the surface. An
aqueous solution of PdCl, of a strength of 100500 p.p.m. is preferably used.

Manufacture of Novel Ketones
British Patent
807,009
Novel ketones of specified general formula are
prepared by catalytically hydrogenating a compound of given formula under conditions of
temperature and pressure allowing of hydrogenation of the carbon-to-carbon double bond or
bonds in the nuclear substituent or substitucnts
of the compound. The catalyst employed is a
Pd catalyst, preferably a reduced Pd-CaCO,
catalyst.
A temperature of 2o-3o0C and a
hydrogen pressure of not over 30 p.s.i.g. is
employed.
F. HOFFMANN-LA ROCHE & CO. A.G.

Reforming Catalysts
w. R. GRACE & CO. British Patent 807,272
A gasoline reforming catalyst is made by impregnating a base, formed of silica gel partially
deactivated to a surface area of 400-625 sq.m/g
by heat treatment and modified by the addition
before, during or after deactivation, of 0.1-1 wt.?,,
A1,0,, with an aqueous solution of a Pt or P d
compound in amount to form a final catalyst
containing 0.1-1 wt.7, of Pt or Pd, drying and
converting the adsorbed compound to the metal.
An aqueous solution of chlorplatinic acid may be
used.

Conversion of Ethanolamine into Ethylene
Diailline etc.
British Patent 808,114
Pt- or Pd-Al,O, or finely divided SiO, may be
used in the conversion of ethanolamine into
ethylene diamine, piperazine and diethylene
triamhe by passing a stream of ethanolamine and
NH, under pressure over a fixed bed of the
catalyst maintained at elevated temperature.
THE DOW CHEMICAL GO.

Use of Palladium Alloys for Electric Interrupter Contacts
German Patent 1,022,385
Covers a modification of the alloy of 0.1-25",, P b
and/or 0.1-20"i, Sn, remainder Pd, see German
Patent 961,762, for use as an electric interrupter
contact in which, in place of, or in addition to,
Pb and/or Sn, one or more of the metals In,
Ga, T1, or Ge is included, the total content of
Pb, Sn and addition metals being from 0.1-20°:,
preferably 5-157~.
E. DURRWACHTER

Apparatus for the Automatic Firing of Gas
Burners
c. HERAEUS G.rn.b.H. German Patent 1,028,055
Refers to the use of a Pt or other Pt metal catalyst,
in the form of wire gauze, in an apparatus for the
automatic firing of gas burners, e.g. propane or
butane gas burners.

W.

Separation of Metal Salts from Aqueous
Solutions
& HAAS G.m.b.H. German Patent 1,028,551
In the process of separating noble metal salts,
e.g. Au and/or Pt salts, from aqueous solutions
according to German Patent 965,635 in which the
metal salts are contacted with the products
resulting from the polymerisation of HCN, the
products enriched with the salts are treated with
a mixture of an excess of solvent, miscible with
water, e.g. acetone and aqueous HC1.

ROHM

Purification of Commercial Hydrogen
INDUSTRIES INC.
British Patent
807,584
Carbon monoxide and/or CO, present in commercial hydrogen is /are removed by contacting
the hydrogen with a Rh or Ru catalyst (0.01-27,
of the metal), supported on a water-insoluble
dehydrated metal oxide, e.g. Al,O, at a reaction
temperature of at least 1 2 0 ° C until the CO and
CO, content is completely converted to methane.
The process may also be used expressly for the
production of methane.

ENGELHARD

New Indole Derivatives
CHEMICAL INDUSTRIES LTD.
British
Patent 807,877
New indole compounds of given formula are
made by de-aralkylating the corresponding
5-aralkyloxy-indole compounds of given formula
by means of hydrogen in the presence of a
hydrogenation catalyst, preferably I'd-C
or
Pd-BaSO 4.

IMPERIAL

Galvanic Deposition of Platinum on a Metal
Object
GLOEILAMPENFABRIEKEN
German
Patent 1,033,478
In a method for the electrodeposition of Pt on a
metal object using a Pt containing electrolyte
from which Pt is deposited in the form of a layer
of Pt black, which is sintered at about I O O O " ~and
converted to Pt, the object is brought at least
once, with the employment of a relatively high
current density, into an electrolyte bath consisting of a solution of 150-300 g chlorplatinic
acid (H,PtCl,) and 1-15 g of mercuric chloridc
(HgCl,) per litre.

N.V. PHILIPS

Novel Pyridones

Production of Complex Platinum- and
Palladium-Hydroxides

British Patent 808,045
The use of a Pd-C hydrogenation catalyst is
referred to in the manufacture of 4-methyl-5alkyl-pyridone (2).
ROCHE PRODUCTS LTD.
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Geman Patent 1,033,646
Complex Pt- or Pd-hydroxides are produced by

ATLANTIC REFIXING CO.
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passing a dilute aqueous solution of a Pt or I'd
complex salt over an anion exchange resin, which
is in the hydroxyl state.

effluent from a reaction zone and passing it to a
subsequent reaction zone at a temperature at
least 25' below the temperature of the preceding
reaction zone.

Catalyst
HoUDRY PROCESS CORP.
U.S. Patent 2,857,336
A hydrocarbon conversion catalyst is made by
treating calcined activated y-Al,O, particles with
acetic acid, washing with a limited amount of
water to leave a significant amount of acid adsorbed on the particles, drying at less than 300°F
and impregnating the particles with a Pt compound. Platinum is thereby distributed throughout the thickness of the Al,O, particles in such
manner as to resist migration to the surfaces
thereof.

Preparation of Catalyst
E.I. DU PONT DE NEMOURS & CO.
U . S . Patent
22857,337
A hydrogenation catalyst is made by heating a
solution of PdC1, in an alkali metal bicarbonate
system (wt. ratio of bicarbonate to Pd being from
5 : I to 85 : I) to yc-y5'C in the presence of an
inert carrier for at least 15 min.

Production of Cyclohexanone
ALLIED CHEMICAL CORP.
US. Patent 2,857,432
Cyclohexanone is made by continuously passing
hydrogen into a liquid body of a mixture of
cyclohexanone and phenol, having dispersed in
it powdered Pd catalyst at an elevated temperature
so as to hydrogenate the phenol to cyclohexanone,
continuously passing a gas through the body to
remove cyclohexanone as vapour free of catalyst,
to maintain the concentration at 30-800h by wt.

U.S. Patent 2,861,958
A silica gel base reforming catalyst is made by
impregnating silica gel with an aqueous solution
of aluminium chlorplatinate in amount to give
0.05-5 wt../; Pt and 0.01-1 wt.9; A1,0,, drying
and converting the adsorbed Pt compound to
Al,O, and metallic Pt.

Hydroforming Catalyst
& ENGINEERING co. U S . Patent
2,861,959
A hydrocarbon conversion catalyst consists of
o.I-II?/,
by wt. of metallic Pt finely dispersed on
an A1,0, carrier, promoted by the addition
of less than 0.5X by wt. MOO,. The amount
of oxide used is below the minimum at which it
would, by itself, form an effective catalyst with
the A1,0,.
ESSO RESEARCH

Hydrocarbon Conversion Process and
Catalyst
U S . Patent 2,861,960
A Pt-A1,0, catalyst is made by mixing with
A1,0, a solution of a co-ordination compound of
a Pt halide and an organic compound containing
an olefinic double bond, decomposing the Pt
compound to deposit Pt in the Al,Os and calcining.
STANDARD OIL CO.

Production of Dibenzyl Ethylenediamine
U.S. Patent 2,862,969
Dibenzyl ethylenediamine is prepared by hydrogenating dibenzylidene ethylenediamine with
hydrogen in an inert solvent at 0-300 p.s.i.
pressure and a temperature of 20-45OC in the
presence of a Pd-A1,0, catalyst in amount as to
provide 0.25-1 yo by wt. of Pd with respect to the
dibenzylidene ethylenediamine originally present.
THE DISTILLERS CO. LTD.

Reforming Process
THE M. w. KELLOGG co. US. Patent 2,860,102
Discloses a novel reforming process in which a
light hydrocarbon oil is contacted with a fluidised
mass of finely divided Pt catalyst under reforming
conditions and which includes regeneration of the
contaminated catalyst.

Thermocouple

Separating Hydrogen Isotopes

U . S . Patent 2,861,114
A thermocouple consists of P t and a Pt-iVo-W
alloy containing 0.5-49/u Mo and 3-6.5% W.
The sum of the Mo and W is always less than 7%.

H. NISHIMURA

U.S. Patent
2,863,526
A gaseous mixture of hydrogen and tritium is
separated by contacting finely divided P d with
the mixture, which is taken up by sorption, and
gradually heating the Pd to cause a fraction rich
in tritium to be given off first, other evolved
fractions being collected, as they are formed.
US. ATOMIC ENERGY COMMISSION

Reforming
SINCLAIR REFINING co. U S . Patent 2,861,942
A process of reforming olefin-free hydrocarbons
of gasoline and naphtha boiling ranges in the
presence of hydrogen and a Pt metal reforming
catalyst and utilising in series catalyst beds
maintained under reforming conditions in a
number of adiabatic reaction zones, with a heating
zone before each reaction zone, includes the steps
of passing the heated feed to a reaction zone at an
inlet temperature of 875-975"FJ heating the
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Catalyst Preparation
W. R. GRACE & CO.

Production of Dihalobenzene
U.S. Purent 2,866,828
A Pt or P d catalyst may be used in the preparation
of metadihalobenzene by reacting I , 2, 4 homotrihalobenzene with hydrogen in the presence of
the catalyst.
ALLIED CHEMICAL CORP.
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