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Redistribution of Platinum Metals
within an Ammonia Oxidation Plant
CATALYST AND CATCHMENT SYSTEMS INVESTIGATED

By J. L. G . F’ierro
Instituto de Cattilisis y Petroleoquimica, C.S.I.C., Madrid, Spain

J. M. Palacios
Instituto de Quimica Fisica “Rocasolano”, C.S.I.C., Madrid, Spain

and F. Tomis
Departamento de Ingenieria Quimica, Cartagena, Spain

The powder recovered from the catalyst and catchment systems in a high
pressure ammonia oxidation plant has been studied by a variety of
analytical means. From this investigation it can be concluded that the
powder results from the in-depth degradation of the platinum-rhodium
catalyst gauzes and the palladium-copper catchment gauzes, together
with impurities arising from the reactor constructional materials. The
results indicate two different transport mechanisms, and the study may
assist in the development of more stable platinum-based catalysts and
catchment packages for nitric acid plants.
The heart of medium and high pressure ammonia oxidation plants is a chemical reactor
containing a platinum-based catalyst pack and
an associated catchment system, which allows
the ammonia oxidation reaction to take place efficiently. This reaction is considered to be a
three-stage process involving the burning of
ammonia gas with air over platinum-rhodium
alloy gauzes to form nitric oxide, followed by
the oxidation and then the absorption of this
gas in water to form nitric acid. Although the
oxidation of ammonia with air is complex, the
overall process can be summarised as follows:
4NH,

+ 5 0 , - 4 N 0 + 6H,O

This reaction, which gives good yields at
temperatures between 820 and 95Ooc, has been
found to be sensitive to a number of variables
including temperature, pressure, the presence
of impurities and the rate of gas flow within the
reactor, as well as on the nature and the position of the catalyst.
Under the severe operating conditions imposed by the high pressure ammonia oxidation pro-
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cess, namely 92oOC and 9 kg/cm*,the catalyst
gauzes experience progressive deterioration, as
shown by the restructured surface of the
catalyst wires (I, 2, 3), the loss of catalytic activity (4-7) and the loss of catalytic materials,
mainly platinum (8, 9, 10). An important part
of the platinum removed from the platinumrhodium alloy wires can be recovered at the
outlet of the reactor by means of palladium
gauzes. This palladium is usually alloyed with
other metals, such as copper and nickel, to provide improved mechanical strength (11, 12,
13).This catchment process, which is based on
the great ability of palladium to alloy with
platinum, is not 100 per cent effective and a
fraction of the platinum, and practically all of
the rhodium lost by the catalyst wires, evades
the catchment package and is then deposited in
other parts of the plant, especially in the glasswool filter placed at the outlet end of the reactor. In the same way as platinum and rhodium,
palladium may experience similar losses,
however to date no studies concerning the
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Fig. 1 The numbers on this schematic
&gram of a high pressure ammonia oxidation plant indicate the location from which
samples were collected for analysis. More
details of the catalyst m d catchment gauze
packs, and of the fdtration train are shown
in the two insets
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relocation of palladium to other parts of the
plant are known.
The oxygen feed gas is not completely used
up by the ammonia oxidation reaction, consequently platinum, rhodium and palladium are
all susceptible to oxidation (14,IS); and PtO,,
Rh203and PdO are stable oxides of these
elements. Accordmgly, it is generally believed
that major material losses occur in the form of
these oxides although, presumably, different
mechanisms may be involved. Without doubt a
most important difference is the fact that under
the operating conditions the oxides PtO, and
PdO are volatile, while Rh203
is not (IS).
Therefore platinum can leave the reactor as
PtO, vapour; part of which is trapped in the
palladium catchment system, while the remainder will probably condense in the colder
sections of the plant. Similarly, palladium will
leave the catchment gauzes as PdO and will
follow the same route as PtO,. However
rhodium, in the form of small Rh 0 particles,
will be carried from the reactor in the gas
stream and will then be mechanically deposited
in different parts of the plant, determined by

,
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the particle size and by the rate of gas flow.
Recent work relating to the same high
pressure ammonia oxidation plant has shown
that the types of oxide mentioned above are
present on the platinum-rhodium catalyst wires
(17, IS), and on the palladium-basedcatchment
gauzes (18). Nevertheless, the evolution and
distribution of these oxides and impurities
throughout the different components of the
plant have not yet been studied and, hence, is
the aim of this paper.

Plant and Procedure
The sampIes for analysis were taken from
selected areas in an industrial high pressure ammonia oxidation plant, a schematic diagram of
which is shown as Figure I. The reactor is fed
with a preheated 8.5 to 9.5 per cent (v/v) ammonia:& mixture, at a pressure of 8 to 9
kg/cm2. Once the reaction starts it is selfsustaining at a temperature close to 9zoOC. Ammonia oxidation occurs on a catalyst pack made
up of thirty circular platinum-rhodiumgauzes,
of 1150 mm diameter and 1024apertures per
cm2. A second pack consisting of w e n

63

analysis. The local temperature and pressure at
each of these locations are summarised in Table
I. The samples were withdrawn from the reactor after a four months’ campaign, because it
was known that both platinum-rhodium
catalyst gauzes and palladium-copper catchment gauzes deteriorate badly after longer
times. Samples for analysis were selected with
the utmost care - only powder weakly bonded
to the substrate qualified for the study.
The equipment and the conditions used for
the scanning electron microscopy (SEM) morphological studies, energy dispersive X-ray
analysis (EDX) and X-ray photoelectron spectroscopy ( X P S ) have recently been given
elsewhere ( I8).

Table I

Ambient Conditions in
Different Location8 of the Plant
Location

Pressure,
kg/cmz

Temperature,

9.00
7.40
7.35
7.20
7.20
-

920
650
600
550
450
225

123
4
5
6
7
8,9,10

OC

palladium-copper catchment gauzes is installed
at the reactor outlet for the partial recovery of
the platinum metals lost from the reactor.
Within the catchment pack, adjacent Results and Discussion
palladium-copper gauzes are separated by
The concentrationof the platinum metals was
stainless steel Megapyr (5Al-2oCr) gauzes, determined by EDX analysis of the powder colwhich provide the necessary mechanical lected from different parts of the plant. As
strength. Additional Nichrome (80 Ni-2oCr) shown in Figure 2, the concentration depends
and Stellite ( ~ ~ C O - ~ ~ C ~ - I ~ W -and
I F ~ -largely
I S ~ , on the location from which the sample
<2.7C) gauzes installed at the bottom of the was collected. However, rhodium seems to
catchment pack improve the overall mechanical behave differently to platinum and palladium.
strength. The effluent gases from the reactor, In fact, the rhodium concentration is very high
mainly nitrogen dioxide, oxygen, water vapour in the catalyst gauzes but decreases greatly
and nitrogen, are further cooled in four heat ex- away from the reactor, except in the terminal
changers before being passed through a glass filter (positions 8, 9 and 10) where it increases
wool filter.
again. Whereas, the platinum concentration is
In Figure I the numbers refer to plant loca- high in the powder recovered from the catalyst
tions from which samples were taken for gauzes, but becomes almost undetectable at

I
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I
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Fig. 2 Within the plant, the
concentration of the three
noble
metals
in
the
recovered powders varies
with location. The rhodium
concentration is very high on
the
catalyst
gauzes,
decreases through much of
the plant, but increases again
in the terminal glass wool
fdter; the platinum concentration in the powder on the
catalyst gauzes is very high,
but almost undetectable in
intermediate locations and
reaches a peak in the second
heat exchanger
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Fig. 3 The concentration of impurities in
the plant also varies with location. The maximum occurs in the catchment gauzes

intermediate locations and reaches the highest level in the second heat exchanger. The
palladium concentration follows the same trend
as that of platinum, with an enrichment in the
second heat exchanger, although this concentration increase is much smoother. It is
noteworthy that the overall platinum and
palladium concentrations in this second heat
exchanger (position 5 ) represent approximate
70 per cent of the sample composition. Other
elements including magnesium, aluminium,
silicon, sulphur, potassium, calcium,
chromium, iron, cobalt, nickel and copper have
been detected by EDX, associated with impurities. From the nature of the more abundant

of these elements, it may be inferred that a considerable part of these impurities have a common origin-resulting from the thermal
degradation and corrosion by nitric oxide of the
materials from which the reactor is built. The
presence of other foreign elements suggests that
some impurities are probably carried into the
reactor by the air stream, but have then not
been trapped by the sophisticated inlet filter
systems. As can be seen in Figure 3, a large
percentage of these impurities accumulate in
the catchment gauzes, where the temperature is
high, and which may act as a filter especially
when the surfaces have been severely roughened during use. The further accumulation of
such impurites in the cooler parts of the plant
may be due to the absence of any significant
amounts of noble metals and/or preferential settling, as determined by particle size.
For a better understanding of the processes
involved throughout the plant, a detailed
analysis of the morphological and chemical
aspects of the powder collected from various
parts of the system is required.

Powder in the Catalyst Gauzes
The morphological aspect of the powder
weakly held on the platinum-rhodium alloys
(positions I and 2) is depicted in Figure 4. Two
types of particles are clearly distinguishable:
polyhedric shaped particles with extended

Fig. 4 Examination by scanning electron microscopy
shows that the powder on the
platinum-rhodium
gauzes
consist3 of two forms:
polyhedric shaped particles
with
extended
crystal
fnceting and highly porous
particles

Platinum Metals Rev., 1990, 34, (2)
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Fig. 5 Thie large irregularly
shaped particle with a highly
altered surface, recovered
from the catalyst gauzes, consists essentially of iron. AU the
features suggest that it
originated from part of the
reactor wall, and had been
degraded by the arduous
operating conditions

crystal faceting, and highly porous particles.
Both of these are similar to particles already
described (17, 18, 19).The SEM-EDXanalysis
of these two particle types indicates that the
p1atinum:rhodium atomic ratio is remarkably
smaller than that of fresh platinum-rhodium
gauze, especially in the porous particles where
platinum is almost undetected. The impurities
found in this location are composed, essentially, of iron. The shape and morphology of such
an impurity is illustrated in Figure 5 , which
shows a large iron particle of irregular shape
and with a highly altered surface. All these
features appear to demonstrate that the particles have originated from the reactor walls,
which become damaged due to the severe
operating conditions, including very high
temperatures and corrosive atmospheres.
X-ray diffraction was found to be a useful
technique for revealing the crystalline phases

present in the powder. As summarised in Table
II,Pto,Rho,Rh,O,
anda-Fe,O, arethemain
crystalline phases occurring in this location of
the plant. In the light of these results it is
reasonable to ascribe the rhodium-rich
polyhedric particles mentioned above to
fragments of platinum-rhodium catalyst wires
separated from the gauzes during long periods
on-stream. Similarly the porous particles containing nearly 100 per cent rhodium are assigned to Rh,O,, and the iron impurities to
a-Fe, 0,.
From the above results it can be concluded
that the fine powder weakly held on the
platinum-rhodium catalyst arises from the
chemical and morphological transformation of
the wire induced by the high operational
~ from the accumulation of
temperature ( 1 7 ) and
ferric oxide originating from the reactor walls.
The presence of the iron oxide impurities on

Tablo II

Peak Intensity Ratio Measured on the X-ray Dsraction Patterns

Location

1
2
5

a-Fe, 0
d=0.269 nm

1 .oo
1 .oo
1 .oo
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Pt

d = 0 . 2 2 6 nm
0.67
0.22
16.60

Rh
d = 0 . 2 2 0 nm

RhZO,
d = 0 . 0 6 2 nm

0.40

0.22
0.47
1.30

0.36
-
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Fig. 6 The morphology of
typical particles in the powder
recovered from catchment
gauzes, and the presence of
rhodium as the main element,
indicates that this material
originated from the platinumrhodium catalyst gauze pack

the surface of the catalyst wires is detrimental
to catalyst activity because it blocks the active
Pto sites at the surface of the wires. In practice
periodic shutdowns are required to enable the
iron oxide impurities to be removed from the
platinum-rhodium catalyst gauzes, by a
hydrochloric acid treatment (19).

Powder in the Catchment Gauzes
The powder particles weakly held on the surface of the palladium-based catchment gauzes,
in area 2 , have also been examined by SEMEDX. The results show, surprisingly, that no
significant amounts of either platinum or
palladium are observed in the powder coating

on the surface of these gauzes, see Figure 2. On
the other hand, the presence of rhodium as the
major element in the powder, as well as the
characteristicparticle morphology-which is illustrated in Figure &indicate that the powder
deposited on the surface of palladium-based
catchment gauzes arises from the platinumpalladium catalyst gauzes situated upstream.
The concentration of impurities increases
markedly due to the very high temperatures, as
can be seen from the data in Figure 3. At very
high temperatures the stainless steel Megapyr
gauzes located between pairs of palladiumbased catchment gauzes become severely
damaged, see Figure 7, although nickel and

Fig. 7 The stainless steel
Mcgapyr gauzes, used to increase the s t r e n g t h of the catchment gauzes, are altered
by the severe operating conditions
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Fig. 8 Powder recovered
from the second heat exchanger includes large
Megapyr particles, and other
much smaller particles which
may agglomerate on the
stainless steel or remnin highly
dispersed

Fig. 9 Some of the smaller
particles which occur in the
powder from the second heat
exchanger consist entirely of
platinum and palladium

chromium are only detected in other areas
downstream.

Powder in the Heat Exchangers
The analysis of powder recovered from areas
4 to 7 is crucial to an understanding of the

mechanism by which noble metals are lost from
both the platinum-rhodium catalyst and the
palladium-based catchment packs, because
here the temperature of the gases decreases
markedly, and thus volatile oxides, namely
PdO and PtO,, can condense. As shown in
Figure 2, the powder in the heat exchangers is
mainly composed of platinum and palladium.

Platinum Metak Rev., 1990, 34, (2)

This finding provides support to the
mechanism proposed earlier to account for the
rhodium enrichment at the surface of the
platinum-rhodium catalyst wires (8, 10, 17,
18). In short, platinum is lost through evaporation of RO, ,which is carried away by the gas
stream, at temperatures close to w ° C . It condenses, however, to a large extent in the first
two heat exchangers, where the temperature
decreases by more than 25oOC.
As can be seen in Figure 8 this powder is
composed of some large particles, inferred from
the presence of both iron and chromium to be
Megapyr alloy. In addition there are much
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Table 111

Binding Energies of Core Electrons in the Atoms of Samples
Collected in Different Locations, eV
Location Rh 3d5,, Pd 3d5,, Pt 4f,,,

Ni 2f3,,

Si 2p

Fe 2p3,, CI

Na

4

308.9

335.2

70.7
(73.7)

854.6

102.7

710.1

-

9

-

-

74.0

855.5

-

-

198.8

IS

-

N IS S 2p

-

-

1072.7 407.9 168.:

Parenthesis refers to shoulder

smaller particles, shown in Figure 9, which
consist exclusively of platinum and palladium,
as major and minor components, respectively;
and finally there are other particles ascribed to
rhodium oxide. A careful examination of these
platinum and palladium particles reveals that
they may eventually cover the Megapyr
substrate, as shown in the centre of Figure 8,or
else remain highly dispersed. The complete
absence of rhodium in these particles, their colloidal size and their random distribution over
the Megapyr particles provide further evidence
of the mechanism of deposition of both
platinum and palladium from the gas phase.
The X-ray diffraction patterns show that the
powder at this location contains Pt O and Rh 0
phases. Palladium, however, was not detected,
perhaps due to its much lower abundance. As
X-ray diffraction is a bulk technique, no conclusion can be drawn about the chemical state
of the atoms at the particle surface. This type
of information has been obtained from X-ray
photoelectron spectroscopy.
Binding energies of core electrons in the
powder samples collected from the first heat exchanger are summarised in Table 111. The binding energy of the Rh 3d5/, peak at 308.9 eV
is typical of Rh” ions, which is in agreement
with the above XRD and SEM-EDX results. In
the case of palladium and platinum the situation is somewhat more complex. The Pd 3d,/,
peak at 335.2 eV showed a small shoulder in the
high binding energy side at about I .o eV, which
indicates the presence of palladium as a major
species and of a very small fraction of P d 2 +
ions. In a similar manner, the Pt 4f7/, peak at
70.7 eV showed another small peak placed at

,
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3.0 eV higher binding energy than the most intense peak, which means that R o yas a major
species, and Pt‘+,as a less abundant species,
appear simultaneously. The existence of both
Pdo and PdO, and Pto and PtO, species can be
explained assuming that the volatile oxides condense at the temperature of the heat exchanger,
about 6oo°C, and then undergo some further
reduction by the unconverted ammonia in the
gas stream (17,18).In addition, the impurities
contain all the elements from the reactor
materials, especially iron, nickel and silicon,
but not chromium and cobalt which were not
detected by XPS. An indication of the reducing
environment in the region of the first heat exchanger is provided by the observation of Fe’ +
ions in the X P S spectra of Fe 2p core levels of
the samples, instead of Fe,O 3 , see Table 111.

Powder in the Glass Wool Filter
The data presented in Table I shows that the
temperature of gases in the glass wool filter
(areas 8, 9 and 10) is relatively low and,
therefore, other compounds which have
travelled through the reactor in the gas phase,
either as feed air contaminants or as reaction
products, can condense in this location.
The SEM-EDX analysis clearly demonstrates
that an important accumulation of sulphur occurs in the filter. It is very likely that the origin
of this sulphur is atmospheric sulphur dioxide,
present as a contaminant in the environment of
the industrial area where the high pressure ammonia oxidation plant is located. However, the
low atomic number elements carbon, oxygen
and nitrogen have not been detected by this
method of analysis, possibly due to adsorption
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by the beryllium window; neither have other
elements with characteristic peaks in strongly
overlapping spectral regions, such as chlorine.
The X-ray photoelectron spectra were conclusive on this point.
As data which are summarised in Table I11
show, a substantial proportion of sodium,
chlorine, nitrogen and sulphur, and lesser
amounts of nickel and platinum were detected.
Judging from the binding energy values, the
chemical states of these elements seem to be
Na+ and PtO,. In order to understand which
salts are dominant an estimation of the atomic
ratios of these elements has been calculated.
The Na:Q and Ni:(N + S) ratios, determined
from the intensity ratios and published atomic
sensitivity factors (20) for these levels, were
1.07 and 0.87, respectively. These results suggest that the most plausible Ni2+ salts are
nitrates and sulphates, while sodium chloride
seems to be the most abundant sodium salt.
The origin of sodium chloride in the filter is difficult to explain in the light of the above results
alone, and further research is needed to understand the route by which this salt is incorporated
into the outlet stream.

Conclusions
The data presented here legitimise the statement that the powder weakly held on the
catalyst gauzes is composed of rhodiumenriched oxidised particles and impurities,
mainly ar-Fe,O,, arising from reactor
materials. The powder on the catchment gauzes
comes mainly from the catalyst gauzes, carried
by the gas stream. The additional deterioration
of Megapyr, Nichrome and Stellite contributes
to the increase in the impurities which accumulate
downstream.
Because
the
temperature in the first heat exchangers is sufficiently low the volatile oxides PtO, and PdO
condense, thus giving support to the
mechanisms currently proposed to account for
the platinum and palladium losses. In the final
filter impurities accumulate, some of which
result from the polluted air, others from the
reactor materials and yet others resulting from
interaction with the reaction products.
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Electroless Osmium Deposition
The unique properties of osmium including
hardness, high reflectivity, extremely high
melting point, and good chemical resistance
make it a suitable material for use in nonoxidising atmospheres. None the less it does
not find wide industrial application. A recent
communication from the National Tsing-Hua
University, Taiwan, however, reports the successful deposition of an amorphous osmium
thin film on to single crystal silicon by electroless deposition from a hypophosphite-based
bath (Y.-S. Chang and M.-L. Chou, Muter.
Chem. Pkys., 1989,24, (I-2), 131).
The process ensures the cleanliness of the interface between the osmium and the silicon.
The interface is abrupt, flat and without porosity, and annealing techniques may facilitate the
growth of epitaxial silicide/silicon Schottky
diodes. Tentative mechanisms for the growth of
the f i m are proposed and discussed.
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Autocatalyst Manufacture at Brussels
JOHNSON MATTHEY RESPONDS TO NEW EUROPEAN DEMAND
During December 1989 the European
Commission announced exhaust emission limits, equivalent to current U.S.
standards, which will apply to all new
cars sold within the European Community from the end of 1992. Three-way
autocatalysts have proved to be the most
efficient means of achieving such standards and already many motor manufacturers are selling cars in Europe fitted
with these devices.
Johnson Matthey is the world’s leading
producer of autocatalysts and opened the
world’s first facilityto make them as long
ago as 1974, at Royston in the U.K.This
was followed by a major plant at Wayne,
Pennsylvania, U.S.A. and more recently
by a third just outside Sydney, Australia.
To satisfythe fast-expandingEuropean
market, Johnson Matthey has now opened its fourth autocatalyst production
plant at B~ssels-Ev&re.
This new factory
has an initial capacity of 5 million units
per year.
The
manufacturing
technology
employed is the culmination of many
years’ developmentby Johnson Matthey,
and sets new standards for the industry.
Extensive use has beem made of robotics.
Statisticalprocess control is applied to all
key process variables, particularly those
influencing noble metal deposition, to
ensure quality requirements are met.
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The interior illustrationabove, shows a
storage area for catalyst precursor
suspensions, which are transferred to the
flowline coating process under computer
control.
The foresight which led to building
the plant in this central location for
the European motor industry was
matched by planning for further
expansion of the market for exhaust
emission catalysts. Thus, provision has
been made in the building for further
investment in plant and equipment to
expand rapidly the productive capacity
when required.
The first units manufactured at the
Brussels Autocatalyst Plant were shipped
in February 1990.
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Organopalladium Chemistry Project
Sponsored by European Commission
In its latest round of funding under the
Science Plan, the European Commission has
agreed to support a programme of research in
four university laboratories covering diverse
aspects of the chemistry of palladium complexes applied to organic synthesis. At
Strasbourg, the group led by Dr.Miche1 Pfeffer
is engaged in studying the preparation of novel
types of cyclic compound, including a range of
nitrogen heterocycles of different ring size,
through reactions which involve intramolecular
C-H activation of functional aromatic compounds. These processes are combined with
alkyne insertion to provide a battery of fused
ring systems, as shown in Figure I. Dr. Alain
Dedieu is also at Strasbourg and works on the
theoretical basis for organometallic catalytic
reactions. Previous studies have been concerned with the classic catalytic reactions such as
hydrogenation and hydroformylation, but
within the framework of the present grant he
will attempt to illuminate the course of relevant
C-C bond forming reactions. Specific aspects of
organopalladium catalysis, particularly crosscoupling and other related reactions which hold
promise in asymmetric synthesis, will be the

Fig. 1 The fused nitrogen heterocyclic
systems illustrated can be produced by
organopalladium complex catalysis from
C-H activation of aromatic compounds
combined with alkyne insertion

concern of Dr. John M. Brown at Oxford. The
collaboration will involve regular meetings of
the participants, as well as the exchange of
research workers among the various
laboratories.
The project is co-ordinated by Professor
Gerard van Koten of Utrecht. His interests,
like those of Pfeffer, are in cyclopalladated
compounds but using the directed metallation
procedures to provide functionalisation of
aromatic compounds. This is of particular interest for oxidation chemistry and could lead to
simple routes from arenes to the corresponding
phenols.
Thus, all the participants have a common
ground in organopalladium chemistry but plan

Fig. 2 A typical X-ray crystallographic characterisation of an organopalladium complex formed by C-H activation and orthometallation
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to develop their research in diverse ways. A
further basis for collaboration is provided by
the sharing of equipment and expertise among
the centres. The Utrecht group, for example,
has long-standing experience in X-ray
crystallographic characterisation of reactive
organometallic compounds, see Figure 2. In
catalytic cross-coupling reactions, the structure
of the nucleophilic component may play a
crucial part in determining the reaction
selectivity. X-ray characterisation will underpin
the work in the other laboratories. Similarly,
the Oxford group has a lot of experience in
applying NMR techniques to the mechanistic
analysis of homogeneous catalysis.

European Commission projects of this type
serve a further useful purpose. They encourage
a high level of exchange between the different
laboratories both for the academic supervisors
and for their students and associates. It is
specified in the grant conditions that coworkers, supported by the project, must be
members of one European Commission country
but working in another. This stipulation serves
a dual purpose. Not only will it help to bring
about the broadening of the European research
base in chemistry, but it will also lead to the
training of students and postdoctorals who will
be well-equipped to live and work in post-1992
Europe.

Complete Oxidation of Organics
Catalysis Volume 8, Specialist Periodical Reports
EDITED BY G. C. BOND AND G. WEBB, The ROJd k i e t y Of Chemistry, 1989,203 pages,
ISBN 0-85186-594-1, E70.00, U.S.$134.00

As may well be expected, any book on
catalysis is almost certain to contain many
references to the uses of the platinum metals
and this is especially true if, as in the present
case, one whole chapter is devoted to the complete catalytic oxidation of volatile organic
molecules. Altogether the present volume contains five chapters of approximately equal
length, including one devoted to catalysis by
solid acids and bases, two on theoretical studies
of the structure of the catalytic site in zeolites
and on oxide/metal surfaces, and a fifth on the
use of EXAFS in the study of catalysts.
The chapter on EXAFS starts with a brief
but useful description of the underlying theory
and type of equipment used for makmg
measurements. Information can be obtained
which is extremely pertinent to two main problems: the specific detailed environment of a
given atom, for example the ligand donor set of
a given metal centre, or secondly, the morphology and atomic packing of small metal particles. Intermediate between these would be the
structure and integrity of small metal cluster
compounds such as are sometimes used in
catalyst preparation. Details are given of work
in all these areas. Particularly relevant to the
platinum metals is the work described on the
structures of osmium and rhodium carbonyl
cluster compounds and, together with similar
ruthenium complexes, their fate when impregnated on typical silica or alumina catalyst
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supports. The cationic exchange of metals onto
zeolites can also be followed, as can the
development of metal and metal alloy particles
during reduction.
The chapter on complete oxidation of
organics is less informative and therefore less
satisfactory. Again there is an introductory section but this is both too long and too elementary
for a Specialist Report. This chapter is more a
review of catalytic combustion rather than a
review of recent literature. Of the 125
references quoted more than 20 predate the
1970s and less than 50 appeared in the 1980s.
For the enthusiast there is a Table extending
for some twenty pages which lists, apparently
in random order, a selection of systems which
have been reported in terms of conditions and
catalyst used, and the nature of the reactant.
Less than one page of text is devoted to a
discussion of applications.
Major problem areas identified with this type
of oxidation include the possibility of producing more toxic products by partial combustion;
for example, dioxins from incomplete combustion of chlorinated compounds and also the
poisoning of the catalyst by sulphur or chlorine,
and fouling of the catalyst by other components
which can give rise to an inorganic ash. Problems also arise when trying to predict conditions for the combustion of mixtures since both
synergistic and antagonistic interactions can
occur.
J.W.J.
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Tris(hydroxymethy1)phosphine

Platinum Metal Complexes
CATALYSTS FOR WATER-BASED REACTIONS

By P. G. Pringle and M. B. Smith
School of Chemistry, University of Bristol

Phosphorus(II1) ligands, PR, , have been cess of this process has promoted the study of
quintessential to the development of modern other water-soluble triarylphosphines such as
inorganic chemistry. They are used as stabilis- [bl, below (I).
ing ligands for a huge variety of species including high and low oxidation states,
[b l
carbonyls,
hydrides,
organometallics,
COzH
dinitrogen- and dihydrogen-complexes. Their
The purpose of almost all of these studies has
unique versatility arises from the almost
limitless choice of electronic and steric effects been the development of two-phase analogues
that can be engendered by the judicious choice of well-known homogeneously catalysed reacof the R group. The co-ordination complexes of tions and surprisingly little attempt has been
phosphines and phosphites are not just of made to characterise the fundamental
academic importance since their catalytic pro- chemistry taking place in the water, or to inperties have found application in bulk in- vestigate new types of catalysis that may be
dustrial synthesis, such as hydroformylation, possible only in water.
Tris(hydroxymethyl)phosphine, [cl,thmp, is
hydrocyanation and oligomerisation, and increasingly in small scale organic synthesis, for
example asymmetric hydrogenation and
carbon-carbon bond formation.
thmP
With few exceptions, phosphine and
phosphite co-ordination chemistry is carried a rare example of a water soluble
out in non-aqueous solvents because usually the trialkylphosphine; it can be weighed out in air
complexes are insoluble in water, or reactive to without any significant decompositionwater. Although water-soluble phosphines are although like other trialkylphosphines, it has an
not common, their advantages are amply odious smell!-and has been shown previously
demonstrated by the hydroformylation process to form water-soluble complexes with
operated by RhGne-Poulenc using the palladium(I1) and platinum(I1) (2). In view of
phosphine [a]. In this reaction, the rhodium its desirable combination of properties, it is surcomplex of [a] work is dissolved in water and prising to find so little reported co-ordination
chemistry. We have embarked on a broad ranging study of the metal complexes of thmp, and
have already uncovered some surprises. In [dl

6'

catalysis takes place at the aqueous/organic interface. The separation of the catalyst from the
product, so often the major weakness in
homogeneous catalysis processes, is achieved
simply by separating the liquid layers. The suc-
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for example, we have made the only f d y
characterised water soluble palladium(0)
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Fig. 1 Crystal structure of [Pd{P(CH20H),}41(Pd = green, P = purple, C = black, H = white, 0
= red) (a) ORTEP showing the overall geometry (b) space filling model (H atoms omitted) which illustrates the outer sphere of hydroxyl groups surrounding the PdP4 core

complex whose crystal structure, see Figure I ,
shows the palladium co-ordination sphere encapsulated in a sheath of twelve hydroxyl
groups, presenting a highly hydrophilic surface
to an incoming solvent molecule. The importance in organic synthesis of palladiumphosphine catalysed carbon-carbon bond formation has led to speculation on the use of complex [dl in a two phase organdaqueous system
for the same reaction (3).
The platinum complex [el is ostensibly
similar to [dl but in water it reversibly
undergoes addition to give the five co-ordinated
hydrido species [fl, Equation (i), see Figure z.
The addition of water is characteristic of a
trialkylphosphine-platinum(0)complex, but the
stability of a five co-ordinated [HPt(PR,),I at
ambient temperatures is unique to thmp. Thus
in these platinum species, thmp is a strong
+

donor, making the complex basic, and stabilising the high co-ordination number; in short it
is behaving as a small trialkylphosphine.
We have also shown that thmp readily forms
water soluble complexes with many other transition metals, for example: ruthenium,
rhodium, iridium, nickel, silver and gold, and
in each case it behaves as a small
trialkylphosphine. The synthesis of many of
these complexes illustrates the phase-transfer
properties of thmp. For example, the
palladium(0) complex [dl is conveniently made
by adding an aqueous solution of thmp to a
dichloromethane solution of [Pd(PPh,),l; the
yellow colour is gradually transferred from the
organic to the aqueous phase and the product is
isolated from the PPh, by-product by separation of the layers.
The palladium, platinum and nickel thmp

Fig. 2 The oxidative addition of water to the platinum complex give8 n five eo-ordinated hydrido
rpecies which displays stability at ambient temperature which is unique to thmp, Equation (i)
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complexes catalyse the addition of phosphine to
formaldehyde, Equation (ii), below:
PH, + 3 C H 2 0

-

P(CH,OH),

(ii)

This reaction is quantitative and is the best synthesis of thmp. However, the need to use
phosphine to make thmp may deter some
chemists but there is an alternative route from
[P(CH,OH),ICl; the method and research
quantities of this phosphonium salt are
available from Albright and Wilson*.

Summary
Tris(hydroxymethy1)phosphine
has the
following combination of desirable properties:
white,
crystalline,
water
soluble
trialkylphosphine
easily handled, can be weighed in air
forms water soluble metal complexes
small cone angle, between those of
trimethylphosphine and triethylphosphine
readily prepared.
From our work it is clear that unique metal-

phosphine chemistry takes place in water when
using tris(hydroxymethy1)phosphine (4). Thus
its co-ordination chemistry will be worthy of
further study, particularly in areas where water
solubility would be an advantageous property,
such as homogeneous catalysis, noble metal
drug development, metal imaging agents and
metal extraction.

Acknowledgements
We thank Albright and Wilson for supporting this
work, and Johnson Matthey for the loan of platinum
metal salts.
*Dr. P. A. T. Hoye, Albright and Wilson Ltd, International Technology Centre, PO Box 80, Trinity
Street, Oldbury, Warley, West Midlands B@ 4LN.

References
M. J. H. Russell, Platinum Metals R e v . , 1988, 3 2 ,
(4), 179 and references therein
2 J. Chatt, G . J. Leigh and R. M. Slade, 3. Chem.
SOC.,Dalton Trans., 1973, 2021
3 G . R. Stephenson, A. B. Holmes and K. R.
Burgess, Chem. Id.,
1989, (22), 765
4 K. N. Harrison, P. A. T. Hoye, A. G . Orpen, P.
G. Pringle and M. B. Smith, 3. Chem. SOC.,
Chem. Commun., 1989, (16), 1096
I

Materials for Higher Density Recording
Last year a short item was published in this
journal to draw attention to two papers from
scientists at the F'hilips Research Laboratories,
in the Netherlands, and at the E. I. du Pont de
Nemours Experimental Station, U. S.A., both
of which reported investigations into the
magnetic and magneto-optic properties of
cobalt/platinum layered structures (I) . In the
same issue an abstract of a communication from
the Sony Corporation Research Center,
Yokohama, Japan, on the properties of
ultrathin multilayer films was published (2).
Now two further papers from these Japanese
researchers have appeared (3, +?.
Amorphous rare-earth transition-metal films
used as magneto-optical recording media are
easily oxidised and an additional element is required to provide resistance to corrosion. For
these reasons, and because the magneto-optical
properties of currently used media decrease at
the shorter wavelengths favoured for higher
densityrecording, investigationsto find superior
materials are continuing. The recent paper
describes the magneto-optical and magnetic
properties of ultrathin cobalt/platinum and
cobalt/palladium multilayers.
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The structure of these multilayered fdms,
their magneto-optical and magnetic properties
and the dependence of these on film thickness
are reported and discussed, as is the
dependence of the magneto-optical properties
on light wavelength. Corrosion resistance of
these multilayers is high and they are thermally
stable at temperatures of up to 400OC.
It is reported that at 780 nm the magnetooptical properties of ultrathin cobalt/platinum
films are superior to those of TbFeCo films,
while at shorter wavelengths the figure of merit
is even better, being 2.5 times larger than that
of TbFeCo at 400 nm.
A further communication by the same
authors, on the potentially useful magnetic properties of rf magnetron sputtered thin films of
cobalt-palladium alloys, is abstracted on page
99 of this journal.
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International Fuel Cell Workshop
By M. Watanabe
Yamanashi University, Kofu, Japan

and P. Stonehart
Stonehart Associates Inc., Connecticut, U.S.A.

The first International Fuel Cell Workshop was held at the Tokyo lnstitute of Technology, Japan, on 16th September 1989. This meeting was
supported by The Fuel Cell Committee of the Electrochemical Society of
Japan, and the International Society of Electrochemistry. The workshop
co-chairmen were Drs. Masahiro Watanabe and Paul Stonehart. Dr.
Ken-lchiro Ota of Yohhama National University, Japan, acted both as
workshp secretary and as moderator for the molten carbonate presentations, while the steering group consisted of representatives from various
Japanese fuel cell companies.

At this International Fuel Cell Workshop,
emphasis was placed only on technical aspects
of the various fuel cell technologies actively
under development worldwide, leaving
business, marketing and strategy discussions
to other fuel cell meetings, such as the Fuel Cell
Seminars held in the U.S.A. Due to the limited
time available, only problems and solutions
relating to the electrochemistry and fuel cell
stacks were addressed, leaving the technicalities
of fuel processing and power conditioningto be
considered at another time and place.
To encourage an exchange of views and to
allow newer workers to meet established practitioners of fuel cell technologies, attendance was
limited to 130 people actively involved in the
furtherance of fuel cell technologies.
The published Proceedings for the meeting
also differed from the usual formats, in that
each of the speakers was asked to provide only
a single page giving the title, authors and a f f h tions, and then a detailed extended abstract. In
addition, every slide or overhead projection used was reproduced in the Proceedings, thus
members of the audience had a full and complete record prior to the presentations, and
could therefore annotate their copies as the
meeting progressed.
Following the chairmen’s introductions, two
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overview speakers, Yoshiki Kurihara of the
Moonlight Project Promotion Office (MITI)
Japan, and Graham Hagey of the U.S. Department of Energy, outlined their respective national programmes. These addresses considered
the strategies for integrating government funding of these technologies with the private sector. Existing and projected funding levels were
defined, for each of the technologies, as was industrial support; the aim being to establish an
active fuel cell industry which could satisfy the
various national needs for electric energy production. In addition, estimates were placed on
the status of the relevant technologies, as viewed by these government agencies.

Phosphoric Acid Fuel Cells
The first presentation concerning phosphoric
acid fuel cell (PAFC) technology was given by
Dr. Hansraj C. Maru from the Energy
Research Corporation. Their fuel cell design
operates under atmospheric pressure at a
temperature of 20o0C, with a demonstrated
lifetime of 30,000 hours and a decay rate of 3
mV/xooo hours. This can be compared to a
pressurised stack operated by Westinghouse
Corp., which has a 16,000 hours life and a
decay rate of 7-8 mV/Iooo hours. The goal for
the decay rate of the pressurised stack is
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p V / i o o o hours. Principal concerns are improvements in catalyst support stability, by
substitution of more stable carbons; understanding and control of localised corrosion of the
bipolar carbon plates; and improved electrolyte
management, where it is seen that periodic additions of electrolyte reduce the voltage decay
rate. It is clear that electrolyte starvation in the
electrodes is a significant cause of the observed
cell decay.
The Johnson Matthey cathode alloy development programme was discussed by Lindsay
Keck. A large number of binary and ternary
metal alloy combinations of the first row transition elements with platinum were examined,
but without specifics as to the exact compositions. Although there was a significant scatter
in the performances of these catalysts for
oxygen reduction, it was felt that all of the
elemental combinations were equivalent in performance, but reproducibly better than
platinum alone, although it was not divulged
which alloys were preferred by Johnson Matthey. The view was expressed that the alloys
had not only demonstrably higher performance
than platinum, but also greater stabilities
against dissolution or corrosion.
Speaking for Fuji Electric Corporate
Research and Development Ltd., Dr. Masahiro
Sakurai outlined the critical aspects of reducing
fuel cell costs by improving the power density
through lowering the component count, improving cell performance and lifetime by reducing both sintering and flooding of the
electrodes, and increasing the reliability. He
presented a detailed evaluation of all of these
critical factors, and made the point that only by
close collaboration and supportive interaction
between the component makers and the suppliers of catalysts and carbon materials, will
rapid progress be made to solve the technical
problems. Most usefully, the PAFC power
plants tested in Japan were listed.
Sanyo Electric Co. Ltd., was represented by
Dr. Masahiro Ide, who discussed the key
technologies relating to their air-cooled PAFC.
The status requires high activity cathode electrocatalysts, with low internal resistance in the
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cell and uniform temperature distribution. It is
important to have long life with simple control
systems and a s m a l l component count. For
small units, 5 kW, methanol is a suitable fuel.
With a 220 W demonstration unit, cogeneration is important to improve the all
round economics.
Dr. Michael B. Cutlip from the University of
Connecticut, U.S.A., was the last speaker to
talk on PAFC. He gave a dramatic presentation
of his theoretical modelling programme which
is used to evaluate all diffusion and kinetic
losses in the porous PTFE bonded fuel cell
cathode under real operating conditions. It was
shown that exact agreement was obtained with
the experimental cathode performance curves
using the computer modelling programme with
six independent variables. Significant losses
were due to gas-phase diffusion in the porous
carbon backing paper-for electrode structures
with low gas-flow rates (or high gasutilisations); but at high gas-flow rates the major losses in performance were due to ionic conductivity within the electrode structures.
Similar diagnoses were made for anodes using
various inlet and outlet gas mixtures; and fmally a model of the total cell stack was shown,
demonstrating an ability to predict optimum
catalyst partitioning between the anode and
cathode electrodes in the stack to achieve maximum performance.

Molten Carbonate Fuel Cells
Presentations on molten carbonate fuel cells
(MCFC) were led by Dr. Len Marianowski
from the Institute of Gas Technology in
Chicago. In his presentation, he showed that
feed of the gas to the fuel cell stack was important, as was the gas distribution td the individual cells. The approach used was to
develop an internal manifold system to provide
uniformity of gas distribution and minimise
thermal gradients, especially for use with a coal
derived feedstock. Most importantly, additions
of carbonate electrolyte must be considered,
and the approach taken by the Institute of G a s
Technology eliminates carbonate pumping and
transfer in the manifold gasket, and also
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matching and mating of the gas manifolds due
to stack height changes during thermal cycling.
An estimation of the lifetime-limiting factors
for the MCFC were presented by Dr. Toshiaki
Murahashi of the Central Research Laboratory,
Mitsubishi Electric Corp. He described lifetime
experience of 4000 hours in 1988,and observations that nickel oxide (cathode catalyst)
dissolution, electrolyte migration, and electrolyte losses were significant problems that
needed to be overcome. Dissolution of the
nickel oxide produces nickel ions in solution,
which are reduced to nickel dendrites and
precipitate in the matrix close to the anode.
Over time, this produces an electrical shorting
of the cell which gives rise to loss of voltage and
an increase in carbon dioxide content in the
anode exhaust. Electrolyte migration produces
flooding in the electrode structure at the
negative end of the cell stack.
The presentation of MCFC status for Hitachi
Ltd., was given by Dr. Keizou Ohtsuka. At the
start of his talk he emphasised the status of scaling up the electrodes and cell sizes from 3600
cm’ electrode sizes in 10 kW stacks containing
32 cells, to IO,OOO cm’ electrodes in roo kW
stacks. It is anticipated that the large size electrodes will be incorporated into 1000 kW stacks
in the 1992-1995 time frame. Anode sintering
is identified as a lifetime-limiting problem, and
the additions of magnesium oxide to the nickel
anode retards sintering and densification over
8000 hours on test. In order to reduce corrosive
dissolution of the matrix, additions of
aluminium and yttrium are used.
The concluding review of MCFC status was
given by Dr. Minoru Hosaka of IshikawajimaHarima Heavy Industries. An impressive
display was given for the preparation of large
size electrodes, cell components and related
production technologies to go well beyond
IO,OOO cm’ cell sizes. At the IO,OOO cm’ cell
size the average cell voltage over 2000 hours
was 0.703 V at 150mA/cm2,producing 9.5 kW
from a 9 cell stack at 50 per cent fuel utilisation.
This was despite one low performing cell in the
stack, removal of which improved the average
stack voltage to 0.74 V. Tape casting for the
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matrix was shown for IOO cm x zoo0 cm sheets
with extremely small thickness deviation of not
more than f 25 micrometres over the whole
sheet. This is important, so that uniform
temperature distribution and reaction rate
across the cell are achieved. Electrodes are
manufactured and sintered in sizes up to 100
cm x zoo cm. Automatic welding of the cell
hardware is also provided. Problem areas are
maintenance of close tolerances for the pore
distributions of the electrodes and matrices,
quality control of thicknesses of the cell components, control of the temperature distributions in the cell, and prevention of gas
cross-leaks in the cells due to matrix tile
cracking.

Solid Oxide Fuel Cells
Future solid oxide fuel cell (SOFC)
research plans were presented by Dr. Yoshihiro
Ohno from the Japanese Government’s Electrical Technical Laboratory in Ibaraki. Cell
component fabrication is carried out by either
acetylene flame spraying for the electrodes
(LaCoO, and NiO), or plasma spraying for the
solid oxide electrolyte (yttria stabilised zirconia). G a s permeation is identified as a critical
problem, since the electrodes require large sized powders for good gas permeation, but the
electrolyte requires fine powders for densification. In addition to the problems of gas permeation, temperature cycling of the cells requires
good matches for the coefficients of linear expansion for all the components to prevent thermal cracking.

Solid Polymer Electrolyte
Fuel Cells
Recent advances in solid polymer electrolyte
fuel cells (SPEFC) were described by Dr.
Supramaniam Srinivasan of Texas A & M
University. In particular, he addressed the progress that had been made in reducing the
platinum metal loading at the electrodes.
SPEFCs are capable of high current densities
with pure hydrogen as the fuel, but due to the
temperature limitations of the polymer electrolyte, the cells are not able to operate above

79

8ooC (atmospheric) or 95OC (4-5 atmospheres)
without drying out the membrane. This means
that noble metal catalyst poisons, such as
hydrogen sulphide and carbon monoxide, cannot be tolerated at any level. With pure
hydrogen, however, the reaction rate for
dissociation of the hydrogen molecule on
platinum is so high that very little platinum is required, and electrodes can be formed with the
platinum catalyst close to the SPE surface. Improvements in the conductivity and water retention of the SPE are produced by using the lower
equivalent weight (more sulphonic acid groups
per polymer molecule) Dow membrane, rather
than the DuPont Nafion membrane. By identifying problems and applyingvarious solutions, it
is possible to reach a cell potential of 0.62 V at
2000 mA/cmz at 95OC and 5 atmospheres
pressure with pure hydrogen and oxygen.

Alkaline Fuel Cells
The final speaker of the meeting was Dr.
Pehr Bjarnbom from the Royal Institute of
Technology, Sweden, who described fundamental systems and technology results
relating to alkaline fuel cells (AFC). Here, comparison of system studies for alkaline fuel cells

with the carbon dioxide rejecting electrolyte
systems of PAFC, MCFC and SOFC indicate
that AFCs may be cost competitive, even after
the cost of carbon dioxide removal. Fundamental studies were done of the individual electrode
and cell operations, separating the various
ohmic and diffusional characteristics which can
then lead to efficient operation.
It was unfortunate that the date of this
meeting coincided with that of the Grove
Fuel Cell Symposium in London, England
(PlatinumMetals Rev., 1989, 33, (4),169-177)
effectively excluding many possible attendees
from Europe, while retaining many prominent
fuel cell personalities in Japan. Nonetheless this
first International Fuel Cell Workshop
represented a powerful demonstration of the
state-of-the-art for fuel cell technology.
The Proceedings of the Workshop have been
published, and are available from the organising committee, First International Fuel Cell
Workshop, c/o Laboratory for Electrocatalysis
for Fuel Cells, Faculty of Engineering,
Yamanashi University, Takeda 4-3, Kofu 400,
Japan; or from Stonehart Associates Inc., PO
Box 1220,Madison, CT 06443, U.S.A.; price

U.S.$75.00.

A Novel Device for Energy Conversion
News of an interesting new fuel cell concept,
using thin-film devices for energy conversion,
was presented at the Grove Anniversary Fuel
Cell Symposium by Dr. C. K. Dyer of Bell
Communications Research (I), and further
details have since been published (2, 3). The
devices consist of two platinum electrodes
deposited on either side of very thin (<50pn)
gas permeable and ion conducting membranes.
One electrode in the fuel cell is deposited on
an impermeable support, such as quartz. The
membrane separator is applied, and an upper
porous electrode is then laid over it. When this
upper electrode is exposed to hydrogen and oxygen or air mixtures, a potential of up to one
volt is observed between the electrodes, and
currents of 2 to 3 d c m ’ may be drawn.
Lower performances are achieved using electrode pairs of palladiudplatinum, palladium/
palladium and platindnickel, with open circuit voltages of 740 mV, 450 mV and 600 mV,
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respectively. Significantly, using methanol
vapour as a fuel in pure oxygen, up to 640 mV
can be obtained at atmospheric temperature
and pressure, with platinum electrodes.
Although specific power levels are relatively
low (I to 5 mW/cmz), each assembly is extremely thin, and hence power densities of 100
W k g of fuel cell are presently obtainable, and
1000 W k g appears possible.
The author foresees simply constructed, inexpensive fuel cells, operating on mixed
fuelloxidant gases fulfiiing a range of functions
from replacing high-use batteries, to new applications in information processing.
D.S.C.
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The Hydride Phase Miscibility Gap
in Palladium-Rare Earth Alloys
X-RAY AND EQUILIBRIUM HYDROGEN PRESSURE STUDIES

By R.-A. McNicholl and F. A. Lewis
Chemistry Department, The Queen's University of Belfast

Recent years have witnessed a very substantial increase in the body of
data concerning the effects of various alloying elements on the phase
relationships of the palladium-hydrogen system.

There seems some underlying technological however, p-n relationships do not exhibit very
interest in recent developments (1-9) in sharp cusps, whether derived by direct gas
palladium alloy systems because of the phase equilibration studies or, often in more
possibilitiesof developing palladium alloys with precis2 detail, from dynamic changes of elecimproved characteristics for use as diffusion trode potential. This presents problems in
membranes for hydrogen purification and allied defining points, on precisely located spinodal
purposes (10).In addition to the important curves, which could be taken to correspond to
issues of surface kinetics and membrane the exact onset of the transitions. An additional
thickness, other key factors for improved diffu- physical complication is the possible existence
sion characteristics are those of a decreased of a and p phases or domains within ranges of
susceptibility to deformation during the course n adjacent to the main pressure invariant
of hydrogen absorption and desorption cycles, regions of p-n relationships; this has encouragcombined with a retention of satisfactorily high ed possibilities of correlations with catastrophe
rates of hydrogen permeation under particular transition behaviour (9).
Nevertheless, making use of an approximateconditions of temperature and hydrogen
pressure gradients across the membranes. The ly direct dependence of hydrogen content on
permeation rate is governed by internal the f.c.c. lattice constant (3, 11), useful
hydrogen concentration gradients as reflected estimates of the miscibility gap have been derivby the corresponding p-c(n)-T relationships ed from X-ray measurements of the lattice conbetween equilibrium hydrogen pressure, p, stants of a and 0 phases, identified in
a and /3-, A
hydrogen content, c (expressed as the ratio conjunction and referred to as ,
H:M of hydrogen to metal atoms and generally recent X-ray investigation has been concerned
with several palladium-rare earth-hydrogen
represented by n), and temperature, T.
systems ( 2 ) , and represents a substantial ampliF.C.C. Phase Miscibility Gap
fication of earlier analogous studies (3, 4, 5).
In the palladium-hydrogen system two f.c.c.
phases, designated a and /3 (or a')with low and Alterations of Gap Width
Figure I illustrates the generally observed
high concentrations of hydrogen, respectively
(located in octahedral interstices in both cases), similarities in the trends of change, with incan co-exist at morn temperature over a range creasing alloy content, of the range of hydrogen
of hydrogen contents which may be termed the contents corresponding to the miscibility gap,
either from comparison of plots of p-n data (I,
alp miscibility gap (1-5).
Semiquantitatively it has been convenient to 6-9) or from plots of lattice parameter values
and psymbolise the limits of the miscibility gap as regarded as corresponding to ,a
,
a
and b-,
In experimental practice (2-5). The X-ray data have been obtained
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Fig. 1 Diagrammatic representation of the change in form with increasing alloy content of
the range of hydrogen content corresponding to the amax
and ominlimits (denoted by circular
points
palladium 0 palladium alloy) (a) “contracted” (b) “expanded” alloy situations

using specimens electrolytically loaded with
hydrogen to a mixed phase content; subsequent
hydrogen loss during X-ray measurements being effectively prevented by an inhibitory surface coating.
One or other form of the plots in Figure I is
common to most data available for binary
palladium alloy systems, with the exception of
the palladium-nickel and palladium-rhodium
series (2, 8, 9). It seems that palladiumruthenium is not an exceptional case provided
that the ruthenium is homogeneously dispersed
within its low limits of solid solubility in
palladium (8).
Thus both Figures I(a) and I(b) show a
similar trend of decreasing width of the alp
miscibility gap with increasing alloy concentration. Taken by themselves, however, the X-ray
data do not reveal the important division of
alloying metals into two main sub-Groups, consisting alternatively of those producing either
increases or decreases of the invariant hydrogen
pressure over the main region of a and P-phase
co-existence. This distinction is a central consideration in theoretical analyses of the
energetics of hydrogen absorption (I-9), and it
also has an important bearing on the utility of
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particular alloys as diffusion membranes (10).
Nevertheless apart from this limitation, in all
cases extrapolations of the loci of X-ray
parameters versus alloy content data provide
useful estimates of the concentration, cClit,of
alloying metal sufficient to close the miscibility
gap. For alloying additions above c,”,,
hysteresis
effects
and
accompanying
macroscopic structural deformations produced
during absorption and desorption cycles can be
expected to be substantially decreased. Unfortunately in many systems cCritis also close to
the limit of solid solubility of the alloying element in palladium (I -9).

Alloys of Transition Elements
In the continuing debate on the most important factor governing differences between alloying elements in their overall effects on the p-n
relationships and on related thermodynamic
parameters, considerations of the influence of
relative size have been specifically emphasised
in recent studies. These have substantially expanded information on alloys of palladium with
the more electropositive transition elements of
Groups 111, IV and V (1-9). By themselves
elements from these Groups form metallic
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tions, the large number of rare earths with
closely spaced gradual variations of properties
present comparison possibilities which should
encourage future attempts to resolve uncertainties concerning the role of fundamental
underlying, and in some respects competing,
factors. These would necessitate formidable
and lengthy experimental programmes of work,
however, particularly when possibilities of
variations of degrees of lattice order are taken
into account (2).
Nevertheless, some recent studies have made
significant progress in considerably extending
knowledge of the p-n relationships in the a
phase ranges of n over a substantial range of
temperatures for palladium alloys with
samarium, gadolinium, dysprosium and erbium (6, 7).
An even larger number of palladium-rare
earth alloys have been included in X-ray
studies. With each of the seven elements,
samarium, europium, gadolinium, dysprosium,
holmium, erbium and ytterbium, five alloy
compositionscontaining up to 8 atomic per cent
of the alloying element have been examined (2).
Ternary diagrams have also been prepared. For
all of these alloys the recent studies have clearly
indicated closure of the miscibility gap at values
of c c ~ tcorresponding to approximately 9
atomic per cent of each of the alloying rare
earth elements, but have also enabled interesting trends in the changes of lattice
Expanded Palladium Alloys
parameters of both the hydrogen-free and
In the case of palladium alloys containing hydrogenated alloys to be obtained.
Group I11 transition metals, all of the elements
including the rare earths (lanthanides) and even Concluding Remarks
When in the future this X-ray information is
scandium, with the smallest atomic volume, fall
into the “expanded” category. Consistent with supplemented by p-n data, the theoretical and
a size effect correlation, all the p-n relationships practical implications could be significant. The
of palladium-Group I11 alloy systems reported overall graduated continuity of properties of the
so far (6-9), including the marginal case of the rare earths with increasing atomic number,
palladium-scandium-hydrogen system (IZ), ex- part-modified at europium and ytterbium,
hibit a decrease in p,, with an increase in would seem to present unique possibilities for
alloy content. Thus alloys from all of these formulating more precise judgements concernsystems present potential alternatives to ing the relative significances of dimensional,
palladium-silver compositions as hydrogen dif- electronic and elastic parameter influences on
p-n data, from comparisons of the respective
fusion alloys.
In addition to such technological considera- palladium alloy-hydrogen systems.

hydrides with higher hydrogen contents at
lower
hydrogen
chemical
potentials
(equilibrium hydrogen pressures) than
palladium. When alloyed with palladium over
the limited range of concentrations where solid
solutions form, they exhibit decreases in the
alp miscibility gap (1-5, 8-10), generally
similar to those in Figure I. Comparison of
the pattern of change of p-n relationships with
increasing alloying content has provided useful
opportunities for examining whether relative
atomic size differences alone would be the
decisive factor which accounts for increases or
decreases of equilibrium hydrogen pressures
over regions of the miscibility gap (9).
Thus in sub-Groups V and IVYniobium and
zirconium, elements of the 4d long period, produce slightly expanded f.c.c. lattice constants,
in contrast to their respective congener 3d
period elements vanadium and titanium, which
produce a contraction.
Studies of alloys of these four elements with
palladium have shown that, in the cases of
palladium-niobium-hydrogen and palladiumzirconium-hydrogen,there are sigdicant shifts
(9)towards correspondencewith the pattern in
Figure I(b). Nevertheless both these systems
still constitute marginal formal exceptions to a
precise, simple correlation between expanded
alloys and the trends in Figure ~(b),as does the
palladium-platinum-hydrogen system.

Platinum Metals Rev., 1990, 34, (2)

83

I

2

3
4

5
6

References
Y. Sakamoto, K. Kajihara, T. Kikurnura and T. 7 S. Ramaprabhu, R. Leiberich and A. Weiss, Z.
B. Flanagan, J. Chem. SOC., Faraday Trans.,
Phys. Chem. Neue Folge, 1989,161,83
1990, 86, 377
8 E. Wicke and K. Frolich, Z . Phys. Chem. N u
F. L. Chen, M. Furukawa and Y. Sakamoto, J.
Folge, 1989,163, 35
Less-Common Met., 1989,155, (2), 173
9 K. Kandasamy, F. A. Lewis, W. D. M c F d and
R.-A. McNicholl, Z . Phys. Chem. Neue Folge,
Y. Sakamoto, K. Baba and T. B. Flanagan, Z .
Phys. Chem. Neue Folge, 1988, 158,223
1989, 163, 41
Y. Sakamoto, K. Yuwaa and K. Hirayarna, 3. 10 F. A. Lewis, K. Kandasamy and B. Baranowski,
Less-Common Met., 1982,88, 1x5
Platinum Metals Rev.,1988,32, (I), 22
M. L. H. Wise, J. P. G. Farr and I. R. Harris, J. I I B. Baranowski, S. Majchrzak and T. B. Flanagan,
J. Phys. F, Metal Phys., 1971,I, 258
Less-Common Met., 1975,41, 1 1 5
S. Ramaprabhu, N. Rajalakshmi and A. Weiss, 12 R.-A. McNicholl and F. A. Lewis, results to be
published
Ber. Bunsenges. Phys. Chem., 1989, 93, 686

Platinum-Enhanced Corrosion Resistance
in Amorphous Metals
The attainment of amorphous (“glassy”)
structures in certain metallic alloys has aroused
considerable industrial interest because of the
pronounced enhancement of properties such as
corrosion resistance, ductility, and magnetic
properties that can be achieved, compared to
alloys in their normal crystalline state.
The enhancement of the corrosion resistance
of conventional crystalline base metal alloys by
small additions of the platinum group metals is
well documented; the addition of 0.1 per cent
palladium to titanium is, perhaps, the best
known example and is widely used in chemical
engineering applications. None the less it is,
perhaps, surprising to find that small additions
of platinum can significantlyenhance the corrosion resistance of amorphous alloys.
The results of studies made on amorphous
chromium alloys have recently been reported
by M. Tenhover, G. A. Shreve, R. S. Henderson and D. B. Lukco of the BP Research
Center, Ohio,U.S.A., (Appl. Phys. Lett., 1989,
55, (17)~1724-1726). They prepared amorphous alloys of G - M and Cr-Pt-M, where M is
phosphorus, boron, carbon or nitrogen, as
sputtered thin films 0.5 to I .o pm thick on glass
slides. Corrosion testing was conducted in
hydrochloric acid over a temperature range of
25 to 25ooC, in 50 weight per cent hydrofluoric
acid at room temperature, in refluxing concentrated nitric acid at 121OC and in refluxing
sulphuric acid at IOOOC.
Amorphous CrSsP,, was observed to be
stable in hydrofluoric, nitric and sulphuric acid
solutions, whereas crystalline chromium
dissolved rapidly in the reducing acids,
hydrochloric and sulphuric. Both materials,
however, corroded rapidly in hot concentrated
hydrochloric acid, whereas amorphous
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chromium-platinum-phosphorus alloys were
very stable in all four test solutions. More particularly, Cr,,,9Pt,,lC25in the amorphous form
was also stable in all four test solutions. In the
crystalline state, however, it was only stable in
hydrofluoric acid.
More detailed work on the effect of platinum
concentration in amorphous Cr(8S-b)‘Ptb-P
alloys shows that there is a trade off between
corrosion rates in oxidising and in reducing
acids. In nitric acid, the corrosion rate increased substantially when the platinum content exceeded a critical value, while in the
hydrochloric acid the corrosion rate decreased
dramatically to a low rate at a similar amount of
platinum addition. Thus there is an optimum
platinum content of about b = o . ~ ,that is
Crs,.9Pt,,lPI,. High temperature tests in
hydrochloric acid showed that the platinumcontaining alloys had higher temperature
stability in terms of the transition from passive
to active behaviour.
Analysis of the surfaces of corroded
specimens revealed an enrichment of latinum
concentration in the top 20 to 30
of the
surface, which was present in the metallic
unoxidised state. Cathodic polarisation
measurements showed the platinumtontaining
alloys to have a hydrogen exchange current
three orders of magnitude higher. The authors
conclude that the platinum additions accelerate
the passivation reaction, changing both anodic
and cathodic reaction kinetics.
In summary, the authors state that the use of
trace additions of platinum to amorphous
chromium alloys produced alloys that are
among the most corrosion resistant known,
thus offering a new freedom in the design of
C.W.C.
corrosion resistant materials.

fi
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Platinum Metals In Stainless Steels
A REVIEW OF CORROSION AND MECHANICAL PROPERTIES

By I. R. McGill
Johnson Matthey Technology Centre

The range of iron-based materials known as stainless steels are used
throughout the world to manufacture products requiring special
resistance to corrosive environments. The corrosion resistance of these
materials depends largely upon the chromium content, which is usually
between 10 and 30 per cent of the alloy constitution. Of equal
significance is the ability to vary the structure of the alloy between ferritic, austenitic and martensitic, by control of the type and level of additional elements. There are, however, many corrosion limiting factors
which restrict the use of each type of steel, and the addition of noble
metals to the iron-base constitution, to improve this situation, has been
considered. This article summarises most of the published work on the effects of platinum group metals on the corrosion and mechanical properties of stainless steels, but excludes investigations of non-stainless steels.

obvious, however, and these are given below, in
the Appendix.

Two previous reviews of the effects of adding
platinum group metals to iron-based alloys have
been published in this Journal previously (I, 2).
Information from these sources has been assessed and, where appropriate, included here for
the sake of completeness.

Alloy Designations
Much of the work featured in this review was
originally published in the Russian language,
and Soviet alloy designations used in this
review have been transliterated from the Russian rather than translated, in order to avoid
confusion with Western alloys which are
similar, but not identical. The explanation of
these designations is based on information
contained in the "Handbook of Soviet Alloy

Alloy Compositions
Major element compositions of the steels
reviewed here are generally self-evident,
especially those under the Soviet Designation
system described later. The compositions of
some of the steels referred to in the text are not

Appendix

Composition of Various AISI Steels
Composition, per cent
Steel
designation

Fe

Cr

Si
(max.)

Mn
(max.)

C
(max.)

AlSl 304

Balance 18.0-20.0

1.0

2.0

0.08

AlSl 430
AlSl 446

Balance 14.0- 18.0
Balance 23.0-27.0

1 .O
1.O

1.0
1.5

0.12
0.20

Noble
metal

Reference

8-12.0
Ni

Pt

23"

-

Pd
Pt

19,20
29"

Other

0.25N

'References numbered 21 to 35 will appear in Part II of this paper

Platinum Metals
Metals Rw.,1990,
1990, 34,
34,(2),
(2), 85-97
85-97
Platinum
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Compositions” (3) and a British Iron and Steel
Industry publication (4), while a complete
description of steel and alloy compositions is
given in a Soviet standard ( 5 ) .
In Soviet alloy steel designations, the following symbols represent the following elements:
A Nitrogen
G Manganese
N Nickel
T Titanium
B Niobium
K Cobalt
P Phosphorus
Ts Zirconium
D Copper
Kh Chromium
R Boron
V Tungsten
F Vanadium
M Molybdenum
S Silicon
Ya Aluminium
When the percentage of the element is not
greater than about I per cent the letter for the
element is not followed by a number. If the
amount of the element is greater than I per
cent, a number representing the content is placed to the right of the symbol, for example 4 per
cent nickel is represented by N4.
The average carbon content is shown to the
left of the letters, as hundredths of one per
cent. In the case of a very low carbon content
(less than 0.08 per cent), the numeral “0” is
placed before the letters. The letter A appended
to these designations denotes narrower composition limits, and low sulphur and
phosphorus contents, and must not be confused
with the symbol A representing nitrogen. Frequently, the letter L is used as a suffii to denote
a cast steel.
Several groups of steel designations carry a
prefixed letter which indicates a particular purpose or characteristic, such as, A- free machining, E- magnetic, Zh- straight chromium
stainless, R- high-speed, Sh- ball-bearing, Eelectrical and Ya- chrome-nickel stainless. The
numbers following these letters are not
normally indicative of the actual composition.

Platinum Metals-Modified Steels
in Sulphuric Acid Solutions
Many of the investigations carried out on
platinum group metals-modified steels have
been done under the auspices of two notable
Russian scientists, N. D. Tomashov and G. P.
Chernova. Much of the work consisted of
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simple gravimetric analysis, but some important electrochemical studies of the corrosion
behaviour of platinum group metals-modified
steels were also made.
Hoar (I) quotes early work by Tomashov and
his colleagues (6-12) on the beneficial effects of
additions of platinum and palladium to a commercial 18 per cent chromium-9 per cent nickel
steel when subjected to various concentrations
of sulphuric acid at room temperature. Similar
effects have been recorded by Tomashov and
Chernova for Kh27, oKh25T, Kh28TL, Khzs,
Kh25M2 and a plasma melted Cr-Ni-Mn-Mo
steel. A summary of these results is given in
Figure I.
In the same way Tomashov, Chernova and
Volkov (13) noted that a qCr-6Ni steel became
passive with the addition of 0.5 per cent
palladium when exposed to 10 per cent
sulphuric acid at temperatures up to IOO~C,
while a 0.2 per cent palladium addition to
Fe-4oCr alloy confers resistance to 40 per cent
sulphuric acid at IOOOC(14). The steel Khzg
with and without 0.7 per cent palladium was
tested in 30 per cent sulphuric acid by
Tomashov and Chernova (10)and its corrosion
monitored by the evolution of hydrogen. At the
same time the potential of the sample was
recorded, Figure 2.
From these results it was shown that the initial corrosion rate increases with the palladium
addition, but diminishes rapidly after a critical
period. The sample potential showed corresponding behaviour. The mechanism proposed was that on initial immersion in a
non-oxidising medium the corrosion reaction,
that is the anodic reaction M
M + +e-, is
sustained by the cathodic reaction H+ + e-+
% H I ,the rate of which is determined by the
hydrogen over-potential at the surface of the
test piece. For surfaces with a high hydrogen
over-potential, that is surfaces which are slow
to discharge hydrogen, the rate of the cathodic
reaction (hydrogen evolution) will govern the
corrosion reaction (metal dissolution), the
result being steady state dissolution of the
material.
With noble metal-containingalloys, however,
+
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Fig. l(a) Corrosion of Kh27
chromium steel, alloyed with
cathodic
additions,
in
sulphuric acid at mom
temperature:
111 Kh27,
121 Kh27 + 0.41%Cu,
131 Kh27 + 2.67%Cu,
[41 Kh27 + 0.71%Pd,
151 Kh27 + 0.5%Pt,
[61 Kh27 + 3.0%Pt;
from
Tomashov
and
Chernova (10)

Fig. I@) (leR) Corrosion of Kh27 chromium
steel in sulphuric acid solutions at 5OOC: 111
Kh27, [21 Kh27 + 3%Pt, [31 Kh27 + 3%Pd;
from Tomashov and Chernova (10)
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Fig. l(c) Effect of palladium on the
corrosion rate of OKh25T and Kh28TL in
sulphuric acid at 100OC. Teat time = 5
houre: [11 O W S T , [21 Kh28TL, [31
OKh25T + 0.5%Pd, [41 Kh28TL +
0.5%Pd; from Tomrshov, Chernova and
Kupriyanova (35)

Platinum Metals Rev., 1990, 34, (2)

2

SULPHURIC ACID CONCENTRATION, p e r cent

Fw.l(d) Mean corrosion rate of a plasma
melted FeCrNiMo steel in sulphuric acid
[11 Base d o y , I21 Base + 0.2%Pd, preactivated, 131 Base + 0.2%Pd, nonactivated; from Tomashov, Wromakii,
Chernova, Torkhov, Chigirinskaya and
Slyshankova (16)
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Fig.
l ( e ) Corrosion
of
Kh27
chromium
steel,
alloyed with cathodic additions, in sulphuric acid at

1oooc:

111 Kh27,

[21 Kh27 + 0.7%Pd,
[31 Kh27 + l.l%Pd,
3%Pd,
[41 Kh27
[51 Kh27 + 0.5%Pt,
[61 Kh27 + 3%Pt;
from Tomashov and
Chernova (10)
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Fig. l(f) Mean corrosion
rates of steels:
[11 Kh25,
[21 Kh25 + 0.3%Pd,
[31 Kh25M2,
[41 Kh25M2+0.3%Pd,
all at 8OOC; and
El Kh25,
[61 Kh25 + 0.3%Pd,
[71 Kh25M2,
[81 K h 2 5 M 2 + 0.3%Pd,
all at 100°C in sulphuric
acid solutions. Test times:
steels containing palladium,
5 hours; steels without
palladium, 30 minutes; from
Tomashov,
Golovanenko,
Ul’yanin, Chernova and
Goronkova (15)
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SULPHURIC

ACID CONCENTRATION, per cent

the hydrogen over-potential of the original surface is reduced and enhanced corrosion occurs.
As dissolution of the less stable components occurs, the noble metal accumulates as discrete
particles on the surface where the hydrogen
over-potential is very low, and hydrogen evolution occurs at these sites. As the over-potential
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is low, the equilibrium H+ + e-+ YzH, is
shifted far to the right, and the corresponding
potential shift is sufficient to take the sample
into a passive regime with an accompanying
reduction in the corrosion rate. The effect of
rapid corrosion followed by passivation is consistently seen in non-oxidising acid media, as
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shown in Figure 3, and Tomashov claims that
the majority of the weight loss observed from
Kh25 and Kh24M2 steels containing 0.3 per
cent palladium was due to the initial corrosion
effect (IS). After passivation the maximum
weight loss observed was 0.3 g/m2.h indicating
significant passivation.
The variation of sample potential during corrosion can be complex, especially in higher
alloy steels. Tomashov plotted the variation of
sample potential of Fez5Cr6Ni steel alloyed
with 0.1, 0.2 and 0.5 per cent palladium in 10
per cent sulphuric at 1oo0C(13). The corrosion
of the base alloy occurred with regular potential
variation between -0.26 V and -0.12 V, the
corrosion potential of Kh25 steel being
determined at -0.26 V. The shift to more noble
potentials was thought to be due to the
accumulation of nickel on the surface of the
steel as corrosion proceeded. Due to the high
nickel dissolution rate, however, the potential
of the steel did not reach the critical passivation
potential, and the steel remained active. The
palladium-containing steels, however, show
modified potential/time traces. The initial
potential arrest at -0.12 V for the 0.I per cent
palladium steel was again thought to be due to
nickel accumulation. After dissolution of this
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Fig. 2 (a) Potential-Time curves, and (a)
Corrosion (by hydrogen liberation)-Time
curves for:
111 Kh25 + O.?%Pd,
[21 Kh25,
in 30% sulphuric acid at 18OC; from
Tomashov and Chernova (12)
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Fig. 3 Corrosion-Time curves for Kh27
w i t h cathodic alloying additions in 20%
sulphuric acid at 100°C; surface area of
specimens 8 em2:
[ l ] Kh27,
[21 Kh27 + 0.7%Pd,
[31 Kh27 + l.l%Pd,
[41 Kh27 + 0.5%Pt;
from Tomashov (11)

surface, the active corrosion period which
followed presumably allowed accumulation of
sufficient palladium to maintainthe potential at
-0.12 V until partial passivation ( + O . O I to
+0.03 V)took place at a later stage. On higher
(0.2 per cent) palladium content steels,
palladium accumulates more
rapidly,
shortening the arrest times and eliminating
reactivation periods. The value of the final
potential was close to the reversible hydrogen
potential on palladium. This undoubtedly is
due to the adsorption of hydrogen on the
surface accumulation of palladium. The 0.5 per
cent palladium addition causes rapid
displacement of the potential to a fully passive
regime. In t h i s case it is clear that hydrogen
evolution cannot be the only cathodic process
occurring-the potential is displaced beyond
the
reversible potential-and
oxygen
depolarisation must be assumed. It is
conceivable that for the lower palladium
additions the rate of accumulation of palladium
is lower than the rate of hydrogen adsorption.
In the case of the 0.5 per cent addition the
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Table I

Corrosion and Potentials of OKh25N6T Steel with Palladium in 20%Sulphuric
Acid at 100°C over Test Time of 5 hours (13)

Steel

OKh25N6T
OKh25N6T + 0.1Pd
OKh25N6T 0.2Pd
OKh25N6T +0.5Pd

+

Passivation
time, min

Not passivated
11
2.5
0.5

Corrosion
losses in
active period
of dissolution,
glm2

Corrosion
losses
during test
time of 5h.
g/m2

Corrosion
rate at
corrosion
potential (E,,),
glm2

3800
358.8
40.4
26.4

3800
492.8
130.4
148.9

760
26.8
18
24.5

palladium must accumulate at the surface faster
than the hydrogen can adsorb, and the alternative cathodic reaction can be sustained with
the associated potential shift.
In a higher acid solution, (20 per cent) no
steel passivates fully, although increasing the
palladium content reduces the time to partial
passivation, even though the final corrosion
potentials (and hence corrosion rates) are
similar for all the steels tested, Table I.
In hot, go°C, sulphuric acid solutions of
various strengths, Tomashov again followed
sample potential during active corrosion (16),
Figure 4. The alloy tested was a
FeqCr8NizMoMnN steel with 0.2 per cent
Pd. In the light of previous comments it would
appear that at 20 per cent acid solution a partial
passivation occurs due perhaps to the accumulation of molybdenum or manganese on
the surface, which would possibly be superseded by passivation due to palladium accumulation. The 40 per cent solution is too severe and
no passivation is possible due to a rapid dissolution rate. Between these extremes the sample
potential moves rapidly to palladium
agglomeration-induced passivation. Results of
similar work by Tomashov (15) on very high
purity femtic steels Kh25 and Kh25M2 (2 per
cent molybdenum) with 0.3 per cent palladium
additions are shown in Figure 5 . Again, the intermediate regime (in this case temperature)
results in deeper passivation of the
molybdenum bearing steel. Molybdenum, it is
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EH,

volts

- 0.09

+ 0.042
+ 0.047
+ 0.055

claimed, hinders the passivating effect of
palladium (the steel Kh25M2Pdo.3 is only
passive up to 5oOC). However, it is reported
that for passive Mo-Pd steels the corrosion
losses are 10 and 20 times less than for similar,
simple
palladium-containing
steels.
Molybdenum in palladium-containing steels,
when tested in sulphuric acid, reportedly “narrows” the effective acid concentration and
temperature band in which the steel will
passivate, but also deepens passivation
characteristics.
Earlier work by Tomashov compares the performances of three related alloys, containing 3
per cent platinum and 3 per cent palladium

P+-
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I4 I
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131
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Fig. 4 Variation in sample potential of
Fe27Cr8Ni2Mo + 0.2%Pd in various
sulphuric acid solutions at 90°C: 111
20%, 121 25%, [31 30%, [41 40%;from
Tomaehov,
Lekomskii,
Chernova,
Torkhov, Chigirinskaya and Slyshankova
(16)

Fig. 5

(a)

Potential-Time

curves in 40%sulphuric

-0.3.

acid for: [11 Kh25, [21
+ 0.3%Pd, at: (a) 2
2 5 O C , (a) 5OoC, (c) :-0.1100OC: from Tomashov,
Golovanenko, Ul’yanin,
Chernova and Goronkova
0.1 +
(15)
z

+ 141

Kh25

2
W

against the base alloy, in 20 per cent and 30 per
cent sulphuric at 50°C with respect to their
composition and passivation potentials (I I),
Table 11. It is apparent that the corrosion rate
of the high nickel alloy is greatly exacerbated by
noble metal additions, while that of the intermediate nickel alloy is largely unaltered. The
simple chromium alloy, however, is very deeply
passivated. The explanation for this effect was
that the passivation potential for Kh18N60is
more positive than that for hydrogen ion

depolarisation on palladium/platinum. Consequently, unless an alternative cathodic reaction
that would sustain the required potential shift
to passivation is available (that is, oxygen
reduction), no passivation is possible.
However, the enhanced hydrogen reaction rate
due to the cathodic additions stimulates the
dissolution (corrosion) of the alloy as shown in
Figure 5 . Similarly, the alloy Kh27 passivates
at -0.15 V (S.H.E.),
well within the capability
of the enhanced hydrogen reaction, while the 9

Table II

Effect of Cathodic Additivee Platinum and Palladium on the Corroeion Rate of
Chromiumand Chromium-NickelAlloys in Sulphuric Acid Solutioneat 50 O C (11)
Corrosion rate, a/rnz.h
Alloy

Sulphuric acid concentration

Kh27
Kh27 3%Pt
Kh27 3%Pd

+
+

Kh 1 EN9
Kh 1 EN9 + 3%Pt
KhlEN9+3%Pd
KhlEN60
KhlEN60+3%Pt
Kh 1 EN60 + 3%Pd
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Passivation
potential

20%

30%

(S.H.E.)

905
0.03
0.12

1223
0.01 5
0.03

-0.15

14
7.05
17.9

25.5
21 .o
49.0

-0.09
-

1.37
231
118

1.97
254
190

+0.15

-

-

-

91

(a)

01

03

Fig. 6 Effect of palladium
content on the weight loss in
sulphuric acid solutions when
held at: (a) 2OoC for 25
hours, (b) at 100°C for 5
hours:
[ l ] Cr25-Mn8,
[21 Cr25-Ni6-Mn,
[31Cr-Mn-Mo steels
(for
compositions
see
Table 111); from Tomashov,
Lakomskii,
Chernova,
Torkhov, Chigirinskaya and
Slyshankova (16)

2OoC for 25 hours

05

01

05

03

03

01

0

P A L L A D I U M , per cent

(b) 100'C

for

5 hours
per cent and 0.5 per cent palladium steels
showed similar effects, in that roughly spherical
particles of palladium (20 to 60 nm diameter)
were seen to form and became more numerous,
but not larger, with time. The low palladium
steel, however, exhibited a limited number of
large palladium particles (approximately I pm
diameter) which were found chiefly at grain
boundary sites. At higher temperatures the
palladium accumulation behaviour of the
higher palladium content steels altered little,
while the 0. I per cent palladium steel showed a
z to 3 times decrease in palladium particle size
at 5ooC, and a substantial decrease at IOOOC.
The nucleation of palladium particles occurs
at a definite surface supersaturation. Consequently, the higher palladium steels would be
expected to nucleate more readily and form
more palladium particles of similar size, while
at low palladium concentrations the nucleation
rate would be somewhat less and the tendency,
as was observed, would be to form fewer larger
particles. The effect of temperature was to increase the rate of dissolution, increasing the
rate of surface enrichment in palladium so
allowing more rapid nucleation of particles and
hence, a finer particle size.
A simple empirical formula which is based on

0.2
20.1.

HpS04

30%

HpSOk

8000

50

0

0.2

0.4
0
02
P A L L A D I U M , per cent

0 4

per cent nickel alloy only just achieved
passivation.
Electron microscopy studies of corroded
samples of oKhz5T steel with additions of 0.I,
0.2 and 0.5 per cent palladium were undertaken
by Tomashov (17). The samples were
cathodically activated in 10 per cent sulphuric
acid at 25, 50 and IWOC then allowed to corrode without external application of potential.
Single and two-stage replicas were taken of the
samples after various exposure times, and examined. At room temperature (25OC) both the
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Fig. 7 Corrosion performance of various alloys with
palladium additions in 20%
eulphuric acid at 100OC: (a)
autopassivation, (a) corrosion rate for steels:
[ l l Fe25Cr,
I21 Fe25Cr6Ni,
[31 Fe25Cr8MnN,
[41 Fe25Cr8Mn6NiN;
from Tomasbov, Lakomskii,
Chernova,
Torkhov,
Chigirinskaya
and
Slyshankova (16)
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the corrosion behaviour of the
0.5 per cent palladium steel was
presented:

Q

=

0.1

0.2

0.3

0 4

0.5

PALLADIUM, per cent

Ah

where Q = weight loss in g/cm2, n = per cent
palladium addition and A = reaction coefficient.
For similar palladium accumulation morphology, the equation is an excellent fit, hence
the 0.5 per cent and 0.2 per cent palladium
steels follow the stated relationship at all
temperatures, as does the 0.1 per cent
palladium steel at I w°C. In the low palladium
steel, however, as the palladium precipitates
coarsen with decreasing temperature so the
discrepancy between predicted and actual performance increases, presumably due to the
lower palladium surface area presented to support the hydrogen evolution reaction which is
necessary to move the steel nearer to
passivation.
The effect of varying levels of platinum group
metals additions to stainless steels has also been
investigated by many other workers, notably
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Streicher (I@, and Biefer (19).
Tomashov ( 1 6 ) ~
Tomashov extended original work in order to
investigate palladium additions up to 0.5 per
cent in a range of steels, all of which were
plasma melted to increase their nitrogen content to approximately I per cent (16). The
palladium additions did not affect the
microstructure of any of these steels, but
hindered activation of the samples (by contact
with zinc) for subsequent corrosion testing.
Weight loss data in 20, 30 and 40 per cent
sulphuric acid at 20 and IOOOC are shown in
Figure 6,while Figure 7 and Table I11 show the
relationship between corrosion rate, autopassivation time and palladium content. The
higher palladium content steels reduce both the
corrosion rate and the auto-passivation time.
The potentials of the alloys in Figure 7 were
plotted as corrosion proceeded and showed a
rapid rise of potential which corresponded to
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Table 111

Times to Reach Autopassivation for Experimental Steels Containing Various
Levels of Palladium in Various Sulphuric Acid Solutions (16)
Time to autopassivation, seconds
Conditions
of
test
H,SO.v
per cent

Type of steel
Cr-Mn

Cr-Mn-Ni

Cr-Mn-Mo

Alloy designation

emperature,
OC

7

8

9

10 11

14

15 16 17

1 1;

19 20

21 22 23

Palladium, per cent

1

0.1

0.2 0.3 0.4 0.51

1540 8 3 0 1 6 8 1 7 3 64
218
15
218 177
177 98
98 36
36 15
1:5: 21 ::815 1 661 17:4 6;3

20

20
50
100

30

20
100

2010 9 9 4 2 7 2 2 2 4 6 8
30 18 5.6 5.3 2.4

20

21901120327270 78
- 6.8 5.6 3.0

40

,

100
100

0.2

0.3 0.4 0.51 0.1 0.2

,;

3 0 18.3

0.3 0.4

O.!

130 108 256 380 150 120 75
54 33 21
33 36 105 162
- - 16.5 4 2.3
13: 10:

200
7.3

105140117
3.8 5.0 4.8

- 455
- -

258
11.8

144174160
3.2 7.0 5.5

-

-

337 129 48.!

_ - -

-

- 285 24C
- - -

Table I V

Compositions of Experimental AISI 430 Alloy Variants (20)
Base Composition, weight per cent
Steel
number

C

Cr

Mn

P

S

Si

J-3-2
J-4-2
J-7-2
J-8-2
J-11-2
J-12-2
A
4c
H-1
H-2
H-3
H-4

0.08
0.08
0.07
0.08
0.09
0.09
0.06
0.06
0.05
0.05
0.05
0.05

17.36
17.48
17.13
16.96
17.53
17.49
17.38
16.94
16.54
16.24
16.39
16.39

0.61
0.64
0.75
0.74
0.70
0.72
0.80
0.76
0.59
0.57
0.54
0.50

0.018
0.020
0.006
0.012
0.021
0.011
0.013
0.014
0.017
0.014
0.017
0.014

0.021
0.022
0.021
0.022
0.01 8
0.018
0.018
0.01 9
0.01 7
0.01 6
0.01 6
0.01 7

0.27
0.32
0.49
0.48
0.36
0.32
0.42
0.44
0.26
0.31
0.29
0.32

-

the initial rapid corrosion rate of the palladium
alloys, Figure 8.
Biefer investigated the performance of the
commercial femtic stainless steel AISI 430 with
several element additions (19), one being
palladium, in the range o to 2 per cent. The effect of the additions was noted primarily on the
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Alloying Elements,
per cent
2.10Mo
2.05M0, 1.1 5Pd
1.84V
1.89V, 1.06Pd
2.06W
2.0W. 1.06Pd
0.99Pd
3.09Mo
3.07Mo. 0.19Pd
3.03Mo. 0.48Pd
3.09M0, 0.96Pd

anodic and cathodic polarisation curves of the
alloys in IN H,SO,at room temperature.
Palladium has a noticeable effect on cathodic
polarisation characteristics. The lower level additions tend to flatten the Tafel portion of the
curve, while the higher level additions tend to
steepen and displace it, so the intersection
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of this and the anodic curve-that is, where the
electrochemical equilibrium between the two
reactions lies-is well into the region of passivity. The subsequent corrosion current, kOm,is
therefore reduced to very low levels. The
deleterious effect of low level additions, and the
highly beneficial effects of higher level
palladium additions are clearly shown in Figure
9. By testing in sulphuric acid environments a
map of passive/active behaviour of the alloys
can be drawn, Figure 10.
Clearly, the addition of 0.99 per cent
palladium is effective in inducing passivity at
high and low acid concentrations, the base alloy
showing rapid dissolution under all conditions.

I41

20
T I M E , mins

40

(b)

w

-7zCORROSION RATE, g/m?h

Fig. 8 (a) Variation in sample potential
with time of various alloys in 20%
sulphuric acid at 100°C for: 111 Fe25Cr,
I21 Fe25Cr8MnN, 131 Fe25Cr8Mn6NiN,
141 Fe25Cr6N. Q) Variation in corrosion
rate in 20% sulphuric acid at 100°C for:
[ l l Fe25Cr. [21 Fe25Cr8MnN. 131
Fe25Cr8Mn6NiN, 141 Fe25Cr6N, all with
0.5%Pd; from Tomashov, Lekomakii,
Chernova, Torkhov, Chigirinekaya and
Slyshankova (16)
Fig. 9 Effect of alloying additions on the g
o.o,
corrosion performance of AISI 430 in 1 N
sulphuric acid; from Biefer (19)
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ALLOYING
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..
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Fig. 10 Active and passive
regions for: (a) palladiumcontaining AISI 430 steel,
and Q) unmodified AISI 430
(end AISI 304) in sulphuric
acid of various concentrations
at
the
given
temperatures; from Biefer
(19)
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Table V

Anodic Polarisation Parameters of AISI 430 Alloy Variants from
Potentiostatic Measurements in Nitrogenated Solutions at 24 O C (20)
Steel
number

Alloying elements
per cent

5-3-2
5-4-2
J-7-2
J-8-2
J-11-2
J-12-2
A
4c

2.1OM0
2.05Mo 1.15Pd
1.84V
1.89V 1.06Pd
2.06W
2.0W + 1.06Pd
None
0.99Pd

“See

+

+

In 1N H,SO,
Ecpp.

mV

-412

- 478
-435
- 500
- 420
- 485
- 354
- 480

In 1N H2S0,+0.5N NaCl
icpp. pA/cmZ

icpp. cA/cm2

2,200
1,300
5,200
2,400
5,500
2,800
34,000
6,750

- 350
- 385

-

5,250
6,000

-

-

-

-375
- 400

22,000
25,000

Table IV for steel compositions

Passivity was arbitrarily defined as a positive
corrosion potential, and consequently, as
passivation can occur at negative potentials, the
passive regions are probably much broader. On
initial immersion in the acid the potential was
found to be negative, changing, in some cases,
over 18 hours to a positive potential. This finding is in accordance with the observations of
other workers, and corresponds to the formulation of palladium microcathodes on the surface
as corrosion proceeds.
Biefer claims that the AISI 430 steel to which
0.99 per cent palladium had been added shows
superior performance in concentratedsulphuric
acid at high temperatures than the most highly
alloyed austenitic steels, although he
acknowledges the danger in comparing data
from different test procedures (19).
The steels were also similarly evaluated in IN
H,SO, + o.5N NaCl solution. The base alloy
exhibits breakdown of the passive film by pitting in chloride solutions.
Palladium additions cause large increases in
the exchange current density (4) and some
where cpp = critical passivadecrease in
tion potential, but not enough to cause spontaneous passivation. Biefer goes on to suggest
that by modifying the cathodic processes by the
addition of palladium and the anodic process by
molybdenum addition, for example, substantial
improvement in corrosion resistance may be ex-

(a,
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pected. This theory was investigated in later
work by Agarwala and Biefer (20). Alloy compositions are shown in Table IV with polarisation results in Table V.
As in previous work, active/passive maps in
temperature/sulphuric acid concentration
regimes were plotted for various alloy combinations. The combined addition of palladium and
molybdenum passivates the steel over a wider
range of dilute acid concentrations than the
palladium
addition
alone,
although
molybdenum would appear to be detrimental to
the resistance of the alloy to corrosion in concentrated acid. The addition of molybdenum
does, however, allow the level of palladium to
be reduced and still achieve passivity in dilute
sulphuric acid. Additions of tungsten and
vanadium with palladium have variable effects
and seem to be susceptible to low acid concentrations in the range 40 to 7oOC. Corrosion
resistance in concentrated acid is also inferior to
that of a 0.99 per cent palladium alloy.
Results of tests in I N H,SO,with various
percentages of NaCl are given and in general it
was noted that with the exception of the
0.1gPd-3.07Mo steel, all the palladium bearing
steels spontaneously passivated in I N H,SO,
+ o.5N NaCI, whereas those containing single
element additions did not. It is planned to conclude Dr. McGill’s paper in the next issue of
this journal.
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Rhodium Enhances the Corrosion Resistance
of Titanium Surgical Implants
One of the most important properties required of a material to be implanted in the
human body is long term biocompatibility;
another is resistance to corrosion in the
biological environment. A number of physical
properties such as good ductility and workability, low density and low elastic modulus are also
necessary. Titanium and titanium-6 per cent
aluminium-4 per cent vanadium satisfy these
requirements, and have been used as surgical
implant materials. In mechanically and electrically static conditions, the corrosion rates of
these materials in the biological environment
are low, but still finite. Thus metal ions are
released continuously and may concentrate in
the tissues. The long term effects of this are not
fully understood but there is some concern,
particularly about the effects of aluminium and
vanadium present in the alloy.
For this reason efforts are being made to
develop new materials with superior properties.
Corrosion is essentially a surface phenomenon,
so if a material has suitable mechanical properties, it is unnecessary to change the bulk properties by bulk alloying. An improvement may
be achieveable by increasing the resistance to
corrosion of only the surface layer.

Platinum Metals Rev., 1990, 34, ( 2 )

Initial results of biocorrosion studies of
rhodium and gold implanted into titanium and
a titanium alloy, respectively, when tested in
non-passivating acid and in passivating saline
solutions of the type used to simulate the environment encountered by surgical implant
materials, have been published recently (I.-S.
Lee, R. A. Buchanan and J. M. Williams,
Mazer. Res. Symp. Proc., 1989, 1x0, 687-695).
Commercially pure titanium implanted with
rhodium showed long term improved corrosion
resistance in I N sulphuric acid solution, as a
result of preferential dissolution of titanium
and a related build-up of rhodium. The
rhodium-enriched surface was also stable in
saline solution.

Contaminated Washcoatings
Please note that in the paper entitled “The
Effect of Fuel and Oil Additives on Automobile
Catalyst Performance” which appeared in
Platinum Metals Rev., 1990~34,(I), 16-24, the
two parts of Figure 3 were transposed. As is apparent from the P, 0, profiles, the test oils with
high phosphorus contents appeared on the left
of the page, as a, instead of on the right as b.
Any confusion caused is regretted.
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ABSTRACTS
of current literature on the platinum metals and their alloys
PROPERTIES
The Adsorption of Nitric Oxide and
Nitrogen Dioxide on Polycrystalline
Platinum
D. T. WICKHAM, B. A. BANSE and B. E. KOEL,

surf. &I.,

Brillouin Study of Spin Waves in Sputtered CoNiPt Alloy Films
s. ISHIKAWA and
om, J- &PI. P b . , 1990, 61, (11, 410-413
A. MURAYAMA, M. MIYAMURA,

Y.

The characteristics of sputtered CoNiPt films for
high-density longitudinal recording media have been
studied by Brillouin scattering. The spin-wave spectra are broadened to a width of 13 GHz, which is
much larger than the 3 GHz of a vapour deposited
fdm. TEM shows the sputtered f i l m consists of
separated Co crystallites of diameter 50-100di. Spin
wave damping in the sputtered film is caused by the
film structure. The film is elastically homogeneous.
Segregation of the nonmagnetic Pt-related alloys
takes place between the Co crystallites. The exchange
I O - ~Oe cm* in the sputstiffness constant was 2 . 4 ~
tered film.

1989,223, (I/z), 8 2 - 1 0 0
New temperature programmed desorption studies of
NO and NO, adsorption on polycrystalline Pt are
reported. NO adsorption is irreversible for NO exposures <O.IZLat IZOKyielding only N, and 0,
upon heating. Reversible NO adsorption occurs at
>o. IZL NO exposure. Two NO desorption states occur with peaks at 470 and 300K. No desorption of
NO, resulting from oxidation of NO was observed at
any coverage. NO, adsorption at IZOKis largely irreversible below monolayer saturation coverages.
However, a small NO, desorption peak is observed at
300K at a monolayer coverage of NO,. NO and 0, Characterization of (MethylcyclopentaTPD spectra following NO, exposures are quite difand
Lowferent from those spectra obtained following NO or dieny1)trimethylplatinum
Temperature Organometallic Chemical
0, exposures.

Vapor Deposition of Platinum Metal

Ethylene Adsorption and Decomposition
on (2x l)Pt(llO)
Y. YAGASAKI, A. L. BACKMAN and R. I. MASEL, 7. Phys.

Z. XUE, M. J. STROUSE, D. K. SHUH, C. B. KNOBLER, H.
D. KAESZ, R. F. HICKS and R. s. WILLIAMS, 3. Am.

Chm.9 1990, 94, (31, 1 0 6 6 - 1 0 7 2
The adsorption and decomposition of C,H, on the
(2x1) Pt(11o) surface was examined by TPD and
EELS. The C,H, adsorbs molecularly to yield a mixture of di-o and r-bound C, H, . On heating some of
the adsorbed C,H, desorbs, some reacts to form
ethane and some decomposes to yield a mixture of
ethylidyne, ethan-I-yl-2-ylidyne and H, . Other
changes occur upon further heating. This is a different chemistry to that on the closed packed faces of
Pt,and other Pt faces. Thus the intermediates which
form when C,H, adsorbs on Pt depend strongly on
the surface structure and are not simply a combination of the chemistry Seen on the closed packed faces
of this metal.

(q -Methylcyclopentadienyl)trimethylplatinum,(q

Anomalous Behavior of Magnetization for
PtMnSb/CuMnSb Multilayer Films
and H. NJIMORI, J .
Appl. PhYS., 1990, 67, (11, 393-397
Metallic multilayer fdms of ferromagnetic PtMnSb
and antiferromagnetic CuMnSb were prepared by a
rf sputtering method, making different thicknesses
by using different numbers of PIand Cu sheets. Xray diffraction showed the films to have a [ I I 11 texture of the C~~-typeHeusler structure. The
magnetisation measured in the PtMnSb/CuMnSb
multilayers was larger than that in PtMnSb. The
temperature magnetisationdependence shows a bend
at 50 K, near the N&l temperature of CuMnSb.
K. TAKANASHI, M. WATANABE

Platinum Metals Rev.,1990, 34, (2), 98-110

Chem. SOC.,1989,1x1, (24), 8779-8784

-

MeCp)PtMe, (MeCp=CH,C,H,) has been synthesised and its physical properties and structure
determined. For deposition of metallic Pt, a stream of
Ar gas at ambient pressure was fmt saturated with
the vapour of (qs-MeCp)PtMe, at 23OC. This was
then conducted into a chamber containing H, such
that the ratio Ar:H, =4:1.A film of highly reflective
Pt metal was deposited on a heated ( I Z O O C ) substrate
placed near the outlet of the saturated Ar gas stream.
The films had high purity, containing < I at.% C.

Dynamical Behaviour of Pt-F&( 100)
Alloy Surface during Dissociative Adeorp-

tion of NO and Reaction of NO with H2
H. HIRANO, T. YAMADA, K.-I. TANAKA, J. SIERA and B.
E. NIEUWENHUYS, surf. &I., 1989, 222, (I),

L804-L808
Exposure of a clean P t o , ~ R h I u 1 0alloy
, 7 s (surface
~ ~ ) to
NO or NO+H, at >++OKproduced a sequential
change of the LEED pattern. Observations of the
LEED patterns along with results of AES studies
suggest that atomic N has equal affinity to Pt and Rh
atoms so that the atomic N does not distinguish the
Pt and Rh sites on the alloy surface. On the other
hand atomic 0 makes a stronger bond with Rh atoms
so that Rh atom segregation onto the surfaceis induced. By reacting randomly distributed Rh atom on
the Pt-Rh(10o) surface with oxygen, a surface compound is built.
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Pt Si Formation: Diffusion Marker and
Radioactive Silicon Tracer Studies
M. A. E. WANDT, C. M. COMRIE, J. E. MCLEOD and R.
PRETORIUS, J. Appl. Phys., 1 9 , 67, (I), 230-236

The moving species during the formation of fmtphase Pt, Si by thermal annealing has been identified
using inert markers Ti, Co, Ge, As and radioactive
Si as a tracer. Experiments with thin-film structures
using a reference marker at the substrate Si/amorphous Si interface and a mobile marker near the
amorphous SiPt interface show a shift of the Pt
marker towards the surface of the sample. The
radioactive tracer, initially embedded in nonradioactive Si and metal, is moved from this position
and concentrates at the sample surface.

Adsorption Kinetics of CO on Pd(100)-S
Surface
ZHAI, T. YAMADA and K. TAMARU, J.
Catal. (Dalian, China), 1 9 8 9 , 10, (4), 352-356
Studies of the adsorption kinetics of CO on the surface of Pd(1oo) modified by S showed the formation
of CO precursor state molecules on the clean Pd(Io0)
surfaces formed during CO adsorption. Addition of S
adatoms on Pd(Io0) surface reduces the lifetime of
precursor molecules. No precursor molecules are
formed when S coverage on Pd(Io0) surface is >o. 16.
The effect of S adatoms on Pd( I 00) surface is stronger
than that on Ni surface.
R.4.

Magneto-Optical Properties of ColPd
Superlattice Thin Films
S.-C. SHIN

and A. C. PALUMBO, J. Appl. Phys., 1990,

67, (I), 317-320

CoPd superlattice thin films were prepared by electron beam evaporation of Co and Pd on quartz
substrates under vacuum, and the polar Kerr and
ellipticity hysteresis loops at wavelengths 780nm were
measured to assess their magneto-optical properties.
The remnant Kerr rotation was strongly dependent
on the Co and Pd sublayer thicknesses and on the
total film thickness. The maximum polar Kerr rotation of 0 . 4 3 ~was observed at the film thickness of
I IOA, where each bilayer was composed of 28L thick
Co and 98L thick Pd sublayers.

Perpendicular Magnetic Anisotropy in
Sputtered CoPd Alloy Films
S. HASHIMOTO, Y. OCHIAI and K. ASO,
Phys., 1989, 28, (91, 1 5 9 6 - 1 5 9 9

3pn. J . Appl.

Magnetic properties of CoPd alloy films prepared by
rf magnetron sputtering have been studied as a function of the Pd content. CoPd films showed extraordinarily large magnetostriction constants of the order
of I O in~ a Pd-rich composition. The strong perpendicular magnetic anisotropy is related to the
magnetostrictiveeffect. The CoPd films with perpendicular anisotropy can be used as perpendicular
magnetic recording media. Furthermore, thin CoPd
films of <IWA have high Kerr rotation and perfect
squareness of Kerr loop suitable for magneto-optics.
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Microscopic Properties of Co/Pd
Multilayers Studied by Ferromagnetic
and Nuclear Magnetic Resonance
H. A. M. DE GRONCKEL, C. H. W. S W S T E , K. KOPINGA
and W. J. M. DE JONGE, Appl. Phys. A, 1989, 49, ( 5 ) ,

467-472
The microscopic properties of CoPd multilayers
have been studied by ferromagnetic and nuclear
magnetic resonance. The anisotropy of the layer was
found to decrease for decreasing Co sublayer
thickness and a switchingof the magnetic preferential
direction occurred below 88L. The anisotropy was
also found to be a function of Pd layer thickness:
below 208L it increased with decreasing thickness attributed to a decrease in the Pd/Co interface contribution to the anisotropy. Hyperfine field spectra
showed that layers with [ I I I I texture are mainly
polycrystalline f.c.c. and that the Co “lattice” is
stretched due to neighbouring Pd atoms when Co
sublayer thickness is decreased. Comparison with
studies of almost single phased I1001 f.c.c. CoPd
multilayers suggests that the expansion of the Co
“lattice” is nearly isotropic.

AES Characterization of the Oxides
Formed on the Fe-40Cr-Pd and PdImplanted Fe-40Cr Alloys at 5OOOC
and J. B. MALHERBE, Appl. surf. sci.,
1989, 40, (1/2), 1-7
Auger electron spectroscopic(AES) studies of the oxide films formed on Fe-4oCr-Pd alloys that have been
oxidised in air at 500OC, showed that they consist of
a very thin Fe oxide at the oxidelgas interface, intermediate Cr-rich oxide and innermost PdO layer
next to the substrate alloys. Addition of 0.92 wt.% of
Pd to the Fe-4oG alloy was found to be very effective
at promoting the formation of a thinner oxide film.
~
imHigh doses of Pd implantation ( 1 0 ’ ions/cm’)
proved the oxidation resistance of the Fe-4oG alloy
by the formation of a thinner oxide scale.

S. C. TJONG

Reduction and Cluster Growth of
Palladium in Zeolite Y Containing Transition Metal Ions. X-ray Absorption Studies
Phys. Chem., 1 ~ , 9 4(2),
,
845-853
The effect of a second transition metal on the
reducibility and agglomeration behaviour of Pd in
zeolite Y was studied by EXAFS spectroscopy.
Zeolite Y was co-exchanged with Fez+ or Co’+ and
Pdz+ and with each ion alone. Dehydration in 0,
and reduction with H, was performed at different
temperatures up to 623K.Pd is partially reduced to
Pdo at mom temperature and forms small metal
clusters at higher temperatures. Only a small increase
in the reducibility of Pd is observed if Fe is present
in zeolite while co-exchange with Co results in a much
higher dispersion of the Pd(o) phase after high
temperature reduction. Diffusion of Pd ions into
zeolite containing aqueous Fe(I1) ions resulted in formation of a Pd(o) phase of larger crystallites at room
temperature by a redox reaction with Fe(I1).
K. MOLLER and T. BEIN,J.
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Kinetics of Adsorption, Thermal Desorption and Dissociation of NO on Rhodium,
Studied by Pulsed Field Desorption
and J. H. BLOCK, COlbq. P h p ,
colloq. c 8 , 1989, 50, (11), 147-151
The interaction of NO with stepped surfaces of a Rh
field emitter has been studied by pulsed field desorption (PFD) mass spectrometry. At 300<T<550 K and
pressure <1.3 x 10-' Pa, PFD mass spectra of the adsorbed layer were always dominated by NO+,
Rh,N"+ and Rho"+ ions (n,x=1,2). It is concluded
that part of the adsorbed NO undergoes dissociation
with subsequent deposition of 0 and N atoms on the
surface. At low coverages ( K O .I monolayer) NO adsorption was found to be predominantly molecular.
Using a probe-hole technique the equilibrium between NO adsorption and thermal desorption was
monitored. The temperature dependence of mean
lifetimes before thermal desorption was measured
and activation energy evaluated.

N. KRUSE, C. ABEND

Morphology and Charge Capacity of
Sputtered Iridium Oxide Films

3. VUC.
Sci. Technol. A . , 1989, 7, ( 5 ) , 3043-3047
Iridium oxide films deposited on stimulation wires by
rf-sputtering show markedly different surface morphologies and charge capacities in response to variations in deposition conditions. The morphology of
sputtered Ir oxide films (SIROFs) on composite wire
specimens consisted of well-defined closely packed
ellipsoidal platelets with various degrees of alignment, which is not observed in SIROF-coated
substrates having planar surfaces. The film appearance and electrochemicalproperties were found
to be strongly dependent on the H , O O , ratio in the
sputter gas. Increasing H,O:O, from o to 0.22
resulted in a marked rotation of the direction of net
alignment of the SIROF platelets and reduced anodic
and cathodic charge capacities. The anodic charge
capacities were remarkably linear with respect to the
logarithm of the cyclic voltammetry sweep rate.

J. D. KLEIN, S. L. CLAUSON and S. F. COGAN,

Solubility of Ruthenium Dioxide in Lead
Borosilicate Glasses
P. PALANISAMY, D. H. R. S A R M A and R. W. VEST, 3.
Am. Ceram. SOC.,1989, 7 2 , (9), 1755-1756
The solubility of RuO, in a Pb borosilicate glass and
the effect of 2%, 4%, 6% and 10% AI,O, dissolved
in the glass have been studied at 7w-10w0C. The
solubility showed an exponential dependence on
temperature. The dissolved alumina decreased the
solubility at any given temperature, however, the
solubility was essentially the same in all of the AI,O, containing glasses. The Kelvin equation was used to
deduce the concentration of RuO, in glass as a function of the curvature of the RuO, particles, and the
dependence was found to be quite small. The implications of the results in processing thick film
resistors using RuO, as the conductive phase and
these glasses as insulating phases on an alumina
substrate are discussed.
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CHEMICAL COMPOUNDS
Transformation of 0 S(C CCMe 3 ) to
an Exoalkylidene Thiete 1,l-Dioxide
Ligand by Pt-H Addition and Rearrangement Reactions
c. M. LUKEHART, A. T. MCPHAIL, D. R. MCPHAIL and M.
D. OWEN, 3. Chem. SOC.,Chem. Commun., 1990, (3),
215-217
Addition of a Pt-H bond to the CGC bond of an
alkynyl substituent of a dialkynylsulphone occurred
regioselectively to yield an exoalkytidene thiete
I , I-dioxide ligand following a subsequent insertion
and rearrangement of the second alkynyl substituent.
A proposed mechanism for the unusual formation of
the heterocyclic ligand is presented.

Conversion of Aquapentammine Complexes of Ir(III), Rh(II1) and Pt(1V) in
Aqueous Acid Solutions at Higher
Temperatures
N. YA. ROGIN, A. v. VERSHKOV and G. D. MAL'CHIKOV,
Izv. Vyssh. Uchebn. Zaved., Khim. Khim. Tekhnol.,
1989, (8), 18-21
Studies of primary systems in acid solutions of
[Pt(NH3),OHl(CIO4)3, IRh(NH3)5Hz OI(CI0,) 3
and [Ir(NH3),H,01(C10,),, were performed at
130-2w°C. In O.IM solution of HClO,, two parallel
aqueous processes were observed yielding internal
ammine, and metallic Pt, Rh and Ir. In HCI solutions, however, the replacement of internal ammine
occurred forming ammonia-chloride forms.

Preparation of Organopalladium Sols by
Thermal Decomposition of Palladium
Acetate

3.COllOid Interface
Sci.9 1989, 133, (2), 530-533
It has been shown that the thermal decomposition of
Pd acetate dissolved in various solventswith a boiling
point > I IOOCgives organo-Pd sol. In particular, using methylisobutylketone,uniform spherical particles
with a diameter of 260nm are obtained for Pd acetate
concentrations of 2-4x I O - ~ mol/dml.
T. TANO, K. S U M 1 and K. MEGURO,

Mixed-Metal Carbido-Carbonyl Clusters.
Part 4. Synthesis and Structural
Characterization
of
[Rh,C(CO)13IAu2 (PPh3)2 11
A. NMAGALLI, S. MARTINENGO, V. G. ALBANO, D.
BRAGA and F. GREPIONI,
Chem. soc., Dalton Trans.,

3.

1989, (121, 2343-2346
The new mixed-metal carbido-carbnyl cluster
species [Rh6C(CO),,{Au,(PPh3),}I
was prepared by
reaction of {Rh,C(CO),,l~-with [Au(PPh,)CII.The
crystal structure studies showed them to be orthorhombic with space group Fdd2, a = 22.335(4),
b=31.710(6), C=14.947(7).dir Z=8, R=0.045, and
R'=o.o47. The compound reacts easily with CO at I
atm and room temperature, yielding the bicapped
trigonal prism ~Rh6C(CO),,{Au(Pph3)},l.
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Extended Linear Metal-Metal Interac- Electrode Performance of a Thin-Film
tions in an Anionic Rhodiumfl) Complex. YSZ Cell Set on a Porous Ceramic
X-Ray Structure of NMe, [Rh(ox)(CO),l Substrate by rf Sputtering Technique
(ox = oxalato)
N. NAKAGAWA, H. YOSHIOKA, C. KURODA and M.
J. REAL, 1. C. BAY6N, F. J. LAHOZ and J . A. L6PEZ,

3.

Chem. SOC.,Chem. Commun., 1989, (3,1889-1890
In the search for new anisotropic materials, the complex NMe,[Rh(ox)(CO),l (ox=oxalato) has been
prepared by bubbling CO through NMe,[Rh(ox)
(cod)] (cod = 1,5-cyclooctadiene). The latter complex was prepared from Rh,CIZ(cod),, oxalic acid,
and NMe,OH. The solid state structure of
NMe,[Rh(ox) (CO),] consists of infdte chains of
metal atoms [Rh. . Rh . . . Rh I 5.01(3)0] with
equal Rh-Rh distances of 3.243(1)i, the shortest
distance found in a stacked Rh complex.

.

ELECTROCHEMISTRY
Oxygen Exchange on Platinum Electrodes in Zirconia Cells: Location of Electrochemical Reaction Sites
N. L. ROBERTSON and J. N. MICHAELS, J. Electrochem.
SOC.9 1990, 137, (11, 129-135
Oxygen exchange kinetics on porous Pt electrodes in
a yttria-stabilised ZrO, electrochemical cell have
been measured at 6w-8oo0C in 10-~-0.21 atm 0,
by steady-state polarisation and potential-step
chronoamperometric experiments. Results are compared with models from the literature which incorporate the two different locations of the
electrochemicalsreaction. The results indicate that 0
exchange becomes limited by surface diffusion of 0
and that charge transfer occurs at the three-phase
boundary where the electrode, electrolyte and gasphase intersect, and not in the two-phase interface
between the electrode and electrolyte.

Activation Parameters for Oxygen
Reduction Kinetics in Tduoromethane
Sulfonic Acid Systems
M. A. ENAYETULLAH, T. D. DEVILBISS and J. O'M.
BOCKRIS, J. Elecmchem. Soc., 1989, 136, ( I I ) ,

3369-3376
The kinetics of 0 , electroreduction on Pt in concentrated trifluoromethane sulphonic acid (TFMSA)
have been studied at elevated temperatures up to
p . O C , using microelectrodetechniques, in order to
obtam data at conditions more appropriate to fuel cell
operation. Results are compared with those for concentrated H,PO,. The activation energies for the
reaction in -9.5M, 6.oM and 3.oM TFMSA were
17,20 and 29 kJ/mol, respectively,as compared to 66
kJ/mol in 98 wt.% (w/o) H,FQ,. The exchange current densities in concentrated TFMSA were three
orders of magnitude higher than in 98 w/o H PO,,
and diffusion-limiting current densities were two
orders of magnitude higher. The solubilities and diffusion coefficientsof O2in TFMSA were evaluated,
and their role in the current-potential for 0, reduction in these electrolytes is discussed.

-
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ISHIDA, solid state Ionics, 1989, 35, (3,4), 249-255
The performance of an electrode consisting of
sputter-deposited Pt fmed between a yttria-stabilised
zirconia (YSZ)fdm and a porous Al,0 substrate was
found to be superior to electrodes consisting of
sputter-deposited Pt, or paste-baked Pt, on a YSZ
fdm or pellet. The impedance measured in air for the
superior electrode morphology was more than 3
orders of magnitude smaller than that of the others.

Titanium-Palladium Cathodes for Acid
Media
V. N . FATEEV, K . 0. RAGIMOV, V. P. PAKHOMOV, M.YA.
BAKIROV, B. G. VLADIMIROV and N . P. APARINA, Electrokhimiya, 1989, 25, ( I I ) , 1455-1460

Studies of the effect of alloying of Ti electrodes with
Pd- ions on the corrosion properties of the electrodes were performed in I N H,SO, at 18OC. The
Pd alloyed Ti electrodes were highly active and stable
in H, SO,, when the cathodic current density was 0. I
A/cm2. The Pd alloyed Ti electrodes could be used
therefore in electrolytic systems of low current density, such as photoelectrochemicalapparatus based on
electrolyser with solid polymer electrolytes.

Electrochemical
and
Surface
Characterization of the Passive Film on
Fe-Cr-Pd Alloys
s. c. TJONG, surf. Coat. Technol., 1989, 38, (3),
325-338
Electrochemicalmeasurements have indicated that an
Fe-40G-0.2Pd alloy undergoes spontaneous passivation in o.5M HCI solution at 25-85OC. However, an
Fe-4oG-0. IPd alloy showed spontaneous passivation
in this solution only at z5-60°C. An Fe-4oG alloy
implanted with Pd ions needed an implantation dose
>Z.IXIO'~ Pd iondcrn, for the maintenance of spontaneous passivation. A E S studies showed that the
spontaneously passivated fdm formed on the
Fe-40G-o.zPd alloy in o.gM HCI at 25OC was enriched in Pd relative to 0.However, the passivated film
formed anodically at 220 mV was strongly enriched in
G. XPS measurements indicated that the Pd is present as Pdz+,whereas Cr is present as Cr3+.

An Approach to the Cold Fusion through
Hydrogen Isotopes Analysis by the Heavy
Ion Rutherford Scattering
M. YANOKURA, M. MINAMI, S. YAMAGATA, S.
NAKABAYASHI, M. ARATANI, A. KIRA and I. TANIHATA,
Chem. Lett. Jp.,
1989, (12), 2197-2200

Pd electrodeseither etched with concentrated H zSO,
or loaded with D gas were ion beam analysed before
and after electrolysis in different electrolytes to find
any production of T and He-3, and to measure the H
and D contents. The etched samples had only H
peaks, while the loaded samples had only D peaks.
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Electrocatalytic Properties of Ion- PHOTOCONVERSION
Implanted Oxide Films
L. ELFENTHAL, T. PATZELT, J. w. SCHULTZE and 0. Thermoelectrochemical Cell: A Newer
Approach to Solar Energy Conversion
MEYER, Muter. Sci. Eng., 1989, A116,71-71
s. c. AMETA, P. K . JAIN and D. SHARMA, Z . Phys.
Studies have shown that the implantation of TiO,
fdms with Pd+ and Ru+ enhances the electrocatalytic activity due to the formation of surface
states. Additionally, the electronic conductivity increases by the formation of defect states due to the
radiation damage and metal states within the band
gap. Xe+ implantation creates only defect states. At
low potentials 0, reduction activity was enhanced,
especially for the Ru+-implanted electrode. On the
other hand, the anodic i/v curves of Cl , evolution at
Ru+-implanted TiO, showed a small and decreasing
activity caused by corrosion of the implanted metal.
It is expected that a larger concentration of noble
metals could yield a reasonable catalysis.

Electrocatalysis and Determination of
Hydrazine Compounde at Glassy Carbon
Electrodes Coated with Mixed-Valent
Ruthenium(IIIJ1) Cyanide Films
J. WANG and z. LU, Electroamlysk., 1989, I , (6),
517-521
Chemically modified electrodes, which were prepared
by anodising glassy C electrodes in a RuCI,/K,Ru(CN), solution are shown to enable the
kinetically hindered oxidation of hydrazine compounds to proceed at significantly lower potentials
than at the bare C surface. The mixed-valent Ru
cyanide film offers improved stability and a broader
operational pH range compared to previously
described phthalocyanine-catalytic surfaces. The
modified surfaces maintain long-term catalytic activity and are highly suitable for electrochemical detection of industrially and environmentally important
hydrazine compounds in acidic and neutral solutions.
Highly stable and sensitive flow injection
measurements (with a relative standard deviation of
1.4% (n=3o) and a detection limit of 0.13 ng) are
reported. Furthermore, a composite film with
polyaniline offers additional advantages.

The Passivation of Fe-Cr-Ru Alloys in
Acidic Solutions
and R. P. M. PROCTER,
Corns. Sci., 1989, 29, (11/12), 1293-1318
Electrochemical and surface analytical techniques
have been used to study the spontaneous passivation
of Fe-4oCr-Ru alloys in 0.5 M H,SO, and HCI.
Passivation is achieved more readily in alloys with 0.2
w/o Ru than with 0.1w/o Ru, and is more rapid in
0.5 M H,SO, than 0.5 M HCI. Ru causes a positive
shift in corrosion potential by the simultaneous
catalysis of H, evolution and the inhibition of the
anodic dissolution of Fe-4oCr. The enrichment and
redistributionof Ru by a surface diffusion process occurs during this period of selective dissolution. The
rate of this surface diffusion is an important factor in
determining the geometry of the Ru distribution, and
its efficiency in promoting spontaneous passivation.
A. HIGGINSON, R. C. NEWhiAN
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Chem. (Leipzig), 1989, 270, (6), 1242-1244
Different phase changing compounds have been used
with methanol as solvent in a thermoelectmchemical
cell containing a Pt electrode in one limb and a
saturated calomel electrode in the other. When the
limb containing the Pt electrode was illuminated with
IR radiation, the thermopotential and thermocurrent
generated were 267 mV and 38 PA, respectively,
when Co chloride was used as phase changing compound. Current-voltagecharacteristicsof 3 such cells,
their power point, fill factors and conversion efficiencies were determined.

Mechanism and Quantum Yield of
Hydrogen Photoevolution from a Suspension of PtPI'iO, in Sacrifcial ElectronDonor Solutions
s. SATO, Shokubai, 1989, 31, (6), 469-472
The quantum yield of H, photwvolution from a
suspension of Pt/TiO, was >IW% in dialcoholic
solutions, indicating that a current doubling effect is
operative in semiconductor photocatalysis. Although
anatase has 0.rev more negative conduction band
than rutile, they gave similar yield in alcoholic and
EDTA solutions. Anatase showed higher photoactivity in the other electron-donor solutions. This result is
discussed in relation to the results of IR spectroscopy
and photoluminescenceexperiments. It is concluded
that a direct, irreversible reaction of holes with adsorbed alcohol makes R/TiO, particle potential so
negative that electrons are inevitably used for
hydrogen evolution.

A Comparative Study of Semiconductor
Photocatalysts for Hydrogen Production
by Visible Light Using DifTerent
Sacrificial Substrates in Aqueous Media
s. CERVERA-MARCH, R. SIMARRO and J.
GIMENEZ, Inr. J. Hydrogen Energy, 1990, 15, (2),
J . SABAT!~,

115-124
Three types of semiconductor photocatalytic systems
have been tested for H, productivity: Pt/TiO, plus
sensitisers like Ru(bipy), and RuL, ,+,
where L is
2,2'-bipyridine-4,4'-dicarboxylate; naked C d S ,
Pt/CdS and RuO,/CdS; and mixtures of
C d S +Pt/TiO, and CdS and ZnS coprecipitatedon 7 Al,O,. Systems with sensitisers had poor stability
and only gave H, with EDTA present.
C d S +Pt/TiO, gave highest reaction rates for H, production in isopropanol medium, and C d S , naked or
with Pt deposits gave the best results when sulphide
or sulphide/sulphite were sacrificial agents. Adding
sulphite to sulphide aqueous solution increased H,
production rate 4 times. Maximum photochemical
and energy efficiencies of 13.2 and 5.0%, respectively, occur for 300-520 nm wavelengths.

,+
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Analytical TEM Study of the Selective
Photocatalytic Deposition of Platinum on
Titania-Silica Mixtures and SilicaSupported Titania
J.-M. H E R R M A "

and 1.-L. MANSOT, J. Catal., 1990,

121, (2), 340-348
The selectivity of the photodeposition of Pt in the
case of two biphasic supports (TiO, and SiO,
mechanical mixture and SO,-supported TiO,) containing only one photosensitive constituent (TiO,),
has been studied. For both kinds of support, the
photodeposition of Pt corresponding to I wt.% Pt
was complete, and exclusively on the TiO, constituent of the biphasic supports. This method of metal
deposition could be used to decorate a multicomponent support with a noble metal, the metal being exclusively deposited on the photo sensitive parts or
constituents. The method has possible application in
the preparation of a metal catalyst on a highly divided
supported support.

The Life and Times of [Ru(bpy)3]2+:
Localized Orbitals and Other Strange Occurrences
M. K. DE ARMOND and M. L. MYRICK, Acc.

Chem. Res.,
1989, 22, (101,364-370
A discussion of research on the photophysics of
IRu(bpy)31z+is presented, and concludes that for
Ru(I1) diimine complexes (mono, bis and tris) the
emission is a phosphorescence localised on a single
RuL unit, with potential barriers existing between
the adjacent spatially isolated optical orbitals. Multiple state emission occurs for all IRuL,]"' and many
IRuL, L'l"+ complexes, since the individual RuL
units have near degenerate emitting energy levels.
Other conclusionson the MLCT states, fast, intrinsic
localisation in the triplet manifold, and the behaviour
of the emitting triplet spin levels are drawn.

Temperature-Dependent
Lifetimes,
MCPL and Shifts of the Luminescence in
x
the Materials [Ru(bpy).(bpy-d8)-,I +,
Rate-Determining Step in Photocatalytic = 0-3, in Dilute Systems
Production of Hydrogen
E. KRAUSZ, G. MORAN and H. RIESEN, Chem. Phys.

and D. ROOT, Int.
99-103
Measurementsof photocurrent and dark current were
made using n-type and p-type Si electrodes with thin
Pd overlayers to fmd the rate-determining step in
photocatalytic H, production. For Si/SiO,/Pd electrodes the onset potential for photocurrent before and
after exposure to H, showed that at low light intensity the results support the metal/semiconductorinterface model. However at high light intensity
(34 mW/cmz) the p-type electrodes agree with the
metal/solution interface model. The dependence of
the photocurrent change on light intensity suggests
that the magnitude of the surface recombination rate
constant is important in locating the rate-determining
step in the photoelectrochemicalsystem.
Z . X. HE, W. PONG, N. PRIYANTHA

J. Hydrogen Energv, 1990, 15,

(2),

Photoinduced Charge Separation across
the Solid-Liquid Interface of Porous SolGel Glasses: Catalyzed Hydrogen Generation from Water
and hi. OTTOLENGHI, J .
Phys. Chem., 1989, 93, (221, 7544-7547
Photoinduced
electron
transfer
between
IIr(bpy),(C3,N')bpy13+ (I$") trapped in a porous
SiO, glass generated by the sol-gel process, and
1,4-dimethoxybenzene (DMB) dissolved in a water
phase in the pores of the glass, has been observed.
For this heterogeneous (two-component) donoracceptor system a retardation of 4 orders of
magnitude of the back-electron-transferprocess, with
respect to homogeneous solutions, was observed at
neutral pH. At acidic pH, retardation of the backreaction along with a surface catalytic effect led to H,
evolution from water. The effective retardation is attributed to the combined effects of trapping of one
reactant (12') and adsorption of the second (DMB+),
leading to long-lived separation of the two species.

A. SLAM-SCHWOK, D. AVNIR
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Lett., 1990, 165%(5). 401-406
The emission lifetime variations in the series
IRu(bpy),(bpy-d,), -,I ,+(where bpy = bipyridyl
and bpy-d, = deuterated bipyridyl; x = 0-3) have
been studied as a function of temperature and in a
range of host environments. Luminescence decay
kinetics, measured after quasi-steady-stateexcitation,
were found to be first order under all conditions. The
decay rates of the x = I and x = 2 partially deuterated
complexes were approximately evenly spaced between the x = o and x = 3 values. Luminescence profdes were almost identical for the series, but with the
low temperature x=o luminescence shifted -40
cm-' to a higher energy relative to the x= 1,2,3 spectra. Analysis of the temperature dependence of the
lifetimes in poly(viny1 alcohol) indicates an
8.2k0.2 cm-' lowest energy gap for all 4 complexes.

ELECTRODEPOSITION AND
SURFACE COATINGS
Chemical Vapor Deposition of CoGa and
PtGa, Thin Films from MixedMetalorganometallic Compounds
Y.-J. CHEN, H. D. KAESZ, Y. K . KIM, It.-]. MWLER, R.
s. WILLIAMS and z. XUE, Appl. Phys. Lett., 1989, 55,

(26), 2760-2762
A new process for deposition of PtGa,and CoGa thin
metal fims from organometallicprecursors of limited
volatility is reported. Short path vapour transport of
the complexes Pt{(N,C,(CH,),O,) (GaMe,)}, or
(CO),CoGaCl,(THF), each under a stream of H,,
leads to the fdms of the intermetallic compounds
PtGa, and CoGa, respectively, on the substrates of
Si(Io0) wafer or a glass slide at 500OC. The fdms are
crystalline and highly reflective. The PtGa, fdm
shows a minor constituent of Pt ,Ga 3.
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APPARATUS AND TECHNIQUE
Copper Determination in Urine by Flow
Injection Analysis with Electrochemical
Detection at Platinum Disk Microelectrodes of Various Radii
D. L. LWCOMBE, A. M. BOND, D. E. DAVEY and J. W.
BIXLER, Anal. Chem., 1990, 62, (I), 27-31

The incorporation of Pt disk microelectrodes of
various radii (2.5-50 Fm) in a wall-jet flow cell was
shown to considerably improve the detection limits
for the determination of Cu in urine by flow injection
analysis, compared with standard methods based on
a conventional sized glassy C disk macroelectrode
(radius I. 5 mm), in a thin layer cell. The radius of the
Pt microelectrodewas critical with respect to both the
detection limits and flow rate dependence. An optimal radius of 28 pm was found; detection limits increased with both larger and smaller radii. In
contrast, as theoretically expected, flow rate
dependence diminished with decreasing radius of the
Pt microelectrode.

In-Line Monitor for Electrical Conductivity of High-Temperature, Aqueous Environments
Y. ASAKURA, M. NAGASE, M. SAKAGAMI and S. UCHIDA,

3. Electrochem. SOC.,1989, 136, (II), 3309-3313

An in-line monitor to determine electricalconductivity of aqueous solutions at elevated temperatures up to
3moC has been developed. The main feature of the
monitor is that by analysing the frequency
dependence between three Pt electrodes, the water
resistivity can be estimated separately from the impedance due to the surface reactions. The effects of
aqueous impurities, H , SO,,NaOH, and Na, SO,on
the electrical conductivity have been determined up
to 3m°C using this monitor. The measurement of the
electrical conductivity of high temperature water is
useful for both the precise determination of water
qualities and determination of the effects of impurities on corrosion behaviour.

The Sensing Mechanism in a Semiconducting Humidity Sensor with Pt Electrodes
Y. SHIMIZU, M. SHIMABUKURO and H. ARAI,

3. Elec-

trochem. SOC., 1989, 136, (IZ), 3868-3871
The sensitivity of Sr,,, La,,, SnO, semiconducting
humidity sensors was found to increase with a rise in
firing temperature when Pt electrodeswere used; this
sensitivity enhancement was not observed for sensors
with RuO, electrodes. The results of this study indicate that the sensitivity of the semiconducting
humidity sensor m a y be modified by selecting the
deposition conditions of Pt particles. A sensitisation
model based on the variations in the amount of oxygen adsorbed on the Pt particles, which were
deposited on the surfaceof grain boundaries in the interior part of the Sr0,,La,,,SnO, by thermal diffusion, with the electrode f h g temperature is given.
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Determination of Mercury by Atomic Absorption Spectrometry Using a PlatinumLined Graphite Furnace for In Situ
Preconcentration
D.

c. BAXTER and w. FRECH, Anal. Chim. Acta, 1989,

(I), 175-183
Mercury in water samples was reduced by SnCI, and
the generated vapour swept in a flow of Ar through
a Pt-lined graphite tube to permit in situ preconcentration. The Hg was then atomised under essentially
gas-stop conditions to maximise sensitivity. The use
of Pt permits amalgamation directly in the absorption
cell. Relatively high temperatures can be applied to
clean the Pt surface thoroughly. The system was optimised and for 50 ml artificial sea water samples
detection limits of <z ngA Hg were obtained, based
on twice the standard deviation of the blank. The Hg
generator can be easily constructed and connected to
available graphite atomic absorption spectrometers.
225,

Gas-Sensing Characteristics of SnO,
Thin Film with Added Pt Fabricated by
the Dipping Method
--I

Sens. Actuators, 1989,16,
(3h 301-305
Pt-SnO, - x thin fdms were prepared by reactive electron beam evaporation of sintered pellets of SnO,
powder and dipping the films into an aqueous solution of HzPtC1,.6H,0. Pt panicles dispersed onto
SnO, --x fdms are oxidised passivatingly after decomposition from H,PtC1,.6Hz0 so that the bulk of
them remain unoxidised. The samples were studied
by Auger electron spectroscopy and X-ray diffractometry and the results thus obtained showed that the
Pt-SnO, - x thin films have relatively high sensitivity
to CO gas and sufficient stability at 15oOC. This
technology for Pt-SnO, - x fabrication could be applied therefore to the development of a CO-detecting
microsensor system.
D.-D. LEE and W.-Y. CHUNG,

Ultrathin (1 nm) Vertically Shadowed
Platinum-Carbon Replicas for Imaging
Individual Molecules in Freeze-Etched
Biological DNA and Material Science
Metal and Plastic Specimens

3. Electron Microsc. Tech., 1989, 13, (4),
335-354
A high-resolution vertical Pt-Creplica technique for
transmission electron microscopy, which can image
in the context of solutions, gels, or solids, single
molecular chains 3-7 hi wide, their associations, and
their conformation, is reported. Previously, the
granularity of the metal film replicas limited their
resolution to 2 20 hi. This paper demonstrates that
Pt-Cfdm granularity and resolution are a function of
method of replication and other controllable factors.
Comparing low-angle 20° rotary, 45O unidirectional,
and vertical 9.7k1 hi Pt-C fdms deposited on mica,
the vertical replication had a 5 hi granularity, the
highest resolution, and evenly coated the whole surface. Various examples using the technique are given.
G. C. RUBEN,
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A DNA Probe of Ruthenium Bipyridine
Complex Using Photocatalytic Activity
H. KOJIMA, N . SATO, Y. KAWAMOTO and J. IYODA,
Chem. Lett. 3pn., 1989, (IO), 1889-1892

A method for labelling DNA and for detection of the
complementary sequence using the photocatalytic activity of tris-(2,z'-bipyridine)Ru(II) is presented. The
cis-Ru(bipy) c1 can co-ordinate to a single-stranded
DNA under reflux with DNA in water-EtOH solution, and Ru is recoverable as Ru(bipy)l+ when the
Ru-DNA was refluxed with an excess of 2,2'-bpy.
Plasmid DNA of - 0 . 6 pg can be detected.

, ,

HETEROGENEOUS CATALYSIS
The Low-Pressure Reaction of Carbon
Monoxide with Nitrogen Monoxide in the
Presence of Oxygen on Polycrystalline
Platinum, Palladium and Rhodium. I.
Binary Mixtures of Reactants. 11. Intrinsic Selectivities
Appl. surf.
Sci., 1989, 40, (W, 53-58; 59-63
The experimental results of the study of binary
systems (CO/O, or CONO) on polycrystalline ribbons of Pt, Pd, and Rh have been used to partially interpret the intrinsic selectivities measured in the
study of catalytic reduction of NO by CO in the
presence of 0,, over the same catalysts. Intrinsic
selectivities were measured in an open gradientless
system at a stationary state in large domains of
temperature (250<u<60o0C) and reactant partial
pressures (IO-'< pi<5 x IO-' mbar).
L. M. CARBALLO, T. HAHN and H.-G. LINTZ,

Activity and Surface Composition of
Sputter-Deposited Ptly-Al, 0 Catalysts
A. LICCIARDELLO, F. UCONA, S. PIGNATARO, A. PARMALIANA F. FRUSTERI and N . GIORDANO, Muter. SCi.

Eng., 1989, A116, 65-70
A comparison is made between Pt/y-Al,O,
hydrogenation catalysts prepared by simple and dualion-beam sputter deposition and conventionally impregnated catalysts. The sputter-deposited catalysts
were characterised by electron spectroscopy for
chemical analysis. The ion-beam-assisted chemical
reaction led to species in which Pt-0
bond was formed, and so in this case, the dual-ion-beam sputterdeposited catalyst showed lower activity than the simple sputter-deposited catalyst.

Redispersion of Platinum on Pt/Al 0
Model Catalyst in Oxygen Studied by
Transmission Electron Microscopy
1. M. RICKARD, L. GENOVESE, A. MOATA and s.

3. Catal., 19,
121, ( I ) 141-152
A model Pt/AI,O, catalyst was studied by TEM and
AES, and regenerated in 0, (5oo0C, 20 Torr for I h).
This resulted in two phases: a bimodal distribution
consisting of a phase of particles 40-100 A
diameter and a phase of very small clusters (<IO A).

NITSCHE,
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A New Method for the Immobilization of
Polymer-Protective Colloidal Platinum
Metals via Co-ordination Capture with
Anchored Ligande. Synthesis of the First
Example of a Mercapto-Containing Supported Metallic Catalyst for Hydrogenation of Akenes with High Activity
and Y. JIANG, J. Chem. soc., Chem.
Commun., 1989, (24) 1878-1879
A poly(N-vinyl-2-pyrrolidone) (PVP)-protective
metallic Pt or Rh colloid interacts at room
temperature with a suspension of silica gel, bearing
mercapto ligands, in a I : I methanol-water system to
give a well dispersed heterogeneous metallic catalyst
which shows excellent activity for the hydrogenation
of alkenes. The catalysts were 100-300 times more
active than commercial Rh/C and Pt/C catalysts.
Y. WANG, H. LIU

Hydrogenation of Butadiene in Liquid
Phase on Palladium Catalysts
P. S. IVANOV, V. D. STYTSENKO, I . A. EIGENSON, A. YA.
ROZOVSKII and KH. DIMITROV, Neftekhimiya, 1989,29,

(6), 762-767
Studies of hydrogenationof butadiene in liquid phase
on modified and unmodified Pd/AI,O, catalysts containing 0.67 and 0.3% Pd were performed under H ,
pressure of 0.5--2.0 MPa at 20-60OC. Hydrogenation
of butadiene proceeds in parallel in 1,2- and
~,q-positionswhile the isomerisation of butene-1 to
butene-z was insignificant. Surface modified
Pd/AI ,0 , catalysts showed higher selectivity to
butene (specially to butene-I) and high stability to S.
Kinetics of catalyst deactivation by H I S were found.

Hydrogenation of CO on Group VIII
Metals Supported on Carbon Fibres
A. YU. KRYLOVA, 0 . A. MALYKH, G. I . EMEL'YANOVA
and A. L. LAPIDUS, Kinet. Katal., 1989, 30, (6),
1495- 1498

Studies of the activity and selectivity of Pd, Co, Ni
and Fe catalysts deposited on C fibres were carried
out during hydrocarbon synthesis from CO and H, .
The results showed that reaction temperature and
concentration of active metal greatly affect the activity of the catalysts. Selectivity of the metal/(= fibre
catalysts depends on the nature of the metal, the
method of deposition the C fibre and on H,:CO ratio.

Autocatalytic Reduction of Metal Ions,
Initiated by Irreversible Oxidation of
Reducing Agent
G. A. RAMISHA and v. v. SVIRIWV, Vest. Akad. Navuk
BSSR, 1989, (6), 44-49
Studies of the thermodynamic characteristics of the
Pdz+/F'd-Ag'/Ag-HIPO,- systems were performed
in order to illustrate the difference in two ways of initiating autocatalyticreduction of metal ions by quasiequilibrium and non-equilibrium. Initial stages of a
spontaneously initiated and electrostimulated
autocatalytic reduction of Pd*+with H, PO; ions on
the SnO, fdm surface were studied.
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Studies of Ethylene Polymerization over
Exchanged Zeolites. VI. The Promotive
Effect of Alkali Metal and Alkaline Earth
Metal Cations on Palladium Ions in Faujasite Zeolite for Ethylene Dimerization

Quantum Chemical Study on the
Mechanism of CO Hydrogenation to Oxygenates over
Vanadium-Promoted
Rhodium Catalyst
R.-n. WANG and Y.-s. xu, 3.Mol. Catal., 1989, 54,

and L.-B. ZHENG, J. Catal.
(Dalian, China), 1989, 10, (4), 3 9 6 - 4 0 1
The effect of the pre-evacuation temperature on the
activity of LiPdY, NaPdY and KPdY for ethylene
dmerisation was studied. The results show that along
with the increase of evacuation temperatures, the activity of these catalysts increases fmt and then
decreases, and passes a maximum. It is suggested that
the effect of alkali metal cations on Pdz+ions is to
regulate the location of Pdz+in zeolite cages and the
reducibility of Pd’+ ions. The reducibility of Pdz+
increases in the order of LiPdY<NaPdY<KPdY. An
induction period of ethylene dimerisation appears on
LiPdY and NaPdY, but not on KPdY and CaPdY.

(3), 478-483
Extended Hackel calculations of the elementary step
of carbonyl insertion in the process of CO hydrogenation over a V-promoted Rh catalyst in the synthesis
of oxygenates is reported. The results of these
calculations show that the barrier for CH , migration
to Rh-CO to form Rh-COCH, species is decreased in
the case of the V-promoted catalyst. A discussion attempts to explain the role of the promoters.

x . - L . BAI, G.-W. WANG

Cycloaddition of Carbon Dioxide to Propyne over Supported Rh, and Fe2Rh,
Carbonyl Cluster-Derived Catalysts
and M. ICHIKAWA, 3. Chem.
SOC.,Chem. Commun., 1990, (3), 246-247
Studies of Rh, and Fe,Rh, carbonyl cluster-derived
catalysts supported on Al,O,, S O , , TiO, and ZrO,
showed that they are active in the formation of
4,6-dimethyl-z-pyrone by the cycloaddition of CO,
to propyne under moderate conditions. It is suggested that pyrone is produced on a cationic Rh metal
or OH-) on the oxcentre bound to a basic site (0,ide support.

S. M. PILLAI, R. OHNISHI

The Interaction of Synthesis Gas (CO-H,)
with Small Rhodium Particles

Effect of Oxide Promoters on the Surface
Characteristics of Carbon-Supported Co
and Ru Catalysts
I. RODRIGUEZ-RAMOS, A. GUERRERO-RUIZ and 1. L. G.
FIERRO, Appl. surf. sci., 1989, 40, (3), 239-247

The effect of promoters MgO, GO, and VO, on the
surface characteristics of C-supported Ru or Co
catalysts has been studied by H , and CO chemisorption, X-ray diffraction and X-ray photoelectron spectroscopy. Both metals and oxide promoters were
found to be well dispersed within the porous structure of C, although they are not uniformly distributed
across the catalysts pellets. The effect of the different
precursors on the location and dispersion of the active
phases in the C porous structure was also studied.

Fischer-Tropsch
Synthesis
over
RutheniumN-Zeolite Catalysts: Effects of
the Neutralizing Cations of Zeolites
Y.-w cHEN, W.-C. HSU and c.-S. LIN, React. Kinet.
Catal. Lett., 1989, 40, ( z ) , 301-306

3.

P. JOHNSTON, R. W. JOYNER and P. D. A. PUDNEY,
Alkali and alkaline earth neutralising cations in
Phys.:Cond. Mater. (Suppl. B), 1989, I, S B I ~ I - S B I ~zeolites
~
were found not to significantly influence H

In situ EXAFS spectroscopy studies of small Rh particles in a I% Rh/Al,O, catalyst have shown that
after reduction in H,, the average diameter is 8 i
and the Rh-Rh interatomic distance is -0.03A
shorter than in the bulk metal (R=z.@A). After exposure to CO at I bar marked changes were seen
similar to those reported by other authors. On subsequent exposure to H,-CO (2:1) at I bar and 373K
the catalyst structure reverted to that of the metal,
although the Rh-Rh distance increased to 2.74hj.

-

The Surface Chemistry of Isolated and
Aggregated Silica-Bound Rhodium Complexes
K. C. CANNON
(2), 3 1 4 - 3 2 4

and 1. M.

WHITE,

chemisorption of a series of Rum-zeolite catalysts.
However, the turnover frequencies of Ru in the
COiH, reaction were enhanced when the neutralising
Na cations were replaced by alkaline earth cations.
This effect is attributed to an increase in electron
deficiency of the metal crystdites due to the higher
acid strength of alkaline earth Y-zeolites.

Effects of Presufidization on the Selectivity and Surface Structure of
Ruthenium Catalysts
R. A. COCCO and B. J. TATARCHUK, Langmuir,
(61, 1 3 0 9 - 1 3 1 5

1989,5,

The adsorption sites and surface phases which are

3. catal., 1989, 120, formed on Ru catalystsfollowing pretreatment in H, -

Aggregation of SiO, bound molecular Rh complexes
and their activity for the formation of isocyanate
species during reaction with NO and CO is reported.
From studies it is concluded that isocyanate formation depends strongly on the form of Rh. A p o x 0 Rh
carbonyl did not give bis(nitrosy1) Rh complexes but
a nitritehitrate complex on NO treatment.

Platinum Metals Rev.,1990, 34, (2)

rich or H,S-rich sulphidisation mixtures have been
studied by XPS and static SIMS. It was found that
whie sulphidisation in as little as qppm H,S/H,
at
673K can be used to produce the bulk sulphide,
RuS,, the surface instability of S - 4 - anion pairs,
found in the pyrite-RuS, lattice, requires that >go%
H,S/H, be used at 673K before these species are
stabilised at the surface.
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HOMOGENEOUS CATALYSIS
Palladium(I1)-MediatedCarboxylation of
Cyclohexane with CO via C-H Bond Activation
Y. FUJIWARA, T. JINTOKU and Y. UCHIDA, Nee0 3.
Chem., 1989, 13,( I O ~ I ) , 649-650
The carboxylation of cyclohexane with I atmosphere
of CO in the presence of Pd(0Ac) , and CF COOH
at reflux temperature without irradiation gives benzoic acid and cyclohexanecarboxylic acid in the ratio
3: I by C-H aliphatic bond activation.

-

Hydrogenolysis of ar,&Epoxyketone and
Ester to Aldol in Pd(0)IHCOOHIEt N and
H 2PdIC Reduction Media
S. TORII, H. OKUMOTO, S. NAKAYASU and T. KOTANI,

Chem. Lett. Jpn., 1989, (11), 1975-1978
Simple procedures for reducing epoxyketones and
esters to the corresponding aldols by two different
methods are presented. One is the reduction with
triethylammonium formate in the presence of Pd
catalysts, such as Pd acetate and dppe, and the other
is a hydrogenation in a PdK-THF system.

Formylation of Aryl Chlorides Catalysed
by a Palladium Complex
Y.BEN-DAVID, M. PORTNOY and D. MILSTEIN,J. Chem.

SOC., Chem. Commun., 1989, (23), 1816-1817
The complex (dippp),Pd, where dippp is I ,3-bis(diisopropylphosphino)pmpane, is an efficient catalyst
for the direct formylation of aryl chlorides to
aldehydes with CO and NaHCO,, under mild
pressures. In a typical example, chlorobenzene was
completely converted to benzaldehyde (95% yield)
and benzene (5% yield).

Organo-Palladium Compounds in Oxidation of Styrene by Palladium(I1)
L. M. MARTYNOVA and E. A. KATSMAN, Kinet.Kazal.,
1989, 30, (61, 1489-1491
Studies of the reaction changes of a-phenyl-&
chloromercury ethanol (Ph-CH(OH)CH,Hg Cl)with
PdCl, in chloroform and acetone were performed at
2oOC.
The
reaction
mainly
yielded
phenylacetaldehyde and acetophenone, that is, the
same compounds formed during styrene oxidation by
PdCl, in aqueous solution.

Selective Synthesis of Unsymmetrical
Biaryls via Palladium-Catalyzed CrossCoupling of Aryltluorosilanes with Aryl
Iodides
and T. HIYAMA, Chem.
Lett. Jpn., 1989, (IO), 1711-1714
In the presence of KF/Pd catalyst the cross-coupling
reaction of arylsilanes with aryl iodides gives a
straightforward route to highly functionalisedunsymmetrical biaryls which have hardly been accessible by
conventional methods.
Y. HATANAKA, S. FUKUSHIMA

Platinum Metals Rev., 1990, 34, (2)

Hydroformylation of Ally1 Alcohol in the
Presence of Rhodium Catalysts Modified
with Bicyclophosphite Ligand
G. A. KORNEEVA, E. V. SLIVINSKII, M. M, POTARIN, N.
A. KIBASOVA, R. V. CHEKHOVA and S. M. LOKTEV,

Nejiekhimiya, 1989, 29, (6), 818-823
Studies of hydroformylation of allyl alcohol in the
presence of Rh catalysts Rh,(CO),, and
Rhacac(C0,) modified with bicycbphosphite ligand
and PPh ,,during butane-I ,4-diol production showed
that activity and selectivity of the reaction is
analogous with PPh, but its stability was superior.
Bicyclophosphite in the free state is subjected to
hydrolysis, but its co-ordination with Rh atom suppresses the reaction thus allowing recycling of Rh
complex catalyticsystem with bicyclophosphiteduring
hydroformylationof allyl alcohol. The hydroformylation reaction occurs at CO+H, pressure of 0.6-1.0
MPa, at 60-7ooC and P R h ratio of 3-4 in toluene
solution, after which aqueous extraction of products
from the reaction media is carried out.

The pH Dependence of the RutheniumCatalysed Ferricyanide Oxidation of
Cyclohexanol
R. w. KAZIRO and J. K. BEAl-rIE, Auct. 3. Chem., 1989,
42, (81, 1273-1279
The oxidation of cyclohexanol(I) to cyclohexanone by
ferricyanide(2) in alkaline aqueous solutions is
catalysed by the addition of K,[RuCl,1. At pH < I I
the reaction is limited by decompositionof the reduced catalyst, but catalyst lifetime can be increased by
increasing the concentration of (2). For pH
11.3-11.9 the oxidation or the reduction step in the
catalytic cycle can be made rate determining by adjusting the relative concentrations of (I) and (2). The
pH dependence of the oxidised catalyst reaction affects the rate constant of the reaction between pH
11.3 and 11.9.

Reduction of C 0 2 by Molecular
Hydrogen to Formic Acid and Formaldehyde and Their Decomposition to
CO and H 2 0
M. M. TAQUI KHAN, S. B. HALLIGUDI and S . SHUKLA,J.
Mol. Catal., 1989, 57, (I), 47-60

Carbon dioxide can be reduced to HCOOH and
HCHO as initial product using the catalyst
IURU~~~(EDTA-H)CII.~H,O
in aqueous media at
mild pressures (1-4 atm CO, and H,) and 4oOC. The
initial products, HCOOH and HCHO, decompose
later to give CO and H,O as the final products, the
reactions thus COnStiNthg a reverse water-gas shift
reaction. The rates of formation of HCOOH and
HCHO were first order with respect to catalyst and
dissolved COI and H, concentrations, respectively,
as were the rates of HCOOH and HCHO decomposition. Activation energies have been evaluated from
studies of the effect of temperature on the rates of formation and decomposition of HCOOH and HCHO.
Based on the kinetic data, a mechanism is proposed
for the reactions.
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Photoelectrolysis and In Situ Storage of
Solar Energy

Methane Polymerization with a Hollow
Cathode: Influence of the Cathode Metal

s. CHANDRA and N. KHARE, 3. Electrochem. Soc., 1989,
136, (IO), 2856-2857
The feasibility of developing a solar energy storage
device by coupling a photoelectrolysis cell and a proton conductor H,/O, fuel cell is demonstrated. Thermally grown TiO, film was used as a photoelectrode
and Pt wire was used as a counter electrode in the
photoelectrolysis cell. The fuel cell consisted of Pd
hydridehydrogen uranyl phosphate (HUP)solid
electrolytelair (0,).An initial layer of Pd film was
vacuum coated on the pellet of HUP.

P. MEUBUS, H. LANGE and G. JEAN, Plasma Chem.
Plasma Process., 1989, 9, (41, 527-543
Methane, mixed with Ar, has been polymerised using
two hollow-cathode discharge systems. Under identical operating conditions a cathode made of a solid
solution of 81YOW and 19%Pt gave a higher polymer
than a cathode made of pure W (70%
yield (9%)
yield). The work function for the solid solution was
estimated to be 6.3 eV, compared with 4.4 eV for W.
The concentration of C H radicals was 5 times higher
in the W-Pt cathodes. This was attributed to a surface
catalytic effect inside the cathode, as no Pt vapour
was detected in the gas phase. The plasma polymer
deposition rate was evaluated as 70 nm/s for W-Pt
compared with 42 nm/s for pure W.

Effects of Surface-Active Agents on
Platinum Dispersion Supported on
Acetylene Black
A. HONJI, S. TAKEUCHI, T. MORI and Y. HISHINUMA,
Electrochem. SOC.,1989, 136, (IZ), 3701-3704

3. Production of Hydrogen from the

From the evaluation of 14 nonionic surface-active
agents, sorbitan monolaurate, sorbitan mono-oleate,
sorbitan trioleate, and polyoxyethylene(2o)sorbitan
trioleate were found to give highly dispersed Pt particles (-3oA diameter, Pt specific surface area
I 50m2/g) on acetylene black when chloroplatinic
acid was reduced by methyl alcohol at 70OC. The
double bond in the oleic group exercised the dominant effect on Pt dispersion.

Na/NaH-Process
F. HERZOG and D. GLAUBITZ, Int. J .
1 9 9 , 15, ( I ) , 1 3 - 1 9

Hydrogen Energy,

Metal/metal hydride (NaNaH) processes produce
H, from water through the direct employment of
high-temperatureheat, and have considerably higher
overall efficiencies compared with purely electrolytic
processes. Following studies of an a-iron membrane
for the H -permeable membrane cathode required by
the process, a double-layer membrane of V and
Characterization of Platinum-Ruthenium Pd/Ag foil was tested in the laboratory plant. On the
side the membrane consists of V foil which is corCatalyst for the Methanol Electrodes of Na
rosion resistant to the H, acceptor. This foil is coated
Methanol-& Fuel Cells
with a layer of 0-Pd-Cu on the side facing the Na,
T. HORIBA and K. TAMURA, Denki Kagaku, 1989, 57,
which serves to catalyse the H, input. The V foil is
protected from the electrolyte by a Pd/Ag foil coated
(7), 7 1 2 - 7 1 7
The deposition states and catalytic activities of Pt-Ru with Pd black. Measurements of the permeation rates
binary methanol electrodes of methanol-air fuel cells using the double-layer membrane were carried out at
have been studied. The catalysts were prepared by 288OC and H, admission pressures between 10 and
three methods: WillstPtter (W-method), Adams (A- 130 mbar, and show the suitability of the membrane.
method) and NaBH, (S-method). The catalyst
prepared by the W-method was formed by the
coprecipitation of Pt black and Ru black. The A- ELECTRICAL AND ELECTRONIC
method catalyst contained PtO, and RuO, and the S- ENGINEERING
method catalyst consisted of Pt-Rubinary alloy.

-

One-Step Oxidation of Benzene to
Phenol Applying a Fuel Cell System
K. OTSUKA, K . HOSOKAWA,I. YAMANAKA,Y. WADA and

Electrochim. Acta, 1989, 34, (IO),
1485-1488
The fuel cell system, IO,, benzene, FeCI,, (FeSO,,
CuCI,, CuSO, or SnCI,)inHCIorH,SO,(aqueous),
Pd (or Au)/Nafion-HPt, H,l, produced phenol
selectively while continuously generating electricity.
H,O, is generated by the fuel cell reaction of 0, and
H,. Fenton's reagent (Fe"-H,O,) or Cd-H,O, are
generated when Fe"' or Cu" salts are added initially
in the solution of the cathode compartment. Thus the
fuel cell system generates Fenton's type reagents continuously, producing phenol.
A. MORIKAWA,
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Selective Copper
Platinum Clusters

Film

Growth

on

B. LECOHIER
LECOHIERand
andHH. . VAN
VANDEN
DENBERGH,
BERGH,Appl. surf.
surf.
B.
1989,43,
43, (I-4)>
(1-4)> 61-67
61-67
1989,

sci.,
sci.,

In order to grow spatially delineated Cu lines from a
solid Cu fqrmate layer on a surface, a localised Pt
film, < I O A high, was first deposited. Subsequently
the whole surface was covered by a few pm of
Cu(HCOO),.zH,O. Heating to about 7ooC caused
the formate to decompose exclusively where the surface had been seeded with the thin Pt clusters. Line
heights up to 0.3 pm were developed with resistivity
ratios of 2-4, i.e. resistivities of about twice that of
pure bulk Cu. In principle this method should permit
direct writing of metal stripes at very high speeds and
of good resolution.
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Interconnection Lines of Pt Induced by
Laser Direct Writing
C. GARRIW, D. BRAICHOTTE, H. VAN DEN BERGH, B.
LE6N and M. PEREZ-AMOR, Appl. surf. sci., 1989,43,

(1-41, 68-73
Laser chemical vapour deposition has been used to
produce Pt interconnection lines for microelectronic
applications. The influence of the laser power as well
as the vapour pressure of the precursor (Pt bishexafluoroacetylacetonate)upon the geometry, the morphology and the line resistivity, was studied. The
vapour pressure seems to be the key parameter to
produce excellent interconnection lines at relatively
high writing speeds. All the lines were essentially
100% Pt and resistivities close to that of pure Pt were
achieved depending on the morphology. Line widths
< the laser spot diameter were obtained.

Comparison of Au/NilGe, AulPdlGe, and
AulPtlGe Ohmic Contacts to n-type GaAs

Evaporated Metal Films as Substrates for
Hydrogenated Amorphous Silicon
s.-I. ISHIHARAYThin solid Films, 1989, 182,229-236
Evaporated Pt, Ni, Ag, Al, and Cu films have been
studied for use as substrate metals for hydrogenated
amorphous (a-) Si p-i-n diodes. The forward current
of a-Si:H p-i-n diodes on Pt or Ni film was 60-180
mA/cm’ with a + I V bias applied, and the diode
quality factor was about 1.6. Pt and Ni as the
substrate metal did not degrade the a-Si:H p-i-n diode
at a-Si:H deposition temperature T, <30o0C. The
Ag produced a large scattered leakage current from
the diode. Al and Cu were not suitable as substrate
metals for a-Si:H deposition. These metals diffused
throughout the a-Si:H films during the a-Si:H
deposition.

Oxygen Sensitivity of a Pt-Pdlp-Type
CaFe 0 Diode

Y. MATSUMOTO, J. HOMBO and F. NITTA, 3. Appl.
67, (I), Phys., 1989, 66, (IO), 5109-5110
260-263
Studies of the 0, sensitivity of Pt-Pdlp-type
The electrical properties of Au/Ge-based ohmic con- CaFe,O, and Pt-Pd/Rh/p-type CaFe,O, diodes,
tacts to n-type GaAs with an addition of Pt, Pd or Ni where CaFe,O, exhibits Fermi-level pinning, showwere studied by TEM and A E S after thermal alloy- ed reversible 0, responses for both diodes at IOOOC,
ing. Au/Pt/Ge had the best surface morphology, when current under bias increased with increasing 0,
while Au/Ni/Ge had the roughest one. The electrical concentration. Response time was decreased by Rh
characteristics of Au/Pt/Ge are also superior to those doping. The Schottky barrier height, 4, determined
of Au/Pd/Ge (which had the highest contact from the measured photocurrent-biascurve, decreasresistance) and Au/Ni/Ge.
ed with an increase in 0, concentration.

c. LIN and c.

P. LEE,

3. Appl. Phys., 1990,

Effect of Conventional and Rapid Thermal Annealing on Platinum Silicide
Schottky Barrier Diodes
C. A. DIMITRIADIS,

Appl. Phys. Lett., 1990, 56, (2),

143-145
The effects of rapid thermal annealing (RTA) on the
material properties and on the performance of Pt
Schottky barriers on Si were studied and compared
with the effects of corresponding furnace annealings.
Best performance of PtSi/Si Schottky diodes
prepared by RTA was achieved for annealing
temperature 4w°C which is much lower than the corresponding temperature of furnace annealing of
55oOC. The results of the diode electrical properties
III combination with
the diffusion length
measurements showed that RTA is superior as it is a
nondestructive process without degradation of the
diffusion length.

Improved Uniformity of PtSi Schottky
Barrier Diodes Formed Using an Ion Mixing Scheme
and S. S. LAW, 3.
APPl. phYs.9 1990, 67, (I),524-527
Low dose ion implantation through the PtSi/Si interface prior to annealing has been used to prepare
Schottky barrier diodes with a more planar PtSi/Si interface. The electrical characteristics of such devices
are more uniform from device to device and more
nearly approach theoretical performance than conventionally prepared devices.
C. A. HEWETT, M. G. FERNANDES

Platinum Metals Rev., 1990, 34, ( 2 )

Use of Au-In-Pd and Pd-In Electroless
Deposits for Ohmic Contacts on n-GaAs
G. STREMSDOERFER, 1. R. MARTIN, P. CLECHET and
NGUYEN-DU,
Electmchem. SOC., 1990, 137, (I),

3.

256-259
Electrolesscodepositionof Au-In-Pd and Pd-In alloys
onto n-GaAs substrates in an acidic medium is shown
to give a high quality ohmic contact having 4 =
6 x 10- ncm2 on annealing. The addition of Pd ions
to In and Au-In acidic electroless deposition baths
allows the deposition of these metals which does not
otherwise occur. For the Pd-In alloys, a crystalline
refractory In Pd compound was initially formed,
whereas after a 2 min annealing treatment at 470°C
traces of InAs and PdGa were found.

Epitaxially Grown Pd,InP on InP
and P. JIAN, MatU. Lett., 1989, 8, (IO),
389-395
In a Au/Pd/Zn/Pd contact metallisation to p-type
InP, Pd was found to react with InP during deposition to form an amorphous phase with the approximate composition, Pd,InP. After annealing at
3w-350°C, Pd,InP crystallisesand grows epitaxially
on InP with the relationship: (10O)PdIInP 11 (IIO)I,P
and [001lp~~1,pll [w111,,p.The solid-state epitaxial
growth of a uniformly thick, dislocation free layer of
Pd’InP on InP is of interest from a device standpoint: incorporation of Pd ’InP in Au/Zn-based ptype ohmic contacts may improve device performance
and reliability, particularly as device scale decreases.

D. G. IVEY
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A STM Study of Pd-Catalyst for Electroless Cu Deposition on Nonconductors
by Means of a Modified Graphite
Substrate
J. 0. BESENHARD,
u. KREBBER, J. K. H. HOMER, N.
KANANI

and

H. MEYER,

136, (12), 3608-3610

3. Electmckem

SOC., 1989,

Highly dispersed Pd is the preferred catalyst for the
activation of electroless deposition of Cu from
Cuz+/formaldehydeon glass fiber reinforced epoxy
printed circuit boards. Using highly oriented
pyrolytic graphite (HOPG) as a model substrate,
scanning tunnelling microscopy (STM) images of Pd
clusters (typical size 1-5nm) have been obtained. The
initial mechanism of Pd-catalysed electroless Cu
deposition is an electrochemical one, with spatial
separation of oxidation (anode) and reduction
(cathode) reaction. Formaldehyde oxidation on Pd
occurs at the anode, whereas the cathode reaction is
Cu deposition.

Fast Laser Writing of Copper and Iridium
Lines from Thin Solid Surface Layers of
Metalorganic Compounds
P. HOFFMANN, P. LECOHIER, S. GOLDONI and H. VAN
DEN BERGH, &PI. surf. sci., 1989,43, (I-& 54-60

Laser direct writing of Cu lines from a Cu formate
fdm is compared with direct writing of Ir lines from
two Ir-cluster fdms [Ir,(CO),,Brl [N(C,H,),I and
lIr6(CO),slIN(CH,),C,H,,I,. The Ir system showed several advantages over the Cu system: (a) improved homogeneity of the precursor f h ; (b) lower laser
powers could be used to obtain relatively good electrical resistivity; (c) the limiting line width obtained
was 2 pm, narrower than in the Cu system; (d)
signifiantly less sputtering of metal to the near surroundings of the Ir lines as compared to Cu; (e) the
Ir precursor f h s are compatible with high vacuum
apparatus, so that in situ pmessing with charged
particle beams seems to be feasible. Laser writing of
Ir at several cm/s gave lines of about 10 pm width,
with electrical resistivities of
10 times the bulk.

-

The Influence of Substrate Bias on the
Morphology and Charge Capacity of rfSputtered Iridium Oxide Films
J. D. KLEIN, S. L. CLAUSON and S. F. COGAN, 3.Mater.

Res., 1989, 4, (6), 150s-1510
Studies have shown that the morphologies of sputtered Ir oxide films deposited on Ti-alloy stimulation
electrode wires can be actively and repeatedly controlled through the application of a DC substrate
bias. Film morphology gradually progressed from
relatively smooth and featurelessfilms deposited with
a -20 V bias to fdms comprised of closely packed I
pm long platelets on sputtering with a +20 V bias.
Cyclic voltammetry studies showed that the electrochemical properties of the fdms are strongly
dependent on the substrate bias employed during
deposition. As the DC bias increased from -20 to
+20 V the anodic and cathodic charge capacities
decreased linearly from 36 to 12 mC/cm' .

Platinum Metals Rev.,1990,34, (2)

TEMPERATURE
MEASUREMENTS
Measurement of Low Temperatures in
Magnetic Fields with Platinum Resistance
Thermometers
G. s. ABILOV, I. A. RAZHBA and D. N. ASTROV, Instr.
Exp. Tech., 1989, 32, (2), 500-503
The characteristics of TSPN-3 and TSPN-4
resistance thermometers made of PI-o Pt wire of
Sopm diameter, in their working temperature range
in magnetic fields of up to 6.6 T, are described. A
standard function has been determined for calculation of temperature corrections for the effect of a
magnetic field with an error of p<* 0.02 K in the
range 30-190 K. An auxiliary equation to the standard function is used to extend this accuracy in the
range 14-30 K.

MEDICAL USES
Chemical Properties and Antitumor Activity of Complexes of Platinum ContainSubstituted
Sulfoxides
ing
[PtCl(RI"SO) (diamine)lNO,. Chirality
and Leaving-Group Ability of Sulfoxide
Affecting Biological Activity
N. FARRELL, D. M. KILEY, w. SCHMIDT and M. P.
Inorg. Ckem., 1990, 29, (31, 397-403
A novel set of Pt complexes [PtCI(R'R"SO) (diam)]
NO,, where diam = bidentate amine, and R'R"S0

HACKER,

= substituted sulphoxidessuch as MezSO, MeF'hSO,
MeBzSO, Ph'SO and BzzSO was prepared and the
anti-tumour activity of the complexes towards L1210
leukaemia was tested. The complexes are the first Pt
well defined anti-tumour complexes containing S
ligands. The anti-tumour activity is high and dependent on the natures of the amine and sulphoxide.

Electronic Structure of Platinum(I1) Antitumor Complexes and Their Interactions with Nucleic Acid Bases. Part I1
J. L I P I ~ I ,3.

Mol. Struct. (Theockem.), 1989, 201,

295-305

Based on calculations of solvation (hydration)
energies and formation energies in the gas phase, the
formation of Pt dimers and some possible interactions
of Pt(I1) anti-tumour complexes with guanine,
thioguanine and the phosphate group are discussed.
It is concluded that: (a) the solvent more strongly
stabilises the Pt(I1) 06-N7 chelate than it does the
intrastrand N7-N7 crosslink, but the latter is enthalpy favoured; (b) binding of Pt(I1) to the
phosphate group is less likely than binding to the
guanine N7 region; (c) Pt dimers, if formed, react
with guanine and will disappear from solution under
normal conditions; and (d) the solvent effect does not
change the main conclusions obtained for the gas
phase in cases of the interaction of cir-Pt(I1) with
thioguanine and trans-Pt(I1) with guanine.
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NEW PATENTS
METALS AND ALLOYS

Joint Structure for Solid Polymer

Corrosion Resistant Titanium Alloy

K.K.Japanese Appl. 1/208,490
A joint structure is made by forming a thii layer of
metal on one surface of an ion-exchange membrane,
depositing a metal layer on the other surface, and
then a f i a l metal layer on the first thin layer. Preferred surface joining metals are Pt,Pd, Rh, Ir and Ru,
which have corrosion resistance and are able to produce H ,,0,or Cl ,. The joint structure is free from
cracks and peeling off.

Japanese Appl. 11165,738
A corrosion resistant Ti alloy consists of more than
7 wt.% but less than 45 wt.% Ni, 0.01-5wt.% in
total of at least one of Pt, Pd, Rh, Ir, Os,Ru and Au,
and balance Ti and impurities. The alloy has improved corrosion resistance in a severe corrosive environment such as a high concentration aqueous solution of
HCI or H,SO,, and is used for chemical facilities,
heat exchangers, reaction vessels or electrodes.
NIPPON MINING K.K.

Electrochemical Apparatus for OxygenHydrogen Generators

ELECTROCHEMISTRY

~upaneseAppl. 1/222,082
Electrochemicalapparatus has an ion-exchange membrane catalyst electrode body which consists of an
ion-exchange membrane with platinum group metals
attached to both sides. Water is supplied to the anode
or both electrodes while applying DC to effect electrolysis, having a diode and switch included between
the anode and the DC power source.

JAPAN STORAGE BATTERY

Insoluble Anode for Electroplating
NIPPON STEEL COW.

Electrolyte Electrolysis
MITSUBISHI HEAVY IND.

Japanese Appl.

1/150,000

An insoluble anode for electroplating has a substrate,
for example Ti, with a surface layer of spray-coated
electroconductive ceramic(s) and a further layer of a
Pt group metal or oxide. In an example the ceramic
layer was 500 pn thick and the Pt-oxide f h 30 pm
thick. The electrode has reduced peeling off of its
surface, longer life, and no flaws are generated on the
plated surface of the object.

Electrode for Corrosion Prevention

ELECTRODEPOSITION AND
SURFACE COATINGS

K.K.
Japanese Appl. 11162,785
An insoluble electrode consists of a Ti or Ti alloy

Palladium Catalyst Solution for
Electroless Plating

substrate, plated with Pt or Pt-Ru, with an insulating coating material such as Teflon or
polybutene having holes on the entire surface or
woven in mesh form. The electrode surface is formed
with hot water resistant, soft and flexible material,
and the electrode is used for electric protection of hot
water boilers.

HITACHI CHEMICAL K.K.

S A W 0 ELECTRIC

Insoluble Electrode
Platinum Plate

with

Adhered

Japanese Appl. 1/188,690
An insoluble electrode consists of a plate material of

TANAKA KIKINZOKU ROGYO

Ta, Ti or Nb, plated with 0.1-2 pm thick Pt, and
adhered to a Pt plate by applying pressure. An electrode having a Pt plate tightly and uniformly adhered
to the base plated can be manufactured easily without
any special apparatus using this method.

Catalytic Electrode Used w i t h IonExchange Membrane
SASAKURA KIM
SEIS.

Japanese Appl.

11208,489

An electrode consists of a porous base, an elemless
plated layer of at least one of Pd, Rh, Ir and Ru on
the surface, and an optional electrodepositedlayer of
PbO, or MnO, having an electrode catalyst function.
The electrode is used for electrolysis by contacting
with an ion-exchange membrane, for example zerogap electrolysisused for producing H,,0, and ozone
from water, or halogens from aqueous halides.

Platinum Metals Rev., 1990, 34, (2), 111-120

Eumpean Appl.

328,263A

An aqueous catalyst solution for electroless plating

consists of I mol of a divalent Pd compound, 1-20
mol of a lower alkylamine, and 0.5-10 mol of an
aminopyridine, also with at least 0.001mol of a s h e
coupling agent. The solution is of pH 7-14, and gives
uniform deposition and high throwing power of Cu
on the inner walls of through-holes in printing wiring
boards, without causing hollowing phenomena.

Tin-Palladium Sensitising Activator

World Appl. 8916,710A
A sensitising activator for chemical plating consists of
a colloidal dispersion of SnCl ,and PdCl ,in aqueous
NaCl solution containing HCl or a polyvalent acid in
dilute concentration, and m y also contain an
aromatic aldehyde. The activator is used especially in
chemical plating through-holes in a multilayer
printed circuit board, and provides good permeation
and adhesion to a substrate.

SOLUTION TECHN. SYST.

Electroplating Bath for Palladium-Nickel
Alloy Deposition
U.S. Patent 4,846,941
A bath for electrodepositionof a Pd-Ni alloy contains
salts of Pd and Ni, preferably Pd(I1) ammine chloride
and Ni ammine sulphate, sulphate or chloride; ammonium sulphate and at least 15 ppm of iodate to
stabilise the deposit composition.
DU PONT DE NEMOURS Co.
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Production of Palladium Coated Silver
Powders

Low Power Consumption Catalytic Gas
Detector

SUMITOMO METAL MINI K.K.

SIEGER LTD.

Japanese Appl. I / I 9 8 , 4 0 3
The surface of spheroidal Ag powders of particle size
o.~-~.~pisgivenaPdcoatingofmorethan
5wt.%
by suspending the Ag powder to make a slurry, adding a reducing agent, and adding 10-100 g/l Pd as
Pd dichloro diamide solution to deposit Pd. The Pd
coated Ag powders exhibit high heat resistance, good
conductivity, high Ag separation temperature, and
may be added to an organic vehicle to produce a conductive coating material.

Lightweight Electrode for Electroplating
Japanese Appl. 11208,499
An electrode consists of a porous metal anode coated
with a layer of a Pt group metal oxide, preferably at
least one of Pd, Rh, Ir, 0s and Ru. The electrode is
used for electroplating in a continuous plating bath
and is lightweight and convenient for handling. G a s
generation in the bath is more easily dissipated, thus
improving plating quality and cost reduction.
DAIS0 CO. LTD.

Manufacture of Metal Plated Ceramic
Moulding
Japanese Appl. 11222,063
A metal plated ceramic moulding is made by dipping
into a Pd-hydrosol containing a water soluble
polymer or with surfactant(s), to absorb Pd colloids
into the surface of the ceramic moulding, followed by
rinsing and chemical plating. The method is used for
sensors, printed circuit boards, high-frequency
resonators, and capacitors.

TODA KOGYO

APPARATUS AND TECHNIQUE
Temperature Controlled Thermal
Radiation Source
British Appl. 2,211,379A
A temperature controlled thermal radiation source includes a wire fdament source-coilintegral with a sensor wire coil for sensing and controlling the
temperature of the source. The sensor wire is of ZGSPt, ZGS-Pt-sYo Rh, ZGS-P~-IOYO
Rh, or any similar
stable material. The source has high sensitivity to the
effect of the environment on temperature, enabling
excellent temperature stability.
SIEGER LTD.

Plate-Shaped Oxygen Sensor
JAPAN ELEC. CONTROL SYST.

European Appl. 331 ,o5oA
An 0, sensor for an I.C. engine consists of an air
cavity between a substrate and an 0 ion conducting
solid electrolyte layer, electrodes on the electrolyte
surfaces contacting air and exhaust gas. reswctivelv.
and a NO, r e d u c k catalyst preferably of kh, Ir or
Ru supported on TiO, on the surface contacting the
exhaust gas and its electrode. A plate-shaped 0, sensor is provided with a uniform catalyst reaction
surface.

Platinum Metals Rev., 1990, 34, (2)

European Appl. 334,614A
A catalytic gas detector having low power consumption consists of a catalytically coated resistive heating
sensing element formed as a conductive track on a
substrate, that is, Pt on a resistor in a Wheatstone
bridge on nitrided Si. The gas detector is cheap to
manufacture, has lower power consumption than
usual, and many detectors may be formed on the
same wafer.

Solid-State Thin Film Moisture Sensor
World Appl. 8917,264A
A thin fdm moisture sensing element is prepared by
forming a SiO, layer on a Si substrate, covering part
with developed photoresist, depositing Ti, Ni or Cr
on at least part of the uncovered oxide and a layer of
Pt,Rh, Ir or Au on the first metal layer, removing the
remaining photoresist, applying aqueous H,PO,to
the oxide layer, and drying.
ROSEMOUNT INC.

Combustible Gas Detector with Platinum
Sensor
MINESAFETY APPLI. CO.
U.S.Patent 4,854,155
A catalytic gas detector circuit is a bridge circuit with
four branches, one of which is a catalytic gas sensing
element reactive to combustible gases. The sensor is
a coiled Pt fdament embedded in a catalytic bead. A
current changer is also present which temporarily increases the current, to exceed the operating
temperature of the gas sensing element.

Iridium-Zirconium Crucible Material
TANAKA KIKINZOKU KOCYO Japanese

Appl. l / I I 9 , 5 9 5
A crucible material useful for high temperature single
crystal growths consists of pure Ir with an admixture
of 2 0 0 - 1 0 , 0 0 0 ppm Zr. Preparation of the material
involves melting, casting at 1500°C, and hot rolling
at 1 0 o o O C . The material is hard, and the constituent
fine crystal grains are free from coarsening at high
temperature and also from crack development at the
grain boundaries.

Crucible for Preparing Single Crystale
Japanese Appl. 1/131,095
A crucible consisting of Pt-Au alloy with 1-30 at.%
Au is used for producing oxides with low melting
point (not higher than 1 4 w ° C ) by the Czochralski
method. Using the crucible, inclusion of bubbles and
cracks is avoided, and single crystals have diameter
not less than 60% of the crucibles inner diameter.

MURATA MFG. CO.

1,+diUm crucible
Heating

mowing Uniform

TANAKA KIKINZOKU K m Y o Japanese

APPl-

11145,392

An Ir crucible with bottomed cylindricalshape and a

height diameter ratio of up to 2 is produced from an
Ir disc 0.1-3.5 mm thick and 5 times the crucible
diameter by pressing against a columnar metal mould
while rotating and heating at 8moCor above.
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Double Crucible for Producing Noble
Metal Granular Lumps
TANAKA KIKINZOKU KOGYO Japanese

Appl. 11150,788
A crucible for producing Pt, Pt alloy, Pd or Pd alloy
metal granular lumps of 8 mm or less diameter consists of an inner ZrO, crucible with a nozzle and an
outer crucible of alumina and silicon oxide. The double crucible prevents the crucible and nozzle from
damage by thermal impact.

Semiconductor Pressure Sensor

Assessment of Polyurethane Ageing
AKAD. WISSENSCHAFT DDR

East German Patent 267,798
Visual assessment of the ageing of naturally or artificially weathered polyurethanes involves observing
the intensity of colour produced by treating the
material with 0s tetroxide or uranyl acetate, for 4
hours to 14days, at 20-7o°C. The invention provides
a simple, direct process for assessing the ageing of
polyurethane sheet or f h , as required in manufacturing and applications such as paint production.

FUJIKURA CABLE WORKS K.K.Japanese Appl.

11173,847
A metal thin membrane layer consisting of at least a
Ti layer up to 2500 hithick and a Pt layer 1000-2500
A thick, is formed on the bottom surface of a
mount. A sensor chip is bonded on the upper surface
of the mount which is then adhered onto a base. The
pressure sensor has high reliability, and by controlling the Pt and Ti layer thicknesses, leak failure of the
sensor can be prevented.

Tin Oxide Semiconductor Gas Sensor
Device
Japanese Appl. 11189,553
A gas sensitive membrane has 0.1-20 wt.% of at least
one of Pt, Pd and Ir fmely dispersed in Sn oxide by
simultaneous deposition of the metal and Sn oxide by
a sputtering or heat deposition process. The twophase structure thin membrane produced is sensitive
to various reduction gases at below 20o0C, and a
small, high sensitivity gas sensor device can be easily
produced at low cost.
RIKEN CORP.

Bubble Removal Apparatus
K.K.Japanese Appl. 11189,555
Apparatus for removing bubbles from an electrophoresis solution consists of an electrophoresis
bath, a circulation channel, and a reaction bath having a catalyst layer with supported Pd. This separation system can be used for electrophoresis for
separation and purification of materials in space.
MITSUBISHI HEAW IND.

Oxygen Sensor with Platinum Electrodes
Japanese Appl. 11203,964
An 0 , sensor used for example for automobiles, has
a sensor body formed from solid electrolyte ceramic
powder, with a fmt electrodelayer formed from paste
material of the same powder and Pt powder, and a second electrode layer formed from paste material of
0-30 wt.% of the ceramic powder and 70-100 wt.%
of Pt powder. The electrodes have good low
temperature activity and response speed.

TOYOTA J I ~ H K.K.
A

Carbon Monoxide Sensor for Alarm
Equipment
Japanese Appl. 11219,660
A catalytic combustion type CO sensor has a circuit
with an active part and a compensation part made of
a coil of Pt or Pt type alloy wire, respectively. By controlling the V-R (or T) characteristics of these parts
the zero drift can be prevented or decreased, giving
a CO sensor for use in various environments.

SEIKO K.K.
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JOINING
High Temperature Braze Containing
Palladium
European Appl. 329,954
A brazing filler metal with liquidus temperature over
7woC preferably contains 20-80 wt.% Pd, 2-13
wt.% G, 1-4 wt.% B and balance Ni. The brazing
compositionis used to bond a self-bondedporous diamond compact to a cemented carbide support or
similar compact, in the manufaCNre of grinding,
abrading and cutting tools. The G in the braze gives
bond strengths over 90 kpsi for a surface which has
been difficult to bond to.
GENERAL ELECTRIC co.

Brazing Alloy Containing Palladium
U.S.Patent 4,839,141

GTE PRODUCTS CORP.

A brazing alloy consists of 15-35 wt.% Pd, 5-30
wt.% Au, 10-30 wt.% Ni, 20-48 wt.% Cu, and 5-25
wt.% Mn, and has a brazing temperature of
1025-1080~C,a solidus temperature >1000OC, and a
liquidus temperature >1o18Oc. The alloy has good
gap filling and high temperature properties, and is used in joining superalloy metals such as Inconel 718;
the alloy brazing at the solution heat treating
temperature of the superalloy.

Brazing Alloy for Bonding Superalloy
Honeycomb Structure

U.S.Patent 4,853,291
A brazing alloy consists of 15-35 wt.% Pd, 5-30
wt.% Au, 10-30wt.% Ni, 20-48 wt.% Cu, and 5-25
wt.% Mn, and has a solidus and liquidus above 1000
and 1018~C,respectively. The alloy brazes at the
superalloy solution heat treating temperature, has
good gap filling and high temperature properties, and
is used for a panel with a honeycomb stucture of thin
superalloy metal sandwiched between and brazed to
2 sheets of superalloy metal.
GTE PRODUCTS COW.

Brazing Filler Material
Japanese Appl. 11118,394
A brazing fder material uses AI-Pt or AI-Pd alloy
containing 0.1-5 wt.% Pt or Pd as an insert alloy for
jointing, and is best suited for joining Ti and Ti alloy
by brazing and liquid phase diffusion joining.
Deterioration of joining material can be prevented
and influences of gas can be eliminated, improving
the corrosion resistance of the weld zone.
HITACHI K.K.
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Palladium-Silicon-Nickel-Chromium
Solder Material

Preparation of Supported Metal Catalysts
with Large Surface Areas

Japanese Appl. I /I 78,399
A solder material for joining graphite materials consists of 10-30 wt.% Pd, 1-10 wt.% Si, and balance
Ni and 0.A strong joint of graphite materials is obtained, for severe conditions such as high
temperature. In an example the solder material was
used to join a graphite plate and a Mo plate, giving
an average shear strength of 5 kg/mm’.

TANAKA KIKINZOKU KOGYO European

HITACHI K.K.

HETEROGENEOUS CATALYSIS
Ruthenium Hydrogenation Catalyst
European Appl. 324,1g0A
A catalyst consisting of 0. I -5 wt.% Ru on a support
of BET surface area 70-280 m2/g and average pore

HULS A.G.

diameter 10-320 A is used with alkali and alkaline
earth metal promoters to give high yields of
4,4’-diaminodicyclohexyl methane by hydrogenation
of for example q,q’-diaminodiphenyl methane. The
hydrogenation reaction is at I O O - I ~ O O C and 50-350
bar in at least one fmed bed reactor, giving a product
with a trans-trans isomer content of 15-40 wt.%.

Production of Diphenylamines
European Appl. 325,132A
Supported catalysts having a total noble metal content of 0.05-5 wt.% made up of 1 0 - 9 wt.% Rh, and
Pt, Pd or Ir; 1-6 wt.% alkali hydroxide and 1-6
wt.% alkali metal sulphate are used in the production
of diphenylaminesby reaction of dicyclohexylamines
at 250-450°C and 1 - 2 0 bar. Using this catalyst
diphenylamines can be produced in high yield by a
simple process, with easily processed products.
BAYER A.G.

Enhanced
Catalyst

Activity

Dehydrogenation

European Appl. 328,507A
A catalyst consists of an Al,O, support with 0.1-2
wt.% of at least one platinum group metal, 0.1-2
wt.% of metal(s) of the tin group as co-catalyst and
0.5-5 wt.% alkali or alkaline earth metal as promoter. Preparation involves 2 treatments of the support with a platinum group metal compound, and
several calcination steps, giving a catalyst of enhanced
activity for dehydrogenation, dehydrocyclisationand
hydrogenation reactions.
LABOFINA S.A.

Palladium-Rhodium Exhaust Purification
Catalyst
ENGELHARD COW.

European Appl.

329,302~

A catalyst for purification of I.C.E. exhaust gas consists of Pd, Rh, active Al,O,, plus compounds of Ce,
Sr and Zr deposited on a monolithic support. The Ce,
Sr and Zr compounds are for example Ce oxide, and
oxides and carbonates of Sr and Zr, and inhibit
sintering of Pd and Rh, and promote adsorption of
gases. The catalyst is effective at low temperatures
even after exposure to high temperatures.

Platinum Metals Rev.,1990, 34, (2)

Appl. 329,628A
Catalysts are prepared by reducing Pt and/or Pd salt
solutions to the metal by addition of a weak reducing
agent containing S, for example Na,S,O,, K,S,O,
or (NH,),S,O,, and adsorbing the metal onto a C,
SiO, or Al,O, support. The products have large surface areas leading to increased activity, and are
durable against sintering. The deposited metal particle sue is smaller and more uniform compared to use
of strong reducing agents.

Platinum and/or Palladium Oxidation
Catalyst
European Appl. 330,22&
A catalyst is prepared by contacting a support with a
pt and/or Pd compound solution of at least pH 5 and
heating and drying to convert to the oxide or metal.
The catalyst may contain an Fe compound. Uses include oxidation of CO to CO, in the presence of free
0,,for example in I . C . E . exhaust gases, in air, or to
combine CO and 0, in CO ,lasers, and also manufacture of isotopically labelled CO ,.
PHILLIPS PETROLEUM Co.

Single Step Process for Production of
Mono-Olefms
European Appl. 332,289A
Production of mono-olefms by
oxidative
dehydrogenation of paraffinic hydrocarbons involves
partial combustion of a mixture of hydrocarbons and
0,-containing gas in contact with a catalyst of
platinum group metals supported on a monolith. A
mixture of ethane, propane or butanes can be converted into mono-olefins in a single step process,
especially from a gaseous mixture of mainly ethane
resulting from the separation of CH, from natural
gas.

BRITISH PETROLEUM PLC

Palladium Dehydrogenation Catalyst for
Phenol Preparation
MITSUI PETROCHEM. IND. K.K.

European Appl. 332,380A
Phenol and/or a cyclohexanone are prepared by
dehydrogenation of cyclohexanone and/or cyclohexanol, respectively, in the liquid phase in the presence
of a solid catalyst consisting of Pd on a carrier of activated C and/or a hydrotalcite. Phenol is useful as an
intermediatein the production of phenolic resins, and
cyclohexanone is useful as an intermediate for high
molecular weight compounds such as nylon and
polyesters.

Catalysts for
Reforming

Hydrocarbon

Steam

European Appl. 333,037A
Catalysts for steam reforming of hydrocarbonsconsist
of (a) 0.01-5 wt.% Ru on ZrO,, (b) 0.1-5 wt.% Rh
and/or Ru on partially stabilised ZrO,, and (c) 0.1-5
wt.% Rh and/or Ru, and 0.1-10wt.% Ni, La, Pr or
Nd on ZrO,. The catalysts have high activity, heat
resistance and mechanical strength.
A. IGARASHI

114

Novel Exhaust Treatment Catalyst with
Sulphur Tolerance

Electrically Heated Catalytic Converter
for Air Pollution Control

soc. FR. PROD. CATALYSE European Appl. 333,559A
A novel catalyst for treatment of I.C.E. exhaust gas
consists of a substrate, and a porous layer of Al,03,
rare earth oxide(s) and a spinel-type compound with
a specific surface of at least 50 mz/g, impregnated
with one or more precious metals from Pt, Pd, Rh
and Ir. The catalyst and the support have good thermal stability, and tolerate the presence of S compounds in the exhaust gas.

U.S.Patent 4,852,530
A three-way catalytic converter in the exhaust consists
of a base portion and an electrically heated rod and
fins, covered with a thin coating of Pt, Pd and Rh.
Low temperature air pollutants flowing through the
M. JOHN

converter contact the heating rod and heating fins,
which causes a rapid increase in exhaust temperature,
so that oxidation of hydrocarbons and CO, and reduction of NO, take place on the catalytic surfaces.

Highly Selective Rhodium Hydrogenation Cyclic Gas Desulphurisation Process
Catalyst
INST. FRANCAIS DU PETROLE U.S.Patent 4,855,117
AIR PRODUCTS

& CHEM. INC.

European Appl. 335,272A
Catalytic hydrogenation of aromatic amines to their
ring hydrogenated counterparts is improved by using
a Rh catalyst supported on TiO,. Impure or crude
aromatic amines can be used without poisoning the
catalyst, relatively low pressures are required which
reduces costs, the processs is highly selective, the
products are free from by-product oligomers, and the
catalyst can be used over a period of time with little
maintenance.

Three-Way
Control

Catalyst

for

Emissions

European Appl. 335,847A
A catalyst for oxidation of hydrocarbons and CO
and/or reduction of NO, consists of a carrier with at
least z washcoat layers containing Al,O,, one or

SVENSK EMISSIONSTEK

more metal oxides with a promoting effect, and Pt,
Pd and/or Rh. The layers have different noble metal
contents, with for example 75-100% of the total Pt,
and also Rh in one layer. The catalyst is used for
treatment of combustion engine exhaust gases.

New Partially Reduced Ruthenium Oxide
Catalysts for Methanation
U.S. Patent 4,847,231
The catalysts consist of 1-15 wt.% of a mixture of
10-go mol% Ru and 10-go mol% RuOx where

GAS RESEARCH INST.

0<x<2, dispersed on a support preferably of TiO,

.

The catalysts based on semiconducting oxides are
useful for photochemicalconversion of CO,/H, mixtures to CH,, are active at low temperatures and
pressures such as 25-90°C and I atm, and give -9%
selectivity. Catalysts based on Al,O, or zeolite are
useful for dark methanation.

Catalyst for Reducing Diesel Soot
Ignition Temperature
ALLIEDSIGNAL INC.
U.S.Patent 4,849,399
A catalyst composite consists of at least one catalytic
metal deposited on at least one S-resistant inorganic
oxide, which is deposited on a diesel soot filter. The
catalytic metal can be Pt or Pd at 5-250 g/ft3 or Rh
at 2-70 g/ft3 filter volume. The catalyst ignites the
soot in diesel engine exhaust at a lower temperature
than prior catalysts, and by its use the exhaust
temperature of the engine may be reduced.
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A sorbent consisting of 1-50wt.% MgO on Al,O,
containingo.oo~-o.x wt.%Ptor Pdiscontactedwith
SO,-containing gas in the presence of 0,, at
350-750°C, to fix SO, as MgSO,. To regenerate
MgO the sorbent is contacted with a reducing gas of
S vapour, at 500-750OC, giving a gas effluent containing SO,, but free from SO3and H,S. The process is used to treat fumes from thermal power plants,
boilers and Claus units.

Improved Heat Resistance Palladium
Combustion Catalyst
Japanese Appl. I / I 3 0 , 7 3 3
A combustion catalyst is produced by mixin 0.1 5
wt.% of Pd fine powder having 1000-~000 p G i cle size with a porous support such as iAlz03.
Volatile Pd fine powders smaller than 1000 are not
included, and a catalyst with improved heat
resistance is obtained for use at 8 0 0 - 1 5 0 0 ~ C . In an
example CH, was combusted with the catalyst at
450°C with 83% efficiency.
HITACHI K.K.

1

Catalysts for
Purification

Automobile

Exhaust

Japanese Appk. 1/139,1+$-45
Catalysts for cleaning automobile exhaust consist of
(a) a reducing catalyst on the inflow side obtained by
ion-exchanging zeolite with Pt, Pd, Rh, Ir, Ru or
others, and an oxidising or ternary catalyst on the
outflow side having Pt, Pd, Rh, Ir, Ru or others supported on Al 0 ;or (b) a catalyst obtained by blending a reducing catalyst and an oxidising catalyst as
in (a). The catalysts have good performance for
removing CO, hydrocarbons and NO in an atmosphere containing excess 0,.

TOYOTA JIDOSHA K.K.

,

Oxidation of
Ethers

Polyoxyethylene Alkyl

Japanese Appl. 1/149,752
Polyoxyethylene alkyl ethers are oxidised by reaction
of a 10-50 wt.% non-alkaline aqueous solution with
0, containing gas, at 3o-9o0C, by passing through a
reactor packed with granular Pt-Pd/C catalyst. High
quality polyoxyethylene alkyl ether acetic acid is
prepared efficientlyin a short time by this procedure;
useful as a surfactant, modifier of functional
polymers, or a material of biopolymers.
KAWAKEN FINE CHEM. K.
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Production of Saturated Higher Ketones
Japanese Appl. 1/15 1 , 5 3 3
Higher ketones are produced by the one-step reaction
at ~ o - I ~ o O C of lower ketones and H, in the liquid
phase in the presence of a 0.001-10 wt.% PdIZrO,
catalyst, in which the ZrO, has substantially neutral
surface acid-base strength. Saturated higher ketones
can be thus obtained economically.

MITSUBISHI KASEI CORP.

Moisture Resistant Catalyst for Carbon
Monoxide Removal

Production of Hydrogenated Petroleum
Resins
Japanese Appl. I/I$~o,704
Hydrogenated petroleum resins are produced from
gaseous H, and molten petroleum resins containing
aromatic nuclei by continuous hydrogenation of the
aromatic nuclei over 0.2-10 wt.% Pd on Al,O,
catalysts. A cheap Pd catalyst is used, the reaction is
easily controlled, and resins are produced easily having a hydrogenation rate of 50-70%.

ARAKAWAKAGAKU KOGYO

Japanese Appl. 11159,058 Iridium Catalyst Used in Recovery of
Aniline8
A catalyst for removing CO consists of PIor Pd and
at least one of Fe, GI,
Ni, Mn, Cu,G,Sn, Pb or Ce MITSUI PETROCHEM. IND. K.K.
Japanese Appl. 11203,353
on an Al, 0 support having no pores under I 10 A
in diameter. The catalyst has good moisture A catalyst of 0.1-10 wt.% Iron active charcoal is usresistance, so activity is not lowered by moisture in ed in the recovery of anilines by reaction of a 5-50
wt.% solution of condensation products of aniline
the air during use.
and formaldehyde with H I ,in an ether group solvent. Reaction is at 2oo-35ooC, under H , pressure
Waste Gas Purification Catalyst
of 10-100 kglcm’, for 0.2-5 hours. Aniline,
TOYOTA CENT. RES. & DEV.
Japanese Appl. 11168,343 toluidine and xylidine are recovered in high rates
from the condensation by-products, and the aniline is
A catalyst used to remove CO, hydrocarbons or NO,
reused.
from car exhaust is a mixture of a perovskite double
oxide, a heat-resisting double oxide which may con- Preparation of Hydrocarbons from
tain Ti, Zr or Hf with other metals, and precious Carbon Dioxide
metals selected from Pt, Pd, Rh, Ir, 0s and Ru. The
catalyst can be used above y x ° C for a long period AGENCY OF IND. SCI. TECH.
Japanese Appl. 11221,332
without reaction between the support and the double
Hydrocarbons are prepared by irradiating CO, in
oxide or sintering the perovskite double oxide.
water with light of more than 310 nm wavelength, in
the presence of a suspension of 1-5 wt.% Pt on TiO,
Exhaust Gas Purification Catalyst
in water. Preferablythe TiO, is an anatase type T i 0 ,
TOYOTA CENT. RES. & DEV.
Japanese Appl. 1117 I ,625 having a large specific surface area. The preparation
gives methane and ethane from CO, using water as a
A catalyst system used to remove NO,, CO and reducing agent, in contrast with H, in the prior art.
hydrocarbons from internal combustion engine exhaust gas has a fvst bed of Culzeolite catalyst, and a Catalysts for Vinyl Acetate Preparation
second bed of a ternary catalyst containing PtPd, HOECHST A.G.
German Appl. 3,803,900
PtRh, or PtPd/Rh, and optionally Ce. The first bed
is used for low temperature exhaust gas (lean bum), A process for the preparation of vinyl acetate from
ethene, acetic acid and 0, in the gas phase uses supand the second when it is 600-70o0C (rich burn).
ported catalysts of Pd or its compounds, Au or its
compounds, or Cd compounds. The support is of
Diesel Exhaust Purification Catalyst
aerated SiO, or Al,OjlSiOl of surface area 50-250
NIPPON SHOKUBAI KAGAKU Japanese Appl. 11171,626
mz/g formed into cylinders with rounded ends.
A catalyst for purification of Diesel engine exhaust Slightly higher selectivity and greatly increased progas consists of a heat resistant three dimensional ductivity are found with the aerated catalyst and new
structure such as ceramic foam or ceramic shaping.
honeycomb having alternately sealed ends on both
sides, carrying porous inorganic material and 0.1-7.0 Palladium Catalysts for Butynediol
g/l of one or more of Pt, Pd and Rh.
Reduction

NIIKI UNIVERSALK.K.

Palladium-RhodiumExhaust Gas
Purification Catalyst

VEB. LEUNA-WERK ULBRICHT

East German Patents 265,394-96
Continuous processes for the hydrogenation of
CATALER KOGYO K.K.
Japanese Appl. 11184,037 1,4-butynediol to 1,4-butanediol are effected (a) in
A catalyst for purifying exhaust gas is produced by one stage using a Pd catalyst which can be a
supporting Pd on a refractory porous support, im- boehmite-supported Pd complex salt with 0.1-5
mersing in a Rh solution prepared by heating wt.% Pd, or (b) in two stages, the first using a
(NH,),(Rh(NO,),) in an acid solution and ageing to boehmite supported Pd catalyst and the second using
support Rh, and fving at 200-50ooC to decompose a supported Ni catalyst. Excellent yield and converthe Rh salt. The catalyst is used to decompose CO, sion are achieved, the processes are simple, safe and
economical, and a high purity product is obtained.
hydrocarbons and NO.
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HOMOGENEOUS CATALYSIS

FUEL CELLS

Osmium
Alkanes

Oxidation of

Platinum Alloy Carbide Catalyst for Fuel
Cell Electrode

European Appl. 331,590A
Alkanes are oxidised to a mixture of alcohols and
ketones by an organic hydroperoxide at >2ooC with
a catalyst of 0 s or a compound of 0 s . For example
cyclohexane gives cyclohexanol and cyclohexanone
which are intermediates for adipic acid and caprolactam, and ethylbenzene gives I-phenylethanol and
acetophenone for production of styrene. The catalyst
is more heat-stable, easier to obtain, and can be
recycled.

TANAKA KIKINZOKU KOGYO European Appl. 329,626A

Acetic Acid Production by Isomerising
Methyl Formate

CORROSION PROTECTION

Catalyst

for

RHONE-POULENC CHIM.

Japarrese Appl. 11153,652
Acetic acid is produced by heating methyl formate at
160-2qoOC and a pressure of 100-1500 psig in the
presence of an organic solvent, CO, a soluble Rh
catalyst, a halogen-containingaccelerating agent and
at least one accelerating agent of an Fe or V compound. The method produces acetic acid with a yield
of at least 95%.
DAIREN KAGAKU KOGYO

Preparation of High purity Monochelate
Palladium Complexes
Japanese Appl. 11157,992
Pd nitrate monochelate complexes of formula
LPd(NO,),, where L is a basic bidentate ligand, are
prepared by reaction of Pd nitrate bischelate complexes of formula L,Pd(NO,), with equivalent or
more molar Pd nitrate. Highly pure and active
monochelate complexes are readily prepared by this
method, and are used as catalyst in the preparation of
3,3', .4,q'-biphenyl tetracarboxylate by oxidative
couplmg of 0-phthalate.
UBE INDUSTRIES K.K.

Phenol Preparation Using Palladium
Catalyst
IDEMITSU PETROCHEM. K.K.

A catalyst used as a fuel cell electrode catalyst consists
of carbides of Pt and one or more of Ni, Co, 0 and
Fe on C supports. Preparation is by depositing Pt on
the C supports by reducing a Pt containing ion in
solution, adding one or more of Ni, Co, 0 and Fey
alloying, and carburising the metals. Superior
catalyst performance is obtained because the metals
are f i n n y fmed to the C supports by the carburising.

Palladium-Nickel
Layer
LPW-CHEMIE G. m. b.H.

Alloy

Intermediate

German Appl. 3,809, I 39

An aqueous electrolyte containing Pd and Ni amines

with 2-20 gfl Pd and 5-30 gfl Ni plus conductive salt
and organic additives, is used to form an intermediate
layer between a low corrosion resistant metallic
substrate and a plasma vapour deposited coating. The
Pd:Ni ratio is adiusted to mve a ureciuitated allov
with 30-90 wt.% Pd. The layer is &ed for corrosion
protection, for metallised plastic components, and
gives improved properties to the fmal coating.

CHEMICAL TECHNOLOGY
Noble Metal-Tin Oxide Catalyst for
Carbon Dioxide Lasers
NAT. AERO & SPACE ADMIN. US.Patent 4,855,274
A ceramic support such as high surface area SiO,

spheres is coated from solution with metastannic acid
and Pt or Pd, followed by evaporation and drying to
give Sn(1V) oxide. Catalyst preparation is easy and
chloride free, very thin layers of tin oxide and noble
metal are obtained, there is no pore blocking in the
support and higher surface areas are achieved. The
products are used in CO, lasers and are efficient at
mom temperature.

Japanese Appl. 11211,540
Phenol is prepared by oxidation of benzene with 0 ,
containing gas at 100--300~C,under 0-50 kglcmzG,
using a catalyst consisting of Pd, metal nitrate(s) and Refining Hydrogen Using a Palladium
fatty acid Li salt($, in molar ratio I:o.~:o.~-I:~:Io, Membrane
Japanese Appl. 11145,303
respectively. Phenol is prepared under milder condi- NIpmN PIONIX K.K.
R e f ~ H,
g involves introducing raw H, gas contions than those of prior art, and in higher yield.
taining impurities into a H, purifying cell in which
New Palladium Catalysts for Polymer H permeable Pd tubes are installed, and making H ,
Preparation
flow out of the purifying cell. The method involves
SHELL INT. RES. Mij. B.V.
Dutch Appl. 881349 purging the impurities in the purifying cell.
New catalyst compositions contain a Pd compound,
preferably a carboxylate such as Pd acetate, an anion Metal Containing Fibre Production
Japanese Appl. 11148,873
of an acid with pKa less than 6, a diphosphine, and NICHIBI K.K.
optionally a promoter such as a 1~4-quinone.The A metal containing fibre is produced by spinning a
catalysts are used for preparation of polymers by solution of polyvinyl alcohol and a water soluble
polymerising a mixture of CO and an olef~callyun- metal salt, preferably of Pt,Pd, Rh, Ir, Os, Ru, Au,
saturated compound, preferably ethylene or an Ag or others, and then reducing. A polyvinyl alcohol
ethylenelpropylene mixture, and give polymers with fibre is obtained having electric, magnetic, catalytic
or bioactive functions depending on the metal in it.
higher molecular weight.

,
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Production
Granules

of

Flaky

Noble

Metal

High Resistance Data Storage Medium

Appl. 11152,205
Flaky granules of Pt, Pd or similar noble metals can
be produced by continuously dropping moltem noble
metal into water through the nozzle of a high frequency induction furnace, and crushing it into flaky
granules in the water by a rotary conical rotor before
solidification. The granules can be produced easily
with high yield, and have a mean grain sue of about
3 . 5 mm and a mean thickness of about 2 mm.

European Appl. 328,368A
A data storage medium has a surface region which includes a layer of heat-sensitive material with a textured surface pattern. The pattern is coated with a
thin film of an alloy having at least one of Pt, Pd, Rh,
Ir, 0 s or Ru with at least one other metal from
specified groups. The device is used as an optical data
storage disc, and uses a laser beam at relatively high
power, while having high resistance and little or no
deterioration.

Reservoir Furnace for Producing
Granular Noble Metal Lumps

Magnetic
Medium

TANAKAKIKINZOKU KOGYO Japanese

SOW CORP.

PLASMON LTD.

TANAKA KIKINZOKU KOGYO Japanese

Appl. 1 / 1 5 5 , 1 8 8
A reservoir furnace used for producing Pt or Pd noble
metal granular lumps contains a ZrO, crucible
covered with C and having a nozzle at the centre of
the base. The crucible is in a high frequency induction heating unit, and is heated to high temperatures
to maintain molten Pt or Pd metal.

Palladium-Silver Separation Membrane
for Hydrogen

Thin Film for Recording

European Appl. 330,116A
A new magnetic film containing oxide(s) of Co,Pt, B
and at least one of Ti, Zr, V,0 ,Nb, Mo,Ta and W
provides high magnetic coercive force, high saturation magnetic flux density and a high perpendicular
anisotropic magnetic field, even at a thickness <5000
A. The film may be formed at a temperature as low
as room temperature which allows a cheap substrate
to be used when producing a magnetic recording
medium.

Japanese Appl. 1/164,419
Thin Film for High Density Magnetic
A membrane is produced using a porous material
ISE KAGAKU KOGYO K.K.

having thermal resistance, forming a Pd membrane
layer on the surface by chemical galvanising, forming
a Ag membrane layer by chemical galvanising, and
heat treating the layered material. The membrane
layer has durability to degradation and cracking by
use at low temperature (up to 30o0C), and is used for
separation of H,,to give IOO% purity.

Silver Halide Photographic
Photosensitive Material
Japanese Appl. 11167,746
The material has at least one emulsion layer composed of Ag halide particles with at least 90 mol % Ag
chloride. and includes a small amount of a Rh salt:
with <o. I 5pm particle size. A hydrazine derivative is
also included in the emulsion layer and there is at
least one non-photosensitivehardened upper layer. A
photosensitive material for daylight utilising contrast
by a hydrazine compound can be obtained.
FUJI PHOTO FILM K.K.

~

ELECTRICAL AND ELECTRONIC
ENGINEERING
Semiconductor Device Used for LSI
European Appl. 326,018A
A semiconductor device with improved conductor
films has a substrate with a plurality of AI-Ptor AI-Pd
alloy films, and a protective film including the noble
metal oxide on the conductor side wall. A claimed
device has conductor line width of I . 3 p m or less, up
to 5 wt.% Pd, and Pd oxide in the protective film.
The devices are used for large scale integration (LSI),
and have improved fine pattern formation in AI films,
and high resistance to electromigration.
HITACHI K.K.
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Recording

co. European Appl. 334,488A
A magnetic film consists of an alloy of 10-20 at.% Pt,
10-20 at.% G,
and balance Co,on a layer of G. The
medium is for high density longitudinal recording,
has reduced noise, good corrosion resistance, and independent adjustment of film coercivity (which is
governed by the % Pt) and the saturation
magnetisation-thicknessproduct (governed by the %
Cr and Pt and the fdm thickness).
HEWLETT PACKARD

Conductive Fibres Used as Antistatic
Threads
U.S. Patent 4,835,056
An electricallyconductive filament consists of a metal
core of Pd, Au, Ag, Co, Ni, Cu, Sn, Zn or Cr,
especially Ni plus a Pd catalyst, surrounded by a
BASF COW.

sheath of non-conductivepolymer (polyacrylonitde),
and has resistance of 50-10 billion O/cm. The
filaments have increased durability because the metal
is impregnated into the polymer structure, and are
usem as antistatic filaments for textiles, spark plug
wires, and so on.

Conductive Plastic Articles for Static
Reduction
CELANESE ENG. RESINS
US.Patent 4,851,081
Conductive plastic articles are produced by etching
plastic pellets, treating for 2 or 3 minutes with an
aqueous Pd-Sn catalyst solution having 1.2-2.5 g/l
PdCl,, 80-150 gll SnCl, and 280-360 g/l HU,electroless coating with 15-25 wt.% Ag, Ni or Cu, and
heating the coated plastic. The conductive plastic is
used to reduce static in medical instruments, conveyor belts, video and audio parts such as hubs.
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Thin Film Magnetic Heads with Magnetic
Films Containing Palladium

Cladding with Silver-PalladiumAlloy
Inlay for Use in Electronics

HITACHI K.K.

TANAKA KIKINZOKU KOGYO JapaWSe

Electrochromic Device for Numerical
Display

TANAKA KIKINZOKU KOGYO

Japanese Appl. 111 24,108
Thin film magnetic heads for high density recordmg
have a magnetic substrate with a pair of magnetic
films arranged on the substrate facing each other.
The magnetic films consist of a quaternary amorphous alloy containing 0 . 2 - 6 at.% Pd, 3.5-7 at.%
Hf, 1-4 at.% Ta, and Coyand show improved COTTOsion resistance, high saturationmagnetic flux density,
and low magnetostrictive constants.

Japanese Appl. I I1 36, I 29
An electrochromic device is prepared by providing
transparent electrodes on both faces of a substrate,
and then forming Ir oxide films simultaneously on
both electrodes by anodic oxidation. An Ir oxide f h
is produced with a large change in colouring and
discolouring concentration with one process.
CANON K.K.

Ruthenium Metal for Lead Switch
Contact Material
TANAKA KIKINZOKU KOGYO Japanese

Appl. 11147,058
Vacuum-evaporatingRu metal for lead switch contact
material uses a more than 99.98% Ru metal containing ppm amounts of Cd,As, Nay K, Zn, Mg, CaySr,
Bi, Sb, Ba, Pb, Al, Si, In, Mn, Ag and Sn.

Material for Photomagnetic Recording
Medium
& TELEPH. Japanese Appl. I / I 5 0 , 2 5 9
A magneto-optical thin fdm material contains Pt,
Mn, Sb, oxygen, and one or more of Pd, Rh, Ir, Au,
Co, Cu and Sn. The material is used for a
photomagnetic recording medium for high density
and erasable photomagnetic recording, having large
Kerr rotation angles, excellent oxidation resistance,
lower Curie temperature than that of a PtMnSbO thin
film, stability in air, and high S:N ratio.
NIPPON TELEG.

Stable Oxide Superconductive Material
TANAKA KIKINZOKU KOGYO Japanese

Appl. 11153,535
A new oxide superconductivematerial which is stable
and can be produced on a large scale contains at least
one of Y, La, Pr, Nd, Sm, Gd, Tb, Dy, Ho,Er and
Yb, at least one of Bay Sr and 0,and at least one of
Ir, Os, Ru and Cu, excluding Cu alone. The material
is produced by preparing an alloy and oxidking; the
alloy being produced easily in a specific shape.

Radiation Electrode Material for Static
Charging
Japanese Appl. 11164,971
An electrode material is made by implanting Pt ions
on the surface of high melting point metals or metal
alloy wire material, to give a Pt-ion implanted alloy
layer. The electrode material is used for charging the
photosensitive body of a copying machine, having a
maintenance free, long service life.
MITSUBISHI METAL K.K.

Platinum Metals Rev.,1990, 34, (2)

Appl. 11178,391
A cladding consisting of 30-60% of an Fe-Ni alloy
base material and a Ag-Pd aUoy (with 20% or more
Pd) incorporated like an inlay is manufactured by
continuously cladding the Ag-Pd alloy on the base
material in single or multiple longitudinal belts, using
the hot rolling adhesion method. The process provides an inlay cladding for use as contacts in electronics, for example of reed switches and keyboards.

High Purity Metals for Vapour Deposition
Japanese Appls. 1/180,960-64
Pt, Pd, Rh, Ir and 0 s metals having at least 9 9 . 9 8
wt.% purity contain by weight a total of 30 ppm of
elements including Cd, As, Mg, Sr, Cay Bi, Al, In,
Ag, Si, Sn and so on. The metals are used for contact
point materials for reed switching devices, giving a
smooth film, and preventing boiling of the metal and
splashing during vapour deposition caused by impurities.

Cobalt-Palladium Magnetic Layer for
Recording Medium
Japanese Appl. I / I 9 1 , 3 1 8
A vertical magnetic recording medium has a Co-Pd
magnetic alloy thin layer consisting of 10-40 at.% Co
and 6 0 - 9 at.% Pd. The magnetic layer has high density and high vertical magnetic anisotropy, with
magnetic properties equivalent to or higher than
those of conventional Co-Cr alloy magnetic layers,
and is used for high density recording.

SONY CORP.

Improved Magnetic Powder
Japanese Appl. 1/200,605
A magnetic powder consisting of a hexagonal system
ferrite such as Bay Sr, Pb or Ca ferrite, contains
5 - 5 0 0 ppm of at least one element selected from Pd,
Rh and Ru, and 5-100 ppm of Pt. The magnetic
powder has a uniform and narrow distribution plate
form ratio, and is suitable for production of a high
density storage medium with a high S:N ratio.
TOSHIBA GLASS K.K.

Metallising Composition for Ceramics
Japanese Appl. I / z o i , ~
A metallising composition consists of inorganic components having 100 parts wt. CuO-Cu with 30-70
wt.% CUO and 70-30 wt.% CU,UP to 10 parts wt.
MnO,, up to 7 parts wt. Pt andlor up to 5 parts wt.
Au, and an organic binder and solvent.
NGK SPARK PLUG K.K.

Magnetic Head for Floppy Disc Drives
Japanese Appl. 11205,504
A magnetic head has a magnetic core material whose
surface is a quaternary amorphous magnetic alloy
containing Co,at least 5 wt.% Hf, at least I wt.% Ta,
10-13 wt.% Hf+Ta, and 0.5-4 wt.% Pd. The
magnetic head is used for floppy disc drives and
VTRs, and is capable of high density recording
against a high coercive force medium.
HITACHI K.K.
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Metal Powders for Conductor Path
Patterns
German Appl. 3,806,515
Metal powders for production of conductor path patterns on heat-resistant substrates are produced from
0.1-10pm particle size metal powder of Pt, Pd, Au,
Ag, or alloys of these, which is uniformly wetted with
a solution of Pd, Rh or Cu salts, heated and dried.The
addition metals (Pd, Rh, Cu) are present in optimum
uniform distribution,improving the conductivity of the
paths, and smaller amounts are required to assist
adhesion.

DU WNT DEUTSCHLAND

TEMPERATURE
MEASUREMENT
Resistance Thermometer Lead Wire
W.C. HEMEUS G.m.b.a.
German Appl. 3,832,342
A lead wire for a resistance thermometer has a Pd alloy
core containing 1-5 wt.% W and balance Pd, with a
Pt sheath having IO-~O'YO sheath volume per unit
length. The wire is produced by inserting a bar of the
Pd alloy in a tube of Pt, and drawing down to the f d
wire diameter in several stages. There is a cost saving
~ u -core,
~ t together w
witi
compared with wire having ai Au-Pt
ith
improved mechanical properties.

New Platinum Complexes Used as AntiNeoplastic Agents
INT. P m . PROD.
US.Patent 4,853,380
New Pt co-ordination complexes are prepared by reacting a Pt salt with an amine and then with a heterocyclic
S compound so that Pt is co-ordinated to 2 amine
moieties, a heterocyclic S atom and a sulphonic acid
group, and optionallyoxidising to yield a Pt(1V) compound. The compounds are given to mammals with
various neoplasms or neoplastic disease of the bone
marrow or blood cells, to slow the growth of neoplastic
cells and prolong life.

New Platinum Anti-Malignant Tumour

Drugs
Japanese Appb. 11163,191-92
Anti-malignanttumour drugs contain new Pt(II) complexes which can be synthesised by reacting
Pt(1I) with an acyldinitrate(I ,~-diamin~yclohexane)
dimethyl-dioxane-dioneor an acyl-pyrimidinetrione.
The Pt(I1) complexes have strong anti-tumour activity, low toxicity, and are useful for anti-malignant
tumour drugs which can be administered orally or
parenterally at an adult daily dose of 0.01-SO mg.

TORAY IND. INC.

Metal-Plated Contrast Yarn
Japanese Appl. 11192,348
A contrast yam is obtained by applying a metal-plating
fdm to a yarn, such as cellulosic yam, by dipping in
a Pd hydro solution with a surfactant, then washing
and dipping in an elecuoless Ni-plating liquid to form
Ni-plated yarn, optionallyfollowed by different metal
plating, The yarn is used for X-ray photography of the
position and shape of the bottom or upper part of a
periodontal pocket in periodontitis.
Y. SUGANO

MEDICAL USES
New Platinum Anti-Tumour Agents with

Low Toxicity
European Appl. 324,154A
New I ,I-bis(aminomethyl)cyclobutane Pt complexes
are anti-tumouragents active against AH135, B16 and
Colon 115 tumours in vim and P388 leukaemia in vivo.
They have low cumulative and bone-marrowtoxicity,
no nephrotoxicity, and have good water solubility.

ASTA PHARMA A.G.

Platinum Anti-Tumour Agents for Oral Administration
European Appl. 3 2 8 , 2 7 4
New P
t
O complexes having anti-tumour activity mntain NH, or an amine; alkyl, alkenyl, aryl, alkylamino
or akoxy groups; and a halogen or alkyl mono- of dicarboxylate. The complexes are anti-tumour agents,
particularly useful for oral administration, with many
M y soluble in water and organic solvents. Tests show
the activity of the complexes against ADJ/P(%in mice.
JOHNSON MATTHEY INC.

High Bonding Strength Dental Palladium
M O Y
TOKUYAMA SODA K.K.

Japanese Appls. 11215,938-39
A Pd alloy consists of (a) 5-15 wt.% Cu, 8-18 wt.%
Sn, 0.5-4 wt.% Ge, balance Pd and preferably 0.001-5
wt.% of at least one of In, Fe and CO,or (b) 3-12 wt.%
Fe, 2-10 wt.% Co, 1-8 wt.% Ga and balance Pd. The
alloys have high bonding strength with ceramics, for
example 160 or 175 kglmm*,and are used as a dental
prosthetic material for damaged portions of teeth.

Composition Containing Platinum for
Cancer Treatment
JOHNSON MATTHEY PLC

Australian Appl. 89127,681

New Anti-Tumour Platinum Co-ordination An oral pharmaceuticalcomposition for cancer treatCompounds
ment contains a co-ordination compound of Pt with
A ~ PLC
Y
European Appl. 333,351A
New Pt(1V) co-ordination compounds contain one
NH, ,one alkylamine or cycloalkylamine moiety, and
CI or OH. The compounds are used as anti-tumour
agents, and are active in vitro against cisplatin-and
tetraplatin-mistanttumour cells (L1210 leukaemia cell
lines and Ll210 cell lines).

JOHNSON M
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a branched alkyl primary amine or a cycloalkylamine.
The composition is preferably in solid form such as
compressed tablets or dry filled capsules, and the absorption following oral administration is good.
The New Patents abstracts have been prepared from
material published by Dement Publications Limited.
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