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Improvements in Platinum Plating
A NEW GENERATION OF ELECTROPLATING BATHS

By P. E. Skinner
Johnson Matthey, Chemical Process Development, Royston

Platinum and platinum alloy films electrodeposited from conventional
aqueous electrolytesfind application for a wide range of uses. During
deposition a variety of problems have to be overcome, necessitating optimisation of process conditions; in addition currently available platinum
plating processes are not considered to be particularly effccient. The invention of a new series of aqueous platinum or platinum-alloy electroplating baths which permits thick and adherent deposits to be
produced, and which are more eficient than other commercial plating
solutions, is now reported. Some results of investigations made on test
pieces and limited pre-commercial proving samples, are also given.

Although the electrodeposition of platinum
has been practised for over 150 years, it is still
a subject that attracts great interest, as
demonstrated here by a recent review paper (I).
This is because deposits of platinum metals and
alloys are used, for a variety of reasons, in many
different applications; but often there are difficulties associated with the process, or the properties of the deposit obtained may limit, in
some way, the length of time or conditions
under which the plated component can be
employed. While the end user may only be concerned with the performance and cost of the
plated piece, the ability of the electroplater to
satisfy the needs of the customer depends
ultimately upon the available materials and the
conditions required to deposit them successfully, so in fact the problems are common to all
parties.
The results of a continuing development programme demonstrate that many of the difficulties associated with existing platinum
electroplating systems, including low efficiencies and fluctuating operating conditions, can
be eliminated, or substantially reduced, by a
new generation of electroplating baths which
are now approaching full commercialisation.
Established processes are based on materials
such as diamminedinitroplatinum(II), alkali
metal hexahydroxyplatinates(IV), hydrogen

Platinum Metals Rev., 1989, 33, (3), 102-105

hexachloroplatinate(1V) or hydrogen dinitrosulphatoplatinate(I1). The new development
consists of a range of complexed platinum salts,
some of which are believed to be novel, which
are used in alkaline aqueous solution ( 2 ) .
A platinum plating preparation may thus be
based upon ammine or amine platinum(I1)
complexes combined with neutral, acidic or
alkaline organic or inorganic anions. The most
significant operating variables for several
tetrammineplatinum(I1) compounds have been
studied, and some typical results from a promising system are given. Plating trials showed
that pH control was necessary to keep the bath
running at maximum efficiency, adjustment being made by the addition of sodium hydroxide
solution or a relevant acid. In general, the optimum range of pH values is from 10.0to 10.6.
No permanent harm occurs outside this range,
however, the cathode efficiency being restored
when the p H value is brought back within the
recommended limits. The influence of pH on
current efficiency is shown in Figure I.
Early trials indicated that the bath operated
most efficiently at temperatures >go°C and this
was confirmed by later experiments, the results
of which are shown in Figure 2 . The need to
minimise evaporation losses imposes an upper
temperature limit; generally the plating temperature should be in the range of 91 to 95OC.
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The appropriate concentration of platinum
varies according to the task being undertaken,
the lowest feasible concentration of platinum
being about 2 gA, and the upper platinum concentration about 30 gA. Platinum concentrations in the baths are maintained by the
addition of calculated amounts of a platinum
replenisher. Remarkably, tests have shown that
the bath will still plate platinum even when its
concentration has been reduced to less than 10
parts per million, a feature that can be made use
of for the recovery of platinum from spent solutions. One of the disadvantages of the longestablished process based upon platinum-Psalt, diamminedinitroplatinum(II), is that it
may cease to deposit platinum, due to the formation of non-active plating species. A measure
of the long-term performance of a platinum
bath can be gained from turnover trials; one
turnover being taken to mean that the weight of
platinum originally present in the bath has been
removed by deposition and the bath replenished by the addition of concentrated platinum
solution. Operating under experimental conditions, a bath based upon a new tetrammineplatinum(I1) system maintained high
efficiency even after 10turnovers, showing that
it is superior to platinum-P-salt baths.
The bright, white, lustrous deposits that can
be obtained with some anionic components are
suitable for jewellery applications without the
addition of brighteners, which are generally unnecessary in these new systems.
Laboratory work has demonstrated that the
new system is very versatile and can be used to
electrodeposit platinum and platinum alloys.
Thus, for example, the addition of compatible
tetramminepalIadium(I1) or
hexamminenickel(I1) species to the bath enables the corresponding alloys to be deposited. Suitable
substrates include brass, copper, gold, nickel,
niobium, superalloys and titanium. Other
metals, and also conductive resins and composites, are regarded as candidate materials for
plating in this system for a variety of applications including electroforming. As with other
electroplating systems, the pretreatment of the
substrate is of crucial importance, and the most
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Fig. 2 Tests conducted in a bath with
pH = 10.5 and a platinum concentrationof
5 gA show the advantage of operating at
temperatures above 9OOC. However, the
need to minimise losses by evaporation
suggests that 95OC ie a sensible upper
temperature limit

advantageous combination of chemical and
mechanical preparations must be established
and utilised. In-house and customer
assessments of platinum and platinum alloy
deposits on these substrates, in various physical
forms, including sheet, gauze, wire, chain and
preformed and fabricated items, have been
undertaken or are currently being camed out.
Examples of work completed are listed in
Tables I and 11.
For industrial applications, the properties expected of platinum electrodeposits may include
high temperature resistance to corrosion and
oxidation, good adhesion to the substrate and
good electrical conductivity. These in turn depend upon other factors, such as the uniformity
of thickness of the deposit and the effectiveness
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TOM. I

Induetrial Items Electroplated with Platinum
Object

Substrate

Thickness,
micrometres

Surface area,
square decimetres

Aviation components
Aviation components
Bursting discs
Electrodes
Electrodes
Electrodes
Electrodes
Turbine blades
Wire
Wire

Niobium superalloy
Stainless steel 347
Titanium
Stainless steel 316L
Titanium
Titanium mesh
Tungsten wire
Superalloy
Copper
Molybdenum

20
55
5
10
29
5
10
7
15
10

0.38
25.00
1.50
0.55
4.80
2.20
0.12

TOM. II

Jewellery and Decorative Iteme Electroplated with Platinum
Object
Paper weights
Ear-rings

Electroformed orchid
Chain
Watch case
Washers
Semicircular components

Subsrrate
Nickel plated gunmetal
Nickel
Gold

Gold, 9 carat
Brass
Titanium

Silver plated aluminium

of the pretreatment. Additional desirable properties for decorative applicationsinclude abrasion resistance, absence of “finger printing”,
brightness, purity of colour and reflectivity.
While some of these properties can be assessed
by tests such as the Sebastian pull test for adhesion, or microscopic examination of prepared
sections, others can only be judged by the
results of field trials. Although plated platinum
deposits thicker than 5 micrometres are
generally highly stressed and, therefore, very
brittle, a simple bend test is sufficient to
demonstrate that the new system is capabIe of
producing low stress deposits, and thicknesses
of up to 50 micrometres have been success€ully
deposited.
The sample illustrated in Figure 3 has a
platinum costing 2 micrometres thick on a
polished copper substrate, and has been bent

Platinum Metah Rev., 1989, 33, (3)

Thickness,
micrometres
0.1
0.4
0.5
0.5
1.o
1 .o
1.5

Method
Vat

Vat
Vat
Vat
Vat

Barrel
Vat

Fig. 3 A simple bend test clearly demonstrates
the low stress, ductile ~
h of ~
the platinum
e
electrodepmit, and ehows good adhesion of the
eating to the substrate. The latter bas been confmed by Sebastian Adhesion Testing when a
sample of platinum plating on a copper substrate
survived a p d of 16,536 kNlm’ normal to the
surface
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through an angle of 18ooCand then straightened four times successively. The platinum remains firmly adhered to the substrate.
While all plating systems have to be handled
and used with due regard to the health and safety of operators and the environment, the new
platinum and platinum alloy system has clear
advantages over most conventional commercial
systems, being non-toxic and non-explosive in
either the wet or the dry state. In addition, as
it is only mildly alkaline, it is less hazardous
than the strongly alkaline or acidic materials of
some existing baths.
Following the granting of provisional patent

coverage worldwide, the new platinum and
platinum alloy plating process was launched by
Johnson Matthey in the Pacific Basii region
during the latter part of 1988, and has been well
received. It is confidently expected that continuing development work will further extend
the range of industrial applications that can be
achieved with the new system.
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Ignition and Engine Performance Conference
Twenty-two motor companies and seven
spark plug manufacturers were represented at
the 26th Champion Ignition and Engine Performance Conference, held in Munich, West Germany on 25th and 26th April, 1989. The
various areas of technology addressed included
spark plug and ignition system developments,
engine design and the effects of fuel, fuel
lubricants and fuel additives on engine performance.
Discussions on the current and future requirements for e l m o d e materials in spark
plugs, and new operational design concepts
were confined mainly to Champion, Robert
Bosch and Nippondenso. Each of these spark
plug manufacturers use platinum or noble
metal alloys for electrode tips, or as f i e wires
for complete electrodes. The reasons for their
use include the need to provide high performance and reliable ignition, and to ensure that
the ignition system is capable of surviving for
the lifetime of the engine. The engine manufacturers gave a clear indication that, because of a
desire to completely seal the engine compartment, future designs would necessitate the use
of totally reliable plug systems. M
e
e
d
,the
plug systems on some existing engines are not
readily accessible, and must therefore provide
guaranteed performance and lifetime.
Informative discussions took place on engine
cold start, the advantages and disadvantagesof
projected nose plugs and operating heat range.
ACtype, dual plug and coil-on-plug ignition
systems were also considered, and some
thoughts on “knock” detectors were given.
This well organised conference enabled the
130 delegates to increase their awareness of the
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opportunities for innovation in materials
technology which will accompany new concepts
in engine design.
I.R.M.

Combustion Research in Japan
Prepared by the Global Competitiveness
Council and published by the Society of
Automotive Engineers, the latest volume in a
most useful series devoted to increasing the
awareness worldwide of Japanese research on
spark ignition engines contains extended
abstracts of some two hundred papers. The
wide range of topics covered includes some applications where the platinum metals are currently in use, namely: emission control
catalysts, sensors and spark plug materials. It
also embraces subjects such as alternativefuels,
improved engine design and the reduction of
unregulated secondary pollutants, which may
affect future demand for the platinum metals.
The investigations summarised have been
carried out by researchers S i t e d with
Japanese corporations, research institutes and
universities, and this volume will enable
English speaking readers to gain a valuable introduction to Japanese technical literature on
the subject. Furthermore seventeenkey sources
of information are listed, as are the organisations which originated most of the work.
Combustion Research in Japan, Volume 5,
Spark Ignition Engine Research, ISBN
0-89883-676-X, may be obtained from:S A E
Customer Service, 400 Commonwealth Drive,
Warrendale, PA 15096-0001, U.S.A., price
$IOZ.OO, or from the S A E European Office,
68a Wilbury Way, Hitchin, Herts SG4 oTP,
England, price L79.00.
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The Alloying of Titanium Aluminides
with Ruthenium
By A. Khataee, H. M. Flower and D. R. F. West
Department of Materials, Imperial College of Science, Technology, and Medicine, London
Titanium is ductile in pure form but hardens
considerably on alloying. Titanium alloys have
excellent physical and chemical properties, being resistant to oxidation and corrosion in most
dilute corrosive environments, including sea
water, resulting in their widespread application
in chemical plants, oil platforms, underwater
engineering and medicine. Furthermore, with a
low density of 4.5 x 10’kg/m3 and strengths
well in excess of 1000 MPa, coupled with good
creep resistance, certain titanium alloys have
found extensive use in the aerospace industry.
The physical metallurgy and alloying
behaviour of titanium is, however, rather complex due to its allotropy, involving a h.c.p.
crystal structure (a)below 882.5OC and a b.c.c.
crystal structure (p) above this temperature.
Alloying elements may dissolve preferentially
in a-titanium (a-stabilisers), in &titanium @stabilisers) or in both (neutral), thereby increasing the stability range of these phases. They
may also form compounds with titanium. Accordmgly, titanium alloys are classed as aalloys (predominantly a phase), &alloys and so
on, erich group having its own characteristic
properties. Alpha and near alpha titanium
alloys (containing additional small amounts of
8-stabilisers) have very good creep resistance,
high strength and good weldability. Beta
titanium alloys have poor creep resistance, but
good workability and formability. It is evident
that a combination of useful properties can be
achieved in an a + 0 alloy. Indeed one of the
first aerospace alloys developed in the 1950s
was an a + P alloy, Ti-6AL4V (weight per
cent), also known in the United Kingdom as
IMI318. Capable of operating up to about
35Ooc, IMI318 is the most widely used of the
titanium alloys in aerospace applications.
Over the past 40 years advances in aircraft
jet-engine technology have resulted in more
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efficient and powerful engines operating at
increasingly higher temperatures, in order to
achieve more thrust. The most advanced
titanium alloys today are near-a alloys, such as
IMI829 (Ti-5.5Al-3.5Sn-3Zr-I Nb-0.25Mo-0.2 5Si),
capable of operating at 550 to 580OC. Above
6oo°C, however, their oxidation resistance
becomes inadequate and they suffer from creep
and general metallurgical instability. Future
generations of jet-engines will require alloys
capable of operating at even hlgher
temperatures, beyond the limit of the conventional alloys currently available. The titanium
aluminides, Ti,AI (a2)and TiAl (y), are
ordered intermetalliccompounds with excellent
oxidation resistance and mechanical properties
at temperatures up to about w ° C , offering
considerable potential in this context. They are,
however, brittle at mom temperature and most
of the research during the past 10 to 15 years
has concentrated on overcoming this brittleness. An obvious way to improve ductility is
by alloying, with the aim of refining the
microstructure and reducing the slip length by
producing a second phase dispersion. In this
context, 0-stabilising elements such as
molybdenum, niobium and vanadium have
been used to produce aluminide + p structures,
with some improvements in ductility, but most
workers have ignored the effects of nonconventional 6-stabilising elements.
The platinum group metals show extensive
solid solubilities in &titanium. In the past,
elements such as palladium have been added
to titanium-aluminium, titaniumthromium,
titanium-molybdenum and various ternary
titanium-aluminium based alloys to enhance
their low temperature corrosion properties in
aqueous environments (I, 2). IMI260 and
IMI262, containing 0.2 weight per cent
palladium, are the recommended materials for
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use below zm°C in chemically reducing environments (3). Studies have shown that it is
economically feasible to platinum ion plate
some aerospace alloys such as AMS4975,
IMI685 and IMI829 in order to increase their
operating temperature (4, 5).
Previous work on the titanium-aluminiumruthenium system (6) showed the presence of a
ternary compound in the system, but lacked
detailed experimental measurements. The present research was initiated in order to examine
the effect of ruthenium on the structure and
properties of titanium 17 to 37 atomic per cent
aluminium alloys, mainly by establishing the
details of constitution and phase equilibria in
this section of the titanium-aluminiumruthenium system.

Experimental Procedure
Alloy preparation and heat treatment entailed
precautionary measures to minimise atmospheric contamination, in view of the known
effect of impurities on titanium alloys (7, 8).
The alloys listed in Table I were prepared by
argon arc melting the constituents by a nonconsumable tungsten electrode. Prior to
melting, the furnace was evacuated and flushed
several times with pure argon to reduce contamination. Weight losses after melting were
around 0.2 per cent. Alloys, in the form of
finger shaped ingots, were wrapped in
molybdenum foil, sealed in quartz capsules
containing argon and homogenised at 125oOC
for 24 hours. Subsequent heat treatments were
carried out at 1100 and 1o5oOC for 24 hours,
950°C for 96 hours and 870 and 77Ooc for 186
hours. All heat treatments were terminated by
breaking the quartz capsules under water, in
order to achieve rapid quenching while
avoiding atmospheric contamination.
All the alloys were examined by light
microscopy, scanning (SEM) and transmission
(TEM) electron microscopy and X-ray diffraction. Elemental analysis was carried out using
X-ray energy dispersive spectroscopy (EDS)of
both thin foils and bulk samples. The former
were prepared in a twin jet electropolishing apparatus employing a 10to 12 per cent sulphuric
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Tabk I

Nominal Composition of Alloys
Composition, atomic per cent

Alloy number

1
2
3
4
5
6
7
8
9
10
11
12

Ti

Al

Ru

Balance

18
17
18
18
25
24
23
37
37
37
33
60

1
2
5

1
5

1
5
29
18

--

acid in methanol electrolyte at - 25 to - 35OC.
X-ray diffraction of bulk samples, powders and
extracted particles was also carried out.
Mechanical testing, consisting of compression and tensile tests, was carried out on all the
alloys. Selected alloys were isothermally forged
at IIOOOCto approximately 50 per cent reduction in thickness, before ageing at 77oOC. Tensile testing of the forged samples was carried
out at 20, 650 and 800OC.

Results and Discussion
Alloys Based on Ti,Al
Composition 17 to 25 atomic per cent
Alumillium
Quenching alloys containing I to 2 per cent
ruthenium from the high temperature 0titanium field results in transformation of b.c.c.
@-titaniumto martensite, see Figure I. The
martensite is hexagonal in alloys with I per cent
ruthenium but orthorhombic in alloys with 2
per cent ruthenium. In alloys based on the
stoichiometric Ti, Al composition (25 atomic
per cent aluminium), the hexagonal martensite
contains small ordered domains, shown in
Figure 2, with DO,,type crystal structure. The
finger shaped domains show a positive concentration gradient of ruthenium away from the
central rib of the martensite plates, suggesting
the involvement of a diffusional growth element
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Fig. 1 Quenching a Ti-24Al-1Ru
alloy from 125OOC results in the
transformation of h.c.c. 0-titanium to
martensite, light micrograph

Fig. 2 The ordered finger shaped domains that occur in Ti-24AI-lRu
martensite have a positive concentration gradient of ruthenium away from
the central rib of the martensite plates,
dark field TEM micrograph

Fig. 3 Fine scale u 2 + /3 structures
occur in Ti-18Al-5Ru quenched from a
temperature of 950OC; an u 2 region is
indicated on this SEM micrograph

coupled with initial martensitic transformations
in these alloys.
The tempering behaviour of the martensitic
structures in these titanium-aluminiumruthenium alloys is similar to that of other
titanium alloys containing @-stabilising
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elements (9). In short, orthorhombic martensite reverts to fi before precipitating low
temperature equilibrium Q or a 2 phases,
whereas such transformation occurs without
reversion in hexagonal martensite, depending
on the tempering temperature. Details of solid
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Tlk"

RUTHENIUM, atomic per c e n t

Fig. 4 Partial isothermal sections of the titanium-aluminium-rutheniumsystem at a
temperature of: (a) 125OoC, (b) 770OC. The numbers refer to the alloys listed in Table 1
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Fig. 5 Equilibrium /3 phase particles
are indicated in the u 2 matrix, in
Ti-tBAl-lRu, quenched from a
temperature
of
77OoC,
TEM
micrograph (tensile tested alloy)

Fig. 6 [Ti,Al]Ruparticles occur in an
u I matrix, in Ti-23Al-SRt1, quenched
from a temperature of 870°C, TEM
micrograph

state transformations in titanium-aluminiumruthenium alloys have been published (10).
The beta phase can be retained at room
temperture in alloys containing 5 per cent
ruthenium by rapid quenching. Ageing of these
alloys at 770 to 950°C results in the precipitation from the beta phase of a, a 2 and/or
[Ti,AlIRu. The latter is a ternary phase based
on a solid solution of TiRu and AlRu, in which
aluminium and titanium atoms can substitute
for each other (6). Ageing in most alloys,
however, results in fine scale a + 0or a + a
+ 0 structures, shown in Figure 3, as can be
seen from the partial isothermal sections determined in this work for the titanium-aluminiumruthenium system at 1250OC and 770°C, and
illustrated here in Figures 4(a) and 4(b), respectively. These diagrams serve to show the major
constitutional features of this system, namely
the extent of the a + p field and the presence
of two ternary phases, [Ti,Al]Ru and G-phase
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(see below). The ternary sections were plotted
from phase composition data obtained by EDS
analysis of thin foils. For the binary sides, the
titanium-aluminium and titanium-ruthenium
assessed diagrams by Murray ( I I , 12)and the
aluminium-ruthenium diagram according to
Shunk ( I 3) were used. .
An important feature of the titaniumaluminium-ruthenium system is the low
solubility of ruthenium (< I per cent) in atitanium and the titanium aluminides, as evident in the phawdiagram of Figure 4(b). The
rejection of ruthenium atoms from a, or the
aluminides, gives rise to an enriched phase
formation. Thus alloys with as little as I per
cent ruthenium, contain equilibrium 0phase at
770°C, Figure 5. Higher levels of ruthenium
and aluminium result in the formation of
[Ti,AllRu, as in the Ti-qAl-gRu alloy, shown
in Figure 6. Generally, higher levels of
aluminium promote compound formation in

-
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Fig. 7 The light micrograph of par-

retaiued p p h in a
Ti-37Al-SRu d o y quenehed from a
temperature of 125OoC is sup
plemented by M electron diffraction
pattern and key, ahowing the Burger%
type transformation
tially

these alloys, as in the case of the 37 atomic per
cent aluminium alloy series, considered below.

Alloys Based on TiAl
Composition 37 atomic per cent
AlllminiIlm
Investigations of the martensitic transformations in these alloys revealed similar behaviour
to that of lower aluminium content alloys, after
quenching from the high temperature /3 field.
Quenching of the Ti-37Al-gRu alloy from
125ooC, however, resulted in only a partial
retention of the B phase, see Figure 7. In comparison with lower aluminium alloys (17 to 25
per cent), where 5 per cent ruthenium is sufficient to cause complete retention of B, the
Ti-37Al-gRu alloy with partially retained /3
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demonstrates the a-stabdising effect of
aluminium. This is also consistent with the fact
that the M, increases with the aluminium content in titanium-aluminium alloys (14).
The microstructure and equilibria in these
alloys are sigdicantly affected by the presence
of a ternary compound, the Gphase, in this
region of the system. The G-phase is one of a
group of compounds with the T h 6 h 2 3 type
structure, based on b.c.c., and isovOpic with
Mg,Cu,,Si,,asdescribedbyDwight(15). Itis
involved in equilibtia with m 2 , y, and
[Ti,Al]Ru, as indicated in Figure 4(b). In the
Ti-37Al-1Ru alloy, the G-phase is present as
very small oval particles in equiaxed TiAl (7)
grains, as shown in Figure 8. The G-phase is,
however, very brittle and its presence as large
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Fig. 8 6-phase particles are indicated
in a TiAl matrix, in Ti-37Al-lRu w e n ched from a temperature of 770°C,
"EM micrograph (tensile tested alloy)

particles in the Ti-37Al-gRu alloy caused severe
embrittlement. Despite this, the compressive
plasticity of the Ti-37Al-1Ru alloy showed
marked improvement in comparison with the
binary Ti-37Al alloy.
The data collected in Table I1 were obtained
from a limited amount of mechanical testing of
these alloys, and show considerable improvement in ductility and strength for two alloys,
namely Ti-qAI-xRu and Ti-37Al-1Ru. These
alloys consist of fine scale microstructures containing small 0 or G-phase particles in a 2 or
OL + y matrix (Figures 5 and 8), after ageing at
77oOC. Although room temperature ductility is
absent in tension, the results of high

temperature tensile testing and sustained high
temperature strengths of these alloys has clearly
emphasised the potential of ruthenium as an
important alloying addition to the Ti,Al and
TiAl based alloys. The mechanical testing
results given in Table 11 represent average
values of strength and strain obtained by testing
two or more alloys in similar conditions.
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II
Table II

Mechanical Properties of Selected Titanium-Aluminium-RutheniumAlloys

Alloy composition,
atomic per cent
Ti-1 7AI-1Ru
Ti-1 8AI-2Ru
Ti-1 8AI-5Ru
Ti-24AI-1Ru"

Ti-23AI-5Ru
Ti-37AI-1Ru"

Test
emperature,
OC

Compressive
strength,
MPa

Compressive
strain,
per cent

Tensile
strength,
MPa

Tensile
strain,
per cent

20
20
20
20
650" "

1782
1716
1a 2 5
2037

4.6
1.7
0.6
11.5

-

-

-

-

-

0

-

-

aoo*

-

-

20
20
650'

1625
2249

0
14.2

-

-

aoo*
Ti-37AI-5Ru

+

20

-

0

772
595
651

0
<1

-

-

a07
748
4 91

0
5.7
1.5

-

-

'Alloys tested in tension at Royal Aerospace Establishment: * * only tested in tension
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Platinum 1989
The latest annual survey of commercial
aspects of the six platinum group metals
was published by Johnson Matthey during
May. Compiled with the assistance of
many people in the platinum-producing
and platinum-using industries throughout
the world, “Platinum 1989” fmt summarises the events that affected the supply,
demand and use of platinum and
palladium, and to a lesser extent rhodium,
iridium, osmium and ruthenium during
1988, before going on to consider the
outlook for 1989, and the years beyond.
For the second successive year supplies
of primary platinum exceeded three
million ounces troy, but demand was again
greater than this and the deficit had to be
met by metal withdrawn from stocks. Interestingly, Japanese imports jumped by
no less than thirty per cent, compared with
the record amount purchased in the
previous year, to 67.5 tonnes, this being
equivalent to 68 per cent of the primary
supplies available to the Western World.
The Japanese investment and jewellery
markets were both of major importance
during 1988,the latter absorbing just over
one million ounces troy. A most interesting eight page section of the survey is
devoted to the use of platinum in
jewellery, a topic generally not considered
in Platinum Metals Review; this includes a
brief outline of the main technical features
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of the metal that ensure its position in the
highest-value sector of the market.
The perceived future demand for
platinum metals in the European
autocatalyst market was also highlighted.
The European Commission has now
reacted to growing concern about air quality, and the damage caused by emissions
from motor vehicle engines. Thus the
usage of the metals is expected to rise
steadily over the next three years, as emission control catalytic converters become
standard equipment on cars in Western
Europe. Autocatalyst manufacture is
already the largest application for
platinum, taking 1.325 million ounces troy
in 1988, and although the metal being
recovered from scrapped converters is increasing, it amounted to only 160,000
ounces troy during the year under review.
Another notable feature of the past year
was again the record demand for palladium
resulting from increased use in both electronics and dental applications.
Readers of Platinum Metals Review who
do not have ready access to “Platinum
1989”,and who believe they would benefit
from receipt of this comprehensive survey
of the commercial aspects of the platinum
metals should send their requests for a copy
to the editor: h4r F. John Smith, Johnson
Matthey P.L.C., New Garden House, 78
Hatton Garden, London ECIN 8JP.

113

Electrochemically-Induced
Solid-state Fusion

I

The 1989 Spring Meeting of the Electrochemical Society was held in Los
Angela, Calqornia, from 7th to 12th
May. Without doubt the major talking
point among the 1,626 delegates concerned the prospects of nuclear h i o n being
achieved by the simple electrolysis of
heavy water, between a palladium
cathode and a platinum anode.

Since the first announcement by Professor
Martin Fleischrnann, of Southampton Univer-

sity, England, and professor B. Stanley Pons,
of the University of Utah, U.S.A., on 23rd
March, 1989,there has been a frenzy of activity
in laboratories around the world as scientists of
different disciplines have attempted to repeat
their fusion experiments. Due to the importance attached to this new area of research, the
Electrochemical Society convened a Special
Session on 8th May, at which leading electrochemical groups were invited to present
their findings on the new fusion phenomenon.
Most groups had, at this early stage, concentrated mainly on calorimetric measurements
made in their cells. Some had, however, carried
out analysis of fusion products and two
reported on mass spectrometric detection of
hydrogenic species. Many of the principal
speakers reported positive results with respect
to the generation of quantities of excess heat
from their electrolysis experiments. However,
of those equipped to carry out measurement of
fusion products, none presented conclusive
evidence of any SiSIllficant quantities of
neutrons and tritium. It was apparent that it
was still far too early for any concensus to be
reached concerning the nature of the observations. Professor John O’M.Bockris, of Texas A
& M University, stated that the reason why
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many other groups had reported no effects was
due to the fact that the MNR of the palladium
electrode has a crucial effect on its ability to
absorb deuterium species.

Generation of Excess Heat
The results reported in their recent publication g. Electroanal. Chem. Interfacial Electrochem., 1989, 261, (2A), 301-308) were
reaffmed by Fleischmann and Pons. These
were essentially that, dependent on the applied
current density, excess enthalpy generation of
over 10 W/cm3 of the palladium cathode was
measured. The electrodes consisted of rods I ,2
and 4 mm diameter x 10cm long. Heat in excess of 4 MJ/cm3 of electrode volume was
measured over time intervals up to 120 hours.
This heat was not continuous but occurred in
bursts throughout the duration of the experiments. Questions concerning the positioning of the thermistor in the Dewar flask used
for the calorimetry experimens were answered
by a video film which revealed that complete
mixing took place in twenty seconds. It was
suggested that other workers should use larger
volume palladium electrodes to observe these
excess heat effects more readily.
A dual-cell, isoparabolic calorimeter, in
which the hydrogen-palladium and deuteriumpalladium systems were compared side by side,
under identical conditions was described by R.
A. Huggins, of Stanford University. A coin
shaped palladium electrode was used. Excess
heat was generated in the lithium deuteroxideheavy water-containing cell, which was proportional to the applied power and also increased
with time. Huggins reported that in the short
term, over a 3.5 hour experiment, 67.5 kJ was
supplied, to provide 9.8 kJ excess heat. He further commented that no differences between
the hydrogen-palladium and deuteriumpalladium systems were observed when the
palladium was uncharged with the hydrogenic
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species. Also, due to the possibility of exchange
of deuterium with hydrogen from atmospheric
moisture, excess heat gain disappeared when
experimentswere carried out with the “lid off ”.
The work carried out at Case Western
Reserve University, U.S.A. was reported by U.
Landau. This group had set up four cells involving palladium wires (I .o mm diameter x 3
cm long) in heavy water and in normal (hght)
water, and control experiments with similar
platinum wires. Power balance measurements
showed that, at 255 mA/cm2, excess power of
0 . 1 4 W was obtained in the palladium-heavy
water experiment, compared to only 0.013 Win
the palladium-light water cell.
The results of a microcalorimetricstudy were
presented by S. Sriuivasan, of Texas A & M
University. W u m wires 0.5 m m and 1.0
mm diameter x 1.0 cm long, and 2.0 mm
diameter palladium spheres were compared
with similar platinum materials in both heavy
and light water. No excess heat was observed
with either the platinum-heavy water or the
palladium-hght water systems, after up to 140
hours measurement. However, palladiumheavy water did show excess heat generation
after being held at 600 mA/cm2 for 60 hours.
The excess was 10 to 25 per cent of the input
to the cell, and reached a maximum of 30 mW.
On allowing the cells to go to open circuit, an
immediate decay in the heat output was observed. The excess heat corresponded to 16to 18.5
Wlcm’ palladium.
Another Texas A & M p u p , headed by
Bockris, reported that of twenty electrodes
studied, five had given excess heat. One electrode which showed an increased neutron
count, was a 1.0 mm diameter x 40cm long
palladium wire, of 99.9 per cent purity. No excess heat was seen for the first ten hours, but
was measured for the following twenty hours,
before decaying.

Detection of Fusion Products
professor Steven Jones, of Brigham Young
University, Utah, warned of the dangers of
placing too much reliance solely on calorimetric
evidence, and emphastsed that the identifica-
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tion of fusion products was the only valid experimental approach. His own work had m
e
a
l
ed that the use of either titanium or palladium
cathodes (large surface area foil) generated an
increased neutron count above baseline, at 2.5
MeV.
In order to avoid effects caused by cosmic
rays, recent work had been carried out in the
Gran Sass0 Tunnel, Bologna, Italy. An increased neutron count was observed over a three
hour period. However, the increases were of a
very low level, corresponding to about 0.4 fusion/~,and were calculated as only leadug to
10- W heat generation. Jones concluded that
the measurementsof excess heat made by other
workers were due to processes other than electrochemical fusion. IncreasedI levels of 2.45
MeV neutrons and tritium accumulation were
measured by Fleischmann and Pons, but,
although consistent with each other, the quantities were at too low a level to Bccount for the
observed enthalpy changes. Landau also
measured low level increases of neutron emission (2.5 x background), in bursts, and
tritium generation (2 x background), but was
cautious in relying heavily on these data.
Bockris reported that one palladium electrode,
of the m y examined, produced an increased
neutron count. This cycled up and down, and
generally decreasedwith increased current density. Increases in tritium levels were also
recorded. N. M
i
,
of the California Institute
of Technology expressed some doubt on the
conclusion of increased neutron levels reached
by some workers. He suggested that these
observations might be more correctly interpreted by other processes such as
chemiluminescencefrom lithium deuteroxide.
Mass spectrometric analyses of products
formed during electrolysis, in 99-95 per cent
heavy water, with both new and used palladium
diffusion tubes as the cathodes, were outlined
by E. Stuve, of the University of Washington.
10 volts were required to pass 10 mA, and the
cell was open to air. Atomic m a s numbers z,
3 , 4 , 5 and 6 were detected h heavy water,
while mass number 6 was absent in control
urperiments with water. Although numbers 5
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and 6 could be interpreted as due to the existence of DT and T, species, respectively, the
presenter suggested that the more likely interpretation was that they were caused by
triatomic species DDH and DDD. Equipment
limitations prevented a more detailed analysis.
Neutron and fusion product analysis was
reported by J. Jorne, of the University of
Rochester, New York. The neutron count of
0.61s and gamma-ray count of 161s were not
significantly higher than baseline. Mass spectrometry revealed atomic masses 3 and 4, but
again it was impossible to establish with their
equipment whether tritium formation was
responsible for these.

During the subsequent discussion session, D.
T. Thompson, of Johnson Matthey, corrected
statements that had appeared in the media concerning the requirements of palladium for successful fusion results. The most usual Johnson
Matthey manufacturing process for rods was
stated to involve three principal, successive
operations, namely casting, forging and drawing down to size. It was also mentioned that
palladium may be the optimum metal for this
process, due to its large “appetite” for absorbing hydrogenldeuteriumand that application of
an electrical potential to the palladium
enhances this ability to absorb hydrogen.

Conclusions

The Role of Palladium
An explanation of the current irreproducibili-

ty of results from one group to the next, both
from the point of view of observing the effect in
the first place, and then establishing the
magnitude of the effect, was put forward by
Bockris. His results indicated that the effect
was dependent on the nature of the electrode.
He suggested that increases in stress near to
edge dislocations caused increases in solubility
of deuterium species. Annealing to remove
hydrogen from the lattice, to enable deuterium
absorption, was also an important factor. Huggins also commented that the microstructure of
the palladium was a major issue, and that cast
or wrought materials could behave differently.
The influence of carbon impurities was alluded
to, in that the impurity could cause methane
formation, thereby leading to reduced charging
of the palladium by hydrogen.

While it was clear that phenomena apparently
sindar to that first reported by Fleischmann
and Pons have now been observed in several
other laboratories, it was equally clear that
much work remains to be done, both to identify
the crucial factors leading to the effects noted
and to establish an explanation for them. At
this meeting no conclusive proof was available
that these early experimental observations were
indeed due to fusion. However, it is certain that
the ultimate possibility of a cheap, inexhaustible and environmentally acceptable energy
source will continue to stimulate much research
in the coming months. Along with others working in this exciting area, Martin Fleischmann
strongly encouraged the publication in the
scientific literature of all results, whether
positive or negative, in order that a proper
evaluation of the phenomenon can be made.
G.A.H.

The Chemistry of the Platinum Group Metals
Continuing the successful series of triennial
conferences on the above named topic, the
Fourth International Conference is to be held at
Cambridge from 9th to 13th July, 1990.
Organised by the Dalton Division of the
Royal Society of Chemistry, the topics to be
covered include: activation of small molecules;
bio-inorganic and medical chemistry; compounds with metal-metal bonds and clusters;
co-ordination
chemistry;
heterogeneous
catalysis and surface studies; homogeneous
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catalysis; new electronics materials, sensors and
electrode
systems;
organic
synthesis;
organometallic chemistry; photochemistry and
related methods of molecular activation; and
regio- and stereo-selective reactions.
People wishing to contribute or to receive
further information about this important international meeting, should contact Dr. John F.
Gibson, Secretary (Scientific), Royal Society of
Chemistry, Burlington House, F’iccadilly, London WIV oBN, England.
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Platinum Metals Carbene Complexes
Advances in Metal Carbene Chemistry, NATO AS1 Series, Volume 269
EDITED BY

u. SCHUBERT, D. Reidel Publishing Co., Dordrecht, 1989, 407 pages,

ISBN 0-7923-0156-0,

Dfl. zoo.oo, U.S.$I 14.00, E64.00

This volume contains the proceedings of a
NATO Advanced Research Workshop on
Transition-Metal Carbene Complexes held at
Wildbad Kreuth, West Germany in September
1988. The 43 papers contained in this useful
publication were contributed by lea*
scientists in the field. In eight of the chapters the
complexes of the platinum group metals are the
major topic, and a number of other authors
make peripheral references to platinum group
metal complexes. The preponderance of papers
dealing with early transition metals is a reflection both that the methodology developed for
carbene synthesis by Professor E. 0. Fischer
and others is more readily applicable to these
metals, and also that in catalytic applications
which invoke carbene complexes the use of early transition metals has predominated.
The conversion of carbynes to carbenes at
heteronuclear dimetal centres was addressed by
F. G.A. Stone, of the University of Bristol.
Bimetallic bridging carbynes were generated by
the addition of organometallics, including complexes of platinum, rhodium and iridium, to
tungsten carbynes. The protonation of the mixed metal carbyne was shown to generate a
heterobimetallic bridging carbene complex,
and platinum-tungsten systems appear particularly useful in these transformations.
The preparation of stable, methylene complexes of iridium, osmium and ruthenium was
described by W. R. Roper of the University of
Auckland. In the main, these were carried out
by the reaction of diazomethane with nitrosyl
phosphine complexes. The resultant complexes
were characterised by crystallographic and
spectroscopic means. For d * complexes it was
shown that the addition of electrophiles occurred readily across the metal-carbon bond of the
carbene, whereas the d 6 complexes were inert
to electrophiles and unco-ordinated nucleophiles, such as triphenylphosphineand pyridine.
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New routes towards highly substituted
cyclopentanoids via the metal-mediated cyclisation of alkynes and carbenes were reported by
J. M. O’Connor, L. Pu, J. A. Johnson and R.
Uhrhammer, of the University of California at
San Diego. Stable iridium complexes containing both metallacycle and carbene ligands were
isolated, and on extended thermal decomposition these gave a mixture of products. A
rhodium
metallacycle
[RhCI(PPh,),
(C,,O,H,,)l reacted with butynediol to give a
substituted anthraquinone rather than the
desired five membered ring.
The synthesis of electron-rich alkenes containing nitrogen functionalities attached to the
alkenic bond was discussed by J. A. Chamizo
and M. F. Lappert of the University of Sussex.
Carbene complexes could be isolated when
these were reacted with palladium and rhodium
complexes. A further related contribution by
M. F. Lappert, P. B. Hitchcock and H. A.
Jasim of the University of Sussex, and B.
Gtinkaya of Inonu University, Turkey concerned the synthesis of a range of rhodium
carbene complexes and one iridium compound.
For these electron-rich carbenes, one carbene
ligand was readily displaced from tRhCl(carbene),] by carbon monoxide or oxygen.
The synthesis of cyclic and acyclic carbene
complexes of palladium(I1) and platinum(I1)
derived from the reaction of aziridine, thiirane
and oxirane at co-ordinated isocyanide ligands
was reported by R. Eertani, M. Mozzon, L.
Zanotto and R. A. Michelin. Prehninary investigations of related polymer supported
carbene complexes were reported by B. Corain,
R. A. Michelin, M. Mozzon and M.Zecca, also
of the University of Padua, Italy.
This volume provides a good guide to the
preparation of metal carbene complexes, and
will prove useful to those entering this area of
research.
M.J.H.R.
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The Hot SpotTM
Reactor
HYDROGEN GENERATION USING A NOVEL CONCEPT

By J. W. Jenkins and E. Shutt
J~hnsonMatthey Technology Centre

Hot spots in chemical reactors are
phenomena that the reactor designer would
normally try to avoid. However, a reactor
deliberately designed to incorporate a hot spot
can possess attributes that make it very suitable
for use in a self-contained hydrogen generator,
s m a l l enoughto be portable. We have successfully operated such devices under autothermalconditions, generating hydrogen gas from methanol
(I), and methane and liquid hydrocarbons ( 2 ) at
essentiallycomplete single pass fuel conversion,
and with excellent yields of hydrogen.
Much has been written in this Journal and
elsewhere about a possible hydrogen based
energy economy (3). Hydrogen gas, whether
used directly as a fuel in internal combustion
engines or indirectly to supply electricity using
fuel cells, is inherently clean burning and yet
highly reactive so that high thermal efficiencies
can be obtained. When used in internal combustion engines the compression ratio can be
increased markedly and yet because of its wide
combustion limits hydrogen can be burnt in
mixtures much leaner than is possible using
conventional hydrocarbodair mixtures. Thermal efficiencies of 35 to 40 per cent may thus
be achieved, in comparison with the 25 to 30
per cent typical of a n o d petrol fuelled
engine (4).
Fuel cells are now an attractive reality in
terms of potentially high energy conversion efficiencies, and for these hydrogen is orders of
magnitude more reactive than any alternative
fuel (5). The major impediments to the wider
use of hydrogen as an energy source are the difficulties inherent in storage, distribution and
transportation. In all of these areas liquid fuels
have a clear advantage.
Hydrogen is generally made by steam reforming fuels such as coal, methanol and particular-
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ly methane and higher hydrocarbons. The reactions are highly endothermic and require a large
heat input. This in turn makes hydrogen
generation both capital and energy intensive.
The gas produced in this way is normally supplied as a high purity commodity, under high
pressure in what are necessarily bulky and
weighty gas cylinders. The complexities of this
conventional means of hydrogen generation are
such as to exclude this option as a portable
energy source. However, it is pertinent to point
out that the requirements of hydrogen which is
to be used as a fuel, in the manner outlined
above, are not the same as those normally supplied by high purity high pressure hydrogen.
Specifically a gas at only slightly above atmospheric pressure is required, and this gas
need not be pure hydrogen but could be merely
hydrogen rich, say more than 20 per cent
hydrogen. It should be noted that the
theoretical debit for using 10 per cent rather
than 100 per cent hydrogen in a fuel cell would
be a loss of only 30 mV in open circuit cell
potential, a trivial disadvantage.
The features that we consider to be essential
for a portable or transportable hydrogen
generator are shown in the Table. The use of a
liquid fuel or methane has already been discussed. The need to eliminate as far as possible the
requirements for external utility and power
supplies coupled with the heat requirements of
the conversion reaction, suggested that a partd
oxidation process should be used. The “no
water” requirement is based upon the need to
minimise the overall weight and, of course, in
a transportable system this includes fuel and all
other consumables. A perceived need for rapid
start-up again points towards an autothermal
or partial oxidation process, rather than a conventional steam reforming mute. However,
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Perceived Requirements of a Portable Hydrogen Generator
Fuel

Liquid: such as methanol, LPG or oil based

Operation

NO

Equipment

Maximum hydrogen output : weight ratio
Reliable
Simple construction
Inexpensive materials
Compact

Product

Slight superatmospheric pressure
More than 20 per cent hydrogen
Complete fuel conversion per pass
High hydrogen yield
Low carbon monoxide yield

utility requirements
No power requirements
No water requirements
Rapid start-up

attempts at the homogeneous partial oxidation
of methane, for example, usually lead to virtually complete oxidation of only part of the
fuel. Thus the necessity of using a catalyst was
indicated.
Dehydrogenation reactions are endothermic,
and the provision of the necessary process heat
can be made either by external means or, better, by the concurrent use of an exothermic
reaction to drive the dehydrogenation. The oxidation of carbon monoxide, derived from the
decomposition of the organic feedstock, appears to be a likely candidate. Thus the problem was to identify and use a catalyst which
was capable of selectively oxidising carbon
monoxide in the presence of hydrogen.
Catalysts are known which are capable of oxidising carbon monoxide in the presence of
hydrogen, so conceptually we began to think in
terms of thermally decomposing methanol and
producing the necessary heat by burning some
of the carbon monoxide selectively using a
suitable catalyst:
CH,OH(l)

-,
CO+zH,AH" = +30.6 kcahole (i)

CO+o.5O2 -. CO,

AHa = -67.6 kcahole

(ii)

Using air without water as reactant could result
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in a product gas with the composition
hydrogen : carbon dioxide : nitrogen = 2: I :2 or
40 volume per cent hydrogen.
Furthermore, the requirement for rapid start
up from ambient may be satisfied by the
addition of a small quantity of platinum group
metal catalyst to the base metal dehydrogenation catalyst. Near complete oxidation of
methanol can occur over such catalysts from
ambient conditions. Once sufficient heat has
been generated to sustain the endothermic
dehydrogenationonly the Equations (i) and (ii)
are significant.

Reactor Design
Initially we were interested in relatively small
rates of hydrogen production, which entailed
using a small reactor, and therefore we knew
that heat losses would be a problem. In an effort to overcome this we placed some reduced
copper on silica catalyst inside a domestic
vacuum flask and passed the methanollair
vapours in through a dip tube. The presence of
a small quantity of platinum or palladium
catalyst enabled the reaction to light off at room
temperature, and tests showed that high conversion of methanol and an excellent yield of
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hydrogen were possible. However when we carried out the experiment using the same catalyst
mixture in a conventional through flow reactor
much poorer yields were obtained and these
were not improved even with external heating
of the tube. Using a through flow reactor in
which the reactants were injected directly into
the middle of the catalyst bed again gave selective results. Clearly point injection had a major
beneficial effect and it is interesting to consider
possible reasons for this.
Upon ignition of a highly exothermic reaction
such as this the reaction increases in intensity
and the reaction zone moves upstream towards
the incoming reactants. With a conventional
fwed bed reactor the reaction front stabilises at
the leading edge of the catalyst bed. With point
injection, however, the reaction front again
moves towards the incoming reactant flow but
as it approaches the inlet the reactant velocity
increases to such an extent that the front remains within the catalyst bed where selective
oxidation can be maintained. This very high gas
velocity also means that it is much more difficult for the desired hydrogen product to backdiffuse and be consumed in the inlet region
where oxygen partial pressure is higher.
In the case of point injection, heat utilisation
is also improved as heat transferred either by
convection or radiation from the combustion
zone is absorbed by the catalyst, and is then
available to promote subsequent endothermic
reactions. With a planar reaction front, heat is
lost much more readily to the reactor walls and
this loss must be made up by the consumption
of desired hydrogen, thus reducing the overall
hydrogen yield.
A further interesting question that arises is
whether steam reforming might give higher
yields of hydrogen than partial oxidation. Certainly this is true in conventional plants in
which external heat is supplied. However, the
addition of water to the feed not only adds to
the weight penalty but also increases the
amount of heat required to vaporise the feed
and bring the vapour to the reaction
temperature. For an autothermal process this
heat must arise from the combustion of part of
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the fuel or indirectly perhaps from burning
some of the desired hydrogen end product.
Thus in such a situation, some product would
be consumed in order to make more product.
Clearly the net effect will depend upon the
precise details of the reactor design and the
amount of water required. Conventional
methaneheam reformers customarily use a
large excess of steam, 5 to 7 mole ratio, which
assists the heat flux and helps to maintain
catalyst activity by limiting carbon formation.
We have evaluated this new type of reactor both
with and without water and have shown that at
a I : I mole ratio with methanol there is little net
benefit to be gained in hydrogen yield,
although the carbon monoxide yield was
significantly reduced by the addition of water.

Results of Small Reactor Studies
Three series of experiments were camed out,
all with methanol charged at Iogh and using a
3 weight per cent copper/silica catalyst in an
upstream zone and a physical mixture of this
catalyst and a 5 weight per cent palladium/silica
catalyst, in the ratio of 9:1, in a downstream
zone which comprised 20 per cent of the total
catalyst bed volume. For one series of experiments water was injected along with the
methanol at a rate of 6gh. The reactor consisted of 50g of catalyst held in a tube of 4cm
internal diameter, and into which the
methanol/air/water feed was injected 4cm
below the catalyst bed surface through a 6mm
tube. For comparison purposes a conventional
tubular reactor was used, made from Icm internal diameter tubing. The temperature was that
measured by a thermocouple Icm downstream
from the reactant inlet.
The manner in which the reaction
temperature varied as the air rate was increased, is shown in Figure I, for the three sets of
experiments. Temperatures were somewhat
lowered when water was added, reflectingthe additional heat requirement, but were substantially lower in the case of the tubular reactor where
the heat losses became so much greater. Figure
2 shows how the methanol conversion paralleled the changes in reaction temperature. The
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depends on the methanol conversion; the
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Fig. 4 The yields of hydrogen using the
novel reactor are roughly the same with
and without added water, and are much
superior to the yield from the tubular
reactor

methanol conversion reached c
p per cent when
the oxygen:methanol ratio was 0.5, in line with
the stoichiometry given in Equation (i).
The carbon monoxide and hydrogen yields as
the methanol conversion increased are shown in
Figures 3 and 4, respectively. The carbon
monoxide yields were significantly lower from
the novel reactor, especially when water was

added. This reflects the influence of the carbon
monoxide shift reaction in the cooler parts of
the reactor. The hydrogen yields were similar
with and without added water, but again much
superior for this reactor compared to the
tubular reactor. This reflects the greater heat
losses from the tubular reactor and the need to
compensate by burning some extra feed or
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desired hydrogen product. At essentially complete methanol conversion the gas composition
was 35 volume per cent hydrogen, 20 volume
per cent (carbon monoxide +carbon dioxide)
and 45 volume per cent nitrogen, with a net
hydrogen flow of 12 l h , quite sufficient for the
applications which we have discussed.

Reactor Scale-Up
After the successful demonstration of the
novel properties of the concept on a bench scale
reactor it was necessary to scale up the operations in order to:
[a] Demonstrate that the advantageous features
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of the concept were applicable on a commercial
sued device
[bl Demonstrate that hydrogen gas could be
generated continuously on demand on a scale of
commercial interest
[cl Further elucidate the catalytic chemistry
involved.
To this end a stainless steel reactor with a
capacity of two litres was constructed, as shown
in Figure 5 . The reactor shell was blanked off
at the base and a one inch diameter pipe in the
bottom wall acted as a take off pipe for the
make gas. The top of the reactor was flanged
with a centrally mounted injector pipe which
penetrated midway into the catalyst bed. The
catalyst was mounted on a gauze base positioned to give clearance above the gas take off pipe.
Temperatures in the catalyst bed were
measured at nine points by thermocouples
mounted in drillings through the reactor shell.
By this means both axial and radial temperature
distributions were monitored.
The reactor was supplied with feedstock air
and purge nitrogen which were metered by
mass flow controllers supplying up to 5 0 0 Normal litredminute (N l/min) each. Methanol was
delivered by a calibrated diaphragm pump at
rates up to 1 x 1 ml/min. The methanol and air
reactants were only brought together in the injector inside the reactor. After reaction over the
catalyst the product gases were cooled in an efficient condenser and the condensate collected.
The dry product gas was then analysed by gas
chromatography and the flowrate measured by
mass flowmeter before venting.

Scale-Up Data
The temperatures in the catalyst bed are
shown as a function of time, that is from the
start of air injection, in Figure 6. The reaction
was initiated from ambient conditions and commenced within a few minutes; steady state
temperatures were achieved within o.75h.
Analysis showed that hydrogen gas was
generated within 30 minutes of start. A
noticeable feature of Figure 6 is the eventual
formation of a hot spot in the region adjacent to
the injector. A temperature of about 450°C was
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Fig. 6 The temperature
d i ~ t r i b ~across
t i ~ ~the 2
litre catalyst bed are
shown &r start-up. The
hot spot which developed
near the injector can be
seen.
Thermocouple 3 was
located at the top w d
Thermocouple 5 was
located at the bottom wall
Thermocouple 6 was
located near the injector
exit
Thermocouple 8 was
located at the bottom
centre
Thermocouple 11 was
located below the hot
wne
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observed in this region, while temperatures in
the remainder of the reactor were much cooler,
generally in the range 200 to 300OC.
The thermal conditions in the bed, and hence
temperature distributions, are the result of
numerous factors including feedrate, extent
and selectivity of the reaction, thermal capacity
of the bed and reactor design. Consequently
neither temperature nor pressure (close to ambient in all cases) can be considered as process
variables useful for reactor evaluation in this
strongly adiabatic, thermally heterogeneous environment. It is useW to assess reactor performance in terms of the effect of the
oxygen:methanol molar ratio on the reaction
parameters, since this ratio will have the
greatest bearing on the extent of the reaction
(conversion) and the reaction selectivity.
The exit gas composition is shown as a function of the oxygen :methanol ratio in Figure 7.
It can be seen that the gas composition was
largely independent of this ratio, the average
gas composition over the range depicted being:
hydrogen 4, nitrogen 37 and (carbon
monoxide+carbon dioxide) 21 volume per
cent. Since the extent of methanol conversion
was strongly dependent on the oxy-
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conversion.
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as molecular hydrogen in the product, was in
excess of 85 per cent. Alternatively expressed,
the molar ratio hydr0gen:methanol converted
reached 1.71. A limiting value of 2.0 was anticipated based on the reaction stoichiometries
from Reactions (i) and (ii). A maximum
hydrogen output of 3.28 N m3/h was achieved
at an oxygen : methanol ratio of 0.56. The
hydrogen yield reached I .20 N m’ hydrogen
per kilogram methanol fed to the reactor. A
limiting value of 1.40was anticipated, based on
the expected reaction stoichiometry. Methanol
conversion was strongly dependent on the oxygen : methanol ratio and under the conditions
of maximum hydrogen output a methanol conversion of 94 per cent was observed.
Very low oxygen concentrations in the exit
gas are also indicated in Figure 7. In fact the
analytical method did not distinguish between
oxygen and argon present in the atmosphere.
However, by making a comparison between the
ratio (oxygen + argon) : nitrogen provided by
experimental data and the ratio of
argon : nitrogen present in the atmosphere, it
was estimated that the residual oxygen concentrations in the exit g a s were usually in the range
1000 to 2000 ppm. The data given in Figure 7
suggest that carbon monoxide concentrations in
the exit gas are less than 10 volume per cent.
The observed concentration range was 4 to 10
volume per cent depending on the conditions.
Such levels may be diminished even further by
the incorporation of water into the feed. The
catalyst was extremely efficient for the water
gas shift reaction under these temperature conditions. In fact concentrations of carbon
monoxide in the exit gas as low as 2 volume per
cent have been recorded under such conditions.

Conclusions from Scale-Up Data
The data presented above show that the attractive features of this novel reactor, first
demonstrated on a bench scale reactor, have
been proven on a scale of commercial interest.
These are:
[ I ] High methanol conversion at high selectivity to hydrogen
[21 Negligible oxygen breakthrough
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[31 Potentially low carbon monoxide make
[41 Auto-ignition from ambient.
The observed exit gas compositions are very
close to those expected from an overall reaction
stoichiometry:
CHjOH+o.50,

-

CO, +2H,

The fact that gas compositions were largely independent of the 0xygen:methanol ratio suggests that oxygen had little part to play in the
primary reforming step, and that the reaction
sequence was:
CH,OH

-

CO+2H,

CO+O.~O, CO,

Thus the high selectivity to hydrogen observed
using this process was due to the successful
competition for oxygen displayed by carbon
monoxide, in preference to hydrogen, over this
catalyst under these conditions:

- co-

H,
H,O

0.50,

CO,

The Use of Hydrocarbons as Fuels
With the ready availability of hydrocarbon
fuels, their use as feedstocks in this novel reactor concept would be an attractive option.
Methane (natural gas), propane (LPG), nhexane, 60-80 petroleum ether, lead-free
gasoline and commercial diesel have all been
evaluated as feedstocks using the bench scale
reactor described previously. The catalyst used
in all these cases was a more active I per cent
platinum-3 per cent chromium/silica formulation. All of these fuels have been successfully
reformed although here discussion will be
restricted to the liquid hydrocarbons.
None of the hydrocarbons was capable of
auto-ignition with the catalyst employed.
However, the reactions could be initiated readily from ambient in the usual way using either
methanol or product hydrogen, and then be
sustained by introducing the hydrocarbon and
switching off the initiator.
With the use of liquid hydrocarbon fuels such
as gasoline and diesel, where a great multiplicity of compounds are present, the use of
molar oxygen:hydrocarbon ratios for reactor
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of the 0xygen:carbon ratio using lead-free
gasoline as feedstock are shown in Figure 8.
The latter was a premium test gasoline containing a maximum 45 per cent aromatics, a maximum 20 per cent olefins with the balance
saturates. A difference in performance between
this and the analogous data obtained using
methanol is immediately apparent. With the
latter the gas composition was largely independent of the oxygen : carbon ratio, but with the
gasoline feed the gas composition-as reflected
by the hydrogen gas concentration-was ratio
dependent. The selectivity to hydrogen reached
a maximum of about 80 per cent at an oxygen : carbon ratio in the region of 2.0.
This situation is the same when using any of
the other hydrocarbon fuels tested. Figure 9
gives a comparison of the four liquid hydrocarbon fuels and shows that hydrogen was
abstracted from all the fuels except diesel with
similar efficiency, reaching similarly high
hydrogen selectivitiesat an 0xygen:carbon ratio
close to 2.0. The inference is that hydrocarbon
species
whether
aliphatic,
aromatic,
naphthenic, saturated or unsaturated were all
reformed with equal facility. Quite clearly, a
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Fig. 8 Using lead-free gasoline feedstock
both the hydrogen gas concentration in
the exit gas and the hydrogen selectivity
are at a maximum when the oxygen :carbon ratio is 2

assessment was not possible. However, with a
knowledge of the carbon analysis for the fuel
the 0xygen:carbon atomic ratio could be
calculated and used for reactor/catalyst
evaluation.
The hydrogen gas concentration in the exit
gas, and the hydrogen selectivity as a function

Fig.
9 Comparison
of
hydrogen selectivities between four liquid hydrocarbon
feedstocks
shows
maximum selectivity at an
oxygen : carbon ratio of
about 2
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commercial device using a hydrocarbon fuel
would be required to operate at an oxygen:carbon ratio of 2.0.
Hydrocarbon conversions were uniformly
high in the range 80 to 90 per cent, and were
less dependent on the oxygen :carbon ratio
than those using methanol feed. Hydrogen
yields obtained from the liquid hydrocarbon
fuels were:
n-hexane: 1.0g N m3 hydrogenkg (limiting
value 1.82 N m’kg)
petroleum ether: 0.83 N m’ hydrogenkg
(limiting value 1.21 N m’kg)
gasoline: 1.28 N m3 hydrogenkg (limiting
value 1.31 N m’kg).
Commercial diesel fuel was also reformed but
the results were erratic and further development work is required.
Because hydrogen is abstracted from these
fuels with similar efficiency the maximum
hydrogen yield observed is largely a reflection
of the degree of unsaturation of the fuel at constant hydrocarbon conversion.
There was a perceived threat of coking from
these highly unsaturated fuels, especially when
the reactor was operated under rich conditions,
that is at 0xygen:carbon ratios less than 2.
This could occur for example on start up, shut
down or on changing conditions. Consequently
a durability run was carried out using lead-free
gasoline as feed at an oxygen :carbon ratio of
0.27, an extremely oxygen deficient condition.
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Figure 10 shows the constancy of the six
measured parameters over the course of an
operation lasting for a day. On discharge parts
of the reactor and the thermocouple showed
signs of c o b ; the catalyst was free of carbon.

Conclusions from the
Hydrocarbon Data
In principle the use of natural gas, LPG,
naphtha, and lead-free gasoline provide options
for feedstocks in the present techniquealthough
they have not been demonstrated on a commercial scale rkactor. These feedstocks show little
tendency to cause coking even under ultra rich
conditions. The use of diesel fuel must await
further development.
Auto-ignition is not achieved using hydmarbons alone, but is readily effected using either
methanol or hydrogen gas.
Gas compositions and especially hydrogen
selectivity are more sensitive to the oxygen :carbon ratio than is methanol reforming.
Hydrogen selectivity greater than 80 per cent,
at a hydrocarbon conversion greater than cp per
cent, was achieved at the stoichiometric oxygen : carbon ratio of 2 using gasoline feedstock.
The suggestion of a stoichiometric oxygen :carbon ratio suggests the participation of
oxygen in the primary reforming reaction,
which is not the case with methanol. The observations argue for an overall stoichiometry for all
hydrocarbon fuels:
C&+xO,

-

xC0, +y/2 H,
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Platinum-Modified Coatings on Gas Turbine Blades
PROMISING TRIALS ON LONG-RANGE MARITIME PATROL AIRCRAFT
First-stage high pressure blades on advanced
gas turbine engines must operate at elevated
temperatures under highly stressed conditions
in extremely oxidising environments which, in
many cases, contain fuel contaminants such as
sulphur and vanadium, and also ingested salts.
Under such conditions the blades may be
degraded by the phenomenon known as hot
corrosion. One way of maintaining the properties of such blades is to coat the base metal
superalloy with a protective outer layer, and
aluminide coatings are widely used for this purpose. Platinum aluminides offer improved corrosion resistance, however (I).
Having experienced an unacceptable rejection rate of h q h pressure turbine blades, the
Australian Department of Defence initiated a
programme to find a protective layer which was
more durable than the conventional aluminide
coating applied to first-stage blades by engine
manufacturers, and the results of a
metallographic examination of platinummodified aluminide coatings after 750 hours of
engine operation have been reported (2). The
same researchers have now presented a comparative study of the behaviour of various
coating systems on the first-stage high pressure
blades in the engines of two long-range
maritime patrol aircraft (3).
In their experience, approximately 60 per
cent of the first-stage turbine blades coated
with conventional nickel aluminide were rejected after 2000 hours due to failure of the
coating, and almost all of the remainder were
discarded after a further 2000 hours. With the
aim of finding a coating that would serve for
4000 engine operating hours they have assessed: nickel aluminides supplied by two different
vendors,
platinum-modified
aluminide,
platinum-plus-rhodium-modZied aluminide,
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silicon-modified aluminide, and manganeseplus-chromium-modXed aluminide layers.
After 1000 hour trials certain behavioural
trends were evident, and the condition of the
blades coated with the noble metal-modified
aluminides was generally better than that of the
others. Only minor degradation was apparent
on the blades coated with the two noble metalmodified aluminides, and it was concluded that
they may be able to achieve the required
lifetime of 4000 hours.
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New Sensor for Carbon Dioxide
None of the traditional methods of determining carbon dioxide in atmospheres is particularly applicable to development in cheap, portable
sensors. However, a recent paper describes an
amperometric Sensor which offers these
desirable features. Based upon a porous electrode in a three-electrode cell, the electrolyte
consists of a copper diamine complex in
aqueous potassium chloride (J. Evans, D. Pletcher, P. R. G. Warburton and T. K. Gibbs,
Anal. Chem., 1989, 61,(6), 577).
The working and counter electrodes consist
of porous polytetrafluoroethene disks spray
coated with a platinum layer. The cathode is
held at a constant potential; when the solution
is contacted by a carbon dioxidecontaining atmosphere its pH decreases, this results in the
formation of Cu”, and a current which is
strongly dependent on carbon dioxide concentration is observed from the sensor.
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New International Temperature Scale
UNITED KINGDOM TO ADOPT ITS - 90
The Department of Trade and Industry has
announced through its national standards
organisation, the National Physical Laboratory
(NPL),that it will adopt a new International
Temperature Scale as from 1st January, 1990.
It will be known as ITS-90, as previously
reported in this journal (I). This decision embraces international changes agreed by the
Metre Convention, the body concerned with
measurement standards world-wide. The
changes to values of certain physical
phenomena, for example the freezing point of
some metals, are of the order of a few tenths of
a degree. Possibly this order of change is not
large enough to concern many people dealing
with everyday temperature measurements, but
it is of significance to those working at high
levels of accuracy.
There has been considerable scientific activity in thermometry over the last twenty years
following the introduction of the IPTS-68,
resulting in a much more comprehensive
knowledge of the departure of the scale from
thermodynamic temperatures. An example of
such work has been reported here recently (2).
There have also been significant advances in the
techniques of practical temperature measurement and instrumentation, allowing a more
precise scale to be defined and exploited.
The ITS-90 will follow the same principles
as previous scales, its purpose being ". . . to
define procedures by which certain specified
practical thermometers of the required quality
can be calibrated in such a way that the values
of temperature obtained from them can be
precise and reproducible . . . and approximating the corresponding thermodynamic
values as closely as current technology permits". Briefly, the major changes are:
I. Numerical values of fued temperatures
will be adjusted according to published information; these include a change in the freezing
point of zinc from 419.58OC to 42oOC and of
gold from ro64.43OC to 1o64OC.
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2. The set of fEed points will be revised and
extended. Low temperature boiling points will
be replaced by melting, freezing or triple
points.
3. New mathematical formulation will reduce
differences of interpolation between one thermometer and another.
4. Resistance ratios for platinum resistance
thermometers will refer to the triple point of
water, not the ice point. The criterion of acceptability of platinum resistance thermometers
will be their resistance at the melting point of
gallium, approximately equivalent to the
IPTS-68 requirement of an alpha coeffkient
greater than 0.003925~C-'.
5. Alternative interpolationswill be allowable
over certain ranges.
6. The scale will extend down to 0.65 K.
7. At high temperatures platinum-rhodium
thermocouples will be replaced by extending
the range of the platinum resistance thermometer to the freezing point of silver (962OC).
8. Radiation pyrometry, based on the Planck
Law, will be used at temperatures above
962OC; a blackbody radiator at the freezing
point of silver (962OC), gold (1064OC)or copper
(1084OC) being used as the reference source.
New fEed points are the triple point of neon
(24.6 K), the triple point of mercury (-38OC),
the melting point of gallium (30°C), the freezing point of indium (157Oc) and the freezing
point of aluminium (660OC).
The new scale will be defined in five overlapping ranges: 0.65 to 5 K, 3 to 24.6 K, 14 to 303
K, 0.01 to 962OC, and greater than 962OC.
Platinum resistance thermometers will be the
defining instruments below 962OC, and radiation pyrometers for temperatures greater than
962OC.
B.L.W.
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Merchandising Malleable Platinum
THE SCIENTIFIC AND FINANCIAL PARTNERSHIP OF
SMITHSON TENNANT AND WILLIAM HYDE WOLLASTON

By M. C. Usselman
University of Western Ontario, London, Canada

In the year 1800 Tennant and Wollaston agreed to share the expenses of
a joint chemical enterprise, the most profitable aspect of which was to
become the production and sale of malleable platinum. It is generally
known that Wollaston was responsible for the chemical and
metallurgical innovations which yielded a reliable process for the production of the metal. Although the role of Tennant was crucial in the
establishment of the partnership, his well-known inability to bring projects to a successful conclusion created strain in the partnership, and his
practical contributions amounted to little. Thus Wollastonfully deserves
the credit given to him for the production of malleable platinum.

William Hyde Wollaston is recognised as
“the outstanding figure in the history of
platinum” (I). His researches on the chemical
purification of alluvial ore, which had begun in
1800, led to the production of malleable
platinum containing less than 2 per cent impurities (2). The platinum ingots he produced
were retailed by William Cary from 1805 onwards (3), but the chemical and metallurgical
details of the process that yielded the malleable
metal were not publicly revealed until 1828,
just a few weeks before Wollaston’s death (4).
In that paper, and others relating to his platinum researches, Wollaston made no reference
to a co-worker, so the historical literature
initially gave him sole credit as the discoverer of
the successful process. With the discovery of a
most important collectionof Wollastonand Tennant manuscripts and notebooks at Cambridge
in 1949, further information came to light (5).
Account books in the collection reveal that
Wollaston and Tennant had agreed in 1800 to
become equal partners in a chemical business.
The most profitable aspect of this enterprise,
by far, was the merchandising of malleable
platinum. The first expense incurred by the
two men was substantial-the purchase of 5,959
ounces of platinum ore at a total cost of
6794.10s.6d. (6). Of this sum, Wollaston con-
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tributed 474.10s.6d. and Tennant 6320.
Thereafter, the account books detail the expenses incurred by both men in their chemical
researches, together with income generated by
the sale of their products. Up to the time of
Tennant’s death on 22nd February, 1815, a
total profit of 66,017.5s.d. had been realised
on income of 614,351.9s.7d. and expenses of
68,334.4s.7d. (7). This financial record suggests a close working relationship between Tennant and Wollaston and has led many people to
assume that Tennant made important contributions to the platinum enterprise. McDonald
and Hunt, for example, state that “their combined achievements over a relatively short span
of years included the successful production for
the first time of malleable platinum on a truly
commercial scale” (8).
In an attempt to substantiate this premise, I
have studied the relevant manuscripts and notebooks. The documentary evidence reveals,
however, that Tennant’s contribution was
almost entirely a financial one. The information
suggests that Tennant’s experimental work on
platinum processing was negligible, and that
the partners negotiated a distribution of the
profits in a way that would reward Wollaston
for his much greater contributions. Not surprisingly, there is even a suggestion that
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Wollaston became somewhat disenchanted with
the exertions of his partner.

Before the Partnership
Wollaston and Tennant first met each other
as students at Cambridge in the 1780s.
Although both would ultimately obtain M.D.
degrees, their shared interest in chemistry
formed the main bond between them. Intellectual interests aside, they were as different as
could be. Tennant was an only child who had
inherited an adequate fortune after the early
death of his father in 1772 and his mother in
1787. He had a restless childhood which began
to acquire direction only after a brief sojourn at
Edinburgh with Joseph Black in 1781 (9). As a
fellow commoner of Christ’s College, he displayed already those traits which were to be his
lifelong distinguishmg features. He had
“extraordinary powers of memory and under. . . and of reading with great rapidity,
and of collecting from books, by a slight and cursory inspection, whatever was most interesting
and valuable in their contents . .
[His1 extraordinary attainments derived M
additional interest, and p e c u h grace, from the
simplicity of his manners, the playfulness of his
wit, and the careless, fascinating beauties of his
conversation . . .
Yet, . . . there was a singular air of carelessness
and indifference in his habits and mode of life;
and his manners, appearance, and conversation,
were the most remote from those of a professed
student. His College rooms exhibited a strange,
disorderly appearance of books, papers, and
implements of chemistry, piled up in heaps, or
thrown in confusion together. He had no fmed
hours or established habits of private study, but
his time seemed to be at the disposal of his
friends” (10).
standing,

.

Mathematical Examiner there when William
arrived. William, then, had the stable, carefully
planned and supervised childhood that Tennant lacked, and his meticulous, ordered
manner of doing science mirrored his personal
behaviour. As Charles Babbage was to write:
“The most smgdar characteristic of
Wollaston’s mind was the plain and distinct line
which separated what he knew from what he did
not know; [and yet1 there were very few so
perfectly free from vanity and affectation”. (I I)

The politician Henry Warburton was a close
friend of both men, and in his account of their
Cambridge years, he writes:
“About this time [17871,if not somewhat sooner,
began Wollaston’s acquaintance with Smithson
Tennant. Tennant was five years older than
Wollaston, and at this time,when Wollaston was
only just emerging from Boyhood, had already
acquired some reputation as a young man of great
abilities, ardent in a pursuit of knowledge. He had
been two years elected a Fellow of the Royal
Society and thoroughly versed in the whole
science of chemistry, and having the means which
a competent fortune gave him of indulging his
own wishes, had travelled in France and Sweden
. . From Gahn, the Swede, especially, he had
learnt the art of conducting analyses on the small
scale, by the united means of chemical tests and
the Blowpipe . . . These experiments, and others
of the same kind of his own devising, on his
return to Cambridge after these excursions he
dehghted in exhibiting to his acquaintances . . .
Tennant had an enthusiasm for chemistry.
“The Chemist”, he would say, “doesn’t call new
elements into existence, but the elements which
exist he discovers and then combines them in
various combinations that never before existed in
nature and this is next to creation”. This strengthened in Wollaston a passion for Chemistry
which Milner had kindled. Wollaston held Tennant’s knowledge of Chemistry in profound
admiration, and not now only, but many years
later expressed to a common friend his despair of
ever becoming Tennant’s equal . . he applied
himself sedulously to Chemistry, making experiments on a small scale in his own rooms, and for
those on the large scale, availing himself of a
laboratory which brother Francis, for his own
amusement had fitted up. Flatha, at this early
period engaged Wollaston’s attention and his contemporaries remember that he made several persevering attempts to affect its fusion in a
Blacksmith’s forge” (12).

.

In utter contrast, Wollaston had been raised
in a house swarming with family and friends.
.
He was one of I 5 children of Francis and Althea
Wollaston, all of whom had been brought up in
an environment where free inquiry and rationality were emphasised. His father was a Fellow
of the Royal Society, and had as close friends
some of the leading scientifc men of the day,
such as the physician William Heberden and
the chemist Henry Cavendish. Wollaston’s
Shortly before 1790, Tennant and Wollaston
older brother, Francis John, the senior
wrangler at Cambridge for 1783, was left Cambridge, and each for a while subjugated
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1 This entry in Tennant’s notebook for 4th October 1784, when he was visiting Helmstiidt,
describes Count von Sickingen’s process for producing malleable platinum, as told to him by Lorem
Crell. This wae done by solution in aqua regia, precipitating the iron impurities with alkali, then
evaporating the solution. The platinum residue was later consolidated by heating and hammering

Fig.

his chemical interests to medical ones. Both,
however, were adversely affected by the mental
anguish that attended the practice of medicine
and by 1797 they were living close together in
London, Wollaston in Cecil Street, off the
Strand, and Tennant in Garden Court, Temple.
It is likely that the two saw each other frequently, for we know that Wollaston assisted
Tennant in his chemical study of diamond ( I 3).
In Thomson’s words:
“Durii the year 1796he lTennantl made his experiments to prove that the diamond is pure
carbon . . A characteristic trait of Mr. Tennant
occurred during the course of this experiment,
which I relate on the authority of Dr. Wollaston,
who was present as an assistant, and who related
the fact to me. Mr. Tennant was in the habit of
taking a ride on horseback every day at a certain
hour. The tube containing the diamond and saltpetre were actually heating, and the experiment
considerably advanced, when, suddenly recollecting that his hour for riding was come, he left the
completion of the process to Dr. Wollaston, and
went out as usual to take his ride” (14).

.

Clearly, forming a partnership with Tennant
had its risks, for a man who could be so easily
distracted from the task at hand could not be
relied on to carry a long, involved chemical process through to completion.

The Years of Discovery
Despite his lack of commitment, the participation of Tennant was probably crucial for the
initiation of the joint platinum venture. As a
consequence of his travels, Tennant had a
broad knowledge of contemporary chemistry,
and ideas of what might be commercially feasible. We know, for example, that when Tennant
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met Gahn at Fahlun, Sweden, on 14th August,
1784, they experimented with platinum. His
notebook entry is as follows:
“Platina precipitatd by sal Ammoniac was very
fusible with sal mic [probably sal microcosmicus,
sodium
~ O n i U D l
phosphate,
NaNH,HPO,.&Ol;
but by continuance of
heat became infusible, but malleable. Mr. Gahn
supposes it might be a mineralisation of the
Platina with the phosphoric acid: during the
fusion it gave the flame a tinge of green” (15).

Later, on the same trip, Tennant visited
Lorenz Crell at Helmstiidt and his notebook entry for 4th October, 1784, shown above, gives
details of von Sickingen’s platinum process (I 6).
It is tempting to draw on these notes to suggest that Tennant was the one most likely to
have thought of joining forces with Wollaston
for the production of malleable platinum. But
there are reasons to believe that Wollaston
could also have first formulated the idea. It was
generally known in the late eighteenth century
that malleable platinum could be produced, but
the processes employed were unreliable and
seemed to depend more on chance than on
science. Wollaston tried to fuse the metal in a
blacksmith’s forge while at Cambridge, and the
details of its precipitation as a powder were
even being taught by his brother Francis at
Cambridge in 1794. Under the title “Platina”,
Francis’ printed notes contain the headings:
“224. Natural history of platina. Its properties
225.

Action of fire, nitre, and lead on platina

226. Platina dissolved in nitro-muriatic acid.

Precipitates from the solution
227. Action of sulphur on platina
228. Action of arsenic on platina
229. Purification of platina” (17).
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Thus, it would have been a poor chemist, indeed, who would not have known that platinum
could be made malleable.
In order to establish a commercially feasible
process, however, one needed enough money to
purchase large amounts of alluvial ore, and the
freedom to spend the time required (years if
necessary) to develop an effective process. To
minimise the financial risks, Wollaston and
Tennant agreed in 1800 to share all expenses
and profits (18).Although such a joint venture
may have been novel to Tennant, Wollaston
was quite familiar with such endeavours, for in
1799he had purchased Bank of England stock
and government securities jointly with his elder
brother George, in one case, and with his
younger brother Henry, in another. Clearly,
William was no stranger to financial partnerships. In fact, we probably owe the existence of
the platinum account books to the partnership,
for an equitable division of profits depends on
accurate records.
Wollaston’s account books reveal that he was
by far the most industrious of the two. After the
amounts paid out for platinum ore are excluded, Wollaston incurred 98 per cent of the
nearly 4,000 in expenses accrued over the 15
year life of the partnership (19). All the experimental details of the platinum process, as
published in 1829, were discovered by
Wollaston himself and all 47,000 ounces of the
impure ore were processed in 16-to 30-ounce
batches by Wollaston and his paid assistant,
John Dowse, in a laboratory at the rear of
Wollaston’s residence (20). There is not one
single mention of Tennant’s name in connection with the production of malleable platinum,
apart from occasional expenditures totalling
674 over a period of 15 years. The only visible
sign of the involvement of Tennant was the one
paper he published relevant to the partnership.
This was the announcement of his isolation of
the new elements osmium and iridium from the
insoluble residue that remained after prolonged
action of aqua regia on alluvial platinum (21).
Although the discovery of the two new metals
was a considerable chemical accomplishment, it
was made easier by the fact that Tennant
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worked with an ore highly enriched in both
metals. By August of 1803, Wollaston had
separated, and given to Tennant, the insoluble
residue from nearly 7,000 ounces of crude ore
(22). Since osmium and iridium constituted
about 2 per cent of this ore, Tennant could have
had over 100 ounces of residue from which to
isolate the two substances. Meanwhile, Wollaston was working with the soluble residues
that remained after the precipitation of
platinum with ammonium chloride. From these
residues he isolated and characterised rhodium
and palladium. Obviously, the discovery of the
four metals was made possible by the enrichment of the metals in the various residues that
were a by-product of Wollaston’s platinum
purification process. In their publications
neither Wollaston nor Tennant acknowledged
each other’s contribution, but this was by
design. They wished to keep their collaboration
a secret, and in this they were successful.

The Division of Profits
An equitable division of profits between the
two men became a matter of concern as soon as
the business began to be profitable. By the end
of 1803, expenses had exceeded gross income
by 61,671.In 1805, when the first malleable
platinum was sold, the business had a surplus
on the year of h27, but it was only in 1809that
total income first exceeded the sum of all expenses (23). It was during this year that an
agreement on profits was put on paper. The
agreement is shown here as Figure 2 (3).
The agreement itself does not indicate how
much Wollaston was to be paid before equal
division of the profits from the manufacture of
the salt of sorrel (SS)or the platinum (PI) consolidation. The spaces left before the statements pertaining to these two facets of the
business seem to suggest that the fraction of
profit that would go to Wollaston alone had yet
to be decided. The best evidence that Wollaston received 10 per cent of the profits before
equal division comes from calculations done to
settle Tennant’s estate in 1815.At the time of
Tennant’s death on 22nd February, 1815,
Wollaston had the financial records of the
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Fig. 2 It was only in 1809, when the total income from the business exceeded the accumulated
expenses, that a written agreement on the distribution of the profits was drawn up. Even at this atage
the fraction of the profits to go to Wollaston had not been entered on the document

partnership verified. One slip of paper records
the income still due to the partnership from the
platinum business, see Figure 3 (25). From the
L499.12s.1od. due from William Cary, 10 per
cent is deducted. This represents his commission on all the platinum sold (26). However, a
further one-tenth is deducted before the
amount due the partnership is calculated. A
similar calculation for the income from unsold
platinum sets aside 10 per cent for Cary and
another one-tenth before equal division. Since
the unspecified one-tenth in both calculations is
deducted after Cary’s share, but before equal
division, it probably represents Wollaston’s
personal share of the profits. If this premise is
correct, the credit entries in Wollaston’s
account books can be interpreted in a new way.
If one looks at the credits from Cary in early
1805, Figure 4, for example, the one-tenth
deducted as "commission" on 6th April
represents Wollaston’s personal share, not
Caw’s.The 10per cent selling commission due
to Cary would have been taken off before the
sums received for platinum sold were transferred to the partners. The amount entered as
a credit for Wollaston’s half of the partnership
(L31.os.d.) is that which remains from the 4 0
remitted by Cary, after Wollaston’s personal
share of 4 , and Tennant’s partnership share of
45 have been deducted. Thus, all the credits
and debits in the account books for Wollaston
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and Tennant represent the amounts evenly
shared by the two men, and do not include the
10 per cent of the gross income from platinum
sales that went to Wollaston alone. From the
start of the partnership in 1800 to 22nd
February, 1815, the total income recorded in
the account books of Tennant and Wollaston is
given as 414,351, on expenses of 48,334, for a
combined profit of 46,017, or nearly 43,000
each (27). Since income from platinum sales accounted for approximately 75 per cent of the
total, the personal share of Wollaston before
division can be estimated as 41,076. His onetenth share of gross income gave him a total
profit over the 15 years of partnership of
4,076, compared with Tennant’s 43,000.
Wollaston’s extra profit from the other
aspects of the joint enterprise were negligible
by comparison. For palladium, we know that
Wollaston in May 1805 paid Tennant L o for
the sole rights to all income generated by future
sales of the metal (28). Up to that time, total
revenue of 416.16s.d. had been shared equally
(29). But, thereafter, no further entries for
palladium appear in the joint accounts. In a
notebook devoted to palladium matters, Wollaston records his gross income from the post
1805 sale of the metal (to October 1814) as
L32.5s.d. The payment of L o to Tennant thus
amounted to more than half of the total income
from sale of the metal. Obviously, sole rights to
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Fig. 3 At the time of Tennant’s death, Wollaston had the accounts of the partnership verified. From
the record dated 22nd February, 1815, it is possible to deduce that after Cary’s commission of 10
per cent had been subtracted a further 10 per cent was deducted before the remaining sum was divided equally between the two partners

active in this part of the business. He certainly
played a major role in the marketing and sale of
salt of sorrel, although there is no evidence that
he was involved in its chemical production.
Perhaps in recognition of this increased contribution, the two men decided not to reward
Wollaston with a greater share of the salt of
sorrel business, as implied by the 1 8 9
agreement.
The calculations shown in Figure 3 were part
of the final accounting done after Tennant’s
death in order to reach a settlement with his
executor. After calculating the income still due
to him from the outset of the partnership,
Wollaston determined that a payment of
L304.16s.6d. to Tennant’s executor would
equalise the accounts. The person to whom the
money was to be paid, Tennant’s second cousin
George Pryme, claimed however that Wollaston
had failed to include in his calculations the
value of the platinum scraps and salt of sorrel
remnants that remained in his possession. Wollaston then added up the value of the sundry
amounts of platinum residues, various salts,
Fig. 4 Using these entries of credits from Cary, and acids. The total amounted to L234.16s.od.
which occur in Wollaston’s account book, it is
Beside the sum is the comment “really due to
possible to deduce the financial arrangements of
survivor alone. Therefore offer 1/4.accepted”
the partnership. From the entry dated 6th April,
the a40 remitted by Cary first has Wollaston’s (30). When the quarter share (L58.14s.cd.)was
personal share deducted and then Tennant’s
partnership share of 25, leaving 231.0e.Od. as a added to the L304.16s.6d. originally offered,
Pryme accepted. Some time after making
credit for Wollaston’s half of the Partnership

the profits from palladium sales were of no
great benefit to Wollaston.
The agreement dated 1st February, 1809,
thus refers to arrangements that, for both the
platinum and palladium aspects, had been in
effect from 1805.For the production of salt of
sorrel and its sale to the textile industry, it
appears as if all profits were divided equally
right up to the time of Tennant’s death. This
may reflect the fact that Tennant was more
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the payment Wollaston wrote in an account
book “I paid too much forgetting the property
tax which I should have to pay on joint account” (32). A decade later, after the salt of
sorrel remnants and the various acids had been
sold off, Wollaston had realised a net gain of
only L2.14s.od. and commented that this was
all he had to show “at the end of 10 years,
beside loss of labour etc. etc. and an amount of
Property tax overlooked” (25). This written
comment, placed on paper several years after
the settlement, suggests that Wollaston judged
the payment to have been too generous.

Tennant as the Indolent Partner
It becomes apparent that, apart from his
financial involvement, Smithson Tennant’s
contributions to the success of the partnership
were minimal. He took no part in the chemical
purification or metallurgical processing that led
to
nus
the agreement
allowing Wollaston a greater portion of the profits of the joint business seems a just way of
rewarding his greater efforts. Nevertheless, as
the comments noted above suggest, Wollaston
must at times have been irritated by the inequities of the partnership. One overt expression of such exasperation can be found in
Wollaston’s collection of offprints of his own
published papers. In the paper in which
Wollaston announced his discovery of palladium (33), he mentions the very hard grains
of osmiridium which occur in the alluvial ore.
Because of their anomalously high specific
gravity, Wollaston suspected they might contain an unknown heavy -metal. For their
analysis, he separated some and gave them to
Tennant. He wrote:
“For this purpose I have selected a portion of
them, and have requested Mr. TENNANT to
undertake a comparative examination, from
whose well known skill in chemical inquiries, as
well as peculiar knowledge of the subject, we have
every reason [ I to expect a complete analysis of
this ore.” (34)

Into this public affirmation of Tennant’s
chemical abilities Wollaston has pencilled into
his private copy, at the point indicated by the
asterisk, the words “barring indolence” (35).
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Wollaston’s premonition was correct, for Tennant never published another paper relating to
platinum metals. This reference to Tennant’s
indolence is not unique to Wollaston. Indeed,
Tennant’s inability to bring a task to completion was perhaps his most outstanfeature,
evident even in his student years at Cambridge.
In detailing the strengths and weaknesses of
Tennant’s intellect, his very close friend and
biographer John Whishaw wrote:
“His curiosity and activity were incessant; he had
a vigilance of observation which suffered nothing

to escape him, and was continually gaining new
information from a variety of interesting sources.
But although the knowledge thus acquired was
remarkable for its correctness and complete for
the purposes of its possessor; yet the industry and
perseverance, by which it ought to have been embodied and made permanent for the benefit of
others, were too often altogether wanting. The ardour and energy of Mr. Tennant’s mind cooperated, unfokrately in this respect, with his
want of method and of systematic habits of application; since he was constantly pressing on to new
discoveries, instead of arranBing and bringing
perfection those . . . he had already made.” (36)

Tennant was aware that his lack of purpose
could prove costly in the competitive world of
science, and it almost cost him his priority in
the discovery of iridium and osmium. As Tennant reveals in the paper, read to the Royal
Society on 21st June, 1804:
“Upon making some experiments, last summer,
on the black powder which remains after the solution of platina, I observed that it . . contained
some unknown metallic ingredients. Intending to
repeat my experiments with more attention
during the winter, I mentioned the result of them
to Sir JOSEPHBANKS, together with my intention of communicating to the Royal Society, my
examination of this substance, as soon as it should
appear in any degree satisfactory.” (37)

.

Only the publications, in 1803, by ColletDescotils, Fourcroy and Vauquelin, on the
possible new metal in platinum residues
prompted Tennant to publish his findings. His
publication in Philosophical Transactions was
Tennant’s greatest chemical achievement, and
earned him the Copley Medal of the Royal
Society. In his congratulatory address, the
Resident Joseph Banks deviates from the more
usual formal words of praise to admonish
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Smithson Tennant for failing to fulfil his
potential:

couragement of his friends could bring Tennant
to focus his energies on chemistry. His research
“Into your hands then Mr. Hatchett as the friend work was essentially complete by 1804,and it
of Mr. Tennant, I deposit this unequivocal testi- was only through the efforts of Wollaston that
mony of the gratitude and esteem of his ap- the joint platinum business flourished.
plauding brethren, exhort him, Sir, I entreat you
Tennant has a place in the history of the
to continue his scientific labours and to increase if
possible his diligence and assiduity. Talents like platinum metals as the discoverer of iridium
his deserve to be cultivated with increasing in- and osmium, but his contributions to the
dustry and uninterrupted patience; his chemical establishment of an effective, reliable process
rivals admire him,the Royal Society esteem him,
for malleable platinum were minor and preand the public looks up to him for farther imdominantly financial. Wollaston’s reputation as
provements in his most useful pursuit.
Assure him, Sir,that confiding in the gratitude “the outstanding figure in the history of
with which the sight this medal will inspire him, platinum” needs no revision.
I offer myself a willing pledge to the chemist, to
the Royal Society, and to the public, that their expectations shall not be disappointed, but that his
diligence in unraveling the mysteries of nature
shall be unabated in future and that he will
deserve at least as eminent success hereafter in
disclaiming her eternal laws, as he has hitherto
engaged.” (38)

Yet neither the words of Banks nor the en-

Platinum Metals Rev., 1989, 33, (3)

the Social Sciences and Humanities Research Council
of Canada and owes much to the kind assistance of
the late Dr. A. E. Wales.
The photographs are reproduced through the
courtesy of the Syndics of Cambridge University
Library.
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ABSTRACTS
of current literature on the platinum metals and their alloys
PROPERTIES
Adsorption of Carbon Monoxide and
Oxygen on Pt(l10). Self-Oscillations in
the Rate of CO Oxidation on Pt(ll0)
React. Kinet.
Catal. Len., 1989, 38, (I), 159-166; 167-173
Adsorption of CO and 0, on Pt(11o) has been
studied by X-ray photoelectron spectroscopy, low
energy electron diffraction and thermal desorption
sptroscopy techniques to elucidate the role of adsorbed 0 states and structural rearrangements of the
surface under action of adsorbed CO in the appearance of self-oscillations in the rate of CO oxidation on Pt(11o). The necessary condition for the
appearance of self-oscillationsin the system was the
change in Pt surface properties under the action of
reaction medium. Self-oscillations in the rate were
maintained due to reversibility of these changes.
A. L. VISHNEVSKII and v . I. SAVCHENKO,

A Characterization of Heterogeneous
Pt Surfaces by Work Function
Measurements and Photoemission of Adsorbed Xenon
and J. A. BARNARD, surf.
Sci., 1989, 208, (3), 285-305
A P ~ ( I I I )single crystal surface was ‘‘artitkially’’
disordered both by Pt deposition and by controlled
doses of ion bombardment and the resulting defected
surface was systematically characterised by work
function measurements and by photoemission of adsorbed Xe. The effects of the Pt deposition were
found to depend on substrate temperature. The Pt
deposits on low temperature substrates of 130K,
showed that a complex disordered surface is created
probably dominated by Pt adatoms organised in very
small clusters.

M. ALNOT, J. J. EHRHARDT

Microstructure of Pt-Rh Particles on
SiO
T. P. CHOJNACKI and L. D. SCHMIDT, 3 .

catal., 1989,

1x5, (21, 473-485
Transmission electron microscopy and electron diffraction studies on 20-20061 R - R alloy
~ particles on
amorphous SiO, after heat treatment in H I at
600-1w~Crevealed a two-phase microstructure. One
phase was a section of a cube and the other was a
highly twinned region usually with a single set of
multiple twin bands <I 61wide. Heating these phaseseparated samples in N, or He produced single-phase
particles with shapes between polyhedra and spheres,
which reverted to the two-phase morphology on
subsequent heating in H,. Heating at 3w°C in O2
produced breakup of the twinned regions without
change to the cube-shaped regions.
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The Transient Behaviour of Pt-Rh(410)
Alloy Surfaces upon Interaction with O , ,
NO and CO
F. C. M. J. M. VAN DELPT, 1. SIERA and B. E.
NIEUWENHWS, Surf. Sci., 1989, s08, (3), 365-382

The effect of the initial surface composition of Pt-Rh
alloy (410) single crystal surfaces on their reactivity
with 0,, NO and CO was studied by AES, XPS and
thermal reaction mass spectroscopy. The NO
dissociation on the Pt-Rh (410) surface was found to
depend on the surface composition and the reaction
temperature. The Rh-rich surfaces showed a higher
NO dissociation activity than the pt-rich surfaces.
However, the maximum C02-production for the
reactions of CO with O1 or NO occurs at a
temperature (Tm),where NO dissociation is already
complete on both Rh- and Pt-rich surfaces. The T,,,
appears to depend on the metal-0 bond strength and
on the CO:O, or CO.NO molar ratios in the reaction
mixture. This shows that CO, is produced by the
reaction of Cqads) and @ads).

Experimental and Theoretical Investigation of Hydrogen Diffusion on a Metal
Surface
T. E. FELTER, R. H. STULEN, M. L. KCSZYKOWSKI, G. E.
GDOWSKI and B. GARRETT,J . Vac.sci. Technol., 1989,
A7, (11, 104-107

Low-energy electron diffraction in combination with
electron stimulation of the surface by the incident
beam have been used to study H diffusion on Pd( I I I)
surface. Rapid surface diffusion occurred at >55K.
Two possible mechanisms, electron stimulated
desorption and electron stimulated disordering, are
presented. The results of theoretical calculations based on variational transition state theory of m i ( I I I)
were in reasonable agreement with the experimental
results for H/Pd(III) system.

Microcalorimetric Study of the Surface
of
Graphite-Supported
Structure
Iron/Rhodium Catalyst Particles
Catal., 1989,116, (I),
49-60
Studies of the structure of the surface of the graphitesupported Fe-Rh bimetallic catalyst particles were
performed by a Calvet-type differential adsorption
microcalorimeter of a novel design and by transmission electron microscopy. The results showed that the
two metals segregate locally on calcination at >20o0C
and do not form an alloy phase after a subsequent low
temperature reduction. The 2w°C calcination treatment resulted in Fe enrichment of the particle surface, which was also retained after the subsequent
IWOC reduction.

R. R. GAlTE and J. PHILLIPS,3.
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Formation Specifice of 11-0~Powdere CHEMICAL COMPOUNDS
during Thermal Tranefomations of
Iridium(W) Hydroxide
Ba3Y2Cu2Pt0,,:Newly Obtained Phaee
w. s. SHORIKOV, R. v. MUZYCHUK and v. L. SBITNEV, d m g Single Crystal Growth of
Im. Akad. Nauk SSSR,Neorg. Mazer., 1989,25, (2), BazYCu 0,-6 from Platinum Crucible
289-293
Studies of the formation process of IrO, powder during thermolysis of Ir(1V) hydroxide by various
physico-chemical methods showed that heating of
microporous amorphous Ir(1V) hydroxide to zzo°C
yielded Ir(OH), which has mesoporous adsorbent
properties. Crystal lattice IrO, with increased
specific surface was formed at 45oOC. The growth of
microcrystals started at 450-80o0C, followed by
decrease in the level of defects until full recrystallisation was completed at 800OC and product became
stoichiometricIrO, . This was accompanied by an increase in agglomerated sizes and poly-dispersion of
powders, and rebuilding of porous structure. This is
connected with a decrease in specific surface and a
number of narrow and coarse mesopores.

High-Accuracy Capabilities of an OeO,
Molecular-Beam Frequency Standard
Memlogia, 1989,
26, (I), 1-8
Studies have shown that absorptions of OsO, in coincidence with CO, laser emissions have very attractive
metrological characteristics. Results from using a
Ramsey-type interaction technique showed the
feasibility of a primary frequency standard at 30
THz, in the 10 p n region, based on an OsO,
molecular beam with an accuracy level of 1 0 - I ‘ and
satisfactory short-term frequency stability. The
molecular flux was sufficiently high for the wellresolved OsO, transitions to be observed with a
relatively high signal to noise ratio. Interaction,
detection techniques and sources of the uncertainty
are discussed.

A. GODONE, M. P. SASSIand E. BAvA,

Preparation of a New Al-Cu-Ru
Quaeierystal with Large Grain Sizee by
Rapid Solidification
and T. MASUMOTO, 3. Mazer.
Sci., Len., 1989,8, (3), 253-256
The Al-Cu-Ru alloys were prepared by arc melting a
mixture of pure Al, Cu and Ru in a purified Ar atmosphere and the as-solidifed phase was studied by
X-ray powder diffraction techniques. The results
showed a new quasicrystal which was formed in the
vicinity of Al Cu zo Ru I I . The icosahedral structure
in the Al-Cu-Ru alloy remained stable up to XoooK.

A. -P. TSAI, A. INOUE

Corrigendum: Steady-State Kinetics of
the Catalytic Reduction of Nitrogen Dioxide by Carbon Monoxide on Platinum
The second sentence in the above named abstract
which appeared in Platinum Metals Rev., 1989, 33,
(z), 81 should have read: “The CO, formation rate
was at least one order of magnitude greater than for
CO + 0, and CO + NO reactions under similar conditions.”
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T. HIBIYA,
Y.
KAWAMURA,

SATOH and T.
Appl. Phys., 1989, s8, (I),

NAKABAYASHI, T.

3pn.3.

L63-L66
A new compound with chemical composition
Ba,Y, C U , P ~ Ohas
, ~ been obtained as a single crystal
during preparation of B ~ , Y C U , O , -single
~
crystals
from CuO flux melt using a Pt crucible. As-grown
crystal is insulating or semiconducting, and has a
morn temperature resistivity of 3 MQcm. The compound has monoclinic symmetry (space group: Cdm)
and its lattice parameters are aa=12.333di,
bo=5.75xdi and co=7.y7di, andp=r05~40’.The
mechanism of incorporatlon of Pt ions is discussed.

Ternary Intermetallic Compounde Synthesized
by
Molten-Metal-Solution
Growth
J. P. A. WESTERELD, D. M. R. LO CASCIO, M. 0. WORNIK, P. I. LOEFF, H. BAKKER, H. J. M. HEIJLIGERS and
G. F. BASTIN, 3. Less-Comma Met., 1989, 146,

189-195

Several new ternary compounds including
3 , Yb 1 . 0 0 ,
Pd 1 . w Q l .m
and
Sn, .
In Pd I .,,La I ,a, four m e r e n t compositions of
GaRSc, and GaPdX where X is Cay PryYb, Y and
Sc, have been synthesised by growing crystals of
metallic compounds in a molten-metal solution.
,@

Family of 2Q-Type Layered
Dieelenidee: Preparation of 2%Re ,/2Ta,/2 Se2 and 2%-os m T a 2 / 3 Se2

New

K. HAYASHI, M. HYOM, H. YAMANAKA and H.

3. Less-Common Met., 1989, 147, (I),
19-26
Samples of &Ta,,Se,, where M is R, Ir, 0s or
Re, have been prepared from the elements by reaction at 850 and 95Ooc. Only two compounds
Os,,,Ta,,,Se, and ReIhTalnSe, crystalked in the
2Hb-polytype structure, and are semiconductors
which show weak panmagnetism. No a n o d e s of
the resistivity or magnetic susceptibility were observed in the temperature range 10-29oK.

NISHIHARA,

The Prediction and Synthesis of Some
New Intermetallic Compounds between
Transition Metals and Rare Earth Metale
Y. -T. NING, X. -M.ZHOU, Y. ZHEN, N.-Y. CHEN, H. W

and 1. -2. ZHU, J. Less-Comma Met., 1989,147, (2),
167-1 73
Six new intermetallic transition metal-rare earth compounds with various crystal strucnues have been synthesised, including NdIr,, GdIr, and DyIr, with the
AuCu,-type structure, and LaPd, with the CaCustype structure. The crystal structures of these new
compounds coincided with those predicted using
computer pattern recognition of chemical bonds.
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Preparation, Crystal Structure and
Magnetic Properties of Dy Ru ,9 P and
Isotypic
Lanthanoid
Ruthenium
Phosphides

Pd-Catalysed Reaction of Allylic Acetates
with Carbonyl Compounds via Electrochemical Reduction
w. QIU and z. WANG, J. Chem. Soc., Chern. Commun.,

V. GHETTA, P. CHAUWUET, R. W A R , 1. P. SENATEUR
and B. LAMBERT-ANDRON, J. Less-Common Met.,

1989, (6), 356-357
Electroreductive addition of allylic acetates to carbony1 compounds proceeded smoothly at mom
temperature on Pt electrode in the presence of Zn
chloride and a catalytic amount of PdCl ,(PPh I ) to
yield the corresponding homoallylic alcohols. This
reaction provided a novel method for allylic acetates,
as the allylic carbanion synthon equivalent, to react
with carbonyl compounds to form C-C bonds.

19'39, 146, 299-307
A new series of phosphide compounds Ln, Ru 19 P
where Ln is Y,La, Ce, Pr, Nd, Sm, Gd, Tb, Dy, Ho,
Er and Yb, have been prepared by reacting the
elemental components and annealingat I 7ooK. From
single crystal X-ray data the structure of Dy ,Ru ,9 PI,
was determined as a hexagonal type derived from
Hf,Co, PI with one formula unit per cell and the lattice constants a=12.465
and c=3.940 hi The
Ln,Ru,,P,, compounds were isotypic with Dy,
Ru,,P,,, and their lattice constants are reported.
Studies of magnetic properties have shown that compounds with a magnetic rare earth have a spontaneous
magnetisation at low temperature and then follow a
paramagnetic Curie-Weiss law.

The Electrocatalytic Reactions of Oxidation, Evolution and Adsorption of
Hydrogen on Partially Sulphmized
Platinum
E. LAMY-PITARA,L. LGHOUZOUANI, Y. TAINON
BARBIER, 3. Electroanal. Chem. Interfacial

and 1.
Elec-

trochem., 1989, 260, (I), 157-166
Studies of the effect of S adsorbed on Pt have shown
that H, oxidation is slightly inhibited, while the
evolution of H, is enhanced at s m a l l S coverages. At
low S coverages and for negative overpotentials this
observed synergetic effect is explained by a
favourable electronic effect which appears to be
stronger than the geometric inhibition effect. In the
range of positive overpotentials, different H sites,
more sensitive to the S inhibition effect, were probably involved. The s m n g inhibition effect due to
high S coverages was observed in the same coverage
range where polymeric S species are formed. Gibbs
energy of adsorption showed that the natures of the
two main kinds of adsorbed H were different.

Oxygen Reduction on Platinum in
Borate-Buffered Saline Solutions

3. EkC-

Studies of the effect of Cl- adsorption on a rotating
Pt ring disc electrode on the kinetics of 0, reduction
in alkaline solutions showed that the polarisation
curves for 0, reduction on Pt in buffered o.5M NaCl
were shifted cathodically relative to those in buffered
o.5M NaClO, of pH 8-10 due to Cl- ion adsorption. In alkaline solutions of pH 7-9, Cl- specific
adsorption inhibited Pt-OH formation. During 0,
reduction, Cl- adsorption resulted in an increase in
H 2 0 2generation. Triangular sweep cyclic voltammetry showed Cl- adsorption on R at pH 8-12.
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High
Resolution
Deposition
of
Polyaniline on Pt with the Scanning Electrochemical Microscope
Y. -M. WUU, F. -R. F. FAN and A. 1. BARD, J. Electrochem. SOC., 1989, 136, (3), 885-886
A method for the high resolution deposition of
wlvaniline on a Pt substrate is based on the scanning
eleftrochemical microscope (SECM) which gives
constant faradaic current between a tip electrode
made of Pt or W, and Pt substrate electrode. The
electrodes are separated by a thin layer of an ionically
conductive polymer, which works as the electrolyte
and contains cations that are free to move within the
polymer matrix. The current is driven by application
of a potential between the tip and the metal. The
SECM can deposit polyanilineon a substrate by using
Nafion films
on a Pt surface.

a

ELECTROCHEMISTRY

S. M. WICA, S. SARANGAPANI and J. GINER,
trochem. Soc., 1989, 136, (I), 75-83

,

New Solid Polymer Electrolyte Composites for Water Electrolysis
P. MILLET, M. PINERI and R. DURAND, 3.Appl. Ekctrochem., 1989, 19, ( 2 ) , 162-166

A new procedure for the preparation of solid polymer
electrolyte (SPE) electrocatalyst composites is
reported, in which R and Ir cationic species are
chemically reduced within the SPE. These electrocatalysts were used in SPE H,O electrolysisusing
Nafion membranes and showed good electrochemical
properties, with low catalyst loadings, long-time
stability and high energetic efficiencies. Microscopy
techniques showed that the metallic particles were
not homogeneously distributed across the SPE
thickness but predominated near its surface.

Oxidation of CH30H by MolybdenumModified Platinized Pt and Pt-SPE Electrodes
and J. WANG,
Shokubai, 1988, 30, (6), 448-451
Studies of CHIOH oxidation on Mo-modified
platinised Pt and Pt bonded solid polymer electrolyte
(SPE) membrane electrodes have shown an acceleration in CH, OH oxidation by 10, and 5 x 10' times at
25OC and 5 x 10, and 1.5 x 10' times at 8zoC, respectively. Detailed analysis of voltammograms showed
that the adsorbed redox couple, Mo(IV)/(III)
catalyses CHIOH oxidation but Mo(VI) was inactive.
H. KITA, H. NAKAJIMA, K. S H I W U

139

High Power Density Performance of WPt
and WRh Electrodes in Alkali Metal
Thermoelectric Converter

Preliminary Investigation on the Corrosion
Behavior
of
Amorphous
(TigoRu 87 Si 13 in Saline Solutions

R. M. WILLIAMS, B. JEFFRIES-NAKAhlURA, M. L. UNDERWOOD, B. L. WHEELER, M. E. LOVELAND, S. J. KIKKERT,
1. L. LAMB, T. COLE, J. T. KUMMER and C. P.
BANKSTON, J . Electrochem. soc., 1989, 136, (3),

J. L. CARBAJAL, R. E. WHITE, R. B. GRIFFIN
DUBROUILLET, Electrochim. Acta, 1989,

893-894
Studies of high power density performance of WPt
and WRh electrodesin the alkali metal thermoelectric
converter (AMTEC) showed sustained power densities of -o.7W/cmz through partial optimisation of
WPt and WRh alloy electrodes. Electrode maximum
power vs. time for the electrodes operated at
1150-12mK showed that the best electrodes of
both kinds exhibit low porosity and thicknesses of
>0.8pm. The morphology of WPt and WRh electrodes after AMTEC cell operation showed quite
small grain size of o.~-o.mmwhich suggests that
grain growth at elevated temperature is slow and that
these electrodes will have long term stability.

In-Situ X-Ray Diffraction Study of Metal
Hydride Formation in Palladium and
Palladium-Based Alloy Electrodes under
Cathodic Hydrogen Charging
Bull. Chem. Soc. Jpn.,
1989, 62, (2), 415-418
An in situ X-ray diffraction technique has been
developed and used to study the phase changes during metal hydride formation in Pd and Pd-Au alloy
foil and amorphous Pd-Zr ribbon electrodes. The
a- to 0-PdH, phase transformation in the Pd electrode, accompanied by an increase in cell volume,
was shown by formation of a @-phasedomain in the
bulk during cathodisation. A discontinuous change in
lattice constant was observed for Pd and Pd,Au,,
alloy. No phase transformation was observed for PdAu alloys with Pd content \<7oat.% and the lattice
constant increased continuously with an increase in
negative potential for cathodic polarisation.
K . 4 . MACHIDA and M. ENYO,

and J. N.
34, (3),

317-320

Studies of the corrosion characteristics of a new
(TiwRulo)8,Si,,
amorphous alloy in o.gM NaCl and
in artificial seawater (ASW) saturated with 0, were
made by linear polarisation resistance, AC impedance
and small amplitude cyclic voltammetry. Results
show a low corrosion rate of the alloy in these media,
with the rate of corrosion in seawater slightly faster
than the rate of corrosion in NaCI.

PHOTOCONVERSION
Investigation of the Functions of CdS
Surface Composite Layer and Pt on
Treated Pt/CdS for Photocatalytic
Dehydrogenation of Aqueous Alcohol
Solutions
J. ZHENSHENG, L. QINGLIN, F. LIANGBO, C. ZHENGSHI,
z. XINHUA and X. CHANJUAN, J. Mol. catal., 1989,
50, (3), 3 1 5 - 3 3 2

Studies of the activity of Pt/CdS in the photocatalytic
dehydrogenation of aqueous alcohol have shown that
initially photodeposited Pt exists as a sulphide, but
after heat treatment is converted into Pt and PtO,
which act as the catalyst for H + reduction and ‘OH
+ CH CHIOH reaction, respectively. Surface
Cd(OH), in the surface composite layer Cd(OH),CdO-CdS generated by the heat treatment reacted
with H + or OH- to give two kinds of surface active
sites which were oxidised by a photon to give the
‘OH radical. “Two-photon action” model is given.

Rate-Controlling Steps in a Three-Phase
A
(Solid-Liquid-Gas) Photoreactor:
Phenomenological Approach Applied to
Hydrogen Photoproduction Using PtTi0 Aqueous Suspensions

Hydrogen Evolution on Iridium Oxide
Cathodes
J. c. F. BOODTS and s. TRASAITI, J . Appl. Electrochem.,

J. S. ESCUDERO, R. SIMARRO, S. CERVERA-MARCHand J.

1989, 19, (21, 255-262
Studies of changes in surface conditions and H,
evolution from I mol/dm’ constant ionic strength
perchlorate solutions at pH 0-1 on IrO, electrodes,
prepared by thermal decomposition of IrCl, at
300-5m°C, are reported. A Tafel slope close to
40mV and a reaction order of I . 5 with fespect to H +
are explained by a mechanism involving a step of
reduction of active sites and a pH dependence of
potential at the reaction plane which is typical of the
acid-base properties of the oxide surface. Wettingdewetting phenomena of the electrode surface,
depending on the magnitude of the current, operate
during H, evolution. The oxide surface was never
reduced down to metal, while no bulk reduction
whatsoever took place. This work starts a series of
systematicstudies on the cathodic behaviour of oxides.

GIMBNEZ, Chem. Eng. Sci., 1989, 4,
(3), 583-593
Water photolysis has been studied using a threephase solid-liquid-gasphotoreactor, continuous with
respect to the gas phase, and with Pt-TiO, powders
as catalysts. These were kept suspended in H,O by
means of gas bubbling through the liquid. In this
case, the H, production rate could be controlled by
the luminic step and dark (chemical or mass-transfer)
steps. The relative importance of each of these steps
depended on the lamp-photoreactor system used, the
nature and physical characteristics of the
photocatalysts, and the operating (fluidodynamic)
conditions. A description of the steps involved in this
photocatalytic process is given. The importance of
mass transfer in limiting the process yield is shown
and this step has to be considered in the development
of photocatalysts even at early stages.
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Photoreactions of Organic Halides,
Alcohols,
and
Olefms
with
Tetrakie(pyrophosphito)diplatinate(II)

Hydrogen Photoevolution from WaterMethanol on Ru/Ti02

and S. ZIELINSKI,
Monatsh. Chem., 1989, 120, (2), 101-1In situ photodeposition of Ru on anatase TiO, from
3.
Studies of the photoreaction of [Pt,(P,O,H,),l' - RUG, solution was found to efficiently produce
(Pt,) with organic halides (RX), alcohols Ru/TiO, powders highly active in H, photoevolution
(RR'CHOH) and olefins by steady-state photolysis, from H,O-CHIOH. The most active sample was
Stern-Volmer quenching and transient-absorption 0.75 wt.% Ru/TiO,. Electron microprobe analysis
showed that the ]A,,, excited state of Pt, ('Pt,*) and SEM showed that Ru distribution was inreadily cleaves both C-X (X=Cl, Br, I) and C-H homogeneous on porous TiO, . The size of Ru islets
bonds. With RX the second-order rate constant ( ) influenced the stability of the Ru/TiO, catalyst.
Enhanced efficiency was obtained when TiO, was
values increased with decreasing G X bond strengt
and the primary step of the photoreactions of Pt, was subjected to cation exchange prior to illumination in
halogen atom transfer. Broad-band irradiation of HZO-CHIOH.
alcohols in the presence of Pt ,yielded an aldehyde or
ketone and H, The reported values for aliphatic
and benzylic alcohols are 10'-10
kg /Ms and are highest ELECTRODEPOSITION AND
for benzyl alcohol.
A. SOBCZYNSKI, T. JAKUBOWSKA

C.-M. CHE, W.-M. LEE, K.-C. CHO, P. D. HARVEY and H.
B. GRAY,
PhYS. Chm.3 1989, 93, (8), 395-3099

pl

.

SURFACE COATINGS

Characterization of Pd-8-Cyclodextrin
Colloids as Catalysts in the Photosensitized Reduction of Bicarbonate to Formate
and D. MANDLER, 3.Am. Chem. soc.,
1989, 111, ( 4 , 1330-1336
The kinetic characterisation of the catalyticactivity of
Pd-@-cyclodextrincolloids in the photosensitised
reduction of H C 0 , to HC0,using
N,Nf-dimethyl-4,4'-bipyridinium
(methyl viologen,
MV' +) as primary electron acceptor, MV + radical as
electron carrier, deazariboflavin as photosensitiser,
and oxalate as sacrificial electron donor, is reported.
The reaction proceeded with quantum efficiency, 6 =
I . I . Active sites for HCO, - activation and reduction
were detected and were specifically inhibitedby thiols.
Catalytic sites for H , evolution were also identified.
The catalyst for reduction of HCO, - to HCO, - and
reverse oxidation of HCO ,- mimiced enzymic activities, with high specificityand effectiveness.
I. WILLNER

Photoenhanced Homogeneous Catalytic
Hydrogenation of Olefms Following XeCl
of
Excimer
Laser
Excitation
RhH(CO)(PPh,)
H. MORIYAMA, A. YABE and F. MATSUI,

3.MOl. calal.,

1989, 50, (21, 195-202
Irradiation of RhH(CO)(PPh,) , by Xecl excimer
laser (308nm) accelerated the homogeneous
hydrogenation of olefins under mild conditions.
Significantly enhanced dark reactions were observed
after periods of laser irradiation. The laser produced
a highly active catalyst species, producing product at
high turnover. The apparent quantum yield has been
estimated at greater than unity (2.4) under appropriate conditions (pulse cycle I Hz and catalyst
concentration of 10- 3M). XeCl excimer laserinduced acceleration of homogeneous hydrogenation
was also observed for RhCI(PPh,), and
IrCI(CO)(PPh,),. Lasers allow the use of strong,
monochromaticand coherent light pulses in the field
of homogeneous catalysis to activate molecules via
their excited states.
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Structure and 9OOOC Hot Corrosion
of
Chromium-Modified
Behavior
Platinum Aluminide Coatings
and D. H. BOONE, surf. coat.
Technol., 1988, 36, (I-2), 13-26
Of ten coating types on Ni-base superalloy substrate
IN738 tested in accelerated hot corrosion environments at ym°C for zooh, Pt-AI(produced by an
intermediate temperature, intermediate activity process) and Cr-Pt-AI (two step Cr+Pt+AI process)
showed excellent high temperature hot corrosion
(HTHC) resistance. The average measured depth of
attack rate was o.o25pmh, slower than previously
reported low temperature (7ooOC) data. In general
the addition of Pt to an aluminide coating improved
its HTHC resistance when the PtAI, was present as
a high density layer (18pm thick in 0-Pt-AI) near the
outer zone of the coating, together with a deep reservoir of Pt (distribution of Ptfil, phase in 0-NiAI
matrix) beneath the surface.

R. E. MALUSH, P. DEB

-

APPARATUS AND TECHNIQUE
Ion Selectivity of a Polypyrrole Coated Pt
Electrode for Hydronium Ion
and K. -J. KIM, Bull. Korean
Chem. SOC.,1989, 10, (I), 119
The fmt use of a polypyrrole (PPy) electrochemically
modified Pt electrode as a potentiometric sensor for
hydronium ion (H,O+) is reported. Potentiometric
responses to H IO+were nearly Nernstian with slopes
of 59.9 and 58.7mV for PPy modified-Pt and typical
glass electrodes, respectively, over pH 2 to 12. The
slopes remained fairly constant with an increase in
ionic strength from 0.01to 0.3oM. The PPy coated
Pt electrode was almost comparable with a typical
glass electrode in potentiometric response and had
better selectivity coefficients for the other cations
studied, Li+, K+ and Na+. Response times and
stability of the electrode are also reported.

J. -D. KIM, K. -S. LEE
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Fabrication and Testing of Subminiature
Multi-Sensor Hot-wire Probes

HETEROGENEOUS CATALYSIS

v. WESTPHAL and F. R . LEMOS, J .
Phys. E, 1989, 22, (4), 262-268
Subminiature single-sensorand crossed hot-wire probes have been fabricated using an improved method
which allows accurate control of sensor orientation
and etched (active) sensor length. The sensor incorporates a Wollaston-type wire with core material of
go%Pt-ro%Rh of diameter 0.625pm. The outer
jacket is Ag. The new procedure eliminates the fmal
Cu plating step employed to achieve desired active
length. The subminiature probes gave more accurate
measurements in boundary layers than conventional
sized probes.

Periodic Operation Effects in Propane
and Propylene Oxidation over Noble
Metal Catalysts

P. M. LICRANI, R.

Membrane Reactor Using Microporous
Glass-SupportedThin Film of Palladium.
Application to the Water Gas Shift
Reaction
E. KIKUCHI, S. UEMNA, N . SATO, H. INOUE, H. ANDO
and T. MATSUM, Chem. Lett. Jpn., 1989, (3),

489-492
A composite membrane consisting of a Pd thin fdm
and a microporous-glass tube has been applied to a
membrane reactor. In the water-gas shift reaction,
the membrane reactor attained high conversion levels
of CO, exceeding the equilibrium level for the closed
system as a result of the separation of H, produced.
The rate of H, permeation was evaluated to be almost
of the same order as the rate of reaction by considering initial reaction rate of I x 10- mol g-catalyst - '
&-1 ,with the effective area for H , separation of
25.1cm~.

,

In Situ Concentration of Metallic
Hydrides in a Graphite Furnace Coated
with Palladium
L. ZHANG, z.-M. NI and x.-Q. sHAN, Spectrochim. Acta,

I989,44h

(D,339-346

A method has been developed for, and satisfactorily
applied to, the ultrasensitive determination of As, Sb
and Se in urine and various H, 0 samples at ng/ml
levels, by hydride generation with subsequent trapping and atomisation in the Pd-coated graphite furnace. Surface Pd (0.25-1.0pg) acted as an eficient
adsorber for the metallic hydrides. Sensitivities, accuracies and precisions were significantly improved
compared with the uncoated tube, and the sorption
temperatures of the metal hydrides were lower.

Electret and Rhodium Gas Sensors
G. F . KLEIN and P. E. THOMA, Sew. Actuators, 1989,
16, (41, 325-334

The organic gas-sensing characteristics of an electret
and a Rh probe are presented and discussed. A domeshaped, circular, 500 pinch-Rh-plated probe sensed
changes in organic gas concentration due to electron
donor/acceptor interactions between adsorbed gas
and the surface of the probe. The Rh probe
distinguished between strong and weak electron
donor gases by the polarity of the response signal.
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H. SHINJOH, H. MURAKI and Y . FUJITANI, Appl.

Catal.,
1989, 499 (2), 195-204
The oxidation of propylene and propane over Pt, Pd
and Rh catalysts supported on cr-Al,O, was studied
under static and periodic conditions. Catalytic activities decreased in the order Pd>Pt>Rh for propylene oxidation and Pt>Rh>Pd for propane
oxidation. The conversion of hydrocarbon (HC) was
improved by the cycling feed in comparison to a static
feed. This periodic operation effect was dependent on
both catalyst species and temperature. The optimum
period for the maximum conversion decreased with
increasing temperature. The periodic operation effect
arises from the difference in adsorption capability
between HC and 0, on the catalyst surface. The
order of the periodic operation effect corresponds to
the order of the catalyst sensitivity to self-poisoning
by HC and 0,.

Evidence for Multiple CO Hydrogenation
Pathway on PtlAl 0

3.Phys. Chem.,
1989, 93, (81, 2885-2888
Studies of the reactivity of CO toward H, over
12%Pt/Al2O3were performed by temperature programmed reduction of adsorbed CO (CO TPR) and
i.r. spectroscopy. The CO TPR spectra showed two
CH, formation rate maxima at 490 and 613K and
their relative intensities depended on the CO adsorption temperature and the extent of surface hydroxylation. The i.r. spectra showed that CO chemisorbed
molecularly on Pt at 300K, but some bound CO was
converted to Al,O,-bound methoxy species as the
sample was heated to 4ooK in H,. The support
played a part in defining both CO TPR behaviour and
steady-state CO hydrogenation rates over Pt.

J. L. ROBBINS and E. MARUCCHI-SOOS,

Influence of pH on the Preparation of
Monometallic Rhodium and Platinum,
and
Bimetallic
Rhodium-Platinum
Catalysts Supported on y-Alumina
j.

H. A , MARTENS and R. PRINS, Appl. Gaia[., 1989,

46, ( I ) , 31-44

Raman and 19sPtNMR studies have shown that
H PtCl, adsorbs monomolecularly on the surface of
y-Al,O, up to a loading of I pmol/m' during pore
volume impregnation. Adsorption studies showed
that RhCl, behaves the same, with an even larger
monomolecular coverage. The coverages decreased
with decreasing pH due to a shift in bonding equilibrium between the metal complexes in solution and the
complexes adsorbed on the surface of the support.
The amount of co-adsorbed Pt and Rh was smaller
than their amounts when separately adsorbed, due to
the acidic nature of H,PtCl, and Rhcl ,. The reduction of RhCl + H PtCl, was governed by mobile Rh
atoms and small bimetallic clusters.

,

,

142

Effect of Steam on the Coking of
Platinum Catalysts. I. Inhibiting Effect of
Steam at Low Partial Pressure for the
Dehydrogenation of Cyclopentane and
the Coking Reaction. II. Kinetics
and J. BARBIER, ApPl.
Caul-, 1989, 49, (I), 67-74; 75-82
The effect of steam on the coking of Pt/A ,0, has
been studied at 4moC under I a m pressure in the
presence of cyclopentane in dry or wet (0.67kPa of
H,O) N,. Steam decreased the coking rate, owing to
inhibition of the dehydrogenation of cyclopentane to
cydopentadiene, the main coke precursor.
Temperature programmed oxidation showed a peak
ascribed to C deposited on metal and 2 peaks for 2
different forms of coke deposited on the support.
Kinetic studies at temperature of 4oo-520°C, partial
pressures of cyclopentane from 12-8okPa and H,O
from 0-35kPa showed that the inhibiting effect of
steam on coking depends on the partial pressure. At
low partial pressure (Pw<2.5kPa) H,O decreased the
rate of dehydrogenation of cyclopentane whereas
when Pw>z.5kPa polymerisation was inhibited.
D. DUPREZ, M. HAD]-AISSA

Location and Structure of Coke Deposits
on
Alumina-Supported
Platiuum
Catalysts by EELS Associated with Electron Microscopy
P. GALLEZOT, C. LECLERCQ, J. BARBIER and P.
MARECOT,
catal., 1989, 116, (I), 164-170

3.

The location and structure of carbonaceous deposits
formed during coking Pt/Al,O, catalysts with
cyclopentane were studied by TEM and by electron
energy loss spectroscopy(EELS).The results showed
patches of amorphous coke covering the support surrounding each metal particle and that the coke
coverage could extend up to 20nm from a given particle. The local structure of coke was not graphitic or
pregraphitic but could consist of a disordered arrangement of polyaromatic molecules. After partial
combustion at 563K, the coke on the metal particles
was removed but still present on the support.

Thioresistance of Supported Metal
Catalysts. Hydrogenolysis of Cyclopentane on Pt/Al,O, and Ir/Alz03
P. MARECOT, L. TIFOUTI, M. GUENIN and 1. BARBIER,

Bull. SOC. Chim Ft., 1988, ( 5 ) , 817-820

,

Different series of WAl 0 and Ir/Al ,0 catalysts
have been characterised by their activities in
hydrogenolysis of cyclopentane and by their S
resistances. At 3o0°C, Pt/A120, with large metallic
particles was more active for cyclopentane
hydrogendysis. On Ir/AlzOj at rp0C, activity was
independent of S ~ N C N T ~ , while at 24oOC smaller Ir
particles showed higher activity. Deactivation of
Pt/N I 0 by thiophene is explained by selective adsorption of S on the hydrogenolysis sites. However,
this explanation is insufficient for Ir/Al 0,at qo0C,
where it is thought that the large electron affinity of
S induces a partial oxidation of Ir.

,
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Automotive Exhaust Gas Catalysts: Surface Structure and Activity
ApPl.
catal-, 1989, 4% (11, 71-92
The effect of CeO, promotion with a standard set of
three-way automotive emission control catalysts with
and without Pt or Rh, and with +,O, to
&O,wt.% r a t i ~of~100:0, 70:30, 30:70 and O:IOO,
has been studied by surface analytical methods, and
performance and activity measurements. Although
providing valuable qualitative results, the surface
analytical methods available do not allow a surface
characterisation sufficient to be related to elementary
catalytic steps. Catalyst surfaces were found to be extremely variable.
B. ENGLER, E. KOBERSTEIN and P. SCHUBERT,

Platinum Dispersion and Valence State of
Chromium in the Pt+Re+Crly-Al,O,
Catalysts during Dehydrocyclieation of nHeptane
E. A. SKRIGAN, G. M. SEN’KOV, L. A. KUPCHA, M. F.
GORGATSEVICH and N. S. KOZLOV, vest. A M . Navuk

BSSR, Ser. Khim. Naonck, 1989, (I), 9-14
The dispersion of Pt metal and changes in the valence
States Of G in Pt +Rc +G/r-Al,O,were studied and
correlation between these factors and their activity,
selectivity and stability in dehydrocyclisation of nheptane was explained. A dependenceon the preparation method and G content was established.

The Role of Tellurium and Antimony in
PtTe/Al,O, and PtSb/Alz03Reformiug
Catalysts

3. catal.,
1989, 116, (21, 325-337
Bimetallic PtTe/Al, 0 and PtSb/Al, 0 catalysts
have been studied using the model n - h e m e
isomerisation, aromatisation and hydrocracking reactions at 673K3,and cyclohurane dehydrogenation at
573% under I aun pressure in a recirculation batch
reactor. These co-impregnated catalysts showed increased isomerisation selectivity and reduced
hydrocracking selectivity,compared to WAl,O,. An
electronic effect caused by elecuon donation from Te
to Pt increased the specific activities of isomerisation
and dehydrogenation for low Te:R ratio of <0.06.
C. H. CHENG, K. M. DOOLEY and G. L. PRICE,

Effect of CO Addition on PropeneDeuterium Exchange Reaction and
Mechanism of Hydroformylation over
Supported Pd, Rh and Ru Catalysts
s. N m and M. TANIMOTO, shokubai, 1988, p , (6),
‘
488-491
Microwave spectroscopy has been used to study the
effect of CO addition on propene-D exchange over
Si0,-supported W,Rh and Ru. Hydroformylation
of propene proceeded simultaneously to form
butyraldehyde and butylalcohol, via similar u-dkyl
intermediates in the exchange process. The addition
of Na+caused considerable changes in activity and
selectivity of the catalysts.
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Influence of Intercrystalline Mass
Transfer on Catalytic Properties of Pt.HZSM-5.A120 Catalyst
V. R. CHOUDHARY and D. B. AKOLEKAR, 3. catal.,
1989, 1x6,(11, 130-143

Nitric Oxide Reduction Performance of
Automotive Palladium Catalysts

Effect of intercrystalline (macropore) mass transfer
on the catalytic activity and product selectivity in oxylene isomerisation, isooCtane cracking and
methanol-to-aromaticsconversion reactions on Pt.HZSM-5. Al 03 was studied by using different sizes of
catalytic particles. The effective intercrystalline diffusivity of the zeolite catalyst was studied by using a
first-order reaction cracking of isooctane. The results
showed that both the activity and the selectivityof the
catalyst in the studied reactions are strongly affected
by the intercrystalline mass transfer.

Al I 0 catalystsis significantlyinhibited by hydrocar-

H. MURAKI, K. YOKOTA and Y. FUJITANI, APpl. catal.,
1 9 8 9 , 48, (I), 9 3 - 1 0 5

Studies have shown that NO reduction by Pd/w
due to a self-poisoningeffect. However,
bons (HC),
NO reduction activity was improved by both a
periodic operation effect and the addition of La 0
to the Pd catalyst. The mechanism of the periodic
operation effect was interpreted in terms of the strong
adsorption of HC. The addition of La,03substantially moderated this HC poisoning. Reduction of NO
by Pd/La 0 with a cycled feed stream was similar
to that on a Rh catalyst.

,

Isomerisation of rn-Xylene on PalladiumHydroisomerization of Branched-Chain Containing Superhigh-Silicon Zeolites
Olefms over PtlH-ZSM-5 Zeolite
L. P. SHIRINSKAYA and v. s. KOMAROV, Dokl. Akad.

T. BEHRSING, H. JAEGER
1 9 8 9 , 47, (11, 67-73

and T. MOLE, &PI.

catal.,

The first example of shape-selectivehydroisomerisation has been observed in the hydrogenation of
branchedthain olefm to alkanes over Pt on the proton form of ZSM-5 zeolite. The results are
temperature dependent. At I 5o°C alkanes of unrearranged skeleton were mainly formed, and at >300°C
cracked products were formed. At intermediate
temperatures there was extensive formation of
alkanes with straightened chains.

Effect of Pd and Pt Additives on the Activity of Ni-Cr Catalysts in Reaction of CO
with H,
V. L. KUZNETSOV, S. P. NOSKOVA, I. L.

KUZNETSOVA

Nauk BSSR, 1989, 33, (3), 230-232
Effect of Pd on activity of decationation of superhighSi zeolites TSVM and TSVK with ratios
S i 0 1 : A l , 0 3=31.9:62.3, during isomerisation of mxylene was studied with respect to methods of Pd introduction into the zeolites and conditions of
preliminary activation of the catalysts. The results
showed that depending on the electronic state of Pd
and its position on the surface or inside of the zeolite
structure, catalysts with different activity and selectivity can be obtained.

Formation of Aromatic Hydrocarbons in
CO Hydrogenation over Silica GelSupported Palladium

and W.I. YEUMAKOV, React. Kinet. Catal. Lett.,
1 9 8 9 , 38, (2)s 411-416
Introduction of small amounts of Pt or Pd, such as
o.xwt.%, into unreduced Ni-Cr catalysts decreased
the temperature of their reduction with H z , and
enhanced their methanation activity and stability to
carbonisation. These results are interpreted in terms
of spillover of extra H from Pt or Pd which participates in the hydrogenation of active C species on
the Ni surface.

G. V. FILONENKO, YU. I . PYATNITSKII, T. M. SHAPRINSKAYA, V. P. STASEVICH, V. I. GRITSENKO, G. I.
GIRUSHTIN and v. L. STRUZHKO, React. Kinet. Catal.
Lett., 1 9 8 9 , 3% (11, 39-44

Polymerization and Decarbonylation
Reactions of Aldehydes on the Pd(II1)
Surface
J. L. DAVIS and M. A. BARTEAU, 3. Am. Chem. soc.,
1989, 1x1, (9, 1 7 8 2 - 1 7 9 2

Hydrogenation of Carbon Monoxide,
Aldehydes, and Unsaturated Hydrocarbons on Titania-Supported Palladium
Catalysts

The adsorption and reaction of formaldehyde,
acetaldehyde and propanal have been compared by
temperature programmed desorption and spectroscopy studies on clean Pd(x11). The presence of
alkyl substituents had a dramatic effect on aldehyde
reaction. Formaldehyde either decomposed to adsorbed CO and H or underwent polymerisation to
paraformaldehydeupon adsorption at 17oK. Adsorbed 7 -acetaldehyde and $ -propanal underwent
decarbonylation to give CO, H, and a hydrocarbon
with one C atom less than the parent aldehyde.

’
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It has been shown that several aromatic hydrocarbons
are formed in CO hydrogenation over Si0,-gel supported Pd catalysts. A mechanism for the formation
of reaction products is proposed. The enhancing effects of C I - ions and small Al,O, additions on
CH,OH formation are also noted.

J. WU, M. NNAKOSHI, H. NAGAMOTO, H. KOMIYAMA
and H. INOUE, Bull. Chem. SOC.Jpn., 1989, 61, (2),

493-498
The catalytic properties of Pd/TiO, catalysts
prepared by different methods have been studied in
the hydrogenation of CO and other unsaturated compounds. Catalysts prepared by coprecipitation contained smaller Pd particles than those in catalysts
prepared by impregnation. Catalyst activities increased with increasing Pd dispersion for CO hydrogenation. &precipitated catalysts were more active and
showed higher activity for CHIOH formation.
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Comparison of Microstructures in Oxidation and Reduction: Rh and Ir Particles
on Si02 and A 1 2 0 3
J. BURKHARDT and L. D. SCHMIDT,
116, (I), 240-251

3. CUtal., 1989,

Studies of microstructure and fractions of metal and
oxide formed in oxidation and subsequent reduction
of 100 hi panicles of Rh and Ir on SiO, and AI,O,
supports were performed by X-ray photoelectron
spectroscopy (XPS) and transmission electron
microscopy (TEM) and their results were compared.
X P S studies showed that both metals were oxidised at
2mochigher temperatures on s i o , than on Al ,0,,
and reduction in H , occurred at a slightly lower
temperature on All0j . Rh oxidised at 300-40ooC on
Al,O, and at 400-500°C on SiO,. Ir oxidised at
500-6w°C on Al,O, and at 6oo-70o0C on SiO,.

-

Influence of the Support on the Catalytic
Properties of Bimetallic Ru-Cu Samples
C. CRISAFULLI, R. MAGGIORE, G. SCHEMBARI, S. SCIRfi

and s. GALVAGNO, 3. Mol. Catal., 1989, so, (I),
67-80
Propane hydrogenolysis has been studied on a series
of Ru-Cu catalysts supported on SiO,, Al,O, and
MgO. On SiO, the activity of Ru decreased continuously on addition of Cu. On AI,O, and hIg0, Cu
addition caused an initial decrease in activity reaching
a minimum at intermediate Ru:Cu ratios, then increased with higher Cu content. For each support,
less active samples were the most selective toward
ethane formation. The lower activity and higher
selectivity observed was due to a Ru-Cu interaction.

Synthesis of Highly Calorific Gaseous
Fuel from Syngas on Cobalt-ManganeseRuthenium Composite Catalysts
T. INUI, A. SAKAMOTO, T. TAKEGUCHI and Y. ISHIGAKI,

I d . Eng. Chem. Res., 1989, 28, (4), 427-431
The composite catalyst system of Co-Mn-Ru supported on Al,0 calcined at xo6OoC has been used to
synthesisea highly calorificgaseous fuel from syngas,
and has been studied by a continuous flow reactor
under pressure of Iokglcm’ . A CH,-rich gas containing signikant concentrationsof C, -C, paraffiis and
comparable to nanual gas with added C,-C, paraffms, was obtained. Pilot plant tests using a fluidised
bed showed the satisfactory conversion of coke oven
gas into a highly calorific gas for >3000h.

Selective Hydrogenationof Methyl Oleate
to Oleyl Alcohol on Mixed Ruthenium-

Tin Boride Catalysts
NARASIMHAN, v. M. DESHPANDE
NARAYAN, Appl. calal., 1989, 48, (I),

c. s.

and K.

RAM-

LI-L6

Selective hydrogenation of the Saturated fatty acid
ester, methyl oleate, to oleyl alcohol, which is used
extensively to make surfactants, has been achieved
using Ru-Sn-B/AI,O, catalysts. Maximum yield of
oleyl alcohol (60.4%) and maximum selectivity to
oleyl alcohol (74.7%) was obtained using a catalyst
with Ru:Sn atomic ratio of 1:2.

Platinum Metals Rev., 1989, 33, (3)

HOMOGENEOUS CATALYSIS
Intramolecular, Stoichiometric (Li, Mg,
Zn) and Catalytic (Ni, Pd, Pt) Metallo-Ene
Reactions in Organic Synthesis
w . OPPOLZER,

Angew. Chem., Int. Ed. Engl., 1989,

28, (I), 38-52

The potential of Pt-, Pd- and Ni-catalysed versions of
the metallo-ene reaction is discussed with respect to
new methods of organic synthesis. An almost 100%
C-C chirality transfer
stereospecific C-0 -. GPd
permits simple and selective cis- or trans-annelation
processes. The mild cyclisation conditions are compatible with various functional groups, such as N
moieties and offer routes to heterocycles such as
alkaloids, difficult to prepare by other methods. CO
insertion reactions of the cyclised u-metal intermediates gave concomitant stereocontrolledformation of 4 C-C bonds. Applications and potential of
this powerid method in organic synthesis are
discussed.

-.

Hydrogen Production from Ethanol
Catalysed by Group 8 Metal Complexes
D. MORTON, D. J. COLE-HAMILTON, I. D. UTUK, M.
PANEQUE-SOSA and M. LOPEZ-POVEDA,
Chem. SOC.,

3.

Dalton Trans., 1989, (3), 489-495
Studies of various platinum group metal catalysts for
H, production from EtOH in the presence of added
base have shown that where the metal has low affinity
for CO, in [PtH(PEt,),l+ for example, simple
dehydrogenation to give ethanal and aldol condensation products takes place. Metals with high CO affiity bring about CO abstraction and can poison the
reaction, but [RhH(CO)(PR”,),l in the absence of
base and irradiated with visible light produced H,,
CH, and CO. Water-gas shift type chemistry was
observed in reactions catalysed by IRh(bpy),lCl, so
that EtOH was converted to 2H,, CH, and CO, . For
[Rh(bpy),lCI and IRuH,(N,)(PPh,),l, Hz production rates of >10o catalyst turnovers per hour were
readily sustained over long periods.

Platinum Complex Catalyzed Carbonylation of Organic Iodides: Effective Carbonylation of Organic Iodides Having
&Hydrogens on Saturated sp’ Carbons
R. TAKEUCHI, Y. TSUJI, M. FUJITA, T. KONW and Y.
WATANABE,~. Org. Chem., 1989, 54, (8), 1831-1836

Studies of the Pt-catdysed carbonylation of organic
iodides using PtCl,(PPh,), and Pt(CO),(PPh,),
catalysts showed that this novel system gives effective
carbonylation of organic iodides with P-H on
saturated sp’ C, as well as the carbonylation of
alkenyl and alkynyl iodides. The carbonylation under
CO pressure in the presence of alcohol gave esters,
and aldehydes were obtained by the reaction under
CO and H, pressure. Heptanal was formed in 86%
yield from I-iodohexane at IZOOCunder CO and H I ,
and I-iodohexane was carbonylated to methyl heptanoate in 79% yield in the presence of methanol at
12oOC under 7okg/cmz of the initial CO pressure.
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Kinetics of Ethylene Oxidation to 0Halogenoethylalkyl
Esters
and
Acetaldehyde Dialkylacetals in Methanol
and Ethanol Solutions of Pd(II) and
Cu(II) Complexes
A. B. PSHENICHNIKOVA, S. M. BRAILQVSKII and 0 . N.
TEMKIN, Kinet. K d . ,1989, 30, (I), 92-97

Role of the Reactions of the First and Second Orders with Respect to P d o in Oxidation of Thiophene by Pd(II) Sdta in
Aqueous Solutions. III. Oxidation by
Aquachloride Complexes at High Concentrations of Pd(II) and C1V. M. IGNATENKO and E. s. RUDAKOV, Kinet Katal.,

Effect of Pd halide, HQ and C,H, pressure on the
rate of the formation of 6-halogenoethylalkylesters
and acetaldehyde diPUrylacetalswas studied in three
catalytic systems:
PdQ,-CuQ, -LiCl-LiCl0,methanol, PdU,-CuQ,-LiU-ethanol and PdBr,CuBr,-LiBr-methanol. The results showed that in
the studied catalytic systems equation of formation
rates of the products is of f m t order with respect to
Pd(I1) halide and HQ concentrations, and C,H,
pressure, with high rate constants in ethanol.

1989, 30, (I), 44-49
Studies of the kinetics of oxidation of thiophene (TH)
with Pd(I1) complexes of high Pd content (>O.o5M),
0.3-IM of Q- and o.og-o.nM of H+at concentration
of TH<<Pd(II) were performed under conditions
which in previous studies were of second order with
respect to Pd(I1) during oxidation of ethylene, propylene and butene-I. A mechanism was d e t e m e d
involving formation of r-thiophene Pd(1I) complex
and its conversion to thienyl Pd compounds with
subsequent splitting of thienol and three kinetically
Effect of Temperature on the Rate and indistinguishable routes yielding binuclear
Selectivity of Styrene Hydrocarboxyla- (TH)Pd,Cl,(OH)'-, (TH)Pd,CI; and mononuclear
(TH)PdCl;-r-thiophene Pd(I1) complexes. In the
tion Catalysed by P d O Complexes
last stage, the second Pd(I1) takes part in decomposiW.G. NOSKOV, M. I. TEREKHOVA and E. S. PETROV,
tion of thienyl Pd(1I).
Kinet. Katal., 1989, 30, (I), 234-239
Studies of the temperature dependence of the rate of
Catalyzed Coupling of
hydrocarboxyhtion of styrene in the presence of Palladium
PdCl ,(pph)),showed that effectiveactivation energy Organostannanes with Vinyl Epoxides
(E)for the formation of the isomers of phenyl pro- D. R. TUETING, A. M. ECHAVARREN and J. K. STILLE,
pionic acid differs by 8okJ. Excess of PPh ) did not af- T e n a h d m 1989, 45, (41, 979-992
fect the value E and in the presence of SnCl, the Studies of the coupling resction of organo-Sn
difference decreased. The results showed that the reagents with vinyl epoxides, catalysed by various Pd
reaction proceeds by two routes yielding various catalysts showed that it takes place at ambient
types of Pdcontaining intermediates.
temperatures, regioselectively, giving predominantly
the x,q-addition product. Both aryl- and vinylstanPalladium-Catalyzed Vinylation of Akyl nanes underwent coup@ in high yields while
Vinyl Ethers with Enol Triflates. A Conve- acetylenic, allylic and benzylic Sn reagents either
nient Synthesis of 2-AUEoxy 1,3-Dienes
gave low yields or failed to couple. In coupling reacC.-M. ANDERSSON and A. HALLBERG, 3.
Chm., tions with cyclic 1,j-diene monoepoxides, the reaction was stereospecific.
19893 54, (71, ISO~--ISOS
Reaction of cyclic or acyclic enol triflates with alkyl
vinyl ethers in the presence of Pd(PPh,), or Studies of Catalytic Activity of Metal
Pd(OAc), catalysts yielded 2-alkoxy 1,3-dienes as the Complexes Fived on Solid Substrate.
major products. The regioselectivity for a- Part 6. Reduction of Nitrobenzene and
substitution was higher than #% and the products Its Halogen Derivatives by Chemidy
could be isolated in synthetically usefid yields.
Bonded Hydrogen in the Presence of Im-

w.

mobilised Rhodium Complex
Some Problem of the Mechanism of V. Z. SHARF, V. F. DOVGANYUK, V. I. ISAEVA and B. I.
Catalyst Formation by Carbalkoxylation MAKSIMOV, Im. Akad. Nauk SSSR, Set. Khk.,
of Acetylene in the System PdBr,- 1989, (31, 534-539
P(0Ph) -n-BuOH
Catalytic properties of Rh complexes [RhCI(COD)lI
N. G. MEKHRYAKOVA, A. N. NYRKOVA, N. F. ALERSEEVA,
G. M. SHULYAKOVSWI and 0. N. TEMKIN, Kinet.

19% 3% (I), 98-105
Studies of the catalyst formation by carbakoxylation
of acetylene in the system PdBr,-P(OPh),-n-BuOH
showed the caxalytically active complex cisPdIP(OPh),(OBu) ,I ,Br , with ligands which reesterify to 30-60?!, needing 0.95 M of H, 0 in contact solution for this formation. in the systems containing ,<o.IM H,O, a non-catalyticaUy active
complex was fonned in the analogue systems, which
had t r a n s - c o d i t i o n and reasterified to 70-959'0.
-1.3

)
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(where COD is cyclooctadiene), RhU(PPh,), and
RhCl ),which were immobilised on SiO, modifiedby
amino- and aminophoSphine groups, p ~ p p r r dby
precipitation at room temperature, were studied during reduction of nimbenzene and various h a l m
derivatives. The rate of reduction of nitrobenzene by
NaBH, increased by one to two orders than the m e
of reduction by propanol-2. The addition of hakqpn
to benzene riags leads to a decrease of reduction rates
of nitro-groups. Reduction of halogenated bbenzene by NaBH, proceeded via the rrduction of
NO,-groups followed by the splitting of the halogen.
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The First Catalytic Hydrogenation of
Natural oile at Ambient Condition by an
Intercalated Ruthenium Complex in
Montmorillonite
M. M. TAQUI KHAN, s. A. SAMAD and M. R. H. SIDDIQUI,

3. Mol. Catal., 1989, 50,

(I), 97-102
The dihydrido Ru(1V) species tHzRuClz(AsPh,),l
obtained by the hydrogenation of RuCl,(AsPh,),~CH,OH
intercalated in the interlamellm of montmorillonite clay, catalysed the
hydrogenation of long chain jojoba oil and castor oil
at room temperature and I atm HI.The catalytic
species could be regenerated over many hydrogenation cycles without loss of efficiency.

Catalytic Synthesis of Vinyl Carbamates
from Carbon Dioxide and Alkynes with
Ruthenium Complexes
c. BRUNEAU and P. H. DIXNEUF,
1989, 54, (7), 1518-1523
Studies of the terminal akynes reaction with CO,
and secondary amines in the presence of Ru complex
catalysts showed yklds of vinyl carbamates in one
step. Mononuclear Ru complexes such as
Rucl, (PR,)(arene) and RuCl,(norbornadiene)
(pyridine), for monosubstituted alkynes at
100-125~C and [RuCl,(norbornadiene)l, or even
RuU, .3H,Ofor acetylene at p ° C were found to be
the best catalyst precursors.
R. MAX&,

A. K. SHUKLA, C. PALITEIRO, R. MANOHARAN, A.
HAMNETT and J. B. GOODENOUGH,
AHl. E h -

3.

trochm.9 1989, 19, (1)s 105-107
Studies of 0,reduction on a porous C electrode
prepared from pretreated coconut-shell charcoal and
coated with various amounts of Pt phthalocyanine
(PtPc) were performed in alkaline solutions. Electrodes coated with 5 wt.% PtPc sustained load currents up to 2A/cm2 at an overvoltageof 300 mV from
its rest potential in 6M KOH at 35OC.They were also
more active than thermally treated and untreated
FePc, CoPc, NiPc and MnPc. The results showed
that PtPc has the catalytic activity and stability
suitable for its use as an 0,-reducing catalyst with
porous C electrode in W i n e fuel cells.

Y. SASAKI,

3. Og. C h . 2

Selective Oxidation of Alkanes and
Ethers Mediated by Ruthenium@) Complexes
M. BRESSAN and A. MORVILLO, J. Chem. soc., Chem.

C m u n - , 1989, (7). 41-43
Selective hydroxylation or ketonisation of cyclic
alkanes and conversion of ethers to esters and of
secondary alcohols to ketones, with signXicant rates
were achieved by using hypochlorite as oxidant and a
number of Ru(II) complexes as catalysts, in a
biphasic H,0-dichloromethane system. The
presence of soft atom-donors (S and P) in the coordination sphere of Ru(II) appears to increase the
catalytic ability of the metal in the oxidation of activated and unactivated G H bonds.

Performance Evaluation of Platinum
Catalysed Hydrogen Gas Diffueion Electrodes for Alkaline Fuel Cells
PATTABIRAMAN,
R.
MUZHUMATHI, I. ARULRAJ

CHEMICAL TECHNOLOGY
Phase-Transfer Catalyste in Extraction
Kinetics: Palladium Extraction by Dioctyl
SuKde and KELEX 100
s. J. AL-BAZI and H. PREISER, Inorg. Chem., 1989, 28,
417-40
Studies of the role of the quaternary ammonium salts
(C,H,,),N+U- and (C,,H,,)(CH,),N+CI- in accelerating Pd extraction from acidic Cl- solutions by
chloroform and
also
dioctylsulphide in
by 7-(1-vinyl-3,3,~,~-teuamethylhexyl)-8-q~o~ol
(KELEX 100) in chloroform, respectively, have
shown them to be phase-transfer catalysts. Kinetic
studies of the rate of Pd extraction as functions of the
quaternary ammonium salt (Q’Cl-), extractant,
aqueous U- concentrations and pH showed that the
active metal complex was transformed from aqueous
phase to bulk organic phase as an ion pair,
Q+PdCI,-, where it reacted with the extractant.
(319

ELECTRICALAND ELECTRONIC
ENGINEERING
X-Ray Photoelectron Spectroscopy of
Pt/GaAs Interfacial Reactions
H. WAKURO and T. KURODA,

FUEL CELLS

R.

Efficient Oxygen Reduction in Alkaline
Solution with Platinnm Phthalocyanine
on Porous Carbon

CHANDRASEKARAN,

S.

and S. DHEENADAYALAN,
Bull. Electrochem., 1988, 4, (9), 807-811
The promoting effect of Pt when incorporated in the
matrix of porous H, gas diffusion electrodes which
employ skeletal Ni as catalyst, has been studied with
Pt content from 0.5 to z.omg/cm’. At a potential of
-8oomV vs. Hg/HgO, current densities increased
from 30-35mAlcm2 to more than 5omAlcm2for Ptpromoted electrodes.

Platinum Metals Rev., 1989, 33, (3)

3pn. 3. Appl. Phys.,

1989, 28, (2), 223-228
Studies of Pt/GaAs interfacial reactions have shown
that even at room temperature the reaction occurred
to form a Pt-rich Pt-Gacompound and unreacted As.
The top surface of the deposited Pt f h was covered
with As. Annealing at zoo°C formed PtAs, and the
same Pt-Ga compound that was found in the asdeposited state. The top surface was covered with Ga
because As and its oxides sublimated during annealing. Annealing at 450°C produced islands of Ga-rich
Pt-Ga compound, sumunded by a ternary compound in the surface. This method which uses X-ray
photoelectron specuoscopy combined with Ar+
sputtering is useful for in-depth monitoring of the
binding energy for each element.
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Annealing Effect of Magneto-Optical
Kerr Rotation for PtMnSb Compound
K. TAKANASHI, H. FUJIMORI, 1. WATANABE, M. SHOJI

and A. NAGAI, 3pn. 3. Appl. Phys., 1988, 27, (IZ),
L235 I-I-2353
The polar magneto-optical Kerr rotation angle (0,)
has been obtained in the 400-1000nm wavelength
range for bulk PtMnSb, one of the Clb-type Heusler
compounds. The values of 0, were strongly enhanced
by annealing at temperatures >4oooC, compared to
as-polished PtMnSb, although the change in the spectrum of reflectance was very small.

Planar GePd and Alloyed Au-Ge-Ni
Ohmic
Contacts to
n-AlxGa,-xAs
(0 x 0.3)

< <

E. D. MARSHALL, L. S. YU, S. S. LAU, T. F. KUECH
K. L. KAVANAGH, Appl. Phys. h t . , 1989, 54,

and
(8),

721-723
The functional dependence of the specific contact
resistivity e, of the planar GePd ohmic contacts to
n-type Al,Ga, -,As on anneal temperature T, was
found to be the same for all AlAs mol fractions x, and
decreased to a minimum at 275-3z5OC. Ohmic contact formation mechanism was independent of x
(O\<X<O.~). Compared with standard Au-Ge-Ni contacts, Gemd showed a greater dependence of e, on x
and a much smoother morphology. An undoped 200
A GaAs cap layer reduced e, of Ge/Pd/Al,Ga, -,As
(x=0.2 or 0.3) by - I order of magnitude.

Tantalum Nitride as a Diffusion Barrier
between PdlSi or CoSi, and Aluminum
M. A. FAROOQ, S. P. MURARKA, C. C. CHANG and F. A.
BAIOCCHI, 3: Appl. Phys., 1989, 65, (8), 3017-3022

Reactively sputtered Ta,N was studied as a diffusion
barrier between Pd,Si and Al and CoSi, and Al.
Ta,N was found to give excellent metallurgical
stability to Pd,Si and CoSi, samples up to 555OC,
when used as a diffusion barrier to Al penetration.
Schottky barrier devices n-SiPd, Si/Ta,N/Al were
excellent and showed no deterioration after annealing
at 5w0C for 60 min.

MEDICAL USES
New Insights into the Mechanism of the
cis-Platin-Guanosine 5 '-Monophosphate
Reaction
N. GOSWAMI, L. L. BENNETT-SLAVIN and R. N. BOSE, 3.

Chem. SOC.,Chem. Cmmun., 1989, (7), 432-433
Studies have shown that the reactions of cisdiamminedichloro-Pt(I1) and cis-dichloroethylenediamine-Pt(I1) with guanosine S'-monophosphate
(GMP) proceed through the formation of a N-7
bound mono(GMP) complex which further reacts
with the initial Pt substrate and another GMP
molecule to form a GMP-bridged di-F't(I1,II) species
and bis(GMP) complex. The active drug is the Pt
substrate and its monoaquated species.
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In Vitro Antitumor Activity of Platinum
Pyrimidine Greens Obtained by One-Pot
Synthesis on L1210 Cells
H. OKUNO, T. SHIMURA, T. UEMURA, H. NAKANISHI and
T. TOMOHIRO, Inorg. Chim. Acta, 1989, 157, (2),

161-I 63
A series of cis-diammine Pt green compounds with
uridine,
uracil,
5-fluorouracil,
uridine
5'-monophosphate and thymidine have been
prepared by a convenient one-pot synthesis, and their
biological activity against mouse leukaemic LIZIO
cells in vitro, studied. AU the Pt greens showed
remarkable growth inhibitory activitiesagainst LIZIO
cells, the lower molecular weight PI greens showing
the higher inhibitory activity. Higher inhibitory activity values were also obtained when the ratio of
pyrimidine substrate to Pt in the molecule was
relatively low, and these complexes are promising
chemotherapeutic agents.

Synthesis and X-Ray Crystal Structure
1,3-Bridged 0Determination of
Lactams: Novel, Anti-Bredt &Lactams
R. M. WILLIAMS, B. H. LEE, M. M. MILLER and 0. P.
ANDERSON,
Am. Chem. soc., 1989, 1x1, (3),

3.

1073-108 I
A Rh(I1)-catalysed carbene insertion of diazo keto
esters into the N-H bond of &lactams was shown to
be the key cyclisation reaction in the synthesis of
several I ,3-bridged &lactarns from alkyl acetoacetate
in 11-14 steps. These are the fmt successful syntheses of 1,3-bridged p-lactams which may have importance as antibiotics. This new class of structurally
unique bicyclic p-lactams has been characterised by
X-ray crystallography.

Brain Affinity of Ruthenocene Compounds: Quinuclidinol-Ester
M . WENZEL and D. PREISS, 3. Labelled Compd.
Radiophann., 1989, 27, (41, 369-376
The labelled ruthenocenoyl-ester has been prepared
by heating RuCl, with the ester of ferrocene carboxyl acid and quinuclidinol. The organ distribution
of this ester and of 10IRu-labelledruthenocenyl-N(isopropy1)-ethyl-amine was studied in mice and rats
and compared with the organ distribution of iodolabelled n-(isopropy1)-amphetamine. A high brain affinity was found and the ruthenocenyl-quinuclidinolester showed a remarkable heart to blood ratio.

Mixed-Ligand
Complexes
of
Ruthenium@): Factors Governing Binding to DNA
A. M. PYLE, J. P. REHMANN, R. MESHOYRER, C. V.
KUMAR, N. J. m o and J. K. BARTON,
Am. Chem.
SOC.,1989, XIX, (8), 3051-3058

3.

Binding and spectroscopic parameters for a series of
mixed ligand Ru(I1) complexes on binding to DNA
have been determined. The complexes examined, except Ru(bpy), +,all appeared to intercalate and
surface-bind to DNA, and those binding appreciably
showed enantioselectivity.
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NEW PATENTS
METALS AND ALLOYS

Electrolytic Electrode with Lead Dioxide
Coating

Intermetallic Compound for Jewellery

SASAKURA KIKAI SEIS.

s. STEINEMANN

An electrode consists of a laminate of Pt-coated Ti

European Appl. 284,699~
An intermetallic compound for use in jewellery production has the formula AB or AB, in which A is Pt,
Pd, Au, Fe, Co, Ni or a mixture of these with up to
Isat.% being replaceable by Cu, and B is Al, Ga, Si
or a mixture of these. Due to the main size of less
than 5opm the compound has a c e & n ductility and
fracture resistance, and is chemically stable in air and
aqueous electrolytes.

Japanese Appl. 63/238,293

and untreated Ti, the surface of the Pt being selectively coated with electrodeposited PbO, . The electrode is used for electrolysis of H,O, using a solid
polymer electrolyte membrane to produce concentrated 0, on the anode.

Photooxidation Catalyst for
for Cyanide
Removal from Waste Water
AGENCY OF IND. SCI. TECH.

Castable Palladium Alloy
European Appl. 289,097~
A castable Pd alloy contains 20-50wt.% Pd,
20-50wt.% Ag and 20-45Wt.% In, having a preferred Pd:In atomic ratio of 1.2 to 2.1. The alloy is
castable, free from Au and has a desirable yellow colour, and is used in the manufacture of dental restorations, jewellery and ornaments.

Japanese Appl. 631248,443
A catalyst for photooxidation consists of a porous
glass membrane of specified porosity carrying TiO,
and a platinum group metal in its pores. Soluble
platinum group metal compounds used in the
preparation include H ,PtCl,, RhCl , OsCl,,or RuC l , . The catalyst is used for removing cyanide,
dichromate and organic compounds from waste H, 0,
allowing photooxidation to proceed at a high rate.

ELECTROCHEMISTRY

Palladium
Anodes

Cathode for Sodium Chloride Electrolysis

3apanese Appl. 63/262,491
Anodes for electrolysisare manufactured by applying
fme-grained metal oxide catalyst particles to the
porous surface of a C or graphite electrode. Typically,
Pd nitrate solution is coated on a graphite board,
dried at p ° C , fired at 35O0C, and then the process is
repeated. The anode formed allows electrolysisat low
electrolytic voltage.

ELEPHANT EDELMETAAL

Eumpean Appl. 298,055A
A cathode has a base with a Ni surface, and a single
coating layer of (a) a platinum group metal and/or a
platinum group metal (hydr)oxide, preferably Pt or
Ru oxide, and (b) 30-70 mol% of Ce and/or Ce
(hydr)oxide. The cathode is used in electrolysis of
aqueous NaCl by an ion exchange membrane
method, retains a greatly reduced H, overpotential
for an extended period, and has high resistance to
electrolyte impurities.
PERMELEC ELECTRODE

Cathode Material for Electrolysis
Japanese Appl. 631230,894
A cathode is prepared by applying an aqueous solution of metal, for example 0. I 5 molfl Pd nitrate solution, to the porous surface of a C or graphite electrode
material, firing, and if required reducing the metal
oxide to metal. Optionally the coating and fning steps
can be repeated. The method is used to provide an
electrode which enables electrolysis at a lower electrolytic voltage.
KAMIOKA KOGYO K.K.

,

Catalyst

for

Electrolysis

KAMIOKA KOGYO K.K.

Alkaline Earth Metal Ruthenate
Electrode Coating
TECHN. UNIV. DRESDEN East Gennan Patent 258,031
Electrodes for use in electrolysiscells have an electrocatalytic layer containing alkaline earth metal
ruthenate, MRuO,, where M is an alkaline earth
metal such as Sr, and the Ru loading is 0.5-5
mglcm’ . The coating can be applied in a one or two
layer process with a glass-enamel layer, is hightemperature resistant, and has a low precious metal
content which gives 40-50% savings compared with
prior art electrodes.

with

Electrolysis Electrode with Increased
Stability

Japanese Appl. 631235,493
An electrode consists of an electmconductive
substrate with a base-coating layer containing Ir and
Ta oxides (5o-vmol% Ir and Io-5omol% Ta), and
an Ir oxide layer containing 0.05-3 mg/cml Ir. The
electrode is used as an 0, generating electrode in
electrolysis under current densities as high as 100
Aldm’ , and also has improved corrosion resistance.

Russian Patent 1,401,072
An electrode consists of a porous metal substrate
which has been sand blasted, degreased and etched,
with a coating layer applied by electrolysiscontaining
oxides of Ir, Ru and Ti, at an 1r:Ru molar ratio of
0.75-3:I and 50-75% Ti oxides. The electrode has
increased stability, and is used in the production of
C1,,soda, chlorates and hypochlorites by electrolysing aqueous alkaline chloride solutions.

Oxygen Generating
Iridium Oxide Layer

Electrode

TDK CORP.

Platinum Metals Rev.,1989, 33, (3), 149-160

BUSSE-MACHUKAS V.B.
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ELECTRODEPOSITION AND
SURFACE COATINGS

Depositing Metal Particles on a Marker
for Specifk Binding Assays
JANSEN PHARMACEUT. N.V.

Eumpean Appl. 293,947~
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Palladium Electroplating Bath

Electrodeposition of Rhodium
U.S. pm3u 4,789,437
Electrodepsition of Rh is achieved using a pulse current, at I O - ~ ~ O C , in an electrolyte containing I-m
gll Rh sulphate and 25-2w mv1 H,SO, (9998%).
The anode is Pt or Ti plated with Pt or Rh, and the
substrate is Au, Ag, Ni, brass, and so on. Rh sheet
or foil of thickness 10-2wpm is produced, especially
for contact point relays, and the product is crack free
and has long life.
UNIV. OF HONG KONG

Electroless Plating Ceramic Substrates
Y a p a w e Appl. 631256,588
Electroless plating of a ceramic substrate involves applying a paste layer containing reaction-catalysingPd
ions, heat treating at ux)-1200~C in a reducing atmosphere, and then electroles plating. The method
is used to apply electroless plated coatings having
good adherence and uniformity, on a ceramic
substrate.
MITSUBISHI DENKI K.K.

Stable Ruthenium Plating Solution
Japanese Appl. 631259,095
A stable Ru plating solution is provided by adding
sulphamic acid to Ru sulphate to control the Ru
valency. Generationof low valence Ru is avoided, and
stable valency is achieved during modisation or
cathodic reduction.In an example Ru plating was effected using a current density of 5 Aldm', a R a t e d
Ti anode, a Au-plated cathode, and a bath having 5
gll of Ru sulphate and 100 gll sulphamic acid.

NIPPON MINING K.K.

APPARATUS AND TECHNIQUE

Flow Cell with Electrical Noise
Suppression
BECKMANINSTRUMENTS mc. WmJd Appl. 8818,Wy
An ion selective electrode flow cell has at least two
fluid conduits, the fvst of which contains a conductive member consisting of a Pt, Rh or Au wire which
is connected to ground. The cell is used for measuring the ionic activity of fluids, and has reduced
susceptibility to noise entering the cell via the various
fluid flow conduits and other externally induced
noise.

Radiation Detectors and Sources
U.S. patent 4,782,377
Electromagnetic radiation sources and detectors consist of a thin film of semiconducting metal silicide
grown or deposited on a Si substrate, where the metal
is one of Ir, Fe, Mn,G,Re, and so on. Uses include
i.r. detector applications such as terrestrial imaging
from space, missile detection and ranging, or in combination with fibre optic systems. An integrated
systems capability offers increased speed, ~ g g e d n e s ~
and reliability.

COLORADO STATE u".

Helium Gas Chromatograph Sensor
PRODUCTS INC.
U.S. Patent 4,787,239

MARK

A wand held He gas chromatograph sensor has a
detector with two identical Pt coils, one in an occluded chamber and the other in an isolated chamber.
The coils are motion compensated, so that the only
differential in electrid resistance across the bridge
circuit is due to He. The sensor is used to detect
underground leaks, and enables rapid repeated
measurement without needing a prolonged warm up
interval.

Electrode for Quantitative Determination
Discharge Electrode Material Containing
of NADH
CAMBRIDGE LW XI.
European Appl. 289,344~ Ruthenium
Quantitative

determination
of
NADH
adenine dinucleotide) in
solution involves measuring the current resulting
from NADH oxidation at an electrode surface. The
electrode has a layer of activated C or graphite particles with preadsorbed fmely divided noble metals
such as Pt, Pd or their oxides. The system is stable,
reproducible, gives rapid response and can monitor
NADH concentrations at relatively low potentials.
(I ,4&ydroniatinamide

Plarinum Metals Rev.,1989, 33, (3)

Japanese Appl. 631216,943
A discharge electrode material with excellent
resistance to heat and oxidation contains 40-98wt.%
Ru and 60-2wt.% Y. It is used for cutting metals in
an oxidising atmosphere such as air or 0,, for example in air plasma cutting, plasma spraying and
heatloxidation resistant electrodes, showing about
2-3 times the resistance to consumption of a Zr and
Hf material.

TOHO KINZOKU K.K.
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Thick-Film Type Gas Sensor Element
Japanese Appl. 631231,255
A thick-fdm type gas sensor element is made by forming a porous thick fdm of gas responsive material on
a ceramic substrate supporting Pt electrodes, impregnating with a Pt solution, and heat treating at
60-180~Cin a H, gas furnace to form conductive
particles at the thick-film electrode interface, by
separation of Pt. Interfacial fracture by differences in
thermal expansion is prevented to improve
durability.
NGK SPARK PLUG K . K .

Platinum Counter Electrode for Gas
Sensor
Japanese Appl. 631233,358
A gas sensor has a ceramic insulating base, a counter
electrode formed on this base which is a conductor
with not less than 30wt.Yo Pt, and a gas sensing
member consisting of a metallic oxide semiconductor
thin fdm obtained by printing and thermally decomposing a paste. A gas sensor with high sensitivity and
selectivity to a specific reducing gas (such as
isobutane) can be obtained without using the sensitiser and catalyst layer.

OSAKA GAS K.K.

Accurate Conductivity Measuring Cell
NIPPON GENSHIRYOKU JIGYO

Japanese Appl. 631243,743
A conductivity measuring cell for a nuclear power
plant consists of a stainless steel pressure resistant
vessel, containing electrodes coated with an inert
metal such as Pt or Au. The interval between electrode layers does not change due to heat of sample
solution, so the cell fmed quantity can remain constant regardless of temperature, and there is no
precipitation of the electrolyte ion, enabling
measurements of high accuracy.

Platinum Catalyst for Impurity Analysis

Spiral Spacer as Heater for Oxygen
Sensor
MTSUSHITA ELEC. IND. K . K .

Japanese Appl. 631265,161
An 0 sensor includes a spiral spacer consisting of at

,

least one of Pt, Ru oxide with heat-proof fme particles, Ni, and Ag-Pd printing fdms. The spacer surrounds one of the electrode f h s formed on both
surfaces of a solid electrolyte plate having 0’-ion
conductivity. The spiral spacer acts as a heater and as
part of a spiral diffusion hole, so that the heater can
be formed simultaneously with the hole.

Inorganic Catalyst to Improve Hydrogen
Peroxide Determination
MEIDENSHA ELEC. MFG. K . K .

Japanese Appl. 631271,141
Determination of H, 0,is used for analysisof glucose
or cholesterol in body samples, and involves addition
of a reagent such as luminol to the sample followed by
chemiluminescentdetermination of the luminescence
generated. An inorganic catalyst of Pt or Pd is added
to the reagent to decompose H,O, not involved with
the reaction, which would otherwise affect the
calibration curve. Sensitivityand accuracy can be improved.

Combustion
Monoxide Gas Sensor

Contact

Type

Carbon

Japanese Appk. 631271,150-51
A contact combustion type CO gas sensor includes
either (a) a Pt or RhlA120, catalyst, or (b) a Rh
catalyst in the detecting element, prepared from a
paste of 0.1-5wt.% RhlAI,O, applied to a Pt wire
coil, and a Pd or Mn oxide catalyst in the comparing
element. The gas sensor has high sensitivity, selectively detects CO gas, and is used at high temperature
with stability over time. Mis-operation caused by
break of balance of the sensor output is prevented.
OSAKA GAS K . K .

in Aluminium
NIPPON LIGHT MTALK.K.JUpaneSe

Appl. 631259,463
A small quantity of impurity in high purity Al is
analysed by reacting with ethyl bromide in the
presence of a Pt catalyst and bromide, distilling, and
using the residue as a secondary sample for analysis.
The Pt catalyst forms a battery with the Al, and accelerates reaction with ethyl bromide and dissolution
of Al. Every element except Si and Ga can be
detemined, and data of high accuracy can be obtained.

Platinum Anode for Combustion Control
Sensor
Japanese AHl. 63/261,150
A sensor is prepared by forming an anode mainly
composed of A on the surface of an 0’ion electroconductive solid electrolyte, forming a perovskite
composite oxide cathode on the other surface of the
solid electrolyte and forming a gas diffusion layer of
MgO on the cathode surface. A sensor having good
output and stability can be obtained.

DODENSEI MUKI KAGOB

Platinum Metals Rev., 1989, 33, (3)

Methane Gas Sensor
MFG. K . K . Japanese Appl. 631275,942
A gas sensor with high sensitivity to CH, includes a
Rh and Sn oxide fme particle f h used as the gas sensitive material, and Pt electrodes for measuring the
resistance. The gas sensitive material has improved
electrical resistance and is obtained by dipping an
Al,O, base with a Sn oxide fine particle fdm into
~ w t . %aqueous Rh chloride solution, drying, and
heating at 6oo°C for 3 hours.

FUJI ELECTRIC

Oxygen Sensor with Thin Film Electrode
HITACHI

K.K.

Japanese Appl. 631282,648

An O2sensor for determining O2 concentration in a

gas is formed by connecting an electrode lead wire
with electrode leading parts on a thin f h electrode
of Pt, Pd, Rh, Ir, Au or Ni, formed on the surface of
a stabilised ZrO, ceramic electrolyte. Fused metallising metal solder on the electrode leading parts joins
the thin f h electrode to the electrode lead wire with
tough binding and improved reliability.
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Specific Uric Acid Determination
MEIDENSHA ELEC. MFG. K.K.

Japanese Appl. 631282,657
Determination of uric acid in a body sample involves
decomposing H ,0 already present in the sample using a Pt, Pd, Mn oxide or Co oxide catalyst, selectively oxidising uric acid in the presence of uricase,
measuring the H 2 0 , generated, and obtaining the
amount of uric acid present from a calibration curve.
Using this method uric acid can be determined with
high sensitivity, accuracy, and specificity.

Platinum or Palladium Catalyst Used in
Glucose Determination
MEIDENSHA E L K . MFG. K.K.

Japanese Appl. 631291,597
Glucose is determined in a living body sample such as
urine, blood, or lymph fluid by treating with anionexchange resin, decomposing H,O,using a catalyst
of Pt, Pd, Co oxide or Mn oxide, treating with
glucose oxidase to decompose glucose and form
H,O,,and determining the H,O, and hence the
amount of glucose present. Selective determination,
with high sensitivity and accuracy can be achieved,
without interference from metabolic products in the
sample.

Preparing Iridium Solutions for Titration
with Ferrocene
Russian Patent 1 , 3 ~ , 1 o o
Solutions containing Ir‘ are prepared for titration
more efficientlyby evaporating the sample to dryness
in the presence of NaCI, adding HCI, then H,O,,
boiling, cooling, acidifying, and adding dimethylformamide. The prepared solution is titrated potentiometrically with ferrocene, giving increased
accuracy and reproducibility, and increased maximum determinable level of Ir’ +
KRASY UNIV.

+

.

JOINING
Silver Solder for Brazing
TANAKA KIKINZOKU KOGYO Japanese Appl.

63197,394
A Ag solder consists of at least one of 3-27wt.% Pd,
2--18wt.% In and 2--15wt.% Sn, 45-75wt.% Ag,
0.001-0.5wt.% Fe, 0.01-3wt.% P, and balance Cu.
The solder is used for brazing electronic parts,
ornaments or similar metal articles in a vacuum, H,
atmosphere or similar gas. The solder has good wetting properties and usability, giving a brazed zone
with improved surface smoothness and high bonding
strength.

Ozone Sensor for Continuous Operation

Production of a Soldering Iron Tip

Gennan Appl. 3,711,071
A sensor measures 0, concentration by change in
resistivity of a semiconductor when it reacts
chemically with 0, in the presence of a catalyst. The
catalyst metals are Pt, Pd, Rh, Ru, and others, and
the sensor material is ZnO or oxides of Pd, Rh, and
others. The sensor is easy to manufacture and is
suitable for continuous operation, for example in environmental monitoring of 0,in gases or liquids.

V.P. MASLOV

ANSEROS K. NONNENMAC

Oxygen Sensor Element Containing
Platinum Group Metals

Russian Patent 1,386,398
The Up of a soldering rod consists of a Cu alloy with
electrodepositedlayers of Ni and Rh. The Rh layer is
3pm thick and is deposited at a rate of 0.05 p d m i n
from an electrolyte containing 2.6 gA Rh and 50-80
gA HCI.This method for production of a soldering
iron tip gives high stability against molten solder.

HETEROGENEOUS CATALYSIS
Production of Silylated Aromatic
Compounds

Gennan Appl. 3,813,930
The electrode structure of an 0 measurement sensor
element is made up of a porous layer at least 3 p 1
thick, containing mainly an 0’-ion conducting
solid electrolyte, and at least 2 platinum group metals
with specified amounts of Rh and total platinum
group metals. The element measures the Oz content
of exhaust gas to give an accurate air to fuel ratio,
even when the exhaust contains unburnt components
such as NO,.

European Appl. 284,873
A SO,-supported transition metal complex catalyst
containing Pt, Pd or Ni is used for the reaction of a
halogenated polysilane with an aromatic acyl halide,
and can be readily recycled and regenerated. The products are silylated aromatic compounds having at
least one Si atom bonded directly to a ring C atom,
and can be hydrolysed to produce valuable intermediates such as bis(siloxane anhydrides).

Halogen Leakage Detector
VEB HOCHVAK DRESDEN East Gennan Patent 258,468

Nitrogen Oxides Removal from
Combustion EMuents

A halogen leak detecting apparatus has a Pt anode
wound in a spiral on a ceramic tube, arranged concentrically inside a tubular cathode. The ceramic tube is
heated to FOC to realise the Rice effect, with a
buzzer warning when the Pt anode emits alkali ions
in the presence of halogen vapours. The apparatus
only needs a small battery, can operate away from a
mains supply, and can be used to detect leaks in portable refrigeration plant.

European Appl. 287,2244
Removal of NO, from combustion effluents from
automobile engines, furnaces and turbines involves a
decomposition step and a step to reduce the NO,
content by mixing with effluent at 250-145OC, in a
reaction zone with excess O2 using a promoter and a
Ft, Pd or W catalyst. The process is low cost and
NO, levels can be reduced to below IW ppm, with
simultaneous removal of S oxides.

NGK INSULATORS K.K.

,
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S tereo-Selective Rhodium
Hydrogenation Catalyst
NEDERLAND ORG. TNO

Microencapsulated Platinum Group
Metal Hydrosilation Catalysts
Eutopean Appl. 289,061~ DOW CORNING CORP.
U.S.Patent 4,784,879

A catalyst is prepared by applying Rh carbonyl
clusters to a support, preferably SrTiO, , under an
inert atmosphere to give 0.5-2.5wt.% Rh, pyrolysing
and activating with 0, at o-15o0C.
at IOO--~OO~C,
Very active catalysts with low Rh content and stereoselectivity are obtained; used for hydrogenation of
unsaturated organic compounds such as alkenes,
alkynes and aromatics, under mild conditions.

Unsaturated Glycol Diester Production
European Appl. 289,725A
A new method for production of unsaturated glycol
diesters involves reaction of 0, with a carboxylicacid
and a conjugated diene using a catalyst of Pd and Te
supported on activated C of specified porosity. The
catalyst has high activity, minimal tendency for
deterioration, and is for use on an industrial scale.
The product, especially butenediol dieter, is used for
manufacture of plastics, fibres and solvents.
MITSUBISHI KASEI CO.

Car Exhaust Catalyst Able to Remove
Hydrogen Sulphide
W.R. GRACE CO.
U.S.Patent 4,780,447
A new car exhaust catalyst consists of an AI,O, support with at least one platinum group metal such as
Pt or Rh, up to ~owt.%
of Ni andlor Fe oxides as
H , S getters, 1-20wt.% G O , and 0.5-5wt.% of an
alkali metal oxide as promoters, and a stabiliser of
~-~owt.%
La,O,.The catalyst removes H,S from
car exhausts while still being able to meet the requirements for CO, NO, and hydrocarbon emission
levels.

Automotive Catalyst with Two Phases
’
Containing Platinum
FORD MOTOR CO.
U.S.Patent 4,782,038
A catalyst for automotive exhaust gas treatment consists of a support with a codeposited first phase of
2-20wt.% GO, in atomic scale intimacy with
0.05-0.5wt.%
Pt or Pt and Rh, and AI,O,, and a second phase with the platinum group metal, but
devoid of CeO, The catalyst is used for treating internal combustion engine exhaust, having the advantages of CeO, as a stabiliser without the
disadvantages, such as lack of tolerance to F%
poisoning.

.

Platinum
Process
UOP INC.

Catalyst

A microencapsulated platinum group metal compound is prepared by depositing a polymer coating
around finely divided metal compound particles to at
least 50% of the coated particle weight. The products
are useful as hydrosilation catalysts for one-part,
heat-curable, organosiloxane compositions, giving
storage stability of several months, and rapid curing
at temperatures above the melting point of the encapsulant.

Surface Impregnated Dehydrogenation
Catalyst
U.S. Patent 4,786,625
A catalytic composite for hydrocarbon dehydrogena-

UOP INC.

tion contains a platinum group metal, a modifier
metal selected from Sn, Ge, Re or their mixtures, and
optionally other elements, on an Al,O, support. The
platinum group metal is surface impregnated so that
its concentration on the outer wpm is twice that in
the 200 pm diameter centre core. The catalyst has improved activity, selectivity and stability.

Improved Naphtha Reforming Catalyst
U.S. Patent 4,787,969
improved reforming catalyst consists of
0.05-1wt.%
of Pt and Re promoted with
o . o ~ - ~ w t . %Ir agglomerated to show a crystallinity
of 6-100% as measured by X-ray, 0.1-2.5wt.%
halogen, and up to 0.2wt.Yo S, supported on Al,O,.
The catalyst is used to improve the Octane number of
a hydrocarbon naphtha feed by reforming with H,
and has high activity, high S-tolerance, high C, + liquid volume yield and rapid catalyst regeneration.
EXXON RES. & ENG. CO.

An

Catalytic Composite for Hydrocarbon
Conversion
UOP INC.
U.S. Patent 4,791,087
A catalytic composite for the conversion of hydrocarbons consists of 0.05-1wt.% of uniformly dispersed
Pt, 0.1-2wt.Yo of uniformly dispersed Ge or Pb,
0.05-1wt.% of surface impregnated Rh, Ir, Ru, Co
or Ni, and 0.5-1.5wt.%
of Cl,on an AI,O, support.
The catalyst is useful for production of high Octane
gasoline by reforming of naphtha, having improved
activity, selectivity and activity stability.

for

Isomerisation Specific Rhodium Catalyst for Preparation of Oxygen-Containing Compounds
U.S.Patent 4,783,575 DAICEL CHEM. IND. K.K. Japanese Am[. 631227,531

In an isomerisation process a catalyst consisting of
0.1-0.25wt.% Pt, 2-10wt.% of a chloride component, and AI,O, is contacted with a feedstream containing 4-6C isomerisable hydrocarbons and at least
2wt.%of cyclic hydrocarbons. The catalyst selectively opens the cyclic hydrocarbon rings, leading to improved catalyst activity, and increased liquid volume
yields. The product is a high Octane gasoline component.

Platinum Metals Rev., 1989, 33, (3)

Oxygen-containing compounds such as acetic acid,
acetaldehyde and ethanol are prepared by reacting
CO with H, over a o . o 1 - 1 5 w t . % Rh catalyst. The
catalyst is prepared by a specific procedure which includes supporting Rh compound(s) and accelerator
compounds of K, Li, Mn or Ir on a carrier, drying
and heating under an inert gas atmosphere, and
reducing. Selectivity and yield of products are improved by using the catalyst.
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Oxidation Catalyst for Catalytic
Combustion

Ruthenium Catalyst for Preparation of
Cycloolefms

TANAKA KIKINZOKU KOGYO

ASAHI CHEMICAL IND. K.K.

Japanese Appl. 63/228,250
An oxidation catalyst is prepared by immersing an activated Al ,0I coated support in an aged solution containing 250-450 g/l Of Pd(NH,),(N02)2 Complex in
HNO ,and then reducing the impregnated Pd complex. Uniformly and fmely dispersed Pd particles can
be obtained, providing higher initial activity. In an
example the catalyst was used for combustion of
natural gas containing 90% CH, ,giving a lower ignition temperature of 300OC.

Japanese Appls. 631243,038 - 39
A hydrogenatingcatalyst consistsof colloidal Ru with
average particle size 40-100 8 coated on ZrO,, or
0.1-20wt.% Ru with average particle size 30-200 8
on ZrO, or HfO,. Partial hydrogenation of
monocyclic aromatic hydrocarbons in the presence of
the catalyst, Zn compounds, and H 2 0 is used to
prepare cycloolefms, especially cyclohexene, in
higher yield and selectivity, for use for various
chemicals such as polyamides or lysine.

Durable Exhaust Gas Purification
Catalyst
NIPPON SHOKUBAI KAGAKU

Japanese Appl. 631229,145
A catalyst for pur&ing exhaust gas consists of
5-30wt.Ya Pt and 1-20wt.% Rh supported on a
refractory inorganic oxide of average particle size
0.5-20prn~ and Ce oxide, on a honeycomb support.
The catalyst has good durability, even in high
temperature oxidising atmospheres.

Oxidation Catalyst with Finely Dispersed
Platinum

Steam Reforming Catalyst
Japanese Appl. 631248,444
Steam reforming and/or partial oxidation of
hydrocarbons uses a catalyst prepared by supporting
1-50wt.% Ni and/or Co on Al,O,, MgO or SiO,,
firing, supporting a platinum group metal, and
reducing. After fuing, the Ni and/or Co form, for example, NiAl ,0,, Nisi0 , or a solid solution. Steam
reforming can continue for a long time without
depositing C, at low steam to hydrocarbon ratio, and
at low cost using the catalyst.
TOKYO GAS K.K.

Palladium Hydropdication Catalyst

TANAKA K W N Z O K U KOGYO

MITSUBISHI CHEM. IND. K.K.

Japanese Appl. 631236,540
An oxidation catalyst is prepared by immersing an active Al ,0 coated support in a matured solution containing Pt (NHj),(NO,), and 250-450 gA HNOj,
and then reducing the Pt compound. A catalyst with
fmely dispersed Pt particles is produced; having improved initial activity, and useful for oxidation of
hydrocarbon type fuels.

Japanese Appl. 63/25 I ,494
Palladiumsupported on Al,O, ofradius 0.5-2.5 mm
is used as a catalyst for hydropurifcation of hydrocarbon oil containing 10 ppm or less As, 200 ppm or less
S, and 10 ppm or less basic N. The ratio of the Pd
penetration distance to the radius of the Al,O,
catalyst support is 0.02-0.4. The process makes further apparatus for removing As in the raw oil unnecessary, and is economical and feasibleat relatively
low temperatures.

Three-Way Catalyst with Reduced
Hydrogen Sulphide Generation
Japanese Appl. 63/236,541
An exhaust gas purification catalyst has a carrier supporting active Al,O,, at least one of Pt, Rh and Pd
or its oxide, (2.0,
and an oxide of at least one of Ti,
Nb, V, Ta and Mn. The weight ratio of the 00,and
the metal oxide is 3:1-1:3. The catalyst shows good
removal of CO, hydrocarbons and NO,, and can
lower H, S from the exhaust gas under idling conditions after running for a long time at high speed.
NISSAN MOTOR K.K.

Exhaust P d i c a t i o n Catalysts with
Separate Alumina Coatings

Catalyst with Defined
Alumina Coating

Particle

Japanese Appl. 63/256,140
A new catalyst has a characteristic Al,O, coating on
the support, with Al ,0,particles of average diameter
3-5 pm on the gas inlet side and 30-50 pm on the
gas outlet side, and is loaded with 3.0 g/l Pt and Rh
(Pt/Rh=7/3). The catalyst is used for waste gas
purification, has reduced heat capacity and is easy to
warm, providing improved performance on cold or
warming up driving.
T O Y 0 KOGYO K.K.

NISSAN MOTOR K.K.

Methanol Decomposition Catalyst

Japanese Appls. 631240,946-47 and 63/240,949
Automobile exhaust purification catalysts consist of a
support having two or more different coatings loaded
separately. The first coating contains activated Al, 0
and Pt, Pd, Rh or Pd and Rh, and may contain GO,,
while the second coating contains activated Al,O,
with Ni, Fe or Coyor other oxides and optionally Pt,
Pd, Rh or Pt and Rh. The catalysts are used to
remove NO,, CO and HC from combustion exhaust.

MITSUBISHI GAS CHEM. K.K.
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Size

Japanese Appl. 63/264,141
A CH OH decomposition catalyst having higher activity and selectivity consists of a SiO, support having 0.5-5.0Wt.% Pd with Al, Zr or Nd, or with Al
and La. The catalyst is used at 15o-qoo~Cunder
0.01- 50 atm to decompose CH OH and produce H ,
and CO, containing gases, used as raw gas for c1
chemistry or a fuel gas for automobiles or fuel cells.
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Improved Production of
Hexafluoroacetone

Ruthenium Catalyst for Preparation of
Aromatics

MITSUI FLUOROCHEMICAL K.K.

VEB CHEM. LEIPZIG-GR.

Japanese Appl. 631264,541
Hexafluoroacetone is prepared by contacting hexafluoropropene and molecular 0, with a catalyst consisting of 0.3wt.% of noble metal(s) selected from Pt,
Pd, Rh, Ir and Ru, on active C. The catalyst gives improved yield and selectivity, and the product is used
as a modifier of ethylene-tetraauoroethylene
copolymers, as a solvent, or as an intermediate for
other chemicals.

East Gennan Patents 256,513-14
A catalyst for use in the preparation of benzene,
toluene and xylenes contains more than 50wt.% of an
H-pentasil zeolite, a binder, and 0.05 - I'YO of Ru or
Ru (at least 30at.%) with Pt, Rh, Ir, 0s or Re. The
aromatics are prepared either by cyclisation of ethane
at 650-980KY or by conversion of CH, to 2C
hydrocarbons, then converting t h i s gas stream over
the catalyst at 650- 105oK. The catalysts have long
life, and give high selectivity and spaceltime yields.

High Temperature Resistant Oxidising
Catalyst
MITSUBISHI HEAVY IND. K.K.

Japame Appls. 631267,803 - 5
An oxidising catalyst consists of a base material with

the front stage coated with Pd on Al,O, or Pd on
compound oxides such as BaO-Al,O,, SrO-Al,O,
and CaO-Al,O,; an optional medium stage coated
with Pt or Pt-Rh on Al,O,; and the back stage having
one of the compound oxides, optionallywith R or PtRh oxides, with base metals andlor La-containing
compound oxides. The catalyst has high heat
and is used to oxidise
resistance even above IOOO~C,
CO, H , and hydrocarbons at low temperatures.

Purifrcation of Styrene
MITSUBISHI CHEM. IND. K.K.

Japanese Appl. 631277,639
Purification of styrene involves (a) controlling the
moisture content to 2000 ppm wt. or less and (b)
selective hydrogenation of highly unsaturated impurities such as phenylacetylene or diolefms over a
supported Pt metal(s) catalyst at 10- IOOOC.Using
this method, impurities which would inhibit
polymerisation can be reduced without loss of
styrene, which gives a good quality polymer.

Noble Metal Catalyst on Metal Support
TANAKA KIKINZOKU KOGYO

Japanese Appl. 631291,642
A Pt andlor Pd catalyst loaded on a metal support is
prepared by treating a Zn or Al support with HNO,
to form an oxide fdm, forming a thin f h of a reducible noble metal compound such as dinitroammine-Pt
andlor -Pd on it, and reducing in H,. A noble metal
catalyst with higher activity and good mechanical
strength is prepared at a lower temperature, for example 2moC compared to 5m°C conventionally.

Impregnation Solutions for Automobile
Exhaust Catalysts
HOECHST A.G.
Gennan Appl. 3,711,280
Automobile exhaust gas catalysts are impregnated in
series with a solution containing Pt and Rh salts and
also a V salt, present at 0.2- 10times the sum of the
concentrations of the two noble metals. Alternatively
separate solutions containing Pt and V salts, and Rh
and V salts can be used. Lowering of the noble metal
salt concentrations in the solution is prevented.
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Stable Flameless Combustion Element
w. BRANDENBURG East Gennan Patents 258,183-84
A combustion element has layers of glass fibre fabric,
asbestos paper or flat ceramic materials, with at least
the top layer infiitrated or sprayed with solutions of
(a) Pt, Pd, or Re; or (b) Pt or Pd and hexavalent 0,
which are then reduced. The element is used as a
heating pad for catalytic flameless combustion in
camping stoves, battery heaters and so on, and has
high stability and reliability, long catalyst service life
and contains a reduced amount of precious metals.

Modified Zeolite Catalyst for Hydroisomerisation
As BELO PHYS-ORG. CH.
Russian Patent 1,015,582
Hydroisomerisation of light gasoline fractions is effected at 350 - 390OC and 25 - 30 atm using a Y-type
zeolite catalyst in decationised or rare earth form,
Pd and 0.17-0.5Wt.%
modified with 0.5-1.m.%
Mn. The zeolite is contained in an amorphous
aluminosilicate matrix at ~-3owt.%. The method
gives 96.5 - 97.8% yield of high octane gasoline with
Octane number 77.6-80.4, from light oil fractions.

Purification of Gaseous EMuents
Containing Organochlorine Compounds
Russian Patent 1,398,893
Removal of organochlorine compounds from gaseous
effluents involves passing through a layer of milled
zeolite, and then through a layer of Al-Pd catalyst
containing 0.05wt.% Pd. The process is conducted at
450 - 50o0C, and is used for purification of effluents
from chloroprene and chloroprene rubbers production, giving an increased degree of purification
NAIRIT POLYMER PROD.

(90.7-100'Y0).

HOMOGENEOUS CATALYSIS
Aromatic Carboxylic Acide Preparation
NIHON NOYAKU K.K.
European Appl. 283,194~
A new preparation of aromatic and heterocyclic carboxylic acids involves reaction of the corresponding
organic chloride with COYan organic base and a Pdphosphine compound catalyst, at 150-3oo~C.The
compounds are produced in good yields for manufacture of pharmaceuticals and agrochemicals.
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Adipic Acid Diester Preparation by TwoStage Carbonylation

Novel Catalyst Precursors Containing
Iridium

European Appl. 284,170A
Adipic acid diesters are prepared by (a) contacting
1,3-butadiene with CO and an OHtontaining compound in the presence of a Pd compound combined
with a polydentate ligand containing P, As or Sb as
catalyst, (b) isolating the product, and (c) reacting
with CO in the presence of a second carbonylation
catalyst. This new preparation is for commercially
important dimethyl adipate and overcomes problems
of very high pressures.

World Appl. 8816,489
Novel catalyst precursors soluble in organic solvents
contain Ir and also include an o l e f ~ ligand
c
or dioxygen, and other metals. Activation with H, gives
catalysts for use in hydrogenation reactions such as
hydrogenation of olefms. The catalysts are stable and
are readily recovered from hydrogenation products
by binding to an anion exchange resin.

SHELL INT.RES. Mii. B.V.

Palladium Catalyst for Ibuprofen
Production
European Appl. 284,310A
Ibuprofen (z-(4-isobutylphenyl)propionic acid) is
prepared by reacting 1-(4-isobutylphenyl)ethanol
with CO, in the presence of a Pd catalyst and
specified mounts of H+ and halide ions. The
catalyst is a Pd compound complexed with at least
one monodentate phosphine G d , having a P P d
mol ratio of at least 2: I . The smified amounts of
ions improve yields of ibuprofln, which is a well
known anti-inflammatory agent.
HOECHST CELANESE CO.

Preparation of
Alicyclic Diols

Fluorine-Substituted

European Appl. 2 8 6 , 9 9 1 ~
A novel process for preparation of F-substituted

DAIKIN KOGYO K.K.

alicyclic diols involves hydrogenation of a Fsubstituted aromatic diol in the presence of a Pt, Pd,
Ru, h e y Ni or especially Rh catalyst. The product
is obtained in high yield in a short time, with few byproducts, and is useful as a starting material for
various resins; used as adhesives, packing materials
for electronic devices, and in paints.

Palladium Catalyst
Hydrogenation

for

Bisphenol

European Appl. 290,239~
A process for the hydrogenation of bisphenols involves reaction with H , at 80- 1 6 o O c and an H,
pressure of 50 - I 50 a m , catalysed by I - zowt.% Pd
on activated C of surface area 400 -9mz/g. Reaction selectivity is above wwt.% with a trans isomer
product content of above 55wt.%, giving a product
useful for preparation of thermosetting polyester
resins.

MONTEDISON SPA.

Preparation of Carbamate Compounds
Mii. B.V. European Appl. 296,686~
Carbamate compounds are prepared by reaction of an
organic hydroxyl compound with CO and an organic
nitrogenous compound in the presence of a catalyst
svstem of Pd andlor a Pd comwund and a H,Osohble sulphonated bipyridine or phenanthrolibe compound. The catalyst components can be recycled, and
the products are obtained in high yield with high
selectivity, for use as starting materials for
agrochemicals, dyes, or organic isocyanates.
SHELL INT. RES.
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UNIV. OF OREGON

Preparation of Dialkylpiperazines
U.S. Patent 4,774,336
N,N’-dialkylpiperazines can be prepared by reaction
of ethylene glycol with a primary amine in the
presence o f - a homogenkus -Ru trichloride
tributYlPhoSPhine catalyst System and a solvent, at
1 5 0 - 250°c and 100 - 300 Psi. certain Products Can
be prepared in good yields under mild conditions,
and most are useful as acid scavengers and urethane
catalysts.
TEXACO INC.

Rhodium
Catalysts

Or

Ruthenium CarbonYlation

U.S. patents 4,778,917-18
Coproductionof an aromatic carboxylic acid ester and
an alkyl iodide is effected by carbonylating an
aromatic iodide in the presence of an ether and a Rh
or Ru catalyst. The process uses less severe conditions than previously, gives a product with low H,O
content and hence low acid formation, and allows
ready recovery of the halide. The esters produced
may be used for polymer precursors, and the alkyl
iodides as a source of I,.

EASTMAN KODAK CO.

Platinum Catalyst Inhibitor
U.S. Patent 4,785,066
Polyorganosiloxane compositions are curable by a Pt
catalysed hydrosilation reaction. A new Pt catalyst inhibitor is claimed to extend the working time of the
compositions at 2soC, without decreasing the cure
rate at temperatures of at least IOOOC. Inhibitor and
polymer refractive indices can be matched.
W W CORNING CORP.

Production of Rhodium Oxymetallate
Complexes
U.S. Patent 4,788,308
Rhodium oxymetallatecomplexes are produced from

MINNESOTA MINING MFG. CO.

a carbonyl complex cation and a Keggin anion by a
multistep reaction. The products are useful as
catalysts, for hydroformylation of olefins to
aldehydes, oxidation of aldehydes to carboxylic acids.

Rhodium Carbonylation Catalyst
BP
LmU.S.Patnu 4,792,620
Carbonvlationof alkyl esters and ethers is by reaction
with CO at 50 - 4&OC, in the presence of a solution
containing a Rh catalyst, and I, or an I compound as
promoter. The catalyst system is more stable and
allows use of lower catalyst concentrations,
temperatures, pressures and reaction times.

156

Rhodium Catalyst for Olefm
Hydroformylation
MITSUBISHI CHEM. IND. K.K.

Japanese Appl. 631208,540
Hydroformylation of olefms involves reaction of the
olefm with CO and H , in a catalyst solution containing Rh and trivalent P compound oxides, and includes a new process in which the product mixture is
separated into aldehydes and stiU residue by distillation. This new process greatly improves olefin conversion, aldehyde yield and catalytic activity.

Cathode for Fuel Cells
European Appl. 292,431A
A gas diffusion electrode consists of a porous gas diffusion layer and an electrolyte porous active layer
having 10-65wt.% of a halogenated polymer, and
35-90wt.% of 1-25 p n C particles containing a
platinum group metal or oxide as catalyst. The electrode is used as an 0, reduction cathode in fuel cells,
and can operate at high current densities with acceptable durability.
ELTECH. SYST. CORP.

Platinum-Ruthenium Anode Catalyst

Ester Production under Neutral
Conditions

FUJI ELECTRIC MFG. K.K.

SUMITOMO CHEM. IND. K.K.

adhering Ru hydroxide to a supported Pt catalyst,
and heat treating in an inert gas atmosphere so that
the Ru hydroxide is reduced to metal and
simultaneouslyalloyed. Using this method Ru is efficiently adhered on the Pt particles, and a Pt-Ru
catalyst with fme metal particles, good dispersivity
and improved CO poison resistance can be produced.

Japanese Appl. 6312I 6,844
An ester is produced by reaction of a nitrile, an
alcohol compound and H,O using a Ru or Rh
catalyst, in molar ratio 1:o.g:I - 3:0.03, respectively.
Reaction is at 140-18o~C, with catalysts such as
RuH,(P(C,H,),), or RuCI,.nH,O. Esters can be
produced under neutral conditions without decomposing functional groups such as benzyloxy.

Noble Metal Complex Catalysts for
Selective Reactions
NIPPON PETROCHEhL K.K.

Japanese Appls. 631233,945 and 631233,949
Reactions of (x-arylethenyl)vinylbeenzene(s) with (a)
H, and CO or (b) CO and H,O or a low alcohol are
effected using noble metal complexes of Pt, Pd, Rh,
Ir or Ru as catalysts. Reaction (a) allows selective
hydroformylation of the vinyl group to give
a-((I-arylethenyl)phenyl)propionaldehyde(s), while
(b) gives selective hydroesterifkation to a-((r-aryletheny1)phenyl)propionic acid.

Rhodium Compound for Production of
Substituted Polyacetylenes
MITSUBISHI CHEM. IND. K.K.

Japanese Appl. 631275,613
Substituted polyacetylenes are produced by
polymerising substituted acetylene compounds in the
presence of a compound containing a Group VIII
metal, especially Rh, an organophosphorus ligand,
other ligands, and anions. Polyacetylene is useful for
producing a f h or conductive polymer.

Platinum-Boron Carbide Catalyst for
Fuel Cell Air Electrodes
TANAKA KIKINZOKU KOGYO

Japanese Appl. 631256,138
A catalyst for fuel cell air electrodes consists of
3 -2owt.% Pt and B,C loaded on an electroconductive C support, and is produced by mixing boric acid
solution with a PtlC catalyst and heating in an inert
atmosphere at 600 - I 2m°C to form and deposit the
B,C on the support. The catalyst maintains a higher
activity over a long time, with less increase in Pt particle size compared to conventional catalysts.

Platinum Electrode Catalyst for Fuel
Cells
Japanese ApPl. 631287,554
A Pt catalyst is prepared by contacting a Pt salt with
the carrier subjected to a hydrophilic treatment, making alkaline, adding colloid flocculation inhibitor,
gradually raising the temperature and adding a reducing agent having an aldehyde group. The catalyst has
ultrafine crystallites, large specific surface area and
high dispersion. The method can be used for mass
production of electrode catalysts for fuel cells.

FUJI ELECTRIC MFG. K.K.

CHEMICAL TECHNOLOGY

FUEL CELLS
Active Catalysts for Methanol Fuel Cell
Electrodes
YANMAR DIESEL ENGINE

Japanese ApPl. 631213,260

An anode catalyst for a fuel battery is produced by

European Appl. 292,184~

High activity powder catalysts containing highly concentrated platinum group metals are formed by selective dissolution in H F of Ni, Ca and other metals
from an amorphous alloy containing one or more of
Pt, Pd, Rh, Ir and Ru, Ni andlor Co, and one or more
of Ti, Zr, Nb and Ta. The catalysts are used in the
manufacture of highly active electrodes for a fuel cell.
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Platinum Surface for Nozzle Holes of
Spinning Nozzle
TANAKA KIKINZOKU KOGYO

Japanese Appl. 631227,805
A spinning nozzle is made of stainless steel with the

surface of the nozzle holes composed of Pt jointed
with electrical insulating material, Pt-Rhalloy or an
oxide-dispersion type Pt. When the nozzle is used the
surface section is uniformly heated to give crude
fdaments of C fibre with less thread cutting, noncurling and having stable cross-sectionand structuxr.
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Metal Coated Carbon Fibre Production
Japanese Appl. 631275,781
A Pd complex compound able to lose Pd by heating
is a complex of a divalent Pd compound with an
amir.0 compound such as an aminosilane. The Pd
complex is adhered to the surface of the fibre, which
is heated and then contacted with a Ni or Co
halogenide and akyl Li to cover the C fibre surface
with Ni or Co. The product is used for C fibre reinforced metal complex material.

NIPPON OIL K.K.

GLASS TECHNOLOGY
Glass Layer for Microwave Utensils
European Appl. 294,503~
A glass layer is made from a paste containing a con-

DEGUSSA A.G.

ductive material and an organic binder. The claimed
composition of the conductive material is 5 -95wt.%
Ru oxide, 0-60wt.% Ag, 0-30wt.% Pd and/or
PdAg, 0 - 1 0 wt.% Rh oxide and/or 0-10 wt.% Bi
oxide. The layer combines high absorption with low
reflectivity for the microwave energy used.

Corrosion Resistant Palladium Alloys for
Use with Molten Glass
COMPT. LYON-ALEMAND LOUYO

European Appls. 298,822~- 2 3 ~
New Pd alloys containing at least one addition element selected from Ag, Bi, Cu and In, or 2-20wt.%
Sn are formulated to give a corrosion resistance
equivalent to that of P~-IO~/O
Rh alloy, while being
less expensive to produce. The alloys are used
especially in the glass industry for parts contacting
molten glass, having acceptable resistance to corrosion by the molten glass.

ELECTRICAL AND ELECTRONIC
ENGINEERING
Manufacture of Superconducting Oxide
Compositions
MASSACHUSETTS INST. TECH.

British APpI.2,202,528A

A noble metal-metal oxide superconductor may be
formed by oxidising a metallic alloy under conditions
such that the noble metal component is not oxidised.
The noble metal is preferably Pt, Pd, Au or Ag. The
alloy can be made in a desired shape or form prior to
oxidation, such as wire, ribbon or sheet.

Catalytic Burn-Out of Organic Material
from Glass
European Appl. 287,231.4
Accelerated bum-out of organic substances, particularly from glass or ceramic materials, in a gaseous
non-oxidising atmosphere is achieved by incorporating a catalyst consisting of at least one material
containing Pt, Pd, Rh, Ir, 0s or Ru. This process is
useful in the fabrication of microelectronic circuits
prepared through thick f h technology.
CORNING GLASS WORKS
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Palladium-Zirconium Getter for Electric
Lamp
PHILIPS GLOEILAMPEN N.V. European Appl.

29I,I23A
An electric lamp has a vacuum-tight vessel with a

light source and a getter consisting of an intermetallic
compound of Pd and Zr and/or Y.The getter particle
size is mostly <40 pm with Pd:total metal mol fraction of 0.02-0.1, and with 0 present in the
O:(Zr+Y) mol ratio of 0 . 0 5 - 0 2 1 . The getter binds
0, H and also H20at low temperatures such as
I ~ O - ~ O O and
~ C ,has a higher working rate and
capacity.

Porous Metal Cladding for
Superconductors
AMERICAN TEL. & TELEG. CO.

European Appl. 291,221~
Porous metal cladding selected from Pt, Pd, Au and
Ag is used in metal-clad superconductors, such as
ceramic superconductor wires. Preferably the metal
cladding is changed from low to high porosity by
selective etching. The porous cladding allows atmospheric access to the superconductor during the
heating stage of the process, so there is no loss of 0
during sintering, which may affect superconductivity.

Laser Optical Recording Material
European Appl. 293,741~
A multilayer laser optical recording material has a flat
support with a thin recording layer consisting of alternating layers of Au and at least one of Pt, Pd, Rh, Ir,
Os, Ru, Ag, Re and Cu. The recording layer has
15-85wt.Yo Au, average depth 5-300 nm and
specified surface granularity. The materials have high
sensitivity, low signal to noise ratio, high durability,
excellent storage stability and resistance, and can be
used for storing and handling information.
BASF A.G.

Manufacture of Superconducting
Inorganic Compounds
European Appl. 293,981A
Inorganic superconductors with high critical
temperature are made by electrophoretic deposition
or coating of a number of components from solution
onto a substrate, followed by heat treatment in an 0,
containing atmosphere. The substrate may be Pt
coated, Ag coated, Ag or an electrically conducting
ceramic. The method is especially useful for the
manufacture of superconducting wires and tapes.
IMI TITANIUM LTD.

Long Life Cathode Impregnated with
Barium Osmiate
U.S. Patent Appl. 7,213,035
A cathode is formed by pressing and sintering a
powder mixture of 7owt.%W, 29wt.%0s and ~ w t . %
Zr hydride activator to form a porous billet, and then
impregnating by contacting with molten Ba,Os,O,
by firing in a dry H, atmosphere at 16ooOC for 22
min, and cooling and cleaning away any loose impregnants. A long life, high current density cathode
is formed for use in mm and microwave devices.
U.S. SEC. OF THE ARMY
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Magnetic Head for Magnetic Encoder
Japanese Appl. 631222,216

Preparation of a Multicoloured Surface
Member

The magnetic head for a magnetic encoder has a nonmagnetic base of Pt, Pd, Rh, Ru, Au, Ag, Cu, Al,
and so on, with a non-magnetic insulating layer of
AN, Sic, BP, Be0 or diamond formed between the
base and the magneto-resistanceeffect elements. By
using the non-magnetic metallic base of high heat
conductivity, the temperature is uniform, and
measuring accuracy can be improved.

SEIKO DENSHI KOGYO K.K.

NIPPON KOGAKU K.K.

Electroconductive Printing Paste
TAMURA KAKEN K.K.

Japanese Appl. 63/226,811

An electroconductiveprinting paste contains a highly
electroconductive powder of Pt, Pd, Au, Ag, Ni, Cr
or Mo, and so on, a resin binder consisting of a

polyimide- andlor polyamideimide-resin precursor,
and a solvent. An electroconductive printed pattern
with uniform thickness can be produced.

Reliable Conductive Paste
Japanese Appl. 631228,525
An electron rays-hardening type conductive paste
contains a silane compound with an electron rays
reactive group, a compound with one or more electron rays reactive groups, and 5-90wt.Yo of a conductive fine powder of Pt, Pd, Au, Ag, carbon black or
graphite. The paste is used in the making of printed
wiring circuits and hybrid thick fdm circuits, and has
good reliability for conductivity and bonding.
TOYO INK MFG. K.K.

Japanese Appl. 631240,503
A multicoloured surface member is prepared by forming several electrically conductive layers onto a
base, and repeatedly electrocoating colouring layers
selectively onto the electrically conductive layer,
which includes conductive particles of at least one of
Pt, Pd, Rh, Au, Ag, Cu, Ni, and so on. The uniformity of the elecuocoating film can be improved,
giving an improved surface member used for
multicolouring of displaying devices.

Corrosion Resistant Permanent Magnet
SUMITOMO SPEC. METAL K.K.

Japanese Appb. 631254,702 and 631255,376
A sintered permanent magnet containing 65-80at.Yn
Fe, 2-3oat.% B and 10-3oat.% other elements (R)
has at least one of Pt, Pd, Au andlor Ag on the surface
applied either by vapour deposition or adsorption of
a precious metal colloid, followed by electroless
plating of at least one of Ni, Cu, Sn and Co.An Fe-BR system permanent magnet with good corrosion
resistance and stable magnetic characteristics is obtained, with less degradation when left for a long time
at 8ooC in 90% relative humidity.

Corrosion Resistant Alloy for Thin Film
Magnetic Elements
TOHOKU METAL IND. LTD.Japanese Appl.

631255,339
An Fe-Si-Ga alloy for soft magnetic thin f h s consists of 0.05-3wt.% of a platinum group metal,
HITACHI K.K.
Japanese A P P ~63/233,~97
.
of at least
A monocrystalline thin fdm is a Whisther alloy f h 4-12wt.Yo Si, 6-18wt.% Ga, 0.001-2wt.~/0
one rare earth element, and balance Fe. The alloy has
with a magneto-optic effect, copsisting of at least one
single crystal layer formed on a crystalline base plate. good corrosion resistance, high mechanical strength,
The alloy has the formula XYZ where X is Pt, Pd, high permeability and is used for thin fdm magnetic
Ni, Co andlor Cu, Y is Mn, and Z is Sb, Sn andlor elements such as thin fdm magnetic heads.
Bi. Use of the monocrystalline base plate makes Surface Metallised Polymer
monocrystallisation of the Whisther alloy possible,
NISSHIN SPINNING K.K. Japanese Appl. 631274,778
enabling magnetisation of the thin fdms for magnetic
A polymer is surface metallised, for example with Pd,
and magneto-optic elements.
by dissolving the polymer and an organic metal comFine Copper Wire for Use in Semicon- plex - such as benzonitrile-Pd complex - in a solductors
vent, forming the polymer to a desired form, and
dipping into reducing solution. The method is used
FURUKAWA ELECTRIC co. Japanese Appl. 631238,233
A Cu fine wire contains 0.2-2000 ppm of one or more to make a polymer for plane heating elements, circuit
boards, capacitors or reflectors, simply, in a short
of 0.1-1000 ppm Pd, 0.1-1000 ppm In, 0.1-1000
ppm Nb,0.1-2.5 ppm G and balance Cu. The wire time, and at low cost.
is used particularly in making semiconductors, enabl- Connecting Metal for Firing to Oxide
ing good bonding to the Al of the electrode pads.

Monocrystalline Thin Film of Whisther
Alloy

Superconductors

Corrosion Resistant Permanent Magnet

NIPPON HYBRID TECHN.

SUMITOMO SPEC. METAL K.K.

An oxide superconductor is connected to metal or

Japanese Appl. 631238,240
A sintered permanent magnet has a metal coating
consisting of at least one of Pt, Pd, Au and Ag, and
at least one of Ni, Cu, Sn and Co. When left to stand
for 5 0 0 hours under conditions of 8ooC and 90%
relative humidity the magnet showed IOYO or less
degradation of its magnetic characteristics compared
with the initial values.
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Japanese Appl. 631290,230

other material by contacting with a connecting metal
coating, and firing. The connecting metal consists of
30wt:Oh or less of F’t, Pd andlor Au, with balance Ag
and mpurities, and has a superconductivity transition temperature higher than liquid N temperature.
Using the connecting material, multi-core or single
wire, various sensors, or magnetic shielding material
can be obtained.
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Platinum-Iron-NiobiumPermanent
Magnet Alloy
RES. INST. ELEC. MAGN. ALLOY

German Appl. 3,810,678
A permanent magnet consists of an alloy of
33-47at.% Pt, 48-66.gat.% Fe, o.I-Ioat.% Nb and
<0.5at.% impurities, and has an incomplete 7-1
phase with face-centred tetragonal crystal structure.
Manufacture involves high and medium temperature
annealing, and gives a material suitable for intricate
shapes with a much higher maximum energyproduct. Use of Nb ensures improved reproducibility
of magnetic properties.

Reliable Electrical Contact
East German Patent 258,736
A multilayer electrical contact has a contact layer of
Pd and Au and an intermediate layer of Ni which has
and a hardness
a second layer of thickness I to
of 1.3 to 2.5 times the hardness of the Pd contact
layer. The contact is formed galvanically and has high
reliability, long life, and provides a saving in precious
metal.
VEB BERGBAU "x A.

Palladium Paste for Ceramic Capacitors
Russian Patent 1,379,296
Preparation of ceramic capacitors prior to attaching
the electrodesinvolves metal plating by applying a Pd
containing paste to the non-fired surface, then firing
in air for 4-6 hours at 124o-142o0C, followed by an
additional reducing annealing step in N 2 atmosphere.
The method is used in electronics and radiotechniques, and permits reduced use of expensiveAg.
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TEMPERATURE
MEASUREMENT
Temperature Sensor with Improved
Response

MEDICAL USES
Production of Substituted Oestradiene%one for Contraceptive Formulations
Eutopean Appl. 285,548A
ethynyl-hydroxy-methyl substituted 4, I 5oestradiene-3-one is produced by Pd catalysed
conversion of the 17-substituted hydro?Oestratetraene to the 17-0ne, followed by reductlon
steps, oxidation, ethynylation, and splitting the
ether. The Pd catalyst dehydrogenation step introduces the 15-double bond under relatively mild
conditions, giving high yields of the product which is
a powerful gestagen, used in contraception.
SCHERING A.G.

An

Radioactive Rhodium Complexes with
Polyamine Chelants
European Appl. 296,522~
New functionalised polyamine chelants are used to
form complexes with radioactive Rh, and are also
used for complexing Tc and Re. The complexes
formed can be attached to a support, antibody or
fragment and used for diagnostic or therapeutic
purposes.

W W CHEMICAL CO.

New Dihydrobenzofuran Derivative for
Medical Use
Japanese ApPl. 631196,575
A dihydrobenzofuran derivative and its base-addition
salts are new, and its preparation is by a hydrogenation reaction in the presence of a reducing catalyst for
catalytic hydrogenation, such as Pd-C. The new
derivative is used for treating infectious diseases,
having shown effectiveness against streptococcus
mutans, bacteroides frailis, and so on.

SAT0 SEIYAKU K.K.

Versatile Dental Cap Foil

German Appl. 3,711,486
A dental cap foil may be made of a 45-88% Au alloy
SMITHS IND. P.L.C.
British Appl. 2,204,696~ containing one or more of Pt, Pd, As, Sn or In with
A temperature sensor has a silk-screenedPt resistance traces of Ir, Zn and Ga. The foil is used for producing
track protected by an insulating glaze, on the outer crown frames for metalceramic crowns and has at
surface of a ceramic tube, which also has a Pt band least one pair of diametrically opposed wings joined
around one end. The track is exposed to air flowing at the centre, which overlap when covering a tooth.
over both surfaces of the tube, and the change in The foil is easy to handle and can be adapted to diftrack resistance is used to measure air temperature. ferent sized teeth.
The sensor has improved response and can be used to
Polychemotherapy with Supplementary
detect the airstream outside an aircraft.
H. TRUETSCH

cis-Platinum

Resistor for Platinum Resistance
Thermometers

Russian Patent 1,264,431
Polychemotherapy includes administering cisDANFOS dS.
British Appl. 2,206,741~ platinum dropwise and intra-arterially prior to enAn electrical resistor used in Pt resistance ther- dolymphatic administration of one dose of BCG vacmometers is of laminar form and consists of a cine and cessation of some radiation. The frequency
substrate canying a metal f h with separating zones of tumOuT regression is increased from 50% to 75%
spacing parts of the f h from one another. The f h in the treatment of locally disseminatingcancer of the
defmes a resistance track with connection zones at its urinary bladder in radiology and oncology.
ends. The method gives secure mechanical fixing of
the connectors, and less danger of mechanical damage The New Patents abstracts have been prepared from
material published by Denvent Publications Limited.
to the connections.
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