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Gas Turbine Emission Control
PLATINUM AND PLATINUM-PALLADIUM CATALYSTS
FOR CARBON MONOXIDE AND HYDROCARBON OXIDATION

By G. W. Cordonna, M. Kosanovich and E. R. Becker
Johnson Matthey, Catalytic Systems Division, Wayne

Platinum-rhodium catalysts have proved to be effective in removing
carbon monoxide and hydrocarbons from gas turbine exhaust. A new
generation of oxidation catalysts with improved activity and thermal
stability has been developed and is now available commercially. The
pegormance of these catalysts in the oxidation of carbon monoxide,
hydrocarbons and sulphur dioxide is reported.

Growing concern a b u t the contribution of
exhaust emissions from stationary engines to
environmental pollution has resulted in increasingly severe limits being proposed for nitrogen
oxides, carbon monoxide, hydrocarbons and
sulphur oxides emissions. During the past 15
years catalytic control of atmospheric pollutants
from automotive engines has been successfully
applied in the U.S.A., Japan, Australia and
some European countries, and has resulted in a
large reduction of atmospheric pollutants. In
the U.S.A., for example, the emission of
hydrocarbons to the atmosphere has been
reduced by over 50 per cent, from approximately fourteen million tons per year in 1976to less
than seven million tons per year in 1988.
However, the remarkable success of this pollution control technology has not been mirrored
in emission abatement from stationary sources.
More than half of the man-made carbon
monoxide, hydrocarbons and nitrogen oxides
reaching the atmosphere are emitted from
stationary sources, such as gas turbines,
stationary internal combustion engines, power
station boilers, process heaters and industrial
boilers (I). Rigorous limits on permissible
levels of nitrogen oxides, carbon monoxide and
hydrocarbons from such sources have now been
imposed by legislation in many American
states, in Japan and in West Germany.
Stationary source combustion processes
generally operate with a large excess of air to
maximise fuel economy, and thereby minimise
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emissions of partial oxidation products such as
carbon monoxide and hydrocarbons. However,
one of the strategies for controlling nitrogen
oxides involves the injection of water or steam
into the combustion zone to lower the combustion temperature. This “wet firing” reduces
nitrogen oxide levels by approximately 50 per
cent, but results in increased amounts of carbon
monoxide and hydrocarbons in the turbine exhaust emissions. Flue gas treatment is therefore
required to lower carbon monoxide and
hydrocarbon concentrations to permissible
levels. Catalytic oxidation technology,
developed for mobile source control, has been
adapted to reduce both carbon monoxide and
hydrocarbon emissions from gas turbines, and
has been reported here previously (2). Catalytic
reactor design, the use of large metal
monolithic honeycomb arrays, and the performance of a Johnson Matthey platinumrhodium catalyst for emission control were all
discussed in detail. This paper presents catalyst
performance data regardmg the next generation
of Johnson Matthey oxidation catalysts.

Catalyst Design
Current commercial requirements necessitate
the successful operation of the catalytic element
without replacement for 20,000 hours or more,
in the temperature range 250 to 65oOC. To
achieve this the reactor must incorporate a high
activity catalyst, to maximise reactor productivity while minimising catalyst volume and
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cost. Although some base metal oxides such as
cobalt(III)oxide, copper chromite and
chromium(II1)oxide are active for carbon
monoxide and hydrocarbon oxidation reactions, noble metals display the highest intrinsic
catalytic activity (3, 4) and are well suited for
applications involving high exhaust velocities,
such as those found in gas turbine applications.
Furthermore, platinum group metals also exhibit higher activity for saturated hydrocarbon
oxidation, are less deactivated by fuel sulphur
at temperatures below 500°C, and are also more
thermally-resistant to loss of low temperature
activity than base metal oxide catalysts ( 5 ) .
When regulations restrict the sulphate
particulate content of the flue gas, the oxidation
catalyst can be formulated to minimise sulphur
dioxide oxidation while maintaining high activity for carbon monoxide and hydrocarbons
removal. Rhodium exhibits relatively low
catalytic activity for sulphur dioxide oxidation
and can be combined with other platinum
group metals to suppress sulphur trioxide formation (2). Palladium is also a good oxidation
catalyst for carbon monoxide and hydrocarbons, and in addition it displays low activity for
sulphur dioxide oxidation (6).
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Fig. 1 Carbon monoxide oxidation activity over fresh platinum, palladium and
rhodium under identical oxygen-rich conditions. Below 4OOOC platinum exhibits
the highest activity

flame ionisation, respectively. Catalyst efficiency was measured as a function of the catalyst metal, metal loading and thermal ageing.

Carbon Monoxide Oxidation

Platinum, palladium and rhodium are the noble metals most frequently used in exhaust gas
treatment catalysis. Metal oxide volatility and
availability preclude the use of ruthenium,
iridium and osmium. Carbon monoxide oxidation activity for comparable loadings of
platinum, palladium and rhodium catalysts
The New Generation Catalysts
under identical reactor operating conditions is
Catalyst samples were prepared on metal contained in Figure I. For these oxygen-rich
honeycomb monoliths having a diameter of I conditions, platinum exhibits the highest activinch, a length of 3.5 inches and a cell density of ity for carbon monoxide oxidation at tem200 cells per square inch. The substrates were
peratures below 400OC. The light-off
then coated with a high surface area alumina temperature, defined as the temperature reand catalysed with solutions of platinum, quired to achieve 50 per cent conversion, ocpalladium and rhodium. These samples were curs below I ~ O O Cfor a fresh platinum catalyst.
dried and calcined prior to testing.
To achieve light-off the palladium catalyst reCatalyst performance was measured in an in- quires a temperature of 25ooC, and the
tegral, tubular reactor with a simulated turbine rhodium catalyst in excess of 350°C. Both
exhaust gas consisting of 10 ppm propane, 45 palladium and rhodium display lower activation
ppm carbon monoxide, 15.0 per cent oxygen, energies and lower intrinsic catalytic activities
4.5 per cent carbon dioxide, 40 ppm nitric ox- than platinum for carbon monoxide oxidation;
ide, 10ppm sulphur dioxide, 5.0 per cent water however, the palladium catalyst performs as
and the balance nitrogen. Sophisticated well as the platinum catalyst at temperatures
analytical instruments monitored the low ppm above 40oOC. While studies utilising catalytic
concentrations of the inlet and outlet gases. wires have shown palladium to be a better carCarbon monoxide and propane concentrations bon monoxide oxidation catalyst than platinum
are measured by non-dispersive infrared and (9,these results were obtained with relatively
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Fig. 2 The effect on carbon monoxide
oxidation activity under highly oxidative
conditions of adding palladium to fresh
platinum catalysts

high carbon monoxide concentrations of I
volume per cent, 2 volume per cent oxygen,
and in the absence of water. Under the
simulated conditions of a gas turbine flue gas
described here, the platinum catalyst is by far
the best carbon monoxide oxidation catalyst,
provided that it has not been degraded by high
temperature operation or by poisons.
In emission control and chemical process
catalysis, it is quite common to use combinations of metals to provide the optimum
stabilisation or activity enhancement. Examples
include the well known use of platinumrhodium catalysts for the simultaneous control
of carbon monoxide, hydrocarbons and
nitrogen oxide from automotive engines (7);
rhenium and iridium additions to platinum
reforming catalysts to increase selectivity and
decrease coke formation (8,9); and a cobaltmolybdenum catalyst which offers enhanced
poison resistance in hydrodesulphurisation
applications (10).
Early work on the development of pelleted
automotive oxidation exhaust catalysts has
demonstrated that the best performance is obtained with a combination of platinum and
palladium (I I). For both hydrocarbon and carbon monoxide oxidation, the platinumpalladium configuration gave the best initial
high temperature performance, during both
steady-stateand light-off conditions. The effect
of palladium additions to platinum catalysts for
carbon monoxide oxidation under the highly
oxidative conditions of a simulated gas turbine
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exhaust is shown in Figure 2. All samples tested
contained identical total noble metal weight
loadings, with varying proportions of the two
parent metals. At I~oOC, platinum and
platinum-rich catalysts produce the highest
levels of carbon monoxide removal, due to the
higher intrinsic activity of platinum for carbon
monoxide oxidation. Palladium-rich catalysts
behave more like palladium, and exhibit higher
light-off temperatures. At 300OC or higher the
effect of palladium is minor, and platinumpalladium catalysts give carbon monoxide conversion comparable to that of platinum-only
catalysts. Consequently, to achieve high carbon
monoxide removal rates when using platinumpalladium catalysts, an operating temperature
in excess of 300OC is necessary.
The effect of total noble metal loading on carbon monoxide oxidation is illustrated in Figure
3. Increasing the platinum loading four-fold has
no significant effect on the activity of fresh
catalyst, at 3m°C or higher. Catalyst activity is
high enough to cause the reaction to be mass
transfer-limited; that is the reaction rate on
platinum is much faster than the rate of diffusion of carbon monoxide through the boundary
layer separating the solid catalyst from the gas
phase. However, as will be shown below,
platinum catalytic activity degrades significantly during high temperature therma treatment,
necessitating the use of higher platinum
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Fig. 3 The effect of total platinum group
metal loading upon carbon monoxide
oxidation over fresh catalysts. At
temperatures above 3OO0C, increasing
the platinum loading has no signifcant
effect on the fresh catalytic activity
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loadings to compensate for this loss of catalytic
activity.
The dependence of carbon monoxide conversion on palladium metal loading is also shown
in Figure 3. Palladium, being less active than
platinum, shows a greater carbon monoxide
conversion dependence on metal loading, and
the mass transfer-limited operating regime is
not reached until nearly 400OC. It will be
shown that palladiumcanalso suffer lossof catalytic activity upon exposure to high temperature, but not to the same extent as platinum.
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Fig. 5 Hydrocarbon oxidation data show
that Combinations of platinum and
palladium offer superior activity to their
parent metals at the given temperatures

Hydrocarbon Oxidation
Hydrocarbons are inherently more difficult
to oxidise than carbon monoxide. The nonmethane hydrocarbons emitted in the exhaust
of turbines fuelled with natural gas are
predominantly ethane and propane, with minor
amounts of ethylene, propylene and butanes.
As emission control requirements become more
stringent, the oxidative removal of these
hydrocarbons becomes more crucial. For the
purposes of this study, and for simplicity sake,
propane was selected as a compromise between
hard-to-oxidise ethane and easy-to-oxidise
ethylene, propylene and butane.
Oxidation activity for propane over platinum,
palladium and rhodium is compared in Figure
4. The platinum catalyst demonstrates the best
propane activity of these monometallic catalysts
at temperatures up to 5ooOC. Palladium
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Fig. 4 Hydrocarbon oxidation over fresh
platinum group metal catalysts, showing
platinum to have the best activity up to
5OO0C, while palladium displays good
high temperature activity
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displays relatively poor propane oxidation activity below 40o0C,but possesses good high
temperature activity. Palladium by itself is a
good candidate for high temperature turbine
exhaust clean-up, and is reported to be more active than platinum for the oxidation of ethane,
methane and olefinic compounds (5,12).
Platinum is said to be more effective for the
oxidation of saturated hydrocarbons of carbon
number 3 or greater (9,a conclusion which is
supported by the propane conversion data
presented here. Rhodium exhibits the lowest
specific activity for propane oxidation but, as
will be shown later, can be combined with
platinum to produce an exceptionally active
saturated hydrocarbon oxidation catalyst.
Finally, at temperatures above 6oo°C these
three platinum group metals all achieve high
levels of propane removal.
For a gas engine or turbine exhaust containing ethane, propane and carbon monoxide, and
operating at 500 to 6oo°C, a good catalyst
choice would be a bimetallic platinumpalladium catalyst. The propane oxidation activities of four platinum-palladium catalysts
and also for monometallic platinum and
palladium catalysts, all at identical total noble
metal weight loadings, are shown in Figure 5 .
For hydrocarbon oxidation, fresh catalysts containing both platinum and palladium are
superior to their parent metals at each of the
three operating temperatures. The combination
of platinum and palladium also offers excellent
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Fig. 6 Propane oxidation is improved
significantly by increasing the platinum
group metals loading especially at 4OOOC

oxidation activity for carbon monoxide and
propane removal at temperatures greater than
400oc.

Hydrocarbon removal efficiency has been
determined as a function of catalyst metal
loading, and the data are collected in Figure 6.
Propane oxidation, a kinetically slower reaction
than carbon monoxide oxidation, is improved
significantly by increasing the active metal
loading, especially at the relatively low
operating temperature of 400OC. Even at gm°C
propane conversion is improved by increasing
the noble metal loading, with mass transferlimited conversion not encountered until
h 0 C . Experiments such as these, when combined with durability studies, allow optimisation of a catalyst formulation for a given
pollution reduction requirement.

Sulphur Dioxide Oxidation
Oxidation catalysts intended for the removal
of carbon monoxide and hydrocarbons should
be designed to minimise the downstream formation of sulphate particulates resulting from
sulphur dioxide oxidation. Therefore catalytic
activity for sulphur trioxide formation should
be reduced. Normally, gas turbines are fuelled
with natural gas which contains only minor
amounts of organosulphur compounds;
however when refinery gas, which typically
contains 50 to 300 ppm sulphur, or liquid fuels
such as # 2 fuel oil or jet A fuel are burned, the
exhaust emissions include significant quantities
of sulphur dioxide.
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Sulphur dioxide oxidation activity on noble
metal catalysts has been reported by numerous
authors. For example, Hammerle and Truex
demonstrated that the oxidation activity of
platinum-rhodium
automotive
catalysts
decreased when the rhodium content was increased (6). A similar rhodium effect has been
observed with a Johnson Matthey platinumrhodium catalyst (2). Kummer, in his review of
automotive catalytic converters, gives the
following activity ranking for sulphur dioxide
oxidation:platinum>palladium>rhodium (5).
Sulphur dioxide oxidation data obtained
under gas turbine exhaust conditions is
displayed in Figure 7, for monometallic noble
metal catalysts of equivalent metal loading.
Clearly, platinum displays the highest intrinsic
activity, exhibiting nearly 80 per cent conversion at 400OC, while rhodium and palladium
convert less than 10 per cent. At 5m0C,
rhodium achieves a sizeable level of sulphur
dioxide conversion, but palladium is still
relatively inactive. For high temperature
catalyst operation at 625OC, all three noble
metal catalysts have sufficient kinetic activity to
achieve a high level of sulphur dioxide conversion, and are limited only by the thermodynamic equilibrium of the reaction. For
catalyst operation at 550°C or lower, platinumbased oxidation catalysts can be formulated to
include rhodium and/or palladium to reduce
their affinity for sulphur dioxide oxidation.

Comparative Performance of New
and Conventional Catalysts
In preparing effective oxidation catalysts for
emission control purposes, the choice of noble
metal precursors, raw materials, and fabrication technology can significantly aMect both
catalyst distribution and dispersion, and hence
catalytic activity and durability. Johnson Matthey has been a leading contributor to progress
in the environmental catalyst field for many
years, and conducts an active research programme to develop new and more efficient oxidation systems, which help it to maintain its
leading technological position. In the Table the
performance data of the Johnson Matthey
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Oxidation Activity of Noble Metal Catalysts
Conversion, per cent
At 3OOOC

At 4OOOC

At 5OOOC'

Relative
metal loading

co

CO

C,H,

SO,

Johnson Matthey
Platinum-Palladium

2.5

69

93

58

20

68

81

54

Johnson Matthey
Platinum-Rhodium

1 .o

98

99

83

62

37

75

39

Johnson Matthey Platinum

1 .o

97

98

59

90

7

18

-

Conventionally
Impregnated Platinum

1 .o

98

99

51

79

10

28

63

Conventionally
Impregnated Palladium

2.0

57

90

35

13

53

66

16

Conventionally
Impregnated Rhodium

1 .o

48

78

52

12

Formulation

:2H6 C,Ha

SO,

~~

'Catalysts thermally aged at 625°C for 168 or 1032 hours

proprietary catalysts and those prepared by
conventional methods are compared.
The Johnson Matthey platinum-palladium
catalyst offers superior activity for ethane
oxidation at po°C when compared to
conventionally-prepared oxidation catalysts,
with only moderate levels of sulphur dioxide
conversion. For a saturated hydrocarbon such
as propane, the Johnson Matthey platinumrhodium catalyst offers exceptional oxidation
ability at 400°C, while activity for carbon
monoxide oxidation is equivalent to the
platinum-only catalyst systems. Furthermore,

this platinum-rhodium catalyst offers relatively
low sulphur dioxide oxidation behaviour,
especially when thermally aged. The performance of these Johnson Matthey proprietary
catalyst systems following thermal deactivation
is discussed below.

Catalyst Stability
In industrial practice, several mechanisms
operate to decrease catalyst activity. These include mechanical vibration, particulate abrasion, blocking of catalyst pores, thermal
sintering, and poisoning by trace chemical
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Fig. 7 Under gas turbine
0
exhaust conditions, platinum 0
displays the highest activity 9 4 0 for sulphur dioxide oxidation. At 55OOC or less, 8
platinum-containing catalysts $ 2 0 can include rhodium and/or
palladium to reduce their
activity for sulphur dioxide
oxidation
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Fig. 8 The effect of thermal ageing in air
at 625OC upon the carbon monoxide oxidation activity at 150°C of specified
platinum group metals catalysts. This
temperature enables small differences in
catalytic activity to be demonstrated

impurities. For normal turbine operation the
main causes of catalyst deactivation are thermal
sintering, fouling of the catalyst pores, and
poisoning of the active noble metal catalyst particles.
Thermal sintering of noble metals can be
significant for some modes of turbine operation, particularly when the duct burners are
fired to make more steam, as then the catalyst
temperature can reach 65oOC. Prolonged exposure to high temperature causes agglomeration of the noble metal particles (sintering),
with a consequent loss of catalytic activity due
to the reduced number of catalytic sites. This
loss of catalytic activity is irreversible and is
most evident at low temperatures, where conversion is controlled by the rate of surface
chemical reaction.
Several new Johnson Matthey catalysts and

also conventionally-impregnated noble metal
catalysts, all of which have been calcined in air
at 625OC,are compared for carbon monoxide
conversion at a temperature of I 5ooCin Figure
8. Although these catalysts are not designed to
operate at I 5ooC, this temperature was selected
to elucidate small differences in the catalytic activity of the various samples. At I~oOC,
conversion of carbon monoxide is controlled by the
surface reaction rate, and losses in catalytic surface area affect the observed conversion level.
This is most evident for the Johnson Matthey
platinum-rhodium catalyst which sinters appreciably during thermal treatment, as witnessed
by the drop in conversion from 85 per cent to
approximately 10per cent. Both the Johnson
Matthey platinum and the conventionallyimpregnated platinum catalyst also suffer loss
of catalytic activity following thermal treatment. The conventionally-impregnated palladium catalyst, which shows only 22 per cent
fresh carbon monoxide conversion, shows a
rapid drop in the first 48 hours and then
stabilises at a low conversion level of 5 per cent.
The Johnson Matthey platinum-palladium
catalyst offers the lowest fresh carbon monoxide conversion at 14per cent, but shows no
sign of thermal deactivation.
In general, emission control catalysts are
designed to operate at temperatures where
small changes in catalyst activity do not
significantly affect conversion. At higher
operating temperatures, where external mass
transfer of the carbon monoxide and hydrocarbons to the catalyst surface controls the overall
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Fig. 9 Carbon monoxide oxidation at
3OOOC is less affected by thermal ageing of
the catalysts, than at the operating
temperature under which the data in Figure 8
was collected. However, the Johnson Matthey
platinum-rhodium catalyst again shows a
&nifkant decline in caialyticactivity, while
the Johnson Matthey platinum-palladium
catalyst exhibits a modest increase in activity
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conversion, the drop in conversion due to loss
of catalytic activity will be much less. This is
illustrated in Figure 9, which shows carbon
monoxide removal activity at 300OC for the
selected catalyst systems. With the exception of
the Johnson Matthey platinum-rhodium
catalyst, all the thermally treated catalysts
display only a modest decline in catalytic activity at 300°C, due to the thermal treatment. The
palladium-only catalyst exhibits a fresh carbon
monoxide conversion of 72 per cent, which
declines to 60 per cent after more than 1,000
hours of thermal ageing. It is expected that
palladium should be more resistant to thermal
sincering than platinum; the interaction between palladium(I1)oxide and the alumina surface being sufficient to give considerable
thermal stability to palladium/alumina catalysts
in an oxidising atmosphere (I I, I 3).
Interestingly, the
Johnson Matthey
platinum-palladium catalyst actually improves
its carbon monoxide oxidation activity, possibly
due to surface enrichment of alloy particles
with platinum. Following thermal stress, the
Johnson Matthey platinum-palladium catalyst
shows equivalent carbon monoxide oxidation
activity at 3moC to the conventionallyprepared platinum catalyst. Both platinumonly catalysts experience some loss in catalytic
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Fig. 10 The effect of thermal ageing in
air at 625OC upon the hydrocarbon oxidation activity of various platinum group
metals Catalysts at 500OC. Excellent
durability for propane oxidation can be
obtained aRer thermal ageing with both
the Johnson Matthey platinum-palladium
and platinum-rhodium catalysts, and also
with conventionally prepared palladium
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activity at 300°C, but not as severe as that
exhibited by the platinum-rhodium catalyst.
Although the Johnson Matthey platinumrhodium catalyst is susceptible to a substantial
loss in low temperature carbon monoxide oxidation activity, it maintains excellent activity
for saturated hydrocarbon removal following
thermal treatment, as described below.
The effect of thermal ageing on catalyst performance for hydrocarbon removal is illustrated
in Figure 10. Both the new Johnson Matthey
and the conventionally-prepared platinum
catalysts suffer extensive deactivation for
propane removal during the first 48 hours of
thermal
treatment.
Johnson
Matthey
platinum-palladium and platinum-rhodium
catalysts, along with the conventionallyprepared palladium catalyst, demonstrate excellent durability for propane oxidation following thermal ageing. These durability
experiments, when conducted for different
times and temperatures, form the basis of a
thermal deactivation model which allows
catalyst performance to be projected during
commercial operation.

Conclusions
Oxidation catalyst technology, originally
developed to control automotive exhaust
pollutants, has been refined and adapted to
eliminate carbon monoxide and hydrocarbon
emissions from gas turbines and other stationary engines. Catalysts formulated from
platinum, palladium and/or rhodium can be
tailor-made to maximise carbon monoxide and
hydrocarbon removal, minimise sulphur dioxide oxidation and maintain catalytic activity for
thousands of hours of high temperature operation. Currently, Johnson Matthey has more
than seven years commercial operating experience with large catalytic arrays for the treatment of gas turbine exhaust. Increasing
concern about, and the regulation of, atmospheric pollution will provide further opportunities for applying this reliable platinum
group metals technology in Europe, the United
States of America and other industrialised areas
of the world.

53

References
8 E. L. Pollitzer, Platinum Metals Rev.,1972, 16,
B. Harrison, A. F. Diwell and M. Wyatt,
Platinum Metals Rev., 1985,29, (2),50
(2), 42
9 J. C. Rasser, “Platinum-Iridium Reforming
2 H. J. Jung and E. R. Becker, Platinum Metals
Catalysts”, Delft Univ. Press, Delft, 1977
Rm., 19879 3 x 9 (41, 162
10
G. C. A. Schuit and B. C. Gates, AICHE J.,
3 V. V. Popovskii, Kinet. Catal., 1972, 13, (51,
1973, 19, (31,417
1065
4 J. G.Firth, S. J. Gentry and A. Jones, 3. Catal., I I J. C. Summers and L. L. Hegedus, J . Catal.,
1978, 51, (21, I85
1974, 343 (11, I59
12 Y.-F.
Yu Yao, I d . Eng. Chem. Prod. Rex Dev.,
5 J. T.Kummer, Prog. Energy Combust. Sci., 1980,
1980, 19, (313 293
6 , (2),I77
13 R. L. Klimisch, J. C. Summers and J. C. Schlat6 R. H. Hammerle and T. J. Truex, S.A.E. Paper
ter, in “Advances in Chemistry Series 143:
No. 760090, 1976
Catalysts for the Control of Automotive
7 B. Harrison, B. J. Cooper and A. J. J. Wilkins,
Pollutants”, Ed. R. F. Gould, Am. G e m . Soc.,
Washington DC, 1975, pp. 103-115
Platinum Metals Rev., 1981,25, (I), 14
I

Magneto-Optical Data Storage Materials
Extensive work is being undertaken on a
variety of thin film materials which may be
suitable for magneto-optical recording applications. During the information storage process
small magnetic domains in a perpendicularly
magnetised layer have their direction of
magnetisation reversed, while subsequent
retrieval is facilitated by the optical readout of
changes occurring in the linear polarisation of
light reflected from the various domains on the
magnetic surface.
The necessary properties of materials to be
used for this purpose include: a suitably high
polar Kerr rotation, high intrinsic anisotropy
perpendicular to the film plane, sufficiently
high coercive force, good reflectivity and corrosiodoxidation resistance. A platinummanganese-antimony intermetallic compound
with a CIb phase has attracted considerable interest for this application, partly because it
displays high Kerr rotation at room
temperature. The preparation of suitable
homogeneous fdms has proved to be difficult,
however, but a recently reported Japanese investigation has shown that the properties of
PtMnSb films can be improved significantly by
varying both the preparation and the annealing
conditions (“The Influence of Deposition Conditions on the Magnetic Properties of PtMnSb
Films”, S. Ohnuma, A. Kunimoto and T.
Masumoto, IEEE Trans. Magn., 1988,zq, (6),

pressure of the argon sputter gas, and to the
temperature of the substrate during the deposition stage. Too high argon gas pressure, or too
low substrate temperature failed to produce the
Crb structure. A suitably high readout signal
requires a high Kerr rotation angle, and for all
the samples this could be increased by annealing them at temperatures above 35O0C, which
also increased the coercive field.

Nuclear Fusion Reported

As this issue of Platinum Metals Review was
being prepared for the press it was reported
that Professor Martin Fleischmann, of the
University of Southampton, England, and F’rofessor Stanley Pons, of the University of Utah,
U.S.A., had claimed to have achieved controlled nuclear fusion within a simple electrochemical cell. The process apparently depends
upon the notable ability of palladium to absorb
hydrogeddeuterium. Their experiment was
carried out in an insulated flask containing
deuterium oxide (heavy water). Electrolysis of
the heavy water using a palladium cathode and
a platinum anode splits the heavy water into
oxygen and deuterium, and the latter is absorbed by the palladium. In fact it is claimed
that so much deuterium enters the palladium
lattice structure that the deuterium nuclei begin
to fuse together, releasing large amounts of
heat, which could be used, for example, for the
generation of electricity.
2551-2553).
The efforts currently being made to repeat
Their samples were prepared by radio frequency sputtering a I micrometre film onto a the experiment described by Professors
silica substrate, the target being pieces of Fleischmann and Pons will be followed with the
platinum supported on a manganese-antimony greatest interest, as their work seems to offer
backplate. The magnetic properties of the as- the possibility of a major new source of energy,
deposited films were strongly related to the which should be environmentally compatible.
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Cryogenic Temperature
Measurement
A THIN FILM RHODIUM-IRON TEMPERATURE SENSOR

By B. W. A. Ricketson

Consultant to Oxford Instruments Limited, Eynsham, Oxford
Applications of the rhodium-iron resistance thermometer Over the last
two decades have demonstrated that this sensor har the widest
temperature range known; it has been used between 0.01 and 800 K ,
nearlyfive orders of magnitude. Recent developments have resulted in
the production of a small planar device, which ; ( $ d i n g many uses in
cryogenic instrumentation.

Platinum is the material most generally used
for the construction of resistance thermometers. At liquid helium temperatures,
however, its resistance is very low. The
resistance of a sensor rated 25 ohms at room
temperature is reduced to around 0.01ohms at
4.2 K, so specialised and expensive equipment
is required to measure the resistance to sufficient accuracy. Pure rhodium has a similar
resistance-temperature curve to that of
platinum but when a small quantity of iron is
dissolved in the rhodium an extra temperature
dependent resistance is found below approximately 40 K. This resistance is associated with
certain magnetic dilute alloys and is related to
the Kondo effect. There is also a temperature
independent resistance that is always present
when another element is added to a pure metal.
Professor B. R. Coles at Imperial College first
found the anomalous resistance in the 1960s
(I). At the beginning of the I97OS, R. L. Rusby
at the National physical Laboratory (N.P.L.)
systematically looked at the various possible
iron concentrations from the point of view of
thermometry between 0.5 and 30 K (2, 3). He
chose an alloy with 0.5 atomic per cent iron as
having a good compromise between the
temperature dependent and independent
resistances. The resistance of this alloy more
than doubles over this temperature range. Sensors made from freely suspended coils of
rhodium-iron wire were encapsulated in a
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platinum sheath filled with helium gas. The
thermometer had a resistance of about 100
ohms at the ice point and 5 ohms at liquid
helium temperatures (4). Finding physical effects which change appreciably with
temperature is relatively easy compared to fmding an effect that is reproducible after handling, temperature cycling and long term storage.
The reproducibility of the rhodium-iron thermometer has proved to be excellent, giving a
stability over 15 years of around 0.2 mK. Sensors in this form are used by N. P. L. to hold
the Echelle Provisoire de Temperature
(EFT-76) which is the temperature scale at present specified for international use from 0.5 to
27 K, in the same manner as the International
Practical Temperature Scale (IPTS-1968) is used from 13 K upwards.
Cryogenic machines often work in a high
vacuum to ensure that heat conducted from the
surroundings is kept to a minimum. Sensors as
small as possible, are mounted at the required
positions, and electrical leads are wound
around thermal heat sinks to ensure that no extraneous heat reaches the sensor. In 1980, a 27
ohm ceramic sensor was introduced having a 20
mm length and 3.2 mm diameter (9, smaller
than the sensors discussed above. This sensor is
usable from 0.5 to 800 K, and is, in consequence, useful for ultra-high vacuum equipment where the temperature of the apparatus is
raised to 600 K for degassing, before being
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Fig. 1 The normalised sensitivity, dWldT (where W =
R/R, ,) of films of different
thicknesses and compositions varies as a function of
temperature, but following
the same general pattern as
that of a wire wound eensor.
The 0.1 pm thick fdm had a
very large temperature independent resistance
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cooled to perhaps 4 K. It is stable to 10mK and
in consequence has been installed in many low
temperature industrial processes. To make a
higher resistance unit from wire without increasing the size would be very difficult, so in
1986 an experimental programme was initiated
to deposit a planar film of rhodium-iron alloy
on a substrate.
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Quite a few attemps have been made over the
last 5 years to produce a thermometer as a thin
layer of rhodium-iron. The two greatest difficulties encountered were the production of a
defect-freey almost single crystal layer, and the
deposition of an alloy free from appreciable impurities, as both defects and impurities give rise
to a large temperature independent resistance.
The deposition process was carried out by
Dr. J. E. Evetts' group in the Department of
Material Science and Metallurgy at Cambridge
University, and the experimental units were
calibrated by Cryogenic Calibrations Ltd. (6).
Sapphire was chosen as the substrate as it is a
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Fie. 3 The Oxford Instruments
rhodium-iron resistance thermometer is mounted on a
sapphire substrate 8 mm long x
2.5 mm wide. It is a four terminal device, the leads being
soldered to the pa&. The sensor
has a resistance of 273 ohms at
the ice-point and 18 to 24 ohms
at 4.2 K. This ensures a sensitivity of about 1 ohm per
degree at both 4.2 and 273 K.
The scale shows 0.5 mm
divisions

good thermal conductor at low temperatures mK at a temperature of 4.2 K. The wire in the
and provides a good matching lattice for the 27 ohm sensor mentioned above, also behaves
rhodium-iron. Ultra-high vacuum getter sput- in this way except that the overall change is
tering was used, with precise control of the about 5 mK, and 5 cycles are sufficient to
argon gas pressure, power input and substrate stabilise the unit as shown by data in Figure 2.
This research has allowed the design of a sentemperature. Films from 0.1 to I micrometre
sor
with a resistance of 273 ohms at the icethick and containing various percentages of
point,
and 18 to 24 ohms at 4.2 K, see Figure
iron were deposited. The resulting units were
3
.
The
sapphire substrate is 8 mm long and 2.5
calibrated from 1.5 to 300 K, or subjected to a
mm
wide,
a size suitable for mounting in a prolarge number of temperature cycles between
tective
copper
can 3.2 mm in diameter. Exact
4.2 K and room temperature. The sensitivity
(dWdT) of the 0.1 micrometre thick film at control of thickness and line width is difficult,
4.2 K was low compared to the value of the and therefore small links provided in the
resistance at this temperature, indicating a high resistor path may be broken to trim the resistor
surface scattering, but reproducibility under to the required ice point resistance.
When mounted on a copper surface with a
thermal cycling was very good. The 0.3
micrometre film had better sensitivity but the low temperature adhesive, heat dissipation is
0.5 layer matched the behaviour of wire in both substantially improved; the unit shows exsensitivity and resistance; the former is shown cellent self-heating characteristics, about ten
in Figure I . At this thickness there is strain in times better than the 27 ohm ceramic sensor
the layer, but this can be removed by cycling but not as good as the standard helium-filled
the device; about 20 to 30 cycles being required units. The choice of a high resistance gives a
to reduce the change in resistance below that high voltage for a given self-heating.
This thin film rhodium-iron thermometer is
which would represent I mK. The overall
reduction in resistance resulting from the now finding approval with customers as a simremoval of stress is equivalent to about 30 to 50 ple stick-on sensor ( 5 ) .
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Hydrogen Recovery from
Waste Methanol
AN APPLICATION OF SILVER-PALLADIUM MEMBRANES
Over the years a number of papers have been technology, successfully filling its special niche
published in this journal describing a method of in the hydrogen supply market. The hydrogen
hydrogen production that uses silver-palladium produced is better than 99.99 per cent pure,
membranes to separate hydrogen from because of the diffusion process. Only
hydrogen-rich gas mixtures (I, 2,3). Hydrogen hydrogen can dissociate into single protons,
generators based on this principle have been and it is these that pass through the lattice of
commercially available for over a decade. They the silver-palladium while the larger atoms of
use a mixture of methanol and water as a the other components of the hydrogen-rich gas
gaseous feedstock which is catalyticallycracked mixture are left behind. Frequently such purity
to produce a mixture of hydrogen and carbon is associated with high production costs, but
here it is the natural outcome of the diffusion
dioxide in a two stage reaction:
stage, and the hydrogen produced is often
Stage I
C H , O H h CO + zH2
cheaper than that obtained from other sources.
Stage z CO + H,OCO, + H,
In the production of fine chemicals, or during
the
separation of some of the rarer metals, it is
CHjOH + H,O+
CO, + 3Hz
often necessary to use a wet chemical process
High purity hydrogen is then recovered by dif- that produces a precipitate of the metal as an insoluble salt. When this precipitate is filtered, a
fusion through silver-palladium membranes.
Applications for such hydrogen generators wet filter cake is formed. This may take a long
include the provision of the hydrogen compo- time to dry, and one method of acceleratingthe
nent of the reducing gas used as a protective at- drying process is to douse the cake in methanol.
mosphere during the annealing of stainless steel The effect of this is to replace the water of
wire, and also for the reducing atmosphere association in the cake with methanol which can
when sintering uranium oxide pellets for then be readily removed by suction, and the
nuclear fuel assemblies.
process is especially suitable for unstable salts
Another major use of these generators is for which cannot be heated.
the on-site production of the hydrogen which
One major disadvantage of the methanol dryserves as the cooling fluid for the alternators in ing technique is the production of a waste
electric power stations; here the high thermal methanol-water solution which is costly to
conductivity of hydrogen allows heat to be dispose of. However, in processes where
removed from the alternators three times faster hydrogen is also used, for example when metals
than is possible with any other commercially separated by wet chemistry are sintered under
available gas. Perhaps more topical is the on- a hydrogen atmosphere, it is possible to use this
site generation of hydrogen at research stations waste solution to produce very cheap, very pure
in Antarctica, the gas being used to fill hydrogen.
meteorological balloons that lift instruments to
Another source of waste methanol occurs
study the upper atmosphere, part of the pro- during the manufacture of silicon chips, where
gramme of work which recently led to the methanol is used to clean and dry the silicon
discovery of the hole in the ozone layer.
before it is impregnated with activating
The variety of these applications show that elements transported to its surface by a carrier
hydrogen generation by crackmg a methanol- gas of hydrogen.
water mixture is now a well established
This sort of waste methanol-water mixture

Platinum Metals Rev., 1989, 33, (2), 58-60

58

Fig. 1 The hydrogen generator at ABB Atom AB, Vasteras, Sweden is housed in a building equipped
with alarms for fire and hydrogen detection. Should the latter ever be positive then the double doors
open automatically to increase ventilation. The small door gives access to the separately housed electrical controls. The white tank on the right ie the pure hydrogen store, from which the unlagged
(emaller) horizontal pipe carries the pure hydrogen to the factory; the lagged pipe beneath bringe
the waste methanol supply to the generator

may contain other impurities such as heavy
metals or ammonium salts. Generally it is not
difficult to remove the heavy metals, and often
it is a necessary economic requirement. The
ammonium salts do not have to be removed
because they can be vaporised and then pass
through the hydrogen generator system, provided the conditions are controlled to prevent
blockage. Before the waste methanol-water
mixture is fed to the generator the ratio of
methanol to water is analysed and then adjusted

to the ideal ratio of 63.5:36.5 by adding the
requisite amount of water or, more usually,
methanol.
To enable the feasibility of recovering
hydrogen from the waste produced by a particular process to be established, Johnson Matthey have constructed a small model hydrogen
generator incorporating catalytic cracking and
silver-palladiumdiffusion units. Thus trials can
be conducted on samples of methanolcontaining process waste collected from a

Fw. 2 These two hydrogen
generator unita together provide 50 N m ’ h of pure
hydrogen. The interconnecting pipework is lagged to
keep the eystem above
6OoC, and 80 prevent ammonium salts building-up inside the system. The comer
of the wall in the foreground
is part of the bund in which a
tank of pure methanol is contained. This is used to adjust
the composition of the
aqueous waste methanol
solution, which ie held in
another tank inside the bund,
in order to provide a fuel of
stoichiometric ratio
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potential user’s site in container drums. The
results from the trial, which should last for at
least 1000 hours of continuous operation, will
allow the viability of the process to be proven
at small cost, before a full size plant is commissioned.
Where a trial is successful and when the
operating variables are established, including,
for example, the regularity of water rinsing
necessary to prevent the build up of ammonium

salts during the methanol drying technique,
then fast economic pay-back times can be anticipated and a remarkably cheap hydrogen
source deployed.
J.E.P.
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Improved Catalyst System for the Wacker Process
The Wacker process for the palladium
catalysed conversion
of ethylene to
acetaldehyde is one of the oldest industrial
homogeneous catalyst systems. The original
process was plagued by problems of corrosion
within the reactor system, and has been replaced by a heterogeneous catalyst system which
suffers, however, from the problem of poor
catalyst utilisation.
Acetaldehyde used to be a major source of
acetic acid and while this route has largely been
superseded by rhodium catalysed carbonylation, the Wacker process remains a major route
to acetaldehyde. The problems outlined above
that are associated with the Wacker catalyst
have been, to a large extent, circumvented by a
new catalyst system developed by workers in
the Department of Chemical and Materials
Engineering at the University of Iowa (V. Rao
and R. Datta, J. Cutul., 1988, 114, (2),
377-3871.
The supported liquid melt catalyst which
they have used consists of a spherical silica support which contains a palladium chloridecopper(I1) chloride catalyst in a eutectic melt of
copper(1) chloride-potassium chloride. The
location of the homogeneous catalyst within the
pores of the support avoids the problems both
of corrosion of the plant and also productlcatalyst separation, which are associated
with the conventional homogeneous system.
However, the system remains in essence a soluble catalyst and retains the benefits of the rates
and
conversions achieved
with
the
homogeneous catalyst. It shows a better utilisation of metal than the conventional supported
liquid phase catalysts. In addition the use of a
melt media avoids the rapid deactivation
associated with supported liquid phase catalysis
containing aqueous catalyst solutions. The use
of a copper(1) chloride-potassium chloride with
a melting point of 423K means that the com-
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plete oxidation of ethylene to carbon dioxide
and water is avoided.
The authors have combined a number of concepts which have been available for some time,
and appear to have developed a system which
avoids most of the pitfalls associated with other
catalyst systems for the Wacker process. If it
can be established that the catalyst maintains its
activities for substantially greater than one
week, does not cause corrosion, and if catalyst
attrition is not a problem, then the system may
have considerable commercial significance.
However, the relative simplicity and high
stability of the catalyst components in the
Wacker catalyst system may mean that it is difficult to apply this technology in a more general
fashion.
M.J.H.R.

Hydrogen Storage Material
Although iron-titanium is an excellent
material for hydrogen storage, it becomes deactivated after repeated charge-discharge cycles.
The mechanism of this phenomenon has been
determined by J. H. Sanders and B. J. Tatarchuk of Auburn University, Alabama, U.S.A.,
who have also investigated the use of thin
palladium films to protect the alloy from deactivation (Thin Solid Films, 1988,166,225-233;
3. Phys. F: Met, Phys., 1988, 18, (II),
L267-L270).
Deactivation is triggered by oxygen impurities in the hydrogen charging gas reacting
with titanium in the surface layer of the irontitanium matrix, forming titania and metallic
iron crystallites which are inert to reversible
hydrogen storage. However under the conditions of interest a thin g n m layer of palladium
provides an effective barrier to oxygen, preventing deactivation and so increasing the useful
life of the alloy. The integrity of the coating has
been verified by conversion electron MGssbauer
spectroscopy.
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Automobile Emission Control Systems
A REPORT FROM THE SAE INTERNATIONAL CONGRESS
The papers presented at the 1989 SAE International Congress, held in Detroit, Michigan,
U.S.A., from 27th February to 3rd March,
reflected the continuing lllgh interest both in
the extension of current technologies and in the
development of new applications for the
platinum group metals in automobile emission
control systems. The topics ranged from a
historical review of catalyst formulations,
through current issues such as the control of
hydrogen sulphide emissions from three-way
catalyst systems, to new and novel approaches
to emission control catalysis. In addition,
several papers dealt with the issue of diesel particulate control using catalyst systems.
In a special session dealing with the history of
the automobile and the environment, P. J.
Willson, M. L. Church and B. J. Cooper of
Johnson Matthey presented a historical review
of the evolution of the catalytic converter,
covering the development of the automotive
substrate, the design requirements for catalysts
using noble metals and improvements in the
canning systems used to contain the ceramic
substrate (SAE 890815).

take advantage of the lower pressure drop
afforded by these substrate systems.
Recent interest in non-platinum three-way
automotive emission control catalysts was
highlighted in a paper by J. C. Summers, J. J.
White and W. B. Williamson, of Allied Signal
Automotive Products, in which palladium-only
catalysts were compared to platinum +
rhodium catalysts under a variety of operating
conditions (SAE 890794). Vehicle evaluations
covered the U.S. Federal Test Procedure, the
Economic Commission for Europe (ECE) Procedure and the Japanese 10Mode Test. Vehicle
ageing studies were also conducted. Analysis of
the results showed that the palladium catalysts
were equivalent to the standard platinum +
rhodium catalysts, with the exception of slight
loss of control of nitrogen oxides. However it
must be noted that the palladium catalysts were
loaded at 3.5 times the concentration of the
platinum-containing catalyst.
A third paper on catalyst design dealt with a
novel approach which incorporated electrical
resistance heating into the converter to improve
catalyst cold-start performance. This work was
reported by K. H. Hellman, R. I. Bruetsch, G.
Catalyst Design and Durability
K. Piotrowski and W. D. Tallent of the U.S.
More recent work was reflected in three Environmental Protection Agency, and was
papers presented in other sessions dealing with targeted towards improvements in emission
issues of catalyst design, directed towards cost control capability for proposed tighter emission
reduction and performance improvement. D. regulation standards in the U.S.A. (SAE
Chen and C. E. Cole of General Motors Cor- 890799). In addition, potential use in cold
poration reported on a study of metal monoliths climate environments where additional heating
by a numerical simulation of conversion and of the catalyst substrate could prove beneficial
thermal responses for a platinum-rhodium in controlling emissions during cold-start was
monolith. The investigation considered an oval envisaged. The experiments were carried out
converter with a metal monolith substrate, and using two different conductive materials; the
the analysis accounted for transient inlet ex- fmt was an electricdy conducting silicon carhaust conditions and non-uniform inlet flow bide substrate system, the second an electrically
distributions (SAE 890798). Metal monolith conducting metal monolith system. Improveconverters are gradually finding increasing ments of 54 to 79 per cent were achieved during
applications in the automotive industry, par- cold-start operation by this approach.
The durability of catalytic converters was
ticularly where high performance engines can
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addressed in two papers, the first dealt with the
inter-relationshipbetween catalyst coating and
substrate properties while the second considered the impact of fuel additive on durability. S. T. Gulati of Corning Glass Works, J.
C. Summers, D. G. Linden and J. J. White of
Allied Signal Automotive Products compared
two catalyst coatings on Corning EX20 substrate with respect to performance and impact
on the physical integrity of the substrate system
(SAE 890796). A current production catalyst
was compared to an advanced high technology
catalyst, in which the washcoat loading had
been increased compared to that of the standard
catalyst. A 10 per cent increase in carbon
monoxide and nitrogen oxide conversion was
demonstrated with the new catalyst system. In
addition, the higher coating loading increased
the mechanical strength of the substrate
system. However, the coatings resulted in an
increase in the expansion of the substrate
system with a consequent reduction in thermal
shock parameter (a measure of thermal shock
resistance over that of the substrate itself). This
paper indicated that substrate and coating properties may interact either positively (strength)
or negatively (expansion), therefore catalyst and
substrate designers have great scope for improving the integrity of future converter substrate
coating combinations by cooperativework.
In the past methylcyclopentadienyl manganese tricarbonenyl (MMT) has been used as
a fuel additive for octane improvement, and its
impact on modem catalyst systems was
evaluated by R. G. Hurley, W.L. H. Watkins
and R. C. Griffis of the Ford Motor Company
(SAE 890582). A series of in-use catalysts
covering 22,000 to 43,000 miles of operation
were characterised to determine the effect of
MMT. The results of this characterisation work
showed the development of a 5 to 20
micrometres thick layer of Mn,O, over the
catalyst surface, sufficient to cause an increase
in mass transfer resistance to reacting pollutants. Steady state and light-off measurements indicated that the catalyst efficiency was
significantly reduced as exposure to MMT increased. The use of MMT in fuels is currently
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prohibited in the U.S.A. by a 1978ruling, but
there is a possibility that the Environmental
Protection Agency may be prepared to grant a
waiver to this; hence the importance of work
reported at this Congress.

Unregulated Emissions
and Diesel Exhaust Control
In the area of unregulated emissions, papers
were presented on the control of hydrogen sulphide emissions and the control of mutagenic
exhaust emission compounds from passenger
cars. E. Lox, B. Engler and E. Koberstein,
of Degussa, reported on the development of
scavenger-free three-way emission control
catalysts which gave reduced hydrogen sulphide formation (SAE 890795).Current threeway catalysts with low hydrogen sulphide emissions utilise nickel oxide, which several countries, especially in Western Europe, do not
recommend. It is therefore of interest to
develop scavenger-free catalysts, and this work
attempted to achieve this objective by minimising the storage of sulphur oxides, which lead to
hydrogen sulphide in the catalyst system. The
role of the catalyst age in the hydrogen sulphide
formation mechanism was also discussed.
The catalytic control of mutagenic exhaust
emissions from gasoline fuelled passenger cars
was described in a paper by P. R. Shore of
Ricardo Consulting Engineers and B. J. Cooper
of Johnson Matthey (SAE 890494). In this
study a vehicle equipped with a conventional
U.S. style three-way catalyst and closed loop
feedback control, and an advanced lean-bum
engine vehicle were evaluated for the catalytic
control of mutagenic polyaromatic and nitro
polyaromatic hydrocarbons. The former
vehicle was equipped with a platinum +
rhodium three-way catalyst, and the latter with
a platinum + palladium oxidation catalyst.
Both vehicles showed over 90 per cent reduction of mutagenic exhaust emissions over the
U.S. Federal Test Procedure, the ECE Test
Procedure and the proposed European High
Speed Cycle. In addition it was also shown that
aldehyde emissions from these vehicles were
also sufficiently reduced, including a large
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reduction in carcinogenic formaldehyde
emissions.
In the area of diesel exhaust control, B. J.
Cooper and J. E. Thoss of Johnson Matthey
demonstrated that excellent particulate trap
regeneration could be achieved, below 30o0C,
by the use of a platinum-based diesel catalyst
(SAE 890404). Furthermore, it was also proven
that the catalyst did not have to be in direct
contact with the diesel particulates for combustion of the particulates to be initiated. However, the disadvantage of this catalyst system
was its tendency to produce high levels of
sulphuric acid emission, due to the conversion
of fuel sulphur to sulphuric acid over the catalyst. It was, therefore, recommended that
significant reductions in diesel fuel sulphur
should be made to take advantage of the particulate combustion capability of such a system.

Air :Fuel Ratio Sensors
The use of catalysts in wide-range air : fuel
ratio sensors, to expand the detection range in
the rich air : fuel region, was described. by
H. Tanaka,S. Nishimura, S. Suzuki, M. Miki,
T. Harada, M. Kanamaru, N. Ichikawa and
S. Ueno, of Hitachi Limited (SAE 890299).
The paper concluded that the limiting cause of

detection in the rich air : fuel ratio region can
be identified as insufficient combustion of carbon monoxide and hydrogen with oxygen on
the electrode, thus preventing the realisation of
a diffusion limited state which is necessary to
detect the air : fuel ratio. This situation was
corrected by applying an improved diffusion
layer to decrease diffusion and increase combustion rate in an improved platinum electrode.
It was demonstrated that the detection limit
could be expanded to X=o.6 whereas that of a
conventional system is X =0.8.

Conclusion
Overall, the papers presented at this Congress reflected the continuing high level of
research and development involving the use of
the platinum group metals for vehicular emission control. The developments in substrate
technology, substrate coating interaction, new
techniques for cold-start emission control, the
use of catalysts and catalyst design for the control of currently unregulated emissions, the use
of platinum catalysts for diesel emissions control, and the use of platinum catalysts for improved sensor performance all show that significant advances in catalytic devices continue
B.J.C., R.M.K.
to be made.

Fuel Cell Developments and Future Potential
The nineteenth century invention and twentieth century development of fuel cell
technology are admirably covered in a recent
review (S. Srinivasan, J . Electrochem. SOC.,
1989, 136,(2), 41C-480. The key feature of a
fuel cell system is the electrochemicalcell stack,
and its components include the porous gas diffusion electrodes, the electrolyte and the
bipolar plate, and these are determined largely
by the primary fuel and by the temperature and
pressure of the system. Unless very hlgh
operating temperatures are used the performance of the electrodes depends upon the
characteristics of the electmatalyst, and
platinum or a platinum alloy is generally used.
The pioneering work of F. T. Bacon in the
early 1930s served as the foundation for the fuel
cells that successfully provided auxiliary power
on the Apollo space vehicles. Fuel cells
developed from these earlier models provide
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the main electrical power supplies for the Orbitor space shuttles, and their success has led to
a European programme to consider fuel cell
generators for the Hermes reusable space craft.
The energy crisis of 1973 gave a significant
boost to the development of fuel cells for terrestrial applications, and the continuing need to
conserve petroleum fuels reinforced by the current interest in low pollution energy generation
has helped to sustain major development programmes in America, Japan and Europe.
This useful review concludes by giving a
most interesting prognosis of the economics
and applications of fuel cell systems, and
therefore at least in the short to medium term
for platinum-containing electrocatalysts. It is
suggested that lower manufacturing costs and
higher fossil fuel prices make fuel cell systems
most attractive for terrestrial use in the
developing countries.
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Properties of Binary Rhodium Alloys
By J. R. Handley
Johnson Matthey, Materials Technology Division, Wembley

Rhodium has a higher meltingpoint, greater specific strength and better
oxidation resistance than most of the refractory and platinum group
metals but, to date, neither rhodium nor its alloys have found wide application as structural materials. h r i n g a recent study of rhodium alloys
a vast amount of data was collected, and a selection of this information
is recorded here. An investigation of the mechanical properties of some
of these alloys indicates that a number of them could be useful for specific
applications that take place under arduous conditions.

Crucibles made of rhodium have found
limited use, specifically during the growth of
calcium tungstate (CaWO,) and barium
metatitanate (BaTiO,) single crystals, being
selected for this application because rhodium
maintains its shape better than zirconia grain
stabilised (ZGS) platinum alloys at the
operating temperature range of 1610to 1650OC
(I).Additionally a number of rhodium alloys
have been considered as structural materials for
use in the glass industry, but they did not find
practical application because rhodium dissolved
from the fabricated product and discoloured
the glass. Now, however, advances in metal
melting technology have made it possible to
produce a large number of new rhodium alloys,
the development and properties of which are
summarised here.
At the start of this investigation a survey of
published information revealed that most
elements have a solid solubility of 2 to 15
atomic per cent in rhodium, as shown by their
phase diagrams, but only limited information
about the mechanical properties of rhodium
alloys was discovered (2-7). For this reason a
series of dilute rhodium alloys was prepared by
argon arc melting pure elements. These alloys
are listed in Table I. The concentration of the
additional elements was I weight per cent,
which for most alloys is below the solid solubility limit and thus prevents precipitation of a
second phase. The cast alloys were then
fabricated into sheets, and their stress rupture
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properties determined at loadings of I 10to 345
bar, at temperatures of 1200,1300and 1400~C.
As a result of an initial study, further alloys
were then prepared to enable the effect of the
concentration of refractory group metals and
indium upon the creep life of these rhodium
alloys to be determined.
As-cast hardness values for binary rhodium
alloys containing I weight per cent of the alloying element are given in Table I. Most elements
produced a small hardness increase of 20 to 70
Hv, compared to the figure for pure rhodium.
However, the addition of boron, selenium or
cerium resulted in a significant increase in
hardness, to 665,446 and 304 Hv, respectively;
but of these only the cerium alloy was
workable. Later the amount of the alloying element was reduced to 0.5 weight per cent for the
hafnium, gadolinium and dysprosium alloys,
and to 0.I weight per cent for boron-, sulphurand phosphorus-containing rhodium alloys,
because higher concentrations made the alloys
unworkable.
The addition of 0.5 weight per cent hafnium
and I weight per cent tungsten, rhenium,
platinum or ruthenium improved the cold formability of annealed hot-rolled rhodium sheet,
as shown by the cupping test results given in
Table 11.
The principal mode of oxidation of rhodium
alloys at temperatures of 1200and 1400OCwas
by grain boundary diffusion and internal oxidation. Alloys which contained hafnium, niobium
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or zirconium developed the most protective
oxide layer. The surface of the hafniumcontaining alloy revealed slight pitting, and the
oxide layer which had formed after 281 hours at
temperature was only 0.002mm thick, compared with 0.1 to 0.3mm for the other refractory group metals. Initial calculations based on
thickness measurements made of the oxide
layers formed at 1200OC on alloys containing
refractory group metals revealed that the rate of
oxidation was controlled by the diffusion of the
alloying element. The protective oxide layer
which formed on zirconium alloys made them
very difficult to weld during fabrication trials.
Most of the alloys revealed an increased weight
as the alloying element was converted into
oxide.
Glass compatibility tests showed that several
of the alloys listed in Table I11 did not colour
liquid crown glass at 1200~C.Apparently the
dissolution of rhodium into the liquid glass had
been prevented by either the alloying element
or by the formation of a protective oxide layer
which prevented colouration of the liquid glass.
The only alloy which did not display a substantially increased contact angle with this glass was
I weight per cent gold-rhodium.
At both 1200 and 140o0C, the effect of most
alloying elements was to increase the stress rupture life compared to that of rhodium, at a
loading of 345 bar (Table IV). The alloys with
the longest creep lives at 120o0C were those
containing scandium, zirconium, holmium and
lutetium, and at 1400OCniobium and tantalum.
The creep resistance of these rhodium alloys
was less than that of ZGS 10per cent rhodiumplatinum; the elongation to fracture for the
rhodium alloys was a minimum of 3.9 per cent
at 1200OC, and 6.6 per cent at 1400OC, compared with 0.1 per cent for ZGS 10 per cent
rhodium-platinum at both these test temperatures. During creep testing rhodium alloys
became very brittle due to grain boundary
cavitation. This embrittlement may limit the
usefulness of these rhodium alloys, as they
would not be suitable for use in highly stressed
components.
The effect of the concentration of refractory
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Fig. 1 The stress rupture life of rhodium
alloys, at a temperature of 120OOC and a
loading of 345 bar, varies with the concentration of Group IVB alloying elements

1

i

CONCENTRATION,weight per cent

Fig. 2 The stress rupture life of rhodium
alloys at 1200OC and 345 bar varies with
the concentration of the Group VB
elements and chromium

2
4
6
CONCENTRATION, weight per cent

Fig. 3 Variations in the stresa rupture
life of rhodium alloyed with Group VIB
elements, tantalum and indium, at
12OO0C and 345 bar. The latter alloy
achieves a maximum life at about 2 weight
per cent indium

group metals and indium on creep life at
120oOC and a loading of 345 bar is shown in
Figures I to 3. As the concentrationof hafnium,
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Stress Rupture Properties of Binary Alloys of Rhodium, Containing 1 Weight Per Cent of the Second Element,
at a Loading of 345 bar and at temperatures of 120OOC (upper) and 140OOC (lower)

tb
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10.m
STRESS RUPTURE LIFE, hours

lo&

Fig. 4 The stress rupture properties of
hafnium-and niobium-containing rhodium
alloys at 12OOOC are generally superior to
tho= of rhodium, but inferior to those of
ZGS 10 per cent rhodium-platinum alloy
at low stress

zirconium, niobium, vanadium and indium was
increased, a maximum stress rupture life was
reached for each alloy. These maxima may have
been produced by the optimum dispersion of
oxide particle size and distribution. At higher
concentrations the stress rupture life decreased
as the oxide particle size distribution exceeded
the optimum, and promoted large particles at
the grain boundaries which acted as crack
initiators. The alloys containing titanium,
chromium and molybdenum revealed an initial
peak in the stress rupture life, and then a higher
secondary peak;this effect may have been caused by the precipitation of a second metallic
phase. The maximum creep life of alloys containing tungsten and tantalum was less affected
by concentration and may have been caused by
solid solution hardening. Small additions of 0. I
per cent boron or 0.1 per cent carbon to
rhodium increased the creep life from 0.6hours
to 13.3 hours and 25.1 hours, respectively, at
1z0oOCand a loading of 345 bar. At 140o0C,
the maximum creep life of alloys containing
titanium,
zirconium,
vanadium
and
molybdenum occurred with higher concentrations of the alloying elements, this data being
collected in Table V.
At applied stress values of IIO and 207 bar
the rhodium alloys are weaker than ZGS 10per
cent rhodium-platinum, at 120o0C,as is shown
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in Figure 4. At the relatively low stress of I 10
bar, the most effective alloy addition was 0.1
weight per cent silicon, this alloy having a creep
life of 2147.6hours (Table VI). The premature
failure of rhodium alloys at these low stress
values was due to oxygen diffusion. This caused
oxidation of the alloying elements, and the
resultant large oxide particles acted as crack initiators; in addition the oxygen caused cavitation to occur at grain boundary triple points.
The effect of temperature upon the
mechanical properties of a 0.75 per cent
niobium-rhodium alloy is shown in Figure 5.
Both proof stress and tensile strength decreased
rapidly at v°C, with the onset of recovery.
Nevertheless this alloy was twice as strong as a
cobalt based alloy from which most spinner
baskets used for the manufacture of continuous
fibres are generally made, and had a strength to
weight ratio of 1.22bar/g compared with 1.05
bar/g for the cobalt based alloy.

Discussion
If the Lewis acid base stabilisation theory is
applied for oxides (S), it can be used to explain
the improvement in stress rupture lives of
dilute solutions of the transition metals zirconium, hafnium and niobium binary alloys.
This shows that the improvement in the creep
strength of binary rhodium alloys with refractory group metals can be explained by examining the binding energy of AB compounds
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Fig. 5 The tensile properties of 0.75 per
cent niobium-rhodium vary significantly
with temperature, both 0.2%proof stress
0 and tensile strength A decreasing markedly at about 9OOOC
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Variations in the Stress Rupture Properties of Binary Alloys of Rhodium
with Composition, Temperature and Loading
Loading, bar
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weight
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Temperature,

1.0 Carbon
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5.6

2.6

1.5 Gadolinium
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1.0 Holmium
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S.R.L. = stress rupture life

between these metals. Group I11 and IV
elements such as scandium and zirconium produced the largest binding energy with rhodium,
and they also produced the longest stress NPm e lives.
The stress rupture results show that at high
loadings some rhodium alloys are superior to
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ZGS 10 per cent rhodium-platinum, but at
lower loadings failure occurs more rapidly
because of inherent grain boundary weakness.
At high loadings the creep life is dependent
upon the particle size distribution and the grain
size. Alloys which internally oxidised rapidly,
such as scandium-rhodium, and which had a
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very small grain size and a fine oxide particle
size distribution, produced the longest creep
life. At lower stresses creep failure was dependent upon the strength of the grain boundaries
and upon microslip and diffusion. Under these
conditions the rhodium alloys failed more
quickly than ZGS 10 per cent rhodiumplatinum, due to rapid diffusion of oxygen
which caused internal oxidation and produced
large oxide particles which acted as crack initiators. These oxides also prevented grain
boundary sliding and microslip and recovery
which would have prevented cavitation at the
triple points. Failure occurred rapidly in alloys
which contained elements that form volatile
oxides, such as tungsten, carbon and sulphur,
or which develop a non-protective oxide layer.
These volatile oxides either promoted void formation or failed to prevent oxygen diffusing to
existing voids at the grain boundaries. It is
thought that the improvement in the creep life

caused by the addition of indium may have increased the grain boundary cohesion.

Conclusions
This study has shown that it is now possible
to manufacture many binary rhodium alloys,
some of which have properties that may be
useful commercially. For example, it is possible
to make a rhodium alloy which will not colour
glass, and which can be fabricated into products with an acceptable creep life. At high
stress several of these rhodium alloys have a
creep life superior to that of ZGS 10 per cent
rhodium-platinum.
In addition, on certain rhodium alloys it is
possible to produce a protective oxide layer
which prevents the metal loss normally
associated with the platinum group metals.
A similar account of work on ternary and
other complex rhodium alloys will appear in a
subsequent issue of this journal.
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Tribological Properties of Thin Platinum Coatings
It is known that the sliding wear behaviour of
hard metals can be improved by coating one or
both of the contacting surfaces with a thin layer
of a soft metal, but this advantage can be lost
by, for example, the formation of oxide or corrosion products. Therefore platinum with an
annealed hardness of 48Hv and notable
environmental stability would appear to be a
suitable material for tribological applications,
and the results of an investigation carried out at
the National Institute for Materials Research,
C.S.I.R., Pretoria, support this assumption
(“The Use of Platinum in Thin Tribological
Coatings”, A. Wells and D. J. de Wet, Wear,
198%127, (31, 269-2811.
Their wear tests were carried out using a ballon-flat rig; however the applied load was higher
than that normally used for such tribological
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experiments. Alumina or steel spheres were
used, the latter in both the uncoated condition
and after sputter ion plating with platinum.
The flat steel specimens were in the uncoated
condition, or coated with platinum by sputtering, or by deposition from fused salt or aqueous
electrolytes.
Both lubricated and dry surfaces were
investigated in air at room temperature, and
representative results are presented. Alumina
sliders rapidly eroded thin platinum coatings,
however on sliding steel surfaces the use of
platinum reduced the coefficient of friction and
the wear damage, and it is concluded that when
the topography of the surface provides sinks for
wear debris and reservoirs for lubricants, the
use of thin platinum coatings on steel can provide excellent sliding properties.
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Separating Platinum from Gold
During the Early Eighteenth Century
THE METHODS USED IN SPANISH SOUTH AMERICA

By Professor L. F. Capithn-Vallvey
Department of Analytical Chemistry, University of Granada, Spain
Following the discovery of platinum in the Viceroyalty of New Granada
at the beginning of the 18th Century, its use to degrade gold forced the
colonial authorities to improve their existing methods of separating and
analysing the precious metals. Using information from the Royal Mint of
Santa F6 de Bogota, the various ways of separating these metals are now
considered, including the little-knuwn method of inquartation.

Even before the discovery of the Americas
by European explorers, elementary platinum
metallurgy was apparently known to some of
the indigenous population of the central region
of New Granada; an area, shown alongside on
a rare 18th century map, which was never fully
integrated into the Inca world, and which now
constitutes the southern part of Colombia and
the northern part of Equador. Following the
conquest of the New World by European invaders, however, this information appears to
have been lost.
The somewhat late discovery of platina in the
Chocd area of the New Granada viceroyalty,
during the 18th century, was due to several factors. This area had remained relatively isolated
from Spanish penetration because of the mountainous terrain, high temperatures, heavy rainfall, numerous rivers and, above all, warlike
inhabitants. For these reasons, the extraction of
Chocdan gold from placer deposits and goldbearing veins did not begin until almost the
18th century, so it was only then that the existence of platina among the gold was recognised. Indeed the presence of platina in such an
important gold mining region constituted a problem for both the miners and the colonial
authorities.
However, platina could have been encountered as early as 1690, when the
platiniferous area around Tad6 in the upper
part of the San Juan river valley was first work-
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ed. Its presence in the gold obtained from
alluvial deposits would have been noted by the
miners, by employees of the Novita and CitarA
foundries, and by officials of the Royal Mints at
the administrative centres of Popayan, Mariquita and Santa Fc? de BogotB, where the gold
was melted.
Soon gold was being degraded by the
deliberate addition of platina, which was difficult to detect because of its similar density.
Indeed the first written reference to platina
noted that the mixing of platina and gold was
banned (I).
This contamination required the colonial
authorities to improve the existing methods of
identifying platina and of separating it from the
gold with which it occurred. Three methods
were available: amalgamation, inquartation and
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This is the first known account of the separation of gold from platina by the amalgamation process,
and it forms part of a Tad0 judge’s inquiry, dated 1721

melting. The inquartation method which was
used at the beginning of the 18th century is not
generally known today, although people are
more aware of the other two processes.
The first information about platina to reach
Europe was communicated by Antonio de Ulloa
(1716-1799, in the famous “Relaci6n
Hist6rica” (2). This was written as a result of
the French-Spanish geodesic expedition, whose
objective was to determine the shape of the
earth. Following this event, scientific investigation of platinum started in Europe in 1748, at
least half a century after some technical
knowledge of it had existed in New Granada.
The occurrence of platina in the Viceroyalty
of New Granada at the beginning of the 18th
century, the legal and technical problems that
it caused and the solutions provided at that time
are not well known today. Therefore in this article we will examine the methods used at that
time for the separation of platina from gold in
Spanish America.

Separation by Amalgamation
The amalgamation method of separation is
based upon the fact that the solubility of the
platinum group metals in mercury is low, while
the solubility of gold is high. Platinum and
palladium, the lower melting points metals in
the platinum group, form intermetallic compounds with mercury. Both show slight
solubility in mercury: 0.0008 and 0.2 weight
per cent for platinum and palladium, respectively, at a temperature of 3moC (3); although
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higher figures have been suggested for
platinum: 0. I and 0.2 weight per cent at 24 and
54OC, respectively (4). The platinum group
metals with the higher melting points, namely
osmium, iridium and ruthenium, do not form
intermetallic compounds with mercury as their
weight per cent
solubility is very small ( < 1 0 - ~
at 50oOC). Finally, rhodium shows a slightly
higher solubility than these (6x I O - ~ weight
per cent at 500°C), but it does not form compounds with mercury (3).
At the end of the amalgamation process, the
amalgams and any remaining mercury are
separated from the insoluble waste by filtration
through leather or various types of cloth, the
degree of separation being determined by the
pore size of the fitering medium (5). Thus, the
amalgamation process would be better for
separating osmium, iridium, ruthenium and
rhodium than for platinum and palladium.
However, all of them would, to some slight extent, form an amalgam with mercury and would
therefore be recovered with the gold.
In Spanish America treatment with mercury
was the usual means of isolating gold mined
from mineral veins. The process was not
necessary for gold recovered from placer
deposits, as Bernabe Cobo (1582-1657) noted
in his “Historia del Nuevo Mundo” (6):
“Gold is present in two forms:the first, pure and
perfect, does not need to be melted nor treated by
heat or mercury, and the second, in veins, like
silver, is firmly embedded in the rock.”

It was, however, necessary to demonstrate that
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alluvial gold which contained platina, could be
purified by amalgamation.
In the Choc6 area the amalgamation process
was carried out in shallow wooden or clay
washing pans or trays (bateas), where the finely
divided alloy was treated with mercury. After
that, it was separated by passing the amalgam
through filter cloths.
The recovery of gold from the amalgam was
carried out by distillation in an improvised furnace containing two different sized bateas,
arranged one above the other. A very hot
flagstone with the amalgam upon it, was placed
inside the furnace and then the volatilised mercury condensed on the upper batea and collected in the lower one, while the resulting gold
remained on the stone (7).
The first known reference to the use of the
amalgamation process to separate gold from
platina appears in a report dated 1721(8). It occurs in an account of a Tad6 judge’s inquiry, in
which he points out that he had been present
during a separation operation:
“The gold was washed and cleaned in my
p e n c e with mercury and gave two hundred and
fifty pounds and what appeared to be seven or
eight pounds of platina. The latter took place in
the presence of Captain Francisco Perea and
witnesses who hereby confirm that it came from
the San Juan river”.

On many occasions this amalgamation process has been quoted as being the only method
used for the separation of platina before a scientific interest in the platinum metals developed
in Europe during the second half of the 18th
century (9). However, this was erroneous.

A Separation Method Based
on Alloying
In the same way as gold, the platinum group
metals are very resistant to chemical reagents,
including acids, bases and halogens. This is due
to the thermodynamic stability of their
crystalline structures and also to the formation
of monoatomic layers of some oxides on the surface of the metals during the dissolution process, which renders them passive (10).
Nevertheless, the reactivity of the platinum
group metals is largely determined by their
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degree of dispersion in other metals, as well as
by the formation of intermetalliccompounds. It
also depends on the presence and type of impurities, particle size, metallurgical history and
dissolution technique employed.
Therefore, one way of breaking up compact
metals before dissolution is to alloy them with
a more active metal. In this way the dispersion
of the platinum group metals throughout the
metal, or the formation of intermetallic compounds which are soluble in mineral acids,
helps the dissolution process (I I , I 2). To assist
in the dissolution of the platinum group metals,
zinc (13-16), tin (12, 17), bismuth (12) and
silver (18-26) have been used.
In the case being considered here, the separation is based on a ternary silver-gold-platinum
alloy. In suitable proportions, this alloy is partially soluble in nitric acid which, of course,
leaves gold undissolved. In consequence, the
addition of the correct quantity of silver followed by treatment with nitric acid, will permit the
separation of the gold-platinum alloy.
This method of separation, from now on
referred to as the inquartation process, is very
similar to the apartado method, which, during
the time we are referring to, was used to
separate gold and silver, and was based upon
the selective dissolution of silver in nitric acid.

The Inquartation Method
in Europe
The inquartation method of separating gold
and platinum was investigated in Europe by
several scientists. The first of these was the
Frenchman Mathieu Tillet, (1714-1791), the
Royal Commissioner for Assays and Refining at
the Paris Mint, who in 1779 published three articles about this method (23, 24, 25). In these
he said that a good separation will always be
achieved if the metals are properly alloyed
(which can be obtained by cupellation), if the
proportion of platinum is low (0. I to 0.05 of the
gold), if the proportion of silver is high (two or
three times the amount of the remainder), and
if the nitric acid used is not concentrated.
Other authors including Vauquelin (26),
Debray (271, von der Ropp (22) and Vhes (28)
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LOSS

Copper addition?

PLATINUM
18 CARAT)

SILVER

SILVER, PLATINUM, PALLADIUM

I+

Treatment with nitric acid

I

; s a n d
(11,600 c")
SILVER-GOLD-PLATINUM
(14,500 C)

Remaining after decantation
IMPURE GOLD
(gold, platinum group metals, silver)
(2,900 0

I--

Addition of silver
in the ratio of 4 : 1

Soluble fraction
Ag+, Pt' +,
Pd2+

(58 (?)

(894 C-2 -0s

18 CARAT GOLD
(gold, silver)
(3,000c")

Removed by decantation

I

IMPURE GOLD
(gold, platinum group metals, silver)
(5,958 castellanos:(?)

Insoluble fraction
GOLD
(2,006 C"2 granos
18 CARAT)

also knew and studied this method, which is
given in various books as the customary method
of separation (18,29, 30).

An Earlier Record
by Sanchez de la Torre
Although usually attributed to Tillet, this
method of separation was certainly used in
Spanish America at least fifty-six years earlier.
It was described in a short report dated 15th
June, 1726 and signed by JoSe Sanchez de la
Torre
y
‘Orre
Armas’ who was the assayer at the
Royal Mint in b t a Fe de %Ot& now known
as Bogota (31).
nenote begins by stating its objective; in
translation the text reads:
“I, Don Joseph Sanchez de la Torre y Armas,
Assayer at the Real Casa de Monda give notice of
the gold which was handed over to me on behalf
of His Majesty by the Royal officers of this
Kingdom in six bars mixed with platina, which
weighed five thousand nine hundred and
eight castellanos for the purpose of separation,
which was carried out using the following
method”.

fm-

He then goes on to describe briefly how the
separation was performed. The method
employed was based upon the fact that in practice gold is not alloyed with the naturally occurring platinum complex, which remains dispersed throughout the gold (5). The method consisted of two basic stages, the progress of which
is shown in the Scheme.

Separation by the Melting Method
Initial heating melted only the gold, because
its melting point is substantially lower than that
of platina. The platina-containing grains remained unaltered and, because their density is
higher than that of gold, they sank to the bottom of the melting pot. Then decantation was
used to separate the first portion of “clean”
gold from the remainder. In this way the
purif~edgold, amounting to about halfthe sample, was separated from the impure remainder
(2900 castellanos), while 58 castellanos were
lost during the process. The separation was not
complete, however, because very small platinacontaining particles would have remained in
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The lower melting point and lower density of
gold, compared with thore of platina, formed the
barir of a method of reparation which according
to thir m p 0 dnted
~
1766 W M a U 8 d method O f
reparating there two materials

suspension in the gold, while others, containing
a high proportion of ruthenium, may also have
been present in the molten material due to their
low density (5).
Consideration of the analysis shows that the
composition of the “clean” gold separated out
by this method was 18 carat. In the first place,
this means that the original sample of impure
gold containing platina was 18 carat, because
only platina had been separated out during the
fusion process due to its density. Secondly, it
indicates that the 3000 catdanos were made up
of 2250 castellanos of pure gold (24carat) and
750 castellanos of perhaps silver or copper. We
believe that this was most probably silver,
because the next part of the procedure was
generally used to separate gold from silver. So,
melting could be considered as the third procedure for separating gold from platina. A
report from the Viceroyalty of New Granada
dated 1766says:
“by means of melting in the Mints, separate
platina is got from gold as a kind of slag” (32).

The Original Inquartation Method
The second stage of the separation concerned
the 2900 castellanos of impure gold remaining
behind after decantation, and which contained
the platinum group metals. The original composition of this material would have been approximately 52 gold, 23 platinum and 25 per
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Typical Range of Composition
of Platinum Ore from
the Chw6 Area, (38)
per cent

Platinum
Palladium
Rhodium
Iridium
Osmiridium

76.82-86.20
0.50- 1.66
1.22- 3.46
0.85- 2.52
0.95- 7.98

concentration of nitric acid were required for
this stage in the process to be camed out
satisfactorily. Sanchez de la Torre noted:
“Four and a half pounds of aqua fortis are needed
to separate five marks as the process required
repeated washing on account of resistance towards
separation or towards absorbing other platina,
causing a new alloy to form in some grains when
the platina has amalgamated and does not contain
sufficient silver for the aqua fortis to have effect.”

As a result of these operations the insoluble
fraction consisted of 2,006 castellanos of pure
gold and two granos considered to be 18 carat.

cent silver. Then the inquartation operation
took place, involving the addition of silver in
T h e Isolation of the Platina
the ratio of 4:I . After melting and homogenisaThe soluble fraction of the separation evention the molten silver-rich alloy was poured into
tually
yielded 894 castellanos of platina:
water, causing it to solidify as fine granules
with a composition of 10 gold, 5 platina and 85
“Such that the other five thousand nine hundred
and f ~ - e i g hcastellanos
t
of gold were reduced to
per cent silver.
fifty-eight
castellanos
of
wastage
and eight hunThese granules were then reacted with nitric
dred and ninety-four castellanos of platina”.
acid which dissolved the silver and the platina,
leaving the gold unaltered. The platinum group Referring to another separation, Sanchez de la
metals are not equally soluble, however, and Torre wrote:
probably only platinum and palladium would
“It also produced three hundred and twenty-five
have dissolved in the acid, leaving ruthenium,
castellanos of calcinated platina in grain, waste
from that which was consumed by the aqua fortis
rhodium, iridium and osmium undissolved; a
during the separation process”,
more energetic action being required for their
which
suggests the possibility of a process to
dissolution. However, when the composition of
separate
platina from silver in solution.
the ore from the Choc6 region is considered, see
However,
nothing is recorded in the note about
the Table, this degree of separation is quite
the
technique.
acceptable.
One method could have been to precipitate
As noted above,, a sufficient addition of
silver
and the platinum group metals together
silver, proper homogenisation and a suitable
from solution using metallic
copper. This was the system
used to collect silver after it had
been separated from gold in the
“beneficio de apartado” (33).
The mixture of silver and

This inquartation operation used
to eeparate gold and silver (35)
formed the baeir of the method
developed to separate platina
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platinum group metals precipitated in this way
could then be individually separated by treatment with nitric acid, after being melted and
grained. This separationwould be adequate, but
not complete as some platinum and other elements would be dissolved in the nitric acid (34).
Another possibility could have been to
separate the silver as silver chloride, and then to
precipitate the platinum group metals with copper or another metal. This was the method used
by Tillet many years later (24).

The Origin of Inquartation for
Platina Separation
It is possible that the discovery of this inquartation method of platina separation could have
been made by workers at the Royal Mint in
Santa F€. In any case the method was not well
known; however, its origin can be found in the
inquartation operation carried out to separate
gold and silver by the “apartado” method.
Ribaucourt said of inquartation:
“The various methods I have mentioned for
treating the alloy of these metals determine its
proportions in the paste or mass which is to be
separated. If the test shows that there k more or
less than three times as much Silver as gold in the
mass, it is not suitable for the aqua fortis separation process; but it is easy to add the necessary
amount of silver to make it up to the appropriate
proportions and this is how it is done. This stage
is called inquartation since it reduces the ratio of
gold in the total mass to a quarter.’Qs)

In the separation we are considering here, a little more silver is added-four marks of silver to
one mark of impure gold.

Errors in the Melting and

Inquartation Methods
Several mistakes could possibly occur in the
melting and inquartation methods of separation. If platina was alloyed with gold then it
would not separate in the first “beneficio” by
melting. Nevertheless only a very small amount
would be involved, as there is little tendency for
these elements to alloy. The same could happen
with very fine grains of platina, which, as noted
above, would not separate out by gravity but
would be decanted in the “clean” gold.
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We must also consider the fact that the
dissolution of silver and platina by nitric acid is
never complete. As has been said already, not
all of the platinum group metals are soluble in
nitric acid, indeed platina is not completely
dissolved by this method either.
Tillet gave positive errors in the range of 0.3
to I per cent in the separation of platinum from
the silver-gold-platinum alloy in which the
platinum varied from 2.2 to 2.9 per cent (24).
However, Vauquelin did not report errors if the
platinum content was less than 5 per cent (30);
interestingly, the proportion of platina in the
inquartation alloy which was reported on by
Sanchez de la Torre, was 5 per cent.

An Economic Comment
Using the costs given by Sanchez de la Torre
it is calculated that the additional separation
and purification processes required to remove
the platina would increase the cost of gold by
approximately 20 per cent (3 reales 12
maravedies is the cost of purification per
castellano and 17 reales 4 maravedies the value
of the gold purified). This, together with its illegal use to degrade gold, explains why platina
was then regarded by the colonial authorities as
a serious problem* Later Of course the Spanish
authorities made substantial amounts of metal
freely available to European scientific institutions, so encouraging aa continuing interest in
the investigation and application of the properties of platinum and its allied metals.
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Footnote
The following units of mass were used in the
original 18th century Spanish colonial documents.

Conversion figures where known, are given (37).
Pound = Peso = 46og, Mark = 2309, Castellano =
4.6g, Grano = 0.0648g.
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The Discoverers of Platinum Metallurgy
The early use of platinum as a jewellery
material, and the methods by which it was
fabricated by South American Indians has been
considered here previously (Platinum Metals
Rev.,1980,24, (4), 147-157). These Indians
occupied a coastal lowland area near the
present-day cities of Tumaco and Esmeraldas,
and examples of their work in platinum and
gold were fmt recovered from burial mounds
and cemeteries in the mid-19th century.
The datingof these objects has been difficult,
but it has been suggested that by the early
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centuries of the Christian era the necessary
platinum technology had been worked out. In
a recent publication Warwick Bray recounts
some of the archaeological discoveries made in
this region of Colombia and Ecuador (Aw%icas,
1988, 40, (6), 44-49). Among the artefacts
recovered from new excavations made by a
French-Ecuadorian team at La Tolita was a
scrap of sintered gold-platinum alloy sheet, and
as a result of their discoveries the history of
platinum metallurgy has been pushed back to
the second century B.C.,or perhaps earlier.
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ABSTRACTS
of current literature on the platinum metals and their alloys
PROPERTIES
Steady-State Kinetics of the Catalytic
Reduction of Nitrogen Dioxide by Carbon
Monoxide on Platinum
D. 1.WICKHAhl and B. E. KOEL, 3. Catd., 1988, 1 4 ,

207-216
Steady-state kinetics of NO, + CO reaction on
polycrystalline Pt foil, producing CO, +NO, have
been studied at pressures of I x 10- ’ - 5 x I O - ~Torr
and temperature of <4ooK. The CO, formation rate
was at least one order of magnitude less than for
CO + 0, and CO + NO reactions under similar conditions. The rate was first-order in CO pressure when
P c o / P ~ o , <0.25 and first-order in NO, pressure
when PcO/I”O,>I. When PCO/PNO,=o.I, activation energy was 7.zkcal/mol, consistent with CO+O,
reaction. When PCOIPNO= 1.5, activation energy
was 4.3kcal/mol, zgkcal~mol less than that for
CO+O, at low temperatures when the reaction was
first-order in oxidant.
(2),

CO Adsorption on P t ( l l 1 ) Modified with

Sulfur
3. Chem.
PhYS-, 198% 89, ( I & 7599-7608
Adsorption of CO on clean and S-covered P ~ ( I I I )
has been characterised by various techniques. Rate of
CO adsorption onp(zx2)0.25S/R(111) decreased by
a factor o f t and only one CO adsorption state with
maximum coverage, Bco=o.25CO/R was detected.
This was assigned to terminal-CO adsorbed on the
next nearest Pt atom and separated from S by
3.72 A. A lower CO binding energy compared to corresponding CO bonding on clean P ~ ( I I I ) was
,
observed. A reduction of the vibrational amplitude of
CO bending modes indicated a S-induced stiffening
of the CO surface motions.
M. KISHKINOVA, A. szm6 and J. f. YATES,

Electron Microscope Study on Martensitic Transformations in Fe-Pt Alloys:
General Features of Internal Structure
s. MUTO, R. OSHIMA and F. E. FUJITA, Metall. Trans.,
19% 19A, (II), 2723-2731
Martensitic transformations of Fe-Pt alloys near the
composition of Fe,Pt with various degrees of order
have been studied systematically by transmission
electron microscopy. The two types of martensitic
transformations, fcc-bct(bcc)and fcc-fct, were showa
to be independent and competitive. As the degree of
order of austenite (LI, superlattice) increased, the
dislocation density of bct(bcc) martensite was
remarkably reduced and the shape of internal twins
changed, which was related to thermoelastic
behaviour and reversibility of the transformation.
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Nuclear Magnetic Resonance Study of

Pt-Rh Bimetallic Clusters
z. WANG, J. -P.ANSERMET, c. P. SLICHTER and J.
SINFELT,

3. Chem. Soc., Faraday

H.

Trans.1, 1988, 84,

( I I ) ~3785-3802

Pulsed NMR studies have been used to study the
composition profde of Pt-Rhparticles and the electronic properties of the adsorption sites. Results
showed that each individual cluster contained both Pt
and Rh. For lower dispersion samples energydispersive spectroscopy showed that the centre of the
particles was pure Pt. Surface layer Pt concentration
has also been measured for higher dispersion
samples. 19JPt-13Cspin-echo double resonance
(SEDOR) was used to measure the fraction of Pt
atoms in the surface layer of clusters on which I 3 CO
was adsorbed. Results showed that the resonance frequency of I3 CO was independent of whether the CO
was bonded to Pt or Rh, and thus the ”CO frequency
shift was a non-local phenomenon, and corresponded
to that of pure Rh particles.

Coevaporation and Ion Implantation of
Pd5,Ti5,and Pt,,Ti,, on AISI Stainless
Steels for Reducing Wear and Friction
L. R. ZHENG, L. s. HUNG and J. w.MAYER, 3. Appl.
P~YS.,1989, 659 (I), 300-304
Pin-on-disk type wear tests have been conducted on
Pt,Ti,
and Pd,Ti,
alloy fdms deposited on
stainless steel and irradiated with ion beams. The additionofPt,Ti, andPd,Ti, reducedwearand friction. Implantation of Xe slightly improved
tribomechanical properties. Implantation of N
dramatically reduced wear and friction, due,
possibly, to nitride precipitation hardening and/or
formation of lubricious oxides during sliding. The asdeposited fdms were amorphous and transformed to
their corresponding intermetallic compounds on annealing. Sliding tests on amorphous and crystalline
films did not show a significant difference in friction
and wear behaviour.

Reaction of Thin Pd Films with Al(111)
and Al( 1 10) Surfaces
R. J. SMITH,A. W. DENIER VAN DER GON and 1. F. VAN
DER WEN, Phys. Rev. B, 1988, 38, (17),

12712-12715

Results from high-resolution ion backscattering
studies of Pd reaction with AI(I I I ) and Al( I 10) have
shown that alloy was formed on the surface for Pd
coverages from o to 7 x 10” atoms/cm’. A reaction
model is presented in which each Pd atom effectively
displaced one Al substrate atom, with an additional
two monolayers of disordered Al at the interface. A
Pd fdm ultimately grew on the reacted layer.
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Palladium-Cerium-Hydrogen Solid Solutions. I. Thermodynamic Properties. 11.
Kinetic Properties
M. YOSHIHARA

and

R. B. MCLELLAN,

Acta Metall.,

1988, 36, (Iz), 3217-3224; 3225-3229
Solubility isobars in the temperature range
625-1250K have been measured at H, pressure of
I.OIXIO’
Nm-’ for solutions of H in Pd-Ce
matrixes containing up to 12 at.% Ce. The partial enthalpies of the H atoms at any temperature showed a
minima as a function of Ce concentration. Hdiffusivity has been measured at 280-330K and
obeyed an Arrhenius relation with reciprocal
temperature and increased with increasing Ce content. The corresponding activation enthalpies progressively decreased. The kinetic and thermodynamic
behaviour was interpreted in terms of a cell model in
which the cells (interstitial sites) encompass two coordination shells of lattice atoms.

Surface Modification of Pd-Plated Ti
Alloys by Ion Beam Mixing
Y. CHEN, J. JIN,P. WANG, J. CHEN and Y. WANG,

Nucl.
Instrum. Methods Phys. Res., 1988, Bjq, ( I ) , 47-52
Studies on Ti-Pd surface alloys, prepared by bombarding a Pd-plated Ti alloy with Xe ions, have shown
that Pd distribution was homogeneous through the
thickness of the surface layer, a T i c hardening phase
was formed in the surface layer and a TiO, passive
fdm was present on the exposed surface. The corrosion rate of the Ti-Pd surface alloy in boiling H,SO,
was 1/60 that of the Ti alloy substrate and in the
outer-surface region it made a 3 orders of magnitude
improvement in corrosion rate. Many differences in
micromorphology between Ti-Pd surface alloy and
the Ti alloy substrate were observed after corrosion
testing. Microhardness of the surface alloy increased
43% and the dry friction coefficient decreased 40%
compared to the Ti alloy substrate.

-

The Partitioning of Alloying Elements in
Vacuum Arc Remelted, Pd-Modified PH
13-8 Mo alloys

Hydrogen Solubility
Yttrium Alloys

M. J. CIESLAK, J. A. VANDENAVYLE, M. J. CARR, C. R.

FLANAGAN,

HILLS and R. E. SEhlARGE, Metall. Trans., 1988, 19A,

in

Palladium-

Y. SAKAMOTO, K. KAJIHARA, Y. FUKUSAKI and T. B.

z. Phys.

Chem. Neue Folge, 1988, 159,

(11, 61-74

Pressure-compositionisotherms have been determinStudies of the partitioning of alloying elements in as- ed for the absorption of H by disordered Pd-Y alloys
(2-1oat.% y) at up to Imatm H, and at 273-534K.
vacuum arc remelted (VAR), Pd-modified PH 13-8
Mo stainless steels containing up to 1.02wt.% Pd The relative partial molar enthalpy, AHi, of solution
have shown that the microstructure at room of H at infinite dilution became more exothermic
temperature was duplex martensitic-ferritic. Addi- with increased Y content, showing analogous trends
tions of Pd to PH 13-8 Mo caused a small reduction to “expanded” Pd alloys. The partial molar entropy
in the amount of retained ferrite and an apparent of H,AS&, decreased with Y content. The apparent
solubility limit of -0.15wt.% Pd in ferrite was H-H attractive interaction decreased with Y content
observed. Pd partitioned strongly to the austenite and the activity coefficient of H increased. The stan(subsequent martensite) during solidification and dard enthalpy change for 0-hydride formation
cooling from solidus. The martensite StaR became more exothermic with Y content, and the entemperature, y, decreased with increasing Pd con- tropy change decreased slightly.
centration by 26OC per wt.% Pd. Partition ratios of
the other alloying elements were not affected by Pd The Kinetics and Mechanisms of Alkali
and were consistent with those previously observed in Metal-Promoted Dissociation: A Time
duplex Fe-G-Ni stainless steel solidification Resolved Study of NO Adsorption and
Reaction on
Potassium-Precovered
structures.
(121, 3063-3069

-

On the Penetration and Solution of
Hydrogen in Amorphous Pd80Ge20and
Pd Si 20 before and after Crystallization
G. JORGE, R. DURAND, R. FAURE

and

R. YAVARI,

3.

Less-Conmum Met., 1988, 145, (1-2), 383-393
A low-amplitude potentiostatic step method and an
impedance method have been used for the fmt time
to accurately determine diffusion coefficients (DH)
and bulk H concentrations (cH) in Pd,Ge, and
Pd,Si, amorphous (a-) alloys and their corresponding crystallised alloys. For a-Pd,Si,, DH values
increased with cH,
from O . ~ X I O - * to
1 . 7 x 1 o - ~ c m ~ s - then
~,
decreased slowly. This
behaviour has been attributed to the statistics of Hdefect interactions, followed by the effects of internal
stress. Similar behaviour was observed for a-Pd,Ge,
though CH values were slightly higher at the same
potential (the same equilibrium pressure).
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Rh(100)
L. 1. WHITMAN

and W.

HO,

3.Chem. Phys.,

1988,89,

(121, 7621-7645

A comprehensive characterisation of the coadsorption of NO and K on Rh(10o)at rmK has
been determined using LEED, AES, work function
change measurements, TPRS and TREELS. It has
been shown that the effects of alkali metals on all the
different steps along the reaction pathway leading to
dissociation (adsorption, interconversion among adsorption sites, desorption) play an important role in
the promotion of catalytic reactions. Adsorption of K
on Rh(10o) and K coverage calibration are described.
The determination of absolute NO coverages is explained. The NO sticking coefficient and maximum
coverage were determined as a function of K
precoverage. Individual NO adsorption sites were
determined, as well as the kinetics of the NO
dissociation reaction.
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CHEMICAL COMPOUNDS
Synthesis and Characterization of a New
Class of Organo-Polynuclear Complexes
Containing Cationic Palladium Atoms
and S. TAKAHASHI,
Chem. Lett. Jpn., 1988,(II), 1855-1856
Cationic organopdadium complexes having an extended structure are described as a new class of
organo-polynuclearcomplexes containing cationic Pd
atoms. The synthesis and properties of these complexes containing unique backbones of cationic Pd
atoms with regular arrangement and alternate
linkages of acetylene and bipyridyl, are R.ported.

K. ONITSUKA, €I
OGAWA,
.
T. JOH

In Situ Scanning Tunneling Microscopy
for Platinum Surfaces in Aqueous
S olutions
K. ITAYA, s. SUGAWARA and K. HIGAKI, 3. Phys.
Chem., 1988, 92, (17),6714-6718
Detailed in situ scanning tunnelling microscope
(STM)studies of fine structures of hemispherical Pt
particles electrodeposited on k h l y ordered pyrolytic
graphite revealed many irregular dislocations such as
steps and boundaries, and the presence of Pt
whiskers. The fmt in situ STM studies of Pt electrode surfaces activated by electrochemical potential
cycles in sulphuric acid are also reported. Very
regular parallel-terraces appeared after activation.

Iridium Liquid Crystal Complexes by Coordination of Non-Mesogenic Organic
Ligands

Peculiarities of Sorption of Platinum(I1)
Complexes on Hydrated Zirconium Dioxides from Aqueous Solutions
M. A. ESTERUELAS, L. A. ORO, E. SOLA, M. B. ROS and
s. A. SIMANOVA, G. s. KRYLOVA, E. s. BOICHINOVA and
J. L. SERRANO,~.Chem. Soc., Chem. Commun., 1989,
L. v. NIKOLSKAYA, Zh. Prikl. Khim., 1988,61,(IO),

(11, 55-56

2220-2223

The fmt family of Ir liquid crystal complexes
[IrCI(CO),Ll, where L is NC,H,-CH=N-C,H,R,
formed by the complexation of a non-mesogenic
organic ligand directly to the metal is reported. The
mesogenic complexes melted at similar or even lower
temperatures than their corresponding ligand and
showed a clear thermochromism to a red colour at
their melting points.

Studies of sorption properties of Zro, in aqueous
solution of K,[PtCl,l in the presence of various
background electrolytes showed that during sorption
of Pt(I1) on ZrO, from alkali metal salts (Na+,K+)
elecrolytes,the extraction of Pt(I1) decreased in order
of anions NO,-> SO,'-> Cl-. The effect of the
nature of background salt anions on the extraction of
Pt(I1) was determined by three factors which were the
relationship with regards to ZrO,, structural
behaviour and activation capacity of the initial
chlomomplex.

Synthetic Routes to New Polypyridyl
Complexes of Osmium(II)
E. M. KOBER, I. v. asp-,
B. P. SULLIVAN and T. J.
MEYER, Inotg. Chm., 1988,27, (25), 4587-4598

The complexes [OsI1(N-N),(L)(Lf)l"+,where N-N
is t,z'-bipyridine or I,Io-phenanthroline as
chromophoric acceptor, and L and L' are r-acid
ligands, and the complexes [Os"(N-N)(L),I"+,
where ligands L are not necessarily equivalent, have
been prepared by established and new methods. This
extended series of new photochemically and thermally stable photosensitisers have tunable redox properties and metal to ligand charge transfer excited-state
properties that can be varied systematicallyby changing the nonchromophoric ligands. The spectral, electrochemical and chemical properties of the Os(I1)
complexes were compared to those of Ru complexes.

ELECTROCHEMISTRY
SNIFTIRS with a Flow Cell: the Identification of the Reaction Intermediatesin
Methanol Oxidation at Pt Anodes
R. J. NICHOLS and A. BEWICK, Electrochim. AcU, 1988,

33, (111, 1691-1694
Adsorbed COH and C&OH have been identified as
the intermediates in CH,OH oxidation at Pt electrodes in acid solution using a spectrochemical flow
cell and SNIFTIRS, an external specular reflectance
method. The flow of solution prevented depletion of
the reactant in the thin electrolyte layer.
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Intermediates and Products of Ethanol
Oxidation on Platinum in Acid Solution
B. BITTINS-CMTANEO, S. WILHELM, E. CAITANEO, H.
BUSCHMANN and w. VIELSTICH, Ber. Bunsenges.
Phys. Chem., 1988,p, ( I I ) , 1210-1218

w.

Adsorption and anodic oxidation of EtOH on Pt electrodes in acidic solutions has been studied by three
independent methods. Fourier transform i.r.
reflection-absorption spectroscopy identified C o d
adsorbate at Pt electrodes, and thermal desorption
mass spectroscopy identified, in addition, CO%.
On-line mass spectroscopy showed CH, formation
occurred during the cathodic sweep of the voltammogram. The main products of EtOH oxidation from
the bulk were CO, and acetaldehyde.

Electro-Catalytic Activity on Supported
Platinum Crystallites for Oxygen Reduction in Sulphuric Acid
M. WATANABE, s. SAEGUSA and P. STONEHART, Chem.
Lett. Jim., 1988,(91, 1487-1490
Studies have shown that the "lost activity" of highly
dispersed Pt catalysts caused by the so-called
crystallite size effect can be recovered completely by
using a series of high surface area Gblack supports,
The apthat is even at Pt crystallite size of I.-.
parent specific activity for all dispersions was obtained when the intercrystallite distance was >20nm.
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Electrodeposition of Platinum Microparticles into Polyaniline Films with Electrocatalytic Applications

Voltammetric Stabilization of Electrofaceted (100)-Type Platinum Electrodes
in Acidic Solutions

K. M. KOST, D. E. BARTAK, B. W E E and T. KUWANA,
Anal. Chem., 1988, 60, (21), 2379-2384
Microparticles of Pt have been electrodeposited as a
3-dimensional array in fibril-type polyaniline (PA)
films on glassy C electrodes. These Pt/PA/C electrodes showed high activity for H, evolution and
CHIOH oxidation, and remarkable catalytic and
mechanical stability in acidic media. The PA films
contributed a substantial amount of charge during
CH, OH oxidation at potential 0 . 6 V vs. Ag/AgCI, and
also protected the Pt microparticles against particle
loss and contamination from the bulk solution.

s. A.

Dissolution of Platinum Anodes in
Sulphuric Acid Solution
K. -I. OTA, s. NISHIGORI and N. KAMIYA, J. Electroanal. Chem. Interfacial Electrochem., 1988, 257,
(I-2),

205-215

Studies of the Pt corrosion on H, SO,' aqueous sohtion made by measuring the weight loss showed that
rate of weight loss of the Pt anode in H ,SO, increased with increasing current density, temperature and
concentration of H, SO, up to IM (M=mol/dml). At
4ooC, the corrosion rate was proportional to the first
order of the current density and its value was 5pg
A-lh-'. The corrosion of Pt was retarded by the formation of an oxide layer.

-

Electrochemical Formation of Platinum1
Aluminium Surface Alloys
and E. GILEADI,
Denki Kagaku, 1988, 56, (9,339-346
Cyclic voltammetry studies of Pt electrodes in solutions of A12Br6 (1.oM) and KBr (o.8M) in
ethylbenzene have shown that two cathodic processes
can take place: reduction of the solvent and formation
of Pt-AI surface alloy. The Pt-AI alloy formation was
shown by an anodic peak when the cathodic limit of
the potential sweep was more negative than +0.2V
vs. a reversible AI electrode ( W E )in the same solution. The height of this peak was a measure of the
amount of alloy formed and increased as the cathodic
limit of the cyclic voltagram was made more negative.
The surface alloy maintained an open-circuit potential of +(zo-35)mV vs. W E .
I. BAHAIT, L. NACAMULLI-PIRAN

Study of the Methanol Adsorbates on
Pt(100) and P t ( l l 1 ) Single Crystal
Surfaces
w. VEILSTICH and u.
33, ( I I ) , 1 4 9 - 1 5 0 6
The formation of CHIOH adsorbate as a structure
sensitive process has been studied on reproducibly
prepared, clean and either well ordered (undisturbed)
or cycled (disturbed) Pt(10o) and R ( I I I )single
crystal electrodes. Essential differences were found.
The data is interpreted in terms of parallel pathways
to both COH and CO adsorbed intermediates.
B. BITTINS-CAITANEO, E. SANTOS,
LINKE, Electrochim. Acta, 1988,
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D. ALDABE DE BILMFS, M. c . GIORDANO and A.
ARVIA, Can. J . Chem., 1988, 66, (9), 2259-2267

I.

The voltammetric stabilisation of electrofaceted
(100)-type Pt electrodes has been followed by conventional voltammetry in the H-electroadsorptiodelectrodesorption potential range in IM H,SO,
(o-35OC) or o.5M HCIO, (-2-35OC). The influence
of CO adsorption was studied. Two well-defined
stabilisation profiles at O.IV/Scorresponding to Hand 0-adsorption stabilised electrofaceted (roo)-type
Pt, were observed. The changes in conventional
voltammetric profiles were associated with adsorption
or electroadsorption processes. The influenceof competitive adsorption between anions in the electrolyte
and H-adatoms is reported. The influence of
temperature was less than that of solution structure at
the electrode/solution interface.

Catalytic
Catalytic Behaviour Of the Electrode
Electrode in Oxidationn Processes of
Methanol and F O h c Acid- 1- Activity of
the Palladium Electrode. 2. Activity of
the Palladium Electrode, Modified on its
Surface by Traces of Other Metals
A. MYOR, p. REGULL and L. ~ C T O R I ,Afindod, 1988,
45, (417), 4I I-4I6; 417-421

Cyclic voltammetry has been used to study the
catalytic activity of a Pd electrode in acid (o.5M
HZso,) and alkali (IM KoH) media, and a pd electrode modified with diverse metals, for the oxidation
of CHIOH and HC0,H. Oxidation of CH,OH was
not catalysed by Pd in acidic medium. Formation of
strongly adsorbed organic intermediates which blocked the electrode surface is also reported and depended
on the limiting anodic potential. Electrodes modified
with Cd and TI showed increased activity due to inhibition of formation of poisoning organic species.

The Generalized Lewis Acid-Base Titration of Palladium and Niobium
and L. BREWER, Metall. Trans., 1988, 19B,
(6), 8 9 3 - 9 1 7
An electronic interaction model analogous to the
Lewis acid-base concept for non-transition elements
has been used to explain the high thermodynamic
stability of Nb-Rh, Ti-Pd and Ti-Rh alloys. The
analogy was demonstrated by titration of Pd by addition of Nb. The activity of Nb in solid Pd was
measured as a function of concentration using solid
state galvanic cells, PtMbO,, Nb,O,.,N-doped
Tho,Mboy,Nb(pd)/Pt, and study of ternary phase
diagrams for Pd-Nb-0 and Rh-Nb-0. Thermochemical data for the alloys studied is reported.
Results showed that both the nuclear charge of the
atom and the crystal field splitting of the valence orbitals significantly affected the basicity of the
platinum group metals. The results were consistent
with a generalised Lewis acid-base concept.

M. CIMA
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PHOTOCONVERSION
Suspensions of Semiconductors with
Microheterojunctions-AA New Type of
Highly Efficient Photocatalyst for
Dihydrogen Production from Solution of
Hydrogen Sulphide and Sulphide Ions
and V. N. PARMON,
Int. 3. Hydtogen Energy, 1989, 14, (I), 1-9
Active photocatalysts have been prepared with ease
by developing suspensions of semiconductors with
heterojunctions. Additions of colloidal Pt to a suspension of Zno,,,Cd,,,S/Cu,S increased the rate of
photocatalytic H, production from a solution of Szand SO,,-, and a record quantum yield of
~(H)=o.~~o.os
is reported. The system PtZn,,,Cd,,,S/Cu,S provided a wide spectrum of action and a much higher efficiency of solar energy conversion in comparison to a CdS photocatalyst used for
HI formation from S’- and SO, -solution.
E. N. SAWNOV, YU. A. GRUZDKOV

Pt-TiO’ Thin Films on Glass Substrates
as EGcient Photocatalysts
M. TAKAHASHI, K. MITA, H. TOYUKI and M. KUME, 3.

Muter. Sci., 1989, 14, (I), 243-246
The photocatalytic activity of Pt-TiOl thin films
(20-10onm thickness) prepared on Vycor glass
substrates by spray-coating has been studied through
the CH, OH dehydrogenationreaction. X-ray diffraction observations revealed a dramatic increase in activity for film thickness of > -5onm, on the
formation of anatase. Below 50nm amorphous TiO,
was formed. Compared with Pt-TiO, powders the
thin f h s showed a remarkable improvement in
photocatalytic activity due to the high dispersion of
the catalyst.

Absorption Spectra, Luminescence Properties and ElectrochemicalBehaviour of
Two New Cyclometallated Palladium@)
NTew Type of
Complexes
D. SANDRINI, M. MAESTRI, M. CIANO, V. BALZANI, R.
LUEOEND, C. DEUSCHELCORNIOLEY, L. CHASSOT and A.
VON ZELEWSKY, G m . Chim. hd., 1988, 118, (9),

661-665
Results from Studies of cyclometallated Pt(phpz),
and Pt@hpz)(thpy), where phpz- and thpy- are the
ortho-Gdeprotonated forms of I -phenylpyrazole
and 2-2’ (thienyl)pyridine, have been compared with
those for free protonated hgands and the previously
studied Pt(thpy), complex. The complex
Pt(phpz)(thpy) showed a very high luminescence
10 times that of
quantum yield (@,=0.4;
[Ru(bpy),I’+)
and
lo?
lived
(7=15ps)
luminescence even in fluid solution at mom
temperature. Luminescence originated from the
lowest metal-to-ligand charge transfer (MLCT) state
and involved the more easily reduced thpy-. Correlations between spectroscopic and electrochemical
data are discussed.

Direct Current Electrochemiluminescence of Ru(bpy),

’

+

R. IGARASHI, Y. NOSAKA, H. MIYAMA, M. KANEKO and
M. YOKOYAMA,
Elecmhem. Soc., 1988, 135, (IZ),

3.

2987-2990
Direct current (dc) electrochemiluminescence(ECL)
of Ru(bpy),
(bpy is 1,2’-bipyridine) has been
observed in acetonitrile solution by using an Al-sheet
working electrode at negative potential. The dc ECL
originated from the excited state of Ru(bpy),’+.
Continuous emission of ECL was observed over all of
the sheet cathode, and response time of the
luminescence was faster than that of alternating current ECL.
+

Polymerized Micelle-Protected Platinum
Clusters. Preparation and Application to
Catalyst for Visible Light-Induced The Dependence of the Redox Potentials
in the System Ru[(CnH2,,+,)2bpyI + I 3 + /
Hydrogen Generation
Methylviologen’ + I + on the Hydrocarbon
N. TOSHIMA, T. TAKAHASHI and H.H I M , 3. MaCrontol.
Chain Length and on the Ratio of Water
Sci.-Chem., 1988, A q , (5-7), 669-686
Micelle-protected Pt clusters have been successfully and Acetonitrile in the Solvent
prepared by photoreduction of H,PtCl, in H 2 0 in
the presence of unsaturated surfactants, which
facilitated radical polymerisation of the micelle. The
Pt clusters proved to be highly active catalysts for
visible light-induced HZ generation in the system
EDTA/Ru(bpy), * +/MV’ (where MV’ is methyl
viologen; bpy is z,z’-bipyridine; EDTA is
ethylenediaminetetraacetic acid). These Pt clusters
showed higher activity than linear polymer protected
clusters. Non-ionic polymer systems enhanced
catalytic activity compared to those which had
hydrophilic ionic groups. The non-ionic polymerised
micelle formed rigid hydrophobic cores which helped
charge separation and formation of a sequential
potential field: excited Ru(bpy), in aqueous phase
> M V +near the micelle surface > Pt cluster near
the centre of the micelle.
+

+

+
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and H. RAU, Bet. Bunsenges.
Phys. Chem., 1988, 91, (11), 1380-1383
Cyclic voltammetry in acetonitrile has shown that
there was a marked decrease of the redox potential of
Ru[(GH,,+ ,),bpyl, (bpy is 2,z’-bipyridine;
n=o,1,5,7) on hydrocarbon substitution but the
chain length had no strong effect. The free enthalpy
of electron transfer reaction between oxidised complexes and reduced methylviologen was obtained for
different H2O/acetonitrile compositions. The electron transfer was less exergonic for the substituted
complexes and the AGO vs. solvent composition plot
showed a minimum for the unsubsututed and
methyl-substituted complex. The effect of the supporting electrolyte on AGO is reported for the methylsubstituted complex. The relevance of these results
for photo-induced electron transfer is given.
G. GREINER, M. WORNER
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Photocurrent Measurements at the Interface between Two Immiscible Electrolyte
Solutions

Laser-Induced Selective Copper Deposition on Polyimide

F. L. THOMSON, L. J. YELLOWLEES and H. H. GIRAULT,

Phys. Lett., 1988, 53, (21), 2111-2113
The selective deposition of catalyticamounts of Pd on
polyimide by laser irradiation of organometallic Pd
compounds with an Ar ion laser at 35Inm is reported.
Subsequent electroless Cu deposition was catalysed
by a few monolayers of the deposited Pd, producing
smooth Cu lines. Fast scanning rates of a few cm/s
were achieved. The process constitutes a fast direct
writing technique useful in packaging applicationsfor
high-density discretionary interconnects.

3.

Chem. SOC., Chem. Commun., 1988, (23),
1547-1 549
The electrochemical measurement of a photocurrent
has been successfully achieved using the
[Ru(bpy),l*+/C7Vz+ system (bpy is 2,2’bipyridine; C, V is heptyI-4,4’-bipyridinium)across a
liquidiliquid interface, with the organic phase containing the quencher C,V’ and the aqueous phase
containing the sensitiser [Ru(bpy),1 .
+

+

ELECTRODEPOSITION AND
SURFACE COATINGS
A New Pure Palladium Electrodeposit for
Electronic Applications
A. BLAIR, G. KARUSTIS

and J.

WILCOX,

Trans. Inst.

Met. Finish., 1989, 67, (I), 10-12
A new Pd electroplating bath has been developed
which operates at high deposition speeds (4.5pdmin
was achieved comfortably) and over wide pH and
temperature ranges, without excessive maintenance
or operator discomfort. The bath consisted of a combination of a stable Pd complex, a simple conducting
salt which did not hydrolyse and a salt buffer which
was especially effective at inert anode surfaces where
local pH tends to fall dramatically due to destruction
of OH- ions. The cathode efficiency was 85%.

-

Initiation of Electroless Copper Plating
Using Pd+ /Poly(acrylic acid) Films
R. L. JACKSON, J.

Electrochem. SOc., 1988, 135, (I2),
3172-3173
A new method for the initiation of electrolessdeposition of Cu onto dielectric substances using Pd*+/poly(acry1ic acid) fdms is reported. A printed circuit
board substrate was coated with a thin fdm of poly(acry1ic acid) by dip-coating. The carboxyl groups
of the poly(acry1ic acid) fdm were then complexed
with Pd2 upon immersion in aqueous PdSO,. On
subsequent immersion in the electroless Cu plating
bath the Pd’+ was reduced to Pd’, forming the active catalyst for initiation of Cu plating.
+

Electrodeposition of Palladium-Nickel
Coatings from Sulphamate Electrolytes
and Z. V. IVANOVA,
Ukr. Khim. Zh. (Russ. Ed.), 1988, 54, (12),
1284-1286
The cp-20°hPd-Ni alloys were prepared by electrodeposition from sulphamate electrolyte containing
Pd and Ni chlorides in the metal ratio of 8-10 and
25-30, respectively, NH,-sulphamate 60-130,
NH,CI 50-100, in 25% NH,, .pH 8.3-8.5, at
25-3soC and cathodic current density of 2-3Aldm’.
The microhardness of the Pd-Ni coatings was
1.7-2.0 times higher than that of Pd coatings.

L. I. KADANER, T. V. SLWSARSKAYA
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H. S. COLE, Y. S. LIU, 1. W . ROSE and R. GUIDA,

Appl.

APPARATUS AND TECHNIQUE
High Performance Micro-Enzyme Sensor
Using Platinized Microelectrode
Y. IKARIYAMA, s. Y m u c m , M. AIZAWA, T. YUKIASHI
Bull. Chem. SOc. Jpn., 1988, 61,
3525-3530
A unique micro-enzyme sensor for the determination
of glucose has been fabricated by incorporating
glucose oxidase into the micropores of a platinised
microelectrode of diameter (d) from 10 to zoopm.
Electrodes with d>sopm had a detection limit of
5 x 10-’ molA for glucose and showed excellent
linearity in the concentration range 5 x 10-7to 10molil. For d = Iopm, the detection limit was 10-’
mol/l and linearity range 10-’to S X I O - ’ mol/l.
Sensor response time was <3s for all samples, and the
coefficient of variation for glucose (I&)
detennination was within 2%. Sensor output was stable over
four weeks.

and

H. USHIODA,

(IO),

Catalytic-Adsorptive Stripping Voltammetric Measurements of Hydrazines
J. WANG and z. TAHA, Talanta, 1988, 35, (I2),
965-968
Voltammetric determinations of hydrazines based on
their H, catalytic wave in formaldehyde-R-sulphuric
acid media, is reported. Compared to conventional
(anodic) measurements this method showed enhanced sensitivitydue to adsorption of Pt-formazonecomplex on the hanging Hg drop electrode, (JIM
concentrations of simple hydrazines were determined), and showed better selectivity as oxidisable compounds do not interfere.

Catalytic Removal of Hydrogen
A. K. C H A K R A J ~ R TKerntechnik,
Y,

1988,53, (I), 53-54
A passive device based on the catalytictransformation
of H, to H,O has been designed for reducing the
potential danger of H, burning in the containment of
a reactor during a severe accident. The device was
based on a sandwich foil of Pt,Ru(20nm) on
Pd(I0onm) on V(30pn) on Pd(Io0nm) on Al(20pn).
Alloys of Pd, Ni and Cu have been developed as fast
acting catalytic surfaces and as highly active protection against catalyst poisons.
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Hydrogen Sensitivity of Pd/Si02/Si
Structure: A Correlation with the
C. SELLA and J. LAFAIT, Thin solid Films, 1988, 164, Hydrogen-Induced Modifcations on Optical and Transport Properties of a-Phase
387-390
Optical simulations of some specially adjusted spec- Pd Films
ual profdes and their experimental realisation using a G. FORTUNATO, A. B E A R Z ~ I ,c . CALIENDO and A.
3-layer coating of a Pt-Al,0 ,cermet (metal-dielectric D’AMICO,
Sens. Acmaton, 1988, 16, (1&2), 43-54
composite) absorbing fdm, an Al ,0I anti-reflecting The effects of H , absorption and desorption in Pd

Adjustable Selective Profiles
Cermet Absorbing Films

Using

fdm, and an Al,O, underlayer, deposited on a
metallic substrate, are reported. The cermet fdms
were spectrally selective showing total absorption in
the visible range and high reflection in the i.r., with
an adjustable cut-off wavelength. These coatings
were stable at high temperatures and showed high
mechanical resistance. These profdes can be used as
selective absorbers for many specific applications as a
result of their cut-off wavelength.

Effects
of
Hydrogen
Gas
on
Palladium/LB FilmlSilicon MIS Devices
N, J. EVANS, G. G. ROBERTS and M. C. PETTY,

Sem. AC-

fdms have been studied by reflectivity and conductivity measurements. Bulk effects were induced in the
fdm at room temperature even for low partial
pressures of H, that do not induce the a 6 phase
transition. Reflectivity variations were associated
with a rise in the Fermi level, while the conductance
decrease in a H, atmosphere was related to the
behaviour of scattering centers of the absorbed H
atoms. These effects were correlated to the flat-band
voltage shift measured in Pd-gate MOS capacitors,
and the temporal correlation of the processes gave an
explanation based on two different H, absorption
sites.

tuaton, 1989, 16, (3), 255-261

The electrical properties of metal-insulatorsemiconductor (MIS) devices incorporating
Langmuir-Blodgett (LB) fdms of w-tricosenoic acid
(wTA) deposited onto freshly-etched Si to prevent the
formation of the natural passivating oxide layer, have
been studied. Results from C V and G-V studies of
Pd-gate devices formed on the LB fdm/Si structure
showed that the number of impurity states at the Si
surface was increased by this treatment. The sensitivity to H, of these states was greatly improved.

Microionic Insertion Sensors
h U S , 1988, 20-30, (II),
1479-1485
A new class of solid state chemical sensor with a configuration described as catalytic metal/insertion compoundlinsulatodsemiconductor is reported. Studies
on Si/SiO, MOS (metal-oxide-semiconductor)structures incorporating WO,,an H-insertion compound,
and Pd as the gate layers showed that the insertion
layer accepts H atoms produced at the catalysts, and
is reduced, leading to an increase in capacitance. The
thermodynamic driving force for the reaction of H
with WO,was sufficient to give rapid response to H,
at room temperature.

R. D. RAUH, solid state

Low-Energy Proton Detection by Pd
Metal-In~ulator-SemiconductorDiodes
R.

c. HUGHES and R.

BASTASZ,

3. Appl. Phys., 1988,

64, (121, 6839-6844
Studies have shown that Pd-gated metal-insulatorsilicon Schottky barrier diodes are very sensitive to
fluxes of energetic protons in high vacuum. Data for
the dosimetric response of the diodes to energetic
protons and the subsequent decay in the induced
signal is reported. The sensitivity at 3ooK was 109
protons (Io11cm-2).The inventory of H + stored in
the bulk Pd, the surface and at the interface indicated
that the arial site density for the surface and interface
was -lOIJcm-z.

-
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A Palladium/Porous-Glass Composite
Membrane for Hydrogen Separation
S. UEMIYA, Y. KUDE, K. SUGINO, N. SATO, T. MATSUDA
and E. KIKUCHI, Chm. h i t .
1988, (IO),
I 687- I

690

&I.,

Electroless plating has been used to deposit Pd on a
porous glass tube, with Pd thickness of 13pn. This
composite membrane showed a remarkable
permeability to H,. Permeation of H, linearly increased with increasing tempentNre. At 673K and
7733 the rates of H , permeation were 19.8 and
2 5 . 4 C m ’ / c m 2 / ~ respectively,
,
under pressure difference of zkg/cmz, showing a Io-fold enhancement
of efficiency compared to Pd-metal membranes.
Selective separation of H, from H,-N, and H,-CO
gas mixtures through the composite membrane was
also observed.

-

HETEROGENEOUS CATALYSIS
On Non-AdditiveEffects on Activity of the
Mixed Systems Platinum Black-Oxides in
the Complete Oxidation of Butane
v. s. SAL’NIKOV and P. G. TSYRUL’NIKOV, Kinet.
Katal., 1988, 29, (9, 1117-1122
Studies of activity of the mixed systems Pt blackMOx where MOx is Fe,O,, ZnO, V,O,, SiO, or
Al,O,, performed during complete oxidation of
butane showed an appearance of non-additive increase in activity in all cases except over V,O, and
ZnO, in comparison with Pt black. The dependence
of reaction rate on hydrocarbon concentration was
observed in the initial reactions. The observed effect
was explained by development of radicalthain reactions on the surface of the oxides, initiating active
particles to enter Pt black. During studied conditions, it was possible to transfer oxidation process
from heterogeneous to heterogeneous-homogeneous.
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Catalyst Deactivation Due to Transient
Behavior in Nitric Acid Production
H. c. LEE and R. J. FARRAUTO, Ind. Eng. Chem. Res.,

Platinum-Tm/Alumina Catalysts: Modification of the Metallic Phase after
Successive Oxidation-Reduction Cycles

1989, 28, (113 1-5
During start-up of a fxed bed HNO, acid reactor,
unusually high surface temperatures or “hot spots”
which cause loss of platinum group metals from
catalyst gauzes, can be generated due to ignition of
transient species. A laboratory study of the unique
conditions leading to catalyst surface temperatures far
in excess of the gas phase and steady state adiabatic
temperature, causing considerable damage to a pure
Pd recovery gauze (which is located immediately
below a Pt alloy oxidation gauze), is reported. Models
are presented. The effect of NH,:air fuel ratio is
discussed.

s. R.

The Paseivating Oxidation of Platinum
R. W. MCCABE, C. WONG and H. S. WOO, 3. catal.,
1x4,(21, 354-367
Studies of Pt oxidation by 0,for a series of Pt
powder, Pt/SiO, and Pt/Al,O, catalysts of widely
varying particle size have shown that Pt oxidation is
highly passivating, that is, essentially limited to the
surface layer of Pt atoms. With higher dispersion of
supported Pt samples a greater fraction of Pt oxidation was observed. The passivating nature of oxidation was independent of both particle size and type of
support. Evidence for a PtO, phase formed in particles with radii <0.75nm is reported.
1988,

DE MIGUEL, C. T. BARONETTI, A. A. CASTRO and
Appl. Catal., 1988, 45, (I), 6 1 - 6 9

0. A. SCELZA,

Test reactions and TPR have been used to
characterise Pt-Sn/Al,0, catalysts prepared by different deposition techniques and submitted to successive oxidation-reduction cycles, and comparison
made with fresh samples. Catalysts prepared by coimpregnation and successive impregnation, and submitted to oxidation-reductioncycles, showed a higher
quantity of Pt-Sn alloys than corresponding fresh
catalysts. In catalysts prepared by impregnating the
support with [PtCI,(SnCI,),I’ - the cycles produced
either a modification of surface alloy phase composition or surface enrichment of Sn in the alloy particles.
Higher quantities of [PtCI,(SnCI,),I* - deposited
during impregnation produced a higher % of Sn
reduced to the metallic state and a higher Pt-Sn alloy
concentration.

Exhaust-Catalyst
Development
for
Methanol-Fueled Vehicles. 111. Formaldehyde Oxidation
R. w. McCABE and P. 1. MITCHELL, Appl. catal., 1988,
44, (1-219 73-93

Formaldehyde oxidation over Al,O, supported Pt,
Pd, Rh, Ag, Pd-Ag, and Cu-G catalysts has been
studied by laboratory experiments simulating leanfrom CH,OH-fuelled vehicles. High Pt
Deactivation of the Pt-Re/Al,O Catalytic exhaust
activity was observed for CO-free feedstocks, but
Functions during a Commercial Cycle
strong inhibition by added CO. The Pd-Ag showed
J. M. PARERA, c. A. QUERINI and N. s. FIMLI, Appl.
enhanced activity compared to Pd and Ag alone for
Catal., 1988, 4, (I-2), L I - L ~
CO+H,CO feed stock. Poor activity was shown by
The distribution of coke over acid and metallic Rh. Unusual H,CO conversion against temperature
catalytic functions and the changes in selectivity have profdes were observed for Pd. The difference in acbeen studied for samples of a coked sulphided Pt- tivity and selectivitybetween Pt, Pd and Rh catalysts
Re/Al,O,catalyst taken from a commercial reactor is attributed to differences in oxidation state. Pt reduring a 7 month cycle. It is concluded that long- mained in reduced form, Ru remained oxidised,
term deactivation was due to the acid function, from while the unusual behaviour of Pd was due to the oxthe observation that catalytic activity for idation state changing with temperature and feed
dehydrocyclisation of n-heptane decreased in the composition.
same way as activity for acid-controlledisomerisation
of n-pentane. Furthermore, dehydrogenation of Catalytic Activity of PlatinumlCarbon
cyclohexane decreased with time at the beginning of Fibers Catalysts in Hydrogenation of Carbon Monoxide
the cycle but remained constant toward the end.
A. L. LAPIDUS, 0.A. MALYKH, A. YU. KRYLOVA and G.
Catalytic Properties in n-Heptane I, EMEL’YANOVA, Izv.Akad. Nauk SSSR, Ser.Khim.,
Dehydrocyclisation on the (Pt R e Cr)/ 1988, ( I I ) , 2 4 7 8 - 2 4 8 1
y-Al 0 Systems
Studies of catalytic activity of Pt/C fiber catalysts in
E. A. SKRICAN, G. M. SEN’KOV, M. F. GORBATSEVICH
CO hydrogenation were performed using catalysts
and N. s. KOZLOV, Vest. Akad. Navuk BSSR, Ser. prepared by impregnation of C fibers with H,PtCI,
Khim. Navuk, 1988, (6), 18-24
or (NH,),PtCI, solutions for 10-12 hours at
followed by reduction in H , for 5 hours.
Studies of the effect of G addition on catalytic pro- IOO-IIO~C,
perties of (Pt+Re+G)/y-Al,O, catalysts during n- The activity depended on Pt content and
heptane dehydrocyclisationshowed that modification temperature. The greatest specific activity was obof Pt-Re/Al,O, catalysts by 0.2-3wt.% of G tained on 8%Pt/C fiber catalysts. When the Pt conresulted in an increase of degree of conversion of n- tent increased from 0.8-12%, the activity increased
heptane, and in an increase of aromatisation activity, accordingly. The highest activity was obtained at
selectivity and stability of the catalysts. It also 550-600°C. Temperature stability of Pt/C fiber
catalyst was higher than of Pt/Al,O,or Pt/SiO,.
decreased cracking and coke production.

,
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Preparation and Characterization of
PtlSilicalite Catalysts with High Pt
Loadings
H. A. RANGWALA, 1. A. SZYMURA, S. E. WANKE. and F.
D. OTTO, Can. J . Chem. Eng., 1988,66, ( 5 ) , 843-848

The preparation of the first Pt/silicalite catalysts to
and Pt dispersion >0.8, is
have Pt loadings >w.%
reported. Equilibrium of silicalite, a pentasil zeolite,
in aqueous solutions of Pt(NH,),CI, containing excess NH, resulted in catalyst formation. X-ray diffraction, H ,chemisorption and transmission electron
microscopy studies of the catalysts showed that the
majority of the Pt was located in the silicalite pores.
These heavy-loaded Pt/silicalite catalysts are described as precursors for potential wet-proofed catalysts
for use in heavy water production by H-D exchange
between water and H, gas.

Diacetoxylation of 1,3-Butadiene on
Modified Platinoid Catalysts
A. V. DEVEKKI, M. I . YAKUSHKIN and T. YU. KUL’CHITSKAYA, Kinet. Katal., 1988, 29, (6), 1355-1361

Diacetoxylation of I ,3-butadiene on heterogeneous
Pt, Pd and Rh catalysts yielded cis- and
trans-I ,q-diacetoxybutene-2 in 7044% selectivity
and 3,4-diacetoxybutene-1. The ternary Pd or Rh
catalytic systems containing p-elements of Groups
111-VI were more active and selective than analogue
binary systems. Modification of the catalysts by delements of Periods 4-6 resulted in inhibition of the
catalytic properties. The consecutive-parallel
mechanism of isomer formation observed for the
studied conditions is discussed.

Selective Hydrogenation by a Novel
Palladium(I1) Complex
J. M. KERR, C. J. SUCKLING and P . BAhiFIELD,

Tetrahedm Lett., 1988, 29, (43), 5545-5548
A novel insoluble green complex of Pd(I1) and
salicylidene ethylene diamine (salen) has been
prepared. This was found to be an active and selective
heterogeneous hydrogenation catalyst especially for
the preferential reduction of alkynes in the presence
of alkenes, and for the preferential reduction of
alkenes in the presence of other functional groups
such as nitro or cyclopropyl.

Properties of Pd/Al, 0 Film Catalysts
during Deep Oxidation of Methane
E. V. SIDASH, V. N . BELYATSKII, S. N . MAL’CHENKO, G.
A. BRANITSKII, s. v. BARAN and v. v. PONARYADOV,

Vest. Akad. Navuk BSSR, Ser. Khim. Navuk, 1988,
(6), 31-35
Studies of catalytic properties and chemical composition of Pd/Al,O, catalysts containing 0.1, 0.5 and
5wt.% of Pd, prepared by air pyrolysis of y-Al,O,
supported Al resinate films containing PdCl, , were
performed during deep oxidation of CH,. The
studied catalysts showed high stability and activity as
compared to the Pd/Al ,0 , catalysts prepared by impregnation from aqueous PdCI, solutions.
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Study of Conversion of Ethylene and
Acetylene in Chemisorbed Layer of
Hydrogen on Pd/A12O 3
L. v. BABENKOVA, I. G. KOKH and N. M. POPOVA, Kinet.
Katal., 1988, 29, (6), 1400-1406
Studies of the interaction of C,H, and C,H, in
chemisorbed H layer on s%Pd/Al,O, catalyst
prepared by saturation of y-Al,O ,by WCI, solution
in HCI followed by treatment in Ar at 623K, were
made by thermosorption and spectroscopic techniques. A molecular H was found to be reactive during
C,H, hydrogenation whereas an atomic H was reactive during C H , hydrogenation. The diffused H
obstructed the formation of stable C,H, and C,H,
complexes with Pd but the adsorbed H allowed their
bonding with Pd/Al,O , surfaces. Hydrogenation of
C,H, and C,H, occurred through two types of adsorbed hydrocarbon complexes depending on their
bonding stability with the surface.

,

The Preparation of Palladium Metal
Catalysts Supported on Carbon. Part I:
Selection and Treatment of the Carbons.
Part 11: Deposition of Palladium and
Metal Area Measurements
G. R . HEAL and L. L. MKAYULA,

Carbon, 1988,26, (6),
803-813; 815-823
Adsorption of N, has been used to examine surface
properties of a number of commercial C supports used in Pd/C catalysts. A large proportion of
undesirable microporosity remained after C burnoff,
although mesopore volume was increased. Four
techniques for Pd deposition were compared. Increasing burnoff produced higher area of support and
higher Pd area initially, but increased gasification
lead to a decrease in Pd area. Although C area was not
increased by HNO, treatment, there were significant
increases in catalyst area for some deposition techniques. A favourabletechnique is described as 15-20%
burnoff followed by HNO, washing, and the impregnation adsorption desorption method.

Double Promotion of Palladium/Silica
Catalysts by Iron and Magnesium Oxide
in the Synthesis of Methanol from Carbon
Monoxide and Hydrogen
G. LIETZ, M. NIMZ, J. V ~ L T E R ,K. &h and L. GUCZI,
Appl. Catal., 1988, 45. (I), 71-83
M6ssbauer spectroscopy, H, chemisorption and
temperture programmed reduction have been used to
characterise 2wt.% Pd/SiO, catalysts promoted with
2wt.% MgO and o.z-5wt.% Fe. Studies of catalytic
activity for CH,OH formation showed a sharp maximum of activity for I6at.% Fe modified catalysts.
Simultaneous independent promoting effects due to
bimetallic PdFe alloy formation modifying H, and
CO bond to the Pd rich metallic component, and due
to MgO favourably increasing the dispersion of
metallic components as well as moderating the acidity
of the SiO, support containing F e z + ions in a
favourable way, are described.
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Ruthenium-Palladium Catalysts: The Effect of Palladium on the Catalytic
Behaviour of Ruthenium
v. ARROYO and R. G ~ M E Z ,Appl. Catal.,
1988, 44, (1-21, 1-9
Catalytic activity for the hydrogenation of benzene
over Ru-Pd/SiO, at I atm pressure has been studied
in order to determine the nature of the synergisticeffect shown by these bimetallic catalysts with respect
to monometallic Ru. This enhancement of catalytic
activity is explained by a self deactivation process
with the bimetallic catalyst showing more resistance
to deposition of carbonaceousresidues than pure Ru.
Catalytic self-poisoning by carbonaceousresidues was
further reduced by the presence of thiophene during
the hvdroeenation.
M. VINIEGRA,

Aminated Polystyrene-Bound Rhodium
Carbonyl Clusters as a Catalyst for Deoxygenation of Various N-0 Bonds
K. KANEDA, T. TAKEMOTO and T. IMANAKA,Chem. Lett.

J P ~ .1988,
, (IO), 1759-1762
Aminated polystyrene-bound Rh carbonyl clusters
have been prepared by treatment of Rh,(CO) Ib with
various aminated polystyrenes, to provide re-usable
catalysts which facilitate easy separation of products
from reaction mixtures. The polymeric catalysts
showed activity for deoxygenation of nitro compounds, oximes, hydroxylamines, and N-oxides
under conditions using CO and H,O.

Model Study of Supported Bimetallic
Catalysts
and J. ~OTOLA, Collect. Czech. Chem. Commun., 1988, 53, (IO), 2399-2411
Field electron microscopy has been used to study the
interaction of N, with the sandwich systems
Pd,Mo/WO,/W, prepared by vacuum deposition.
For the system Pd,Mo/WO, it has been proved that
at room temperature Mo represents the trapping
region for N, molecules which were dissociatively
chemisorbed there and afterwards, when the gap between Mo and Pt islands was <mm, a N, spillover effect was observed.
Effect of
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pressurised
dispersion
hydroformylation of c,H, Over Rh,sio2
catalysts.
Favourablecatalysts had high Rh dispersion and Rh
particle sizes < 3 0 ~ .A striking Structure sensitivity
was also observed for the hydrogenation of C,H, to
C,H,, as a by-product.

Study on the Selectivity for the Synthesis
c -Oxygen Compounds from syngas
over R h N 20 Catalysts
of

n.-Y. LUO, A.G.T.M. BASTEIN and v. PONEC, 3. Catal.
(Dalian, China), 1988, 9, (3), 248-253
Study of the selectivity of RhN,O, catalysts
prepared by impregnation of V,O, with
H,RhCI,.H,O or HRhCI,.zH,O, used during synthesis of c,-0compounds showed that their selectivity is much higher than those prepared from
RhCI,.3HIO. When VOC1,.5H,O was deposited
jointly with Rh precursor onto the surface of the
catalyst, an improvement of the selectivity for C , - 0
compounds occurred. The addition of VOCI, .5H,O
as a promoter to Rh/SiO, greatly increased the activity and C , - 0 compounds selectivity of the catalyst.
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HOMOGENEOUS CATALYSIS
New Aspects of Carbonylations Catalyzed
by Transition-Metal Complexes
Chem. Rev., 1988, 88, (7), 1011-1030
Of various Pt, Rh, Ru and Co catalysts investigated
Rh ,(CO) was found to be extremely active and
regioselective for the hydroformylation of fluoro
olefins. The nature of the central metal atom played
a key role in the regioselectivities. F'hosphine-Pd
complexes were shown to be superior for
hydroesterification and hydrocarboxylationof fluoro
olefms. These processes were applied to synthesis of
fluoro amino acids, which have a wide variety of
biological applications. The use of Co-Rh systems
such as the novel CoRh(CO), catalyst foi
hydroformylation-amididocarbonylation of fluoro
olefins is reported
f
and the potential for multi-step
synthesis in one-pot is described.

I. OJIMA,

To Activate Irradiate!
Chemtech, 1989, 19,(I), 59-64
High regioselectivities, like those of enzymatic reactions, unusual regioselectivities compared with
classical reactions, and high catalytic performance
have been observed for C-H bond activation reactions
via RhCI(CO)(PR,), catalysts under irradiation.
Various carbonylations with CO were studied inbenzonitriley
cluding those Of
chlorobenzene, and other aromatics, and paraffms for
which the reaction showed high terminal selectivity.
Dehydrogenation of paraffins to give olefms was
observed in the absence of other reactants capable of
insertion into the C-H bond.

M. TANAKA,

Hydroformylation of Ally1 Alcohol
Catalyzed by Ru(I11)-EDTA Complex Using Carbon Monoxide and Water as a
Source of Hydrogen
M. M. TAQUI KHAN, S. B. HALLIGUDI and S. H. R. ABDI,
(I), 7-9

3. Mol. Catal., 1988, 48,

Indirect generation of H, using CO and H,O in a
water- as shift reaction was catalysed by the complex
KIRuh(EDTA-H)CII.zH,O (EDTA is ethylenediaminetetraacetic acid) which created hydroformylation conditions in situ for conversion of ally1
alcohol to y-hydroxy-butyraldehyde,is reported.
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An Efficient Water-Soluble Ruthenium CHEMICAL TECHNOLOGY
Hydroformylation Catalyst for the Exclusive Formation of 1-Heptaldehyde Palladium in Spent Power Station Fuel
from 1-Hexene
Solvent-ExtractionReprocessing
M. M. TAQUI KHAN, S. B. HALLIGUDI and S. H. R. ABDI,
v . S. SHMIDT and N. A. SHOROKHOV, sov. At. E n e r a

J. M o ~ Catal.,
.
1988, 48, (2-3), 313-317

Hydroformylationof I-hexene has been carried out in
a high pressure reactor using H,O soluble catalyst
IRu(II1)-EDTAIcatalyst (where EDTA compound is
ethylenediaminetetraacetic acid), synthesis gas (I :I )
CO+H, at soatm, in 80:20 EtOH-H,O mixture at
130Oc. The reaction proceeded with a turnover rate
of I I .83 mol product per mol catalyst per hour. The
specificity to linear aldehyde was 100%. This is the
first report of total specificity for this type of
reaction.

FUEL CELLS
A New Approach to the Problem of Carbon Monoxide Poisoning in Fuel Cells
Operating at Low Temperatures

-Eng. Tr., 1988, 64, (z), 119-126
A survey of Pd extraction from nitrate solutions by
various types of agent containing P, N and S, is
presented. Effective agents for Pd extraction from
refmement products were phosphine oxides, quaternary ammonium salts, and particularly sulphides and
sulphoxides. Complete extraction of Pd from spent
fast-reactor fuel and purification from fission products, by means of several extraction cycles can be
achieved. The inherent activity of Pd due to ‘O’Pd
(~h-life6.5 x ro6 years) was low and corresponded to
-30% content in the stable-isotope mixture.
Calculated /I-particle flux from Pd was
-22ooocm-~s-’ (E,t33keV;
E,=~okeV). The
results indicate the utdity of Pd recovered from
spent power station fuel if 7-active nucleides can be
removed completely.

s. G C ~ F E L Dand J.

PAFFORD, J. Electrochem. SOC.,
1988, 135, (IO), 2651-2652
ELECTRICAL AND ELECTRONIC
The study of CO poisoning of Pt catalysts in proton
ENGINEERING
exchange membrane (PEM) fuel cells operating at
8o°C has shown that injection of low amounts of 0,
into the H, anode feed stream, contaminated by Electrical Characteristics of PtSi Formed
rooppm CO, completely eliminates the deleterious ef- by Incoherent Light Annealing
A. S. PEDERSEN, J. CHEVALLIER and A. NYLANDSTED
fects of the CO.
LARSEN, Thin Solid Films, 1988, 164, 487-492
Bimetallip Carbon Supported Anodes for Thin fdms of PtSi have been formed by short durathe Direct Methanol-& Fuel Cell
tion incoherent light annealing of evaporated Pt on
A. H A M ~ ~and
T B. J. KENNEDY, Electrochim. Acta,
{ 100j- or { I I I}-oriented single Si crystals. After an1988, 23, ( X I ) , 1613-1618
nealing for 15s between 500 and FOC the silicide
Studies of the electro-oxidationof CH, OH on porous was characterised with reference to its application in
C electrodes impregnated with bimetallic platinum integrated circuits. It was found to have resistivity ingroup catalysts, Pt/M (M is Pd, Ir, Os,Ru and Au) dependent of Si orientation and formation
in a H,SO,electrolyte have shown that Ir, Os, and temperature, and similar to long duration furnaceRu promoted the reaction while Pd and Au acted as processed PtSi. Specific contact resistivity of
inhibitors. X-ray photoelectron spectroscopy was us- AIIRSiln + -Si contacts was significantly lower than
ed to study metal oxides. The role of the second metal for reference samples without PtSi. Characteristicsof
in promoting or inhibiting the CH,OH oxidation PtSih-Si Schottky diodes were temperature and
reaction was found to be a result of the ease of forma- orientation dependent. Diodes on Si{I I I) degraded
with temperature at 5w-goo°C while diodes on
tion of “active oxygen” groups.
Si{roo} only degraded above 7ooOC.

A Rechargeable Redox Battery Utilizing
Ruthenium Complexes with NonAqueous Organic Electrolyte
Y. MATSUDA, K. TANAKA, M. OKADA, Y. TAKASU, M.
MORITA and T. MATSUMURA-INOUE, 3. Appl. Elec-

frochem., 1988, 18, (6), 99-914
The development of a new type of redox battery is
reported
with
the
single
cell
system
IRu(bpy),l(BF,),/CH,CN which had an open circuit voltage of 2.6V and a discharge current of
gmAcm-* (at a smooth C electrode). The chargedischarge efficiency at the positive electrode was
70% while efficiency at the negative electrode was
20-40%.
Cell efficiencies were enhanced using
diaphragms with selective permeability.

-
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Enhancement of T, of Heavy-Fermion
Superconductor UPt, by Alloying with B
T. VORENKAhlP, K. KADOWAKI, A. DE VISSER, P. HAEN,
v . J. M. MEULENBROEK, M. VAN SPRANG and J. J. M.
FRANSE, 3. Ma@. &3M a p . Muter., 1988, 768~77,

531-533
The influence of B on the superconductivity of the
heavy-fermion superconductor UPt , has been
studied by resistivity measurements. A shift of the
superconducting transition temperature, T,, value
from 53omK in pure UPt, up to 6oomK in annealed
UPt,B, with x(0.3 was observed. This is reported as
the fmt experimental evidence that the T, of UPt,
can be increased by adding impurities.
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High-Temperature Behaviour of Pd-nGaAe Contacte
C. Y. NEE, C. Y. CHANG, T. F. CHENG and T. S. HUANG,
Sci., Lett., 1988, 7 , ( X I ) , 1187-1189

3.Mater.

Studies of the electrical and structural behaviour of
Pd-n-GaAs contacts over a wide range of annealing
temperatures, 300-85ooC, have revealed a crucial
temperature at 55oOC. A correlation was found to exist between variation of electrical properties and
variation of structural properties over the
temperature range. Below 550°C electrical properties
were dominated by some Pt-Ascompounds. Above
550°C the contact area became smaller and the contact resistance increased.

Pd Overlayer Growth on InP(110),
GaAs(1lo), and InSb(ll0): Comparieons
of Anion Surface Segregation

Critical Relationships between Particle
Size, Compoeition, and Microstructure in
Thick-Film Reeietors
s. M. CHITALE and R. w. VEST, IEEE Trans. Components, Hybrids, Manuf. Technol., 1988, 11, (4),
604-610
Studies have shown that the microstructure of RuO based thick-film resistors depends on volume fraction
of RuO,, particle size of RuO,, and particle size of
glass. These variables were related by a coverage factor which described the extent of coverage of glass
particles by RuO, particles in the unfixed resistors.
Two critical values of the coverage factor were identified which separated regions of constant microstructure, changing microstructure, and unstable
microstructure.

I. M. VITOMIROV, C. M. ALDAO, Z. LIN, Y. GAO, B. M.
W A S and J. H. WEAVER, Phys. Rev. B., 1988, 38,

MEDICAL USES

(IS), 10776-10786
Studies of the reaction, atomic redistributions and
Schottky-barrier formation for Pd/InP( I IO),
Pd/GaAs(I 10) and Pd/InSb(x10) interfaces have
shown adatom-induced substrate disruption of 6A
for InP and GaAs and 5A for InSb, and release of
anions and cations. Distribution of the released
semiconductor atoms changed with Pd deposition,
and showed a characteristic profde after IOA corresponding to preferential anion segregation. Anion
segregation was most pronounced for Pd/InSb(I 10)
and smallest for Pd/InP(Ixo).

Cis- and Trans- Dihalotetrakie(dimethy1
sulfoxide)ruthenium(I)
Complexes
(RuX2(DMSO) ; X = C1,Br): Syntheeie,
Structure, and Antitumor Activity

-

-

-

Superconducting Propertiee of the Pd-Se
System
and A. JUNOD, 3.Phys.
SOC.Jw., 1988, 57, (81, 2763-2767
Studies of the transport and superconductingproperties of the series of Pd-rich selenides, Pd, Se,, Pd, Se,
Pd,Se,,Pd,Se,,,Pd,Se, andamorphousPd,.,Se,.,
have shown that they are superconductive above
o.a8K.. exceot
- Pd.Se and Pd,Se, which like the rest
of'the compounds in the whole Pd-Se system are not.
Specific heat measurements have shown that a
relatively strong electron-phonon coupling exists in
pd Se , which is responsible for both enhanced
Tc(2.66K) and anomalous temperature dependence
of resistivity. The solid solutions of Pd(Se) and
Pd(Te) did not show superconductivity above 0.38K.

T. TAKABATAKE, M. ISHIKAWA

, ,,

Thermal Stability of Amorphous Ta-Ir
between Y-Ba-Cu-0 and Silicon
R. DE REUS, F. w. SARIS and T. s. BALLER, 3. LessCommon Met., 1988, 145, (1-2), 217-222
Studies have shown that amorphous buffer layers of
Ta-Ir sandwiched between Y-Ba-Cu-0 thin films and
Si( 100) substrates prevent interface reactions during
annealing in 0, ambient up to 8ooOC. Above 65ooC,
amorphous Ta-Ir-0 which was formed during annealing, crystallised into Ta,O, and IrO,, and pinholes
in the Y-Ba-Cu-0 film and buffer were observed. Si
did not react after annealing up to w 0 C .
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E. ALESSIO, G. NESTRONI, G. NARDIN, W. M. AmIA, M.

and s. ZORZET, Inorg. Chem.,
1988, 27, (231, 4099-4106
The structural characteristics of a new crystal of cisRuCI,(DMSO), together with the synthesis and
structure
of
previously
unknown
transRuCI,(DMSO), and cis-RuBr,(DMSO), are
reported. Photochemical isomerisation of the more
stable cis species to trans species in DMSO solution
was observed. Kinetic parameters for trans-cis thermal isomerisations for trans-RuCI,(DMSO), and
trans-RuBr ,(DMSO),, are also reported. Substitution kinetics in aqueous solution directly reflected
anti-tumour activity. The trans-RuCI,(DMSO),
isomer showed higher activity than the cis against
Lewis lung carcinoma, a metastasising murine
tumour.

CALLIGARIS, G. SAVA

2 19 ~ ~ a ~ ~ o p ~ e n a n
Complexes as Non-Radioactive Labels for
Oligonucleotides which Can Be Meaeured

by
Time-Reeolved
Techniquee
w.BANNWARTH,
D. SCHMIDT, R.

Fluoreecence
L. STALLARD,

c. HOR-

and F. MULLER, Helv. Chim. Acta,
1988, 71, (81, 2085-2099
The specific attachment of bathophenanthrolineRu(I1) complexes as non-radioactive label molecules
to synthetically 5'-NH -modified oligonucleotides is
described. After excitation by light pulses, the
fluorescence of these labels was measured by a timeresolved mode with high sensitivity. No quenching
took place due to coupling of the Ru complexes to the
DNA. Oligonucleotides labelled in this way still
hybridised specifically to complementary DNA sequences, and no quenching was observed during the
hybridisation process.

NUNG, R. KNO&
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NEW PATENTS
METALS AND ALLOYS

Insoluble Anode for Electrolysis

Nickel-Palladium Alloy

KAMIOKAKOGYO K.K.

Japanese Appl. 631179,035
A Ni-Pd alloy comprising 18-85wt.Yo Ni and
82-15wt.% Pd is made by melting at 1300-1500°c,
making an ingot, hot or cold working the ingot, heat
treating, and cooling. The alloy is used for elements
for magnetostriction sensors or for a magnetostriction
vibration body for generation of ultrasonic waves or
magnetostriction bimetals.
ZH. DENKI JIKI

Japanese Appl. 631157,893
An insoluble anode is manufactured by coating a

valve metal substrate with a layer of Pt, Pd, Ir or Ru,
then a layer of PbO ,and a surface layer of PbO , and
Mn oxides and/or Pd oxides. The anode is used for
electrolysis of sulphates, electroplating, and organicand etching-electrolysis.

,

Electrode for Rare Earth Metals
Manufacture
ASAHI CHEMICAL IND. K.K.

Japanese Appl. 631166,987
A non-consumable anode used in rare earth metals
manufacture consists of metallic Pt or Pt physically or
Photocatalytic Decomposition of Water
COUNCIL SCIE. IND. RES.
European Appl. 281,696~ chemically attached to the surface of a metal with
melting point 6oO°C or higher. The process involves
A semiconductor loaded with a noble metal and a electrolytic decomposition of rare earth compounds
transition metal oxide is suspended in an aqueous in a fused salt to continuously form rare earth metals
solution of an Ru-0,complex and irradiated with or alloys under the cathode, and allows economical
light under an inert atmosphere to photocatalytically manufacture of Ce, Pr, Nd and Sm.
decompose H,O into H,and 0,.
Using this method
H, and 0, are formed simultaneously using solar Platinum Electrode with Added Gold to
energy, and without consuming fossil fuel, EDTA or Improve Corrosion Resistance
electrical energy.
FUJIKURA CABLE WORKS K.K.
Japanese Appl. 63/21 2,854
Chemically Modified Electrodes for
The corrosion resistance of a Pt electrode for use in
Carbon Dioxide Reduction
GAS RES. INST.
U.S. Patent 4,756,807 an 0, sensor is improved by adding a slight amount
of Au, enabling the electrode to resist deterioration
Electrodes for electrocatalytic reduction of CO, to by harmful gases such as SO, or H,S. The addition
CO are coated with a polymeric or copolymeric film of Au to the Pt electrode also protects the boundary
formed by potential cycling a Pt or glassy C electrode part between the Pt electrode and the ion-conductive
in a solution containing Re or, Re and Ru complexes, plate.
MeCN and electrolyte. In this way efficient electrolysis is obtained using small amounts of catalyst, Improved Anodes with Sublayer
and enhanced reactivitiescan be obtained by blocking Containing Platinum
normal solution deactivation pathways.
APPLD. PHYS. PROBLEM
Russian Patent 1,381,199

ELECTROCHEMISTRY

Hypochlorite Decomposition Catalyst

Anodes used in various electrochemicalprocesses are

PERMELEC ELECTRODE LTD.

prepared more efficiently using an easily passivated
metal support, which is fmt coated with a sublayer of
0.18-20 at.% Pt by ionic implantation, and then with
a layer of MnO, as an active conducting oxide. The
anodes have much improved electrochemical
characteristics, and use lower amounts of noble
metal.

Japanese Appl. 63/130,141
A catalyst consisting of oxides of Pt, Pd, Rh, Ir or Ru
is used to decompose hypochlorite produced as a byproduct in Nacl electrolysis, or remaining in drinking or waste H , 0. The metal oxides are easy to produce by thermal decomposition of a metal salt
solution at 300-600°C in an oxidising atmosphere,
are quite stable and have good corrosion resistance.

Anode for Sodium Hypochlorite
Production
Japanese Appl. 631I 43,277
An anode consists of Ti or Ti-alloy coated with (a) a
mixture containing 3-42 wt.% Pt, 3-34 wt.% of oxidised Pd and 42-94 wt.% of RuO,, and (b) a mixture containing TiO, in 2-40 wt.% of the mixture
(a), and can achieve an anode current density of
10-20 Aldm’ . The device is compact, and is used for
production of Na hypochlorite in food sanitation.

JAPAN CARLIT K.K.
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ELECTRODEPOSITION AND
SURFACE COATINGS
Method for Reliable Partial Plating
K.K.
Japanese Appl. 631130,778
A plastic containing article for partial plating has the
surface of any required portion roughened and exposed to a catalytic substance such as Pd and/or Au
before plating. The method allows partially plated articles to be produced reliably at lower cost and can be
used for articles in which filler has been mixed.

SANKYO WEI

93

Non-Electrolytic Plating of Plastic
Japanese Appl. 631130,779
A process for non-electrolytic plating of plastic involves making the plastic surface hydrophilic, coating
with a Cu colloid fdm and cleaning, contacting with
an aqueous solution of Pd’ + ions, and dipping the
heated plastic in the non-electrolyticplating solution
which is self-catalysing.

NEC CORP.

Metal Coating Carbon Material
Japanese A M . 631145,794
A Pd colloid, optionally stabilised with cationic or
non-ionic surfactant, is applied to a C material which
is then electroplated. The technique is used for
coating C fibres for reinforcing metal and plastics,
with the treated C fibre having increased resistivity.
JAPAN EXLAN K.K.

Bright Rhodium Plating Solution
ISHIFUKU KINZOKU KO.

Japanese Appls. 631206,492-93
A Rh sulphate plating solution contains a brightener
which can consist of 0 . 1 mgA-200 gA of alcoholmodified, epoxy-polyether modified or polyethermodified silicone oil, and 0.1 mgA-im gA of the
anion andlor cation type fluorine-base surfactant.
The Rh plating solutions provide a hard, abrasion
and corrosion resistant plating for electric contacts.

Non-Electrolytic Plating Using Palladium
Solution Catalyser
Japanese Appl. 6 3 1 2 1 3 , 6 7 9
A metal skin is formed on the outer surface of wire

MASAMITSU URUSHIBAR

shaped or rod shaped sections using a catalyser consisting of Pd solution for promotion of reaction, and
a reducing agent. The procedure can be used for
metal plating paper, cloth, and hf coaxial cable, for
which good shielding from electric waves and noise
can be attained, and visual appearance is enhanced.

Palladium Membrane for Hydrogen
Pump
European Appl. 2 8 6 , 2 8 1 ~
A H, pump for vacuum insulation jackets has a Pd or
Pd alloy membrane which allows H, to flow from the
vacuum into the atmosphere. The membrane has an
open end passing through the jacket wall to the oxidising atmosphere, and may be formed as a tube extending into the vacuum space in the jacket. The
pump is used in vacuum insulated solar collectors,
eliminatingthe need to replace getters, sintered fdters
or purifiers.

LUZ. IND. ISRAEL LTD.

Dissolved Oxygen Sensor
World Appl. 8816,729A
A sensor for dissolved 0, contains an electrolyte, a
thin polymer membrane, a concentric Pt anode and
BECKMAN IND. CORP.

Rh cathode, and a noble metal screen, preferably a Pt
(alloy) screen of 50-1000 mesh coated with Pt black,
spot welded to the working surface of the anode. The
anode screen is claimed to minimise loss of electrode
activity, and maintain a high ratio of anode to cathode
area for a long period of time.

Carbon Monoxide Gas Sensor
Japanese Appl. 631121,744
A gas sensor is composed of a metal oxide semiconductor element (such as SnO,) doped with PdO as
catalyst to accelerate response to CO. The element is
coated with a 0.1-0.5mm thick NO, reducing
catalyst layer such as Rh or RuO, supported on
SnO, , to exclude the influence of NO, without causing a response time lag. The sensor is used to detect
CO using resistance changes of the metal oxide
semiconductor.
FIGARO GIKEN K.K.

Determination of Ozone Concentration in
a Gas
Japanese Appl. 631150,654
Ozone concentration in a gas can be determined with
high accuracy by passing through a first chamber
containing an inert fdler, and then through a second
chamber containing an 0, decomposition catalyst
consisting of a molecular sieve which may contain a
noble metal such as Pt. The 0, concentration is
found by measuring the electromotive force
generated by the temperature difference between the
chambers.
H. ISHIMORI

APPARATUS AND TECHNIQUE
Antistat Layer for Cathode Ray Tube
European Appl. 276,459A
An antistat fdm consists mainly of SiO, with
0.01-5.0 wt.% of at least one particulate metal
selected from Pt, Pd, Au, Ag and Sn, having mean
size of 0.01pm. The fdm is easily formed on the outer
surface of the front panel of a cathode ray tube.

TOSHIBA K.K.

Vapochromic Monitoring Devices

Platinum Cathode for Combustion
Control Sensor

MINNESOTA MINING MFG. CO.

DODENSEI MUKIKAGOBU

European Appl. 277,033~
Visual or instrumental monitoring of organic vapours
uses devices (such as personal or badge monitors)
which also contain complex salts, with
tetraarenylisonitrile-Pt cations and tetracyano-Pd
anions, with both cation and anion of square-planar
configuration. These salts are stable, show changes in
colour, fluorescence andlor refractive index on contact with a wide range of organic vapours.

Japanese Appls. 631158,451 -52
A fuel combustion control sensor uses a Pt cathode,
an Oz-conductive solid electrolyte, and a perovskite
type complex oxide anode which contains one of the
platinum group elements. The perovskite complex
oxides have good catalytic activity to electrochemical
reduction, are thermally stable and are used for long
periods. The sensor measures the 0, concentration of
exhaust gas and detects the air to fuel ratio.

Platinum Metals Rev.,1989, 33, (2)
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Catalytic Combustion Gas Sensor
MATSUSHITA ELEC. IND. K.K.

HETEROGENEOUS CATALYSIS
Gas Purification Catalysts

Japanese Appl. 63/169,547
A catalytic combustion type gas sensor includes
temperature detecting resistors which have electrodes
on both ends, with a Pt or Pd catalyst coating on
every other resistor. The gas sensor detects CO
generated when a small amount of a combustion gas
such as CH, is contaminated with exhaust gas.

NIP*N SHOKUmI KAGAKU European APPl. 275,620A
Catalysts for gas purification consist of 0-10 parts wt.
(calculated as oxide) of Pt, Pd and/or Rh, or 0-150
of Ag, Mn, Fe, Co and/or Ni, and 100 parts wt. of a
mixed oxide. The catalysts have high activity at low
temperatures and long service life.

Humidity Sensitive Ceramics

Ammonia Oxidation Catalyst Pack

Japanese Appl. 631194,306
Humidity sensitive ceramics consist of a complex
metal oxide with the improvement that they also contain up to ~owt.%of at least one of Pt, Pd, Rh and
Ir. Excellent humidity sensitivity is shown over a
wide temperature range, with high reliability for absolute humidity detection above I~oOC,and the
ceramics are suitable for use as humidity sensors.

JOHNSON MATTHEY P.L.C.

~~

~

MURATA MFG. CO.

Platinum Chip Resistance Elements for
Air Flow Measurement
German Appl. 3,710,224
Air flow in a combustion engine induction system is
measured using Pt chip resistance elements which are
electrically heated to a raised temperature. The
heating is interrupted and the time taken for the
elements to cool between defmed temperature
thresholds is used as a measure of the air flow. Accurate and reliable measurement is achieved.
PIERREL SPA.

Neutron Defect Identification
Russian Patent 1,363,038
A method for neutron defect identification in thin objects of light materials involves radiographic exposure
to an isotropic neutron field in a moderator. Activation screens of Ir, sensitive to neutrons of 1.3eV
energy, can be used to give selective control over
detection of light elements by absorption filtering.
The method ensures better contrast sensitivity.

JOINT NUCL. RES. INST.

JOINING
Titanium Alloy Welding Rod
MINING K.K.
Japanese APPl. 63/144,892
A welding rod with improved corrosion resistance
consists of a Ti base alloy containing 0.01-2.owt.%
Pd and/or Ru, and 0.2-5wt.% Ni. The rod is used
for welding Ti or Ti-alloy members.
NIP*N

Hard Gold Alloy for Brazing
Japanese Appl. 631165,097
A Au alloy is composed of ~ - ~ o w t . Pd,
% 30-~5wt.%
Au, 12-25wt.% Ag, 8-20wt.% Cu, 4-15 wt.% In
and 8-15 wt.% Ga. The alloy has high hardness, low
melting point, good wetting properties, and is used
for brazing rings, brooches, or other ornaments made
of Au-Pt-Pd, Ag-Pd or similar alloys. The brazed
zone exhibits high bonding strength, high surface
scratch resistance and silvery white colour tone.
MITSUBISHI METAL K.K.
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European Appl. 275,681~
A catalyst pack contains perforated layers of elongate

elements such as wires, fdaments or fibres of at least
one of Pt, Pd, Rh or its alloys, and layers of perforated ceramic material coated with at least one of
Pt, Pd, Rh or its alloys. The catalyst pack uses
smaller amounts of platinum group metals, and gives
better efficiency for NH, oxidation to NO, which can
be converted to HNO, .

Ruthenium Hydrogenolysis Catalyst for
Alcohol Preparation
INST. FRANCAIS DU PETROLE

European Appl. 282,409A
Acatalyst containing 0.1-5wt.% Ru and 0.1-20wt.%
Sn, Ge and/or Pb on a support is used in the preparation of alcohols by treating a carboxylic acid ester
with H, . Using the catalyst the selectivity to alcohol
is relatively high when the temperature increases.

Platinum Catalyst for Ammonia
Oxidation
U.S. Patent 4,755,282
A catalyst preferably consisting of Pt on Al ,0, with
a particle size range of 16-32pm is used for decomposition of NH, to H,O vapour and N ? . This is
useful within a fluid catalytic cracking process for
production of gasoline or gas oil, where the regeneration zone is operated in a partial mode of combustion.

SHELL OIL CO.

Catalytic Carbon Foams
U.S. DEPT. OF ENERGY
U.S. Patent 4,756,898
Finely powdered catalyst material such as Pt, Pd or
Ni can be incorporated with NaCl particles to produce C foams with catalvtic oromrties. The Drwess
involves pyrolysing microporous NaCl impregnated
with phenolic resin, H,O-leaching out the NaCI, and
freeze-dryingto provide a structurally stable low density C foam.
I

. .

Catalytic Filter for Reducing Diesel Soot
Ignition Temperature

U.S.Patent 4,759,918
One or more of Pt, Pd and Rh are deposited on Sresistant inorganicoxide(s) chosen from TiO, ,ZrO, ,
and AllO, treated with TiO, or ZrO,, deposited on
a particulate fdter. This is used to reduce the diesel
soot ignition temperature in I.C. diesel engine exhaust gas containing CO, hydrocarbons, NO,, particulate soot and S oxides.
ALLIED-SIGNAL INC.
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Catalytic Composite for Exhaust Gas
Treatment

Promoted Zeolite Catalyst for Ethane
Conversion

U.S. Patent 4,760,044
A catalytic composite contains: (a) rare earth oxides
dispersed on an oxide support, (b) metal oxides which
form stable sulphides dispersed on ZrO,, TiO,,
G O , , SiO, , MgO or zeolites, and (c) at least one of
Pt, Pd, Rh, Ir and Ru deposited on it. The catalyst
is used to treat hot I.C. engine exhaust gas, minimising the amount of H I S formed and having less interaction between the noble metal and metal oxides
present.

STANDARD OIL CO. (OHIO)

Ruthenium-Platinum Catalyst for
Chloronitrobenzene Reduction

CALALER KOGYO K.K.

ALLIED-SIGNAL INC.

U.S. Patent 4,760,187
A supported catalyst consisting of 0.1-5.owt.% Ru
with Pt in the wt. ratio 75-30:1, is used to catalyse
the reduction of chloronitrobenzenes with H I to the
corresponding chloranilines. Using Pt with the Ru increases the rate of reaction without reducing the
selectivity, and limits the production of
chlorazobenzene. Also dechlorination suppressors are
not required.
DU PONT DE NEMOURS CO.

Washcoat Containing a Platinum Group
Metal
U.S. Patent 4 , 7 6 2 , 5 6 7
A washcoat consisting of an Al,O, suspension plus
Pt, Pd or Rh as catalyst is applied to a honeycomb
metal support, in a single step, for use in automobile
catalytic convertors. The washcoat has a high solids
content, low viscosity and dries to a smooth tightly
adherent coating without cracks, with a high dispersion of the metal catalyst on the AI,O,.

GRANEL FRERES ANC. ETAB.

Rhenium-Platinum Catalyst for Naphtha
Reforming
U.S. Patent 4,764,267
A multi-stage naptha reforming process uses a first
catalyst of Re and Pt in wt. ratio at least I. 7 in one
or more reforming stages, and a last stage catalyst
having 0.2-2.0wt.~/0 Pt and at least o.gwt.% Re
above that needed for a Re:Pt wt. ratio of 1.7. The
high Re content in the catalyst and “excess” Re in
the last catalyst give a lower fouling rate for the process which is used to upgrade naphtha to higher octane gasoline products.
CHEVRON RESEARCH CO.

Storage Stable Organosiloxane
Composition
U.S. Patent 4,766,176
A heat curable organosiloxane composition consists of

DOW CORNING CORP.

a suitable unsaturated polyorganosiloxane or
organohydrogensiloxane with encapsulated Ptcontaining catalyst, which promotes curing at 7ooC
and above. The catalyst is present as finely divided
particles or droplets enveloped in a thermoplastic
organic polymer to form microcapsules <5oopm in
diameter. Encapsulation of the catalyst gives storage
stability in a one-pack composition.

Platinum Metals Rev.,1989, 33, (2)

U . S . Patent 4 , 7 6 6 , 2 6 5
Conversion of ethane to aromatics is effected at
500-700~C using a catalyst consisting of a Gamodified HZSM-5 or HZSM-I I zeolite promoted
with Re and a metal selected from Pt, Pd, Rh, Ir and
Ni. Using this catalyst aromatic yields above 25% can
be achieved.

Catalyst Filter for Particulate
Combustion
Japanese Appl. 631140,810
A catalyst filter consists of Pd and/or Rh, a Ce compound and a Cu compound supported on a ceramic
honeycomb support. The catalyst fdter is especially
for combusting/removing particulates from diesel exhaust gas, and has a high particle capturing efficiency, a high combustion rate, and can ignite in lower
temperature regions.

Catalytic Filter for Particulate
Combustion
Japanese Appl. 631147,912
A catalytic filter consists of a fire-proof blinded type
honeycomb structure with an inorganic oxide film, a
Ce oxide layer, a Cu plating layer, and a catalyst layer
of at least one of Pd and Rh. The catalytic filter can
efficiently burn off particulates in engine waste gases
with a high burning rate at low temperatures.

TOYOTA JIDOSHA K.K.

Exhaust Purification Catalyst with
Admixed Silicon
Japanese Appl. 631158,129
A combustion exhaust purification catalyst is produced by coating a monolithic support with AI,O,, exposing to Si compound vapour, firing, and loading
with precious metals such as 1 . 0gfl Pt and 0.2 gfl Rh.
Using this method Si can be uniformly admixed with
the AI,O, coating without using a solvent.
TOYOTA JIDOSHA K.K.

Durable Palladium/Alumina Combustion
Catalyst
Japanese Appl. 631162,042
A combustion catalyst consists of I’d loaded uniformly on Al ? 0,supports from their surfaces to internally.
In an example a catalyst of 0.5wt.Yo Pd on 5 mm
diameter Al, 0 spheres was used for oxidation of
CH,. The catalyst has good high temperature
resistance and long life.

JGC CORP.

Metal-Supported Exhaust Purification
Catalyst
Japanese Appl. 631162,045
Flat or corrugated Fe-Cr-Al alloy plates coated with
activated AI,O, are loaded with catalysts such as Pt,
Pd or Rh, and then the metal plate is rolled up to
form the catalyst. The desired concentration distribution of catalytic metals can be formed and two different catalyst metals can be loaded separately.
TOYOTA JIDOSHA K.K.
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Rhodium-Copper Catalyst for Ethanol
Preparation

Three-Way Catalyst Containing Platinum
and Rhodium

AGENCY OF IND. SCI. TECH.

NIPPON SHOKUBAI KAGAKU

Japanese Appls. 63/162,63738
Ethanol is prepared by the reaction of CO with H, in
the presence of a supported Rh and Cu catalyst having Rh to carrier ratio o.ooor-o.5, and either a Cu
catalyst or a Cu, Zn andlor 0 catalyst. One or more
of Ir, Li or Mn may be added to the catalyst as accelerator. Ethanol is prepared in higher yield and
selectivity from available CO and H, by reaction at
150-45oOC and 0-350 kglcm’ pressure.

Japanese Appls. 631185,450-51
A honeycomb support is coated with (a) an inorganic

Efficient Combustion Catalyst Containing
Palladium
TANAKA KIKINZOKU KOGYO

Japanese Appl. 631175,638
An oxidation catalyst has Pd andlor PdO dispersed on

heat resisting supports coated with a mixed oxide of
Al,O, and 2--60wt.% SiO,. The catalyst provides
100% combustion efficiency for a mixture of 0, and
combustible gases, and has improved durability.
Combustioncan be changed from higher temperature
complete oxidation to lower temperature gas phase
oxidation by the action of SiO, in the supports.

High Activity Noble Metal Catalyst
AGENCY OF IND. SCI. TECH.

Japanese Appl. 631178,851
A noble metal hydrosol is contacted with an anion exchange resin containing quaternary ammonium
groups, to prepare a catalyst with noble metal colloid
grains on the resin surfae. The catalyst has large surface area, high activity in liquid and gas phase reactions, and can be recovered easily after use. In an
example catalyst beads supporting Rh were used for
cyclohexene hydrogenation to cylcohexane.

Ethanol Conversion Catalyst
MITSUBISHI HEAVY IND. K.K.

oxide supporting Pt and Rh, or (b) an inorganic oxide
supporting Pt,and an inorganicoxide supporting Rh.
The amounts of Pt and Rh are 5-30 and 1-20wt.%
respectively, and the inorganic oxide has average particle size 0.5-2opm. The catalyst is used for simultaneous removal of hydrocarbons, CO and NO, from
car exhaust, and does not deteriorate even when used
at high temperature in an oxidising atmosphere.

Platinum-Cobalt-Manganese Exhaust
Purification Catalyst
Japanese Appl. 631185,453
A catalyst for purifying I.C. engine exhaust has a
monolithic support with an activated Al,O, f h containing Co oxide and Mn oxide, and supporting at
least Pt,Pt-Rh,Pt-Iror Pt-Rh-Ir.The Co and Mn oxides inhibit Pb compounds from reacting directly
with Pt, Rh or Ir, but even when the catalyst is
poisoned with Pb, the rate of hydrocarbon purification is 10% higher than a conventionally used
catalyst.

CATALER KOGYO K.K.

Palladium Catalyst for Combustion
Exhaust Purification
MATSUSHITA ELEC. IND. K.K.

Japanese Appl. 631185,454
A catalyst for purifying exhaust gas consists of Pd on
a heat-resisting porous support of Al,O, cement, fused SiO, and TiO,, which also contains sulphate. The
catalyst removes CO, hydrocarbons and NO, from
combustion exhaust gas, and has improved purifying
ability for NO, at room temperature to 5w0C.

Combustion Exhaust Purification Catalyst
Japanese Appl. 631197,546
A catalyst used to remove hydrocarbons, CO and
NO, from engine exhaust is produced by loading Rh
on ZrO, fine powders of 5,oooh average diameter,
mixing the powders with an Al,O, slurry, and then
coating a support to give ~o-jowt.%of ZrO,. The
support may already have a first Al I 0, coating containing Pt. The reaction between Rh and Al,O, is
prevented, so the catalyst is hardly degraded.

Japanese Appls. 631182,033-34
A catalyst consisting of Pt andlor Pd loaded on an
Al,O, support containing rare earth metal oxide(s),
or Zn andlor 0 oxides is used for Converting ethanol
into H,-containing fuel gas. Side reactions which
form C,aldehyde or ether are prevented by the action
of the oxides, and the catalyst has improved activity,
selectivity even at 3oo-4oo0C, and works stably at
higher temperatures for a long time.

TOY0 KOGYO K.K.

Manufacture of Palladium Catalysts

Double Layered Catalyst for Automobile
Exhaust

TANAKA KIKINZOKU KOGYO

Japanese Appls. 631185,449 and 63/190,641
The catalysts are made by (a) adsorbing a Pd chloride
salt on a support, then reducing the salt, or (b)
dissolving Pd(NH,),(NO,), in HNO, solution, ageing, applying to metal or activated Al,O, support,
and reducing the Pd compounds. Using method (a)
strongly supported Pd particles and a high activity
catalyst are obtained, while (b) gives a uniform
dispersion of Pd particles and a catalyst with improved activity at lower temperatures.

Plarinum Metah Rev., 1989, 33, (2)

K.K.
3apanese Appl. 631205,141
A catalyst consists of a base material with a first layer
of activated Al, 0, and rare earth metal oxide supporting Pt or Pt and Rh, and a second layer of activated
Al,O,, Zr oxide and rare earth metal oxide supporting Pd and Rh. The catalyst is used for efficient
removal of hydrocarbons, CO and NO from
automobile exhaust gas, and maintains good activity
from rich to lean exhaust because of the double
layered structure.

NISSAN MOTOR
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Polyethylene Glycolic Acid Preparation
Japanese Appl. 63/211,251
Preparation of polyethylene glycolic acid consists of
passing a non-alkaline aqueous solution of
polyethylene glycol and an O 2 containing gas through
a solid bed reaction vessel packed with a granular PtPdIC catalyst. High quality polyethylene glycolic acid
can be prepared easily on an industrial scale.

KAWAKEN FINE CHEM.

One-Step Hydrocracking of Vegetable Oil

New Catalyst Composition for

Polymerisation
Mii. B.V. European Appl. 280,380A
A new catalyst composition for polymerisation of CO
with an olefmic monomer consists of a Pd compound,
especially Pd acetate, an alkyl or aryl phosphino
sulphonic acid compound, and optionally a non-noble
transition metal acid salt and a quinone compound.
This new composition has high activity.

SHELL INT. RES.

French Appl. 2,607,803
A hydrogenation catalyst consisting of Rh, Ir, Ru, Ni
or Co dispersed on a support is used in the one-step
hydrocrackiflg of vegetable oils or their fatty acid
derivatives. The process is carried out above 35Ooc,
with a H , partial pressure of at least 12 MPa, and
using at least one wt.% of catalyst compared to the
initial charge, giving almost 100% yield of hydrocarbons which are nearly free from acid.

Improved Ethanol Preparation

Production of Alkyl Butyl Ethers

Ruthenium Catalyst Solution for Ethanol
Preparation

UNIV. CURIE P.M.

German Appl. 3,700,606
Ao.~-~wt.%
PdonAl,O, catalystisusedintheproduction of alkyl n-butyl ethers by hydrogenation of
1-alkoxy-but-1-en-3-yne,
in the sump or trickling
phase, at a H, pressure of 1-350 bar and 30-15O0C.
The products can be produced easily economically
and in almost quantitative yields.

HULS A.G.

Separation of Nitrogen Oxides from
Gases
Russian Patenr I ,369,772
Nitrogen oxides are removed from gases containing
H, by passing dried gas through a layer of Pd on
Al,O, catalyst at 10 I/min, at 12o-15o0C, then cooling and passing through a deeper Ca zeolite layer.
The Pd on Al ,0, converts NO and NO , to N, 0 for
absorption in the catalyst, which allows removal of
almost 100% of the NO, present.

PERM POLY

HOMOGENEOUS CATALYSIS
Palladium Catalyst for Olefin
Carbonylation
European Appl. 274,795A
Carbonylation of olefinically unsaturated compounds
with CO is effected in the presence of an OHcontaining compound, Pd(0Ac) >, an organic
phosphine, an acid with a pKa<2, and a catalyst
stabiliser. The last component allows high reaction
rates to be maintained for longer than in prior art processes.

SHELL INT. RES. MIJ. B.V.

Methanol Carbonylation to Acetic Acid
coRP.EuropeanAppl. 277,824A
A process for carbonylation of methanol to acetic acid
in the presence of 2wt.% of a Rh salt and an iodide
promoter is improved by using an insoluble polymer
catalyst support having pendant free base, N oxide
andlor quaternised pyridine groups.
REILLY TAR & CHEM.
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Japanese Appls. 631145,243-44
Ethanol is prepared by contacting synthesis gas with
a catalyst solution containing Ru compounds,
halogen compounds and optionally Co compounds, in
the presence of CO? or CH, . Using this method, accumulation of CO, or formation of CH, is inhibited,
so ethanol is prepared more economically.

Appl. 631154,634
Ethanol is prepared by contacting synthesis gas with
a catalyst solution containing Ru compounds, Co
compounds and halogen compounds, at 160-30o0C,
under high pressure, in a reactor of Mo-containing
austenitic stainless steel. The catalyst can be recycled,
and ethanol is prepared more economically.
AGENCY OF IND. SCI. TECH.Japa?USe

Palladium Catalyst for Aromatic Ester
Production
Japanese Appl. 631174,950
An aromatic ester is produced by the oxidation reaction of a benzene derivative and an organic monoacid
with O,, in the presence of Pd-X and X compound(s)
where X is Bi andlor Pb and the Pd:X ratio is
I : 10-10:I . The catalyst is recoverable, and use of the
X compounds improves its stability.

SHOWA DENKO K . K .

Selective Preparation of Biphenyl
Derivatives
MITSUBISHI CHEM. IND. K.K.

Japanese Appl. 631179,834
Dehalogenating dimerisation of an aromatic compound with at least one halogen bonded to the
nucleus uses a supported 0.1-20wt.% platinum
group metal catalyst, a halogen acceptor, CO, and an
alcohol, formic acid or a formate. Reaction is carried
out at 20-30o0C, at up to ~ o o k g l c mpressure,
~
giving
higher yield and selectivity of the biphenyl derivative.

Ruthenium Catalyst for Production of
Polyols
Appl. 631179,839
A process for production of polyols by reductive condensation of formaldehyde uses a catalyst consisting
of a Ru compound and an imidazolium salt in the
presence of H, or H2/C0. Polyols, particularly 2-4C
polyols such as ethylene glycol, glycerin and
erythritol, can be obtained in high yields.
AGENCY OF IND. SCI. TECH. Japanese
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Selective Preparation of Straight Chain
Aldehydes
IND.SCI. mcH.Japanest Appl. 631179,841
A catalyst consisting of a Ru compound and a
pyridine compound is used in the reaction of CO,
olefin and H I , or H,O at 80-18oOC and 50-2ooatm
pressure. Straight chain aldehydes can be obtained in
high formation activities and high selectivities using
the Ru catalyst.

AGENCY OF

FUEL CELLS
Sulphur-Tolerant Steam Reforming
Catalyst
U.S. Patent 4,755,498
A S-tolerant, high activity steam reforming catalyst
consists of Pt, Pd or Ir supported on La-stabilised
AI,O,, or on Mg-promoted La-stabilised Al,O,.
The catalyst is used for steam reforming a hydrocarbon feed with optimum efficiency at minimum conversion temperature, and can be used with
S-containing feeds, and for a variety of reactor processes. Applications include fuel cells.
INT. FUEL CELLS CORP.

Ternary Alloy Fuel Cell Electrode
Catalysts
TANAKA KIKINZOKU KOGYO

Japanese Appls. 631190,253-54
A fuel cell electrode catalyst consists of a Pt-Ni-Cr or
Pt-Ni-Co alloy, preferably supported on electroconductive C black. Growth of the active metal particles
on the catalyst during use is suppressed for a long
time, and constant electro-motive force is obtained.

ELECTRICAL AND ELECTRONIC
ENGINEERING
Magnetic Medium for Horizontal
Recording
European Appl. 275 4 5 5A
A magnetic medium consists of a substrate, an optional underlayer of Cr or a Cr-V alloy, and a
magnetic alloy layer of Pt, Co and Cr with a Cr concentration greater than 17at.%. The medium has high
corrosion resistance, very high signal to noise ratio
and minimal time filter, and is especially useful with
high linear recording density systems.
IBM CORP.

Electroconductive Paint Containing
Noble Metal
European Appl. 277,325A
A coating composition consists of a nonmetallic
granular support coated with o.or-~owt.% Pt, Pd or
a noble metal alloy, preferably with Pb, Zn, Ni, Sn
or Cu.The coating is used to produce electroconductive prints, especially wiring tracks, and is useful for
laser image transfer in circuit board manufacture.
The process is simple, and suitable for making very
fine structures with satisfactory adhesion.
SIEMENS A.G.
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Superconducting Wire Manufacture
European Appl. 281,444~
A superconducting wire is made by filling a metal
pipe of Pt, Pd, Rh, Ir, Os, Ru, Au, Ag, other metals,
or an alloy with compound oxide type ceramic
powder having superconductivity, plastically deforming the filled pipe, heating to sinter the ceramic
powder, and cooling. The superconducting wire has
improved resistance to breakage, higher critical current density and higher critical transition
temperature.
SUMITOMO ELEC. IND. K.K.

Noble Metal Contact Pads
us. SEC. OF COMMERCE
U.S. Patent 7,117,259
A low resistivity contact is made to a high-T, superconductor by depositing a contact pad of inert or noble metal such as Pt, Pd, Au or Ag by thin-film
sputtering onto a non-degraded surface of the superconductor.
Contacts of
resistivity below
10- 'Dcm?are obtained, capable of carrying loads of
several hundred amps.

Durable Magnetic Recording Medium
DENKI KAGAKU KOGYO K.K.

Japanese Appl. 631136,318
A durable magnetic recording medium has at least
two laminated layers on the substrate, each consisting
of a magnetic layer and a protective C layer. In an example the magnetic layer was a Co-Pt alloy ioooA
thick, formed by sputtering a Co alloy target containing 18at.Yo Pt. The intermediate protective layers
prevent propagation of defects when head crash occurs on the surface during use.

Platinum-Cobalt Coating for Metallised
Substrate
Japanese A m l . 631137,574
At least two of a Co layer and a Pt layer are used to
coat a metallised layer on a ceramic or glass chip carrier. The carrier includes a lid to form an insulative
cavity accommodating a semiconductor integrated
circuit element, electrically contacted through a wire
to the metallised layer.
KYOCER4 CORP.

Soft Magnetic Thin Film
Japanese Appl. 631146,417
A soft magnetic thin film contains Fe, Co,Ga, Si and
0.5-6 at.% of at least one of Pt, Pd, Ir, Os, Ru, and
Re. The thin film shows good soft magnetic
characteristics and wear resistance, and is useful as a
magnetic head material for high coercive force recording media.

SONY CORP.

Magneto-Optical Recording Material
INOUE JAPAX RES. INC.

Japanese Appl. 631146,254

An optical magnetic recording material has an alloy

layer containing Pt and Mn as main components, and
at least one of Sb, In, Bi and Sn, as well as a rare earth
metal. The magnetic recording material has high
signal to noise ratio, and is useful for an optical
magnetic recording memory of a light switch.
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Non-Planar Ceramic Printed Circuit
Board Production

Temperature Recorder for Platinum
Resistance Thermometers

WORKSJapaneSe Appl. 63/182,887
A circuit is formed on a ceramic green sheet by using
at least one of Pd, Au, Ag and Cu as the conductor
for the circuit, then press moulding and firing. A
ceramic P. C. B. having non-planar shape can be produced using a simple process.

V. A. EFIMOVA

MATSUSHITA ELEC.

Optical Magnetic Recording Medium
K.K.JapaneSe Appl. 63/183,640
h optical magnetic recording medium consists of an
alloy of (Fe(, -x,Cox)Rh (where x is 0-0.5) which has
an axis of easy magnetisation vertical to the membrane. The medium can be used for disc, tape, drum
or sheet shaped memory, as well as for hologram or
magneto-optical devices.

Russian Patent 1,383,112
A sensitive temperature recorder for use in highly accurate Pt resistance thermometers has a filler of finely
dispersed Al oxide powder and a binder of K
tetraborate, in the ratio 68-74:26-3zo/o. The temperature recorder will operate for 6ooo hours over a
life of 10years, compared to zoo0 hours and 7 years
for the previous recorders.

SEIKO DENSHI KOGYO

Printed Circuit Board Manufacture
HITACHI K.K.

Japanese Appl. 631200,593

A printed circuit board is made by forming resist patterns, containing metal powder on one side of the
board, roughening, conversion treating the surface
with Pd, and Cu plating. Using this method the
adherence between the resist pattern and electroless
plating layer is improved markedly and the accuracy
of the resist pattern is improved.

Precious Metal Coating for Magnetic
Contacts
Russian Patent 1,381,614
A coating used in relays and logic devices consists of
a Rh based working layer, and an intermediate layer
I. 2. GUBAIDULLIN

formed by successive deposition of a 0.05-0.Ipm
thick layer of Au, a 0.5-2pm thick layer of Ni, and
a 0.05-1pm thick layer of Au. The working life of
sealed magnetically operated contacts is increased
using the coating.

TEMPERATURE
MEASUREMENT
Thermal Detector with Precious Metal
Coated Electrode
European Appl. 274,88I A
A thermal detector consists of two membrane electrodes formed on a base material, with at least one
electrode having a black f i m coating of precious
metal, preferably Pt black, Pd black, Ir black or Au
black. The detector has excellent heat absorption efficiency and i.r. detection sensitivity:
SHIMADZU COW.

Wire Lead Attachment Device
MOTOROLA INC.
U.S.Patent 4,758,814
In a high temperature transducer the conductive
leads are secured to a ceramic sensor using a conductive adhesive and a vapour deposited thin film of Pt,
Pd or Ru which is disposed on a fdm of Ti or Sn. This
device for wire lead attachment withstands temperatures up to 6ooOC.

Platinum Metals Rev., 1989, 33, (2)

MEDICAL USES
High Purity Platinum Anti-Tumour
Agents
European Appl. 2754 59A
A cytostatic agent consists of a cis-diamine-I,

LACHEMA

I-cyclobutane dicarboxylate Pt(I1) complex, with at
least 60% of the particles of size no more than q p m ,
and at least 95% no more than 75pm. The complexes
are anti-tumour agents, and are prepared with a purity of at least 98% from cis-diamine dihalogen Pt(I1)
complexes and I , I -cyclobutane dicarboxylic acid.

Macromolecular Platinum Compositions
for Treating Tumours
European Appl. 280,474A
A new Pt-containing macromolecule consists of a
macromolecular carrier molecule linked to a Pt com-

JOHNSON MATITIEY INC.

pound in either the +z or + 4 oxidation state. The
composition is used for detecting, localising and/or
treating a tumour or metastases. Attachment of the Pt
drug to the carrier may stabilise the drug, increase
solubility, and/or give sustained or controlled release.

Platinum Complexes with Anti-Tumour
Activity
RESEARCH CORP.
U.S.Patent 4,758,588
Four co-ordinate square-planar diaminocyclohexane
cis-Pt(I1) complexes having organic anions are used as
anti-tumour agents at a dose of 25-200mgkg. The
complexes are H,Osoluble and less nephrotoxic than
cis-platin, and show marked in vitro cytotoxic activity
and good in vivo activity as a single injection.

Endoscope for Measuring Gastric Juice
Viscosity
SNOW BRAND MILK PRODUCTS

Japanese Appl. 631214,244
An endoscope for measuring gastric juice viscosity

has a heat sensitive element which is thermally contacted with the gastric juice, and lead wires. The element is composed of a thin Pt wire wound around a
core, a Pt plate, a disc having a spiral thin Pt wire
therein or a ceramic disc having spiral Pt pattern
deposited on it.
The New Patents abstracts have been prepared from
material published by Dement Publications Limited.
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