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Car Exhaust Catalysts for Europe
THE DEVELOPMENT OF LEAD TOLERANT PLATINUM
CATALYST SYSTEMS FOR EMISSION CONTROL

By A. F. Diwell and B. Harrison
(;roup Ktwarvh Centre, .Inh11i011 Iiattlic.) & ('0 1.imitrd

are the components of photochemical smog ( I ) .
.l'he dispersion of photochemical smog and its
precursors can be retarded by climatic conditions and has become a particular problem in
I,os Angeles and Tokyo. This situation is by no
means confined to the lJ.S.A. and Japan,
however, and photochemical smog and related
phenomena have been observed in some
European cities, notably in Madrid ( 2 ) and
Athens (3) and even in London (4).

4lthough Europe is following the.
example of the (1.S.A. in progrewively
loicwinp p c w n i t t d clmission l w c h ill
pollutants f r o m motor vehicles, it
s w m s unltkrlr to introduce k a d f r w
prtrol in thci forcwcJable future.
Propowd wgulalions s w k a Iwcl of
c~mission control which will. in all
probability, necasitate the use o#
oxidution catalysts. In the. p r e s mc c of
leaded fuel conventional autocatalysts
used in thr 1i.S.A. arp susceptiblr. to
poisoning a ftr r rdatii)elu loin mileages
and there is o potential rrquiremmt
for a catalyst systvm capable of
functioning satisfactorily on fuel containing .substantcal concmtrations of
lead. Following the identification of
the nalurc>and thP type of /hcJpoisoning l ~ o dspecks. ,JohnsonMatlhey has
dcvrloped a ,first genwation lead
tolerant catalyst system for emission
control. This has dcnionstratpd
durabslitr for 50,000 ki1omrtrc.a road
usagc. w i t h leaded f u r l .

Emission Legislation

The presence of lead in petrol and potential
health hazards resulting from its emission in
car exhaust has been the subject of much public
debate recentlv. However, this is really only
part of the total scene concerning the contribution of the motor vehicle to atmospheric pollution. Of the major exhaust gases carbon
monoxide is a respiratory poison while unburnt
hvdrocarbons and oxides of nitrogen are known
to interact in the presence of sunlight to
produce the lachrvmatory compounds which
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The U.S.A. has introduced increasingly
severe vehicle emission regulations as a result of
the Clean Air Act of 1970 and its subsequent
amendments ( 5 ) . Prior to 1975 ignition and carburation modifications were used in conjunction with secondary air injection and thermal
reactors; all of these techniques having a
generally detrimental effect on fuel economy.
However, since I 975, catalyst technology has
been successfully introduced, giving rise to two
major side effects. First, most vehicle
nianufacturers were able to re-tune engines for
better economy while relying on the catalyst to
control emissions. Secondly, it ensured that the
trend to lead-free petrol was maintained as conventional automobile catalysts are poisoned by
lead. 'rhus the overall effect was to tackle both
gaseous pollutants and lead. A similar situation
has occurred in Japan.
Although emission levels in Europe permitted by legislation are being progressively
lowered they are presently far higher than those
in the IJ.S.A., as shown in Figure I. For the
I 98 I model year the U.S.A. demands reductions
of 90, 90 and 70 per cent, respectively for
hydrocarbon, carbon monoxide and nitrogen
oxide emissions relative to unregulated I 968
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Fig. 1 Existing and propmed EriropcJan regulations for controlling rro?ciou.srmissions ,from motor cars urc src~kinp 11 progressiw dwrcmse in thc amounts oj
hydrocarbons, carbon monoxide and nitrogen oxides. f k p r r i r v i w gaincd in the
I.. w h r r r catalysts u i ( w requircd to m w t 1hfJir 1975 rqulalions,
catalysts are likely to bc, required in Europe if th(. p r o p o d
stondnrd i s adopted. After K. ,I. I,nrbcJy, I.S. 4 . T.A. .!+nip., ~~olf.sloburg,
1978

levels. In contrast the E.B.C. amendment presently being introduced calls for only 50, 60
and I 5 per cent compared to unregulated levels.
However, a further reduction in permitted
emissions is due in 1983/4 model years (04
amendment) and proposals for an 05 amendment involving a 90 per cent reduction in
hydrocarbon and carbon monoxide levels have
been made, notably by the West German
Umweldbundesamt (LJRA). This level of
control is similar to that which is current in the
U.S.A. and could become law in Europe in the
late r98os. In addition, Switzerland is
independently proposing to introduce legislation equivalent to 1977 U.S. Federal limits in
1986, and Sweden is pursuing a similar course.
As European emission legslation is strengthened, control techniques similar to those used
in the 1J.S.A. until 1975 are available to car
manufacturers and it is likely that most vehicles
will be able to meet the standards up to
I'CE I 5-04 without catalysts, although, in
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some cases, a fuel economy benefit may be
possible by re-tuning and using catalysts.
However, the ECE 15-05 standards will
necessitate catalytic control on the majority of
cars. Present evidence suggests that although
the lead level in gasoline will be gradually
reduced from the current average of around 0.4
down to 0. I 5 grams per litre (presently used in
West Germany and to be introduced in the U.K.
in 19853, lead-free petrol is unlikely to be available. Should concerns about lead health effects
result in a change in this situation then catalytic
converters currently used in the U.S.A. would
readily be available for Europe. If not, it follows
that any catalysts fitted to cars in Europe
should be tolerant of lead, at least at the 0.15
grams per litre level and preferably at the
higher 0.4 grams per litre level also.
Johnson Matthey has been involved in the
development of ceramic monolith supported
automobile catalysts for the U.S. market for
over ten years and has supplied more than ten
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Thus a wide range of lead species may be
formed in engine exhausts, depending on fuel
composition and prevailing engine operating
parameters such as speed, load and tune. Since
lead is a notable poison for both noble and base
metal catalysts these factors can also be
expected to have a marked influence on catalyst
durability.
I h r i n g the mid-r97os, a number of workers,
including those at Chrysler (8,9), Ford (10,I I),
General Motors ( I 2 ) and Johnson Matthey ( I 3),
reported the effect of fuel composition and
different lead compounds on precious metal
catalyst durability. This work was conducted at
the levels of lead then prevailing in U.S. fuel.
Although the conclusions reached were in
general agreement, a controversy arose over the
Chrysler workers’ claim that lead did not
poison catalysts if ethylene dibromide was not
added to the fuel. In view of this it was considered that the first step in approaching the
development of lead tolerant catalysts should be
to obtain an idea of the lead species likely to be
Fuel Composition and Its Influence formed under varying operating conditions. A
on Catalyst Deactivation
fundamental thermodynamic approach was
Tetraethyl lead or tetramethyl lead (‘I‘EL adopted to develop a model for the system from
or TML) are normally added to gasoline as which concentration of lead compounds such as
octane improvers to prevent pre-ignition or oxide, chloride, bromide, oxyhalides, sulphate
“knocking” in the engine. In addition to lead, and oxysulphates could be predicted under
“scavengers” are also included in the fuel in the varying operating conditions. A summary of the
form of ethylene dibromide (EDB) and results is presented in Table I.
ethylene dichloride (EDC). These compounds
For Motor Mix fuel containing 0.4 g/l
decompose during the combustion process to lead, the maximum level currently used in most
form hydrogen bromide and hydrogen chloride, European countries, gaseous halide species prewhich in turn interact with lead to form volatile dominate at 600°C (assuming no sulphur and
lead halides. In this way, lead is effectively an oxygen level of z to 4 per cent) while at
removed or scavenged from the cooler parts 400°C a solid nxvchloride is the major form of
of the combustion chamber. The quantity of lead. Notwithstanding the possible differences
scavengers added to the fuel is expressed in in toxicity of individual lead species, it can be
terms of the theoretical amount necessary to concluded that the nature of lead poisoning of
interact with all the lead. Thus, the most catalysts under the lower temperature condition
common additive package, known as “Motor is likely to be due largely to physical coverage
Mix” contains I Theory EDC and Theory by particulate lead species. In contrast, at the
EDB, that is, an excess of scavenger. higher temperature, vapour phase lead species
Tricresylphosphate (I‘CP) has occasionally are likely to give faster poisoning based on
been added to gasoline as a combustion chemical reactions. At 400°C a marginal
improver, and sulphur is normally present at a influence of 0, potential on the equilibrium is
level of approximately 300 ppm.
seen, whereas this is not apparent at 600OC.

million units. Oxidation catalysts, capable of
removing carbon monoxide and unburned
hydrocarbons, were introduced in 1975 (6) and
three-way catalysts designed for simultaneously
removing these pollutants together with
nitrogen oxides were introduced in 1981 (7). In
anticipation of legislation necessitating the use
of catalysts on European cars, Johnson Matthey
has recently undertaken a project aimed at
developing lead tolerant catalyst systems. Fuel
parameters, systems variables and catalyst
parameters have all been investigated in an
attempt to identify not merely a catalyst but
also the conditions under which it should be
used. Initially the work has concentrated on
oxidation catalyst technology and has been
partly funded by the U.K. Department of
Industry. Part of the work has been subcontracted to BL Cars and the U.K.A.E.A. at
Harwell, while British Petroleum and
Associated Octel have provided fuels and
additives.

+
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Table I

1

Thermodynamic. Stability of 1,vad Specic.s in Votor Ichicle ISxliaust

I

I

0 pe ra t ing
conditions

Fuel additives

"2

:onc.
(per
cent)

inlet
temp.
("C)

2 4
2
4

600
400
400

2 4
2
4

600
400
400

Phases predicted (per cent of Pb)

Solid

'bO

2PbO.PbC1,

PbSO,

PbO

Gaseous
PbBr, PbCI:

I
I

0.4

0.15

0.15
0.4

0.5

0

0

0.5

0
0.5

2-4
2-4
1

300

1-4

-

-

89
91.5

34

-

-

-

85
88

600
400

97
100

-

300-600

-

-

At the level of 0 . I 5 8/1 lead (again as Motor
Mix) as currently used in West Germany, and
about to be adopted in some other European
countries including the U.K., a higher proportion of lead is in the solid phase at 600°C
suggesting that a combination of the two
poisoning effects should be expected.
The influence of the scavenger additives can
be seen from the prediction that all exhaust lead
would be in the solid phase at 400°C and 97 per
cent would be solid at 6oooC, for 0.15 g/l lead
fuel without scavengers.
In reality all commercial gasoline contains
sulphur largely derived from the original crude
oil and when a typical level of sulphur, 300 ppm,
is present in fuel containing either 0.4 or 0.I 5 g/l
lead as Motor Mix, the model predicts a totally
different situation with solid phase lead sulphate being the thermodynamically stable phase
from 300 to 600°C at I to 4 per cent 0,. If all of
the lead were converted to solid lead sulphate in
practice, one might expect scavengers to be
totally ineffective; one might also expect
physical poisoning of catalysts to occur to the
complete exclusion of chemical poisoning.
Experience, however, is to the contrary,
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19
-

-

1

-

_

-

_

-

_
-

3

_
-

46
9
6.5

34
2
2

44
13.5

19
1.5

10.5

1.5
-

_

_

3

-

_

-

100

-

-

-

indicating that PbSO, formation involves a slow
step, the oxidation of SO, to SO,, prior to
interaction with lead compounds. It would be
expected, therefore, that the composition of the
lead species in the exhaust would be similar for
fuel containing 300 ppm sulphur to that for
sulphur-free fuel. However, over platinumcontaining catalysts, and particularly in the
presence of the high levels of oxygen that are
often obtained when secondary air injection is
used, SO2oxidation to SO, followed by reaction
with PbO to form PbSO, would be considerably
more favoured. This would explain the practical
observation that catalysts which have run on
leaded, sulphur containing fuel are rarely
found, in analysis, to contain lead halides or
oxide halides, but normally' are contaminated
with either lead sulphate or lead oxide sulphates. It is tempting to suggest that lead
reaches the catalyst in the form of halide, oxide
halide or oxide and then reacts with SO, to
forin the stable lead oxide sulphates or lead sulphate which are difficult to remove.
At the Johnson Matthey Research Centre,
the pulse flame reactor test rigs shown in Figure
2 have been used to study the effect of lead and
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Fig. 2 Piilsc!,flomrrmctor tvst
rigs (mablr larpP numhws 0.f
cntnlysts and ,fuel ndditiors t o
hr c ~ t : a l r ~ a t ( ~r da p i d l y .
S/andardiscd f u d and air
rnirturvs arr hurnt in the
romhustdon chnrnhrrs and
t h c rrsulring gases pass
through lhv cutalyst. -1 cornpnrisun of inlrt and c,xhaust
p s ront:rwtrntions c.nab1r.s
thc c.lficicJncy o,f lhe cutalyt
to hP drtwminrd

other fuel additives on catalyst deactivation.
For this purpose, 2" diameter x 3" long cores of
a standard, platinum-containing, U.S. type,
monolithic oxidation catalyst were used.
Petroleum, doped with the additive mixture
under Invkstigation, was injected into a combustion chamber using a standard fuel injector and
combustion was initiated by a propane/air pilot
flame. The exhaust, together with added
secondary air, was passed through the catalyst
sample, and inlet and outlet gases were
analysed. This type of procedure was used as a
short-term eight hour screening test and
although a wide range of hydrocarbons and also
carbon monoxide were present in the exhaust
gas only methane, ethane and ethylene were
regularly monitored, because, under the test
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conditions employed, no catalyst deactivation
was observed for higher hydrocarbons, or
indeed for carbon monoxide, over this interval.
Catalyst deactivation for oxidation of these
three lower hydrocarbons was therefore used
as an indicator of likely performance for the
removal of total exhaust hydrocarbons over a
longer timespan. Unless otherwise indicated,
steady state ageing conditions, involving a
catalyst inlet temperature of 630 to 65ooC,
were used.
Experimentation has shown that, in the presence of a fixed concentration of lead of 0.4 g/1
and the absence of EDC, a linear relationship
exists between the rate of catalyst deactivation
and EDB concentration, as shown in Figure
3. The effect of EDC in the presence of lead
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and absence of EDB was markedly less. This
is in accordance with the thermodynamic

model which predicts a higher gas phase concentration of PbBr, than of PbCI, under these
test conditions. This enables faster transport of
lead to the catalyst, which results in faster
chemical poisoning. The fact that increased
quantities of either scavenger, above I Theory,
continued to affect poisoning rate, illustrates
the equilibrium which exists between solid lead
oxide and the gaseous lead halide in each case.
With no scavengers present in the fuel,
extremely slow deactivation was observed,
owing to the drastically reduced concentration
of gaseous lead species-most of the available
lead being present as solid PbO-with only a
small amount of vapour phase PbO. As
expected, catalyst poisoning rate increased with
increasing lead concentration when lead was
incorporated in the presence of Motor Mix
scavenger additives. Sulphur was found to
have little effect on catalyst deactivation when
added to Motor Mix doped fuel, providing
evidence that sulphur plays little part in the
transport of lead to the catalyst surface.
Following these rig tests, static engine
durability tests were conducted on similar
catalysts of 4” diameter x 6” long, using leaded
fuels containing zero or low levels of scavenger.
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As in the rig tests, lower deactivation rates for
hydrocarbon oxidation were observed as compared with cases where Motor Mix fuel was
used. However, a heavy build-up of deposited
lead compounds, which plugged a high proportion of the monolith cells, caused a rapid loss in
performance for carbon monoxide removal.
Thus, although i t is possible to demonstrate
that a reduction in the level of scavengers,
particularly ethylene dibromide, present in
leaded fuel can cause a reduction in the rate of
chemical poisoning by lead species, it is clear
that physical contamination is likely to become
more prevalent. This limits the potential of the
use of such fuels as a means of minimising
catalyst deactivation.

Emission System Design
Although catalyst design is of primary
importance in the development of a lead
tolerant system, the conditions under which the
catalyst must operate also play an important
role with regard to activity and durability. One
of the critical factors affecting the performance
of a catalyst is the inlet temperature, since this
influences light off, activity, stability and, as
discussed above, the nature of the lead species
reaching the catalyst.
The effect of inlet temperature was
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investigated by performing pulse flame reactor
tests in the range 550 to 750°C~again using
1J.S. type oxidation catalysts, in conjunction
with fuel doped with 0.4 g/1 lead (Motor Mix).
One catalyst was both evaluated and aged at
each of five different temperatures between 550
and 750°C and the results, for methane conversion only, are shown in Figure 4. The five fresh
catalysts effectively demonstrated light off for
methane, with catalyst activity increasing as
temperature increased up to a conversion
efficiency of 90 per cent at 750°C. After ageing
for eight hours, a different trend emerged and
an optimum in performance was observed at a
catalvst inlet temperature of 650"C. It was also
noticed that poisoning had shifted the effective
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light off temperature for methane to a higher
level.
These phenomena can be explained in terms
of the lead species present at each ageing
temperature. The faster deactivation observed
at 700 and 750°C can be explained by the onset
of PbO volatilisation at temperatures above
about 670°C, thus increasing the chemical
poisoning of the catalysts aged at these temperatures. At lower temperatures, poisoning is
largely caused by lead halides alone, since PbO
is non-volatile. It appears, therefore, that an
optimum temperature exists at which lead
halides are unstable with respect to solid PbO,
but where PbO has no significant vapour
pressure. These results have been confirmed
in three engine tests where catalysts were
positioned in the exhaust train to give inlet
temperature ranges of 455 to 860°C, 245 to
720°C and 155 to 540°C, respectively. The
coolest catalyst position was most detrimental
to catalyst performance and resulted in conversion efficiencies of < 30 per cent for both
carbon monoxide and hydrocarbons after only
100 hours running on a 5 mode ageing cycle.
Although the other catalyst positions resulted
in similar performance (> 90 per cent carbon
monoxide, 35 to 55 per cent hydrocarbon conversion) after 200 hours ageing, the position
closest to the exhaust manifold (455 to 860°C)
was slightly inferior to the intermediate
position (245 to 720°C)~ providing further
evidence of the effect of volatile I'bO at high
temperatures.
A second parameter which can affect the lead
tolerance of catalysts is that of engine tune,
since this can influence the type of lead compound in the exhaust stream. It would be
expected that tuning rich of stoichiometry
would favour the stability of lead halides and
hence would enhance chemical poisoning by
these species. Lean tuning, on the other hand,
would favour lead oxide formation, which,
provided it was not volatilised, would result in
slower physical poisoning. l'ulse flame reactor
tests tended to confirm these predictions, since
at air : fuel ratios of I 2.9, I 4.6 and 16.I , rates
of loss of conversion for methane of 9.4, 6.6 and
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4.1 per cent per hour, respectively, were
observed.
In the successful operation of oxidation
catalysts it is important to ensure overall oxidising conditions at the catalyst inlet at all times.
This is normally accomplished via secondary air
injection from an air pump or a Pulseair system
( 1 4 ) . In the case of lead tolerant oxidation
catalysts it is again necessary to provide sufficient secondarv air to cope with peaks in emissions, but excessive use of secondary air can be
detrimental. High levels of secondary air
promote the conversion of lead halides to lead
oxide in the exhaust and therefore may reduce
chemical poisoning but increase the possibility
of physical blocking or plugging. The conversion of sulphur dioxide to sulphur trioxide is
also promoted by excess oxygen and hence lead
deposited on the catalyst is more readily “fixed”
in the form of stable lead oxy-sulphates or lead
sulphate. Finally, secondary air can also exert a
“flash cooling” effect on the exhaust at the
point of injection, which may enhance the condensation of particulate lead, which in turn can
lead to plugging. White and Zakrajsek have also
reported the effect that secondary air has on the
increase in weight of the catalyst as lead is
deposited ( I 5).
’Thus, it is important, in developing a lead
tolerant catalyst system, to optimise the design
in terms of catalyst inlet temperature range,
catalyst position, engine tune and secondary air
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injection, as well 3s the catalyst itself, in order
to maximise durability.

Lead Tolerant Catalysts
In seeking to improve on the lead tolerance
of standard oxidation catalysts, the approach
adopted by Johnson Matthey has been to study
each of the important catalyst parameters in
turn in order to establish the effect on performance in a leaded environment. These
parameters include substrate type, for example
monolith or pellet, monolith material and cell
density, washcoat type and loading, presence of
washcoat stabilisers, base metal components,
noble metal components and loading, and also
dispersion of active sites. By optimising these
parameters, a first generation lead tolerant
system was identified which is based on a pure
platinum catalyst supported on a Fecralloyz
metal substrate. This catalyst exhibited an
cxcellcnt result in a pulse flame reactor test
compared to that obtained for a standard U.S.
oxidation catalyst, as is evident in Figure 5.
Following this result, the catalyst was subjected to static engine durability testing, using a
slave test vehicle to carry out the European
ECE 15 test schedule at various points. This
test was also successful with the lead tolerant
catalyst giving 90 per cent carbon monoxide
and 45 per cent hydrocarbon conversion after
300 hours ageing on 0.4 g/I lead Motor Mix
fuel, compared to 75 per cent and 15 per cent,
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respectively, for a standard U.S. catalyst after
only 150 hours ageing. On the basis of this
result it was decided to submit the catalyst to
road durability testing.
.l’wo such trials were conducted at BL Cars
using 1.7 litre “0” series Morris Marina cars
running on fuel containing 0.4 and 0 . I 5 41 lead
as Motor Mix, Figure 6. The Automotive
Manufacturers Association (AMA) cycle was
used for endurance, with ECE 1 5 emissions
testing being conducted at specific intervals.
The European emissions test (the ECE 15
test), like the US. Constant Volume Sampling
(C.V.S.) test, simulates an urban driving cycle,
and the exhaust gas is continuously sampled
and collected while the vehicle is driven on a
rolling road dynamometer. IJnlike the
American test, the driving schedule is simpler
and involves a maximum speed of only 40
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m.p.h., compared to 55 rn.p.h. for the C.V.S.
test, resulting in relatively low exhaust
tcmperatures. ‘The exhaust gases collected are
analpsed for hydrocarbons, carbon monoxide
and oxides of nitrogen and the results are
expressed as grams per test emissions. Thus, the
legislation proposed by West Germany would
rcquire carbon monoxide emissions of ( 3 0
grains per test and combined hydrocarbon and
nitrogen oxide emissions of < 10 grams per test
for vehicles in the 750 to 1,250 kg weight
range. No durability limit for emission control
devices has yet been set although it is assumed
that at least 50,000 km will be required.
Catalyst inlet temperatures on the two
vehicles were adjusted to 400 to 450°C by the
use of a single insulated downpipe which
allowed the catalyst (4” diameter x 6” long) to
be fitted immediately after the manifold. The
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Table I I

I

I
I
I

Hoad Test Data on Stage>I Lead T o l e r a n t Catalyst

1
1

Distance
additives
Fuel

km

0.40 g/1 lead Motor Mix
0.15 g/l lead Motor Mix

37,000
50,000

Per cent conversion
HC
CO
52

57
74

60

UBA proposed limits

ECE 15, g/test
(HC+NOJ
CO

10.53
9.10

30.76
27.73

10

30

trial using 0.4 p‘l lead Motor Mix successfully tion with RI. Cars. Areas requiring special
completed 48,366 km before termination due to attention include the blockages observed at the
catalyst blocking. Deposition of particulate lead higher lead level and the position of the catalyst
compounds appeared to be aided by a high in relation to the low temperature ECE 15 test
secondary air flow rate from the air pump. as well as the high temperature conditions
However, the trial was very encouraging with sometimes encountered in countries with no
both carbon monoxide and hydrocarbon con- motorway speed limits.
version efficiencies levelling off at around 50 to
5 s per cent after 37,000 km, the last point of Acknowledgements
Contributions to this work of personnel from RL
measurement. ECE 1 5 g/test figures were
Cars, U.K.A.E.A. Harwell and Ricardo Consulting
very close to those proposed by the West Engineers are gratefully acknowledged.
German lJBA for future legislation.
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Dekany, Director, Emission Control Technology
Division, E.P.A., May 3oth, 1974
meeting proposed European legislation for
I o 1). A. Jensen, Letter to J. Dekany, June 7, I 974
50,000 km road usage on leaded fuel. This
I I M. Shelef, R. A. Ualla Betta, J. A. Larson,
catalyst system is presently being evaluated by
K. Otto and H. C. Yao, ‘Poisoning of Monolithic
Noble Metal Oxidation Catalysts in Automotive
the leading European motor companies.
Exhaust Environment’, AIChE, 74th Meeting,
Meanwhile Johnson Matthep has embarked
New Orleans, I 973
upon a further research programme aimed at 1 2 G. J. Barnes, K. Baron and J. C. Summers, S.A.E.
Paper No. 74 I 062, I 974
incorporating new catalyst technology into a
Stage I1 system and engine tests are underway. 1 3 H. J. Cooper, Platinum Metals Rev., 1975, 19,
(41, 1 4
Critical parameters such as catalyst position,
1 4 R. A.Gast,S.A.E. PaperNo. 750172, 1975
inlet temperature, engine tune and secondary 1 5 J. I-. White and C. E. Zakrajsek, S.A.E. Paper
air flow rates are being optimised in conjuncN O . 810086, 1981
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Solid State Bondhg of Ceramics
with Platinum Foil
By R. V. Allen, F. P. Bailey and W. E. Borbidge
CSIRO Division of Chemical Physics, Clayton, Victoria, Australia
The solid state reactions that take place between many ceramics and
metals can be utilised to produce strong vacuum-tight joints that
maintain their strength and durobility even at elevated temperatures.
In this context platinum can play an especially important role because
o,f its high melting point and resistance to chemically aggressive
environments. Some industrial applications of the solid state bonding
process using platinum are described in this article, which also includes
some data on the properties of joints made in this way.

Techniques for the bonding of ceramics to
metals are continually being sought for applications as diverse as electronic circuitry, vacuum
tube technology, nuclear engineering and
high temperature sensing devices.
Many techniques involving welding or
brazing are currently available for ceramicmetal bonding, but most are limited by their
nature to specific pairs of materials, and to low
temperature applications.
A process known as reaction bonding has
been developed through a collaborative programme between the Commonwealth Scientific
and Industrial Research Organisation (CSIRO)
and the School of Physical Sciences of Hinders
University ( I , 2, 3, 4). Patents for the process
have been granted in several countries (5). In
contrast to conventional brazing and metallising techniques, reaction bonding is a direct,
solid state process, that is to say no intermediate
materials are used and no melting of any component is involved.
Reaction bonding can be applied to a wide
range of metals and ceramic oxides. For
example, alumina, zirconia, beryllium oxide
and alumina-silicate ceramics can be bonded to
industrially important metals such as platinum,
gold, nickel and copper.
With noble metals such as platinum and gold,
the mechanism of the bonding process involves
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a chemical reaction taking place at the bond
interface. Scan ping electron microscopy and
electron probe microanalysis have failed to
detect any evidence of metal diffusion into the
ceramic (3). A scanning electron micrograph of
a sectioned alumina-platinum-zirconia bond is
shown in Figure I .
The technique of reaction bonding is
relatively simple, with four main requirements:
(i) Bonding temperatures must be below the
melting point of the lowest melting component of the system, usually about 90
per cent of the melting point of the metal.
(ii) Bonding time is usually 2 to 3 hours, but
can be as low as a few minutes.
(iii) Clamping pressures of 0.5 to 1.5 MPa are
required to ensure adequate physical
contact at the interface during bonding.
(iv) For maximum bond strength, the surface
of the ceramic 10 be bonded must be
polished to near optical flatness.
Bonding is usually done in air or vacuum,
but protective atmospheres of argon or nitrogen
are sometimes used to prevent excessive oxidation of the metal during the process.
Bonds formed in these conditions are both
strong and vacuum tight, and maintain their
strength at temperatures approaching those at
which they were formed.
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Fig. 1 A scanning decaron
photomicrograph of a
recctioncd aluminn-platinumzirmnia reaction lomi

In earlier papers (6, 7), factors that influence
bond formation have been discussed with
reference to alumina and gold. In the case of
bonds involving platinum, optimum bonding
conditions have been found to be 4 hours at
1450°C in air, with the ceramic and Platinum
foil held in contact by I MPa clamping pressure. Extensive mechanical strength testing in
air at both room and elevated temperatures has
been performed and some typical data are
shown in Figure 2, demonstrating that the high
bond strength is maintained at temperatures up
to I I O O ~ CSpecimen
.
failure on testing in the
moderate to high temperature range may occur
in either the bond or the bulk of the alumina, as
is clear from the closeness of curves A and B
in Figure 2. Three pairs of alumina specimens
bonded with platinum under identical conditions, and then tested to rupture are shown in
Figure 3.

many bonding applications. Two of these are
considered below.
Fast Kesponse Therrnocouplc: Sheath
Thermocouple elements arc traditionally
sheathed in closed end ceramic tubes, in order

Applications of Reaction
Bonding with Platinum
As discussed above, a wide range of metals
can be reaction-bonded to ceramics. However,
the process lends itself mainly to high
temperature applications which are best served
by noble metals such as gold and platinum.
Platinum in particular, with its high melting
point ( 1 769OC) and chemical inertness in many
hostile environments, is the preferred metal for
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undetected. Reaction bonding has been used to
overcome this problem; a new type of sheath
known as a “fast response thermocouple
sheath” has been designed. As shown in Figure
4, it consists of an open ended ceramic tube
across the end of which platinum foil has been
reaction-bonded, so as to form a thermal partition or window. The platinum foil window
replaces the conventional domed end of a closed
end ceramic sheath. In Figure 4 a thin ceramic
ring bonded across the platinum window can be
seen; this has no effect on the function of the
sheath and protects the foil under rough
service conditions and manufacture.
The response time of a thermocouple within
the reaction-bonded sheath has been shown to
be up to five times faster than for a thermocouple in a Conventional closed end sheath.
/*‘ig.3 ~ o modulus-of-rupture
t
test specimens [if
alumina-platinum-alumina bonds .formed in
identical conditions. Le,fi: unbroken specimen,
middle: specimen fracturrd through thn bond,
right: ,specimenfractured through t h p alumina

Such a rapid . response ensures accurate
temperature control, resulting in fuel savings
by preventing overshoot and leading in many
cases to improved quality control. The sheath
has potential for use in many industrial applications, for example glass re-melt furnaces, where

I

PLATINUM WIRE
(OUTER ELECTRODE
CONNECT1 ON)

Fig. 4 Compared with a conventional domed end
ceramic sheath (top), the shmth with uplatinurn
foil window (bottom} permits a more rapid
response to temperature change

Fig. 5 IIere reaction bonding is used to
join an alumina tubr of appropriate length
to a zirconia cup. This is platinised on both

to protect them from chemical attack or
physical damage which can occur in many
industrial and laboratory applications. The
response to temperature changes of thermocouples within these sheaths is slow, and
rapid temperature fluctuations will thus remain
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PROBE SHANK
ALUMINA TUBE
10mm DIA

the inner ond outer surfaces to form the
electrodrs of an oxygen sensor. The outer
dectrode is connrcted by the platinum foil
bond to a p h i n u m wire and hence tu the
terminal head
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Fig. 6 The bare oxygen
sensor ( t o p ) is normally used
mounted in a p r o b e assembly
complete
w i t h protective
metal sheath and terminal
hrad ( b o t t o m )

the rapid response of a bare thermocouple is
required, while at the same time it must be
protected against a corrosive environment.
Oxygen Analysing Sensor
An oxygen sensor using reaction bonding has
been developed by CSIRO. The sensor is capable
of in situ monitoring of oxygen concentrations
in hot gaseous environments (600 to 1400°C).
Oxygen sensors of this type are increasingly
used in controlling fuel combustion in power
generation and metallurgical processes where
control of gas atmosphere and efficient energy
usage are important.
The oxygen sensor is of the zirconia solid
electrolyte type which relies for its operation on
the high mobility of oxygen ions within the
zirconia electrolyte. If differing concentrations
of oxygen are present on either side of a
zirconia barrier, an e.m.f. will be generated
across that barrier depending on the magnitude
of the difference in oxygen concentrations (8,
9). The reaction-bonded oxygen sensor is constructed by using a zirconia (calcia or yttria
stabilised) cup, reaction-bonded with platinum
to an alumina tube of a length to suit the
installation, see Figure 5.
A thermocouple element (not shown in
Figure 5) is fitted within the body of the sensor,
so as to contact the inner platinised surface of
the zirconia; the negative lead of the thermocouple also acts as the inner electrode wire.
Air is pumped to the inside of the sensor to
provide a reference oxygen concentration, while
the outside of the zirconia is exposed to the
atmosphere to be analysed. The sensor is normally mounted in a protective metal sheath
with terminal head, as shown in Figure 6.
For direct in situ operation of the sensor, the
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temperature of the process to be monitored
must lie within the ionic conducting
temperature range for zirconia, that is, between
600 and 1400OC.In cooler situations, a heater
element can be fitted to the sensor to raise the
temperature of the zirconia above 600°C.The
reaction-bonded oxygen sensor has been licensed
for manufacture in Australia.
through GIRO

Conclusions
Although only a few examples of reaction
bonding have been discussed, it is believed that
the technique has a scope for a wide range of
applications. Although it appears to have most
potential in the high temperature field, the
simplicity of the technique lends itself to many
ambient temperature applications where it
could effectively replace many of the more complicated techniques used at present.
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The Chemistry of the Platinum
Group Metals
A REVIEW OF THE INTERNATIONAL CONFERENCE
For the .first time an intwnational conference has been devoted solely
to the chemistry of the platinum group of metals. Organispd b y the
Dalton Division of the Royal Society of Chemistry and the School of
Chemistry at the University o j Bristol, this highly successful meeting
attracted well over three hundred participants from twenty-seven
countries, the proceedings including four main lectures, thirty invited
papers and more than a hundred contributions in the form o,f posters.

The greatly increased and widespread
interest now being taken in the biological
potential of the platinum metals, in their
usefulness in homogeneous catalysis and
generally in their organometallic compounds
prompted the organisation of this unique conference attended by representatives of the major
oil, chemical and pharmaceutical companies as
well as by academic chemists. It is possible to
review only briefly the more important developments that were discussed during the five-day
meeting held at Bristol in July. A comprehensive book containing abstracts of all the papers
and posters is available from the School of
Chemistry at the IJniversity of Hristol.

tion for two amine ligands is an essential prerequisite for an active complex. Five compounds
of this type are currently undergoing phase I
clinical trials.
Several papers dealing with aspects of the
same subject and with the reaction of these
compounds with DNA were presented by
Professor Stephen Lippard of Columbia
University, Ilr. Bernhard Lippert of the Institut
der Technischen Universitat in Munich, Dr.
J. P. Macquet and his colleagues from the
Laboratoire de Pharmacologie et de Toxicdogie
Fondamentales du CNRS, Professor R. Hau of
the Iiniversity of Southern California and
Professor W. M. Beck of the [Jniversity of
Munich. A paper from Professor Michael Cais
Platinum in Cancer Therapy
and his colleagues at the Israel Institute of
The opening lecture on the mechanism of Technology in Haifa described some novel
action of platinum anti-cancer drugs was given platinum complexes with potential anti-tumour
by Professor Barnett Rosenberg of the activity based on the increased selectivity conMichigan State University, the discoverer in ferred by the antigenic properties of the
1967 of this method of treatment. His original ligands, while Professor R. D. Gillard of
compound cis-dichlorodiammineplatinum(II), University College, Cardiff, reported on the
now known commercially as cisplatin or effect on bacterial growth of some rhodium
Neoplatin, is well established as a drug. It is complexes.
particularly useful in the treatment of genitourinary tumours such as testicular, ovarian and Organometallic Chemistry
The main lecture on the sessions on cobladder, especially when used in combination
with other anti-tumour drugs. However, this is ordination and .organometallic chemistry was
likely to be only the first of a new class of anti- given by Professor Sei gtsuka of Osaka
tumour drugs based on platinum co-ordination University under the intriguing title of “What
complexes. Many structural variants have been can be achieved with bulky phosphines?” It was
screened and it is evident that a cis configura- demonstrated that bulky trialkylphosphines
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could effectively stabilise co-ordinatively
unsaturated platinum and rhodium complexes
which had high nucleophilic reactivity towards
small molecules. A number of examples were
presented including the production of hydrogen
from water by a rhodium complex.
Professor M. A. Bennett of the Australian
National University, Canberra, then discussed
the chemistry of arene ruthenium(I1) complexes
which could be reduced under mild conditions
in the presence of an olefin. Protonation of the
resulting ruthenium(o) arene-olefin complexes
gave monohydrido ruthenium(I1) salts which, in
solution, were fluxional with the hydrogen
migrating between metal and olefin.
Ring systems formed by amine attack on
olefins co-ordinated to platinum(I1) formed the
subject of a paper by Professor B. L. Shaw and
three of his colleagues at the University of
Leeds. Variation of the amine and olefin gave
rise to either four or eight membered ring cyclic
complexes or to binuclear platinum complexes
with two rrans-fused five-membered rings.
New compounds of ruthenium and osmium
containing the dichlorocarbene ligand were
reported on by. Dr. W. R. Roper of the
University of Auckland, New Zealand, while a
paper from Professor M. F. Lappert and his
colleagues in the School of Chemistry at Sussex
University described a series of stable ohalogenoalkyls of platinum and amides of
rhodium and iridium.

Homogeneous Catalysis
Professor P. M. Maitlis of the University of
Sheffield contributed a paper on new types of
homogeneous catalytic reactions with the halfsandwich complexes of the platinum metals.
Reactions that had been investigated included
olefin hydrogenation and carbonyl and arene
hydrogenation, while hydrogen transfer reactions were found to be well promoted. Novel
aldehyde disproportionation reactions offering
a useful route to ethanol and acetic acid were
described, using rhodium and ruthenium-complexes, while some new rhodium and iridium
complexes provide an insight into the
mechanism of the Fisher-Tropsch reaction.
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A remarkable performance by Professor

B. M. Trost of the University of Wisconsin
opened the discussions on organic synthesis and
homogeneous catalysis. His main conference
lecture, on organopalladium intermediates as
chemical chameleons, had the underlying theme
that olefins may be activated by formation of an
intermediate palladium z-ally1 complex which
can subsequently be attacked by a variety of
nuckophiles. The reactions discussed were
highly regio- and stereoselective and were used
to prepare a wide range of products of
biological interest ranging from insect
pheromones to precursors for macrolide
antibiotics and prostaglandins. Professor Trost
also described a novel approach to the synthesis
of five-membered carbocyclic rings by reaction
of an olefin with the palladium complex of
trimeth ylenemethane.
The study of the mechanisms by which
platinum metal complexes catalyse organic
reactions and of the application of these
processes in selective organic synthesis formed
the subject of a paper by Dr. J. M. Brown of the
Dyson Perrins Laboratory in the University of
Oxford. These factors were illustrated by work
on homogeneous hydrogenation employing
cationic rhodium complexes in aprotic solvents.
The mechanism of the industrially important
rhodium complex catalysed hydroformylation
process was studied and shown to be a highly
complex system with many stable states
accessible.
Professor W. Keim of the Institut fur
Technische Chemie, Aachen, discussed his
recent work on the telomerisation of isoprene
with water or ammonia using homogeneous
palladium catalysts. This offers an attractive
route to commercially important terpenoid
compounds but is complicated by the large
number of possible products, although the
selectivity could be improved by variation of
the phosphine ligand or addition of acid.
Professor B. K. James of the University of
British Columbia described some aspects of the
chemistry of ruthenium porphyrin complexes,
including a system for the catalytic decarbonvlation of aldehydes which was proposed to
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occur through formation of ruthenium(II1)
species and free radicals.
The major change in industrial chemical
processes towards homogeneous catalysis and
the reasons for this were surveyed by Dr. D.
Forster of the Monsanto Company, St. Louis,
Missouri, in the last of the four main lectures.
The catalysis of methanol carbonylation by a
rhodium in place of a cobalt complex has the
advantages of operation at lower temperatures
and pressures with a higher selectivity and the
use of a very much lower metal concentration
in the catalyst. The water gas shift reaction and
the fundamental chemistry involved in its
catalvsis by rhodium complexes in acidic media
were also reviewed, as was the catalysis of
olefin hydrocarboxylation by rhodium and
iridium complexes.

in the world, were outlined by Mr. Howard
Hush who emphasised that the concentration of
these metals in the ore amounts to only 3 parts
per million and that therefore some ten tons of
rock have to be mined and brought to the
surface to yield one ounce of platinum.
The separation and refining of the six
platinum group metals to the high degree of
purity essential in many of their applications
involves a complicated series of selective precipitation operations from solutions containing
these metals. Even in favourable conditions
repeated dissolution and reprecipitation are
required, and in order to improve on this procedure separation techniques have been developed
based upon solvent extraction. A ioint paper by
I h . M. J. Cleare and Mr. R. A. Grant of the
Johnson Matthey Research Centre and Mr. P.
Charlesworth of Matthey Rustenburg Refiners
Cluster Compounds of the
outlined the new method and related its
Platinum Metals
mechanism to the complex chemistry of the
The session on cluster compounds of the platinum metals. The advantages of this
platinum metals was opened by Dr. G. Longoni approach include a reduction in processing
of the lrniversity of Milan who described the time, a lower lock-up of valuable metals, a
synthesis and characterisation of high higher yield at lower cost and the possibilities of
nuclearity carbonyl clusters of platinum and automation.
The industrial relevance of the chemistry of
rhodium and suggested that these clusters may
till the gap between co-ordination and solid the platinum metals was discussed by Dr. D. T.
state chemistry. Professor J. Shapley of the ‘Thompson, also of the Johnson Matthey
Ihiversity of Illinois then discussed the syn- Research Centre a t Sonning Common. Dealing
thesis of a range of cluster compounds where a briefly with the extensive use of palladium in
metal-hydride bond was used to couple two liquid phase hydrogenation, with platinum on
metal centres in inter- and intramolecular reac- carbon in phosphoric acid electrolytes in fuel
tions. The synthesis of heterometallic cluster cells, the oxidation of ammonia to nitric acid
compounds containing rhodium was the subject over rhodium-platinum gauze catalysts and the
of the lecture by Professor F. G. A. Stone of hydrocracking and reforming of hydrocarbons
Bristol lhiversity who showed that tungsten over supported platinum metal catalysts, he
carbvne complexes and compounds with turned to the relatively new subject of
metal-metal double bonds can react with industrial homogeneous catalysis, first used for
simple co-ordination compounds to give a a major process in the early 1960s for the convariety of cluster complexes.
version of ethylene to acetaldehyde. Since that
time homogeneous processes based upon soluble
Industrial Technology
rhodium catalysts have been introduced for the
As a source of background information on hydroformylation of olefins and the carbonylathe platinum metals, their extraction, refining tion of methanol to acetic acid. The advantages
and applications, a further series of papers was of using platinum metal systems for the compresented. Operations at Rustenburg Platinum mercial development of a number of organic
Mines, the largest source of the platinum metals transformations were emphasised, such as the
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effects of process variations such as rhodium
concentration, temperature of operation, and
carbon monoxide and hydrogen pressures, on
both the efficiency of the process and on
catalyst stability, while data had also to be
accumulated on the effects of impurities in the
feed stocks. All this information has been put to
use as a basis for optimising the process design
and for the formulation of guarantees for the
licencees of the technique. Mr. Harris concluded his paper with the statement that an
output of two million tons of the product, nbutyraldehyde, involved the use of less than one
ton of rhodium.
L.B.H.

conversion of ethylene to vinyl acetate, of
propylene to acetone and to butyraldehyde.
These one-phase systems offer economy in
cnergy and a lower concentration of metal in
the catalyst by comparison, for example, with
cobalt.
Lastly, the development of rhodium
hydroformylation technology for process licensing was described by Mr. N. Harris of Davv
McKee. This process, developed by Union
Carbide, Johnson Matthey and Ilavy McKee
during the early 1970s for the hydroformylation of propylene, offers the advantages of high
efficiency and low pressure operation, but a
detailed knowledge had to be built up of the

B.A.M.

A Detector for Formaldehyde Vapour
SUPPORTED PLATINUM ELECTRODES USED IN ELECTROCHEMICAL SENSOR
Formaldehyde is an important industrial
chemical with a wide range of applications. In
aqueous solution it is used as a disinfectant, as a
preservative and as an auxiliary agent in the
textile, leather, paper and wood industries.
However most formaldehyde is used for making
resins which are then used in the manufacture
of many products including plywood, chipboard
and cavity-wall foam. Only extremely low levels
of free formaldehyde are evolved from such
products if the correct resin is used under
appropriate conditions, and even where the
resin is made significant levels of atmospheric
formaldehyde are rare. However the gas has a
pungent odour and an irritating effect on the
eyes, and all parts of the respiratory system,
and in Great Britain the Threshold Limit ValueCeiling set by the Health and Safety Executive
is only zppm.
While a number of analytical techniques are
available for determining formaldehyde in the
atmosphere, all have their advantages and
disadvantages. Now, as a result of a joint
research and development programme between
Lion Laboratories Limited, of Cardiff, and
Ciba-Geigy Plastics and Additives Company of
Ihxford, Cambridgeshire, an accurate pocketsize electrochemical instrument for detecting
and determining atmospheric formaldehyde
vapour has been produced.
The development and evaluation of this
“Formaldemeter” has recently been described
by P. M. Williams, I. R. Whiteside and T. P.
Jones (International Environment f3 Safety,
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1981, Guide Issue, 15-20). The detector
incorporates a fuel cell which, although based
upon a sensor originally developed by Professor
H. I,. Gruber and H. Huck of Innsbruck
Universily, has been modified extensively at the
University of Wales. LJsed in conjunction with
its unique aspirating sampling system and
related electronic circuitry, it can respond to
atmospheric formaldehyde and provide a
measurement of the vapour concentration.
The fuel cell electrodes consist of platinumblack supported on porous plastic, and are
initially subjected to an activation process to
prepare them for subsequent formaldehyde
oxidation; in use they are separated by an
immobilised acid electrolyte and are connected
to the measuring circuit by fine platinum wires.
When a sample is drawn into the detector any
formaldehyde is adsorbed on the anode and
spontaneously oxidised, producing an electron
flow across the electrolyte to the cathode. As a
result the potential across an external load
resistance is changed, and this potential change
is amplified and displayed on a digital meter.
Following initial calibration, and with periodic
in-the-field checks and adjustments, the meter
provides a direct reading in formaldehyde
vapour concentration units.
The Formaldemeter has high, but not total,
specificity to formaldehyde and in addition it
requires a short time delay between successive
samples. Work to increase specificity and to
develop a continuous monitoring facility is
proceeding at both Duxford and Cardiff.
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Ruthenium Tetroxide Destroys Dioxin
THE OXIDATIVE CONTROL OF AROMATIC POLLUTANTS

By David C . Ayres
Westfield College, University of London

Ruthenium tetroxide is a powerful oxidising
agent and has been widely used in laboratories
for small scale oxidations as it reacts rapidly
with most oxidisable organic functional groups
at ambient temperature (I). In such conditions a
solution of ruthenium tetroxide in carbon
tetrachloride is often employed, the organic
solvent taking up the ruthenium tetroxide as it
is generated by the oxidation of ruthenium
trichloride with aqueous hypochlorite. Initially
the ruthenium tetrachloride solution is yellow,
and a clear indication that the oxidative reaction is taking place is given by the precipitation
of black insoluble ruthenium dioxide. As the
hypochlorite is capable of continuously
regenerating the ruthenium tetroxide from the
hydrated dioxide, only catalytic quantities of
ruthenium compounds are required.
Potassium permanganate is used commercially for the oxidative control of air
pollutants by wet scrubbing; however a solution
of ruthenium tetroxide-being more potent-is
an attractive alternative oxidant for persistent
aromatic pollutants. An illustration of its
effectiveness is provided by the reported
destruction of polychlorodibenzodioxins (2),
including the now notorious TCDD that was
accidentally released at Seveso in Italy in 1976.

2,3,7,8-Tetrachlorodibenzo-pdioxin (TCDD)

The electrondonating oxygen atoms of the
ruthenium compound enhance the oxidation of
this structure: the simple phenols and their
ethers all react extremely rapidly, but
chlorosubstituents have a stabilising effect.
Clearly the solvent employed must be considerably inactivated; nitromethane can sometimes
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be used with advantage. The rate of these
oxidations is approximately doubled for every
IOOC rise in temperature.
Ruthenium tetroxide is toxic, but less so than
osmium tetroxide; its solutions may be safely
handled in closed systems or in fume cupboards.
A 2 per cent aqueous solution can be safely
obtained from warm ruthenium
dioxide/hypochlorite by its entrainment in a
stream of air followed by collection in a cooled
trap. In water there is considerable rate
enhancement compared to reactions in carbon
tetrachloride.

Potential Industrial Applications
From a practical point of view, two specific
examples of aqueous oxidations indicate the
industrial possibilities.
Mono- and dichlorophenols are oxidised
extremely rapidly. The destruction of
pentachlorophenol is best accomplished by the
action of the tetroxide on the phenoxide. This
reaction requires treatment for 18 hours at
3ooC, when complete fragmentation occurs
giving carbon dioxide and chloride ions as sole
products (3).
A group of thiophene odorants at concentrations ofabout I or3grams/litrerequires treatment
for hundreds of minutes with saturated permanganate at 2 2 T . When ruthenium tetroxide
is used on comparable concentrations the disappearance time is reduced to a few minutes (4).
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Progress i.n Fuel Cell Technology
A REPORT OF THE UNITED STATES NATIONAL SEMINAR
An annual forum for the exchange of information and for discussion of progress in the fuel
cell field is provided by the United States
National Fucl Cell Seminar, which this year
was held in Norfolk, Virginia during June.
Although mainly concerned with efforts in the
United States of America, delegates from many
countries attended.
The development of fuel cells has been
briefly reviewed in this Journal (I); following
their acceptance as reliable power sources for
space applications, interest turned to their
potential for the terrestrial generation of
electrical power from a variety of fuels. The
main theme of this year’s meeting was
the move towards commercialisation of the
phosphoric acid electrolyte fuel cell, which
utilises platinum-catalysed electrodes. R. W. Fri
of the Energy Transition Corporation described
how two user groups had been set up, reflecting
the differing requirements of the electricity and
gas supply utilities. It is intended that these
should be international bodies, and several
Japanese utilities are already actively participating and conducting some of the first trials. Fuel
cell technology is now regarded as being available “off the shelf” and ripe for much greater
commercial exploitation. Thus the purposes of
the user groups are to study applications, to
share information, and to set standards for fuel
cell manufacturers.

Multi-Megawatt Generators
A 4.5 ME‘ generator manufactured by
United
Technologies
Corporation,
and
incorporating platinumcontaining catalysts
supplied by Johnson Matthey, is being sited in
Tokyo by the Tokyo Electric Power Company,
and start-up is planned for February 1982, as
reported by M. Kobayashi. A 4.8 MN’generator
from the same manufacturer is being built in
New York City for the Consolidated Edison
Company, and Kenneth Glasser reported on
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progress. Installation has been delayed,
principally by frost damage to heat exchangers
in the ancillary systems during certification
tests, When certification is complete, the fuel
cell will be the first power station to be installed
in New York City for some fifteen years.
Speakers from United Technologies Corporation presented papers on their technology
improvements programme (L. Handley), projected new fuel cell systems (R. Cohen), and 40
kW integrated energy systems that enable waste
heat produced during the on-site generation of
the electricity to be recovered for purposes such
as air conditioning or industrial processing (P.
Grevstad). By increasing the fuel cell electrode
size and raising operating temperature and pressure, the output of the present 4.5 MW configuration can be raised ro J J MW wirh little or
no cost penalty. Under the latter conditions,
thermal efficiency is also raised, the fuel
requirement falling from 9300 to 8300
BTU/kWh after 40,000 hours of operation.
With detailed improvements now in the
pipeline, a heat rate of 7400 BTU/kWh is
anticipated-this
compares with I 1,000 to
I 2,000 BTU/kWh for conventional turbine
generators.
Details of the Westinghouse Electric
Corporation programme to build fuel cell
power plants, using technology supplied by
Energy Research Corporation, were provided
by Joseph J. Buggy. The objective is again to
produce a number of different sized cells,
ranging from kilowatt units for on-site energy
production to 7.5 MW utility generators.
Westinghouse propose to use their own coal
gasification technology to produce the hydrogen
used as fuel in their cells.

On - S it e Generators
As mentioned above, the use of electric
generating equipment located at or close to the
point of use, rather than centrally sited, enables
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the associated thermal energy to be recovered
and used for a variety ofpurposes, so increasing
the efficiency of fuel utilisation and thus conserving energy resources. In addition, on-site
location reduces the losses that normally occur
during the transmission and distribution of
electric energy.
G. K. Johnson reported progress on the
Engelhard Industries project to build a 5 0 kW
generator for on-site installation, with heat
recovery facilities, for completion in late I 982.
I t is intended that the system will operate on
methanol fuel, rather than the naphtha, coal or
natural gas proposed for most of the competing
systems.
The various advantages of fuel cells, including low pollution, high efficiency, and quiet
vibration-free operation are leading to the
identification of a large number of potential
applications in military areas. R. Rarthelemy of
the 1J.S. Air Force Wright Aeronautical
Laboratories described uses being considered,
and current programmes by the U.S. Army,
Navv and Air Force to evaluate fuel cells
ranging from 1.5 to 60 kW capacity. The C.S.
Army Mobility Equipment Research and
Development Command are developing and
testing a family of 1.5 to 5.0 kW mobile
generators, in collaboration with Energy
Research Corporation. These are indirect
methanouair systems involving steam reforming of methanol to produce a hydrogen-rich gas.

Platinum Alloy Catalysts
Future hopes of the electric power utilities
were expressed by A. J. Appleby of the Electric
Power Research Institute (E.P.R.I.). Various
fluorinated acid compounds hold the promise of
achieving heat rates as low as 7000 RTU/kWh.
E.P.R.I. funded work has yielded a technique
for catalysed, low temperature ( I zoo°C) graphitisation of carbons. Criteria for advanced,
platinum-base metal catalysts such as carbon
supported
platinum-vanadium,
platinumzirconium and platinum-tantalum were also
described. Synthesis of strong fluorinated
organic acids with high temperature stability
and low vapour pressure, as alternatives for the
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phosphoric acid electrolvte, was described by
iMilcs Walsh of ECO Incorporated.

Second and Third Generation
Fuel Cell Concepts
Various papers described work on second
generation, molten carbonate electrolyte fuel
cells. These are envisaged as large, coal fired
plants for electric utility use. Application
studies carried out by United Technologies
Corporation were described by J. M. King, and
a programme is in progress to evaluate these
cells; in addition. work aimed at defining cell
construction parameters was described by H.
Healy. H.C. Maru gave details of a molten carbonate cell under development at Energy
Research Corporation, in which natural gas or
methane is reformed internally in the cell
stacks, eliminating the need for a separate fuel
condi tioning unit.
Westinghouse Electric Company are working
on thin film, high temperature solid oxide
electralytc fuel cells, operating at between 700
and I I O O O C . Methods of preparing the ceramic
based electrodes for these cells were given by
G. 1:. Zymboly. Edward Federmann described
studies of industrial co-generation to provide
comparison with other energy sources in the
year 1990, high temperature cells generally
being regarded as a third generation concept.

Conclusions
The various fuel cell demonstration programmes now in progress are being studied with
great interest by both electric and gas utilities.
The results of these programmes will determine
the rate of installation of new types of
generators with their multitude of environmental and fuel saving benefits. In the
meantime, the formation of fuel cell user
groups demonstrates, and can be expected to
contribute to, a growing awareness of the exciting commercial potential for fuel cells. A major
role now seems to be assured for supported
platinum catalvsts in this application. D.s.C.
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Justus Erich Bollmann
and His Platinum Enterprises
ACTIVITIES IN N O R T H AMERICA A N D E U R O P E
BEFORE T H E Y E A R 1816

Bv John A . (lhaldecott
The Seienee Museum. London

Credit ,for first producing malleable platinum in North America in s u f ficient quantitv to satis,fy the needs of .1merican industry and commerce must go to Jicstus Erich Rollmann, whose sheet platinum went
into the construction o,f the,first platinum still to be used in America for
lhe concentration of sulphuric acid. A n account is provided o f the
development o f Bollmann’s business and o,f his e,fforts to create new
outlets for the metal.
Justus Rrich Hollmann was born in I 769 at
Hoya-on-Weser in the Electorate of Hannover,
where his father was a well-to-do merchant.
After attending school in Karlsruhe he studied
medicine and surgery at the llniversity of

G6ttingen and graduated MI) in 1791. He then
set out through southern Germany in pursuit of
further medical knowledge and on reaching
I’aris in January 1792 he gave free medical
attention to the poor in their houses in order to
gain experience and he also spent
some time learning French as well as
in acquiring a knowledge of chemistry.

Justus Erich Rollmann
1 76% 1821
Germnn physicinn. adventurer,
merchant. wvnomisi. uuthor nnd
rnnnu[acturinp; chemivi. Hollmann
nrriwd in .Vat$ Fork Jrom En6lnnd in
1796, a.ftar acquiring a knotcledp oJ
chemistry in Paris. He lived fur most of
thc cnsuing tirenir w a r s in
Philndelphia tahere ha became n
member of ihe .4mc?ricanPhilosophical
Society. Ilr icas the .first to prepnrp
mnllenble platinum an n commercinl
scak in the 1Jnited St4zte.s. and was
responsible for providing the first
piatinurn boiler used in A mericu for
ronrpntrnting the weak sulphuric acid
produced by the lcad chamber pmcmr
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Later that year when the life of the Comte de
Narbonne, the French War Minister, was
threatened, Bollmann succeeded at great
personal risk in conducting him out of France
to join a group of French tmigrts in London
( I ) .Though he did not realise it at the time, this
episode was to have an important influence on
Bollmann’s future. In 1793 and 1794 he became
involved in two attempts to secure the release
from prison of Lafayette, formerly one of the
French army commanders in Paris. The second
attempt which was carried out with American
financial backing and with the help of an
American accomplice, Francis Huger, only
failed when Lafayctte was recaptured some
twenty miles from the fortress at Olmutz where
he had been held by the Austrians. For their
part in the affair Bollmann and Huger were
sentenced to six months confinement in an
Austrian prison and to subsequent banishment
from the country (2).
On their release from prison Bollmann and
Huger made their way to London where in
October 1795 they embarked for America and
arrived at New York on I January 1796.
Because of his efforts on behalf of Lafayette,
Bollmann received a warm welcome in America
and he was cordially received by President
Washington. Some years later, when Thomas
Jefferson became President, he sought
Rollmann out on account of the services
rendered to Lafayette and over a period offered
him three government appointments: Consul at
Rotterdam, Commercial Agent at Santo
Ihmingo, and Factor at the Indian Agency at
Natchitoches in Louisiana; but all were
declined for commercial reasons.
I n 1797 Erich Bollmann joined in
partnership with his brother Ludwig to
establish the firm E. & L. Bollmann at
Philadelphia, their main business being to
import Silesian linen on a commission basis (31,
and with financial support provided by the
1,ondon merchant bankers, John and Francis
Haring & Company, to buy West Indian cacao,
coffee and sugar for export to Hamburg (4).
Shortly afterwards Erich married one of the
daughters of John Nixon, a wealthy
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Philadelphia shipping merchant and President
of the Rank of North America.
The partnership with Ludwig lasted only six
years. Following the conclusion of the Peace of
Amiens between France and England in 1802,
and the ensuing depressed state of the commercial ports of northern Europe, the
Hollmanns lost over $140,000 through an
unwise speculation in tea, by failures of
customer-firms in Philadelphia, and on their
own exports to Europe. Bankruptcy followed in
1803 with Francis Raring & Company and
Victor du Pont among the crediiors (5).
The next few years were times of great hardship for Erich Bollmann and by 1809 his
thoughts had turned towards agreeable
scientific occupations whose profits might
suffice for him to lead a quiet life (6). He
attempted to interest IrCnCe du Pont, who had
established a gunpowder factory at Wilmington,
Delaware, the precursor of the modern Du Pont
enterprise, in schemes for the manufacture of
various chemicals but without success. He then
established a small factory for making artificial
flowers (7) but this venture failed when both
home and foreign demand collapsed in 1812
after America declared war on England (8).
The years I 8 I o to I 8 I z saw the publication
of four works by Bollmann, dealing in the main
with national banking and finance; also an
article on the Embargo policy of the American
government, and a review of a publication by
Gay-Lussac and ‘I‘hhard. Rut as Bollmann
confided to IrCnCe du Pont, all those works gave
him “more Fame than Feeding, and even not
much of that”. (9) Rollmann then decided to
devote the greater part of his time to practical
chemistry, setting himself particular aims, one
of which was to prepare malleable platinum and
promote its use in the trades and the arts (TO).
I

Production of Malleable Platinum
The public first learnt of Bollmann’s
activities with platina, the crude alluvial ore
which on purification yields platinum metal,
through the publication in June I 8 I 3 of a note
by Thomas Cooper, professor of chemistry and
mineralogy at Dickinson College in Carlisle,
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Part qf llollmann's letter of
16 June 1813 to I'rafessar

Thomas Cooper wherein he
g i t w some information about
his own production and use
of malleable platinum.
IJC. alsn expressed the hope
that his process toould hrcome brneficial tu the arts,
and to society. Cooper published thr l m c r in August
1813 in his "Emporium of
drts and Scipncrs"

Pennsylvania ( I 1). This note revealed that
Bollmann had “succeeded in manufacturing
Platina into bars, wire, spoons, and crucibles”.
Cooper could g v e no details of the process used
by Bollmann, but he provided an outline of
what he termed the “common method” of
producing malleable platinum, a method which
from its description appears to be the one
employed by Richard Knight towards the end
of the eighteenth century (12). Cooper also
announced that the specific gravity of
Bollmann’s platinum was 19.7; this he contrasted with a value “upwards of 21” obtained
by Joseph Cloud, an officer of the United States
Mint, for a specimen of platinum which he had
purified by freeing it from iron, palladium,
iridium and rhodium.
Following the publication of Cooper’s note,
Bollmann wrote him a letter, dated 16 June
T 8 r 3, in which he explained that the value I 9.7
applied uniquely to the particular “ill hammered specimen” of platinum which Cooper
had taken with him. He went on to state that
his own platinum generally yielded a value of
z I .5 and that he had even had several pieces of
specific gravity 22.5. After pointing out that
Cloud seemed to have intended to do no more
than produce a cabinet piece of platinum of the
greatest possible purity and specific gravity,
Bollmann claimed that he was the first person
in America to render platina malleable “by
means of a process, which admits being
executed on a large scale” (13), see above.
Bollmann went on to say that he did not
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follow the “common method” as described by
Cooper, because it “could not be executed in
the large way with safety, accuracy and
dispatch”. He then revealed that he had found
hints of another method in European publications, and after carrying out some unsuccessful
trials he believed he had improved it considerably. He promised that he would give
Cooper a full account of the method after some
time had elapsed, but indicated that he had no
intention of doing so immediately lest others
might profit unfairly from his researches and
thereby deprive himself of the opportunity to
recover the expenses he had already incurred.
The production of malleable platinum from
platina was referred to in a letter Bollmann
wrote to Simon Snyder, Governor of the State
of Pennsylvania:
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‘The ore conies from South America, in small
Grains which are formed in the Beds of rivers,
mixed with the Sand. The art of bringing these
small Grains, into a solid mass, fit to be hammered, and wrought, depends on a very peculiar
Process, of a chemical nature which is practically
known to only a very few People in Europe, and
which has nevcr been executed in this Country
before 1 attempted it myself. I have been so
successful, thar, according to the opinion of Mf
Cooper, and some other of the learned Chemists,
I have even considerably improved upon the
European method of working it, so that the
greatest Part of my Process belongs to
mvself.”jr 4)

So far as is known Bollmann never revealed
the details of his process for producing rnalleable platinum. However in view of the

literature on platinum which was available at
that time, one cannot help wondering whether
Hollmann had read the article on ‘Platina’
published a few years earlier in “A Dictionary
of Chemistry and Mineralogy”. This article
contained details of Knight’s method of
working platina, and also that of another
Englishman, Thomas Cock, which was said to
have been attended with complete success ( I 5 ) .
McDonald has pointed out that Cock appears to
have been unconscious of the presence in native
platina of iridium, osmium, rhodium and
palladium, all of which had been discovered and
reported on a year or two earlier ( I 6). However,
as a resident in Philadelphia, and a member of
the American Philosophical Society from I 800
onwards, Bollmann would have had no
difficulty in learning of the procedure adopted
by Cloud, a fellow member of the Society, for
separating palladium and rhodium from crude
platinum, the details of which were given in a
paper Cloud read to the Society in I 809 (17). So
it could be that if Bollmann had indeed
“improved” on the method invented by Cock,
such an improvement was achieved by adopting
the chemical process for extracting palladium
and rhodium as carried out by Cloud.

Industrial and Commercial Uses
It has been said that when Bollmann began
his work on platina, a considerable quantity 0 1
the crude metal existcd in North America for
which there was no demand (18). Whether or
not this was the case, Bollmann could certainly
have satisfied his requirements for platina from
supplies smuggled out of New Granada through
the port of Cartagena and shipped to Kingston,
Jamaica, where they were handled by the local
merchants Adam, Robertson & Company.
Crude platina sold at Cartagena in I 8 I 4 for not
less than five dollars a pound avoirdupois, the
price at Philadelphia being six dollars ( I 9).
The letter Bollmann wrote to Cooper in June
I 8 I 3 contained the following statement:
‘‘Pieces have been made of the weight of two
pounds, and upwards. Sheets have been rolled of
thirteen inches square, and vessels of platina are
now making, and in preparation, which will hold
from twenty to thirty gallons.” (13)
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The purpose for which such vessels were being
made was not disclosed at that time, but a more
illuminating account was provided in the letter
Hollmann wrote to Snyder:
“ I‘here has been a Boiler made here, of rolled
I’latina, for the Condensation of Oil of Vitriol,
which hold3 35 gallons, and is the largest Vessel
0 1 Platina, probably, in Existence.-Points for
lightening-rods are also made of it; Crucibles,
small Scales for Apothecaries, Lancets for
vaccination, Salt & Mustard spoons, and a
variety of other Articles, chiefly for the Cst. of
the Laboratory.
The Navy Ikpartmeni has just taken a
Quantity of the lightening rod Points --which are
superior to any other-for the Use of the Navy.’’

(14’

American writers on the history of
manufactures in their own country at that time
all appear to repeat the statement first made by
Freedley in 1854: that one of the earliest uses to
which Hollmann applied these sheets of
platinum was in the manufacture of a still for
John Harrison, of Philadelphia, the first
successful manufacturer of oil of vitriol in the
United States. It was Harrison who introduced
the lead chamber process into America, about
1793, soon after his return from a visit to
Ingland where he had spent two years studying
chemistry
under Joseph Priestley and
acquainting himself, as far as he could gain
access to them, with the latest manufacturing
processes ( I 8, 20). Harrison’s annual output of
oil of vitriol, from a large chamber which he
built in 1807, was said to be 3,500 carboys
( 5 2 5 , 0 0 0 lbs); the platinum still that Harrison
used weighed 700 ounces, held 25 gallons, and
continued in service for about fifteen years ( I Xi.
The chemical firm started by Harrison was
purchased by Du Pont in 1917, but few records
exist in the Du Pont archives concerning the
chemical activities of John Harrison, and
nothing has been traced which links his name
with that of Bollmann; the only significant
reference to platinum in those archives occurs
in the postscript to a letter of 4 September I 8 13
from Bollmann to Irknke du Pont: “Le Platine
commence A etre recherche pour des Emplois
majeurs.” ( 2 I I
A letter sent from Philadelphia to his brother
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orcasirm.c to interim Ir6nnPp du I'nnt in joining with him in thr prosecutwn
hr alsn kipt him informid ahmt thr progrcw of
dmwlupmcwts underisken by ulhers. In this postscript to t i ic.ttc.1 ej 4 Septcmbcr 1111.3 Ihlollmann
informs du Pont 0.f n s l w t made by himself on the ini.wntigatinn01 mm.e major UPQS of platinum
Bollntnnn t r i d on ri.cnrrd

uf new npcwutifms in the chptnicd itduatry, and

Kepr"4uced hs c m i n r q of the lilrurheriun .%Ur Ilinnricml library

Ludwig and dated 8 February I 8 14 includes
the foilo\vinp report by Rollmann concerning
his work with platinum:
“Incidentally I have advanced further in this
platinum business than i n I.ondon or Paris. In
[his tnwn we make pots, scales. lancets, wire,
poinrs for lightning conductors and such like. I n
Europe no one has yet achieved such a large
hoiler as the one I rrcentlv perfected. I have alw
clad irnn nn both side< with i r [platinum] and
thrn rolled it into platec which are thin as sheet
iron, and madc i t up into various vessels. Copper
was plarid in a similar manncr. I am nnw maklnp
hoilcrs and other containers nut of it instead of
bcll-metal. ‘l.his proccsq 15 entirely new. I hope tn
take advantage nf thic valuable method also Ihr
general use. ‘l‘hesc, likc some other proresses, as
for instance that fnr preparing malleablr
platinum, might become patented in England.”
i22’)

The public were told about Rnllmann’s success
in cladding iron with platinum when Cooper
published a note about it in April 1814 and
stated that he had a specimen in his possession
(23).

Other letters from Rollmann to his brother
Ludwig vield further information about these
platinum ventures. On i April I 8 1 4 he wrote:
“‘[‘he demand for platinum is now increasing.
‘I‘he Marine Ministry has taken 300 ! $ ~ o oworth’)
of my platinum points: the W’ar Ministry wants
to take still more of them. . . . Moreover lancets,
pairs of‘scalec and similar articles come more into
u\e each dav, c o that the prospecis of a good
plarinu m business decidedly incrcase.”

Hollmann admitted to one disappointmcnt
however: he had had no success with pots lined
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with platinum, on account of the difficulty
which continued of joining the plated pieces in
such a way that no unplated rim should remain
exposed; and he realised that pots made
cntirclv of platinum, even if verv thin and
encased in iron, proved expensive for common
use even though they served their intended
purpose perfectly (24).
An outline of the financial side of Rnllmann’s
platinuin business was given in a letter written
ti) I d w i g on 2 : April 1 8 1 4 .Sales in 1 8 1 3
amountcd t o 3,000 dollars, and since I January
I X I 4 to about I ,300 dollars. I’latinum was considered to offer the prospect o f a good financial
return but the factory costs were large; and the
expense of Rollmann’s chemical studies and the
oiitla~on buildings and apparatus had come to
more than 2.000 dollars ( 2 5 ) .
Already it had become evident to Rollmann
that if his platinum business was to flourish he
would need t o develop entirely new uses in
America fhr malleable platinum, mes which
would create a large demand for the metal
which he alone was in a position to satisfy.
Within a short time five new potential applications were being actively promoted.

Platinum Lustre Ware
I’he arts appcared to offer suitable
opportunities for the use of platinum, and in
June 1 8 1 7 Rollmann advised Cooper that he
had succeeded in giving the metallic lustre to
pottery by means of platinum, the shades of
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which could be varied at pleasure (13); its
successful application to porcelain was
announced by Cooper in the following spring
(23). No details of Bollmann’s process were
given but Freedley stated some years later that
the silver-coloured metallic lustre for porcelain
was prepared with the oxide (26). The different
shades of colour were obtained by mixing
platinum with different proportions of gold.
We do not know whether Bollmann’s. ‘lustre’
process was taken up commercially in America.
After Bollmann had settled in London in 181.6
he would have seen examples of ‘silver lustre’,
essentially an English development which had
been introduced some years before (27). A continuing interest in this subject by Bollmann is
shown by an enquiry he addressed to the
English chemist, William Hyde Wollaston, who
more than ten years earlier had begun the commercial production of malleable platinum in
England:
“Perhaps you know, or could occasionally
learn, whether Pottery, on the Surface of which
Platina has been put, comes out of the Furnace
with the metallic Lustre, or whether it is
necessary to procluce the Lustre by burnishingI shall be glad to hear from you which is the Case
when I have the Pleasure of meeting you again.”
(28)

Platinum and the Working
of Glass
The glass industry was regarded by Bollmann
as a potential customer for his platinum sheet.
In April I 8 I 4 Cooper reported:
“He will by and by introduce it into the
glassworks, if not in the form of crucibles (which
can be done) at least to furnish an unoxydable
smooth plate, on which the glass blower can work
his vessel. It promises, in his hands, to become a
very important object to the useful and ornamental arts.” (23)

Discussions to this end appear to have been
entered into some months earlier with a
Pittsburg glass works, almost certainly the firm
Bakewell, Page and Bakewell which supplied
Bollmann with his chemical glassware. This
firm had built a new glass factory in I 808, and
though its speciality was flint glass it was
also the first in Pittsburg to manufacture cut
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Paragraph of a letter from Bollmann to William
Hyde Wollaston, another physician turned
chemist, in which he enquires about the process
,followed in England when manufacturing
platinum lustre ware. Wollaston produced malleable platinum in England in 1801 and made it
available commercially from 1805 until 1822
Reproduced by courtesy of the Syndics of Cambridge University Library

glass and to ornament and engrave in glass
work (29). Ludwig who was then living. in
Pittsburg apparently supported proposal that
in order to bring this new development into
operation Bollmann should provide the firm
with a loan of 12,000 to 15,000dollars, free of
interest for five years. Bollmann rejected the
proposal on the ground that although he often
possessed significant assets, especially of metal,
he had no money available but rather stood in
need of it himself (30).

A Platinum Coinage
On 8 February I 8 14 Bollmann informed his
brother that Bakewell & Company had
provided him with a loan which would enable
him t o manufacture coins made entirely of
platinum for use in Philadelphia (22); and on I
April 1 8 1 4he reported that he had proposed a
treasury coin of platinum which should take the
place of treasury notes, and that his proposals
for three-dollar bank coins had been well
received by one of the banks (24).
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badly in need of reform, and within a few weeks
he had written an essay on the subject and
passed it to Count Philipp Stadion, the
provisional head of the Austrian Ministry of
Finance. The essay contained a proposal for the
reorganisation of the existing system through
the founding of a national bank; this proposal
appealed to Stadion, the two men had frequent
meetings to discuss the manner of its execution,
and according to Bollmann platinum was
brought into those discussions. It is said that
Bollmann had brought a specimen of platinum
with him from America and that he offered to
reveal his own method for working the metal
specifically for the production of coins (33).
“a new metallic Substance, at once, and for the
first Time brought forward with a Representative
During Bollmann’s stay in Vienna an interest
Character . . , I’latina ‘Treasury-Pieces, equal in in his proposal for minting coins of platinum
every respect to Treasury-Notes, save the
was shown by the Russian Minister of
material, which would possess superior, and
Finance, Count Gurieff, who entered into
indeed very superior Qualities.”
correspondence with him on the subject (34).
The letter ended with the following
No immediate action followed, but after
observations:
Mamyshev had made the first discovery of
“As the Platina is the heaviest of all Sub- alluvial platinum in Russia in 1824 he then
stances, the known Weight, and Size of the Pieces
suggested that platinum should become a
would every where afford a prompt Criterion of
coinage
metal in Russia. In 1828 the Russian
Genuineness.
As Platina is infusible, and the Art of treating government resolved to coin a large sum in
this metal is not generally known, but remains Siberian platinum (35) and it was not until
with a few men of Science, and, practically, at
I 846 that the production of platinum coins in
least in this Country, with myself aloneRussia was discontinued and the whole platinum
Counterfits need not be apprehended.
These l‘reasury Pieces would not leave the currency withdrawn.
Country, neither Wear nor Time would impair
them. They would be equally suited for Payments Medals and Rings
to the Troops, as for Payments to Contractors
The impressment of American seamen for
and merchants.
. . . I shall therefore only add that the Value of service in British vessels caused much concern
Platina is Three Dollars p: 0 2 . Troy; that the to the United States early in the nineteenth
Pieces, in my Opinion, ought to be of various
Sizes, from that of half an Eagle, to half a Dollar, century, with an estimated 6,000 or more
and represent I 0. 50. I 00 Dollars and upwards, Americans so impressed by June I 8 I 2 when the
with suitable Impressions, and a Circumscription United States declared war on Britain (36).
expressive of their Character, and Value;-that
Victory for either side in this war seemed
Platina is as easily coined as Gold & Silver, that a
remote,
and when in November 1 8 1 3 Britain
considerable Quzntity of the metal is ready for
IJse, that more could soon be prepared from the offered to negotiate a peace Bollmann regarded
crude Ore, and that more of this Ore is expected this as an opportunity for him to create a new
to be shortly received.” (3 I ]
demand for malleable platinum. Believing that
A platinum coinage appears also to have been the impressment issue was likely to form a
in Bollmann’s mind when he was staying in prominent point in the political discussions that
Vienna from October 1 8 1 4 until May 1815. would engage the attentions of those involved
Soon after his arrival there he began to study in the peace negotiations, Bollmann formulated
the Austrian monetary system which was then a proposal which he believed was worthy of

Between these two dates Bollmann had also
communicated his thoughts on a platinum
coinage to James Monroe, the American
Secretary of State (31). Bollmann had already
published two pamphlets in which he had
expounded his views on banking; he was highly
critical of the American system whereby banks
issued their own notes which had only a local
circulation, and he favoured the creation of an
American national bank, similar to the Rank of
England, the notes of which would be redeemable in specie (32). Similar views were expressed
by Bollmann in his letter to Monroe and he
went on to suggest the use of
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consideration by both the American and British
governments. This he outlined in a letter sent
on 20 April 1814 to James Bayard, onc of
several commissioners who were about to be
sent to Europe by the American government to
negotiate a peace treaty (37).
Kollmann’s proposal involved the creation
and maintenance of a register of American
seamen and the issue to each man of an
identification medal, made from a suitable
metallic alloy, which the holder would carry on
his person. An alloy of platinum and copper was
suggested as being handsome, durable and yet
of little commercial value; it would be struck at
the public mint and would bear the arms of the
1Jnited States on one side and the holder’s
registration number on the other. Rollmann
suggested that such a medal might be
suspended from an ear-ring, or by a chain of the
same material worn round the neck; alternatively a suitably stamped ring might be made
from the same alloy for wearing on the finger.
Nothing came of Kollmann’s proposal,
however, and when a peace treaty was signed at
Ghent in December 1814 the subject of
impressment received no mention whatsoever.

Standard Weights and Measures
In 1807 and 1808 the Senate of the State of
Pennsylvania considered reports from a committee set up tu consider the need for a uniform
system of weights and measures. These reports
recommended that until Congrcss established a
system applicable to the whole of the United
States, the Senate of Pennsylvania should
establish its own standards based on the English
foot-rule, the pouud avoirdupois and the pint,
and that three original “Pennsylvania
standards” for length, weight and capacity
respectively should be prepared from platinum
metal ( 3 8 ) .
A bill to this effect, drawn up by the committee, progressed no further in Senate than its
first reading. It was not until 2 1 December
1814 that the matter came up again, when
members of the State Assembly were circulated
with copies of letters which had passed between
Bollmann and Snyder some nine months before
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(39). Rollmann’s letter contained a list of those
properties of platinum which he considered
made it the most suitable metal to use for the
manufacturc of the “Pennsylvania standards”;
he thought that three length standards should
be prepared, for the English foot, yard and
chain respectively, and that the weight
standards should cover the range from one
pound down to one drachm. He also suggested
that the principal standard measures for
capacitv might be made of’ rolled platinum and
afterwards coated with cast iron or with bellnietal ( I 4).
Small specimens of the ore and of malleable
platinum were forwarded with Bollmann’s
letter in case Snyder had not previously seen
any samples. However, in view of the lateness of
the current session of the legislature and the
consequent pressure of business, Snyder
decided to hold over Kollmann’s communication until the next session (40). By then
Rollmann was in Europe and it was not until 10
Lkccmber I XI j that he was able to advise
Snvder of his recent return to America and of
his readiness to attend to the matter should the
legislature decide to act upon his proposition
(41). This was reported to the General
Assembly twelve days later but no action was
ordered (42), and less than five months from
then Rollinann had once again sailed for
England (43).

Prospects in Europe
In July 1814 Rollmann left Philadelphia for
Austria, passing through London and Paris on
his wav to Vienna (44). Regarding the purpose
of this trip WMliam Crawford, the American
Ambassador to France, reported as follows:
“This philosophic and scienceloving man, i t
seems, has undertaken a voyage from the United
States to impart to the chymists and mecanicians
of Europe his discoveries in rendering zinc maleable, and is going to Austria . . . to establish
steam-boats on the Danube.” (45)
However, in view of the fact that malleable zinc
had been available for many years (46) and that,
as far as is known, Rollmann never carried out
any work on that metal, it seems reasonable to
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presume that it was platinum rather than zinc
which Crawford should have referred to.
lluring his stay in London Rollmann called
o n the English chemist, William Ilyde
Wollaston (47), from whom undoubtedly he
would have learnt of the latter’s success several
years before in producing malleable platinum
and of the production by 1812 of four large
platinurn boilers for acid manufacturers, the
first having been made in I 805 (48). These facts
would have sufficed to banish any hopes that
Hollmann might still have entertained of securing British patents to protect his own platinum
processes ( 2 2 ) .
I n Paris, too, it is unlikely that Bollmann
would have been able to add anything to the
knowledge of men such as Janety the younger,
Vauquelin and Brkant, all of whom had
succeeded in producing platinum of a high
degree of malleability (49).
Bollmann’s efforts to interest Austrian
statesmen in a plan for establishing a
steamship line on the Danube came to naught
( 5 0 ) . His activities in Vienna in seeking to
promote the idea of a platinum coinage have
already been mentioned, but the fact that
Baring Brothers
contributed towards
Rollmann’s expenses in Vienna (5 I ) may suggest
yet another reason for his presence there at that
time: the possibility of buying quicksilver from
Austrian state mines and shipping it to the
Choc6 district of New Granada for separating
gold from the platina in the alluvial deposits.

The End of an Era
After his return to America towards the end
of I 8 I 5 Rollmann became soured by the failure,

as he saw it, of the government there to act on
various projects which he had brought with him
from Vienna, one being that he should be
appointed as the United States agent accredited
to the Austrian government with responsibility
for developing trade between the two countries,
an appointment which he knew would have
Prince Metternich’s approval ( 5 2 ) . Bollmann
may also have concluded that there was little
prospect of deriving a reasonable income from
his platinum enterprises in America, for none of
his efforts to create new demands for platinum
had achieved any success. England on the other
hand seemed to offer some chance of a good
livelihood to be gained as a manufacturing
chemist.
In May 1816 Bollmann left America for
England, taking his two daughters with him
(his wife having died fourteen years earlier).
When John Quincy Adams, the American
Ambassador in London, visited him two months
later he learnt that Bollmann had come “upon
some new project of a manufacture” and
expected to stay at least two years in Europe.
Adams doubted whether Bollmann intended
ever to return to the United States (53) and
such indeed proved to be the case.
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ABSTRACTS
of current literature on the platinum rnelals and their alloys
Structure and ( h w t h of the Interface of
Pd on a-Si : H
R. J. NBMANICH, c. (;. 1 SAl and '1'. IT. SIGMON, P h y . Rev.

PKOPEKTIES
The Reduction of Nitric Oxide with
Hydrogen on the Pt( 111) Surface
J. L. GIANI)

and

1:.H. KOLLIN,

3 , 198 I , 23,

3. Calal., 1981, 68, (21,

349-354
The reduction of NO with H, was studied in the pressure range I O - ~to 10 Torr on the Pt(II1) surface
from 100-8ooK. Reaction products were N, NH,
and H20. Reduction of NO occurs rapidly above
4ooK; in excess NO the main product is N,. Below
55oK, in excess NO, N, inhibits the NO reduction.
Above 55oK, the dissociation of NO limits NH, and
N, formation. In excess H,, NH, is the main product
from ~ o o - ~ o o K , above 500K, N, formation
dominates. The formation of an NH,-NO surface
complex appears to inhibit NH, formation between

300-400K.

Graded-Index Pt-Al,O, Composite Solar
Absorbers
H G. CRAIGHEAD, K. E.HOWAKI), j.I:.. SWEENEY and 11. A.
BI!HKMAN,Appl. Phys. Leu., 1981,39,(1), 29-31

The solar absorption properties of thin composite
films of co-evaporated Pt and A1,0, formed with a
graded composition-depth profile, are compared to
those of an identical film ovcrcoated with a
microscopically textured layer of SiO, The films
have refractive indices slowly varying to unity at the
front surface. This gives low reflectance film. The
solar absorptivity is as high as 0.98.

Kinetics of Hydrogen Absorption o f
Tantalum Coated with Thin Films of
Palladium, Iron, Nickel. Copper and
Silver
K. NAKAMLKA, H. LJCHII>A and I!. FROMM, 3. ZLSSCwnmon Met., 1981, 80, (I), P19-P30
The effects of Pd, Ag, Ni, Cu and Fe coatings on the
kinetics of H atom absorption of Ta wire were
measured at joo--jooK. Thin I'd coatings were the
most effective and yielded absorption rates near the
theoretical value for a diffusion-controlled reaction
mechanism. This corresponds to an enhancement
factor of L I o4 at room temperature.

Analysis of Selected Alloys in the Systems

Cr-Pd, Cr-Ru, V-Pd and Ta-Pt

( 1 2), 6828-683 I
The structure of the I'd-a-Si : H interface is probed
using interference-enhanced Raman scattering. It
was found that z nm of Pd was initially consumed
to form a crystalline silicide at the' I'd : a-Si : H
interface. Annealing to 300OC caused a spectroscopic
change, which is associated with a structural change,
and additional annealing at 5 0 0 T caused the formation of crystalline Si.

-

Effect o f Thorium Addition on
Metallurgical and Mechanical Properties
of Ir-0.3pctt W Alloys
c. 'I. 1 . 1 ~ .H. INOUYE and A. c. SCHAI;I'HAI:SI.:K, Metall.
Trans., 1981, xzA, (6), 993-1002
Metallurgical and mechanical properties of Ir-o.3%W
alloys were studied as a function of T h concentration
in the range 0-1000 ppm by weight. The solubility
limit of Th in Ir-o.3%\.5! is < 30 ppm. Above this
excess Th reacts with Ir to form second-phase
particles. Th additions retard grain growth at high
temperatures. Tensile tests at 650°C showed grainboundary (GH) separation for undoped alloys, and
transgranular fracture for alloys with < 500 ppm
'l'h. Intergranular fracture in doped alloys is suppressed by GB separation of Th. For a given grain
size, especially in the fine-grain size range, T h doped
alloys are much more ductile and GB fracture
resistant.

Corrosion Resistant Alloys Mu-Ru-X
(X = Fe, Cn, and Ni)
K. I.. ,~.~FXC;,
s. %. FII-ANG and C. w.CHU, Appl. Phys.
LeLr., 1981,38, (51, 339-341
Some Mo-Ku-X (X = FK, Co and Ni) were produced
with exceptional corrosion resistance and variable
magnetic and mechanical strengths both in bulk and
thin-film forms.

CHEMICAL COMPOUNDS
Synthesis of Hexahydroxy l'alladium
(IV) of Some Alkali Metals

n. .hi. W.VI'~:KS'IK.%T, J . Less-Common Met., 1981, 80,

N. 11. VI:NSKOVSKII, E. N. IVANOV-BMIN and I. v. ILN'KO,
Khim. Khim. TekhnoL, 1981, 24, (5), 531-534

(I), P31-P36
Electron microprobe studies were performed on
selected and appropriately annealed Cr-Pd, Cr-Ku,
W" and 'la-Pt alloys. 'Ihe data give a basis for the
establishment of a more accurate location of phase
boundaries which have not been accurately defined
in previous studies. (I 2 Refs.)

The first synthesis of hexahydroxy I'd compounds
MZ[I'd(OH)d wherc M = K, Rb is reported. X-ray
diffraction crystal studies confirmed proposed coordination formula and amorphism of K salts with
hexahydroxy I'd. Thermographic studies of the synthesised salt showed increased stability in the degree
of oxidation of Pd(1V) to hydroxy- or oxypalladates.
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Synthesis and X-Ray Crystal and
Molecular Structure of the Mixed-Metal
Cluster Anion [ Os,Au( CO) 2,,H2]
H. F. G. JOHNSON,

n.

Effect of Ruthenium on Anodic Rehaviour
of Ihctile Chromium in Sulphuric Acid
N. I). TOMASHOV, G. P. CHEKNOVA and E. N. I'STIKSKI,
Zushch. Met., 1981, 17, (4), 401-407
Studies of corrosion and electrochemical behaviour
of 0.1-0.4wt.% Ku-Cr alloys were made in 4056
H,SO, at 65°C. It is shown that Ru inhibits the
active dissolving of the alloys in two ways; by blocking (Ru in solid solution) and by a screening effect
(Ru aggregates on the surface of the alloy).

A. KANER, J. LEWIS and P. R.

Commun., ry81, ( I S ) ,
75 3-75 5
The unsaturated mixed-metal cluster anion
[OS~AU(CO)~$J has been prepared as its
[N(PPhJJ+
salt
by
the
reaction
of
[Os,Au(CO),&'RJH]
(R = Ph, Et) with [N(I'Ph&
C1. The X-ray crystal structure shows that the Au'
atom links two Os,(CO)Jl units by co-ordination to
two short 0 s - 0 s bonds.
RAI'I'HRY,J. Chem. Soc., Chem.

ELECTROCHEMISTRY
Studies on the Durability of Platinum and
Ruthenium Oxide Coated Titanium
Anodes in the D-Ribono-y-Lactone
Electro-Reduction Process
A. KOKCZYNSKI, 4 . 1)ONIEC and 1. SWIDEKSKI, C O r r O S .

SCi., 19817zI,(5j, 3 2 9 - 3 3 2
Studies of Pt and Ru oxide coated T i anodes in I>
ribono-y-lactone
during electroreduction
are
described. When the anodes were in 10% HSO, contaminated with lactone, the reduction and hydrolysis
products and Cl-. and NH j ions all diffused through
a ceramic diaphragm. In 10% H S O , alone or contaminated only with NH;, the Pt coated T i was more
durable than Ru oxide coated Ti by over an order of
magnitude.

Permeation of Electrolytic Hydrogen
thrnugh Palladium. Consideration of the
Caihodic Process Mechanism
v. I. (:HERNI.:NKO and 'I., .;c Y A K I ~ N I S A , Dnpoo. Akad.
Nauk Ukr. RSR, Ser.B, Geol. Geojiz. Khim. B i d .
Nuuki, I 98 I , (6), 80-84
Electrolytic H permeation through a Pd membrane
was studied and the rate of formation of cathodic H
ions was considered. The velocity of H permeation
through the membrane depends on the metal
properties and also on the cathodic process kinetics.
These include the transport of ions to the reaction
zone which is due to molecular diffusion and migration into the diffusion layer.

Tritium Separation from Light and Heavy
Water by Bipolar Electrolysis
M. I'liTEK, I). W. RAMEY and K. 11. 'I'AYI.OK, y. Appl.
Elecfrochem., 19x1, 11, (4), 477-488
tising multiple bipolar electrolytic separation of H
isotopes with Pd-z%Ag electrodes, the mathematical
feasibility of this method of tritium separation was
shown and experimentally verified. Factors measured
for multiple H-D separation were closer to the values
measured in single-stage cell measurements. A
separation of sufficient magnitude was achieved to
show the feasibility for application to the extraction
of tritium' from large-volume systems at high current
density. (29 Refs.)
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PHOTOCONVERSION
Photoassisted Isomerisation of Olefins by
Platinum Complexes
Y. COUKTOT, K. I'ILHON and J:Y. SALAUN, J . Chem.
Soc., Chem. Commun., r98r,(1 I), 542-543
Photoassisted isomerisation of C = C was performed
for the first time in the presence of Pt complexes such
as rranr-[PtClXtmpy)(C~H$I,where tmpy = 2,4,6trimcthylpyridine; pent-z-ene, hex-2-ene, and I ,zdichloroethane can be &trans interconverted with
high efficiency (typically 80 : 20 for trans and cis hex2-enej.

Platinum Hydrosols in the Sensitized
Photoreduction of Water
and K. I.. S L NSON,J. Chem. soc., Chem.
Commun., 1 0 l l , ( l 2 ) , 593-594
Pt hydrosols ( 2 2 A diameter) catalyse H , evolution
from water with nearly 100%.efficiency in the lightinduced rcdox reaction which involves the R u ( 2 , ~ ' bipyridine)2+-methyl viologen-EDTA model system.
The catalytic step is not rate determining.
A. J. FRANK

Photocatalytic Water Decomposition and
Water-Gas Shift Reactions over YaOIICoated, Platinized TiO,
and J. AI. WHLIE, 3. Calal., 1981, 69, ( I ) ,
39
The photocatalytic decomposition of gaseous water
took place over platinised TiO, coated with NaOH
(>7wt.%). The quantum efficiency for H, and 0,
production reaches 7%;(20 pmole H&) at the beginning of the reaction but declines with product buildup due to the thermal back reaction over Pt. The
back reaction effect can be reduced by increasing the
NaOH loading. The photocatalytic activity of
platinised T O 2 for the water-gas shift reaction
increases with increasing NaOH coating.
S. S A W
128-1

Photochemical Hydrogen Production:
Development of Efficient Heterogeneous
Redox Catalysts
J.M. IXHN. J.X. SAIJVAGE and I<. ZIESSEI.,
Chim., 1981,5, (5/6), 2 9 1 - 2 y 5

Norm

3.

A number of heterogeneous Pt, Pt compounds and
Rh catalysts were prepared and tested for the
photoproduction of H, using two different systems.
They comprised colloidal metals, polymer supported
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metals and metals deposited on solid supports (such
as zeolite, and semiconductor powders). A large
range of efficiencies was observed, and the catalyst
sequences were different for the two systems. Pt/- or
RWsemiconducting powders and colloidal species
were the most efficient of the materials investigated.
(28 Refs.)

Photoanodic Properties of Thin Film
of Titanium
Electrodes
Composed
Dioxide and Ruthenium Dioxide
H. YONEYAMA, H. SASAKI and H. .11AM17RA, Denki
Kagaku, 1981,49, (4), 222-226
Thin film electrodes made of RuO, and TiO, were
prepared by thermal decomposition of mixed
aqueous solutions of RuCI, and TiO, on Ti substrates at 450°C followed by heat-treatment at 700°C
in a stream of Ar. Their photoelectrochemical
properties were studied as a function of the Ru
content of the film. Maximum photosensitivity was
observed at an electrode containing 2omol.%RuO,

Electroplating of Gold
Directly on Molybdenum

I). J. IXVI’, C. R. ~ ~ ~ 0 1and
. 1 )I). H. MA, Plat. Surf.
Finish., 1981,68, (s), 104-107
Rhodium was plated directly on TZM Mo alloy
(o.5%Ti-o.o8Zr-Mo) followed by vacuum heat treatment at I O O O ~toC vaporise the oxide and achieve
diffusion bonding. The plating bath was a commercial low-stress Rh sulphate solution containing
4-6g/l Rh, 50-708/1 H,SO, 15-6og/l stress reducer
and a specific gravity of r.o4-1.~6.The thickness of
the Rh plate was determined by gravimetric measurements.

LABORATORYAPPAKATUS
AND TECHNIQUE
Hydrogen Sensitive MOS-Structures. Part

I: Principles and Applications
Actuators, 1y8 I , I , (4), 403-426
The physical mechanisms of H, sensitive structures,
such as Pd(or Ptj-SiO,Si and ways of monitoring a
dipole layer at a metal-insulator interface in Ar and
air, respectively, are examined. Chemical reactions at
the catalyst surface, and surface and interfacial
adsorptions are considered. The responses of the
devices to H, in Ar, ethanol, various types of smoke,
H,S and NH, is discussed. Lastly their long-term
stability is commented on.
I. I X N D S T R ~ M ,Sens.

Kinetic Studies of Photoinduced Methyl
Viologen Reduction with Ruthenium
Complexes and Hydrogen Evolution from
Water by Hydrogenase

9. Ghem. Soc., Faraday
Trans.I, 1981,77,(6), 1 4 1 1 - 1 4 1 5
Highly active photoinduced systems for methyl
viologen reduction were developed with the use of
Ru complexes with long lifetimes in the photoexcited
state. The order of activities was as follows: Ru(dimephen):’ > Ku(Cl-phen):+ > Ru(phen)i’ > Ru(bpy):’.
When hydrogenase was added to the systems containing Ru complex, methyl viologen and reducing
agent, H, evolution was observed in every system. A
higher activity of H, evolution was observed for the
system with a higher activity for methyl viologen
reduction.
I. O K ~ I R and
A
h’. KIM-THUAN,

ELECTRODEPOSITION AND
SURFACE COATINGS
Recent Advances in Pt Coating of
Microspheres by a Batch Magnetron
Sputtering Process
E. J. HSNH and S. k’. M E Y E R vac.
, ~ . sci. Technol., I 98 I ,
18, (3), 1205-1208
Progress in Pt coating microspheres is outlined.
Better yields by batch magnetron sputtering are
achieved without a confining screen over the bouncer
pan because of the higher sputtering rate and better
visibility. There is a linear increase in oxygen content
with doping flow rate, in agreement with the
observed increasing coating brittleness. Resistivity
measurements on very thin flat films indicate the H,
gas can remove the 0 in the Pt, and that subsequent
0 gas will only adsorb on the surface. A direct result
of 0,absorption is an increase in Pt sheet resistance.
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and Rhodium

HETEROGENEOUS CATALYSIS
Heating of a Testing Room by Use of a
Hydrogen-Fueled Catalytic Heater
J. MERCEA, 1:. ORI:.CII and ‘I. FODOK, Inz. 3. Hydrofen
E n e r ~ ,[ 9 8 1 , 6 ,(41, 38y-395
Space heating experiments were performed using
catalytic (flameless) combustion of H, with
atmospheric 0, on Pt and oxide catalyst pads.
Heating rates and oxygen depletion and steam
production were derived. The results indicate that
catalytic heating has significant potential for space
heating, regardless of size, and this type of heating
can assure a temperature level comparable to any
conventional system. Oxygen depletion did not pass a
comfort level. The water vapour levels indicate the
device is not suitable for heating homes or closed
working places, since a continuous or periodical
forced air flow is necessary, but it is suitable for
greenhouses.

Catalytic Waste Water Treatment by
Electrochemical Catalysts
W-.FAUI. and B. KASTENINGS, Galzwzotechnik, 1981,
72,(8j, 808-812

A 0.5-1.0%Pt/C catalyst was used for treating waste
electroplating water together with H, and 0, as
oxidation and reduction media. The catalyst is graphite with specially treated activated C and the Pt is
in the active layer.
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Transformation of Normal Heptanc in
the Presener of Catalysts with a Large
Pore Mordenite Rase Exchanged with
Silver and Impregnated with Platinum
J.-1? FKANcK, .1.I.EI. .1.IAI.KI

and R. MONI'AKNAI., Reo.

Inst. Fr. Pet., 1981,36, (z),

211-227

The results of transformations under H 2atmospheres
of normal heptane, using a Ag-exchanged Ptimpregnated large-pore mordenite as catalyst, are
interpreted by a bifunctional mechanism. However,
in taking into consideration the effect of H , partial
pressure on the isomerisation and cracking rates, a
twin-site mechanism must be used to explain the
cracking by p cleavage of the carbonium ions. This
implies the participation of a proton in the vicinity of
the carbonium ion with both sites being linked 10 the
acid support.

Comparative Study of
"Structure
Sensitive" Reactions on Pt-Al,O, and
Ir-Al,0:5Catalysts
J. RAKHIER and 1'. MARl!CWI', Nouv. J. Chim., 1981, 5 ,
(?)>393-396
The hydrogenolysis of ethane ( I ) and cyclopentane
(21, and the exchange (3) or hydrogenation (4) of
benzene were performed on Pt/AI,O, and 1r/Al2O3
with various metal dispersions. On Pt and Ir the
hydrogenolyses of ( I ) seem to occur by the same
mechanism and exhibit the same structure
sensitivity. Therefore for (I), geometric factors may
be involved in catalytic activity. For reactions (2), (3)
and (4) the behaviour of both metals with respect to
their dispersions is different and electronic factors
are better than geometric ones in describing their
discrepancies.

Immobilized Transition'-Metal Carbonyls
and Related Catalysts
D C. BAII,EY and S. H. LANGER, Chern. Reo., 1981, (2),
'09-143
Amongst carbonyls considered are Ru, Rh, Ir, Pt and
bimetallic clusters. Their surface bonding with
organic and inorganic supports is reviewed and
anchoring metal carbonyls on functionalised
inorganic oxides, and synthesising metal carbonyls
within the porous structure of the support are considered. (308 Refs.)

The Sintering of Supported Metal
Catalysts. Ill. The Thermal Stability of
Bimetallir Pt-lr Catalysts Supported on
Alumina
A G GRAHAM and s I; b A N K k , y . Calal., 1981, 68,
( I ) , 1-8
The effects of thermal treatment in 0, (300-600°C)
and H, (go+800°C) on the metal dispersions of I ?
Pt, 1% Ir and 1% Pt-r% Ir catalysts were studied.
Treatment in 0, at 400-600°C increased the dispersion for the Pt catalysts. Small increases in dispersion
for the Ir catalysts were observed after 0, treatment
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at 3oo0C, at higher temperatures the Ir dispersion
decreased. Metal segregation occurred in I't-Ir
during 0, treatment. 'The largest decreases in dispersion due to H, treatment were observed for Pt.

Some Features of the Ilydrncarbon
Reactions on Supported Catalysis
Prepared by Decomposition of Surface
(:omplexes. 11. Reaction of n-Hexane on
the (Mo + Pt)/SiO,, ( W + Pt)/SiO, and
(He + Pt)/SiO,Catalysts
% I t . LORAN, A. IL. KYl)KIN, B. K. KlKKE'l'SOV, A. S .
, A. PEWIENEKO and 111. I. ERhIAKOV, Kinet.

Katal., 1981, 22, (3), 680-683
'The effect of modifiers Mo, W' and Re on catalytic
properties of surface dispersed Pt prepared by
decomposition of Pt complex metals fixed on the
surface of Si0, was studied during conversion of nhexane. The addition of the modifiers resulted in the
increase in rates of all the n-hexane conversion reactions; selectivity of the conversion depending on the
modifier. The increase of the temperature resulted in
the production of dehydrocyclisation and hydrogenation n-hexane products.

(latalysts Prepared by Interaction of
Organometallic
Compounds with a
Support Surface. A Study of the State of
Supported Components in the (Sn + Pt)/
SiO, Catalysts
A. 1'. SHEPELIN, A. 1'. CHIKSYSHEV, V. I. KOVAL'CHI'K, 1'.
A. ZHIIAS, E. K.I[:RCHENKO, B. N. KlI%NI?I'SOV and It:. I.
ER~~AKOV
Kinet.
,
Katal., 1981, 2 2 , (3), 714-721

X-ray diffraction and spectroscopic studies of a
reduced (Sn + I't)/SiO, catalyst prepared by interaction of Sn(CH,COO), and Pt(C4H), with SiO,
showed that Sn ions fixed on the Si0, surface are
localisation centres for atoms of deposited PI. This
results in an increase of thermal stability of the
catalyst and in changes in electronic properties of the
deposited Pt. Electron microscopy studies of Pt
particle sizes in (Sn + I't)/SiO, catalysts reduced at
600°C showed them to be, on average, 6-9A.

D c h y d r o g e n a t i o n of
Ethylbenzene over Modified Palladium
Catalysts
K. FUJIMO'IO and .I.KUNIJGI, Ind. Eng. Chem., Prod.
Res. Den., 1981, 2 0 , (z), 319-323
0x i d at i v e

Ethylbenzene was oxidatively dehydrogenated selectively to styrene in the vapour phase on supported
iwt.~~,PdNaBr/~Al,O,
(Pd : Br = I : I atom ratio) and
Pd-KBr/y-Al,O, catalysts. Bromide ions selectively
suppressed the COXformation to produce the styrene
selectively at about 99 mol.% at 230-280°C. It was
suggested that bromide additives act as modifiers
after they are converted to HBr and then react with
I'd metal to form surface bromides. The activity and
the selectivity of a Pd-KBr/y-Al,O, catalyst was
shown to be stable for more than 50 h in the presence of 64 ppm HBr.
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The Use of Membrane Catalysts for
Extraction of Hydrogen from CO and

Oxidative Acetoxylation of Propylene in
the Presence of Palladium Catalysts. 1 .
Catalytic Composition. 2. Nature of
Active Centres

CO, .Mixlure

II!. ,M. SEKOV, C. G. GUI.'IANOVA and V. M . GKIAZNOV.
Khim. Khim. Tekhnol., 1981, 24, (3), 321-323
The use of a membrane catalyst made of 6YRu-I'd
MOISEEV and 0. M. N E F E l ) W , Icv. Akud. Nuuk SSSH, alloy coated with a Ru or Ni layer for extraction of
Ser. Khim., 1981, (7), 1479-1484, 1485-1489
H , from a CO and CO? mixture is suggested.
Catalytic composition of Pd-AcOKIamorphous Catalytic activity of these layers in relation to
aluminosilicate was highly active and selective hydrogenation of C oxides to methane allows an
during oxidative acetoxylation of propylene in the increase in H penetration of the membrane catalyst,
gaseous phase. Spectroscopic studies of the Pd com- and the heat formed during hydrogenation of C
position of the surface layer showed a formation of oxides is used for sustaining the required
active sites in the AcOK with Pd oxidation states of temperature.
between o and 4 2 . 'The active centres of oxidative
acetoxylation contained AcO-Pd-Pd-OAc fragments.

S. F. l'OI.I~I'AKSKI1, A. M. SIIKII'OV, I'V.
.KHAKLAMOV, E.
S. SHPIKO, G. V. ANI'OSHIN, KH. M. MINACHEV, I. I.

HOMOGENEOUS CATALYSIS
Decomposition of Copper (11) Formate The
Hydroformylation
Reaction:
on Palladium Catalysts
(ktalysis
by
Platinum( 11)-Tin( 11)
I.. ~ E R V B N Y , A. M ARI~OUL and v. K~:?I?KA, Chem. Systems
Prum., 1981, 31,(4), 179-182
11. C. ~ A K K
and 1. A. DAVIES, 7. Orgunomet. Chem.,
Activity of I'd catalysts containing 3%.Pd on a substrate was characterised by the decomposition rate of
Cu(I1) formate in an aqueous solution. The distribution of I'd on the cross-section of the grain was
studied by electron microscopy both before and after
the decomposition; the distribution of Cu was also
determined.

Active Metals from Potassium-Graphite.
Palladium-Graphite as Catalyst in the
llydrogenation of
Nitro-Compounds,
Alkenes.
and
Alkynes. PalladiumGraphite-Catalyscd Vinylie Substitution
Reactions
c. I'ROMHINI,

and G. v.
3. Chem. Soc., Chem. Commun., 1981, ( I I),
540-541.54'-542
I'dgraphite was an effective catalyst for the
hydrogenation of aromatic nitro-compounds,
alkenes, and alkynes to aniline, alkanes, and (Z)alkenes, respectively. It is also a convenient catalyst
for the arylation or alkenylation of activated C = C
with aryl or vinyl iodides.
I). SAVOIA,
I'.KAKI)O,

A. I;MANI-KONCHI

Liquid Phase Hydrogenation o f the
Aromatic Hydrocarbons on Catalyst

Ku/AI,O,
I;. I.. 'I'SISIM, E. F. I.ITVIN, H. K. NEPFDOV and R. I.
sl.OiAKINA,Nefrekhimiya, 1981,21, (3), 342-345

Studies were made of the mechanism of hydrogenation of alkylbenzene on 0.5-5'F Ru/AI,O, and 2%
Pd/AI,O, catalysts prepared by saturation of yAl,O,
by aqueous solutions of Ru(OH)Cl, or PdCI, followed
by drying and reduction in H, at 300°C for 3 h. 'The
activity of Ru/hl,O, catalysts during hydrogenation
of monocyclic aromatic hydrocarbons was higher
than that of l-'dAl,O, catalysts. Hydrogenation of
xylene on Ru/Al,O catalysts yielded predominantly
&isomers.
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1981, 213, (21, 503-512
Complexes [Pt(ERJ(CO)ClJ [E = P, As; R -= aryl,
alkyl) are active precursors for the catalytic
hydroformylation of olefins in the presence of added
Sn(II)Cl,. The yield of aldehyde may be maximised
and is limited by steric crowding at the metal centre.
Terminal aliphatic monoenes are hydroformylated
readily with a high n : iso ratio; hindered internal
olefins, cyclic and conjugated aromatic olefins are
less easily hydroformylated, but with no competing
hydrogenation. The catalyst system is active under
mild conditions of temperature and pressure.

'Transition-Metal Photocatalysis: Rhodium( 1)-Promoter Hydrosilation Reactions
FALTYXK, Inorg. Chem., 1981, 20, is),
36 2
Rh(1) complexes, CIRh(PPh3, in the presence of 0 ,
or soluble oxidising agents were found to be active
photocatalyst precursors for the hydrosilation reaction. Substrates studied include Si-H, Si-vinyl
functionalised siloxanes and simple terminal alkenes.
Near-u.v. irradiation enhanced dissociation of
catalyst
precursors
and
the
intermediate,
C1Rh(PI'h3)2, is paramount for catalytic success. The
positive oxygen dependence and photocatalytic
nature of the hydrosilation are unprecedented in SiH addition catalysis.
K. A.

I 3 57-1

The Direct Conversion of a-Olefins into
Vinyl- and Allyl-Silanes Catalysed by
Rhodium Complex

3. Chem. Soc.,
Chem. Commun., 1981, (141, 673-674
An efficient direct conversion of ncolefins into
unsaturated silanes and the reaction conditions are
reported. At high tu-olefin : Et,SiH ratios and at
temperatures < 40°C [(RhC,h%eJ,Cld catalyse the
formarion of vinyl- and allyl-silanes.
A. !WLI.AN, 1%.
I'O'IVNS and I! M.MAI'I'LIS,
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Ethylene Glycol from Synthesis Gas via
Ruthenium Melt Catalysis
1. I;. KNIPI'oS, 3. Am. Chem. SOL-.,1981, 103, (13),
3959-3961
A unique, highly active catalyst system for direct
synthesis of ethylene glycol from CO and H,
(synthesis gas) involving melt catalysis where the Ru
source, Ru(1V) oxide or Ku(II1) acetylacetonate, is
dispersed in a molten quaternary phosphonium or
ammonium salt is disclosed. Turnover frequencies
may surpass 7.8 x 10 3/s at 2 2 0 T .

GaAs-metal contacts. A number of ohmic contacts
were developed using I'd-based alloys. Pd becomes
associated with GaAs during annealing to form
PdAs, alloys at low temperature (T = 300°C) and
PdGa alloys at T>,400°C. l h e compounds are
closely connected with the thickness of thc coated
layer. The elements concerned had undergone
interdiffusion prior to the formation of the alloy.

A Stable Hydrogen-Sensitive I'd Gate
Metal-Oxide StamiconductorCapacitor
Appl. Phys. Lett.,
J981,39,(1)9 91-92
A I'd gate metahxide semiconductor device has
serious drift problems which can be eliminated by
the introduction of a thin A1,0, layer between the
metal and the SO,. This makes it possible to use Pd
metal-oxide semiconductor devices as stable and
accurate H, sensors.
hi. ARiLZ(;hRTH and (;. P*'YI.AXI11X,

CHEMICAL TECHNOLOGY
Experience
with
litanium
Exchanges in Oil Refineries

Heat

and Y.NAKAMUIO, Mater. PeTform., I 98 I ,
(6), 23-26
A review of Ti and Ti alloys in oil refineries is presented. The Pd thin film (thickness <o.z pm) coating
technique for T i tube surfaces was developed for
tubes in overhead condensers to halt corrosion. Very
little corrosion occurred and life expectancy is high.
K. SUZUKI
20,

ELECTRICAL AND ELECTRONIC
ENGINEERING

TEMPERATURE
MEASUREMENT
Interpolation Methods fur Platinum
Resistance T her m o m e te I-s he t w ee n
13.81K and 273.15K
Metrologia,
1981, 17, (2), 43-48
'l'he interpolation process used to determine the
values of temperature other than the defining fixed
points, measured by a Pt resistance thermometer on
11'1's-68 is unsatisfactory. This paper summarises
previous attempts to overcome the problems,
discusses their advantages and disadvantages and
proposes improved schemes.
K . C. KEMP, 1%'. R . G. KEMP and I.. M. BESLEY.

Interaction uf Evaporated Palladium
Thin Films with Gallium Arsenide
A. O U S I K Y , M.CAI:iMOSI', A. ESCAL'T, A. MARTIKli% and
H. 'IOI'RASER I'PONG, Thin Solid 14'ilms, I 98 I , 79, (31,

251-256
'The development of semiconductor devices based on
GaAs substrates are dependent on the control of the

N E W PATENTS
METALS AND ALLOYS

ELECTROCHEMISTRY

Thorium-Doped Iridium Alloy fur Radioisotope Heat Sources

Metal-Hydrogen Electric Cells

US.1)I:PARTMENTOF ENERGY

U.S. Patent 4,253,872

The impact resistance of Ir and Ir-W alloys containing 0.2-2%,W used to encapsulate radioisotope fuels
in both terrestrial and space applications, is
enhanced by the addition of 100-500 ppm of Th.
The T h addition assists grain-growth resistance
during long term exposure to high temperatures.

British Patent 1,509,765
In a Ni-H, or Ag-H, battery a carrier layer between
the positive and negative electrodes is vacuum
impregnated with an alkaline electrolyte and
polyvinyl alcohol to prevent the electrolyte being
drawn into the electrode layer by capillary action. l'tcoated negative electrodes are used in the cell.

Method of Raising Steam for Desalination

Y-Containing Platinum Group MetalDoped Superalloys
JOHNSON MAI"I€iEY & CO. ITTI).

East German Patent 146,305
Superalloys are claimed containing 5-25% Cr, 2-7%
Al. o.5-5$ Ti, 0 . 0 ~ 3 %Y andor Sc, 3-1570
platinum group metal(s), remainder Ni. These Nibased alloys are suitable for glass fibre production.
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UNITEL, KINGIIOM A IOMIC ENERGY AUTHORII'Y

H. 1'. A. NELSON
British Appl. 2,066,293 A
Steam is raised by decomposing distilled H,O in an
electrolyser having Pt, Ag or base metal plated
electrodes, recombining H, and 0, in a burner to
form superheated steam, which is then converted to a
greater tonnage by mixing in a desuperheater with
further distilled water.
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Iridium Oxide
Electrolysis

Electrode

for

Water

K.A. FKASCH & J. R. AYI.\VARD

US.Patent 4,263,112
The electrolysis cell for use with H,O or water
vapour has a highly efficient anode prepared by
coating a foraminous support of Ta, Au or Ti with
a catalytic mixture containing 65-858 Ir oxide and
I 5-35?;> of a high temperature resin binder, such as
PI'FE.

LABORATORYAPPARATUS
AND TECHNIQUE
Measurement of the Increase of Bacteria
in a Liquid Nutrient
K.K. KYO'I'O IlAlICHI KAGAKU

British Appl. 2,063,91 T A
Bacteria increase is measured by detecting a change
in the oxidation-reduction potential as measured
between a C electrode and a Pt, Ti or W electrode.

Electrochemical Method for Measuring
the Constituents of a Gas Mixture

ELECTROLlEPOSITION AND
SURFACE COATINGS
INCO 1IJKOI'E T.TD.

3ritkh Appl. 2,065,309 A
DRAGERPEKK A.G.
A cell has a gas diffusion electrode consisting of a Ag
plate coated with 1% impregnated polypropylene. A
predetermined voltage having an alternating component is applied to the active electrode and the
resulting d.c. current obtained is used to determine
one constituent of the gas mixture.

Chemical Vapour Deposition of Ruthenium

INTERNATIONAL GAS DETECTORS 1,TI).

Iridium Electroplating
European Appl. 29,272
A bath for the electrodeposition of Ir, optionally
together with Ru, contains a new complex which is
formed by refluxing a diammonium hexahalo-Ir salt
with sulphamic acid for about 70 hours.

IYI'EKNAI'IOKAI. SICKEI. CO. INC.

U.S. Pa tent 4 9 50,2 I o
Previously proposed methods for vapour depositing
Ru have either been slow or involved the use of
corrosive Ru compounds. Now Ru can be deposited
at relatively h g h speed using Ru-1,3-diene compounds as a volatile source and a quiescent, low pressure atmosphcre. The method is mainly for providing a hard Ru enriched superficial layer on a Co
bonded carbide cutting tool.

Flammable Gas Sensor
British Appl. 2,066,963 A
The sensitivity of a catalytic gas detector is considerably increascd if the Pt, helically wound,
filament is encapsulated in a porous gas diffusive
skeletal matrix formed by interspersing A1,0,
particles between particles of Pt or Pd catalyst
material. The sensor has increased resistance to
atmospheric poisoning by trace Si and S compounds.

Fluid Flow Sensor
British Appl. 2,068,173 A
A relatively cheap sensor is prepared bv coating a
tube with a Pt layer by firing a Pt paste and then
laser cutting a spiral track in the film.
HI'I'ACHI 1.1'1).

Brine Electrolysis Electrode
U S . Patent 4,256,563
A new catalytic coating for a valve metal electrode
consists of 5-45X platinum group metal oxide,
19-94.9% of at least one Fe group or Mn group
oxide and 0.1-50% B oxide. In one example a
mixture of 5% R u 0 2 , 84.3% Mn oxide, 10.3% Co
oxide and 0.4'C B oxide is used.
V. I.. KKBASOV ET AL.

HETEROGENEOUS CATALYSIS
Khodium-Loaded
cracking Catalyst

Palladium Electroplating
w. (:. HIiKAECIS G.m.b.H.
German Oflen. 2,939,920

Mordenite

Hydro-

British Paten1 1,589,661
A H, mordenite having a specified Si0,:A1,03 mole
ratio, loaded with at least 0.2% of elemental Rh, is
effective for hydrocracking hydrocarbons to gasoline
range products. The catalyst may also contain I'd in
combination with the Rh.

NOK'I'ON CO.

Adherent, non-porous Pd deposits are obtained from
solutions containing a Pd salt and an amine, such as
tetramethyldiamino-propane.

Plating of Refractories
m.

JOHNSON MAITHEY & (20. I.

German Offen. 3,035,254
Objects having good stability at elevated
temperatures or in oxidising atmospheres, such as
resistance thermometers or parts for use in glassmaking, are obtained by coating a non-conductive
refractory substrate, such as Mo coated with A1,03,
with a sensitising layer, preferably of Pt, chemically
or by flame spraying, and then with one or more
other platinum group metals by electrolysis from an
electrolyte solution or melt.
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Intermetallic Catalysts
JOHNSON MA'II'HEY & LO. LTD.

British Patent 1,590,45 I
Pt metal loss from NH, oxidation gauze catalysts and
from other catalysts used in oxidising and reducing
reactions is reduced if the catalyst is in the form of
an intermetallic AxBBY
where A is Ru, Rh, Pd, Ir or
Pt and B is AI, Sc, Y;the lanthanides, Ti, Zr, Hf, V,
Nb or Ta deposited onto a refractory metal oxide,
itself carried on a metallic substrate.
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Production of Hydrocarbons by Hydrocracking Coal
1.. RAICHLE & w.KROENIC;
British Patent I ,590,963
A Pt-Re hydrogenation catalyst may be used in a
process for producing hydrocarbon oils from coal
which uses an asphatcne-free oil mixture for slurrving the coal.

Reforming Catalyst
1IXXON RESEARCH & ENGISEERING CO.

European Appl. 31,700
A hydrocarbon-reforming catalyst for use in a magnetically stabilised fluidised bed is preferably
obtained by combining an A1,0, powder impregnated with I't with a non-impregnated A1,0, powder
and a stainless steel powder.

Hydrocarbon Hydroalkylation Process
PHILIIPS PEI'ROI.EUM CO.

Bricish Patent I ,592,375

A highly active and selective catalyst, which can be
regenerated by air burn-off, consists of Pt deposited
on a type X or Y zeolite which has been ion
exchanged with ammonium, Ni and at least one
lanthanide, such as a commercial lanthanide mixture.

Explosion Proof Bed for Catalytic Heaters
British Pacent 1,592,440
Pt and Pd have been impregnated onto amphibole
asbestos material to form explosion-proof catalytic
heaters and since the special asbestos is no longer
available, alternative materials, have been sought.
Now by adding Fe oxide to either the bed or the
catalyst materials, normally explosive materials, such
as AI,O,, may be used for the catalyst bed.
A. C.KIRKRY

Manufacture of Olefins and Aromatics
from Coal Derived Oils
COAL INDI!SI'RY [PAI'ENTS) [.TI).

British Appl. 2,062,668 A
A coal derived oil fraction is hydrogenated over a
platinum group metal or base metal catalyst and
then, after stripping the hydrogenated oil of light
ends, the product is cracked to yield an olefin and
mononuclear aromatic containing product.

(:a tal ysts
European Appl. 33,212
Ethanol, acetaldehyde and/or acetic acid are obtained
by reaction of CO with H, in a liquid medium in the
presence of a catalyst which is Rh, optionally
supported on S O , and preferably promoted with
other metal(s) such as Ru and Ag. The reaction
medium may also contain as co-catalyst a soluble
compound of a platinum group metal.
HRtI'ISIf PEI'ROLE1;M CO. Lm.

.4cidic Multimetallic Catalyst
U.S. Patent 4,250,055
A catalyst, for hydrocarbon conversion contains
0.01-2% of a platinum group metal, O.I-IO%
U,
o.05-5X Ni and up to 3.5% of a halogen component.
C.0.P. INC.

Ammonia Synthesis Catalyst
US.Patent 4,250,057

BRITISH i w x o L E m t CO. LTI).

Highly active NH, synthesis catalysts consist of
0.1-50% of a transition metal, preferably Ku, Co
and/or Rh and a modifying amount of a Group IA,
IIA, lanthanide and/or actinide metal supported on a
high basal surface area C containing graphite.

l'latinu rn-Palladium-Rhenium Reforming
Catalysts
EXXON KESEAKCII & ENGINEERING CO.

Fibre Packs for Ammonia Oxidation
JOHNSOS MA'I I HEY & CO. LTTD.

British Appl. 2,064,975 A
Catalyst pads useful in HNO, acid plantsBre formed
from an agglomeration of platinum group metal, Au
or Ag (or alloy) fibres which have been welded or
sintered together. The fibre pads are preferably held
between two conventional Pt-Rh or Pt gauze pads.

Ozone Removal Catalysts
British Appl. 2,067,9 I 2 A
A filter containing Pt and Kh or other platinum
group metals and a carbonaceous pyropolymer composited on an A1,0, support decomposes 0, present
in the atmosphere without the release of particulate
matter.

1-.0.p. INC.

Selective Hydrogenation Catalyst
IMPERIAL c i i E i w c A L ININISTRIES irm.
European Appl. 29,321
A catalyst for the selective hydrogenation of highly
unsaturated hydrocarbons in the presence of less
unsaturated hydrocarbons consists of a calcined,
shaped calcium aluminate carrier impregnated to a
depth of not more than 300 ,um with Pd.
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U.S. Patent 4,251,392
A catalyst containing 0.2-0.6% Pt and Pd, 15-50
mol.'$ being Pi, O.I-Z$
Re, O.I-O.I%
Cu and a
halogen component, has reduced hydrogenolysis
reaction when used in naphtha upgrading reactions.

Fluid Catalytic Cracking Process
MOAII. 011. CORI'.

U.S. Patent 4,251,395

Up to 10 ppm of Pt are added to the cracking catalyst
used in a fluid catalytic cracking process as a
dehydrogenation component to reduce the CO
content of flue gases emanating from the catalyst
regeneration zone.

Triple Layer Oxygen and
Hecombination Catalysts

Hydrogen

IIITACHI 1,TTD.
U.S. Patent 4,252,690
A metallic support is provided with an intermediate
layer having high heat insulating or surface area
increasing properties, before application of the
catalyst layer. In the examples, an A1,0, intermediate
layer is used with a Pd catalyst for removing 0, and
H, from nuclear reactor off-gases and Ti is used as
an intermediate layer in a Pt catalyst for removing
acetvlene from exhaust gases.
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Underwater Power Systems

Ruthenium Catalyst for Alcohol Oxidation

U S . Patent 4,254,739
Power sources for use underwater include two or
more catalytic burners, each consisting of a fuel
injector and a specified supported platinum group
metal catalyst. Each burner is provided with a
separate fuel supply and hcat exchanger and the
burners are connected in series.

INS'II I I!T I'RANCAIS

U.S. Patent 4,250,121
Carbonyl compounds are prepared by oxidising
alcohols and polyalcohols in the presence of a Ru
complex, such as Ru trifluoroacetate, in association
with a Cu or Fe salt or complex such as a Cu perchlorate hexamethylphosphorotriamide complex.

Combustion

Preparation of A4minomethyl Cyclododecane Cnrrosion Inhibitors

JOHNSON MAITHEY & CO. LTL).

U S . Patent 4,257,223
In a system of improved efficiency, the exhaust gases
from a gas turbine, with some additional fuel, are
passed through a monolithic catalytic burner which
may be made of (or coated with) Au, Ag, platinum
group and/or lanthanide metal.
JOIISSOK MAITHEY & CO. LTD.

PETROLE

HAYk:RA.ti.
U.S. Patent 4,25 1,462
The inhibitors, for use in oils and motor fuels, are
prepared by the hydroformylation of cyclodecatriene
in the presence of a Rh catalyst, such as tris(dibenzy1
sulphide) RhCI,, and optionally a Co component, and
subsequent hydrogenation.

Platinum-Iridium Reforming Catalyst
U.S. Patent 4,263,134
The activity, selectivity and resistance to S poisoning
of a 1%-Ir naphtha reforming catalyst is improved if
each metal is deposited separately on to individual
AI,03, support particles. The Pt component may
contain other catalytic metal promoters, such as Ag,
Os, Cu, Au, Pd, Rh, Ga, Re, Ge and/or Sn.
MORII. O I L C O W .

Anionic Group VIII Metal Hydride
Catalysts for Nitrile Hydrogenation
U S . Patent 4,254,059
Anionic Pt, Rh, Ru and Fe hydride catalysts containing P, As or Sb organic ligands are effective
homogeneous catalysts for the hydrogenation of
nitriles to primary amines.

AI.[.IHI> CHEMICAI. CORI'.

Foldable Gauze Pack

Rhodium Complex Catalysts

French Appl. 2,455,557
Getter sheets, for use with Pt-Rh catalyst gauzes,
which are rigid enough to allow easy installation and
removal from the reactor, are formed from a substrate such as of, stainless steel carrying a segmented
getter layer of a I'd-Au alloy material, for example.
The segments may be sectors of a circle or in the
form of a quadrant.

U.S. Patent 4,257,972
Thc formation of polyols from synthesis gas is preferably catalysed by a Rh carbonyl phosphide cluster
complex, such as Cs,lRh,P(CO),,I.

JOHNSON MAITHEY & CO. 1.TD

Platinum-Tin Catalyst for Hydrocarbon
Hydrotreatment
CII'.. FRANCAISE DE RAFFINACE French Appl. 2,457,318
An effective catalyst for upgrading hydrocarbon to
high octane ratings consists of a refractory oxide
support, 0.2-2% of a platinum group metal, preferably Pt, 0.02-270 of Sn and, in combined form, a
specified ratio of a Group IA and a Group IIA metal.

Selective Hydrogenation Process

I,'?iION CARBIDE CO.

Palladium Cnmplex Catalysts
k:. I. 1"

POKI IIE SEMOVRS & CO.

U.S. Patent 4,257,97 3
The formation of carboxylic acids or esters from
olefins, CO and H,O or a primary or secondary
alcohol is catalysed by a Pd halide phosphine complex.

Carbonylation Catalysts
German Offen.2,939,839
'fhc formation of acetic anhydride from methyl
acetate and CO is catalysed by a system containing
Rh or Ir chloride or Pd acetate.
HOECHSI' A,(;.

Olefin Hydroformylation Catalyst

INSIIITT I FRANCAIS DU PETROLE

MI'I'SIIBISHI CHEMICAL INDUSIRIES 1.1'1).

French Appl. 2,458,524
IJnsaturated hydrocarbons containing 2-3C atoms
are selectively hydrogenated in a feedstock using a
Pd/AI2O, catalyst with SOP\ dispersed Pd crystallites.

German Offen. 3,035,468
In a specified process for olefin hydroformylation the
catalyst is Rh-triarylphosphine complex and an
excess of the phosphine is used.

HOMOGENEOUS CATALYSIS

FIJEL CELLS

Hydroformylation Process
European Appl. 31,590
In a Rh-catalysed hydroformylation process for
producing aldehydes from olefins, propionaldehyde is
also obtained by using ethylene as a co-reactant. The
catalyst may be Rh(CO)(acac)(PPhJ.
IYNION C A R R I I X CORP.
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Hydrogen Generation
rim TECIINOI.OGIES CORP. European Appl. 29,628

[,XI

H,, for use in fuel cells, is generated by electrolysing
an aqueous solution of HBr using an amorphous Si
anode and a Pt cathode. The amorphous Si is preferably coated with an extremely thin (50A)Pt layer.
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Solid Electrolyte Electrolytic Cell
IJNITEI) TECHNOI.OC;IES COKP.
U.S. Patent 4,248,941
A thin-film fuel cell has spaced-apart or side-by-side
catalyst layers as electrodes with the gap between the
catalyst layers being bridged by a solid electrolyte.
The cathode and anode catalysts used in the cell are
preferably Pt but may also be selective 0, reduction
catalysts, such as SrRu03.

Method of Forming Self Registering
Contacts on FET Structures
HEWI.E 1-1 PACKAKI) co.
British Appl. 2,062,959 A
Source, drain and gate contacts are made via an etchable polysilicon layer. The contact layer is preferably
Pt silicide deposited on electrically conductive
regions formed on the unexposed polysilicon.

Electric
Current
Hydrazine

ELFT'IKO MATEKIA1.S CORP. OF AMERICA

Palladium-Gold Thick Film Conductors
Generation

from

U.S. Patent 4,25 I ,60 I
Hydrazine is fed to a generator having a porous
membrane and electrodes made of different metals.
The electrodes are initially energised by dissociating
the fuel by contact with an Ir/A1203or other fuel
decomposition catalyst. One set of fluid electrodes
used in the cell may be screens or a granular bed of
steel, Fe, Ni, Co, Cu, Ag, etc. and the other of Mg, Y ,
La or Al.

CSITIiD ' r m i N o i . o ( ; I E s CORP.

British Appl. 2,063,570 A
Thermal runaway in an integrated circuit (ic) chip
having Pddoped Au thick film conductors is reduced
by increasing the surface arca of the Pd. The method
also assists eutectic die attachment of Al lead wires to
the ic. A typical thick film resistor is formed from a
paste containing 87-88% Au, 1.41%;Pd, 0.43% Pt,
I .41% ZnO and BiO, together with a glass frit.

Garnet-Based Magnetic Bubbles
A
The normal lanthanide ions are replaced by Ir, Ru or
Co in the octahedral site of the garnet. This gives
high mobility and high magnetic anisotropy.
WESTBRN EIAXXRIC CO. INC. British Appl. 2,066,236

Highly Stable Fuel Cell Electrodes
INS n 7 T J I E OF GAS TE(:HNOI.OGY

US.Patent 4,263,376
The electrocatalyst of a gas diffusion electrode is
supported on material containing nitrogenous groups
which react with the electrocatalyst metal. In a preferred method amide groups chemically bonded to a
C support for a Pt catalyst provide highly stable
diffusion electrodes for phosphoric acid fuel cells.

ELECTRICAL AND ELECTRONIC
ENGINEERING

Platinum Complex
Medium

Coated

Recording

R.C.A. CORP
British Appl. 2,066,490 A
A Pt complex coated medium for laser recording, has
a substrate coated with a reflective layer of Rh, Au or
Al, and then with a light absorbing layer which contains a Pt complex of bis(dithi0-o-ketones).

Energetic Particle Beam Deposition
INTERNArIONAL D[:SINESS MACHINES CORP.

Electron Emitter
British Patent 1,591,789
An emitter material is prepared by subjecting a
powder containing a relractory metal (Ir, Os, Pt, Mo,
Ni, Re, Ru and/or W), a Ba compound activator and
a reducing agent which may be Pr, La, Y , Sm, Nd
and Sc, among others, to high energy milling action
for sufficient time to reform the powder into grains
which are welded together with the metal activator
dispersed throughout the open structured matrix.
E.rM.1.-VARIAN LID.

Heat Resistant Spring
SUMIIKIMO CHEMICAL CO. LTD.

British Appl. 2,062,075 A
A heat resistant spring consists of a high melting
metal matrix, which may be I'd, Y, La, Ag, Au or a
base metal alloy, reinforced with an inorganic fibre,
such as AI,O,, having a high modulus of elasticity.

Solar Cell
LICENrIA PATENI'VEKWrAI.T~lNGSG.m.b.a.

British Appl. 2,062,35 I A
Solar cells are provided with Ti-Pd-Ag contact pads
on the light receiving surface and then the whole of
this surface, including the contacts, is covered with a
reflection-reducing layer.

Platinum Metals Rev., 1981, 25, (4)

U.S. Patent 4,250,009
An improved sputter deposition and etching process
uses an angled target composed of an intermetallic
compound where one of thc metals is Pt, Ir, Os, Hg,
Au, Sb or Zn, and the other is a Group IA, Group
IIA or lanthanide metal.

Electrochromic Iridium Oxide Electrodes
DEI.1. TEI.EPHONE LAROKATORIES INC.

US.Patenr 4,258,984
Elcctrodes for electrochromic devices are produced
by sputtering directly from an Ir target in an 0,
atmosphere to produce an Ir oxide film.

MEDICAL USES
Platinum
makers

Encapsulated Cardiac Pace-

SEEI)I.R INDUSTRIES L I ~ I .
U.S. Patent 4,248,237
Metallic pacemaker bodies, such as Ti or stainless
steel, may fail due to electrolytic corrosion and those
made from epoxy resins fail due to moisture swelling
and cracking. To overcome these problems the
bodies, now made of plastic, are encapsulated in a
skin of Pt having a thickness of 0.1875-0.5 mm.

182

AUTHOR INDEX TO VOLUME 25
Page

Acres, G. 1. K.
Alexander, R. W.
Allam, A.
Allen, R. V.
Ammon, R. L.
Amouyal, E.
Arajs, S.
Armgarth, M.
Arnold, C. R.

1 I2
134
42
152
130
84
129
178
175

Badwal, S. P. S.
42
Bailey, D. C.
176
Bailey, F. P.
152
Baker, R. T. K.
86
Balko. E. N.
82
Bandiera, J.
45
Banerjee, T. K.
134
Barbier, J.
176
Bard, A. J.
83. 131
Barnard, C. F. J.
71
84
Becker, J. C.
42
Bedniakova, V. A.
Begley, D. L.
134
Bell, R. J.
134
Beltramhi, I. N.
85
130
Bender, R.
Berenblium, A. S.
85
86
Berry, M.
46
Berry, R. J.
87
Beqe, L.
Besley, L. M.
178
Bierstedt, P. E.
43
Birke, P.
44,132
Blackmond, D. G.
133
132
Blanchard, G.
Blasse, G.
83
Blitzer, L. D.
84
Blum, J.
I34
Bogdanovskii, G. A 44.83
Bonfand, A.
133
Borbidgc, W. E.
152
Borgarello, E. 43, 83. 131
Bragin, 0. V.
132
Braun, A. M.
131
Braunstein, P.
130
Bridenbaugh, P. M.
130
Brooks, C. S.
86
Brugger, P. A.
131
Buchanan, P. D.
32
Buhrman, R. A.
173
Burkat, G. K.
131
Burt. R. J.
44
I

Cameron, D. S.
Capp, P. 0.
Carcia, P. F.
Carlson, D. E.
Carr, R. G.
Carturan, G.
Casarosa, C.
Caumont, M.
Cerveny, L.
Chaldecott, J. A.

161
135
43
135
131
130
R7
178
177
163

Page
Chang, C.-A.
129
Charcosset, H.
132
Charlesworth, P.
106
Chaston, J. C.
121
Cheknousova, N. I.
83
Chernenko, V. 1.
174
Chernov, D. B.
129
Chernova, G. P. 129, 174
Chernyshev, A. P.
176
Chu. C. W.
173
Chu, W. K.
I29
Clark, H. C.
177
Cleare, M. J.
12
Cooper, B. J.
14
Corro. G.
86
Corsi, J.
46
Cottington, 1. E.
74
Courtot, P.
174
Craighead. H. G.
173
Crutchley, R. J.
84

Dadashev, B. A.
Davidson, C. R.
Davies, J. A.
Davis, R. E.
De Bellis, F.
De Bruin, H. J.
Delaney, M. S.
Demangeat, C.
Depmeier, W.
Diaz. G.
Dimitricva, L. P.
Diwell, A. F.
Dobson, J. V.
Domhek, B. D.
Doniec, A.
d’Oro, P. C.
Downey, D. M.
Dnbois, J.-E.
Dubois, L. H.
Dumenil, D. R.
Dumesic, J. A.
Dunn, W. W.

86
82
177
130
87
42
45
129
43
86
45
142
72
85
174
85
87
83
86
105
86
83

Echevskii, G. V.
Egorova, L. S.
Eizenberg, M.
Elfimova, G. I.
El Malki. M.
Engels, S.
Enos, J. F.
Erardo. G. V.
Erdohelyi, A.
Ermilova, M. M.
Escaut, A.
Evans, W. D. J.
Everson, R. C.
Eylon, D.
Faerman, M. D.
Faltynek, R. A.
Fan, F.-R. F.
Faraone, L.

Platinum Metals Rev., 1981, 25, (41, 183-184

Page

Fasman, A. B.
Faul. W.
Fazley Hossain, S.
Fedoseeva, G. A.
Figoll, N. S.
Filippov, N. A.
Fischer, 1.
Flippen, R. B.
Fodor, T.
FOII, H.
Franck, J.-P.
Frank, A. J.
Fromm, E.
Fujimoto, K.
Fujishiro, S.
Fukuda. K. 1.

42
175
I30
129
85
85
130
43
175
46
176
174
173
176
44
43

Gandhi, H. S.
132
83
Geary, W. J.
German, R. M.
87
Gillson, J. L.
42
Gland, J. L.
173
Glarum, S. H.
83
Gliemann, G. G.
82
Goben, C. A.
134
Gogua, L. D.
86
Golden, G. S.
86
Gomez, R.
86
133
Goodwin, 1. G.
Gorodetski, A. E.
129
Graham, A. G.
176
Gratzel, M. 11,43 .83,131
175
Grecu, E.
Gregorio, G.
85
Grey, R. A.
46
Griaznov, V. M. 4 2.86, 177
Gschneidncr, K. A.
129
Guenin, M.
132
Gul’ianova, C. G.
177
129
Guseva, M. 1.

132
132
46
44
I76
44.132
130
177
85
86
178
2
50
44

Haenssler, F.
Hagiwara, M.
Hanika, J.
Hansma, P. K.
Harris, L. A.
Harrison, B.
Hawthorne, M. F.
Hidvegi, I.
Hisatsune, K.
Hlavafek, V.
Hoang-Van, C.
Howard, R. E.
Howell, J. A. S.
Hsieh, E. J.
Huang, S. Z.
Hubler, G. K.
Hunt, L. B.

43
134
133
86
132
14,142
45
82
87
44
133
173
86
44, 175
173
42
156

44
177
83
46

larmolenko, G. N.
Infelta, P. P.
lnoue, A.
Inouye, H.

84
131
134
173

183

Page

Ione, K. G.
Isagulyants, G. V.
Isakov, 1A. 1.
IvanoIIa, G. V.
Ivanov-Emin, B. N.
Ivanshentsev, lA. I.
lwakura, C.
Izumi, 1.
Jablonski, E. L.
Jaeger, N. I.
Jamieson, M. J.
Janowski, F.
Jarrett, H. S.
Johnson, B. F. G.
Jones, T. P.

132
45
133
82
173
42
43
83
85
133
131
44
42
62. 174
159

Kadaner, L. I.
84
Kagan, G. E.
129
Kalyanasundaram, K. 13 1
Kambe, N.
85
Kaner, D. A.
174
Kartonozhkina, 0. I.
45
Kastenings, B.
175
Kawai, T.
43
Keller, P.
84
Kemp, R. C.
I78
Kemp, W. R. G.
178
Khachin, V. N.
129
Khan, M. A.
129
Kharlamov, V. V.
177
Kieboom, A. P. G.
45
Kim-Thuan, N.
I75
Kinouchi, Y.
135
Kirchheim, R.
42
Kiwi, J.
43,83
Knifton, J. F.
178
Knizhnik, A. G.
85
Knobler, C. B.
45
Kollin. E. B.
173
Kometani, T. Y.
84
Kondo, K.
85
Korczynski, A.
174
Koval’chuk, V. 1.
176
Kozlov, N. S.
45
Kozmanov, IU. D.
129
Kranz, M.
44
Kritzinger, S.
I35
Krol, D. M.
83
Krulik, G. A.
44
Ku. H. C.
82
Kulik, T.
82
Kung, H. H.
42
Kunugi, T.
176
Kutiukov, G. G.
42
Kuznetsov, B. N.
176
Kuznetsova, R. E.
45
Lacaze, P:C.
Lakner, J. F.
Lam, C:W.
Langer, S. H.
Lapidus, A. L.

83
129
44
I76
45

Page
Latrofa, E.
Lawrence, R. J.
Leaver, K. D.
Lehn, J.-M.
Lemkey, F. D.
Lever, A. B. P.
Levintev, M. E.
Levy, D. J.
Lewis, J.
Li, W. B.
Lin'ko, I. V.
Litvin, E. F.
Liu, C. T.
Lobanov, V. V.
Loebich, 0.
Loran, ZH.
Lu, P. W. T.
Lundstrom, 1.

87
130
42
174
86
84
85
I75
174
84
I73
177
I73
129
113

176
130
175

McGill, I. R.
94
McLellan, R. B.
42
McNicol, B. D.
134
Ma, D. H.
175
Magan'ia, M. 1.
45
Magat, L. M.
82
177
Maitlis, P. M.
Makarova, G. M.
82
Makkee, M.
45
Mal'tsev, V. V.
45
Mamedov, S. E.
86
Mamedova, S. M.
86
Marecot, P.
176
Marhoul, A.
177
Marko, L.
I34
Marshall, J. H.
83
Martinez, A.
178
Mason, N. J.
83
Masumoto. T.
134
Matveeva, N. M.
129
Matyja, H.
82
Maubert, A.
86
Meiler, F.
44
Meng, R. L.
173
Mercea, 1.
175
Merrill, R. E.
I34
Merrill, R P.
82
44. 175
Meyer, S. F.
Aleyer, T. J.
130
Michel, C.
133
Michel, M.
134
Mikailova, A. A.
42
Mikul, 0.
44
Millan, A.
177
Mimoun, H.
133
Minachev,
KH.M.
45.133,177
Moiseev, 1. 1.
85, 177
Monroe, D. R.
82,132
Montarnal, R.
176
Montrasi, G.
85
Moorhead, A. J.
132
Motadpour, A.
84
Morandini, F.
130
Morgan, C. S.
132
Morimoto, F.
85
Moyo, N.D.
42

Page
Mumuera, G.
Mund, S. L.
Murrer, B. A.

86
85
156

Nakamoto, Y.
Nakamura, K.
Nassibian. A. G.
Nefedov, 6. K.
Ncmanich, R. J.
Netzcl, T. L.
Nicholas, K. M.
Nixon, L.A.
Nowell, I.W.
Nylander, C.

li8
173
46
177
173
131
130
83
83
I78

Ohnaka, I.
Ohta, M.
Okura, I.
Omae, I.
Oniciu, L.
Orekhova, N. V.
Osetrova, N. V.
Otto, K.
Oustry, A.

134
87
175
43
87
86

42
85
178

Pagani, G.
85
Pak, A. M.
45
Parlebas, J. C.
129
Parmon, V. N.
43
Pavlikhin, B. M.
85
Pavlova, L. F.
42
Pelizzetti, E.
43,83
87
Petarca, L.
Petek, M.
174
Per, G. P.
46
I74
Pichon, R.
42
Pickering, H. W.
133
Plath, P. J.
Politanskii, S. F.
177
Porter, G.
11
Pour, V.
44
Prasad, A.
I29
Prasad. M.
45
Preobrazenskij, A. V. 132
Rabani, J.
84
Raithby, P. R.
I74
Ramey, D. W.
174
Rasko, J.
133
Raub, C. J.
113
Reed, R. W.
132
Reikhsfel'd, V. 0.
85
Ricard, L.
130
Rie, C. E.
130
Riumin, A. 1.
42
Rives-Arnau, V.
86
Rodgers, M. A. J.
84
Rodin, A. P.
133
Roels, J. A.
45
Rosenberg, B.
71
Rosenfeld-Griinwald, T. 84
Roundhill, D. M.
43
Roussel, M.
133
Rubinstein, I.
131
Rusby, R. L.
57

Platinum Metals Rev., 1981, 25, (4)

Page
Russell, R. J.
Rsiiska, V.
Rydnin, A. IU.

135
133,177
176

Sad, M. R.
85
Saha, C. R.
134
Sakata, T.
43
Salaun, I.-Y.
174
Samuels, G. J.
130
Sarydzhanov, A. A.
86
Sasaki. H.
135, 175
Sasson, Y.
134
Sato, S.
83,131,174
Satterfield. C. N.
23
Sauvage. J.-P.
174
Savoia, D.
177
Schafthauser, A. C.
173
Schmid, H.
43
Scrivanti, A.
130
Sedlak, J. M.
130
Sen'kov, G. M.
45
Serov, IU. M.
177
Serpone, N.
131
Shannon, R. D.
43
Shchegoleva, N. N.
82
Shelton, R. N.
82
Shepelin, A. P.
176
Sherwood, R. D.
86
Shibata. S.
130
Shiraishi, T.
87
Shkitov, A. M.
177
Shpiro, E. S.
I77
Sigmon, T. W.
173
Singh, H.
45
giroki, M.
87
Sivokha, V. P.
129
Skrigan, E. A.
4.5
Sleight, A. W.
42
Sokol'skii, D. V.
45
Solov'ev, V. M.
45
Solymosi, F.
85. 133
Somorjai, G. A. 43.86,131
Sonoda, N.
85
Spaepen, F.
82
Spector, A. D.
129
Speidel, M. 0.
24
Speier, G.
I34
Srivastava, R.D.
45
Startsev, A. N.
176
Stepien, H. K.
I32
Sterligov, 0. D.
45
Stevenson, K. L.
174
Stoiakina, K. I.
177
Strohmeier, W.
134
Sumino, M. P.
130
Summers, J. C.
132
Suzuki, K.
178
Svoboda, I.
133
Sweeney, J. E.
173
Swiderski, J. '
174
Takeshita, T.
129
Tamura, H.
43,84,175
Tarasova, V. E.
42
Taub, A. I.
82
Taylor, R. D.
174

184

Page
Teas, C. L.
130
Teichner, S. J.
I33
Thomas, J. H.
135
Thompson, D. T.
23.50
Tikhonov, A. A.
131
Tomashov,
N. D.
82,129,174
Tourillon, G.
83
Tournayan, L.
132
Towns, E.
177
Trimm, D. L.
44
Tromhini, C.
177
Tsai, C.C.
173
Tsisun, E. L.
177
Tsutsui, H.
135
Tu, K. N.
46,135
Tuszynski, W.
82
Ucciani, E.
Uchida. H.
Umani-Ronchi, A.
Usachev, N. IA.
Ushita. J.
Ustinski, E. N.

133
173
177
133
135
174

Vaidy Anathan, T. K. 129
Van Bekkum, H.
45
Van Raaij, E.
133
Vasilenko, 1. 1.
43
Vasina, T . V.
132
Venskovskii, N. U.
173
Viacheslavov, P. M.
131
Visca. M.
43,83
133
Valgyesi, L.
Volkov, A.
83
Vostrikova, L. A.
132
Vovchenko, G. D.
83
Wagner, F. T.
43
Wallo. A.
46
Wanke, S. E.
176
Waterstrat, R. M.
I73
White, J. M. 83.131, 174
Whiteside, 1. R.
159
Wilbourn, K. 0.
83
Wilkins, A. J. J.
14
Williams, P. M.
159
Wing, R. G.
94
Wolf, F.
44
Woodhouse, J. 1.
132
Yakunina, T. G.
Yamane, M.
Yao, H. C.
Yao, Y. D.
Yoneyama, H.
Yoshida, Y.
Zamanzadeh, M.
Zamaraev, K. 1.
Zaslavskaia, T. N.
Zbdan, P. A.
Ziessel, R.
Zoran. A.

174
87
85,132
129
84. I75
135
42
43
85
176
174
134

SUBJECT INDEX TO VOLUME 25
Page
AIROF, thin film cells, electrochromism in. a
130
Alcohol, aUyl, reaction with triorganosilane, a
85
catalysis by Ru(ll)CI,(PPh,),Ru(II), a
134
46
synthesis over Ru hydride, a
Alkenes, hydrogenation over Pd/graphite, a
177
Alkylbenzene, hydrogenation over Pd/-. Ru/AI,O,. a 177
Alkynes, hydrogenation over Pd/graphite, a
177
Ammonia, aqueous, oxidation on platinum metal, a
83
I34
Aniline, synthesis by Pd(C,H,CH),CI,. a
Aromatisation over platinum metals, a
85,132
a = abstract

Benzene, hydrogenation over platinum metals, a
132. 133, 176
Bollmann. Justus Erich
I6Z
..
Bonding in metal clusters
62
152
reaction, ceramics to Pt foil
Book Review, Heterogeneous Catalysis in Practice
23
~

71, 156
Cancer treatment drugs, conferences
178
Capacitor, Pd gate MOS, for H, sensors, a
Carbon Oxides, CO,, hydrogenation over platinum
metals/Al,O,, a
85
photoproduction from hydrocarbons, a
83
133
CO, adsorption on Ru/zeolite, a
85
conversion to CO, over Se/Pt black, a
for reduction of NO on Rh(33 I), a
86
hydrogenation by Ru,(CO),, a
85
oxidation over Pt/y Al,O,, a
132
Carboxylic Acids, esters, hydrogenation by Ru hydride
46
complex, a
Catalysis, heterogeneous, book review
23
homogeneous. conference
I56
Catalysts, dual bed, Q
132
for biologically active compounds, a
134
three way
14, 132
Iridium, for graphite hydrogenation, a
86
Iridium Complex, carbonyls, a
176
85
Ir/A1203, for CO, hydrogenation, a
for ethane, cyclopentane hydrogenolysis,
benzene hydrogenation, a
176
Ir/support, for isocyanate formation. a
133
Palladium, for olefin to ketones, a
133
for SO, oxidation, a
130
oxide. for SO oxidation, a
I30
Pd/Pt/RuO,rTiO, powder, for H,
photoproduction from H,O and MeOH, a 43
recovery from Pd/C waste, a
87
Palladium Complexes, Pd(C,H,CH),CI,, for
C,H,NO, and p-CIC,H,NO, reduction, a
134
(PPh),Pd, for cyclohexene
dehydrogenation. a
85
86
Pd-Ru membrane, for hydrogenation, a
177
for H, extraction from CO, CO, mixture, a
I75
Pd-SiO,-S< H, sensitive, a
44
Pd-Sn, for electroless plating, a
177
Pd/AI,O,, for alkylbenzene hydrogenation, a
85
for CO? hydrogenation, a
for cyclic butadiene oligomer
133
hydrogenation, a
45
for dihydrolinalool hydrogenation, a
45
for furfural decarbonylation, a
Pd-KBr-, Pd-NaBr/y-Al,O,, for ethylbenzene
176
dehydrogenation, a
Pd/aluminosilicate, for ethylene
45
oligomerisation, a
Pd-AcOK/amorphous aluminosflicate, for
177
oxidative acetoxylation of propylene, a
133
Pd/CaCO,, for hydrogenation, a
Pd/C, for cyclic butadiene oligomer
133
hydrogenation, Q
45
for furfural decarbonylation, a
Pd/graphite, for aromatic nitro-compounds,
177
alkenes, alkynes hydrogenation, Q
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Page
PdCu/mordenite, for ethylene oxidation, a
133
Pd/nylon-66, characterisation, a
133
Pd/support, characterisation by Cu(1I) formate
decomposition rate, a
177
for isocyanate formation, a
133
for methanol oxidation, a
133
stability against S, a
132
Pd/zeolite, for ethylene oligomerisation, a
45
for n-hexane isomerisation, a
86
PdCu/zeolite, for ethylene oxidation, a
133
Platinum. compounds, for H, photoproduction. a I74
for emission control, MacRobert Award 22, 112
for graphite hydrogenation, a
86
for H, photoproduction, a
174
lead tolerant
142
43
oxide, for H,O, decomposition, a
175
pad, in flameless combustion heater, a
particles, with viologen intermediates. for
131
H, photoproduction from H,O, a
platinised TiO,, for photocatalysis, a 83, 131, 174
platinised SrTiO,, for H,
43, 131
photoproduction. a
Pt/Pd/RuO,/TiO, powders, for H,
photoproduction from H,O and MeOH, a 43
Pt/RuO,/CdS dispersions, for H,, 0,
photoproduction, a
131
with enzyme for D-mannitol production, a
45
Platinum Complexes, carbonyls, a
176
H,PtCI,, for ally1 alcohol reaction with
85
triorganosilane, a
IPt(ER,)(CO)CI,I + SnCI, for olefin
hydroformylation, a
177
Platinum Alloys, for fuel cells
161
Pt-tr, for graphite hydrogenatiun, a
86
Pt-SiO,-Si, H, sensitive, a
175
Pt/Al,O,, deactivation effect on sensitivity. a
44
for air pollution control
61
for CO, hydrogenation. a
85
for ethane, cyclopentane hydrogenolysis.
176
benzene hydrogenation. a
for n-heptane reforming, a
85
for methane combustion, a
44
44
Pt/y-Al,O,, chlorine modified, behaviour of, a
for hydrocarbon and CO oxidation, a
132
GeO, modified, for hydrocarbon
aromatisation, a
85
for NO reduction by H,, Q
85
45
Pt-Cr/AI,O,, physico-chemical study of, a
176
pt-Ir/A1203, thermal stability of, Q
132
Pt-Ru/Al,Op for conversion, hydrogenation, a
properties, a
86
Pt-Li/q-Al,O,, n-decane dehydrogenation, a
45
Pt/C, for waste electroplating water treatment, a 175
Pt/mordenite, Ag-exchanged, for heptane
transformation, a
176
44
Pt/Pt, for H,O, decomposition, a
85
Se/Pt black, for water gas shift reaction. a
Pt/SiO for toluene hydrogenation, a
45
, S e w of carriers. a
44
(Mo + Pt)/SiO,, for n-hexane conversion, a
176
(Re -I- Pt)/SiO,, for n-hexane conversion, a
I76
Pt-Ru/SiO,, For conversion. hydrogenation,
dehydrogenation, a
132
(Sn + Pt)/SiO,, physical properties, a
176
176
(W + Pt)/SiO,, for n-hexane conversion, a
Pt/support, stability against S. a
132
45
Pt/Y zeolite, for toluene hydrogenation, a
Pt metals/Al,O,, for ethylene aromatisation, a
132
Rhodium, for H, photoproduction, a
174
Rh(33 1) surface, NO reduction by CO. a
86
Rhodium Complexes, carbonyls. a
85. 176
Rh(PPh,),Cl, a
134
177
with 0, for hydrosilation. a
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Catalysts (contd)
Page
with TiO, powder. for H,
photoproduction from H,O and
43
MeOH, a
[(RhC,Me,),CI,l for cx-olefin conversion, a
177
RhHCO(PO,),, for 1 hexene
hydroformylation, a
134
lcloso-l.3-,~-(~-3,4,-CH,:CHCH,CH,)-3
H-3PPh,-3,1 .Z-RhC,B,H lo I. most active
homogeneous hydrogenation catalyst, a
45
Rh-Pt, three-way
14
Rh/AIZO,, for CO, hydrogenation. a
85
highly dispersed, preparation. a
86
Rh/C, for 2-nitrostyrene hydroformylation, a
133
Rh(CO),Cl/polymer-NC, preparation, a
86
Rh/SiO,, for NO reduction by CO, a
86
Rh/support, for isocyanate formation, a
133
Rh/TiO,, for NO reduction by CO. a
86
Ruthenium, for coal liquefaction
50
Ru-based mixed oxide anode, a
130
Ru(1V) oxide, for ethylene glycol synthesis, a 178
RuO,/Nb-doped n-TiOJPt powder, for H,
photoproduction from H,O, a
43
RuO,/TiO,/powder, for H, photoproduction
from H,O and MeOH. a
43
Ruthenium Complexes,& methyl viologen
photoreduction, a
175
Ru(II1) acetylacetonate, for ethylene glycol
synthesis, a
177
Ru(bpy)g+. MV, EDTA, Pt hydrosols, for
84, 174
H,O photoreduction, a
Ru(bpy):+ with Zn complex for viologen
13 1
photoreduction. a
(bpy),(py)RuOZi and (trpyXbpy)Ru02+
polymer, anodes, for oxidation. a
130
Ru(bipyrazyl):+, for MV+ photoproduction. a 84
Ru(bipy):+. RuO,/Pt/colloidal TiO,, for
H,O photolysis, a
83
Ru(2,2’-bipyridyl):+, RuO,, MV, EDTA for
H, photoproduction from H,O, a
84
Ru(II)CI,(PPh,),Ru(II) for homogencous H
transfer from alcohols to olefins, a
134
RuCI,(PPh,),-polystyrene anchored for
134
isomerisation, a
carbonyls, a
176
Ru,(CO),,. for homogeneous CO
hydrogenation. a
85
Ru hydride, for homogeneous hydrogenation
of carboxylic acid esters, a
46
Ru-Pd membrane, for H, extraction from CO,
CO, mixrure, a
177
Ru/AI,O,, for alkylbenzene hydrogenation, a
177
for CO, hydrogenation. a
85
for c o d liquefaction
50
Ru-Pt/Al,O,, properties, a
86
Ru/support, for Fischer-Tropsch reaction
50
for isocyanate formation, a
133
Ruheolite, CO adsorption on, a
133
Ceramics, reaction bonded to Pt
152
Cermets, Pt-SiO, films. a
42
Chemiluminescence, a
131
p-Chloronitrohenzene, a
134
Clusters, IOs,Au(CO),,H,J, a
174
properties
62
Coal, gasification by Fisher-Tropsch process
50
Coatings, Pd, Ag on Ta wire, H, adsorption on, a
173
Pd/Ti tubes in oil refinery condensers, a
I78
Pt aluminide, diffusion on gas turbine blades
94
Pt on microspheres. a
44, 175
Conference, Platinum Group Metals, Bristol, 198 1
156
Inorganic Biochemistry, London. 1980
71
Photochemical Conversion and Storage of
Solar Energy
I1
Corrosion, environmental, in gas turbine blades
94
properties, Pd/Ti tubes in condensers, a
178
properties, Pd-Ag alloys, a
129
properties, Ru-Cr alloys, a
174
resistant alloys, Ru-Mo-X. a
173
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Corrosion (eontd)
Page
resistant dlovs and steels, a
82
Cyelohexane, dehidrogenation over Pt-Rulsupport. a 132
Cyclohexene, dehydrogenation with 0, over
(PPh),Pd,, a
85
Cyclopentane, hydrogenolysis over Ir/Al,03.
WAI,O,, a
176
n-Decane, dehydrogenation over R-Li/q-Al,O,, a
45
Decarhonylation over Pd/AI,O,, Pd/C, a
45
Dehydrogenation over platinum metals, a
45,85, 132
Detectors, formaldehyde vapour
159
high-temperature, in nuclear reactors, a
132
hydrogen, a
84. 132
oxygen
42, 152
Deuterium, electrolytic separation from T. using
174
Pd-Ag electrodes, a
Deville, Henri Sainte-Claire
121
Diodes, a
135
Dioxin, destruction by RuO,
160
Electrical Contacts, Pd-As. Pd-Ga alloy. a
178
Pd-Ir alloys in, a
13 1
Pd.Si/Si. verv thin. a
135
Pt,Si. Pt,,,Si: co-deposited, shallow, a
46
Rh-Ni. a
84
Electrochromism in thin film cells, a
130
Elecbodeposition, Ir-Pd alloy, a
131
platinum metals, historical review
32
175
Rh, a
Rh-Ni alloys, a
84
Ru, on sealed reed contacts. a
84
Electrodes, IrO,/Ti, heat treatment, life of, a
43
Pd and PdO, for H,SO, production, a
130
PdXO, thin film, for 0, reduction, evolution, a
43
Pd-H, in PallapHode pH meter
72
Pd-Ag, for H isotope separation. a
174
PdlPt, for aqueous NH, oxidation. a
83
87
Pt, palladised or platinised, in fuel cells, a
Pt, porous, for fuel cell
56
Pt, reduction of thick oxide films on, a
130
PtCoO, thin film, for 0, reduction, evolution, a
43
Pt-Rh, in fuel cells, a
87
organic films/Pt, a
83
Pt/Pt, for aqueous NH, oxidation, a
83
Pt/Ti anode, durability in D-ribono-y-lactone
electroreduction, a
174
Rh/Pt, for aqueous NH, oxidation, a
83
Ru oxides. stability for 0, evolution, a
130
Ru oxide/Ti, durability in D-ribono-ylactone
electroreduction, a
174
RuO, + TiO, thin film, photoproperties. a
175
(hpy),(py)RuO*+ and (trpyXbpy)RuO’+,
130
polymer, a
Emission Control, car exhaust
142
catalyst. MacRobert Award
22, 1 I2
nitrogen oxide from automobile engines
14
Energy, electrical, photoproduction with p-LuRhO,
cathodes. a
42
solar, absorption in Pt-AI,O,. Pt-SiO,, a
173
solar, conversion and storage
11
solar, photocatalytic conversion, review, a
43
Engines, automobile, emission control of
14
94
gas turbines, blade protection of
Ethane, hydrogenolysis over Ir/AI,O,, Pt/AI,O,, a
I76
Ethylhenrene, oxidative dehydrogenation over
Pd-NaBr/pAl,O, and Pd-KEriy-Al,O,, a
176
Ethylene, reactions over platinum metals. a
45, 132. 133
’Ethylene Glycol, synthesis by Ru compounds, a
178
Extraction. liauid4iauid from ore
106

186

1

.

Fatigue, platinum metals, crack growth in
Ti alloy, improvement by Pt ion plating, a
Firearms, platinum touchholes in
Fischer-Tropsch reaction
Formaldemeter, formaldehyde detector
Fuels, gasoline with Pb additive
liquid, production from coal

24
44
74
50
159
142
50

Fuel Cells, biochemical, review, a
detector for formaldehyde vapour
high temperature, for electricity and HNO,
methanol-air, a
U S . National Seminar
Glass, Pd77.5Cu6Si,6.,,amorphous, properties. a

working, Pt apparatus

Page
87
159
56
134
I61

82
163

Heater, catalytic, a
175
n-Heptane, reactions over platinum metals, a 85. 132, 176
n-Hexane, reactions over platinum metals, a
86,176
I-Hexene, hydroformylation by RhHCO(PO,),, a
134
History, J. E. Bollmann
163
electroplating the platinum metals
32
Henri Sainte-Claire Deville
121
platinum activities in N. America and Europe
163
platinum in flintlock firearms
74
Hydrocarbons, aromatisation, over Pt/y-Al,O,, GeO,
modified, a
85
conversion in automobile emission
14
44
conversion over Pt/pAl,O,, CI, modified, a
conversion review of SiO, catalyst carriers, a
44
dienes, hydrogenation over Pd-Ru, a
86
liquid, from coal
50
oxidation over Pt/y-Al,O,, SO, effects, a
I32
photocatalytic oxidation to CO,, a
83
water gas shiA reaction
14,85
Hydroformylation over platinum metals, a
85: 133, 134,177
Hydrogen, absorption in Fe, Pt effect on. a
42
absorption in LaPt,, ThNi,, YNi,, a
129
absorption by Pd, Ag, coated Ta wirc, a
173
adsorption, by Pt-Sn alloys, a
42
detectors, a
84, 132, 178
diffusion in Pd-Cu and Pd-Nb alloys, a
42
diffusion in Pd-Dy, Pd-Er. a
129
for NO reduction on Pt(III), a
173
extraction from CO, CO, mixture by coated
177
Ru-Pd membrane catalyst, a
flameless combusion over Pt, a
175
generation for industrial use
12
ion concentration, measurement
72
isotopes, electrolytic separation, a .
I74
permeability in Pd-Ag, Pd-Ni alloys, a
42
permeability in Pd-Dy, Pd-Er alloys, a
129
permeation through Pd membrane, a
174
photoproduction from water, a
42,43,83, 84, 1 3 1 , 174, 175
photoproduction, review of catalysts for, a
I74
sensitive Pd (or Pt)-Si0,-Si, a
175
solubility in Pd-Dy, Pd-Er, a
I29
structure in f.c.c transition metals, a
129
Hydrogen Peroxide, catalytic decomposition, a
43,44
Hydrogenations over platinum metals, a
45,46, 85,86, 132, 133, 176, 177
Hydrogenolysis over platinum metals. a
I76
Hydrosilation over platinum metals, a
177
IMPATT devices, failure, a
134
133
Indoles, production, a
87
Ion, flotation of platinum metals, a
129
implantation, Pd, for Ti corrosion stability, a
44
plating, Pt, effect on Ti alloy fatigue, a
42
Iridium, oxidation of powder in air, a
lridium Alloys, Iridium-Palladium, electrodeposition, a 131
173
Iridium-Tungsten, Th additions in, a
Iridium Oxide, AIROF cells, electrochromism in, a
130
83
films, a.c. response, a
IrO, + RuO,, solid solutions, mutual solubility, a 82
Isocyanate, formation, a
133
lsomerisation over platinum metals, a
86, 134. 174
Ketones, production, a

133

Lead, effect on emission control catalysts

142
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MacRobert Award for emission control catalyst
D-mannitol, preparation, a
Medical, conferences on anti-cater drugs
dental alloys, a
Methane, combustion on Pt/AI,O, fibres, a
Methanol, oxidation over Pdhupport, a

Page
22. 112
45
71, 156
87, 135
44
133

Nitric Oxide, reduction over platinum metals, a 85, 86, 173
Nitrobenzene, reduction by Pd(C,H,CH),CI,, a
134
Nitrogen Oxide, automobile, emission, control of
14

178
Oil refineries, Pd/Ti tubes in condensers, a
Olehs, conversion to unsaturated silanes by
177
IRhC,Me,),CI,1, a
hydroformylation by I Pt(ER,HCO)CI,l + SnCI,. a 177
photo-isomerisation by
174
trans-[PtCl,(tmpy)(C,H,)I, a
134
synthesis by Ru(II)CI,(PPh,),Ru(II). a
133
terminal, oxidation by H,O, over Pd, a
45
Oligomerisation over platinum metals, a
61
Organic Solvents, pollution, control of
156
Organornetallic Complexes, conference
174
Osmium, cluster, [Os,Au(CO),,H,l, u
82
compound, MOsB,, superconductivity in, a
Osmium Complexes, Os(OEP)IP(OMe),l,,
photolysis, a
131
Oxidation over platinum metals, a
42,130, 133
Oxygen, sensors
42, 152
adsorption on Pt(nI), a
82
effect on diffusion in Pt-Ni-Pt films, a
129
evolution on Ru mixed oxide electrodes, a
130
evolution, reduction by thin film electrodes. a
43
photoproduction from H,O by platinum metals, a
42,43, 83,84. 131. 174
43
Palladium, compound, PdB,O,, first Pd borate, a
compound, MIPd(OH),I, M = K, Rb, a
173
contact resistance of, a
135
fatigue and fracture in
24
H, structure in, a
129
ion implantation, a
129
layers a-Si, hydrogenated. for diodes, solar cells, a 135
174
membrane, H, permeation through, a
87
refining from P d C waste, a
thin film on Ta wire, H, adsorption on, a
I73
thin films on Ti, in oil refinery condensers, a
178
87, 135
Palladium Alloys, dental, a
Palladium-Arsenic, in semiconductors, a
178
Palladium-Chromium, phases in, a
173
Palladium-Copper. H, diffusivity, a
42
Palladium-Copper-Silicon, amorphous wire, a
134
Palladium-Gallium, in semiconductors, a
178
Palladium-Iridium, electrodeposition, a
131
Palladium-Iron, electrical resistivity, a
129
single crystal, solid solution
decomposition, a
82
Palladium-Nickel membranes, H,permeability, a 42
Palladium-Niobium, dilute, H, diffusivity. a
42
Palladium-Rare Earths, H, in, a
129
Palladium-Silicon, plastic deformation, a
82
Pd-a-Si:H interface structure, a
193
Pd-Si0,-Si, H, sensitive, a
175
Palladium-Silver, contact resistance, a
135
corrosion, a
129
membranes, H, permeability in, a
42
membranes for H, production, a
12
TiPd-TiNi, shape memory in, a
129
Palladium-Vanadium, phases in, a
173
Palladium Complexes, coordinated drug, a
83
organic, survey for 1978, a
43
Palladium Oxide, free energy of formation, for 0,
sensor, a
42
PallapHode Pd-H electrode pH meter
72
Photocatalysis, a
42,43,44,83, 131, 174. 175
Plating, electroless Sn-Pd catalysts, preparation from
hydrous melts, a
44
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Plating (contd)
Page
ion, Pt on Ti-Al-Sn-Zr-Mo alloys, a
44
Pd-Ir, for electrical contacts and motors, a
131
175
Rh on Ti-Zr-Mo alloy, a
Rh-Ni alloys, for electrical contacts, a
84
solutions, Ru, a
84
Platinum, adsorption of 0,, reactivity to H, and CO. a 82
44. 175
coatings on microspheres. a
coinage
163
compounds, K,Pt(SCN),, luminescence, a
82
compounds, LaPt,, H, absorption in, a
129
effect on H, absorption by Fe, a
42
electrode, reductin of thick oxide films, a
130
fatigue and fracture in
24
films, cermet, Pt-SiO,, structure, properties, a
42
films, organic, on electrode. a
83
films, Pt-Ni-Pt, Ni diffusion into Pt. a
129
in guns, pistols, rifles
74
oxidised. for catalytic decomposition of H,O,, a
43
Pt-SiO,Si, H, sensitive, a
175
Pt(II1) surface for NO reduction with H,, a
173
reaction bonded to ceramics
152
Pt/n-GaAs interface reaction, after annealing, a
I34
87
Platinum Alloys, dental, ageing. a
Platinum-Rhodium, fatigue and fracture in
24
Platinum-Tantalum, phases in, a
173
Platinum-Tin, electrocatalytic properties, a
42
Platinum Complexes, allyl(hydrido)Pt(II), a
130
rrans-IPtCl,(tmpyXC,H,)I,for photo174
isomerisation of olefins, a
Pt,(C0)61P(C,H,),l,, synthesis. a
130
PtCo,(CO),IP(C,H,),I, synthesis, a
130
43
organic, survey for 1978, a
Platinum Metals, cluster compounds
156
compounds. organometallic with P, literature
43
survey to July 1979, a
early chemistry and metallurgy
121
electroplating of
32
future supplies
105
ion flotation and separation of, a
87
liquid-liquid extraction from ore
106
113
reactions with alkali metals
refinery utilising solvent extraction
31
resistance to fatigue crack growth
24
Platinum Metals Alloys, corrosion resistant, a
82
Platinum Metals-Alkali Metals, preparation,
properties
113
46
PLATMOS, hysteresis and memory in MOS, a
Pollution Control, exhaust emission, MacRobert award
22,112
lead tolerant car exhaust catalyst
142
organic solvents in air over Pt/AI,O,
61
three-way catalyst systems
14
waste electroplating water, Pt/C catalyst for, a
175
Propene, hydroformylation by Rh carbonyfs, a
85
Propylene, oxidation over platinum metals, a
177
Reed Switches, Ru plated, a
84
Refining oil, Pd coated Ti condenser, a
178
platinum metals
31,87, 106, 156
Resistance Thermometers, platinum
2,46, 178
Rh-Fe alloy and SQUID at 0.01K
57
Review, biochemical fuel cells, a
87
organic complexes of Pt, Pd, Ni, survey for 1978, a 43
photocatalytic conversion of solar energy, a
43
organometallic compounds with P, literature
review to July 1979, a
43
SiO, catalyst carriers, in hydrocarbon
44
conversion, a
Rhodium, compound LuRhO,, properties, a
42
plating on Ti-Zr-Mo alloy, a
175
Rhodium Alloys, Rh-Ni, electrodeposition, a
84
Rhodium Complexes, Irans-(Ph,P),Rh(CO)(OCO,H), a 130
Rustenburg Platinum Mines
70
Ruthenium, compound MRuB,, superconductivity, a
82
electrodeposition, measurement of, a
84
oxidation of powder in air, a
42
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Page
Ruthenium Alloys, Ruthenium-Chromium, corrosion
in H,SO,, a
phases in, a
Ruthenium-Molybdenum-X, corrosion resistance
of, a
Ruthenium Complexes, for methyl viologen
photoreduction, a
Ru(bipyrazyl):+, photocatalyst, a
Ru(bpy)’+, luminescence of, a
Ru(bpy)tt and oxalate or organic acid, electrogenerated chemiluminescence, a
Ru(bpy):+. for methyl viologen reduction, a
Ru bipyridyls, for UOZ2+photoreduction, a
Ru(Z,Z’~bipyridyl):+,for photolysis, a
Ru(bipy),Br,.hH,O. luminescence. a
Ru(bipy) (CIO,),, luminescence, a
Zno,,,,R~o,o,(bipy),SO,.luminescence, a
Ruthenium Oxide + IrO,, solid solutions, mutual
solubility, a
Ruthenium Dioxide for water catalysis, a
Ruthenium Tetroxide, control of dioxin

174
I73

173
175
84
84
131
175
84
84
83
83
83
82
84
160

Sasol, coal liquefaction
50
Schottky Cells, a
135
Semiconductors, PdAs,, PdGa alloys, a
178
46
PLATMOS Pt induced hysteresis in MOS a
Seminar, US.National Fuel Cell Seminar
161
Sensors, ammonia, argon, ethanol, a
175
formaldehyde vapour
159
high-temperature, a
132
hydrogen. a
84, 132, 178
hydrogen sulphide. a
175
oxygen
42, 152
smoke, a
175
Shape Memory in TiNi-TiPd alloys, a
129
Solar Cells
1 I, 135
SQUID + Rh-Fe alloy, for low temperature
57
measurements
Steel, stainless, modified by platinum metals, a
82
Sulphur contaminant, catalysis product, a
132
Sulphur Dioxide, catalytic oxidation to H,SO,, a
130
effect on hydrocarbon and CO oxidation over
Pt/y-AI,O,, a
132
Sulphuric Acid, first platinum still for
I63
production from SO, oxidation, a
130
Superconductivity, SQUID
57
ternary borides. MRuB,, MOsB,. a
82
Temperature Measurement of gas flame, a
low, by Rh-Fe alloy with a SQUID
in nuclear reactors, a
platinum resistance thermometers
2,46.
Temperatur Scale 13.8 1K-273.15K, a
Thermafilmb platihm resistance detectors
Thermocouples, Pt:Pt-I3%Rh, non-screened, a
Thick Films, Pt-Ni-Pt, Ni diffusion into Pt, a
oxide on Pt anode, reduction of, a
platinum resistance detectors
Thin Films, aromatic amines/Pt, a
IrO,, ax. response, a
Pd/Ti tubes in condensers in oil refineries, a
Pd, Ag/Ta wire, H, absorption on, a
Pt-AI,O,, solar absorption in, a
PtCoO, electrodes, a
PdXO, electrodes, a
R-SO,, solar absorption in, a
Titanium, corrosion stability after Pd ion
implantation, a
Toluene, hydrogenation on Pt/Y zeolite and Pt/SiO,, a
Tritium, electrolytic separation from D, a
Turbines, gas. blade protection of
Uranium, UO:+, photoreduction by Ru complexes, a
Water, purification by Pt/C catalyst, a
Water Gas Shift Reaction
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87
57
132
178
178
2
87
129
130
2
83
83
I78
173
173
43
43
173

129
45
I74
94
84

175
14,85, 174

