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High Performance Metal Hydride Alloy
for Rechargeable Battery Technology
PLATINUM METALS ENHANCE ALLOY SURFACE PERFORMANCE

By A. S. Pratt and D. B.Willey
Johnson Matthey Trc~hnologyCentre

and I. R. Harris
School of Metallurgy and Materials. University of Birmingham, England

Nickel metal hydride ( N i M H ) rechargeable battery technology is currently the
major competitor to well-established nickel c a d m i u m ( N i C a d ) technology
D u e to n e w legislation in the European U n i o n and elsewhere, N i C a d cells
are gradually being replaced to reduce the use of toxic cadmium, and N i M H
cells are predicted to be a reliable alternative. N i M H batteries provide a higher
energy density and are environmentally more acceptable than N i C a d cells. In
addition they have a low memory effect, allowing easy charging and disrharging. However, current N i M H technolog-y has limitations, particularly when
cells are rapidly chargedldischarged, and the lifetime of a cell is 500 cycles,
compared to 1000 cycles for NiCad. Here, we report advances enabling rupid
chargingldischarging to be arhieved b y the modification of the surface of the
metal hydride alloy with p l a t i n u m group metals. T h i s enhances the rates of
sorption of hydrogen w i t h i n the alloy, and the alloy i s shown to be stable in
air, A n overview of N i M H battery technology is presented and developments
resulting in high performance cells are described.

-

The basis of the application of metal hydrides
to secondary or rechargeable batteries has been
established for well over 100 years, with Thomas
Graham being the first to observe the reversible
hydrogen absorptioddesorption reaction in palladium (1). He found that when a current was
applied to palladium and then reversed, that
hydrogen was absorbed and then desorbed from
the metal (1, 2).
Nickel cadmium (NiCad) batteries are the most
common, rugged batteries available, but because
they contain cadmium they are being replaced
by batteries containing metal hydrides (MH,),
which also have advantageous properties. The
recent developments, see Figure 1, in metal
hydride battery technology has been driven by
the need to replace cadmium as the anode material, due to concerns over its use and environmental effects on its subsequent disposal. Metal
hydrides develop a similar voltage to NiCad, use

Platinum Metals Rev., 1999, 43, (2), 50-58

-

the same cathode material (nickel(I1) hydroxide) but provide a higher energy density. NiMH
cells are required to have high capacity, long lifetime, low cost, rapid chargingdischarging capabilities and have good resistance to problems
caused by over chargingdischarging.
The basic electrode reactions in NiMH batteries are shown below as charging reactions
(discharge reactions in reverse):
l/nM + H 2 0+ e- + l/nMH2+ OH
+0.83V (i)
Ni(OH), + OH + NiOOH + H,O + e- +0.52V (ii)
Adding (i) and (ii)
Ni(OH), + l/nM + NiOOH + l/nMH,
total voltage + 1.35V (iii)

The charging reaction involves the formation of
the metal hydride (MH2)and the nickel hydroxide is converted to the oxyhydroxide. T h e
hydroxide ions and electrons are consumed as
water, so there is no net loss of electrolyte.
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Fig. 1 Components of the metal
hydride electrode; the powder
mix of nickel and metal hydride
is first machined into an
electrode (left, touching the
powder); this is then pressed
into porous nickel foam to form
the finished electrode (right).
A discontinuous palladium/
ruthenium coating on the metal
hydride powders greatly
improves the high rate charge
and discharge properties of the
alloys

Details of the advantages and disadvantages
of NiMH over NiCad cells are given in Table I,
below (3).
The hydrogen storage properties of the metal
hydride anode are, however, quite specific for
the battery application. Ideally, a typical metal
hydride alloy should have a high capacity, rapid
hydrogen absorptioddesorption, minimal pressure hysteresis, low cost and a long lifetime (4).
The storage properties of a specific alloy are
usually assessed by the measurement of the
gaseous hydrogen pressure-composition
isotherms. An ideal set of isotherms is shown in
Figure 2, which is a representation of how the
specific alloy will perform in a battery environment. For battery application, the major

Table I

AdvantageslDisadvantagesof Nickel
Metal Hydride Batteries over NiCad
Advantaoes
~~

Higher capacity than NiCad
Low maintenance
More environmentally friendly
Rapid recharge
Low memory effect
Reasonable cvcle life

I

Disadvantages
High rate performance lower than NiCad
Poor charge retention
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I

absorption/desorption reactions must occur
reversibly at room temperature and at hydrogen pressures of < 0.1 MPa (1 bar). Figure 2
also shows that the effective hydrogen capacity of the alloy decreases with increasing temperature, thus giving a finite operating temperature range (ambient up to 50°C) for these
batteries. The hydrogen capacity of the alloy
can then be expressed as a ‘current (or C) rated
capacity’. The current rated capacity is a measure of the amount of charge that an alloy can
retain per gram of its mass. Metal hydride storage alloys are of various structures and a typical metal hydride storage alloy, AB5(LaNi,), has
a current rated capacity of 250-350 mA h g-’ of
alloy.
The first metal hydride to be assessed for battery application was palladium, which has almost
ideal storage properties (2). Commercial palladium electrodes were reported in 1967 (5), but
due to the cost and the relative mass of the electrodes compared to the conventional material,
were not a success. With the discovery of the
hydrogen storage properties of LaNi,, batteries
utilising hydride technology became more of a
commercial possibility (6). However, poor oxidation resistance limited the cycle life of LaNi,.
In 1984, a breakthrough in metal hydride electrodes was made. Philips Research Laboratories
published work that described the systematic
alloying of the LaNi, alloy with other metals.
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HYDROGEN TO METAL RATIO

H:M

Fig. 2 Ideal pressure-composition isotherms
for hydrogen absorption in a metal; u is the
low hydrogen concentrationphase, while B is
the high hydrogen coneentrationphase

This dramatically improved cell lifetimes, with
only a small reduction in the storage capacity
of the alloy (7). The elements introduced into
the alloy were mainly cobalt and aluminium.
The effect of cobalt was to reduce the rate of
fragmentation of the alloy during prolonged
hydrogen cycling, and this reduced the rate of
oxidation of the alloy and prolonged the cell lifetime. The effect of aluminium was thought
to induce a passive surface oxide layer, which
prevented the oxidation of the alloy.
By 1990, when the first NiMH battery was
commercially produced in Japan, the metal
hydride alloy comprised many additional elements which improved lifetime while still maintaining the high storage capacity of the alloy
(8-1 1).
However, the metal hydride alloy was still
found to have a small cycle life compared to
NiCad batteries, therefore further improvements
to the metal hydride electrode were attempted.
The ‘microencapsulation’technique, involving
electroplating the metal hydride particles with
up to 10 weight per cent of copper or nickel,
provided a continuous coating to the hydride
alloy, that protected the active alloy from contact with the electrolyte, and thus prevented oxidation. However, this barrier between the alloy
and the electrolyte introduced a rate limiting
step to charge/discharge, and added 10 per cent
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to the weight of the electrode, without adding
to the energy storage capacity (12- 13).
Another attempted improvement was a fluorination treatment of the metal hydride particles. This was found to be beneficial to the cell
lifetime of electrodes.In this treatment, the metal
hydride alloys, which have a rare-earth component were placed in a fluorine-containing environment, and rare-earth fluorides were formed
at the surface of the alloy in preference to surface oxideshydroxides. This surface coating was
found to be more chemically stable in the cell
environment, and thus extended the cell lifetime. However, the safety issues involved with
fluorine make this alternative undesirable (1 4).
Other coating processes, that have been
described in the literature, relate to the deposition of other metals and metal oxides on the
surface of the alloy.
Electrochemically coating the alloys with cobalt
and palladium, for instance, was found to
enhance the cell lifetimes of the alloys (1S), and
this result was also observed when a nickelpalladium surface coating was applied (1 6).
Cobalt(I1) and ruthenium(1V) oxides surface
coatings also enhanced the lifetime of the alloy
in the cell (1 7).
Although the cell lifetime of the metal hydride
alloys can be dramatically improved by these
various techniques, the poor electrochemical
activity of the cell still prevented rapid charging/discharging of the alloys. A possible solution was identified by Philips (1 8- 19). It was
found that by manipulation of the stoichiometry of the base alloy, highly electrocatalyticintermetallic compounds could be precipitated at
the grain boundaries. These compounds were
found to enhance the charge/dischargeprocesses
within the alloy. The elements found to produce
this effect were molybdenum, which formed the
MoNi, intermetallic, and aluminium which
formed AlNL. From this brief review, it is clear
that NiMH batteries are a strong competitor to
NiCad, however, electrodes of low cost, rapid
charging/discharging characteristics and with
oxidation-resistant properties still need to be
developed.
Recently, Johnson Matthey has patented new
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technology that has resulted in a commercially
viable process which allows efficient high rates
of charge/discharge in a battery (20). In addition, it may provide protection against overcharge/discharge operations which shorten the
lifetimes of the cells (21).
The process involves the discontinuous deposition of platinum group metals onto the surface of the metal hydride alloy. The presence of
the platinum group metals enables hydrogen to
pass rapidly through the surface of the alloy to
the bulk, while still maintaining the hydrogenation activity even after extensive exposure
to an oxidising environment. The hydrogen storage alloy used in this investigation was a rareearth rich pseudo mischmetal with the stoichiometry: LaoZ r omNdo wAln ,Mno4COn ssNi,5 .
This alloy has a two-phase structure of AB,type material, together with a minor A,B,-type
phase, and has been found to have the hydrogen capacity AB,H, where x is 4.8. It is also
completely deactivated after exposure to air.
After examination on a high resolution scanning electron microscope (HRSEM), it was
found that the surface of the alloy was discontinuously decorated with platinum group metals, in the range 0.16 to a maximum of 8 weight
per cent (of the total weight of the alloy). The
coated alloys were found to be extremely resistant to deactivation, while exhibiting very rapid
hydrogenation kinetics.

pressed into nickel foam baskets of 99.9 per cent
purity having 110 PPI (pores per inch). T h e
separator material was non-woven nylon 66
polymer. Additional sets of alloys coated with
platinum group metals, to a total concentration
of 0.16 wt.%, were also prepared for the
electrochemical studies.

Solid-Gas Work and
Electrochemical Data

Fig. 3 TEM Bright field image of a palladium coated
particle; 1 cm represents 0.08 pm
A are the palladium particles coated continuouslyon
this face and B is the base alloy substrate

Coatings and AbsorptiodDesorption
The coated alloys were examined by transmission electron microscopy. Figure 3 shows a
palladium coated particle. It is observed on the
selected face that the bright field image shows
a degree of continuity, therefore it is likely that
although the coating is overall discontinuous,
certain faces of the particle are more active than
others during the coating process. In Figure 4,
the bright field image of a particle coated with

-

The solid-gas hydrogenation properties of the
coated alloys were assessed gravimetrically, and
hydrogen uptake was measured as a function of
mass change on a microgram scale. The readings were taken under constant pressure atmospheres.
Having measured the solid-gas characteristics,
sealed Nih4H button cells were then constructed
for electrochemical assessment, see Figure 1.
The cells were prepared by intimately mixing
the coated alloy with 30 wt.% nickel powder
of average particle size 15 pm and 99.9 per cent
purity, and electrodes of diameter 26 mm were
formed by pressing. The electrodes were then
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Fig. 4 TEM Bright field image of ruthenium coated
particles; 1 cm represents 0.08 pm
C are ruthenium particles discontinuouslycoated on
the base alloy surface B
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Fig. 5 TEM Bright field image of the combination palladiudruthenium coated storage alloy
1 em represents0.08 p
(a) B is the base alloy; A is the palladium and C is a ruthenium particle
1 cm represents 0.036 pn
(b) The discontinuous combination palladiudruthenium coating

ruthenium shows a definite discontinuous coating. These observations confirm previous
HRSEM work, where the ruthenium coating
was discontinuously dispersed over the whole
particle, while the palladium coating was more
agglomerated on certain faces of each particle.
Figure 5 shows an alloy particle coated with the
palladiudruthenium combination, where both
facets of the two coating processes can be seen.
T h e overall characteristics of the coating are
more localised here due to the palladium deposition, but overall the coating is still discontinuous.
T h e solid-gas hydrogen absorption and
desorption characteristics of the uncoated alloy
at room temperature and 1 bar hydrogen pres-

sure are shown in Figures 6 and 7, respectively.
It is observed that both the absorption and desorption kinetics are relatively slow, with the alloy
reaching a hydrogemmetal ratio of 0.75 after
20 hours exposure under hydrogen, Figure 6.
The effects of exposure of the alloy to air are
also illustrated, with the alloy no longer ab1,e
to absorb any hydrogen.
Figures 8 and 9 show the analogous absorption/desorption plots, respectively, for alloys
coated with platinum group metals. All the
coated alloys show improved absorptionldesorption rates, and the ruthenium containing
alloys show prolonged resistance to deactivation, even after exposure to air. However, the
combination-coated alloy has faster responses.

-

Uncoated alloy after exposure to air

200

400
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Fig. 6 Absorption characteristics of uncoated metal hydride
alloy before and after exposure
to air. After about 500 minutes
the take-up of hydrogen by the
uncoated alloy begins to tail off
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Fig. 7 Desorption characteristics of uncoated metal hydride
alloy before and after exposure
to air. The uncoated alloy clearly
retains considerable quantities
of hydrogen, even after 50 hours
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Fig. 8 Absorption characteristiesof a substrate
metal hydride alloy surface powder-matedwith
platinum group metals, before and after exposure to air. The palladium/ruthenium combination-coated alloy displays stability in air
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Fig. 9 Desorption characteristies of platinum
group metals mated metal hydride alloy before
and after exposure to air. The combinationcoated alloy clearly demonstrates the stability
of the coating to air
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Fig. 10 Hydrogen absorption
characteristics of palladium/
ruthenium coated metal hydride
alloy, showing the consistency
of response to hydrogen after
various periods of exposure to
air, compared to the absorption
characteristicbefore exposure to
air
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Fig. 11 Hydrogen desorption
characteristics of palladium/
ruthenium coated metal hydride
alloy taken after different
lengths of exposure to air,
compared to the desorption
characteristicbefore exposure to
air. The coating displays great
consistency

The palladiudruthenium combination coating was also assessed for retaining prolonged
activity for absorptioddesorpuon of hydrogen,
by exposing samples to air for up to six weeks,
see Figures 10 and 11. After this length of time
there was no appreciable loss of capacity.

ious rates, see Table 11. Figure 12 shows a typical 0.2C discharge profile (over a five hour time
period) comparing the coated alloy with the
uncoated base alloy. It was observed that the
platinum group metals coated material has a

CharginglDischarging Studies

I

Having assessed the capacity of the cells, studies on charging/discharging were performed.
Charging of the cells followed the European
Standard for NiCad cells (22), that is, charging
was performed at a rate of 0.1C, which means
that charge was fed into the cell at current of 15
mA. Capacity was calculated to be 150 mA h.
The charged cells were then discharged at var-

Plarinum Metals Rev., 1999,43, (2)

Table 1
I

CharginglDischarge Characteristics
Charge rating
3.0C
2.0c
1 .oc

0.5C
0.2c

0.1c

Dischargekharging times
20 min
30 min
1 hour
2 hours
5 hours
10 hours
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higher discharge voltage and slightly improved
discharge efficiencies. The fact that there is
little difference between the coated and uncoated
alloys is a typical result as button cells are engineered to show high efficiencies at low discharge
rates. At a higher discharge rate, the difference
between the uncoated and coated alloys becomes
more pronounced.
In Figure 13 is shown a typical 0.5Cdischarge
profile. While the uncoated alloy shows a loss
of efficiency, the coated alloys still display a discharge efficiency of > 90 per cent. This indicates that only trace amounts of alloy are
required to improve substantially the charginddischarging properties.
Figures 14 and 15 show discharge profiles of
1.O and 3.0C, respectively. It is observed that
the uncoated alloy fails (that is, it drops below
a designated voltage) fairly quickly. The coated
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Fig. 14 Closed cells: 1.OC discharge
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Fig. 15 Closed cells: 3.W discharge
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Fig. 12 The discharge characteristicsof cells,
comparing coated and uncoated alloys. Closed
cells: 0.2C discharge
140135.
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Fig. 13 Closed cells: 0.5C discharge
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alloy, however, maintains the voltage for longer
than the uncoated materials, showing that the
alloy has high discharge rate capability. However,
it must be emphasised that the button cell configuration is not designed to withstand high rate
discharging. Nevertheless, the difference
between the uncoated and coated material is
still clear to see.
Rapid charging of the alloys was also
attempted. The cells were charged at a normal
charge rate, then discharged at 0.2C. This was
followed by a 3.0C (20 minute) charge and again
discharged at 0.2C.
In Figure 16 the difference in efficiencies
between these two charge rates is shown. It is
observed that there is only a minimal loss of efficiency when increasing the charge rate by 30
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Fig. 16 Closed cclls: 0.2C discharge after rapid
charging

times. It can therefore be concluded that these
alloys are likely to be highly efficient at high rates
of charge and discharge.

Conclusions
The data presented suggest that the surface
deposition of trace amounts of platinum group
metals on metal hydride electrode alloy considerably improves the charging/discharging
properties of the electrodes. It can be concluded
that for alloys of this type, commonly encountered in NiMH cells, the surface provides a barrier to rapid charging and discharging and the
platinum metals, deposited on the surface, are
thus reducing the potential barrier and allowing the rapid and efficient charginddischarging
of the alloy.
A comparison between the powerlenergy profiles of typical secondary batteries and this technology suggests that the properties observed
here are superior to those of the current NiMH
cells and are competitive with the NiCad technology, while being more cost effective.
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Platinum Metals Cheinistry Conference
The seventh international conference on the
Chemistry of the Platinum Group Metals will
be held at the University of Nottingham from
25th to 30th July 1999. Developments in
research on clusters, nanostructures and their
properties, anti-cancer drugs, polymerisations
and other catalytic reactions, ligand effects, catalyst screening, syntheses of complexes and their
properties, and photochemistry will be discussed, with speakers coming from Europe,
Canada, the U.S.A., New Zealand, Hong Kong
and Japan. Plenary lectures will be delivered by
Professors B. F. G. Johnson, R. H. Grubbs,
D. M. P. Mingos, N. P. Farrell, R. A. Van
Santen, J.-P. Sauvage and G. van Koten. There
will be poster displays with prizes, and a student bursary is available.
For further details contact Dr J. F. Gibson,
99PGM7, The Royal Society of Chemistry,
Burlington House, London W 1V OBN;
telephone: +44(0)-17 1-437-8656; fax: +44-(0)171-734-1227; e-mail: Conferences@rsc.org.

58

Noble Metal Alurninide Coatings for
Gas Turbines
By G. Fisher, W. Y Chan, P. K. Datta and J. S. Burnell-Gray
Surface Engineering Research Group, University of Northumbria at Newcastle, U.K.
Platinum aluminide diffusion coatings act as

a remedy against the aggressive environments
in which modern nickel-based gas turbine blades
operate. Whether as a coating for environmental protection (1) or as a bondcoat for a thermal barrier coating (2), platinum aluminides
are used to provide protection for turbine components against the oxidation and hot corrosion
conditions generated by a combustion environment. The coating achieves this by promoting
the formation of an oxide scale which acts as a
barrier between the environment and the component. Ideally, the scale should be aluminabased and be adherent, complete, compact and
have a slow growth rate (3). However, these
properties, which are central to the performance
of the coating, can be undermined by attack
from the environment and from damaging elements within both the coating itself and the substrate material, such as sulfur or titanium.
Studies conducted by the Surface Engineering
Research Group (SERG) at the University of
Northumbria at Newcastle have highlighted
potential improvements for platinum aluminides
which can be achieved by such means as the
optimisation of the coating production process,
the addition of noble metals and the addition
of active elements.

Effects of the Coating Production
Process
Platinum aluminides, produced using a ‘high
aluminium activity pack’ process, provide excellent protection for nickel-based turbine blades.
However, as these coatings are formed by an
inward diffusion mechanism, the integrity of the
alumina scale is particularly susceptibleto degradation, as damaging substrate elements are present in the as-processed coating. During service, typically in a rotating turbine blade, these
elements will diffuse in an outward direction to
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the oxidekoating interface where they will act
to lower the adhesion of the scale, thus decreasing the effective life of the coating.
However, in contrast, SERG has investigated
the potential improvements offered by producing the coating using a ‘low aluminium activity,
out-of-pack’ process (4). A low activity process
forms the aluminide by the outward diffusion
of nickel from the substrate ( 5 ) , while the outof-pack method is similar to a chemical vapour
deposition (CVD) process, where the components are suspended above an aluminising pack,
the aluminium halide gas being transported over
their surface by a carrier gas (6).
The combination of these processes yields a
‘cleaner’ platinum aluminide, where the presence of damaging substrate elements within the
coating is reduced. Upon exposure to a high
temperature oxidising atmosphere, the growth
of the alumina scale is more controlled, see
Figure 1, and the adherence of the oxide scale
is improved, due to the reduction of the outward diffusion of elements, such as titanium.
Therefore, by designing the coating so that the
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Fig. 1 Oxide thickness measurements taken
from the high and low activity coatings on alloy
MarMOO2 substrates, indicating the superior
scale for the low activity coating MarMOO2
is a nickel-based alloy, containing small
additions of titanium and hafnium. It is used
extensively in powder form to repair turbine
blades damaged by oxidationand hot eorrosion
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outward diffusion of damaging elements is
hindered, the effective life of the coating can
be extended.

Addition of Active Elements
The benefits of adding active elements to overlay coatings are well documented in the literature (4). T h e inclusion of elements, such as
yttrium and hafnium, has a number of beneficial effects, for example, decreasing the oxide
growth rate, enhancing the mechanical properties of the oxide and acting as sulfur getters (7).
Equally, investigations of the addition of active
elements to p-NiAI intermetallics have revealed
similar benefits (8). Together with the Centro
de Fisca Nuclear, Portugal, SERG has investigated the effects of the ion implantation of
yttrium and hafnium into a platinum aluminide
at a dosage of between 1 x lOI5 and 9 x loi5ions
cm-2(9). The effects of the additions on coating performance were inconclusive, but the work
highlighted the importance of coating and substrate composition with respect to coating life.

Platinum-Rhodium Aluminides
The use of other noble metals as an addition
with, or as a replacement for, platinum can lead
to improved coating performance. For example, rhodium additions have been found to
increase the lifetime of coating systems (10).
The oxidation and hot corrosion performance
of a commercially available platinum-rhodium
modified aluminide coating has also been investigated. In a hot corrosive environment, the coating behaved at least as well as a platinum
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aluminide coating, see Figure 2, while in
oxidising (PO, 0.2 x lo5Pa) conditions, the
superior stability of the P-type phase within
the platinum/rhodium coating led to enhanced
durability of the coating.

-

Effects of Iridium Additions
T h e performance of iridium-modified aluminides has rarely been reported in the open
literature. Iridium has been reported to exhibit
low oxidation rates compared to other refractory metals, and is known to have a low oxygen diffusivity (1 1). Investigations have also
shown that IrAl intermetallics have potential as
alumina-formers (12). Therefore, an assessment
of the potential benefits of iridium and iridium/platinum additions to a low activity aluminide coating was undertaken (1 3 ) . It was
revealed that, compared to platinum aluminides,
the iridium-based coatings were relatively thin
(a distinct advantage for turbine applications),
they promoted alumina-based scales and also
formed effective barriers against the outward
diffusion of certain damaging elements, such as
hafnium. However, the stability of the coating
and the adherence of the oxide were lower than
those usually exhibited by a platinum aluminide
coating. Therefore, further development of the
coating systems is required, so as to fully exploit
the benefits of iridium.
Overall, it has been demonstrated that by close
control of the composition of the coating and
by the addition of other noble metals, the effectiveness of platinum aluminide coatings can
be greatly increased.
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Anticancer Properties of Platinum(IV) Complexes
Since Barnett Rosenberg published the first
work on the antiturnour activity of platinum compounds 30 years ago, platinum-based drugs have
made a major contribution to cancer therapy (1).
Cisplatin, the first platinum anticancer drug, and
the later platinum drugs developed, are widely
used to treat lung, ovarian, testicular, head and
neck, and bladder cancers and many other
tumours (2). It is generally established that DNA
is the primary target for platinum anticancer drugs
and much work has gone into examining the
mechanisms of activity taking place.
Now, scientists in the Netherlands, have investigated the activity of Pt(Iv) compounds as antitumour agents to discover whether such compounds are real drugs or, as is widely believed,
act as prodrugs, that is they are reduced to Pt(II)
before reaching their DNA target ( 3 ) .A prodrug is a compound converted within the body
to its active form. It is used when the active drug
is too toxic for direct administration, or is poorly
absorbed, or would be broken down before finding its target.
Pt(1V) is kinetically more inert than Pt(II),
which means Pt(1V) drugs are more stable to
acidic media, so may survive the conditions present in the stomach, and thus can be administered orally. Pt(IV) drugs are of particular interest since they may be toxic to tumours which
are normally resistant to cisplatin. Pt(Iv) amine
complexes, with the chelating ligand trans-R,Rdiaminocyclohexane and other co-ordinating
anions, were reacted with DNA model bases,
such as 9-methylxanthine and 9-methylhypoxanthine. The nature of the anions, and of the
DNA model base, was found to determine the
in vztro reactivity of the Pt(1V) compounds.
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Identical Pt-DNA adducts were detected from
reaction with both Pt(1V) and Pt(II), suggesting that the mechanism of inhibition of DNA
replication is the same for Pt(1V) and Pt(I1).
Reaction occurred in all cases, and Pt(IV)-DNA
intermediateswere found, so reduction to Pt(I1)
is not a requirement prior to reaction with DNA.
They speculate that Pt(1V) may enter the cell
by a different mechanism to Pt(I1) and so the
possibility remains that some Pt(Iv) compounds
do not act as prodrugs.
References
1 B. Rosenberg, L. VanCamp, J. E. Trosko and V.
H. Mansour, Nature, 1969,222, 385
2 K. R. Harrap, Platinum Metals Rev.,1984,28, (l),
14; C. F. J. Barnard, ibid., 1989, 33, (4), 162
3 E. G. Talman, Y. Kidani, L. Mohrmann and J.
Reedijk, Inorg. Chim. Acta, 1998, 283, (l), 251

Porous Platinum Nanofibres
A new way to produce nanostructures replicating the structure and shape of a base has been
developed by researchers from Toyota Central
R&D Labs in Japan. They synthesised platinum
(Pt) fibres, reproducing the porous structure
and fibrous shape of an activated carbon-fibre
(C) base (H. Wakayama and Y. Fukushima,
Chem. Commun., 1999, (4), 391-392).
The Pt precursor, Pt(acac),, and acetone were
placed in a vessel with activated C fibres and
pressurised under supercrirical carbon dioxide.
The Pt precursor dissolves, and is adsorbed onto
the C . Oxidation then removes the C and
reduces Pt(acac), to Pt metal, which sinters.
Thus control of nanostuctural shape has been
achieved and porous Pt fibres of high-surface
area with potential catalytic use have been made,
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Platinum Loss from Alloy Catalyst
Gauzes in Nitric Acid Plants
THE IMPORTANT ROLE OF THE PALLADIUM COMPONENT IN
METAL CAPTURE DURING AMMONIA OXIDATION

By Ning Yuantao and Yang Zhengfen
Institute of Precious Metals, Kunming, Yunnan, P. R. China
T h e loss of p l a t i n u m f r o m the catalyst gauzes used f o r the oxidation of
ammonia in the manufacture of nitric acid has been studied for many years
by catalyst producers and by users. I n this paper, platinum losses from binary
platinum-rhodium and ternary platinum-palladium-rhodium alloys, as well
as f r o m catalyst gauzes made of these materials, have been studied under
laboratory and industrial conditions in atmospheric and medium pressure
units, which are commonly found in I? R . China, and the rates of platinum
loss and weight losses have been established. Adding a palladium component
to the platinum-rhodium alloys or increasing the palladium content in
platinum-palladium-rhodium alloys is clearly shown to derwase the rate of
weight loss and the amount of platinum lost. This is attributed to the passive
action of the palladium which accumulates on the surfuce und enriches
the surface h y e r of the alloys, affecting both the platinum oxidation and
platinum oxide reduction.

During the manufacture of nitric acid by the
oxidation of ammonia, platinum-rhodium and
platinum-palladium-rhodium alloy gauzes are
used as catalysts. Traditionally the process is
carried out in the temperature range 750 to
950°C and pressures of 1 to 10 atmospheres,
and under such conditions the volatile oxides
of platinum, palladium and rhodium, PtO,, PdO
and Rho,, respectively, are formed on the catalyst surfaces (1-8). T h e volatilisation and
mechanical attrition can cause the catalyst alloys
to lose weight. As the catalyst gauzes contain
less palladium and rhodium than platinum, the
formation rates and amounts of the volatile
oxides, PdO and Rho,,formed are smaller. The
weight lost from the catalyst gauzes is thus
mainly due to platinum loss. In fact, apart from
ammonia consumption, the major factor affecting the cost of nitric acid production is the loss
of platinum.
T h e platinum lost from catalyst gauzes
during nitric acid production depends on the
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properties of the catalyst alloys, the operating
conditions (temperature and pressure) and the
technical control. However, it is also dependent
on the structure of the catalyst: whether the
gauze has been knitted or woven.
Some twenty-five years ago it was established
that the rate of platinum loss from platinum-10
per cent rhodium binary alloy gauzes varied
from 0.05 gram ton-' of nitric acid produced
in plants operated at atmospheric pressure to
0.45 gram ton-' of nitric acid produced in some
high pressure plants (9). However, there is
a shortage of data on the influence of the alloying components on platinum loss and on the
comparative behaviours of platinum-rhodium
and platinum-palladium-rhodium catalyst
gauzes.
We have now completed a comparative study
of platinum losses from platinum-rhodium and
platinum-palladium-rhodium alloys and gauzes
in industrial and laboratory conditions and
results are presented here. While gauzes with
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high palladium content have been shown to
increase the production of nitrous oxide, our
investigations were undertaken to discover the
effects of the palladium component in the alloy
on the platinum loss.

Experimental Procedure
Weight changes and platinum losses from the
binary and ternary alloy gauzes commonly used
in P. R. China for nitric acid production were
selected for study; see Table I for the compositions of the alloys and the gauzes made from
them. The weight changes of the alloys were
determined by differential thermal analysis-therma1 gravimetry (DTA-TG) in a pure oxygen
atmosphere with a flow rate of 50 to 60 ml mid.
Heating at 80 K min? was used first to raise
the temperature from ambient temperature to
9OO”C, then isothermal heating was applied to
maintain the temperature for measured lengths
of time. The sensitivity of the thermal gravimetric analysis was 1 mg and experimental
details have been reported previously (10). Tests
were also performed at three industrial nitric
acid plants: “TY”,“LY” and “KY”, see Table
I, where platinum losses from the woven catalyst gauzes were determined at atmospheric and
medium pressures.
A scheme of the atmospheric pressure unit
at the “TY” nitric acid plant is shown in Figure
1. Each of the two burners contains three gauzes,
T G I , TG, and TG,. The gauzes in burner I

I

Table I

Catalyst Gauze and Nitric Acid Plants
Alloy used for gauze

1

Gauze name

Pt-5%R h
Pt-I O%Rh
Pt-4% Pd-3.5YoR h
Pt-I 2%Pd-3.5%Rh

PR#1
PR#2
PPR#I
PPR#2

Nitric
acid plant

Pressure

Gauzes
tested

“LY

Medium

“KY

Atmospheric

PR#I, PR#2,
PPR#2
PPR#I
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I

NHJ* 02

m
Burner

I

1

I

PPR+Z

PPR+1

1
t

NO + HIO

Fig. 1 Scheme of the parallel industrial experiments used for nitric acid production at the
“TY” atmospheric pressure unit. PPR#1
gauzes are Pt-4%Pd-3.5%Rh,while PPR#2
gauzes are Pt-12%Pd-3.5%Rh.Identical test
temperatures of 820 to 84Q”C were employed

are made of PPR#l alloy and the gauzes of
burner I1 are PPR#2 alloy. The gauzes, of diameter 2875 mm and 1024 mesh cm-’, respectively,
were woven from wire of diameter 0.09 mm at
Kunming Institute of Precious Metals (KIPM).
Gauzes PPR#1 and PPR#2 in burners I and
11, respectively, were tested simultaneously under
identical conditions of: pressure 0.098 MPa,
temperature 820 to 840”C, ammonia concentration in the ammonia-air mixture 10.5 to 11.5
per cent and the burning intensity of ammonia is 600 to 800 kg m-’. The gauzes were
removed from the burners after a fixed time,
cleaned in an aqueous solution of hydrochloric acid and then weighed.
Experiments at medium pressure were performed at the “LY” nitric acid plant in a unit
imported into China. In this unit seven PPR#2
alloy gauzes, 2540 mm in diameter and 1024
mesh cm-’, woven from 0.07 mm diameter wire
at KIPM, were installed and operated for 115
days at a pressure of 0.5 MPa, temperature 860
to 870°C and ammonia concentration of 10.5
per cent. After use they were removed, cleaned
and then weighed. Binary alloys: platinum-5 per
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Fig. 2 Volatilisation losses of
the PR#2 (Pt-lO%Rh),
PPR#l (Pt-4%Pd-3.5%Rh)
and PPR#2 (Pt-l2%Pd3.5%Rh) alloys over the
isothermal heating period at
900°C in pure flowing oxygen
(60 ml inin-'). Awls is the
weight loss per unit area
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cent rhodium (PR# 1) and platinum-1 0 per cent
rhodium (PR#2) were also used in the unit, as
originally designed.

Volatilisation Losses in Flowing Oxygen
Volatilisation losses for PR#2, PPR#l and

PPR#2 alloys during isothermal heating at 900°C
in pure flowing oxygen are shown in Figure 2.
The weight loss per unit area is highest for
PR#2 and lowest for PPR#2. After five hours,
the weight loss per unit area for PPR#2 is about
one third of that for PPR#1 and about one
quarter of that for PR#2 alloy.
The dependence of the weight loss per unit
area (AW/s) on the heating time (t) shown in
Figure 2 can be expresses as:

(9

Awls = K,t' '

where K, is the weight-loss rate constant. The

values of K, for the three alloys are shown in
Table 11.The volatilisation losses for these three
alloys, heated isothermally at 900°C in flowing oxygen, clearly follow the same pattern, and
only the weight-loss rate constants are different.
The same pattern is attributable to the weightloss mechanism controlled mainly by PtOz
volatilisation. The difference in the weight-loss
rate constants is due to the effects of the rhodium
and palladium components in the alloys on the
formation rate of PtO,. Values of the formation
rates of PtO? (rlato2)
and the weight-loss rate constants (K,) are listed in Table 11. The rPlolvalues were determined by Rubel and colleagues
on gauze samples of size 5 x 55 mm' held at a
temperature of 890°C for 70 hours under oxygen at 0.094 MPa pressure (6,7). Although the
K, values, determined in the present work, are
values (due to different alloy
larger than the rpto2

Table II

The PtO, Formation Rate (rlBlO2)
and Weight-Loss Rate Constant (K,) for
Oxidation and Volatilisation Measurements of Alloys in Oxygen
Parameter

Experimental conditions

K,, p g c m 2 h-'
(present work)

900OC.6 0 ml rnin '
pure flowing oxygen

rpto2,
pg c m ~ h-'
'
(Refs. 6, 7)

890°C.0.094 MPa
oxygen pressure

Alloy gauze

PR#2

PPR#1

13.2

11.6

0.78

0.70

PPR#2
4.6
PPRR
0.67

* PPRR is Pt-15%Pd-3.53bRh-0.5%Ru alloy
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Fig. 3 Dependence of the relative platinum
losses,
= AWJW,t), on the positions of
gauzes of PPR#I (Pt-4%Pd-3.5%Rh) and
PPR#2 (Pt-12%Pd-3.5%Rh) alloys running
273 days in the atmospheric pressure unit

(w,

components, sample states and experimental
conditions) - they tend to change in the same
way. The results indicated that adding palladium to platinum-rhodium binary alloys or
increasing the palladium concentration in platinum-palladium-rhodium ternary alloys resulted
in a decrease in the formation rate for PtOz and
thus the weight-loss rate constants are reduced
for these alloys in the oxidation and volatilisation processes.

gauzes in the pack could be then compared.
In Figure 3 is shown the dependence of the
parameter y ~ (i, = 1, 2, 3) for gauzes TG,, TG,
and T G , run for 273 days, on their positions
,
of the first gauzes
in the pack. The y ~ values
(TGJ for both PPR#1 and PPR#2 alloys are
the largest and are of the order of 10 ‘. For
PPR#1 gauze, from TG, to TG,, the y ~ values
,
drops to 10 5, while for PPR#2 gauze the y,value
,
of each gauze in the
drops to 10 ’. The y ~ value
PPR#2 package is less than that of corresponding
gauze in the PPR#1 package. PPR#2 alloy catalyst gauzes clearly lose much less platinum.
,
determined at other
The relationship of y ~ values
running times for the other packages of PPR#l
and PPR#2 gauzes in these positions are similar to the plots in Figure 3.
T h e dependence of YI, which is the total relative platinum loss per day for the three PPR#1
and three PPR#2 gauzes, on the running times
is shown in Figure 4. This can be written as:
YL= K,t2’

(ii)

where K,, the platinum-loss rate constant, is
3.95 x 10 per day for PPR#l alloy gauze and
2.95 x 10 ‘ per day for PPR#2 alloy gauze. Awls
and \Yr in Equations (i) and (ii), respectively,
represent the weight loss and platinum loss in

Platinum Loss
Ternary Alloy Catalyst Gauzes Operated at
Atmospheric Pressure
During the industrial trials of PPR#1 and
PPR#2 alloy gauzes in the atmospheric pressure units of the “TY” nitric acid plant, the catalyst gauzes were removed from the units on
days 200, 273, 384 and 585, then cleansed in
a dilute hydrochloric acid solution. Each gauze
sheet was weighed and the weight loss found.
Taking the average value of the relative platinum loss each day, y~ =AwN(lt, (where AW is
the weight loss, W is the starting weight and t
is time) as a parameter, the extent and pattern
of the platinum lost from the PPR# 1 and PPR#2
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Fig. 4 The dependence of the parameter \Yz,
the sum nf the relative platinum loss of three
gauzes of PPR#1 (Pt-4%Pd-3.5%Rh) and
PPR#2 (Pt-12%Pd-3.5%Rh), on the running
times in the atmospheric pressure unit
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Table 111

Concentration Changes and Platinum-Loss Rate for PPR#1 and PPR#2 Gauzes
Used for 384 Days at Atmospheric Pressure
Catalyst gauzes

I

Concentrations
[Pdl,
wt.%

Wt.

-

-

wt.%

0.9925
0.9929
0.9959
0.9763

1.001 5
1.001 8
1.0149

PPR#l alloy
N e w gauze
TG, *
TG?
TG3
KG,""

4.02
4.33
4.42
4.18
5.89

3.40
3.78
3.65
3.62
3.72

92.58
91.89
91.93
92.20
90.39

PPR#2 alloy
New gauze
TG, *
TG2
TG3

12.05
12.10
12.00
10.86

3.58
3.40
3.48
3.51

84.37
84.50
84.52
85.63

Platinum-loss rate,
gram ton-'
nitric acid

%

[Ptl:[Ptl,,
wt.%

[Ptl,

-

0.061

-

0.044

* TGI. TG2 and TG3 are three sheets of gauzes in the down stream direction. taken from " T Y " plant, see Figure 1.
"KGI

is the first sheet of PPR#l gauze used for 2 years in "KY" plant

PPR#1 and PPR#2 alloys and their catalyst
gauzes; their values are controlled by the mechanisms of PtO, formation and volatilisation.
The volatilisation loss, Equation (i), and the
platinum loss, Equation (ii), follow the same
pattern. In Equation (ii), the K, value for PPR#2
alloy gauzes is 25 per cent smaller than for
PPR# 1 alloy gauzes, showing that the relative
platinum loss for PPR#2 gauzes during industrial operation is smaller than for PPR#l gauzes.
This can be seen in Figure 4, where the AYl
value, obtained by subtracting
for PPR#2
gauzes from y xfor PPR#1 gauzes, becomes
increasingly larger with prolonged running time,
and reaches an average increase of 40 per cent
on day 585.
In Table I11 are listed the changes in composition of platinum, palladium and rhodium in
PPR#1 and PPR#2 gauzes after 384 days in the
"TY" plant. To show the effect of operating time
on the composition, the components of a KG,
gauze made of PPR#1 alloy, which had been
used for two years in the "KY" nitric acid plant,
are also listed. Compared with their initial concentrations in new gauze, the palladium and
rhodium concentrations in the three sheets of
PPR#1 gauzes have increased, while the platinum concentration has decreased. For KG,
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gauze, the palladium concentration increased
from 4.02 per cent to 5.89 per cent, while the
platinum content decreased from 92.58 per cent
to 90.39 per cent. The platinum loss in the
gauzes increases with operating time, thus
increasing the palladium and rhodium concentrations.
However, for the three sheets of PPR#2 alloy
gauze the platinum concentration did not
decrease. Further, comparing the concentration ratio [Pt]:[Pt]<,,where [Pt] is the concentration of platinum in each used gauze and [Ptl0
is the original platinum concentration in a new
gauze, it has been found that:
[a] [Pt]:[Pt],, values for PPR#l gauzes
decreased with prolonged running time. For
example, [Pt]: [Pt],,decreased from 0.9925 (TGI
gauze in "TY"plant) after 384 days to 0.9763
(KGI gauze in "KY" plant) after 2 years.
[b] For two groups of gauzes of PPR#1 and
PPR#2 alloys, the [Pt]: [Pt]. values increased
from TGI gauze to TG, gauze. In other words,
the platinum losses decreased gradually from
the top gauze through the second gauze to the
bottom gauze in the down-stream direction,
which agrees with the change in y,.This is probably related to both the more intense catalytic
reaction and higher operating temperature on
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platinum contents, the weight loss is mainly due
to platinum. In general, for woven gauzes, most
of the reactions take place in the top half of
the gauze pack.

0.28

0.24

Ternary Alloy Catalyst Gauzes Operated at
Medium Pressure
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Fig. 5 The relative weight losses (v = AWJWit)
(upper) and the absolute weight losses (9=
AWlt) (lower) of seven sheets of PPR#2
(Pt-12%Pd-3.5%Rh) alloy gauze running
2760 hours in the medium pressure unit

the upper gauze and to the catchment and the
recovery of platinum on the lower gauze.
[c] For three sheets of PPR#I the values
[Pt]:[Pt], < 1, but for three PPR#2 gauzes
[Pt]:[Pt]<,> 1. This shows that platinum loss
in PPR#2 gauzes is less than in PPR#1 gauzes.
In fact, for three PPR#l gauzes the platinumloss rate is 0.061 gram platinum per ton of nitric
acid produced, and for PPR#2 alloy the platinum-loss rate is 0.044 gram platinum per ton
nitric acid, after 384 days at atmospheric pressure. The latter is 28 per cent lower than the
former.
T h e weight loss of the gauzes includes the
losses of platinum, palladium and rhodium.
However, as the palladium and rhodium contents of the gauzes are much smaller than the

Seven sheets of PPR#2 alloy gauzes each
weighing in the range 2675 to 2685 grams were
operated for 2760 hours in the medium pressure apparatus of the “LY” nitric acid plant.
The nitrogen loading on the burner at medium
pressure was 30 to 32 tons m-’ per day. Using
the same method as applied to the atmospheric
pressure plant, the relative weight losses per hour
(y,= AW,/W,t) and the absolute weight losses
(9, = AW,/t) were obtained for each gauze, see
Figure 5. It can be seen that the y,and cp, values of the gauzes decrease smoothly &om Gauze
1 to Gauze 7, showing the same pattern as the
y,values obtained at atmospheric pressure in
Figure 3. Platinum losses decrease gradually
from the upper to the lower gauze.
The rates of platinum loss and ammonia consumption for PPR#2, PR#1 and PR#2 alloy catalyst gauzes in the medium pressure apparatus
are listed in Table W. T h e platinum-loss rate
for PPR#2 alloy is about 20 per cent less than
for PR#1 and PR#2 alloys, and the rate of the
ammonia consumption for PPR#2 is 3 to 7 per
cent smaller.
The lower rates of platinum loss and ammonia consumption for PPR#2 alloy means that
using gauzes made of PPR#2 can prolong service life, save platinum and reduce the production cost of nitric acid. Also, when used in
a high pressure apparatus at 0.88 MPa pressure

Table IV

Platinum-Loss Rate and Ammonia Consumption for the
Binary Alloys and PPR#2 Ternary Alloy at Medium Pressure
Catalyst gauzes

Operation times,

h
PR#1
PR#2
PPR#2

271 7
1939
2760
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Platinum-loss rate,
g t o n nitric acid

0.1 50
0.1 53
0.1 21

Ammonia consumption
rate, kg t o n nitric acid

301
290
281
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Fig. 6 The Pd:Pt ratios in the
surface layers of PPR#1 (Pt4YUPd-3.5%Rh) and PPR#%
(Pt-12Y~Pd-3.5YuRh) alloy
gauzes. 6 is the depth from the
surface
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and temperature of 920 to 940"C, the platinum
losses from PPR#2 alloy gauzes are lower than
from the platinum-rhodium binary alloys.

Discussion
These experimental industrial results have confirmed that adding palladium to platinumrhodium binary alloys or increasing the palladium concentration in platinum-palladiumrhodium ternary alloys considerably reduces the
weight loss and platinum loss in the catalyst
gauzes. This may be an option for some nitric
acid plants to adopt.
The surface chemical states of PPR#l and
PPR#2 ternary alloy gauzes operated for 1 year
in the atmospheric pressure apparatus at "TY"
plant were determined by the X-ray photoelectron spectroscopy (XPS). An Ar+spray was used
to remove the surface to 2 nm depth (6) per
minute. The platinum content on the gauze surfaces was found to be low, while the palladium
content and thus the Pd:Pt ratio was found to
be high. The larger the palladium content in the
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alloy, the bigger is the P d P t ratio, see Figure 6.
The heat of sublimation of palladium (340 kJ
mol I ) is much lower than those of platinum and
rhodium (about 565 kJ mol-I) ( 1 1). In the
ammonia oxidation reaction and the temperature range 800 to 950"C, palladium preferentially vaporises and is oxidised to palladium oxide
(PdO). The surface of the catalyst thus becomes
covered by a layer of palladium metal and also
PdO vapour (12), the latter is almost passive
toward oxygen and probably reduces the formation rate of volatile platinum and rhodium
dioxide (6). The palladium metal vaporised
directly and that released by the decomposition
of PdO can reduce PtOZto platinum:
2Pd

+ 2Pt02+ 2Pd0 + Pt

The reduced platinum can deposit on the surface of the catalyst gauzes, which gradually
increases the size of parameter [Pt]:[Pt]. from
the upper to the lower gauze, especially for alloys
containing higher palladium content, and thus
platinum loss is decreased. The mechanism of
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reduction for palladium is similar to that for
platinum recovered by palladium alloy catchment gauze (13).

Conclusions
In flowing oxygen atmospheres and in an
ammonia oxidation environment used for nitric
acid production at 800 to 950°C, the weight
losses and the platinum losses from platinumrhodium binary and platinum-palladiumrhodium ternary alloys and their catalyst gauzes
obey Equations (i) and (ii):
Awls = Klt2‘’and Yr = K,P3

and are controlled by the formation and volatilisation of PtO,.
The different values for rate constants K, and
K2are mainly due to the different effects of the
palladium component on the formation rate
of Pt02.Adding palladium to platinum-rhodium
alloys and increasing the palladium content in
platinum-palladium-rhodium alloys clearly
decrease platinum losses, and K, and K,. This
is due to palladium enrichment and the formation of palladium metal and a PdO vapour
layer on and over the alloy surface, which is passive to platinum oxidation and can reduce PtO,
to platinum, thus reducing the formation rate
of PtO,.
Results of industrial experiments for nitric acid
production show that the rate of platinum loss
from platinum-12 per cent palladium-3.5 per
cent rhodium alloy gauzes is 0.044 gram platinum ton ’ nitric acid at atmospheric pressure
and 0.121 gram platinum ton-’ nitric acid at
medium pressure, the former being about 28
per cent lower (0.06 1 grams of platinum per ton
of nitric acid) than for platinum-4 per cent palladium-3.5 per cent rhodium alloy gauzes, which
in turn is about 21 per cent lower (0.15 to 0.153
grams of platinum per ton of nitric acid) than
for platinum-5 per cent rhodium and platinum10 per cent rhodium binary alloys.
The rate of ammonia consumption of platinum-12 per cent palladium-3.5 per cent rhodium
alloy gauzes is about 3 to 7 per cent lower than
for platinum-5 per cent rhodium and platinum10 per cent rhodium binary alloys. The low rates
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of platinum loss and ammonia consumption
of the platinum-12 per cent palladium-3.5 per
cent rhodium ternary alloy mean that using the
alloy can prolong the service life of the catalyst gauzes, save platinum metal and reduce the
costs of nitric acid production.
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Ruthenium Photoactive Dendrimers
Dendrimers are highly defined macromolecules with large tree-like structures, which can
be attached to simpler metal complexes, to make
use of a physical property of the metal complex.
Scientists h m universities in Italy and Germany
have now synthesised photoactive dendrimers
built around a luminescent [ R ~ ( b p y ) ~
]
*+ )core
(bpy = 2,2‘-bipyridine), with 12 and 24 luminescent naphthyl units in the periphery (M.
Plevoets, F. Vogtle, L. De Cola and V. Balzani,
New J. Chem., 1999,23, (l), 63-69).
The larger dendrimer core fluoresces three
times more than the basic ruthenium complex,
showing that very efficient energy transfer is taking place from the naphthyl units to the metal
core (antenna effect). This has various applications, such as antenna systems for harvesting
energy in sunlight.
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Autocatalyst Plant for India
NINTH JOHNSON MATTHEY AUTOMOBILE FACILITY
The problem of air quality in India, especially in New Delhi, is well known, with
hundreds of tonnes of carbon monoxide
(CO), hydrocarbons, nitrogen oxides (NOx)
and diesel particulate being emitted by vehicles into the air daily. This problem is being
compounded by a steady growth in sales of
new vehicles which will result in a doubling
of registrations in the period 1995 to 2000.
The split of registrations, in terms of vehicle type, is unique to India, with a ratio of
ten motorcycles to one automobile. The 2and 3-wheel motorcycles have two-stroke
engines and are major contributors to air
pollution in cities.
The Government of India has taken steps
to improve urban air quality by introducing legislation, applicable throughout India,
requiring autocatalysts to be mandatory on
all new cars and motorcycles sold from
April 2000. The car legislation is similar to
EEC Stage I legislation, whereas the emission limits being set for motorcycles will be
among the most stringent in the world. On
the Indian 2000 Drive Cycle, the emission
limits for cars are: 2.72 g km ' for CO and
0.97 g km-'for NOx; while for motorcycles
the CO limit and the NOx limit are both
2.0 g km-I.
Catalysts have been required on all new
cars sold in the metropolitan areas of New
Delhi, Calcutta, Chennai (Madras) and

Platinum Metals Rev., 1999, 43, (2), 70

Mumbai (Bombay) since April 1995, so
infrastructure to supplyldisuibuteunleaded
gasoline to support the change to autocatalyst fitment already exists.
Johnson Matthey is establishing an autocatalyst manufacturing facility in New Dehli
with the capability to produce 500,000 car
catalysts and 1.5 million motorcycle catalysts per year. This plant, together with the
new motorcycle emission-testing facility at
the Autocatalyst Technical Centre in the
U.K. supporting Indian motorcycle manufacturers, will enable Johnson Matthey to
contribute positively to clean air in India.
JATIN THAKRAR
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Health Effects of Vehicle Emissions
A SELECI"E REPORT FROM THE FIRST INTERNATIONAL CONFERENCE
The first International Conference on Health
Effects from Vehicle Emissions was held in
London from 16th to 17th February at the Royal
Society of Medicine. More than 200 delegates
&omover 18 countries, representing health bodies, the automobile and fuel industries, nongovernmental organisations, universities and
environmental groups, heard papers covering
the major themes of legislation, to curb vehicle emissions, and the increasing concern over
the effects of emissions and hence air quality on
human health. Transport policies and vehicle
and fuel technologies were also discussed.
This review covers these topics and also the
role that catalysts based on platinum group metals play in the continued lowering of vehicle
emissions globally.

Issues and Trends in Air Pollution
Both the keynote speaker, P. Perera (European
Commission, D G XI), and Michael Walsh
(International consultant, U.S.A.) gave overviews
on legislative trends and processes pursued by
various governments, aimed at further tightening emissions standards. Perera emphasised the
importance of team involvement by the EU
member states and by industrial partners, in
effecting changes in air quality. He also stressed
the impact of EC legislation on the rest of the
world using, as an example, the Japanese air quality framework, which is based on EU guidelines.
Future legislation should be harmonised, probably on a global basis with the U.S.A. and Japan,
and will have to recognise market effects, such
as cost effectiveness and the technology available. The EU guidelines will have to consider
all sources of polluting emissions, and platinum
metals are expected to play a crucial role in meeting new targets for vehicles and other emitters.
M. Walsh stressed the global progress made
in the last 25 years: nearly 90 per cent of all
petrol vehicles now have catalysts, Sweden has
set up environmental zones and fuel is generally cleaner, with lower sulfur contents. The EU

Platinum Metals Rev., 1999, 43, (2), 71-73

will phase out lead additions to petrol by 2000.
D. S. Greenbaum (Health Effects Institute,
U.S.A.) described health effects in terms of public health. He examined the sources of toxic substances in the U.S.A. and the EU and presented
evidence that increases in particulate matter
(PM) in ambient air resulted in increased mortality when exposure levels were high. There are
also some associations with increased illnesses
at lower levels of pollution. The discussions centred on the long term effects of PM, and short
term effects linked to particles alone; and these
effects will continue to be debated. Data indicate that newer diesel cars are cleaner: from
1978 to 1998 many diesel car pollutants were
significantly reduced (by 30 to 95 per cent)
including PM, NOx (nitrogen oxides), hydrocarbons, benzene, benzopyrene and formaldehyde. When combined with cleaner fuels, platinum metals catalysts have clearly made and will
continue to make a significant contribution to
improved air quality.
R. Mills (National Society for Clean Air and
Environmental Protection) emphasised the
opportunities and constraints governing bodies
will need to tackle in dealing with vehicle emissions. The main areas are: developmentsin vehicle technology, fuel quality improvements, driver behaviour and traffic management. The main
hold-up in new technology for vehicles is its slow
spread throughout a fleet, but oxidation catalysts and particulate filter trap devices, such as
the Johnson Matthey CRTTM(Continuously
Regenerating Trap) play an important role in
reducing visible pollution. Changing to cleaner
fuels (such as ultra low sulfur content 'City
Diesel') has an immediate impact on emissions
and allows all types of platinum-based catalysts
to work more effectively. Only practical difficulties, such as refinery capacity and fuel mixture, will limit the supply of cleaner fuels. In the
U.K., City Diesel will shortly be available and
will replace standard diesel fuel, meeting EU
fuel quality guidelines for year 2005.
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Air quality, as related to life expectancy, was
discussed by D. Maddison (University College
London and University of East Anglia) using
two large existing research studies which link
poor air quality and illness. Using a statistical
model, he derived the probability of survival
as a function of exposure to ambient concentrations of PM. Although controversial, progress
has been made in establishing a cost benefit
analysis. Overall, current ambient concentrations of P M in England and Wales are predicted
to reduce average life expectancy by 4.5 months,
for a child born today. However, other studies
show an aggregate increase in life expectancy of
3.5 years, possibly linked to recently improved
air quality.
M. Morris (Nabarro Nathanson) outlined the
EU and U.K. legal frameworks for dealing with
air quality. As atmospheric pollution knows no
boundaries, pollutant concentration controls
must be adopted globally or at least regionally.
Morris laid out the EU key principles of the Air
Quality Framework Directive (96/62/EC) and
its daughter directives. The CAFE (Clean Air
for Europe) initiative is an EC feasibility study
for integrating all the major E U policies. All
individual sources of pollution would be treated
in a similar manner. The programme should
use the expertise gained in curbing transport
emissions to combat stationary pollution sources.

Transport Policies and Measures
U.K. government initiatives, published in the
White Paper on Integrated Transport (1998),
were discussed by I. Todd (Department of
Environment, Transport and the Regions, U.K.).
He described ‘confounding’ factors, for instance,
traffic calming schemes intended to lower traffic levels which have created pollution ‘hot spots’.
He described the Vehicle Excise Duty (VED)
rebate scheme, which allows heavy goods vehicles and bus companies to claim back about
El000 per year for each vehicle meeting lowered
emissions standards. T h e Johnson Matthey
CRTTMcan fulfil these requirements on a wide
variety of engine.
Protecting and enhancing urban surroundings
will depend on new transport and environ-
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mentally-friendly technologies, including new
fuels and new control systems. P. Greening
(European Commission, D G 111) examined EU
limits and their schedule of implementation.
From year 2005, On Board Diagnostics (OBD)
will be required for heavy duty diesel vehicles.
The OBD device will monitor and log certain
catalyst efficiencies and report these to the
driver and to the engine control unit.

Vehicle and Fuel Technologies
Advances in vehicle technology resulting in
improved tailpipe emissions were discussed by
K. P. Schindler (Volkswagen). Particle size distributions, taken from modern turbo-charged
and older, naturally-aspirated, diesel passenger
cars showed that particle size had been reduced
overall, both in particulate mass and in total particle numbers. This was unexpected as newer
diesel cars have higher injection pressures and,
although the engines produce lower soot mass,
the total number of smaller particles is sometimes surmised to increase compared to older
engines. Volkswagen have found that the soot
formation process is the key to understanding
the conflictingmformation. Newer injection systems do not produce as much PMlO (particulate mass of size < 10 pm) because there is very
little liquid phase available in the combustion.
Condensates cannot form if liquid phase precursors are not present at the molecular level,
thus there are fewer ‘small’ particles produced.
More research is in progress on particle formation during diesel fuel combustion.
The use of both electric vehicles and alternative fuels: LPG (liquid petroleum gas) and CNG
(compressed natural gas) to run vehicles was discussed by D. Armstrong (Transtech Consultancy
Services Ltd.). Issues covered were vehicle availability, vehicle related costs, payload space and
weight, and refuelling logistics. Alternative vehicles were equivalent to petrol- or diesel-fuelled
vehicles in terms of performance, reliability,
durability and safety. In fact, alternative-fuelled
vehicles are already a reality for some users.
Diesel fuel issues were discussed by H. Ross
(A. D. Little, Sweden) using work from Finland
and Sweden, where environmentally classified
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diesel qualities were introduced between 1991
and 1993. Reasons for the change, the costs and
environmental benefits ensuing, and the tax differentials which succeeded in encouraging use
were described. Other critical factors are refinery investment costs, fuel tax revenues, crude
supply and operating costs.
J. Lucas (Tesco Stores Ltd) discussed cleaner
fuels. Tesco offers both City Diesel and City
Petrol from the majority of their filling stations.
City Petrol is a low benzene content unleaded
petrol which meets the proposed European
Specificationsfor year 2005. While the fuels are
readily available, there are problems in supply
and with customer awareness. Price parity is

therefore needed to ensure the widespread use
of these cleaner fuels. Tesco also run 100 of their
goods delivery vehicles with CRT”” units.

Conclusions
This first conference on health effects caused
by vehicle emissions indicated the depth of interest in air quality. Although high pollution levels
increase hospital admissions, questions remain
on pollution dosages and effects. With further
demands on transport and lowering of permitted emissions, automotive manufacturers and
suppliers will continue to reduce emissions kom
engines by cleaner combustion and by optimised
catalyst systems.
JAMES P. WARREN

Self-Organisation
of Nanostructures
A recurrent theme in contemporary research
has been the understanding of processes of selfassembly or self-organisation. Perhaps the fascination that this topic exerts is its ubiquitous
nature, from the co-ordinated movements of
very large flocks of birds to the organisation of
living organisms.
The chemist’s (and physicist’s)viewpoint has
been to investigate the types of interaction that
underpin co-operative phenomena, in attempts
to highlight the common denominator responsible for structure recognition. Examples of this
abound in the literature, as for instance, the
seminal work of Langmuir at the beginning of
the century on the ordering of molecules at
interfaces resulting kom a balance of polarhonpolar intermolecular interactions. In this case,
the driving force for molecular recognition and
self-organisation can be identified with particular aspects of molecular structure and functionality.
The forces responsible for organisation can be
more subtle than those mentioned above, which
rely on specific functionalities. One example
of this is the ordering and crystallisation
processes observed for non-interacting systems
composed of particles of different sizes (1). In
this case, entropic effects are entirely responsible for phase structure and composition.
Importantly, there are now examples that these
effects occur not only for systems having dimensions in the micrometre range, but also in the
nanoscale dimension ( 2 ) .
There is at present an intense interest in
idenufying the forces responsible for self-organisation of nanostructures formed at crystal sur-
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faces. These issues have recently been further
explored in a paper by Pohl and colleagues (3).
The main question that they address is the nature
of the forces responsible for order in a single
monolayer of silver on a ruthenium (0001) surface, in particular in relation to the behaviour
of vacancy islands formed by exposure to sulfur. The mobility of isolated vacancy islands has
been measured by scanning tunnelling microscopy (STM), as previously observed for cobalt
layers on copper (1 11) (4). The analysis of thermal fluctuations of the vacancies and their displacement is a beautiful example of the application of STM to the analysis of nanoscale
structures. From the statistical analysis of these
displacements, the forces responsible for the stabilisation of the island vacancy lattice can be
investigated. These forces result from line tensions, related to the reduction of co-ordination by creating an island, and film strain due
to elastic deformation resulting from strain in
the film around the edges of islands. The possibility of predicting the structures formed from
surface stresses can open up new avenues for
designing self-organised surfaces.
D. J. SCHIFFRIN
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Palladium Catalyst for the Production
of Pure Margarine
CATALYST AND NEW NON-FILTRATION TECHNOLOGY IMPROVE
PRODUCTION AND QUALITY

By V. I. Savchenko and I. A. Makaryan
Institute of Chemical Physics of the Russian Academy of Sciences, Chernogoluvka.
Moscow Region, Russia

The production of the f a t t y base for edible margarines by the hydrogenation of
vegetable oils is carried out at high temperatures and has serious disadvantages,
among them the toxicity of the nickel catalysts and afire-hazardous filtration
stage. Here, a novel reactor and a new, active and selective, lowloaded palladium catalyst are described which allow vegetable oil hydrogenation to take place
at lower temperatures producing high quality, pure hydrogenated f a t , free of
catalyst. Under these milder conditions, the thermal decomposition of oils and
fats does not form secondary products, and heavy metals from the catalyst do
not enter thefinal product. I n addition, even lower hydrogenation temperatures
can be used with the palladium catalyst, resulting in f a t with a low transisomer content. The catalyst has been tested successfully infull-scale production.
Using a n inertial sepurator in a new reactor, catalyst loss has been eliminated.
In this century margarine has become an
important part of the human diet and to some
extent has replaced high cholesterol butters. The
worldwide annual production of margarines is
about 10 million tonnes. Margarine is a multicomponent liquid-fat system, and the fatty base
consists of modified fats of natural vegetable oils
(for instance, sunflower, soybean and rapeseed
oils). The main method used to modify natural
vegetable oils into the fatty base for margarine
is by the selective catalytic hydrogenation of the
triglycerides of the unsaturated acids in vegetable oils. This produces hydrogenated fat and
trans-isomers.
At present the hydrogenation is performed
using finely-dispersed nickel catalysts at elevated
temperatures (1 8O-23O0C), either as a batch
process in reactors with stirrers or continuously
in a series of mixing reactors. However, under
these conditions nickel can react with components of the fat to form fat-soluble salts which
may contaminate the food product. If filtration is insufficient, finely-dispersed nickel cat-
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alyst may also enter the food product. Moreover,
under these severe conditions secondary products may form by thermal decomposition and
these could be harmhl (some may even be carcinogenic). The process has other disadvantages,
such as a high risk of fire during the filtration of
the hydrogenated fat from the catalyst and a need
to continuously replace catalyst lost during filtration by adding exact doses of fresh catalyst to
the reactor. These disadvantages contribute to
making the production of pure margarine problematic and some manufactured margarines may
contain undesirable levels of nickel.

Nickel Toxicity
The first data on the toxicity of nickel were
obtained more than 100 years ago in the
Strasbourg Pharmacological Institute (1).
Current literature points to the fact that nickel
and its salts may cause toxic effects to the kidneys, produce reproductive and organism growth
defects, suppress immunity and be cardiotoxic.
Later studies have shown that nickel is one of
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the most common human allergens and recent
work implicates nickel and its salts as carcinogenic to humans, reacting with deoxyribonucleic acid (DNA) and binding the phosphate
groups of DNA (1). Hence, it would be desirable if the conventional technology for producing hydrogenated fat for edible margarine was
reviewed.
Other concerns involve the soil in which the
vegetable oil crop is grown - even soil cultivated
without mineral fertilisersand pesticides - which
may already be contaminated by heavy metals
(such as mercury and lead) and chlorinecontaining organics, and it is impossible to avoid
their effects. Thus, in modifying vegetable oils
for margarine, only technologies which do not
add further contamination to the natural raw
materials should be examined.

Other work on the characteristics of hydrogenation, using palladium on alumina catalyst, has been performed by V. D. Sokol’sky and
colleagues (3), and later research has shown that
the linolenic and linoleic selectivities, the transisomer content and the range of fatty products
obtained, are similar for palladium and nickel
catalysts (4-7). However, when palladium catalysts - developed for other reactions - were
used to hydrogenate oils, the attempts were
uneconomical. To improve the economics, the
amount of palladium consumed needs to be significantly reduced and the palladium needs to
be reused or recycled. Some aspects of the oil
hydrogenation process also require the development of an optimised dedicated catalyst.

Attempts to Replace Nickel

The expertise at The Institute of Chemical
Physics of the Russian Academy of Sciences
(ICPC RAS) in Chernogolovka, in developing
hydrogenation catalysts based on platinum group
metals, was utilised for the production of a lowloaded palladium-based catalyst to hydrogenate
vegetable oils. The catalyst which was eventually developed gives a highly stable, efficient
process with the required product selectivity
(8-1 0). Distinctive features of the hydrogenation have been observed.
The amount of palladium in the catalyst has
only a small effect on the hydrogenation rate
of vegetable oils, highly purified from catalytic
poisons, see Table I. A 100-fold increase in
the palladium content in the catalyst and thus

The main challenge in developing technologies for the production of pure margarines is to
find a replacement for the nickel-containingcatalyst. One such alternative may be palladium,
and several studies have been reported using
palladium catalysts to hydrogenate vegetable
oils. The first thorough investigationsusing palladium-based catalysts for vegetable oil hydrogenation were reported by M. Zajcew who
hydrogenated large batches of oil (in a reactor
of volume 100 litres) and produced about 7
tonnes of hydrogenated fat (2). However, as
Zajcew’s catalyst (5 per cent palladiudcarbon)
used about 6.5 g of palladium per 1 tonne of
oil, it was considered unprofitable.

-

Development of a New Palladium
Cata1yst

Table I

Effect of the Palladium Concentrationin the Catalyst on the
Hydrogenation Rate of Highly-Purified Sunflower Oil
Pd content in
catalyst, wt.%

0.005
0.05
0.2
0.5

Ratio oil: Pd
by weight

Hydrogenation rate,
mol H, h-’/l g of catalyst

mol H2 h-’/l g of Pd

Specific activity,

1000000:1
100000:1
25000: 1
10000:1

0.107
0.134
0.174
0.21 4

2140
268
a7
43

Catalyst is Pd/AI,O,. charge of catalyst is 20 g per 1 kg of oil. reaction temperature IS 1 0 2 T
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Table II

The Effect of Catalyst Particle Size ( d )
on the Initial Rate of
Sunflower Hydrogenation
Catalyst
particle
size, d,prn

Hydrogenation
rate, mol Hz h ‘/
1 g of catalyst

0.251
0.174
0.125
0.080
0.052

54-70
70-100
100-160
160-200
200-300

l/d x 10 ‘,
m

1.62
1.19
0.79
0.56
0.41

Catalyst IS Pd/AI,O,. oil Pd ratio IS 25000 1
Reaction temperature i s 102T

in the weight ratio oil:palladium, only doubles
the hydrogenation rate. The catalyst containing
0.005 weight per cent (wt.”/) palladium had the
highest specific activity/gramof palladium. Much
more activity was shown by catalyst samples
containing less than 0.005 wt.% palladium, but
the oil was not pure enough to keep the catalyst
operation stable, and deactivation followed
rapidly. From the initial hydrogenation rates,
the slight sensitivity of the reaction rate to the
palladium content is retained even for catalysts containing only 0.001 wt.% palladium.
Palladium is a very active catalyst for the hydrogenation of triglycerides of unsaturated acids.
Other reactions with such high hydrogenation
rates are not easy to find.
Investigations on the effect of the particle size
of the palladium-based catalyst (characterised
by the particle size of the carrier, in the range
50 to 300 pm) at a constant weight ratio, oi1:palladium = 25000:1, showed that the hydrogenation rate increases inversely to the particle diameter, see Table 11.
The temperature dependence of the hydrogenation rate, see Figure 1, used to determine
the activation energy, shows “parallel” curves for
two catalyst samples of different particle size. The
approximate linearisation of the curves gives the
activation energy as 6 kcal mol-I. This value for
the activation energy is typical for processes in
which a mass transfer is the rate determining step.
Vegetable oil hydrogenation proceeds in a

-
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three-phase system: gaseous hydrogen, liquid
reagents (oil and dissolved hydrogen) and solid
suspended catalyst, see Figure 2. The scheme
assumes the following process stages:
mass transfer of hydrogen from the gas to the
liquid phase;
mass transfer of hydrogen and hydrogenating oil from the liquid phase to the suspended
catalyst particles;
diffusion of reactants through the pores;
chemical interaction of reactants on the
surface of the catalyst particles;
mass transfer of reaction products from the
catalyst surface to the liquid.
Our investigations show that the hydrogenation
reaction with palladium occurs in the
diffusion zone and that the activity of the palladium in the kinetic zone is so high that it does not
reach its full value under real reaction conditions.
Even if conditions for the mass transfer of hydrogen from the gas to the liquid phase are provided,
the rate determining step for the reaction is still
most likely to be the transfer of hydrogen and
oil from the liquid phase to the catalyst surface.
Under these conditions the hydrogenation rate
depends mainly on the catalyst outer surface

-6 01
22
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26
X

lo’,

31

K-‘

Fig. 1 The temperature dependence of the
hydrogenation rate of sunflower oil (W”,.
mol H, h-’) over Pd/AI2O3with catalysts oi
different particle size:
1 particle size is 70 to 100 pm
2 particle size is 160 to 200 pm
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Fig. 2 Scheme of the mass
transfer of reactants to a
suspended catalyst particle
during oil hydrogenation by
molecular hydrogen.
PI,, is hydrogen pressure
Liquid phase concentrations:
CH2(liq) hydrogen
Cmi~(r9)oil
G,,,,hydrogenated
,
product
concentrations on the surface
of the solid catalyst particles:
ClI,(,,)
hydrogen
C+.,) oil
C,,,+=,) hydrogenated product

\

Solid catalyst
particle

/

genated; the amount of trans-isomers increases
monotonically and reaches 57.4 per cent when
the iodine value (I.V.) = 78.5. (Iodine value is the
number of grams of iodine absorbed by 100 grams
of fat. As unsaturated fat absorbs iodine, the I.V.
is a measure of how much unsaturate is present.)
For values of I.V. from 132.1 to 83.7 the increase
in stearic acid glycerides is not sigmficant (from
5.6 to 7.3 per cent), but during the subsequent
hydrogenation - for I.V.fkom 83.7 to 78.5 - the
amount of stearic acid glycerides noticeably
increases h m 7.3 to 9.2 per cent. Industrial nickel
catalysts also show a similar product distribution.
As trans-isomers of hydrogenated fats may be
unhealthy to consume (11),we investigated the
possibility of using our low-loaded palladium

available for the reaction (or the size of the
particles) and the amount of catalyst present.
Only a small amount of active palladium is
needed to activate the small amount of hydro.gen required for the reaction (consumption of
hydrogen is 5 g per 1 kg of hydrogenatingvegetable oil). The oi1:palladium ratio only affects
the catalyst lifetime, as increasing the amount
of active metal in the oil increases the number
of centres capable of reacting with the catalyst
poisons from the initial oil.
Data on the composition of the fatty acids produced by hydrogenating sunflower oil over the
palladium catalyst, at 20 mg Pd per 1 kg of oil and
150°C, are given in Table 111. During the process
the glycerides of linoleic acid are mainly hydro-
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Table Ill

The Composition of Fatty Acids Produced by Hydrogenation of Sunflower Oil
over Low Percentage Palladium Catalyst
~~

Reaction
time,
min

0
2.8
7.4
14.6
24.9
32.7
43.8

I.V.

132.1
122.9
114.7
106.0
90.1
83.7
78.5

trans-Isomer
content,

Fatty acid composition, O h

18:2

18:l

18:O

16:O

66.4
55.8
46.4
36.7
19.2
11.9
8.4

20.0
30.7
40.0
49.4
66.2
73.4
74.4

5.6
5.7
5.8
6.0
6.7
7.3
9.2

7.5
7.2
7.3
7.4
7.4
6.7
7.4

YO

0
11.2
18.5
31.9
45.0
51.5
57.4

Charge of Pd is 20 mg per 1 kg of oil. reaction temperature is 150°C
Content of acyl radicals in triglycerides in fatty acids of. linoleic (18.2): oleic (18.1); stearic (18-0);palmitic (16 0)
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Table IV

Characteristics of the Hydrogenation of Soybean and Sunflower Oils
at Moderate Temperatures

Soybean oil hydrogenation up to I.V.
Temperature,

I .v.

or

90
80
70
50
30

92.0
95.0
93.0
97.7
96.6

=

95 2 3

18:3

Fatty acid composition, O/O
18:2
18:l
18:O

16:O

trans-Isomer
content, O h

0.8
1 .o
1 .o
1.3
1.2

23.0
25.5
24.4
28.9
28.7

11.0
11.0
10.9
11.1
11.0

21.7
20.6
19.2
14.7
12.5

58.3
56.1
56.3
51.5
51.0

5.9
5.4
6.4
6.2
7.1

Sunflower oil hydrogenation up to I.V. = 75 t 2

Temperature,

I .v.

Fatty acid composition, O/O
18:2

OC

95
70
45

73.0

2.2

76.9

9.4

I

18:l
80.4
78.0
70.4

I

I

18:O
11.1
10.4
12.4

I

16:O

trans-Isomer
content, YO

5.2

33.9

I g:: I

29.4
21.8

Charge of Pd is 20 m g per 1 kg of oil
Linolenic acid (18 3):linoleic acid (18.2). oleic acid (18.11, stearic acid (18.0). palmitic acid (16 0)

catalyst to produce a hydrogenated product with
a low trans-isomer content. Table IV shows that
lowering the reaction temperature lowers the
proportion of trans-isomers produced. By keeping activity high for the palladium catalyst, down
to a temperature of 30 to 45"C, the unsaturated
acids of soybean oil could be hydrogenated, but
with decreased cis + tram isomerisation. For
soybean oil at I.V. values = 95 f 3 and 30"C,
the trans-isomer content is 12.5 per cent, and
for sunflower oil at I.V. = 75 f 2 and 45"C, the
trans-isomer content is 21.8 per cent (at 150°C
the trans-isomer content is 60%).Thus, by
optimising the catalyst composition and the
hydrogenation conditions (by hydrogenating
at low temperatures) a hydrogenated fat
with a much lower trans-isomer content can be
produced.
Technical Regulations were developed for the
preparation of this palladium catalyst and a pilot
plant was built at ICPC RAS to synthesise the
catalyst. T h e plant could produce 20 kg of
catalyst per operation (an operation lasted for
about 4 to 6 hours). Catalysts were successfully
tested at the Moscow Fat Plant in 1988 using

-
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an industrial autoclave of volume 12 m3 and
around 70 tonnes of edible hydrogenated fat
were produced there.
Tests show that the palladium catalyst has the
following advantages over conventional nickel
catalysts:
* The catalyst components (palladium and carrier) do not react with the initial oil or its hydrogenation products and do not enter the product; thus no contamination occurs. This results
in margarines of high edible quality and purity.
8
The hydrogenation is performed at temperatures of 120 to 140°C (compared to the conventional 180 to 230°C), thus secondary products d o not form as a result of thermal
decomposition of oils and fats and there are no
harmful admixtures in the final food product.
The reduced hydrogenation temperatures
produces hydrogenated fat of low trans-isomer
content.
The catalyst has a low palladium content with
only 1 to 2 g of palladium being needed to hydrogenate 1 tonne of vegetable oil. This amount
may be lowered further by reducing the contamination of the initial oil.
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Recent work has shown that the catalyst may
be regenerated many times (12) and noble metal
can be recovered from the spent catalyst and
used in new syntheses. Thus, the consumption of fresh palladium is further reduced.
As the catalyst is finely dispersed, “non-filnation” methods have been developed to replace
the filtration stage so as to separate the catalyst and reaction products.

New Technology for Preparing Pure
Margarines
The palladium-containing catalysts used for
oil hydrogenations were usually developed for
other applications, with finely divided palladium
supported on active carbon being the most
commonly used.
However, vegetable oil hydrogenation has a
number of distinctive features, and requires an
optimised, dedicated catalyst. The catalyst must
be able to produce hydrogenated fat with optimised fatty acid and glyceride contents (it must
give the correct linolenic and linoleic selectivities, the correct ratio for the rates of hydrogenation and isomerisation of acyl groups, and the
required intra- and intermolecular distribution
of fatty acids in triglycerides). It must also be
resistant to the compounds in vegetable oils which
poison palladium catalysts. These compounds
are phosphatides, gossypol, sulfur-containing
organics and others, found in various amounts
in vegetable oils. The deactivation to the catalyst
they cause depends on the amount of contamination in the oil.
The hydrogenation of oils, highly purified fiom

admixtures of catalyst poisons, proceeds rapidly,
even over a dedicated catalyst containing less
than 0.005 per cent palladium, at an oil:
palladium ratio of > lo’: 1. The resistance of the
catalyst to poisons during multiple use, gives a
standard for the consumption of palladiudunit
of final product.
The catalyst is cost effective if palladium is
consumed at a rate of 1 to 2 grams/tonne of
product, based on a palladium price of U.S.$200
per 02. As more recently the palladium price
has increased to U.S.$350 per oz, the consumption of palladium must be further lowered.
This has been taken into account, as modern
large-scale industrial hydrogenations often regenerate and reuse palladium, so decreasing the
consumption of fiesh palladium by 10-20 times.
Instead of using conventional industrial
catalysts supported on carbon carriers, we
selected an active alumina support of precisely
known particle size. This allowed continuous
and batch-operated technologies with multiple catalyst use to be developed. The use of
active alumina made it possible to design catalysts having optimised hydrogenation characteristics. The solid particles remain continuously in the reaction volume; catalyst is not lost
with the reaction products and filtration-free
technology was developed. The method used
to prepare the catalyst allowed modifications in
palladium content and fractional content to
be made, see Table V.
Palladium chloride “P” and active alumina
“A” were the main components used in
synthesising the catalyst, possibly promoted

Table V

Catalyst Modifications
With respect to fractional composition

With respect to palladium content
Modification

AP-005
AP-01
AP-02
AP-2

Palladi u m
content,
Wt.%

Modification

Fraction content, wt.%
less than
60 u m

- 0.05

D

a t least 95

- 0.2

F

not over 5

- 0.1

from
60-140~m

a t least 93

over
140~m

not over 2

1.8-2.0

A is active alumina. P i s palladium chloride. D IS dispersed and F is fractionated
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Vegetable oil

7

-

Hydrogenated
fat

Purified product

6

Fig. 3 Reactor for continuous non-filtration technology for the hydrogenation of vegetable oils:
1 reactor with stirrer in which hydrogenation takes place
2 gas-separator
3 conical pipe fitting
4 diffuser

5 circulating pipe
6 intermediate vessel
7 outlet connection for hydrogenated fat
8 inlet connection for vegetable oil
Palladium deposits on the surface of the carrier and uniformly locates itself inside the reactor
(catalyst particles are drawn as clota)

by microadditions of boron in boron:palladium
ratios of 2 x 10 ‘ to 5 x 10.’ (10). Vegetable
oils were hydrogenated in continuous and batch
variants. The palladium consumption was about
1.5-2.0 g tonne-‘ of product for sunflower and
soybean oils, but was higher for rapeseed oil
purified by conventional industrial technology.

Development of Non-filtration
Technology
The nickel catalysts used for hydrogenating
vegetable oils are highly dispersed powders as
this is the only form which gives the necessary
activity. However, this produces a “black hydrogenated fat” (a mixture of hydrogenated oil and
reduced catalyst) which requires purification.
The purification is a bulky, laborious, fire hazardous and low efficiency filtration process, usually performed with frame-type filters. Even then
catalyst microparticles and dissolved nickel are

Platinum Metals Rev., 1999, 43, (2)

not completely captured. For further entrapment, additional treatment of the hydrogenated
product by an adsorbent is needed.
Attempts to use tablet-shaped nickel catalysts
in a fixed-catalyst bed apparatus were not very
successful as activity was low, and increased
hydrogen pressure was necessary. This also
decreased the selectivity of the linoleic acid
hydrogenation.
Most of the literature on vegetable oil hydrogenation over palladium catalysts describes the
use of tine catalyst powders. As powder catalysts have higher activity, the consumption of
palladiumiunit of product should be reduced.
However, in practice, the same problems occur
in separating hydrogenated product and catalyst for palladium as for highly dispersed nickel,
and as the palladium cannot be reused, its
consumption is high.
In order to separate off the Pd/Al,O, catalyst
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suspension, “non-filtration” methods (for example, sedimentation and inertia) were developed
at ICPC RAS. The decrease in catalyst activity,
due to increased particle size, and the lower
oi1:palladium ratio used for the hydrogenation
are compensated for by having a reusable catalyst. The product is a “white hydrogenated fat”
free of catalyst particles.
Two methods of hydrogenation using fractionated palladium catalysts were developed:
a batch method with catalyst sedimentation
a continuous method in a novel reactor which
combines the hydrogenation process and the
separation of the hydrogenated product and catalyst particles, and ensures that catalyst is continuously present in the reactor without loss on
withdrawal of the products.
The continuous method uses finely-grained catalyst of given dispersion, modification F, see Table
V. The reaction mixture, containing the catalyst
particles, circulates continuously around the reactor at a high speed, see Figure 3. The catalyst is
separated kom the reaction products at the place
where a sudden expansion in the circulating
stream occurs. Separation is achieved using the
inertial motion of the catalyst particles, and the
product stream is withdrawn in an opposite direction to the motion of the solid catalyst particles.
T h e reactants involved in the process are

continuously fed into reactor 1, while to achieve
separation, part of the reaction mixture is moved
out of the gap between diffuser 4 and pipe fitting 3 into the intermediate vessel 6 in an opposite direction to the suspension. Due to inertial
forces the catalyst particles continue moving
with the circulating suspension, and therefore
practically almost never get into the liquid stream
withdrawn into intermediate vessel 6.
Both methods ensure that the palladium catalyst undergoes multiple operations during vegetable oil hydrogenation. T h e “white hydrogenated fat” is produced without a filtration
stage and the “non-filtration” technology is
highly effective for margarine production.

Multiple Use of the Palladium Catalyst
Palladium catalyst on a fractionated carrier
remains in the system when hydrogenated fat
is removed and allows the catalyst to be reused
for further hydrogenation. Data from successive hydrogenations of ten batches of sunflower
oil over the same catalyst are shown in Table
VI.At first the hydrogenations have almost identical characteristics but as the batch number
increases, the hydrogenation rate gradually
decreases, thus the hydrogenation time
increases. If the initial oils were purer, then
more batches of oil could be hydrogenated.

Table VI

Characteristics of Hydrogenated Fats Produced during Consecutive Hydrogenations
of 10 Batches of Sunflower Oil (up to I.V. = 78 f 2)
Batch
number

1
2
3
4
5
6
7
8
9
10

Hydrogenation

I.v.

time, min

47
47
58
62
62
66
68
81
84
92

79.8
79.2
79.9
76.7
77.0
76.7
77.8
77.1
76.3
76.5

I

Fatty acid composition, YO

I trans-Isomers

I

18:2

18:l

9.3
9.1
10.0

74.0
73.8
72.8
73.5
72.6
71.3
72.1
71.7
73.4
72.1

7.8
8.4
8.9
9.1
8.9
7.6
8.4

18:O

16:O

content.

8.8
9.7
9.6
10.6
11.4
11.9
11.2
12.1
11.2
12.1

7.3
6.8
7.0
6.9
7.0
7.3
7.0
6.7
7.2
6.8

54.7
55.2
56.1
58.4
57.9
57.6
56.9
57.3
58.5
58.8

Oh

Charge of Pd is 20 rng per 1 kg of oil
Linoleic acid (18.21. oleic acid (18.1). stearic acid (18.0). palmitic acid (16.01
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Regeneration of spent catalyst has also been
examined, but no suitable solvent or method was
found to remove the catalytic poisons from the
catalyst surface. However, after treating spent catalyst with palladium-containing compounds, the
activity may be restored to its original value and
several further hydrogenations can be achieved.
Impregnation of the supports with palladiumcontaining compounds can be repeated many
times. Finally, spent catalyst with a high palladium content is formed from which palladium
can be extracted and reused in fresh catalyst.

Increasing the Oil Decontamination
Index
Hydrogenations performed under mild conditions (120-140°C) over the palladium-based
catalyst form almost no undesirable secondary
products by the thermal decomposition of oils
and fats; fkee fatty acids do not form and the final
produce of “white hydrogenated fat” does not
require additional refining and deodorisation,
which is essential in conventional technologies.
However, in order to ensure that the palladium
consumption is low, the initial preparation of
the vegetable oils prior to hydrogenation needs
to be improved, as palladium is very sensitive
to catalyst poisons. We have found that the purification stages should remain the same, namely:
alkali refining, washing, drying and deodorisation, but the purity of the refined vegetable
oils must be higher and free of certain compounds, especially those containing sulfur.
If the refined oil is purer, the cost of the palladium and its contribution to the cost of the final
product will be less.

Conclusions
A new highly selective catalyst containing small
amounts of palladium has been developed for
the hydrogenation of vegetable oils. The main
principles of the hydrogenation process have
been worked out and new highly efficient and
cost effective technology, using the catalyst, has
been successfully tested for the production of
pure edible margarines. Together, the new catalyst and novel reactor design are able to achieve
the full-scale production of margarines.

Platinum Metals Rev., 1999, 43, (2)
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Acoustic Catalysis in Palladium
Acoustic excitation applied to thin noble metal
films on single crystals enhances the catalytic
reactions occurring over these surfaces (1).
Now work in Japan has described the different
kinetic behaviours on the two faces of a single
LiNbOl crystal covered with a thin Pd film
during ethanol oxidation using resonant acoustic
oscillations (RO) (2). RO causes an anomalous
increase in catalytic activity. Activation energy
falls from 156 to 36 kJ mol ’ on the positively
polarised, (+)Pd, surface, and to zero on the
negatively polarised Pd surface. Oxygen is
strongly adsorbed on the (+)I’d surface.
1
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A B STRA CTS
of current literature on the platinum metals and their alloys

PROPERTIES
Synthesis of Nanoscale Platinum Colloids by
Microwave Dielectric Heating
w . w , w. TUandH. LIU, Langmuir, 1999, 15, (I), 6-9
Polymer-stabilised Pt colloids (diameter 2 to 4 nm)
with nearly uniform spherical shape were prepared
by microwave dielectric heating of poly(N-vinyl-2pyrrolidone)/H,PtC1,/NaOH/H20/ethylene
glycol.
Different sizes of Pt colloids can be obtained by changing the molar ratio of PVP/Pt. However, the particle
dispersity remains the same, 0.17, regardless of the
molar ratios of PVP/Pt and NaOWPt.

-

Enhanced Perpendicular Magnetic Anisotropy
in Chemically Long-Range Ordered (0 0 0 1)

Co,Pt,, Films
M. MARET, M . C. CADEVILLE, A. HERR, R. POINSOT,
E. BEAUREPAIRE,s. LEFEBVRE and M. B E S S I E R E , ~M a p .

M a p . Muter., 1999, 191, (1-2), 61-71
Chemical long-range ordering along the growth direction has been observed in mostly h.c.p. CosoPtlilfilms
grown on a Ru(0 0 0 1) buffer by molecular beam epitaxy (MBE). This ordering enhances perpendicular
magnetic anisotropy in h.c.p. films. A Pt segregation
effect at the advancing surface, caused by dominant
surface diffusion, promotes this uniaxial long-range
ordering during the MBE process.

Effects of Annealing on the Magnetic
Properties and Structures of Sputtered CoPt Alloy Thin Films

Nucleation and Growth Kinetics of Pd and
CuPd Particles on NaCl(100)
New 3 Chem.,
1998,22, ( l l ) , 1289-1294
The nucleation and growth kinetics of Pd and CuPd
nanomenic particles grown by condensation on UHVcleaved NaC1( 100) surfaces were studied. The nucleation of the CuPd particles is mainly controlled by
the Pd adatoms. It is possible to obtain a homogeneous collection of bimetallic C u r d particles by condensing the two metals simultaneously. These uniform CuPd particles are suitable for use as supported
model catalysts.
F. GIMENEZ, C . CHAPON and C. R. HENRY,

Structural Chemistry, Magnetism and
Thermodynamic Properties of R,Pd,In
M. GIOVANNINI, H. MICHOR, E. BAUER, G. HILSCHER,
P. ROGL and R. FERRO,
Alloys Cor?zpd., 1998, 280,

3.

(1-Z), 26-38
Magnetisation, resistivity and specific heats of ternary
intermetallics, R,Pd,In, synthesised with the nominal
composition R,,Pd,,In,, (R = rare earth elements
including Y) were studied. Magnetic and thermodynamic measurements revealed antiferromagneticorder
below 32 K for this series except for Y, La, Yb and
Lu. A wide homogeneity range was found for
Ce,Pd,+,In,~,where ferro- or antiferromagnetic order
or both occur with features typical of a Kondo lattice.
Intermediate valence behaviour but no magnetic ordering were exhibited by Yb,Pd,In (2 0.3 K).

and
(11),

The First Coordinatively Saturated, Quadruply
Stranded Helicate and Its Encapsulation of a
HexafluorophosphateAnion

5980-5983
The short-time annealing (< 6 h) of sputtered CoPt films with 0-50 at.% Pt was investigated. The coercivity of a Co,,Pt, film drastically increases by annealing at > 800 K, correspondingto an L l oordered phase,
formed by annealing at 940 Kin C 1 h. The grain size
greatly increases in the early stage of annealing. The
grain size should be decreased in order to use the CoPt films as high density recording material.

Angew. Chem. Int. Ed.,
1998, 37, (23), 3295-3297
The self-assembly of four molecules of 1,4-bis(3pyridy1oxy)benzene and two Pd(I1) ions allowed the
encapsulation of a PF6 ion within a quadruply
stranded helicate. It is reported as not only the first
example of a co-ordinatively saturated quadruple helicate, but also the first example of the encapsulation
of a complex anion by a helicate.

Oxidation of Ordered SnlPt(ll1) Surface
Alloys and Thermal Stability of the Oxides
Formed

Superconductivityof MRhSi (M = Ti, Zr and
Hf) Prepared at High Pressure

T. YAMAMOTO, T. TEZUKA, M. NISHIMAKI
T. ISHIGURO, 3pn.
Appl. Phys., 1998, 37,

3.

N. A. SALIBA, Y.-L. TSAI and B. E. K O E L , ~Phys.

Chem. B,

1999,103, (9), 1532-1541
Two Pt-Sn surface alloys were oxidised at 300 K by
0,exposure in UHV. Despite the (2 X 2) and 43 Sn/Pt
surface alloys being less reactive than P t ( l 1 l),
oxidation was possible under UHV conditions using
0,.0 adatoms are chemisorbed on Pt sites at large 0
coverage, giving PtO, at highest coverage. The
proximity of Pt resulting fiom Pt-Sn oxidation lowers
the thermal decomposition temperature of SnO,.

Platinum Metals Rev., 1999, 43, (2), 83-88

D. A. MCMORRANand P. J. STEEL,

I. SHIROTANI, Y.KONNO, Y.OKADA, C. SEKINE, S. TODO
and T . YAGI, Solid State Commun., 1998, 108, (12),

967-970
Ternary Rh silicides TiRhSi ( l ) , ZrRhSi (2) and
HfRhSi (3) and alloys ZrRh,-,Ru,Si (x = 0.1,0.3, 0.5)
were prepared by reacting stoichiometric amounts of
each metal and Si powders at 4 GPa and > 1200°C
in a wedge-type cubic-anvil high pressure apparatus. Superconducting transition temperatures in (l),
(2) and (3) are 5.1, 10.3 and 2.3 K, respectively. These
ternary Rh silicides are new superconductors.

-
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Thermodynamic Characterization of
Hydrogen Interaction with Iridium
Polyhydride Complexes

Behaviour of the One-Dimensional,Inorganic
Polymer a[MPS4]- Anions (M = Ni, Pd) in
Organic Solutions

R. A. ZIDAN and R. E. R O C H E L E A U , ~ Muter.

J. SAYETTAT, L. M . BULL, S. JOBIC, J.-C. P. GABRIEL,
M. FOURMIGUE, P. BATAIL, R. BREC, R.-L. INGLEBERT
and c . SOURISSEAU, J. Muter. Chem., 1999, 9, (l),

Res., 1999,
14, (l), 286-291
Studies of H, interaction with IrXH,(PPr',), (X =
C1, I) showed that H, reacts rapidly and reversibly
with IrClH2(PPr'3)2forming IrC1H2(PPr',),H2,at <
323 K. Equilibrium isotherms were used to obtain
the relative partial molar enthalpy and entropy. The
decrease in entropy with increasing H2concentration
and the absence of plateaux in the equilibrium
isorherms were consistent with a single phase solid
solution having two chemical components. Due to
stronger H, bonding at temperatures up to 350 K, H,
could not be removed from the iodo complex.

Thermal Decomposition of [M3(C0)12] (M =
Ru, 0s) Physisorbed onto Porous Vycor Glass:
a Route to a GLasslRuO, Nanocomposite

143-153
The behaviour of the salts KMPS, (M= Ni, Pd) and
some solid-solution phases, KNi,Pd, .PS,, when dissolved in DMF, was to form chains. For chains of
:[PdPSJ, the chain remains intact when heated up
to 323 K, whereas the Ni derivative either fragments
and/or rearranges into monomers, etc. This difference is accounted for in terms of M - S bond strengths.

PHOTOCONVERSION
Theoretical Study of CH, Photodissociation
on Pd and Ni(ll1) Surfaces

and K. HIRAO, J. Chem.
Phys., 1998, 109, (24), 11010-11017
Chem., 1999,9, (2), 519-523
Photofragmentations of CH, adsorbed on Pd and
Glass/RuO, nanocomposites (average particle size 45 Ni(ll1)surfaces were studied by density functional
A) were obtained by the impregnation and thermal theory and a6 initio molecular orbital calculations.
decompositionof [M,(C0),2](M = Ru, 0 s ) carbonyl These metal surfaces were represented approximately
clusters inside the pores of porous Vycor glass. by finite metal clusters M,, (n = 1,7, 10).The CH6-3s
Thermal decomposition occurs via [HM,(CO) &- Rydberg excited state was found to be stabilised by
OSi=)] and [M(CO).(OSi-),I (n = 2, 3) intermedi2.0and 1.5eV through physisorption on the Pd and
ates which are formed at low temperatures.
Ni metal surfaces, respectively, by electron transfer.

A. J. G. ZARBIN, M. D. VARGAS and 0. L. ALVES,

3 Muter.

Y . AKINAGA, T. TAKETSUGU

-

Oxygen Vacancy Control in the Defect
BipRu207-y
Pyrochlore: a Way to Tune the
Electronic Bandwidth
R E.CARBONIO, J. A. ALONSO and J. L. MARTtNEZ, 3 Phys.
Condens. Matter, 1999, 11, (2), 361-369
Bi2Ru201-y
pyrochlore (1) can be prepared with significant y oxygen vacancies by annealing Bi20, and
RuO, at 1000°C, first in air and then under an inert
atmosphere. At 4-290 K, (1) has a cubic structure
and is metallic showing increased resistivity by one
order of magnitude at 300 K, with respect to stoichiometric Bi2Ru20,.The control of the oxygen concentration in (1) is suggested as a clean way to tune
the bandwidth of this material.

CHEMICAL COMPOUNDS
Synthesis, Electrochemistry, and Spectroscopy
of Blue Platinum(I1) Polyynes and Diynes
M. YOUNUS, A. KOHLER, S . CRON, N. CHAWDHURY,
M. R. A. AL-MANDHARY, M. S. KHAN, J. LEWIS, N. J. LONG,
R. H. FRIEND and P. R. -BY,
Angew. Chem. Int. Ed.,

1998,37,(21), 3036-3039
Soluble donor-acceptor polymers in which an nbutylphosphane-substitutedPt(I1) acetylene group
acts as donor, and a thieno[3,4-6]pyrazine as acceptor, were synthesised in order to obtain a system with
a band gap < 2 eV. A blue rigid-rod polymer, prepared by the reaction of tr~ns-[PtC1,(PnBu,)~]
with
2,3-ethynyl-5,7-thieno[3,4-b]pyrazine,
exhibited the
smallest band gap observed so far (1.77eV) for an
organometallicpolymer.
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Photochemistry of Os(dmpe),H,: Matrix,
Transient Solution, and NMR Studies
of 16-Electron Os(dmpe), (dmpe =
Me2PCH2CH2PMe2)
NICASIO, R. N. PERUTZ and A. TEKKAYA,
Orgunometallics, 1998, 17, (25),5557-5564
Os(dmpe)zH,, synthesised by the reaction of transOs(dmpe)2C1,with Na under H2,was found to consist of cis and mans isomers (- 60:l).W irradiation
of Os(dmpe),H, in Ar and CH, yielded Os(dmpe),
with a characteristic multiband UV-vis spectrum. In
CO-doped matrices, Os(dmpe),(CO) was generated.
Laser flash photolysis (266 nm excitation) of
Os(dmpe),Hz in cyclohexane gave the same species.
M.-C.

Dipyridophenazine Complexes of Os(I1) as
Red-Emitting DNA Probes: Synthesis,
Characterization, and Photophysical
Properties
Inorg. Chem.,
1999,38, (l), 174-189
By incorporating modifications in the ligand sphere
of several dipyridophenazine(dppz) complexes of
Os(II), the fundamental excited-state properties of
these complexes could be characterised. With two
ancillary ligands derived from bipyridine or phenanthroline, the Os(I1) complexes exhibit emission maxima at 740 nm and average excited-state lifetimes
in the 10 ns range upon binding to DNA by preferential intercalation of the dppz ligand. The utility of
dppz complexes of Os(I1) as luminescent probes for
DNA is illustrated.
R. E. HOLMLIN, J. A. YAO andJ.K . BARTON,

-
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The Scanning Microscope for Semiconductor In Situ Characterization of Ultra-Thin
Characterization (SMSC): Electrolyte Palladium Deposits on a-and y-Alumina
Electroreflectance and PhotovoltageImaging E. GILLET, M. H. EL YAKHLOUR, JX DISALVO and F. BEN
Study of the Electrochemical Activation of ABDELOUAHAB, surf: SCi., 1999,419, (2-3), 216-225
RuS, Photoelectrodes for Oxygen Evolution
Ultra-thin Pd films deposited at 300 and 600 K onto
M. TURRION, N. ALONSO-VANTE, H. TRIBUTSCH, A. MIR

and P.SALVADOR, J. Electroanal. Chem., 1998, 458,
(1-2), 99-105
The photoelectrochemicalbehaviour of the 0,evolving n-RuS2I H,SO, interface was examined. Electrolyte
electroreflectance and photovoltage digital images
were obtained as a function of surface pretreatment
and show that polishing gives a scarcely photoactive
surface, while electrochemical etching gives a high
photoactive surface. Direct evidence of the influence
of doping on the electric field distribution of the
liquid junction is obtained.

a-and y-A120, surfaces by SSIMS, were characterised.
Early stages of growth were investigated by analysing
the ion intensity ratios, Pd,+:Pd+and PdAlO+:A10+,
to discriminatebetween three deposition stages in the
submonolayer Pd films. The ion yield was found to
be closely related to the Pd-A120, bonding, which
determines the morphology and the electronic structure of the system. On a-A120,,Pd deposition gives
weak Pd-Al bonding with nucleation of small 3D clusters. On y-A120,, monolayers or flat islands grow, with
the formation of Pd-Al and P1-0 bonds.

Substrates for Rapid Delivery of Electrons and
Holes to Buried Active Sites in Proteins

Determinationof Sulfite in Sugar and Sulfur
Dioxide in Air by ChemiluminescenceUsing
the Ru(bipy)F-KBrOl System

J. J. WILKER, I. J. DMOCHOWSKI, J. H. DAWSON, J. R.

F. WU, Z. HE, H. MENG and Y. ZENG,

ELECTRODEPOSITION AND
SURFACE COATINGS

Analyst, 1998,123,
( l l ) , 2109-2112
Sulfite has been determined by a chemiluminescence
(CL) method using the Ru(bipy)Y-S0,2--KBrO,system (bipy = 2,2‘-bipyridyl). The concentration of sulfite was found to be proportional to the CL intensity in the range 2.5 X 10 to 9.5 X lO-’moll-’sulfite
solution. The detection limit is 3.8 x lo-’ moll-’and
moll-’ sulthe relative standard deviation for 5 x
fite solution is 4.6%. The method was successfully
applied to the determination of sulfite in sugar and
SO2in air by using triethanolamine as the absorbent
material.

Preparation of a Palladium Alloy Composite
Membrane Supported in a Porous Stainless
Steel by Vacuum Electrodeposition

Luminescence Quenching of Ru(I1)
Complexes in Polydimethylsiloxane Sensors
for Oxygen

WMKLER and H. B.GRAY, Angew.

Chem. Int. Ed., 1999,

38, (1/2), 90-92
New reduced and oxidised states of cytochrome
P450,,, were generated by electron transfer to and
from the heme group of the buried active site. This
was achieved by linking [Ru(bipy),12+through a hydrocarbon chain to a species with high affinity for the
heme cavity, such as imidazole or adamantane.

J. Membrane Sci.,
1999,153, (2), 163-173
Pinhole-free and ultrathin (< 1 pm) 78% Pd-22% Ni
composite alloy membranes were deposited on porous
stainless steel (SUS) by vacuum electrodeposition.
The SUS was sequentially pretreated with submicron
Ni powder and CuCN solution to obtain a smooth
surface and enhance the adhesive bond between the
top layer and the substrate. The composite membranes
had high H, permeances and selectivities.
s.-E. NAM, s.-H. LEE and K-H. LEE,

APPARATUS AND TECHNIQUE
New Sol-Gel Oxygen Sensor Based on

Luminescence Cyclometallated Platinum
Complexes
Y.-G. MA, T.-C. CHEUNG, c.-M. CHE and J.-C. SHEN,

Thin

Solid Films, 1998, 333, (1, 2), 224-227
Pt(MeOPhChNAN)X, [MeOPhCANAN = C-anion
of 3-phenyl-5-pmethoxylphenyl-2,2’-bipyridine,
X
= NH2(CH2),Si(OCH2CH,),],was immobilised in a
sol-gel ma& by cc-condensation with Si(OCH,CH,),.
The resultant luminescent material shows a rapid and
58% luminescence is
sensitive response to 0,:
quenched in 10 s when switching from N, to 0,.

-
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M. L. BOSSI, M. E. DARAIO and P. F. ARAMENDIA, J.
Phowchem. Fhotobiol. A : Chem., 1999,120, (l), 15-2 1
The luminescence quenching of tris( 1,1O-phenanthroline)Ru(II) and tris(4,7-diphenyl-l, 1O-phenanthroline)Ru(II) by 0, in polydimethylsiloxane films
was investigated by steady state and time-resolved
methods. An algorithm for behaviour, with one
oxygen-dependentparameter, was deduced. The correlation of this parameter with oxygen partial pressure is identical for both dyes, and shows saturation
behaviour.

Application of Piezoelectric Ru(III)/CryptandCoated Quartz Crystal Gas Chromatographic
Detector for Olefins
P. CHANG andJ.-s.SHIH,

Anal. Chim. Acta, 1999, 380,
(l), 55-62
A Ru(III)/cryptand-coated piezoelectric quartz crystal detector linked to a computer interface was prepared and used as a gas chromatographicdetector for
olefins. The oscillating frequency of the quartz crystal decreases on adsorption of organic molecules on
the Ru(III)/cryptand coating. Alkynes show greater
adsorption on the coating than alkenes and alkanes.
The technique was subject to interference by H,O.
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Adsorption Equilibrium and Catalytic
Reaction of CFC-115 on PdActivated Carbon
Effect of Inert Sites on the Kinetic Oscillations Powder
in the Catalytic CO Oxidation on Pt( 100)
D J. MOON, M. J. CHUNG, K. Y. PARK and s. I. HONG,

HETEROGENEOUS CATALYSIS
F. CHAVEZ, L. VICENTE, A. PERERA

and

M. MOREAU,

J. Chem. Phys., 1998,109, (19), 8617-8625
The effect of inert sites in the global oscillations in
the oxidation of CO on Pt( 100) for both random and
clustered inert sites has been simulated by the cellular automaton technique. The structural phase transformation of the Pt substrate, the reaction kinetics
of the adsorbed phase and diffusion of absorbed species
were accounted for by cellular automaton rules.

Characterizationand Properties of PtlZr0,CeO, Catalyst for Purification of Automotive
Exhaust
s. u,s. LI, c.wu and L. SUN, Chin. J. Catal., 1999, 20,
(l), 67-69
The effect of the additive, ZrO,, in CeO, on the properties of the Pt/ZrO,-CeO, three-way catalyst was
investigated. The results show that the support Zr02CeO, has higher oxygen storage capacity (OSC) than
CeO?and that Pt/ZrO,-CeO, catalyst has higher OSC
than Pt/Ce02.The Pt/ZrO,-CeO, catalyst is reduced
at < 200°C while Pt/Ce02is reduced at < 300°C. The
second desorption of CO on Pt/Zr0,-Ce02 is at 570°C
and that on Pt/Ce02 is at 620°C. Thus Pt/ZrO,-CeO,
shows higher activity than PtiCeO, for three-way
catalytic reactions.

Behavior of Non-Promoted and CeriaPromoted PtlRh and Pd/Rh Three-Way
Catalysts under Steady State and Dynamic
Operation of Hybrid Vehicles
s. TAGLIAFERRJ,

and A. BAIKER, Ind. Eng.
Chenz. Res., 1999, 38, (l), 108-117
Honeycomb-type Pd and standard Pt catalysts for
exhaust after treatment in hybrid drive systems were
investigated on non-promoted and Ce0,-promoted
Pd-Rh and Pt-Rh catalysts. The catalysts were tested
by light-off experiments with steady and cycling feed
stoichiometries, and pulsed-flow operation. Very different catalyst behaviours for NOx, CO and HC conversions, depending on operation mode, were found.
R. A. KOPPEL

Oxidation of Methane over Pd/Mixed Oxides
for Catalytic Combustion
H. WIDJAJA. K. SEKIZAWA, K. EGUCHI and H. ARAI,

Catal.
Today, 1999, 47, (I+), 95-101
Pd catalysts supported on mixed oxides, Pd/ALO,MO, (M = Co, Cr, Cu, Fe, Mn or Ni), were studied
for the low temperature catalytic combustion of CHI.
Pd/A120,-36Ni0 showed excellent activity, despite its
lower surface area, due to the small particle size of
Pd. T P D showed that at low temperatures, the catalytic activity is dependent upon the adsorption state
of 0 on Pd. Activity is enhanced by increasingamounts
of adsorbed 0:.XRD showed that the PdO phase is
thermally stabilised on Pd/Al?01-36Ni0.The stability of the PdO species at higher temperatures may
directly correspond to the increased catalytic activity.
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Carbon, 1999; 37, (l), 123-128
Adsorption equilibria of chloropentafluoroethane
(CF,CF,CI, CFC-115) on Pd/activated C powder and
on activated C powder at 298.15-373.15 K were well
represented by the BET equation. The isosteric heats
of adsorption of the CFC-115 on both adsorbents
were of approximately the same order of magnitude
as the heats of condensation, and were mainly due
to physical forces. CFC-115 can be converted to pentafluoroethane (CFICF2H,HFC-125) with > 99% selectivity by hydrodechlorination over Pd/activated C.
The Pdiactivated C powder was an effective adsorbent with potential to recover CFC-115 and act as a
catalyst to manufacture HFC-125 from CFC-115.

Catalytic Oxidation of Volatile Organic
Compounds 1. Oxidation of Xylene over a 0.2
wt% PdlHFAU(17) Catalyst
and P. MAGNOUX, Appl. Catal.,
1999, 20, (l), 1-13
The transformation of o-xylene in low concentration (1700 ppmv) in air over 0.2 wt.% Pd/HFAU(17)
zeolite catalyst, with %:A1 ratio of 17, was investigated
in a flow reactor at 150-320°C. At short time-onstream, whatever the temperature, no xylene appears
at the reactor outlet. The xylene oxidation into CO,
and H,O is accompanied by the retention of various
products of xylene transformation, “coke”, dependent on temperature, within the zeolite pores.
M. GUISNET, P. DEGE

Alloying in Cu/Pd Nanoparticle Catalysts
A. M. MOL.ENBROEK, s . HAUKKA and B. s. CLAUSEN,
J. Phys. Chem. B, 1998, 102, (52), 10680-10689

The preparation of binary alloy nanoparticle catalysts
on various supports was shown to be a new application for the atomic layer epitaxy technique. Cu/Pd
bimetallic catalysts were prepared on SiO, and on yA1,0,. EXAFS measurements showed that alloying
occurred in the CuiPd samples with a Cu-rich surface for the Al,O,-supported sample and random alloying for the Si0,-supported sample. Particle sizes were
in the range 20-60 A.

Glucose Hydrogenation on Ruthenium
Catalysts in a Trickle-Bed Reactor
P. GALLEZOT, N. NICOLAUS, G. FLECHE, P FUERTES
A. PERRARD,J Catal., 1998, 180, (I), 51-55

and

Ru catalysts, prepared in a highly dispersed state by
cationic exchange or anionic adsorption on active
charcoal pellets, were shown to be very active for glucose hydrogenation (initial specific activity = 1.1 mol
h-’g - ’ bat 100°C). The activities of the catalysts were
very stable over several weeks and no leaching of Ru
occurred. The selectivity to sorbitol was > 99.2% at
100% conversion. The study showed the negative
effect of high residence time, which favours epimerisation of sorbitol to mannitol, but can be minimised
if the residence time is that of 100% conversion.
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Highly Efficient Oxidation of Alcohols and
Aromatic Compounds Catalysed by the
Ru-Co-Al Hydrotalcite in the Presence of
Molecular Oxygen
and K. KANEDA, Chem.
Commun., 1999, (3), 265-266
A Ru hydrotalcite (HT) with Co cations, Ru-CoAI-CO, HT, was found to be an effective heterogeneous catalyst for the oxidation of various alcohols in
the presence of 0,.The H T catalyst was easily separated from the reaction mixture and was reusable without an appreciable loss of activity and selectivity. This
heterogeneous oxidation is environmentallyfriendly
because of the use of Oz, the simple work-up procedure and the reusable HT catalyst.
T. MATSUSHITA, K. EBITANI

Heck Reaction Catalyzed by PhosphaPalladacycles in Non-Aqueous Ionic Lipids
w. A. HERRMAN and v. P. w. BOHM, 3 Organomet. Chem.,
1999, 572, (l), 141-145
Phospha-palladacycles are very efficient catalysts for
the Heck reaction. The use of non-aqueous ionic liquids, such as tetra-n-butylammonium bromide or 1methyl-3-propylimidazolium bromide, etc., with this
catalyst system was found to be an effective alternative to traditional molecular solvents, such as acetonitrile or DMF. Easy product separation, possible
catalyst recycling, and further increases in catalyst
productivity were all shown. Preliminary results
obtained with bromo- and chloro arenes are described.

The Palladium Catalysed Suzuki Coupling
Hydrogenation of the Carbonyl Group in a- of 2- and 4-Chloropyridines
Ketoesters and a-Ketoamides Catalyzed by 0. LOHSE, P. THEVENIN and E. WALDVOGEL, Synlett,
1999, (l), 4 5 4 8
Ruthenium Clay

3 Org. Chem., 1998,63, (25),
9425-9426
Ru-phosphine-clay was prepared by a three-step
process: reaction of a montmorillonite with (3-ChlOrOpropyl)trimethoxysilane, then treatment with KPPh,,
and finally reaction with RuC13.H20.The Ru clay is
an excellent catalytic system for the reduction of the
a-carbonyl group of a-ketoesters and a-ketoamides
(50-89% yield). The catalyst is stable and retains high
efficiency during consecutive catalytic cycles.
R. ALDEA and H. ALPER,

HOMOGENEOUS CATALYSIS
Tailoring Aqueous Solvents for Organic
Reactions: Heck Coupling Reactions in High
Temperature Water
L. u . GRON

and A. s. TINSLEY, Tetrahedron Lett., 1999,

40, (2), 227-230

High temperature water (HTW) (pressurised aqueous reactions at > 100°C) has been found to be an
effective solvent for Heck coupling reactions of aromatic halides with cyclic alkenes in the presence of
Pd(OAc), catalyst. The dielectric constant of H,O
drops to 6 at 373°C and 221 bar. No addition of cosolvents or specialised ligands was needed. Reactions
in the presence of LiCl and quaternary ammonium
salts indicated that the reaction takes place in the
aqueous phase. The unusual properties of HTW
provide a novel method for extending Heck coupling
reactions into neat HzO.

-

Selective Alkoxycarbonylation of 2,3Dichloropyridines
Y. BESSARDandJ.P. RODUIT,

Tetrahedron, 1999,55, (2),
393404
2,3-Dichloropyridineswere shown to undergo monoor dicarbonylationin the presence of CO, an alcohol,
and a Pd catalyst to give selectively either alkyl 3chloropicolinates or dialkyl pyridine-2,3-dicarboxylates in good yields, depending on the reaction conditions. These compounds are of interest as herbicide
precursors or as intermediates for antifibrotics.

Platinum Metals Rev., 1999, 43, (2)

Chloropyridines were shown to react smoothly with
arylboronic acids in Pd-catalysed Suzuki couplings.
Moderate to good yields of biaryls were obtained with
4-chloropyridineswhile 2-chloropyridinesgave excellent yields. The reaction was easy to scale up and
Pd(PPh,), could then advantageously be replaced in
situ by Pd(0) generated from Pd(OAc), and PPh,,
which showed even greater reactivity.

Fluoride-Catalyzed
Reduction
of
Palladium(I1) to Palladium(0)-Phosphine
Complexes
P. A. MCLAUGHLINand J. G. VERKADE,

Organometallics,
1998, 17, (26), 5937-5940
Tetraco-ordinate Pd(0)-phosphine complexes are
widely used in organic synthesis. In the presence of
H,O and excess PPh,, fluoride ions catalyse the reduction of PdC12(PPh,),under mild conditions to form
Pd(PPh,), in good yields. The inactivation of catalytic
F by the formation of highly stable HF, ,and of other
polyhydrogen fluorides that can form in the reaction,
was prevented by the addition of a strong non-ionic
base, such as P(MeNCH,CH,),N.

Rhodium-Catalyzed Hydroformylation in
Supercritical Carbon Dioxide
D. KOCH and w. LEITNER, J. Am. Chem. Soc., 1998,
120, (51), 13398-13404
Supercritical CO, (scC0,) was shown to be an environmentally benign medium for highly efficient Rhcatalysed hydroformylations.Olefinic substrates were
hydroformylated, in scC0, at 40 to 65"C, to the corresponding aldehydes in near quantitative yields with
unmodified, phosphine-modified, and phosphitemodified systems. With unmodified Rh catalysts, the
hydroformylation rates were considerably higher in
scC0, than in organic solvents or liquid CO,. Modified
catalytic systems with perfluoroalkyl-substituted
triarylphosphine and triarylphosphite ligands lead
to higher regioselectivities than those found in conventional solvents. Olefin isomerisation, which is a
typical side reaction for phosphite-modified systems
in conventional solvents, was suppressed in scC0,.
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Hydroformylation of Ally1 Ethers. A Study of
the Regioselectivity Using Rhodium Catalysts
s. CASTILLON and c . CLAVER, j? Mol.
Catal. A: Chem., 1999, 137, (1-3), 93-100
The hydroformylation of various allyl benzyl ethers
was studied using the precursor catalytic system [RhQiS(CH,),NMe,)(cod)l2 + PR,, where R is Ph, or 0o-r-BuC,H4, to obtain y-, p- and a-hydroxyaldehydes.
High yields and low regioselectivities were obtained
in the hydroformylation of allyl benzyl ether using
both R radicals. 4-Benzyloxy-3-methyl-butanal and
4-benzyloxy-2-methyl-butanal were obtained in good
to excellent yields, starting from benzyl-2-metallyl
ether and benzyl-2-butenyl ether, respectively.
N. RUIZ, A. POLO,

Ruthenium(I1)-Catalyzed
Asymmetric
Transfer Hydrogenation of Ketones Using
Chiral Oxazolinylferrocenylphosphinesand
One of Their Ru(1I) Complex
Y . ARIKAWA, M. UEOKA, K. MATOBA, Y. NISHIBAYASHI,

M.HIDAI and S. UEMURA, j? Organomet. Chem., 1999,
572, (2), 163-168

Chiral oxazolinylferrocenylphosphines were shown to
be efficient ligands for the Ru(I1)-catalysed asymmetric transfer hydrogenation of alkyl aryl ketones
and alkyl methyl ketones to give the corresponding
alcohols in moderate yields with moderate-to-good
enantiomeric excesses. A new Ru(I1) complex containing a chiral oxazolinylferrocenylphosphine was
prepared and is active for this hydrogenation.

A Recyclable Ru-Based Metathesis Catalyst
1. s. KINGSBURY, J. P. A. HARRITY, P. J. BONITATEBUS and
A. H . HOVEYDA, 3. A m . Chem. soc., 1999, 121, (4),

791-799
A Ru carbene complex that contains an internal metaloxygen chelate was shown to be an active metathesis
catalyst. The complex was readily obtained by the
sequential treatment of CI,Ru(PPh,), with (2-isopropoxypheny1)diazomethane and PCy, (Cy = cyclohexyl). This Ru catalyst is stable to air and moisture, and can be recycled in high yield. This complex
is the first recyclable Ru-based system that catalyses
an efficient homogeneous olefin metathesis reaction
with no detectable loss of activity on reuse.

Syntheses of Ruthenium(I1) Complexes
Containing
Polyphosphine
Ligands
and Their Applications in the Homogeneous
Hydrogenation
K.-M. S U N G , S . H U H a n d M . - J . J U N , Polyhedron, 1998,18,

( 3 4 ) , 469-479
Polyphosphine Ru(I1) complexes, RuHCI(CO)(etp),
RuHCl(CO)(tdpme) and RuHCl(PP,) [where etp
= PhP(CH2CH,PPh,)2; tdpme = CH,C(CH,PPh,),;
PP, = P(CH,CH,PPh,),], were prepared from
RuHCl(CO)(AsPh,), and were used as catalyst precursors in the homogeneous hydrogenation of cyclohexene, cyclohexanone, propanal and 2-cyclohexen1-one. These Ru(1I) complexes show enhanced
catalytic activities in comparison with monodentate
or bidentate phosphine or arsine analogues.
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FUEL CELLS
Morphology of Carbon Supported Pt-Ru
Electrocatalyst and the CO Tolerance of
Anodes for PEM Fuel Cells
and A. S . LIN, 3. l'hys.
Chem. B, 1999, 103, ( l ) , 97-103
Commercial 20% Pt-10% R d C and synthesised 10%
Pt-5% RuiC (YZU) catalysts at a Pt:Ru atomic ratio
of 1:1 were examined for C O tolerance for applications in polymer electrolyte membrane fuel cells. Both
half-cell tests under 250 ppm of CO/H2 and singlecell tests under 100 ppm of CO/HI showed that the
YZU catalyst had a smaller increase in the overvoltage at a given current. X-ray absorption spectroscopy
studies showed no Pt-Ru metal-metal interaction in
the commercial catalyst, and only RuO, signals were
observed. In contrast, the YZU catalyst contained a
Pt-Ru bimetallic interaction. It was considered that
the Pt-Ru alloy structure has better C O tolerance than
the non-alloyed Pt-Ru structure.
S. D. LIN, T.-C. HSIAO, J.-R. CHANG

GLASS TECHNOLOGY
Investigating the Concept of Direct Heated
Platinum Systems
M. BOTTGER, Glass, 1999, 78, ( l ) , 25-26
Direct-heated Pt systems (DHPS") used in the glass
industry worldwide are described. The heating of the
Pt tubes comprising the feeder is very important. T h e
DHPS" concept is based on distributing one or more
current supply electrodes to the Pt-tube, around its
circumference, and attached at precise, geometrically
defined points on the tube contact ring. This achieves
a temperature which does not vary by > 1°C over
the entire tube cross-section.

ELECTRICAL AND ELECTRONIC
ENGINEERING
Observation of a Square Flux-Line Lattice
in the Unconventional Superconductor
Sr,RuO,
T . M . RISEMAN, P. G. KEALEY, E. M . FORGAN, A. P .
MACKENZIE, L. M. GALVIN, A. W. TYLER, S. L. LEE, C. AGER,
D. MCK. PAUL, C . M. AEGERTER, R. CUBITT, Z. Q. MAO,
T . AKIMA and Y . MAENO, Nurure, 1998, 396, (6708),

242-245
Small-angle neutron-scattering measurements of magnetic flux lines in the perovskite superconductor
Sr,RuO, are reported. The magnetic flux lines form
a square lattice over a wide range of fields and temperatures, as previously predicted by a theory of pwave superconductivity in Sr,RuO,. The theory also
indicates that only a fraction of the electrons are
strongly paired and that the orientation of the square
flux lattice relative to the crystal lattice determines
which parts of the 3-sheet Fermi surface of this perovskite material are responsible for superconductivity.
T h e results suggest that superconductivity resides
mainly on the 'y' sheet.
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NEW PATENTS
ELECTROCHEMISTRY
Water Electrolysis Cell
Japanese Appl. 101273,791
A H,O electrolysis cell consists of a solid polymer electrolyte, such as a fluororesin type cation exchange
membrane, flanked on two sides by a catalyst coated
anode and cathode. The catalytic layer of the anode
contains a mixture of Ir and Ru oxides formed by
hydroxide co-precipitation.The cell voltage is reduced,
and an improved H,O electrolysis cell is obtained.

JAPAN ENERGY CORP.

Deodorising Apparatus
Japanese Appl. 101263,367
A deodorising apparatus for semiconductor plant,
motor vehicle interiors, etc., has an insulator provided
with a Pt wire heater in holes through which surrounding gas passes and is oxidised by heating at
300-400"C. Gases, such as NH,, H2S,uimethylamine
and methyl mercaptan, are efficiently deodorised at
the high oxidation temperature. As a large thermal
protection structure is not required (because of the
insulator) the size of the apparatus is reduced.

AIWA K.K.

Hydrophobic Electrode

Oxygen Sensor for Exhaust Gas Purification

PERMELEC ELECTRODE LTD.

TOYOTA CHUO KENKYUSHO K.K.

Japanese Appl. 101280,183
A hydrophobic electrode for gas diffusion has a conductive base with a top composite plated layer, which
consists of hydrophobic F compounds, such as fluororesin, fluoride pitch, etc., and Pt. T h e base is
immersed in a plating bath containing a Pt compound,
a hydrophobic F compound powder and a surface
active agent. The electrode has high corrosion resistance and increased electrode efficiency.

Japanese Appl. 101282,046
A solid electrolyte 0 ,sensor for an exhaust gas purification system has a Pt electrode and an oxide ion conductive solid electrolyte. A sensor, chosen fkom Groups
11, 111, V, VI and VIII, is coupled with Pt on the surface exposed to gas for detection. This minimises variation in the electromotive force in the downstream
side of the catalyst to allow control of the exhaust gas.

APPARATUS AND TECHNIQUE
Electrolytic Ozone Generator
World Appl. 98140,535A
An electrolytic ozone-generating apparatus comprises
an ozoniser, anode and cathode H 2 0boxes, an equilibrium device and circulating tubes. Cathodic catalyst sheet is made by moulding a paste of 5-1 5 wt.%
Pt in Pt/C in PTFE and H 2 0at SO%, an anodic catalyst sheet is made from PbO, with PTFE, and a
porous anode current-collecting sheet from T i coated
with Pt, Sn and Sb oxides. It gives stable operation
with high ozone generation efficiency under pressure.
UNIV. W H A N

HETEROGENEOUS CATALYSIS
Exhaust Purification Catalyst
NISSAN MOTOR CO. LTD.
British Appl. 2,322,309A
A catalyst comprises a substrate coated with porous
carrier grains supporting Pd and/or Rh and grains
including (Lal-,A,), .Bob containing Pt andlor Pd,
where A is Ba, K and Cs; B is a transition element
such as Fe, Co, Ni andor Mn; x = 0-1, a = 0 4 . 2 and
b is a number where the net electric charge of the double oxide becomes 0. T h e catalyst has good NOx
absorption capacity and can purify NOx in 0,-rich
exhaust at high temperature over a long period.

Nitrogen Oxide Trap

Two-Cycle I.C.E. Control System

FORD GLOBAL TECHNOLOGIES INC.

SANSHIN KOGYO K.K.

U S . Patent 5,836,155
A two-cycle I.C.E. control system has a sensor which
is placed inside the Pt-coated accumulator chamber
of the engine. The catalytic layer of Pt acts as a catalyst to accelerate the oxidation of oil and exhaust
gases to prevent contamination of the sensor. The sensor provides accurate signals of engine running conditions; the combustible gases are not diluted with
fresh charge air but are able to purge cycle-to-cycle
and to provide cycle-by-cycle information.

European Appl. 857,5 10A
NOx trap useful for trapping NOx present in exhaust
gases generated during lean-burn operation of I.C.E.
comprises: a porous support; a catalyst comprising
2 30 wt.% alkali metal selected from Na andlor K,
and a 0.2-4 wt.% Pt catalyst, both relative to the
porous support. The trap and its specific arrangement
in the exhaust system are also claimed. S poisoning
of the trap is greatly reduced, and the trap can sorb
NOx without forming sulfates.

Electrode Wire for Ozonisers

Tertiary Amine Preparation

TANAKA KIKINZOKU KOGYO K.K.

European Appl. 869,l 13A
Mono- or polyfunctional tertiary amines are prepared
from nitriles by reaction with secondary amines and
H, over a Pd-based catalyst, comprising 0.1-10 wt.%
Pd and 0.01-10 wt.% of at least one other metal,
selected from Groups IB and VIII, Ce and La, on a
carrier. The catalyst has a longer working life and better long-term stability than prior catalysts and gives
good conversion and selectivity.

Japanese Appl. 101251,003
Electrode lead wire for ozonisers is produced by electrodeposition of ceramic material on a Pt wire, followed by baking the coated wire. T h e wire can withstand high voltage. It has high dimensional accuracy
and uniform coat thickness along peripheral and longitudinal directions. The film thickness of the ceramic
is controlled and electrodeposition time is reduced.
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BASF A.G.
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High-Frequency Heating Catalyst

Removal of Nitrogen Oxides in Exhaust Gas

European Appl. 872,9 11A
A high-frequency heating catalyst, useful in cleaning exhaust gases of harmful substances at low temperatures at the start-up of an I.C.E., comprises a
high-frequency absorbing layer and an insulating material on a high-frequency absorbing substrate with a
Pd, Pd-Rh or Pt-Rh catalyst. T h e high-frequency
absorbing layer is made of an electroconductive metal
oxide and an insulating material with an impedance
adjusted to the characteristic impedance of a medium
through which a high-frequency wave is transmitted, such that reflection power ratio is 2 10 dB.

EBARA COW.
World Appl. 98146,334A
NOx is removed from an exhaust gas by adding NH,,
in an amount 0.5-3 times the total amount of the NO
and NO, stoichiometric amounts, to an exhaust gas
generated by chemical vapour deposition during semiconductor processing and containing NIO, NO and
NO,. The mixed gas is brought into contact with a
noble metal catalyst, such as Pd/AI,O,, at a temperature high enough to decompose NOx. The treatment
of N,O, NO and NO, can be carried out in one step
and the method generates no newly produced N,O.

ZEXEL CORP.

Palladium Nanoparticle Sol
HOECHST RES. & TECHN. DEUT. G.m.b.H.& CO.

European Appl. 879,642A
Soluble nanoparticles containing Pd, optionally with
Groups IB and VIIIB metals, are embedded in a protective colloid which contains a polymer with betaine
groups. The resulting sol is applied to a catalyst support by dipping, spraying, immersion, impregnation,
spray drying or spin coating. The nanoparticles have
improved stability and the catalyst is used for the production of vinyl acetate.

Phenol Preparation
European Appl. 885,865A
Phenol is prepared by oxidation of an aromatic compound with 0,and HZin the liquid phase in the presence of a supported catalyst consisting of a Group
VIII metal selected from Pt, Pd, Rh, Ru and/or Ir and
of a V compound. The reaction is carried out further
in the co-presence of a diketone compound. Phenol is
produced without any by-products in high selectivity
with high catalytic activity for extended duration.

TOSOH CORP.

Carboxylic Acid Production
European Appl. 885,870A
A carboxylic acid and/or a carboxylic acid anhydride
are produced by contacting a composition of an alcohol andlor a carboxylic acid ester, optionally H,O, a
first hydrocarbyl halide promoter andlor a hydrocarbyl ether reactant and a second hydrocarbyl halide
promoter with CO in the presence of a catalyst comprising an insoluble imidazole-containing resin supporting a Group VIII metal species, such as Rh and
Ir compounds. Acetic acid and acetic acid anhydride
production is claimed.

BP CHEM. LTD.

Hydroxylammonium Salt Preparation
DSM N.V.
World Appl. 98/18,7 17A
A process for preparing a hydroxylammonium salt (1)
comprises catalytic reduction of nitrate ions in an acid
medium with a supported Pd and/or Pt catalyst which
includes t 0.00025 mmol of halogen ions per m' of
the catalyst metal surface area. A process where the
catalyst is treated with I, Br, C1, etc., andlor halogenated aliphatic, aromatic, etc., branched or linear
hydrocarbons with 1-12C atoms, is also claimed. The
catalysts retain enhanced selectivitytowards hydroxylammonium salt after prolonged use. (1) are used for
production of oximes from ketones or aldehydes.

Platinum Metals Rev., 1999, 43, (2)

Synthesis Gas Production
World Appl. 98146,524A
Synthesis gas is produced by reacting a C-containing
organic compound with C 0 2and/or steam in the presence of a catalyst comprising 0.00054.1 molar % Rh,
Ru, Ir, Pd andlor Pt (metal equivalent with respect
to metal oxide carrier) supported on an oxide carrier.
The catalyst specific surface area is I 25 m' g ' and
the electronegativity of the metal ion in the carrier is
2 13.0. The catalyst C precipitation activity is regulated to a very low value, so that C precipitation is
suppressed over long periods even under pressure and
synthesis gas is continuously produced in high yield,
using small-size equipment, at reduced cost.
CHIYODA C O W .

Manufacturing Isobutanol
U S . Patent 5,8 11,602
Isobutanol for use in the production of potential high
octane oxygenates for gasoline engines, is manufactured by contacting a catalyst, comprising Pt and/or
Pd supported on three-phase mixed-oxide crystallites
containing Zr, Mn and Zn, with MeOH feed containing ethanol, n-propanol, ethylene and/or propylene and synthetic gas. A method for incorporating
a light olefin into alcohol to prevent MeOH decomposition with reactant steam is also claimed.
EXXON RES. & ENG. CO.

Diesel Engine Catalyst
TOYOTA JIDOSHA K.K.
Japanese Appl. 101202,103
A catalyst for oxidising exhaust gases for diesel engines
contains Pt particles, 5-50 nm in grain size, carried
by heat treatment carrier particles. Due to the large
Pt particle size, SO, oxidation activity is lowered. The
porous carrier absorbs hydrocarbons and the high
hydrocarbon oxidation ability of the catalyst is maintained in the low temperature region. CO and soluble organic components are purified. Discharge of
sulfate is reduced by suppressing sulfate oxidation
activity over high temperature ranges.

Exhaust Gas Cleaning Catalyst
NISSAN MOTOR CO. LTD.

Japanese Appl. 101286,462

An internally structured catalyst for I.C.E. comprises

catalytic components of Nb-Ca-Zr composite oxide
layers carrying Rh and X-Ce-Zr (X is Pr, Y,La and
Nd) composite oxide layers carrying Pt. This gives a
catalyst with improved high temperature durability,
excellent low temperature activity and purifying
performance, and a high resistance against catalytic
poisons and sintering.
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Vinyl Acetate Preparation

Solid Polymer Type Fuel Cell Production

German Appl. 1/97/21,368
A method for producing vinyl acetate involves the use
of a novel shaped body for noble metal supported catalyst systems in gas phase oxidation of ethylene and
Mgs
acetic acid. The body consists of porous HiFlow@
made from ceramic materials, such as SiO,, Al,03,
TiO,, ZrO, or their mixtures, covered with a layer of
Pd/Au/K, Pd/Cd/K or Pd/Ba/K. The method gives
increased catalyst usage and space-time yield.

MATSUSHITA ELECTRIC IND. CO. LTD.

HOECHST A.G.

HOMOGENEOUS CATALYSIS
Preparation of Azithromycin
European Appl. 879,823A
The azithromycin, a macrolide antibiotic, is prepared
from an imino ether by reduction and reductive methylation carried out sequentially with a Pt group metal
catalyst and H2in the presence of formaldehyde. Both
reactions are carried out in the same reaction vessel.
The Pt group metals are Pd, Pt, Rh or Ru and the
process is conducted in the presence of acetic acid,
formic acid or ethanol. The acidity is controlled using
a buffer, such as Na acetate. The process requires
milder conditions and a purer product at a higher yield
is obtained. The catalyst can be recycled and reused
several times.
HOWONE INTER.LTD.

Methylindoline Compounds
IHARA CHEM. IND. CO. LTD.

World Appl. 98/45,26lA

Preparation of 5-methylindolines (1) compriseshydrogenating a 5-formylindoline in the presence of a
Pd catalyst in an inert solvent. (1) can be prepared
simply in high yields and are intermediates for pharmaceuticals.

Heteroaromatic Olefins
Word Appl. 98149,128A
A heteroaromatic olefin is prepared by arylating an
aliphatic unsaturated compound using an aromatic
or heteroaromatic carbonyl compound as the arylating agent in the presence of PdCl,, PdBr,, PdI,,
Na,PdCl,, Pd(OAc),, etc., and a halide, preferably,
NaBr. The process uses no surfactants and salt formation is prevented. It is used for preparing agrochemical and pharmacological intermediates, such as
methyl cinnamate or 2-vinyl-6-methoxynaphthalene.
DSM N.V.

FUEL CELLS
Fuel Cell Electrodes
DE NORA S.P.A.
European Appl. 872,906A
Anodes and cathodes for use in polymeric membrane
fuel cells comprise an electroconductive porous and
planar substrate with a pre-layer formed by C mixed
with a first hydrophobic binder containing a catalytic
layer formed by a catalyst mixed to a second
hydrophobic binder. The catalyst is made of pure Pt
or a Pr alloy dispersed on a high surface area C in the
range 30-40 wt.% of noble metal and 10-20 wt.%
binder. The hydrophobicity of the applied layers can
be adjusted to improve the H,O balance of the process.
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European Appl. 874,4 13A
Electrodes are formed on both sides of a solid polymer electrolyte membrane by coating with a mixed
liquid containing an organic solvent, a noble metal
catalyst supporting C powder and a colloid of a solid
polymer electrolyte, 1 to < 400 nm in size, adsorbed
on the C powder. A gas diffusible layer is present
between the membrane and the electrode.This assembly and the fuel cell produced are also claimed.

PEM Fuel Cell Catalyst
DEGUSSA A.G.
European Appl. 880,188A
A CO tolerant anode catalyst for a PEM fuel cell,
comprises a finely divided conductive support bearing Pt and Ru in a highly dispersed unalloyed form,
the crystallite size of Pt being < 2 nm and that of Ru
< 1 nm. Also claimed is production of the catalyst
adding aqueous
by suspending the support in HzO,
Pt and/or Ru compound solutions, adjusting the pH
to 7-9, depositing the Pt and/or Ru using a reducing agent, followed by filtering and drymg at 2 200°C.
The catalyst allows the CO contents in the reformed
gas supply of the fuel cell to be > 100 ppm, without
significant fuel cell power losses. It is useful for
traction batteries for vehicles.

Two-Part Catalyst for Fuel Cells
UNIV. CHICAGO
World Appl. 98155,227A
A two-part catalyst comprises a dehydrogenation portion selected from a Group VIII metal, especially
Pd and/or Pt, and an oxide-ion conducting portion
selected from a ceramic oxide crystallising with a fluorite or perovskite structure. The catalyst is used for
forming a H,-rich gas from a hydrocarbon fuel, especially in fuel cells, and fuel is used to contact the
catalyst at 2 400°C for a time sufficient to generate
the gas while maintainingthe CO content to < 5 vol.%.
The catalyst provides effective conversion to Hzrich
gas while minimising formation of CO,.

Methanol Fuel Cell
Japanese Appl. 10/255,831
A methanol fuel cell, with high output, has an electrode composed of an intermetallic compound of a
Pt group metal and a rare earth metal. The intermetallic compound for the electrode has a -CF,SO,group and forms a Lewis acid which is present in effect
in high dispersion on the catalyst. This results in an
enhancement of the activity of the MeOH oxidation
reaction.

ASAHI GLASS CO. LTD.

Polymer Electrolyte Fuel Batteries
Japanese Appl. 101270,057
The fuel battery includes Pt-Ru catalyst layers between
a polymer electrolyte film and a fuel pole. Two catalyst layers are produced, one in contact with the polymer electrolyte film contains < 50 wt.% Ru, and the
other, in contact with the fuel pole, contains t 50 wt.%
Ru. The pollution of the catalyst in the fuel pole by
CO, present in the heating gas, is prevented. The
battery has excellent voltage characteristics.
TOSHIBA K.K.
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Palladium Alloy Membrane Foil

Electrically Conductive Film

DBB FUEL CELL ENGINES G.m.b.H.

ASAHI GLASS CO. LTD

German Appl. 1197138,513
A Pd alloy membrane foil for H, separation is prepared by alternate electrodeposition of alloy component layers. The Pd alloy contains Groups VIII or
IB metal. The membrane is especially used for high
purity H, separation from MeOH reforming product
gas for supplying fuel cell systems for motor vehicles.
This method for production of foil results in thinner
membranes which give better H, permeation rates.

Thin Film Recording Medium

ELECTRICAL AND ELECTRONIC
ENGINEERING
Ferroelectric Capacitor
sow COW.

European Appl. 875,9 38A

An electronic material, Pd,(Rh,o,,,Pt,Ir,Ru,),O,,
contains: a = 20-70; b = 10-40; c = 15-60; x , y and
z a n d x + y + z = 0-100 a n d a + b + c = 100, all in

at.%. It is used as the lower electrode in dielectric
capacitors, in memory cells and as diffusion-preventing
layers. A semiconductor device, also claimed, allows
greater choice of processing temperatures and hightemperature annealing so PZT and SBT may be used
as dielectrics. Diffusion between semiconductor
diffusion layers and overlying plugs is prevented.

Conductive Circuits on Glass
European Appl. 884,934A
Conductive circuits have a substrate comprising a Ni
layer (of Ni or Ni-P) and a Pd layer (of Pd or Pd-P)
deposited on a glass substrate, both preferably by electroless plating, with an electroplated layer deposited
on the Pd layer. The electroplated layer is Au, Ag,
Cu, Ni, Pt, Pd, W or Mo. The circuitry is formed with
good adhesion without requiring high temperature
processing of the glass which can result in warp or
strain within the glass.
CANON K.K.

High Coercivity Magnetic Recording Medium
UNIV. NEBRASKA-LINCOIN
US.Patent 5,824,409
A magnetic recording medium has a coercivity of
3000-6300 Oe, and comprises a substrate and a magnetic recording layer composed of alternate thin film
layers of Pt, Fe or Co, which are deposited by sputtering and then vacuum annealed. The recording layer
has a high anisotropy ordered FePt or Copt phase
(CuAuI structure) film. The easy axis is in the film
plane, and the grain size is I 15 nm. The medium has
high coercivity, an areal density of 10 Gb in-?,and a
h e grain size, which allows increased data storage.

Magnetic Recording Medium
US.Patent 5,830,569
A magnetic recording medium (1) comprises a V-contaking underlayer and a CoPtO-based alloy magnetic
film, which has a crystalline phase and an amorphous
phase with more 0,in the crystalline phase. (1) has
a large coercive force and an appropriate coercive force
rectangularity ratio. It is suitable for high density
recording even when the magnetic film is thin.
TOSHIBA K.K.
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Japanese A&. 101237,665
An aqueous solution for forming electrically conductive coatings, for CRT tubes, contains dispersed
fine alloy particles (5 100 nm in size) selected from
at least two metal salts of Pt, Pd, Ru, Ag, Ni, Cu, and
Au and necessary additives. The films formed have
excellent electromagnetic wave shielding properties,
coating durability and chemical resistance.
AKASHIC MEMORIES COW.Japanese Appl. 101269,550
A metallic thin film magnetic recording medium for
H D D has a magnetic layer comprising (in at.%): 3-6
Ni, 10-15 Cr, 6-7 Ta, 2-3.5 Pt and balance Co.
The medium reduces noise generation, has a high
coercive force, and has improved data recording and
regeneration characteristics.

MEDICAL USES
Dental Silicone Composition
World Appl. 98140,043A
A room temperature curable dental Si composition
for the manufacture of a dental impression material
comprises a mixture of a polyorgano-hydrogen-siloxane, a silicone polymer, a vinyl siloxane/Pt/Pd catalyst complex, and inorganic fillers. The catalyst is a
complex of 1,3-divinyltetrarnethyldisiloxaneand
H,PtCI, doped with Pd, and contains 1.1-1.2% Pt
and 500-600 ppm Pd. Outgassing of H,is prevented.
T h e material can also be used for making other
moulded articles, such as lithographic plates, release
liner, reflecting sheeting, adhesives, etc.

JENERICiPENTRON INC.

Palladium Dental Alloy
DEGUSSA A.G.
World Appl. 98144,894A
Ag-Pd alloys consisting of (in wt.%): 45-60 Ag, 30-45
Pd, 0-5 Au, 0-5 Pt, 0-3 Ge, 0-3 Cu, 0-7 Ga, 0-5
Co, 0-1 Mo, 0-1 Ir, 0-1 Ru, 0-1 Re and 0-6 In, Sn
or Zn. The alloy also contains 0-1 In with 1-6 Sn
and 2-6 Zn or 3-6 In with 0-4 Sn and 4-6 Zn. The
alloy is used in the production of low melting dental
ceramic with a coefficient of expansion of- 16.5 pn
m-l K-'. It is used as tooth replacement, being corrosion resistant and biocompatible.

Titanium-Nickel-PalladiumDental Alloy
FURUKAWA ELECTRIC CO. LTD.

Japanese Appl. 101251,78 1
A cast clasp for denture bases or partial dentures consists of Ti-Ni-Pd series alloy and contains (in at.%):
49-52 Ti, >15 Pd and the remainder Ni with unavoidable impurity. The alloy shows super-elasticity at body
temperature and below. The alloy preferably contains
5-10 at.% Pd in which the transformation temperature is low and stable super-elasticity can be obtained;
at 7-8 at.% Pd, the super-elasticity is most stable.

The New Patents abstracts have been prepared from
material published by Derwent Information Limited.

92

