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Platinum Metals Review
Welcome to our redesigned Journal. We hope you like its appearance and that it becomes as
easily recognisable and familiar as our former design. Our Journal was founded back in 1957,
when the board of Johnson Matthey decided to produce a publication, Platinum Metals Revietv, to
support scientific research in the platinum group metals.
While our design has changed, the aims of Platinum Metals Reziew remain the same: to encourage
the efforts of scientists and technologists around the world who use platinum group metals in
the course of their daily work. The contents of the Journal have always been written by scientists
for scientists, to support their endeavours, to demonstrate the vast range of industrial uses to
which the platinum group metals can be put and to give scientists an opportunity to report on
their efforts.
Over the years, the Journal has been able to follow the development of automobile catalysts, to
watch the growth in the use of platinum drugs in anticancer treatment, to record progress in fuel
cell technology, and latterly to report the rise of nanotechnology and combinatorial chemistry,
and the great expansion of catalyst technology in general. Recently, chemistry has been most
prominent in the subjects o n which we publish papers, but whenever we have an opportunity we
do publish papers on metallurgy and on some of the fundamental properties of the metals. Our
papers and articles continue to be what you, our readers and authors, are interested in and write
about: reviews of work, some new research, book reviews and conference reviews.
O f course, we are not able to cover all aspects of the science of the platinum group metals, but
we do try. We seek to encourage both established researchers and those new to working with the
platinum metals. Indeed, you are most likely to find your interests within the papers in the
Abstracts section, which is produced each quarter from new literature searched for by my
colleagues Pavla White and Keith White. In this section we aim to draw attention to some of the
wide range of work being published. The New Patents literature, again, is chosen from the large
numbers of patent applications published each quarter relating to new and improved industrial
uses in platinum metals technology.

Platinum Metals Reziew is freely accessible on the Internet at http://www.matthey.com and
http://www.turpin-distribution.comand has recently become available via ChemWeb. We will
let you know as further facilities become available on our part of the Johnson Matthey website.
The addresses of some Johnson Matthey offices around the world are on our inside back cover
and further information can be found on the Johnson Matthey website. The Journal can be
contacted by e-mail at jmpmr@matthey.com. We are always interested in hearing from our
readers, listening to their views and meeting them at conferences.
Finally, our Journal size, which we have kept from the very first issue, was chosen to fit easily
into a briefcase, and our last cover design was adapted to withstand coffee cup stains. Happily,
these two features remain with our new design. It only remains for me, on behalf of Pavla and
Keith to wish you all a very happy Millennium and much success with your work.
Susan V. Ashton
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“Shlp-in-Bottle“ Catalyst Technology
NOVEL TEMPLATING FABRICATION OF PLATINUM GROUP METALS NANOPARTICLES AND WIRES
IN MlCRO/MESOPORES
By Masaru lchikawa
Catalysis Research Center, Hokkaido University, Sapporo, Japan

Thefabrication of nanostructured materials, such as nanometre-sized particles and wires,
which are potential building blocks f o r tailored metal catalysts and electronic devices, is a
major challenge currently being investigated. During the last ten years, “ship-in-bottle’’
catalyst technology using zeolitic crystals as microsized reactorsfor the templatefabrication
of metal clusters, nanoparticles and wires has been developed. This novel technology f o r
cluster manipulationgives an ordered basisfor better control ofparticle size, metal compositions
and morphologv.A variety ofplatinum metals carbonyl clusters has been synthesised, extracted
and characterised, and transformed into nanoparticles and nanowires encapsulated in
micrdmesoporous cavities and channels. The resulting nanostructuredplatinum metals exhibit
higher catalytic performances and stabilitiesfor various catalytic reactions as well as having
unique magneticpmperties, compared with conventional metals. An overview of this technology
and recent developments resulting in excellent catalyst performances are described.
Platinum group metals are widely used in
commercial catalysts for the petrochemical industries (oil refinery, fine chemicals and 0x0
processes), for controlling vehicle emissions
(three-way and deNOx) and in fuel cells OEM/
SPE and PAFC). Their catalyuc performances
depend on the state of metal dispersion (measured
by particle sizes and distribution), their structure
(shape and morphology), the metal compositions
(indicated by geometric and spatial spectra), and
the metal-support interactions (such as between
metal oxides and carbon). The dispersion and the

morphology of the platinum metals and their alloys
can be controlled by the correct selection of the
metal precursors and the supporting materials and
by the method of preparation. The conventional
preparation of catalysts is based on prior knowledge to control the complex inorganic reactions of
the metallic salts - their impregnation, calcination
and reduction. However, such catalyst technology
is not rigorous enough in some instances to produce catalysts with optimum performances and
stabilities for industrial processes.
During ?le last decades, pioneering work to

I
Fig.I Some platinum metals clusters used as molecular precursors for tailored metal catalysts.from the lefr:

Rhr(co)ll,[Fe2Rhk(CO),J1-,
[Pt,l(CO)3.~and [Pt19(co)2~c
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Table I

Typical Cages and Channels with Molecular Dimensions

I

Material
Zeolite: faujasite NaY
Zeolite: faujasite NaX
Zeolite: ALPO-5
Mesoporous sieve materials: FSM-16
FSM-16

Pore type
Micropore
Micropore
Micropore
Mesopore
Mesopore

develop tailor-made catalysts has been undertaken
using molecular precursors, such as metal clusters,
grafted onto metal oxide supports for better control of the catalyst, see Figure 1 (1-4). The relevant
chemistry, characterisation and catalytic performances of surface-grafted metal clusters has been
extensively reviewed by Gates (l), Basset (2) and
Ichikawa (3). More recently, the microsized cavities
and channels of porous materials, such as zeolites
and layered clays, have been proposed as the “ultimate reaction vessel” to synthesise metal clusers by
templating (3, 5, 6). (These reactions can also be
carried out in solution, but d o not proceed selectively.) This has been called the “ship-in-bottle”
synthesis, being the molecular analogy of the tricky
construction of a model ship from its component
parts inside a whisky bottle! With this new nanotechnology, metal clusters can be uniformly
prepared and sufficiently accommodated in each
micro/mesopore and channel to prevent facile
migration and cluster-sintering under the prevailing preparative and reaction conditions.
Recent progress of “ship-in-bottle” catalyst
technology, includmg the template synthesis, characterisation and catalysis by metal clusters

NaY (07nrn)

I Pore size, a, (nrn)
12 (1.2)
12
6 (0.6)
28 (2.8)
48 (4.8)

+
Notes

3D chamber, SiO2:AI2O3= 5.6
SiO2:AI2O3= 3.2
One dimensional channel
Hexagonal ordered channels
Hexagonal ordered channels

encapsulated in micro/mesoporous space is
reviewed here. This is important for establishing it
“rational” design for nanomaterials (robust clusters,
nanoparticles, nanoalloys and nanowires of platinum metals) for use in both tailored metal catalysts
and electronic/magnetic devices (7).

“Ship-in-Bottle” Platinum Metals
Clusters in NaY Micropores
Zeolites, namely faujasitcs (NaY, NaX), mordenite, ZSM-5 and ALPO-5, are aluminosilicate
and aluminophosphate crystals consisting of
microporous cages and channels of molecular
dimensions (5 to 12 A), see Table I, interconnected by smaller windows, see Figure 2.
Such micropores and ordered channels can be
regarded as “nanometre-sized microreactors”,
offering a templating space for the synthesis of
selected metal complexes, such as platinum metals
clusters. While some robust metal carbonyl clusters, such as Rh,,(CO),,,(van der \Vaal radius of 10
A) and ptll(CO)2,]L-(8 x 12 A) are unable to enter
directly into the NaY (12 8)pores through the
small window (6 A), they can, however, be s p t h e sised and encapsulated in the cages by successive

FSM-16 (28,4,8nrn)

Fig. 2 Some exumples
vf micro- mid mesoporous materials, N a y
and FSM-16, used as
templuting microreactors
,fbr “ship-in-bottle’’
synthesis oJplatinum
metuls clusteus.
nanoparticles and wires
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Fig. 3 Representation of
“ship-in-bottle synthesis oJ
Rho(CO)16metal clusters in
Nay cages by the successive
carbonylation of Rh“ ions
with CO -t H>Oor CO t H>
as the building blocks,
introduced by ion-exchange
and admission of gas. 0 is
attached to the zeolite wall
”

Ship-in-battle

carbonylation reactions of the precursor rhodium
and platinum ions with CO + Hz or CO + H20,
which act as building blocks, entering through the
window. The metal ions are introduced into the
cages by conventional ion-exchange, while some
volatile subcarbonyls and metal complexes are
introduced into the cages by the solid-state dispersion technique (8). This in situ intrazeolitic
preparation of nanomaterials, in this case
Rh,(CO)16and ~tlz(CO)z4]’in micropores, is the
“ship-in-bottle” synthesis, see Figure 3.
To produce %,(CO),, in Nay, ion-exchanged
Rh” in NaY zeolite was reduced with CO + H, or
CO + H 2 0 at 393 to 473 K to give the mononuclear dicarbonyl species, pul(CO),(-O-),] in Figure
3, where 0 are shared with the zeolite wall. This

P/ufinzm Metuh Rev., 2000, 44, (1)

then migrated through the zeolite channels and
undenvent a subsequent cluster-oligomerisation to
%(CO),, (6 A) and a ( C O ) 1 6(10 A), the latter just
fitting in the interior of NaY (12 A) (9, 10). This is
analogous chemistry to that occurring in aqueous
alkaline solution (11). Rhn(CO)l,was selectively produced with a minor contribution from residual
mononuclear Rh carbonyls inside NaY. Rh,(CO),,
encapsulated in a NaY zeolite cage by the “ship-inbottle” technique was well characterised by IR
bands for linear and face-bridging carbonyls, which
are different from those of Rhs(CO)leadsorbed on
NaY surfaces. Additionally, EXAFS (Extended X ray Absorption Fine Structure) data provided
evidence for the stoichiometric formation of a
hexanuclear rhodium carbonyl cluster, in good
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Table II
Platinum Metal Clusters in Micro/Mesopores, Prepared by the “Ship-in-bottle’’ Technique

I
I

Platinum metals clusters’/pore
diameter
[Rh,(CO)lz]/ALP0-5 (6 A)
[Rhs(CO)rs]/NaY (12 A)

IR bands (vcO.cm”)
(linear, bridging)

Precursor/pores (reaction)
for “ship-in-bottle’’ synthesis

2082s, 1832rn (edge)
2097% 2066w, 1760s

Rh2(CO)&IJALPO-5 (CO t HZ)
Rh3+/NaY(CO + Hz)

2095% 2048rn, 1744rn
2082s, 2040m,1816rn, 1730rn

IrVNaY (CO + Hz)
Ir(CO)2(acac)/NaY(CO + H2)

2126w, 2062s, 2044w, 1975111
2000w, 1972w, 1925rn,1743rn

[Ru(NH~)~]~+/N~Y
(CO + H2)
[RU(NH~)~]~+/N~X
(CO t Hz)

2112s, 1896rn,1841 rn
2056% 1798111
2080% 1824111
2086% 1882rn
2065% 1878111

PtVNaY (CO + HzO)at 323 K
PP+/NaY(CO + HzO)at 343 K
[Pt(NH3),lz*/NaY(CO + Hz) at 393 K
HzPtCldFSM-16 (CO + H20)
HzPtCldFSM-16 (CO + HZO)

2098s, 2060~1,
(1756-1 744)rn
2078s, 2020rn, 1980m,
1744w, 811in
2084s, 2064rn, 1989rn,1812rn

[(6-x)Rh3+ + xlP]/NaY (CO + Hz)
(x = 2-4)
[HFe3(CO)l,]-/NaY (Rhr(CO)lz)

I

I

[Pt3(CO)3(~Z-C0)3]/NaY
(12 8)
[Pt9(CO)la]2-/NaY
[Pt12(C0)zrlZ-/NaY
[Ptl,(C0)3oIz-/FSM-16 (28 A)
[Ptts(CO)r]‘-/FSM-16 (48 A)
[Rh~~lr,(C0)1e]/NaY
(X = 2, 3, 4)
[FezRh,(C0)15]2-/NaY
[ HRuCo3(CO)lz]/NaY

Ru3+/NaY(Co,(CO),

+ CO/Hz)

The metal clusters in pores have been characterised by IR, EX4FS. UV-vis spectroscopies
s = strong, m = medium, w = weak

agreement with a free molecule, in terms of coordination numbers and atomic distance.
Similarly, Ir6(CO)16in NaY cages was synthesised using ion-exchanged Ir4’/NaY with CO + H,
at 1 atm and 323 K via the intermediate formation
of Ir(C0)2and Ir4(CO)12,
in analogous processes to
those for ~ , ( C O ) , , ] / N a Y(9, 12). Gates and colleagues reported that Ir(CO),(acac) impregnated
with NaY was converted, using CO + H, at 20 atm
and 623 K, to Ir6(co)16,whereas pr6(co)15]2-was
formed in’basic NaX (Si02:A1203= 3.2) (13). In
this case, the zeolite micropores acted as a “common templating microreactor” to selectively
synthesise the homologous hexanuclear clusters in
the confined reaction space.
Sachtler and co-workers reported a new type of
palladium carbonyl cluster [Pdl3(C0),] (x is
unknown) in the supercage of a NaY zeolite (12 A)
and [Pd,(CO),] in a NaA zeolite (5 A), although
they were not fully characterised by IR and EXAFS
(14). Ichikawa and colleagues have recently extended the “ship-in-bottle” synthesis to some other
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metal clusters, such as H,Ru,(CO),,/NaY (15),
[HRus(CO)ls]-/NaY (16), ~ U ~ ( C O ) ~ ~ (17),
]~/N~X
[Ptn(CO)Is]2-/NaY
(18, 19) and [Ptl,(CO),4]Z~/NaY
(20). In particular, to produce [Pt12(C0)24]2~/NaY,
calcined Pt2’/NaY was heated from 298 to 373 K
under CO with a trace of H20.This resulted in the
successive formation of different carbonyl species
with characteristic carbonyl IR bands. By analogy
with IR data from known platinum carbonyl complexes, it was suggested that PtZ‘/NaY reacts with
CO to form PtO(C0) in NaY and a proposed Pt
trigonal intermediate species ~t,(CO),(p-CO),].
These are eventually converted, by stacking, to the
dark-green Chini complex of [Pt12(CO),4]”(2080s
and 1824m cm-’) (20).
By contrast, [pt(NH3),l2’ ion-exchanged with
NaY selectively gave the smaller, orange-brown
Chini cluster, [Ptp(C0),,]”, which has intense IR
bands at 2056s and 1798m cm-’ (19,20).
The spatial restrictions of the micropores in
NaY and NaX may hinder cluster migration and
interactions, and promote cluster isolation and
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stability. “Ship-in-bottle” syntheses may provide
opportunities for the “rational” design of discrete
platinum metals clusters of uniform size and metal
composition. Clusters already made have sufficient
stability against sintering and leaching under prevailing reaction conditions. Some encapsulated
metal clusters are listed in Table 11.

Robust Platinum Clusters in the
Channels of Mesoporous FSM-16
A new family of mesoporous sieve materials,
such as FSM-I6 and MCM-41, has been synthesised by using micelle surfactant templates, such as
alkyltrimethyl ammonium salts (21, 22). These
materials consist of ordered mesoporous channels
of diameter 20 to 100 A, larger than those of conventional zeolites. The mesoporous sieve materials
are potential hosts for robust metal clusters
aligned in the ordered channels and accessible to
larger substrates in catalytic reactions.

clusters in FSM-16, that is pt,(CO),];-/NEbCl/
FSM-16 (28 A) and [pt,(CO)6],2-/NEbC1/FSM-16
(48 A), are in good agreement with those of the
reference salt [NEb]z,]zlPt3(C0)6]s
in boron nimde,
within experimental error. By contrast, for Chini
clusters in NaY rnicropores, for example,
pt3(CO)6]P/NaYand [pt3(CO)6]3z/NaY(19, 20)
the interfacial Pt-Pt distance of the Pt, and Pt,, triangle is substantially shorter &t.R) = 2.98 to 2.99
A) than the reference compounds both in crystalline form and in solution. This is because of
compression and distortion of the bulky Chini
clusters by the small (12 A) NaY (and NaX) microcavities. Transmission electron microscopy (TEM)
observation of [Pt3(CO)6],Z/FSM-1
6 revealed that
the platinum dusters were small specks of size 10
to 15 A, uniformly scattered and aligned in the
ordered FSM-16 channels (21,22). No larger platinum particles or crystals were found on the
external surface of FSM-16.

AUoy Clusters in NaY
Chini Cluster Synthesis
Robust rod-like platinum clusters [pt)(co)6]nz and MCM-41 Cages
Bimetallic carbonyl clusters, Rh-xIrx(co)l6/
n = 5 and 6; 6 x 15 to 18 A) (the Chini complex)
NaY (x = 2-4) (9-12), ~e2Rl-4(CO)ls]”/NaY(25)
have been successfully synthesised using the mesoand [HRUCO,(CO)~,]/N~Y(17) have been
porous FSM-I6 channels (28 and 48 A) as a
host reactor (23,24). This was achieved by expos- synthesised by the “ship-in-bottle” technique and
characterised by IR, EXAFS, W and Raman specing FSM-I6 (28 A) impregnated with HzPtCI, to
troscopy, see Table 11.
CO at 323 K (22) and gave i.r-Pt(CO),Cl, and
A series of ~ & , ( c 0 ) 1 6 ] / N a Y(x = 2-4) clus[pt(CO)Cl,]-. These were then converted with CO
+ H 2 0vapour at 323 K to an olive-green complex ters was prepared by reductive carbonylation of
+ xIr4+]/NaYin CO
(23). The Chini complex extracted from FSM-16 double ion-exchanged
by cation metathesis was identified as ptlS(CO)YI]Z- + H2at 1 a m and 393 to 473 K., in the same way
by FTIR and UV-vis spectroscopy (vco = 2086s
as [Rh6(C0)16]/NaY (9, 10) and [Ir6(CO)ia]/NaY
(9, 12) were prepared. These had linear and faceand 1882m cm-’ and UV-vis reflectance at A,, =
bridging CO bands characteristic of hexanuclear
452‘and 805 nm). The Ptlscluster anions formed
metal clusters. EXAFS studies revealed that the
in FSM-16 were isolated and relatively stabilised by
formation of the bimetallic RhIr clusters was stoiusing quaternary alkyl ammonium cations N%‘ as
chiometric, with metal compositions similar to
spacing molecules.
Similarly, a larger trigonal prismatic PtI8cluster those of the starting ion-exchanged NaY. The
anion has been synthesised uniformly (24, 29) by
reduced alloy clusters Rh,Ir,/NaY (x = 2-4) were
the reductive carbonylation of H2PtCI,in FSM-16 prepared by oxidising the carbonyl clusters, folof channel size 48 A. This was characterised by IR,
lowed by reduction with hydrogen at 673-723 K.
W and EXAFS spectroscopy by analogy to the This novel preparation of hexanuclear RhIr alloy
clusters encapsulated in NaY is shown in Figure 4.
reference complex, [NEG],[P~,(CO)~]~.
The RhFe carbonyl cluster ~e,fi(CO)ls]2-has
= 3.07
The average interfacial distances &.Pd
A) between adjacent triplatinum planes for these also been prepared by the solid-state reaction of

w3+
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*z+'lC

1

Fig. 4 Representation of'RhIr
alloy clusters in Nay cages
resulting,fiom the oxidation,
followed by reduction with H?,
o f a series ofhexanuclear

Rh&(C0)16 / N a y

1 atm

-

Rh6-xlrx(CO)q6
lr6
/Nay

lNaY

pink-yellow

yellow

'Ink

bimetal carbonyl clusters:
[Rhn.JrI(CO),n](X = 2. 3, 4)
which are synthesised by the
reductive carbon.vlation of
co-exchanged Rh'+/Ir4.
in Nay
with CO + H2

0. -

co2

Rh66-XlrXlNaY

H2

0

grey

8
[Rh6-xIrX]I NaY

(x=2,3,4)

:

0=

Rh atom

lr atom

[HFe(CO),,]/NaY with Rh,(CO),, at 343 K (25), in clusters on silica, encapsulated in NaY cages (27,
an analogous reaction to that in solution between and immobilised by Fe-0 and C o - 0 bonds, respec[Fe,(CO),,]'- and Rh,(CO),, or Rh,(C0),C12. An IR tively, attached to silica or alumina surfaces.
study revealed that the active Rh(CO)? species, generated by decomposition of precursor Rh,(CO)12, Cluster Transformations to
migrates inside the NaY zeolite framework.
Nanoparticles in Micro/Mesopores
This facile migration of monometal carbonyls
After the mild oxidation of Ph,(CO),,]/NaY
results in the rebuilding of more stable bimetallic with dry 0,by heating from 293 to 473 K, IR and
cluster anions. However, groups lead by Thomas EXAFS data suggest that the Rh carbonyl cluster
and Johnson recently reported an elegant example is decomposed and converted to an oxide cluster.
of loading giant bimetal clusters, such as By successive reductions with hydrogen at 473 and
[Ru12C2(C0)
l,Cu4C12]zand [A~Ru,,C~(CO)~~C~]',
as 673 I<, a skeletal rhodium cluster formed in the
the precursors in mesopores of MCM-41 (28 A) cavity (11). EXAFS analysis showed that the rhodi(26). TEM and EXAFS data showed no evidence um hexanuclear atomic unit had been retained in
of segregation or aggregation after the pyrolysis of the zerovalent state. The coordination number
the RuCu and AgRu precursor clusters in MCM-41. (C.N.) is the same (C.N. = 3.2) as the original
15 A in [Rh,(CO),,]/NaY and the atomic distances are
The bimetal catalysts produced are
= 2.72
diameter, rosette-shaped with twelve exposed ruthe- close to those of metallic rhodium (R,Ki,Ki,)
nium atoms connected to a square base composed A). Exposure of this reduced rhodium, Rh,, to C O
of partly concealed copper atoms. These RuCu clus- at 300 K results in thc stoichiometric formation
Thus the NaY
ters are anchored by copper ions bound to four (CO:Rhl,,,d, = 2.6) of ~UI~>(CO)~~,.
oxygen bridging silanols of the mesopore lining. micropores provide the preparative and catalytic
This anchoring model for RuCu clusters on MCM- cages to accommodate the metal tlusters through
41 is analogous to that for RhFe and RuCo bimetal cyclic sequences of oxidation, reduction with H,

-
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and carbonylation with CO/H, to prevent cluster
sintering in the micropores at higher temperatures.
Robust platinum clusters, such as [pt,s(CO)M]L
in FSM-16 (28 A) and [Pt,,(CO),]’- in FSM-16 (48
A) are similarly transformed to nanoparticles by
gentle heating at 300 to 473 K in vacuum and were
characterised by EXAFS and FTIR (27, 33). The
platinum nanoparticles (size 15 to 20 A), see Figure
5, were uniformly positioned, aligned and synthesised in the ordered mesoporous channels of
FSM-16 by thermal evacuation at 573 K to remove
CO from ~tls(C0),]”in FSM-16. The channels
thus play a ternplating role in the synthesis of platinum metal nanoparticles by thermal pyrolysis of
the Chini platinum complexes, see Figure 6.

Platinum Nanowires in Mesoporous
Channels of FSM-16
we have recently reported the
fabrication of platinum nanowires in mesoporous
FSM-l channels by the photoreduction of

Z-PrOH+

Fig. 5 TEM ofplatinum nanoparticles (diameter 15 to
20 A) prepared by controlled removal of CO at 573 K f o r
5 hours f m m Chini cluster anions, [PtI(CO)o]J2-,
synthesised in FSM-Id The particles are uniformly
aligned in the ordered FSM-I6 (28 A) channels

1 x-ray

I

or

at 473K

Fig. 6 Representation of the
templated fabrication of platinum
nanoparticles prepared by the
controlled removal of COfrom
Chini cluster anions [Pt3(CO)n],,’
(n = 5, 6) in FSM-16, and of
platinum nanowires by exposure
of H,PtCI,/FSM-l6 in pmpan-2-01
and water to y-rays or UV-light
illumination

PlatinHm Metals Rev., 2000,44, (1)

Platinum nanowires

C O + H20

t

T = 323K

I

Platinum nonoparticles

9

Fig. 7 TEM ofplatinum nanowires in FSM-16
prepared by the reduction of H,PtCI,/FSM-16 with
propan-2-01 and water by y-ray irradiation at 300 K f o r
5 hours. The nanostructured wires (3 nm x 50-200 nm
long) are clearb aligned in the ordered channels of
FSM- I6 (28 Aj

HrPtCL,/FSM-l 6 in the presence of propan-2-01
‘and water (28, 29). A typical TEM image of platinum nanowires in FSM-16 (28 A) is shown in
Figure 7. The nanowires have diameters of 3 nm,
which is the pore size of FSM-16; their lengths can
range from 50 to 200 nm. The nanowires are in the
internal channels of FSM-16, not on the external
surface. The TEM also shows that the nanowires
have crystal faces, and the high resolution electron
diffraction image gives a clear fringe pattern of
Pt(l10), implying that the platinum wires consist of
a single crystal phase. The mesoporous channels of
the FSM-16 thus act as a template to fabricate the
platinum nanowires by a one-dimensional elongation of platinum crystals, see Figure 6. EXAFS
characterisation shows that the platinum nanowires and nanoparticles in FSM-16 have different
parameters to platinum foils. For nanowires, the
Pt-Pt distance and coordination number are 0.274
nm and 7.8, respectively, but 0.272 nm and 6.7,
respectively, for nanoparticles (29).
However, XANES (X-ray Absorption Near
Edge Structure) and XPS indicate that the

-

l’latinum ilfrtals &ti, 2000, 44,(1)

nanowires in FSM-16 are slightly electron-deficient
compared with platinum foil and nanoparticles in
FSM-16. This may be due to the dominant interaction of the nanowires with the inner acidic surface
of the FSM-16 pores. O n exposure to UV-light,
TEM and GXAFS studies show that platinum
nanoparticles (- 1 to 2 nm diameter) are initially
formed by the photoreduction of the platinum
cations impregnated in the mesopores. PtCl,,],]”
ions then migrate to the vicinity of the nanoparticles and are reduced on their surfaces to grow and
elongate as nanowires in the confined FSM-16
channels, see Figure 8.
Ryoo has also reported the thermal preparation
of platinum nanowires in MCM-41 by a stepwise
hydrogen reduction of platinum ions which add to
pre-reduced Pt/MCM-41 at above 823 K (30).
Magnetic susceptibility measurements on samples of platinum nanowires and nanoparticles of
2 nm size encapsulated in FSM-16 were performed
by varying the temperature from 5 to 300 I( at
30 kOe using a SQUID magnetometer (28). The
inverse s,usceptibility of the platinum nanoparticle/FSM-l6 was found to obey the Curie-Weiss
law with magnetisation 1.54 y,/gram of Pt and
Curie temperature, 8 = 0.05 K, see Figure 9. By
contrast, for platinum nanowire/FSM-l6, below
100 K, a Curie-Weiss law dependency was
0.131 pJgram of
observed with magnetisation
Pt, and Curie temperature, 0 = 0.48 K. There is a
clear deviation from the Curie-Weiss law above 100
K. This unique superpara-like mapetism of the
platinum nanowire/ FSM-16 can be explained by
the quantum size effect o r spin-ordering due to the
one-dmensional morphology characteristic of a
nanowire, and may be based on a quantum confinement effect in the narrow wire and heterocoupling between internal mesoporous channels of
FSM-16.
Separating the platinum nanowires from the
FSM-16 was attempted by dissolving FSM-16 with
aqueous H F or NaOH solution, but the nanowires
decomposed to form platinum aggregates. The
platinum nanowires were successfully extracted
when [NBu,]Cl in a benzene/ethanol solution was
used. TEM-EDX showed that the nanowires were
pure platinum with no silicon, indicating successful
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-

-

in

Fig. 8 The growth mechanism of
platinum nanowires:
(I) photoreduction of [PtClJions to platinum nanoparticles in
the ordered mesoporous channels
of FSM-I6 and
(2) [PtClJ'- ions and platinum
carbonyl species migrate to the
vicinity of the preformed
nanoparticles, where they are
reduced on the nanoparticle
surfaces, to grow and elongate as:
(3) nanowires in the FSM-I6
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(3)
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Pt nanowire

2-PrOH

FSM -16

2-PrOH

H,O
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platinum nanowires/FSM-16 (28,29), pt12(C0)24]2-/
NaY and on [PL,(CO),~]~/N~Y
(12 A) (31).
As shown in Table 111, pt,5(CO)m]Lcluster
anions in FSM-16 exhibited remarkably high activCatalytic Reactions
ities to form an equimolar mixture of CO, and Hz
The catalytic performances of encapsulated at 298 to 323 K, compared to the Pt,, and Pt,cluster anions in NaY. The higher activity of the Ptri
platinum nanomaterials have been investigated as
cluster anions in FSM-16 is probably due to the
functions of their morphology, structural confineflexible cluster frameworks, similarly seen in solument and cluster-support interactions.
tion, compared with the Pt,, and Pt9 clusters
Water Gas Shift Reaction
confined in the NaY micropores. The turnover
rates FOE mol(CO,)/Pt surface atom/min) for
The water gas shift reaction (WGSR) has been
recently studied on [ P t l 5 ( C 0 ) , , ] " / ~ ~ ~ + / F S M - l 6the WGSR at 323 K for platinum nanowires (2.8
nm x 100-200 nm long)/FSM-16 (28 A), were 60
(23, platinum nanoparticles/FSM-16 (28 A) (24),

removal from the €kM-16 support. The extracted
wires are probably stabilised by the [NBQ]CI
which covers their surface to form organosols.

& A A
4 A

Platinum nanowires
A &

Fig. 9 Temperature dependence
of I i X (magnetisation)for a
sample of platinum nanoparticles
and a sample of platinum
nanowire both in FSM-I 6
(2.8 nm) and prepared by the
photoreduction ofH2PtCls/FSM-16
with propan-2-01 + CO under
y-ray irradiation at 300 K for
5 hours. All the samples were
measured at 5 to 300 K and
30 kOe
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Table 111

Water Gas Shift Reaction on Platinum Carbonyls, Platinum Nanowires, Platinum Nanoparticles
and Platinum, Encapsulated in FSM-16, Zeolites and on Alumina
~

Platinum catalyst

WGSR (CO t H20 + COz t Hz),
k min-I (323 K)a x

Activation energy,
kJ rnol-‘

60
23
2.1
3.8
110
1.3
0.1

20
NO
NO
40
20
48
ND

[Ptl,(CO),]‘[NEt]’/FSM-I6
(2.8 nm)
[Pt15(C0)30]2-[NB~,]+/FSM-16
(2.8 nm)
[Pt,2(C0)2,]2-/NaY (1.3 nm)
[Pts(C0),I2-/NaY (1.3 nm)
Pt nanowire/FSM-l6 (2.8 nrn)
Pt nanoparticle/FSM-16 (2.8 nrn)
PVy-Al203b

CO (200 rorr) + H:O (15 torr); TOF: (mol(CO:)/PtsurJuce arom/min). The PI surface is e.yrimcrted h? CO cltemisorprion
The catalyst was prepared b.y H: reduction at 673 K for 2 hours ufrer H:PtCI. inrpregnutio!ton y-Al,O, (4 muss 96 PI).
N D = nor determined

a

to 90 times higher than TOF on the platinum

nanoparticles (- 20 A) in FSM-16 (28 A) (29). XPS
and EXAFS data suggest that the unusually high
TOF for the platinum nanowires may be linked to
the different morphology and to a larger interaction (or contact) with the acidic surfaces of
FSM-16 channels, resulting in a bigger electron
deficiency than for FSM- 16-encapsulated platinum
nanoparticles.

The NO + CO Reaction
The Pt, and Ptlr carbonyl cluster dianions in
NaY microcavities exhibit 10 to 15 times higher
catalytic activity for N O reduction with C O to N,
and N 2 0 at lower temperatures (300 to 473 K) (19,
20), compared to conventional Pt/y-hlzO, catalyst.

When pt12(C0)24]E/NaYis exposed to N O
(150 torr), in sittl FTIR studies show that N O
breaks the intra- and intertrigonal Pt-Pt bonds on
the Pt,, carbonyl cluster - even at 298 K - to give
a trigonal intermediate “Pt,(CO),” and PtO(C0)
during formation of N z (N,O) and CO,.
Furthermore, [Pt,Z(CO)L4]2
can be reversibly regenerated from platinum carbonyl fragments, such as
“Pt,(CO),” and PtO(CO), inside NaY by reaction
with C O and water at 300 to 353 K to produce
COz. In situ ITIR and mass spectrometry studies
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suggest that N O reduction with CC) proceeds
catalytically tu g v e N,/N,O and CO, through
redos cycles of cluster-breaking-regeneration (Pt,,
t)Pt, + Pt,) under the N O + C O atmosphere. In
fact, the framework of the Pt,, clusters in NaY is
apparently retained under the stationary reaction.

CO Hydrogenation to Alcohols
Hydroformylations of ethene and propene and
C O hydrogenation were conducted at 373 to
453 K o n [Rh,]/NaY and RhFe/NaY (33, 34).
Acetaldehyde was selectively obtained as the
hydroformylation product o n [Rh,]/NaY, whik
with RhFe/NaY higher activities and selectivities
for alcohols were obtained. In particular with
RhFe/NaX, selectivities of close to 83 mol”/o for
linear alcohol were obtained in propene hydroformylation, perhaps due to being confined in the
basic NaX pores.
A reduced sample of pul,!]+p%2,]/NaYwas catalytically active for the hydroformylation of ethene
and propene with almost the same specific rates
and s e l e ~ t i ~ iast i those
~ ~ obtained on [Rh,,]/NaY,
but there were no RhFe bimetallic promotion sites
in the reaction. By contrast, bimetallic RhFe/NaY
(and RhFe/NaX) provided a good yield of osygenates, mainly ethanol and methanol, and
decreased the hydrocarbon content in the CO +
H, reaction at 623 li (33, 35). In fact, pul,]/NaY
and [Rh,.]+[Fe;]/NaY preferentially formed

12

methane and higher hydrocarbons with a minor
yield of acetaldehyde. The results are accounted
for by adjacent RhFe bimetal assemblies being
active sites for the olefin hydroformylation and the
CO + Hz reaction to synthesise alcohols. It has
been suggested that a two-site C O activation by
bimetal clusters (for example, RhFe, RhCo and
RuCo) o n silica and alumina is responsible for the
enhanced migratory insertion of C O into M-alkyl
and M-H bonds (M is metal) to produce oxygenates from olefin carbonylation and C O
hydrogenation, respectively (34).
Alkane Hydrogenolysis on RhIr Alloy
Clusters in NaY
The hydrogenolyses of n-butane and ethane
and benzene hydrogenation were used as probe
reactions of RhIr alloy clusters prepared from
[Rh,,lr,(CO),,] in NaY pores (1 1-13). A dramatic
decrease in hydrogenolysis activity, by four orders
of magnitude, across all the RhIr bimetallic clusters was observed as the number of iridium atoms
in the rhodium assemblies was increased; the activity for benzene hydrogenation increased slightly.
This remarkable suppression of activity was interpreted in terms of the rhodium assembly-size
effect (rhodium clusters were broken by a modest
indium atom), and of decreasing electron deficiency o f the rhodium-rich bimetal clusters in N a y
Alkane hydrogenolysis is classed as a “structuresensitive” reaction in which relatively large
ensembles of metal atoms are required to break
the multi-bonds of reactant molecules such as CO,
NLand alkanes. By contrast, benzene hydrogenation has a different response (it is structureinsensitive) to the metal composition of RhIr clusters in Nay. These results demonstrate the
important advantage of the “ship-in-bottle” technique for putting bimetallic clusters in micropores,
giving an isolated site model for heterogeneous
catalysis (3, 5).

Conclusions
Novel templating syntheses of nanomaterials
using inorganic micro- and mesoporous cages and
channels for the tailored design of platinum metals
catalysts have been discussed. Extending these
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techniques could result in nanotechnology being
used to produce nanoparticle alloy catalysts - of
PtRe, PtIr and PtCo, for example, - in zeolites and
textured carbon, with higher performances for oil
refining and for hydrogen-powered fuel cells. New
ways of synthesising fine chemicals, using the spatially confined chiral space o f mesoporous
material, implanted with platinum metals clusters,
may also result. The novel “ship-in-bottle’’ nanotechnology can provide spatial ordering and
alignment of nanoparticles and nanowires of metals and semiconductors, and for photosensitisers
for microdevices, for electronics, magnetics and
non-linear optics. Further research would help to
explain the dependence of cluster catalysis and catalyst stability o n structure and morphology and
explain the micro-mechanisms of cluster-sintering
and metal-support interactions.
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Colloidal Gold/Platinum B d & n g Blocks
v

There is current interest in producing large
anisotropic molecular structures which can self
assemble and take part in catalytic reactions. O n e way
of doing this would be to use anisotropic nanoparticles as building blocks.
Scientists at The Pennsylvania State University have
recently developed a method to produce anisotropic
multirods of colloidal particles with controllable surface chemistry via spacial self assembled monolayers
(SAMs) (B. R. Martin, D. J. Derrnody, B. D. Reiss, M.
Fang, L. A. Lyon, M. J. Natan and T. E. Mallouk, A d a
Mater., 1999,11, (12), 1021-1025). Striped rianorods of
Au/Pt and Au/Pt/Au colloidal particles were sequent i d y electroplated from Au and Pt plating solutions
inside a porous template membrane in an ultrasonicadon bath, which together with a temperature control
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bath, aided the mass transport of ions and gases
through the membrane. Rods 200-300 nm long were
produced. Attaching SAMs with appropriate tail
groups to the metals enhances the suspension of the
rods and allows their manipulation. The Au and Pt in
the rods were derivatised with 1-butaneisocyanide with
thiol groups, which are attracted to Au, Z-mercaptoethylamine and finally Rhodamine-B isothiocyanate.
Fluorescence microscopy showed that only the Au
rods fluoresce.
Thus, the surface chemistry of these single multimetal colloidal particles is controllable via orthogonal
self assembled molecules and the chemical manipulation of these building blocks represents a first step
towards anisotropic mesoscale assembly and possible
electrical and optical applications.
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Polymer-Supported Platinum Metals Catalysis
CATALYSIS BY POLYMER-IMMOBILIZED METAL COMPLEXES
BY A. D. POMOGAILO, Translated from the Russian by N. M . Bravaya and A. V. Kulikov, Gordon and Breach Science Publishers,
The Netherlands, 1998,424pages, ISBN 90-5699-130-2,
U.S.$135, f86

This book reviews the relatively new and interesting field of metal catalysts attached to polymer
supports. It is an English translation of the Russian
edition, originally published in 1988, with some
additions. Hence the references only cover work
up to 1991. The book is valuable for giving an
insight into the large volume of work on polymer
supported metal catalysis that was carried out in
the former U.S.S.R.
The immobilisation of catalysts on polymer
supports, in a bid to combine the advantages of
homogeneous and heterogeneous catalysis, is a
growth area. The industrial market for homogeneous catalysts is increasing due, in part, to their
increased activity and selectivity over heterogeneous catalysts. However, there are problems with
the recovery of expensive metals and ligands from
the reaction mix, thus, using supported homogeneous catalysts may address this.
The types of reactions performed by such catalysts are described in chapters on hydrogenation,
oxidation, polymerisation and activation of small
molecules, with the chapters on hydrogenation and
oxidation being of particular interest.
The influence of support, solvent and metal/ligand ratio on catalyst activity is described in the
chapter on hydrogenation. Direct comparisons
between polymer-supported catalysts and homogeneous platinum group metals catalysts employed in
industrially relevant reactions are particularly useful.
Not surprisingly, this chapter is dominated by the
use of rhodium and ruthenium in hydrogenation
and hydrogen transfer reactions. The topical subjects of colloids in catalysis and enantioselective
hydrogenation are mentioned, but in less detail and
do not reflect the current state-of-the-art.
The chapter on oxidation concentrates on the
oxidation of hydrocarbons and oxygen-containing
substrates. The oxidation of polymer- and sulfurcontaining substrates is also reported. While this
part of the book is dominated by the chemistry of
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copper, chromium and manganese, the platinum
group metals are mentioned, mainly in the oxidation of alcohols.
There is an interesting description of research
on the catalytic activities of polymeric metalloporphyrins and phthalocyanines, which have the
advantages of chemical and thermal stability.
Professor Pomogailo touches on the use of polymeric metalloporphyrins in modelling enzymes linking the fields of chemical- and bio-catalysis.
The polymeric matrix is of prime importance in
these oxidation reactions, facilitating selective oxidation of substrates, while separating the product
from the catalyst for ease of isolation.
The concluding chapter contains two useful
Tables; the first summarises polymer supports with
different metals and the reactions they are commonly used in; the second provides a comparison
of properties associated with heterogeneous,
homogeneous and polymer-immobilised catalysts.
The index, however, is a little disappointing, key
subjects which are described in the text are m i s s ing, for example metalloporphyrin and enzymes.
There is far more detail in the book than a glance
through the index would suggest.
In short, the book gives detailed coverage of the
use of polymer-supported catalysis in a wide range
of reactions and shows that the macroligand can
be used to control the localisation of the metal
centre, easing investigation of the catalytic mechanism. This in turn provides the exciting possibility
of learning more about mechanisms involved in
homogeneous, heterogeneous and biocatalysis.
Professor Pomogailo has produced a thorough and
interesting overview of his experience, and gives
the reader some useful insights into research performed inside the former U.S.S.R.
E. SLADE

Elizabeth Slade is a Principal Scientist in the Chemicals and Colours
Group at the Johnson Matthey Technology Centre. Her main interest is
the development of new homogeneous, heterogeneousand supported
homogeneouscatalysts using high throughput screening techniques.
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Catalytic Phenomena in Combinatorial
Libraries of Heterogeneous Catalysts
DETECTION OF ACTIVATION AND DEACTIVATION BY EMISSIVITY-CORRECTED IR THERMOGRAPHY
By Arnold Holzwarth and Wilhelm F. Maier'
Max-Planck-lnstitut fur Kohlenforschung, Mulheim an der Ruhr, Germany

Combinatorial catalysis is becoming a significant method for investigating the activities of
large numbers of potential catalysts. A very important prerequisite for making use of
combinatorial catalysis research is a reliable, fast and eficient techniquefor monitoring the
catalytic activities. Emissivity-corrected infrared thermography, which monitors the heat
changes resultingfrom the heat of reaction on catalyst surfaces, is such a technique. In this
article we describe emissivity-correctedinj-aredthermography and demonstrate its perjormance,
over time, in monitoring the catalytic activities of catalyst libraries. It is shown that not only
can static relative activity be displayed, but also that catalyst-specifictime-dependentproperties,
such as activation and deactivation phenomena can be demonstrated.
The successful application of combinatorial
screening techniques as powerful research tools in
the pharmaceutical industry (1) has tempted
researchers to extend this approach to other fields
of science. The application of screening techniques
to materials science seems especially well suited
since in many cases improvements to existing
materials can only be made by employing complex
mixtures of components (2). The increased number of parameters resulting from such multicomponent mixtures makes it impossible to screen
the whole parameter space by applying traditional
one-by-one test procedures.
Improvements in catalytic materials for bulk
chemical processing can result directly in largescale cost savings - due to their immense
economic importance. However, as far as heterogeneous catalysts for gas-phase reactions are
concerned, few reports have appeared in the literature on the aphlication of combinatorial screening
techniques. These techniques detect the reaction
products by mass spectrometry (3), by resonance
enhanced multiphoton ionisation (REMPI) (4)and
by the IR thermographic detection (5,6) of the catalytic activity by associated heat changes. REMPI
should allow parallel monitoring of the amount of
one product formed during a catalytic reaction, but
it is limited to reaction products such as benzene
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for which selective ionisation in sufficient yield can
be achieved - at a certain wavelength of laser light.
IR thermographic methods, while not able to
resolve product compositions, have the advantage
of higher throughput as well as greater simplicity
and flexibility, so they are not limited to gas-phase
reactions and can also be applied to liquid-phase
(7, 8) and polymerisation reactions. In contrast to
mass spectrometric techniques, which involve
sequential testing of each catalyst spot, IR thermography is an intrinsically parallel screening
technique. All of the catalyst spots on the library
can be imaged at the same time under identical
reaction conditions. The technique is therefore
very well suited for high throughput screening of
large libraries.
By contrast, screening methods which employ
sequential testing may be time-consuming and the
time lag between testing dfferent catalyst spots
may become considerable for a large library. If the
whole catalyst library is maintained at high reaction
temperatures and heat induced catalyst deactivation phenomena occur, then under sequential
operation the catalyst spots are not tested under
identical conditions. With IR thermographic detection the time evolution of catalytic activity occurs
simultaneously for all catalysts on the library. If
sequential mass spectrometric screening techniques
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were used, the same experiment would be more
time consuming.
For practical applications, catalysts which have
constant activity are obviously more desirable than
catalysts having htgh initial activity and fast deactivation, and therefore information about the time
evolution of catalytic activity is very useful. As will
be shown here, such deactivation phenomena are
readily detected with video IR thermographic
methods.

Corrections Required for IR
Thermography
Before IR thermographic methods can be
applied successfully to screen heterogeneous catalyst libraries in gas-phase reactions, a few problems
have to be addressed. First of all, the different catalyst materials on the library may emit different
amounts of IR radiation even if their surface temperatures are identical. Such emissivity differences
can be misinterpreted as temperature differences,
and therefore have to be corrected. To be able to
image the temperature changes in real time during
a catalytic experiment, suitable calibration data
which account for these emissivity differences
have to be recorded prior to the experiment.
Below we describe the technique of emissivitycorrected IR thermography (ECIRT) as it is
applied in our laboratory &d give an example
where time resolved monitoring of catalytic activity on a model combinatorial library is
demonstrated. A schematic drawing of the IRcamera with a PtSi-Focal Plane Array (FPA)
detector can be seen in Figure 1 (9). The main
component of the camera is the detector with 256
x 256 detector elements on a FPA-chip which is
sensitive to radiation in the range of 3 to 5 pm.
The detector is cooled to liquid nitrogen temperature by a Stirling heat exchanger. Analog data from
the camera are digitised in the analog/digital converter and correction to the detector response is
performed in real time in a Digital Signal
Processing (DSP) unit which also reduces the IR
data from a 14-bit to an 8-bit format. In the framegrabber, colours are assigned to the 8-bit values
from the DSP so that the data can be visualised on
a colour monitor.
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Fig. 1 Schematic drawing of the AEGAIS-IR camera
from AIM (AEG Infrared Module) with a 256 x 256
PtSi-FPA detector

A common problem of all high resolution FPAIR cameras is the inhomogeneity of the detector
response (10,ll). It is not possible to fabricate the
detector elements with sufficient precision so that
all detector elements have the same response to IR
radiation. To reach sufficient temperature resolution the differences of the individual pixels of the
detector have to be electronically corrected. This
task is performed by the DSP unit in real time on
the basis of correction data which have to be calculated from calibration images taken with the
camera prior to the experiment. The PtS-FPA
detector used in our experiments shows a very stable response with time so that the calibration data
retain their validity for more than 24 hours. In the
case of other commonly used FPA-detector materials, which employ the compound semiconductors
indium antimonide and cadmium mercury telluride, the detector response is not stable with time
so that frequent recalibration of the detector is
necessary. The advantage of compound semiconductor FPA detectors is their hlgher sensitivity to
IR radiation. High sensitivityis an advantage if fast
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Fig. 2 The configuration of the catalyst library: the composition of the binary oxide catalysts on the library
according to the AMM notation (the molar percentages of active metal oxide and base metal oxide are given, such
that AMM-V,Si stands for 5 mol% vanadium oxide in 95 mol% silicon dioxide)

moving objects have to be imaged as high frame
rates can then be applied. It may also be useful for
imaging objects at low temperatures, such as room
temperature or below. At the elevated temperatures
used in our experiments, the amount of emitted IR
radiation is quite high, so enough photons are
available for detection. Also, as no moving objects
are observed, signal averaging can be employed to
improve the signal to noise ratio further. In fact,
the higher sensitivity of the compound semiconductor detectors is not needed for our
experiments.
The correction algorithm used in the camera is
based on work by Schulz and Caldwell (11).
Basically, calibration images of the library have to
be taken at three drfferent temperatures from
which a linear correction (gain correction) and an
offset correction (image subtraction) are calculated. The image for the offset correction is ideally
taken at the final reaction temperature - just
before the start of the catalytic experiments. The
data are loaded into the DSP unit which then performs the correction in real time. The effect of the
correction is that the response of each individual
pixel in the detector becomes the same as the average response over the whole detector. Any
differences in emissivity on the library surface as
well as any temperature differences will be evened
out. For imaging of the catalyst library, this means
that when no temperature differences occur on the
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library due to catalytic activity then a structureless
image will be recorded. Temperature differences
due to catalytic activity can then be easily recognised. Afterwards a temperature calibration can be
performed which assigns temperature values to the
different colours of the corrected images. Image
correction (offset and gain correction) and temperature cahbration together make a correction to
the emissivity of each spot on the library surface,
whch allows the photon intensities to be detected
as temperature values by the IR camera. Our
approach has the advantage that the emissivity correction can be performed in real time by the DSP
unit. Other approaches, such as using the Planck
formula, require extensive computation and can
therefore not be performed in real time. It is essential to have as little differences in temperature as
possible on the library since otherwise the correction may become inaccurate.
It is also of general importance to avoid the IR
radiation being reflected, especially on the library
surface since this can cause artifacts unrelated to
catalyst temperature. The 1R thermographic
method works accurately only if the intensity of
emitted IR radiation from each spot on the library
surface can be detected, so that the surface temperature values can be calculated and assigned to
the location from which the IR radiation was originally emitted. If the emitted radration is reflected,
then the detected information about the location
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of the emission is obviously not accurate. Thus, it
is very important to select a support material for
the library which has low reflectivity for IR radiation.
We have tested different library support materials, such as metals, graphite, slate and others that
are stable at high temperatures of a few hundred
degrees Celsius and are stable against the strongly
acidic solutions of the sol-gel catalyst preparations
(6). Supports which have high electrical conductivity, such as metals, can only be used with an
antireflective coating, since their surfaces show
very high reflectivity for IR radiation. Certain
roughened graphite surfaces did show lower IR
reflectivity than metal surfaces but were too
porous and therefore not impervious to liquids.
Slate was finally chosen as the library material
because of its low IR reflectivity.
The application of ECIRT to follow catalytic
reactions in a time resolved mode has already been
demonstrated for liquid-phase reactions (8). The
use of this method for the detection of catalytic
activity in libraries of heterogeneous catalysts is
described below. For this purpose a catalyst library
containing amorphous microporous catalyst samples of powdered mixed oxides was prepared by
f a n g each hole of a slate library plate with 1 mg
of different catalyst samples. The catalysts were
prepared by a sol-gel process (6, 12, 13). This procedure allows the production of a microporous
oxide which contains isolated catalytically active
centres dispersed in the matrix material. Due to the
amorphous nature of the mixed oxide powders
there are a few restrictions on the type of elements
that can be built into the oxide matrix (12). Most
elements of the Periodic Table can be dispersed in
different oxide frameworks and thus become
accessible as potential catalytic reaction centres.
Because of the large number of possible combinations of framework oxide and catalyucally active
centres, combinatorial approaches are ideally
employed for the selection of active catalysts.
The reactor was equipped with an IR-transparent BaF2 window to allow imaging of the library,
and the gas-phase oxidation of toluene with air was
chosen as a test reaction (6). Figure 2 shows the
chemical composition of the library. All catalysts

are binary mixed oxides, for example, oxides of
palladium, rhodium, ruthenium, iridium, osmium,
gold, silver, copper, zinc, nickel, vanadium, cobalt,
tantalum and others, dispersed in a matrix of either
titania or silica.
The catalysts on the library were activated by
heating at 400°C in a stream of synthetic air for 1
hour to remove any organic residues remaining
from their sol-gel preparation. The reactor temperature was then lowered to 300°C and the
reaction was started with a constant flow of air and
toluene (air:toluene = 25:l) at 20.8 ml m i d . IR
images were taken every 2.5 minutes for a total
time of 72.5 minutes. Figure 3 shows IR images of
the library for different times after toluene was
injected into the gas stream.
Active catalysts were found in the first, second
and fourth row of the library. Plots showing the
time dependency of the temperature profiles along
these rows can be seen in Figure 4. In the first row
Pd,Si and Cu3Ti are very active catalysts: while
Cu3Tireaches constant activity quite quickly, Pd,Si
needs more time to reach maximum activity and
shows slight deactivation. %,Ti and h h T i show
lower but constant activity. RulTi and Ru3Ti show

-
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Fig. 3 Emissivity corrected IR images of the catalyst
library during the gas phase oxidation of toluene with
air at 300°C,before and at direrent times ajier the start
of the reaction
(b) 0 min
(c) 2.5 min
(a) before
(d) 5 min
(e) 7.5 min
(JI0 min
(g)12.5 min
(71) 15 min
(i) 72.5 min
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seen in Figure 5; clearly Ru,Ti shows some initial
activity but seems to deactivate quickly. PdSi
shows high activity after a period of activation
which takes about 10 minutes. Its activity decreases slightly during the course of the experiment.
These observed time dependent phenomena
indicate that deactivation (probably due to cohng
or catalyst changes) occurs. However, it has to be
kept in mind that extensive coking or changes in
the microstructure of the catalysts may lead to
changes in emissivity of the catalyst spots and may
give rise to erratic temperature readmgs. It is more
likely that this leads to emissivity increases than to
emissivity decreases.To avoid misinterpretations, it
is recommended that at the end of an experiment,
the reactant gases should be replaced by inert
gases, which will allow the immediate identification
of catalyst spots where the emissivity has changed
during the experiment.
A more detailed investigation of these effects
can be performed later with selected catalysts using
other techniques, such as \mass spectrometry, to
detect the reaction products.
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Conclusions

W

Emissivity-corrected infrared thermography
allows time dependent phenomena to be observed
during a catalytic experiment and is thus useful as
a high throughput screening technique. It would
ideally be employed at an early stage of the discovery process to narrow down the number of

t
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Fig. 4 Temperature versus time cross-sections of the IR
images through the catalyst spots on the librav.
Red colour indicates higher temperature, blue colour
indicates lower temperature
(a) first row
(b) second row
(c) fourth row

some initial activity but fast deactivation. In the
second row AgTi, Zn,Ti and Ni,Ti are quite active
with constant heat response, while Ir?Ti, Cr3Tiand
Rh2Ti again show some initial activity but fast
deactivation. In the fourth row CrzSi shows high
activity. In the same row IrSi and RhzSishow very
small temperature decreases which indicate an
endothermic reaction but it is not clear if these
effects are real.
Temperature plots of Pd,Si and Ru,Ti can be
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Fig. 5 Temperature versus time line plots through the
centre of'the catalyst spots PdJi and RulE
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candidate catalysts. Other combinatorial or even
conventional techniques, which give more detailed
or complementary information about the catalytic
processes involved, could be then employed to aid
catalyst selection. Some of these techniques, such
as kinetic studies or mass spectrometric screening,
are more time consuming due to the much more
detailed information obtained; but as a result of
employing the ECIRT screening, there are fewer
selected candidate catalysts to examine. ECIRT
could therefore be applied to reduce the amount of
time and effort involved in new heterogeneous catalyst selection for gas-phase reactions.
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Novel Hydrodynamic Ultramicroelectrodes
Ultramicroelectrodes (UMEs) have had great
impact on electrochemistry. A novel hydrodynamic
UME has now been introduced where mass transfer
to the electrode is significantly enhanced by the convective flow of a solution (1, 2). In the microjet
electrode (MJE) (l), a jet of solution is fired at 100
m s-’ from a nozzle (diameter 25-100 pm) onto a
disc UME, typically Pt (diameter 25 pm). The MJE has
well defined, variable and high mass transfer rates.
In the radlal flow microring electrode (RFMRE)
(2), solution flows from a nozzle, placed close to a
planar substrate. A Pt ring UME (thickness
100-500 nm) is positioned around the capillary edge,
followed by an epoxy resin layer, so only a ring of
metal at the capillary end is exposed to solution. The
Pt is applied as a paint. As fluid leaves the capillary, it
is forced into the nozzle/substrate gap (- 5-40 pm)
and flows radially past the ring electrode. At moderately low volume flow rates, the device has produced
the highest steady-state mass transfer rate of any
hydrodynamic technique (- 2 cm s-’).
The high mass transport rates of the MJE and
RFMRE have resulted in kinetic applications and possible uses in electrochemical flow systems. When
coupled with hydrodynamic modulation voltammetry

-

-

-

P/afinumMetalr Rex, 2000, 44, (1)

(HMV) higher detection limits and electrode stability
in flow systems can be obtained (lb, 2b).
The MJE-HMV offers the lowest concentration
detection limits in a flow system of any hydrodynamically-modulated technique. The mass transport rate
is modulated by oscillating the jet to hit and miss the
electrode surface. The technique can discriminate
against background processes, and IrCI, at 5 x 10‘
mol dm-’ has been detected. The technique is being
developed as an electrochemical detector for liquid
chromatography.
J. V. MACPHERSON and P. R UNWIN
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Motor Vehicle Pollution Control
THE SUCCESSES AND ISSUES STILL CAUSING CONCERN AS THE NEXT MILLENNIUM BEGINS
By Michael P. Walsh
Consultant, 3105 North Dinwiddie Street, Arlington, Virginia 22207, U 3 . A

Over the past thirty years, countries around the
world have gradually imposed increasingly stringent emissions regulations on the motor vehicle
industry with the result that new cars today emit
only a small fraction per mile driven of what they
did when the process began. While increasing
numbers of vehicles have offset some of these
gains, air pollution levels are decidedly down in
most industrialised countries.
The experience in Southern California’s Los
Angeles Basin, which has had the most aggressive
motor vehicle pollution control programme in the
world is just one example (1). From 1955 to 1993,
peak ozone concentrations were cut in half, and
the number of days on which Federal ozone standards were exceeded fell by 50 per cent from the
1976-78 time frame to the 1991-1993 interval.
Further, the average annual number of days which
exceeded the Federal carbon monoxide standard
fell from 30 to 4.3 during this same period, and
lead levels are now 98 per cent lower than in the
early 1970s. Most remarkably, this achievement
occurred while the regional economy out-paced
the national economy in total job growth, manufacturing job growth, wage levels and average
household income. During 1999, for the first time
in memory, Los Angeles lost the distinction of
being the most polluted city in the United States.
These clean technologies, originally developed
for the U.S., Europe or Japan, are increasingly finding their way onto the roads of developing
countries, with the result that air quality improvements are also occurring in many of them. About
80 per cent of all gasoline sold at the end of the
d e n n i u m was unleaded and almost 90 per cent
of all newly manufactured cars contain a noble
metal based catalytic converter.
As we enter the new century, global vehicle
emissions are substantially lower than they were,
and much lower than they would have been if
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aggressive vehicle pollution measures had not been
taken. Based on my calculations, motor vehicle
emissions of non-methane hydrocarbons are 67
per cent lower than they would have been, carbon
monoxide emissions are 56 per cent lower and
nitrogen oxides 18 per cent lower. It can even be
said that in some cities the gases emitted by certain
new cars are actually cleaner than the gases fed in!
However, it would be premature to declare victory and stop the fight. Most major industrialised
countries continue to experience serious air pollution problems and even more serious problems
exist in the major cities in developing countries.
Further, vehicle growth continues, maintaining the
pressure to bring all vehicle emissions down to
lower and yet lower levels.
In this regard it is important to note that some
vehicle categories, such as heavy duty dlesel trucks
and buses, have not yet been controlled to the
same degree as cars. Further, new problems such
as concern with ultrafine particles and global
warming are emerging which will clearly require
significant additional advances in vehicle technology in coming years.
This report will review the concerns associated
with vehicle emissions, the trends in regulations
to address these concerns, the progress made and
significant remaining challenges.

Vehicle Growth Trends
As motor vehicle production is increasing at a
more rapid rate than vehicle scrappage, worldwide
vehicle registrations are sharply upward and are
actually accelerating. At the end of the millennium
the world’s roads are supporting about 800 million
vehicles, almost 500 million of which are cars, the
remainder being commercial trucks and buses, motorcycles and scooters. The U.S., Japan and Europe
account for the lion’s share of the ownership and
use of motor vehicles, but hture growth is expected
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Table I

U.N. Global Predictions of Popul tion growth, per cent
Region

1950

I

2050

1998

billions
World
More developed regions
Less developed regions
Africa
Asia
Europe
Latin America and the Caribbean
North America
Oceania

2,521
813
1,709
221
1,402
547
167
172
13

to be most rapid in Asia and Latin America where
the majority of the world’s 6 billion people reside.
Looking to the future, population growth,
increased urbanisation of the Asian and Latin
American populations, and economic improvements are expected to continue the trend toward
more and more vehicles, especially in the rapidly
industrialising regions of Asia. According to the
United Nations, the global population is projected
to increase by an additional 50 per cent to 9 billion
by 2050. Table I shows that this growth will not be
evenly distributed but will be concentrated outside
of the OECD, in Asia, Africa and Latin America.
Simultaneously, all regions of the world will
continue to urbanise, with the greatest increases
expected in Asia, see Table 11. This is significant,
since per capita vehicle populations are greater in
urban than in rural areas.
According to the OECD, annual growth rates

5,901
1,182
4,719
749
3,585
729
504
305
30

8,909
1,155
7,754
1,766
5,268
628
809
392
46

in GDP (gross domestic product) over the next
two decades will be highest in China, East Asia,
Central and Eastern Europe, and the former
Soviet Union, and this will further stimulate an
increase in vehicle populations, see Table 111.

Environmental Problems Associated
with Motor Vehicle Emissions
Cars, trucks, motorcycles, scooters and buses
emit significant quantities of carbon monoxide,
hydrocarbons, nitrogen oxides and fine particles.
Where leaded gasoline is used, vehicles are also a
significant source of lead in urban air. This section
will review some consequences of these pollutants.
(a) Photochemical Oxidants (Ozone)
Ground-level ozone is the prime ingredient of
smog, the pollution which blankets many areas
during summer (2). Short-term exposures (1 to 3

Table II
Annual Population Growth Rates
Region
East and North-east Asia
South-east Asia
South and South-west Asia
North and Central Asia
Pacific
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Urban Populations in 1999,
per cent

Annual growth rate,
per cent

40
38
31
68
70

2.7
3.4
3.1
0.4
1.3
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Table Ill
Annual Gross Domestic Product Growth Rates, per cent
Region

Years
1995-2000

Canada, Mexico and United States
Western Europe
Central and Eastern Europe
Japan and Korea
Australia and New Zealand
Former Soviet Union
China
East Asia
Latin America
Rest of the World

2000-2005

2.9
2.4
3.6
0.75
3
-2.5
7.6
2.4
1.75
2.75

hours) to high ambient ozone concentrations have
been linked to increased hospital admissions and
emergency room visits for respiratory problems.
Repeated exposures to ozone can exacerbate
symptoms and the frequency of episodes for people with respiratory diseases, such as asthma.
Other health effects attributed to short term exposures include significant decreases in lung function
and increased respiratory symptoms, such as chest
pain and cough.
These effects are generally associated with
moderate or heavy exercise or exertion. Those
most at risk include children who are active outdoors during warm weather, outdoor workers, and
people with pre-existing respiratory diseases. In
addition, long-term exposure to ozone may cause
irreversible changes in the lungs which can lead to
chronic ageing of the lungs or chronic respiratory
disease.
Ambient ozone also affects crop yield, forest
growth and the durability of materials.
Ozone is not emitted directly into the atmosphere, but is formed by a reaction between VOC
(volatile organic compounds) and NOx (nitrogen
oxides) in the presence of heat and sunlight. VOCs
are emitted from a variety of sources: motor
vehicles, chemical plants, refineries, factories, consumer and commercial products, and other
industrial sources. VOCs are also emitted by natur-
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2.5
2.6
4.5
2.25
3.1
3.5
5.6
4.8
3.1
3.2

2005-2010
2
1.5
4.1
1.5
2.2
4.5
5
4.8
2.9
3

I

2010-201 5
1.6
1.2
3.6
1
1.75
4
4.8
4.5
2.8
3

2015-2020
1.6
1.2
3.6
1
1.75
4
4.8
4.2
2.8
3

al sources, such as vegetation. NOx is emitted
from motor vehicles, power plants and other
sources of combustion.

(b) Particulate Matter
Particulate matter (PM) is the term for the mixture of solid particles and liquid droplets found in
the air. PM includes dust, dirt, soot, smoke and liquid droplets which are directly emitted into the air
from natural and man-made sources, such as windblown dust, motor vehicles, construction sites,
factories and fires. Particles are also formed in the
atmosphere by condensation or by the transformation of emitted gases, such as sulfur dioxide, NOx
and VOCs.
Scientific studies show that there is a link
between PM (alone o r in combination with other
pollutants in the air) and a series of adverse health
effects including breathing and respiratory symptoms, aggravation of existing respiratory and
cardiovascular disease, alterations in the body’s
defence systems against foreign materials, damage
to lung tissue, carcinogenesis and premature mortality. PM also causes damage to materials and
soiling and it is a major cause of substantial impairment to visibility in many parts of the world.
Smaller particles are generally considered more
hazardous than larger particles because they can
penetrate beyond the natural defence mechanisms
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of the body into the deepest recesses of the lungs
where the greatest damage can occur. Particles
emitted by motor vehicles and the particles
formed by transformation of these gaseous emissions tend to be in the fine particle range
(generally less than 2.5 pm in diameter). Scientific
studies have linked fine particles (alone or in combination with other air pollutants), with a series of
significant health problems, including premature
death, respiratory-related hospital admissions and
emergency room visits, aggravated asthma, acute
respiratory symptoms including aggravated coughing and difficult or painful breathing, chronic
bronchitis and decreased lung function which may
be experienced as shortness of breath.
Other aspects of particles can also be important. The California Air Resources Board (CARB)
has analysed over 30 human studies concerned
with lung cancer risk and workplace exposure to
diesel exhaust and found that workers exposed to
diesel exhaust were consistently more likely than
others to develop lung cancer. The consistent
results are unlikely to be due to chance, confounding, or bias, according to CAM. As a result,
CARB has concluded that a reasonable and likely
explanation is a causal association between diesel
exhaust exposure and lung cancer.

( c ) Carbon Monoxide
Carbon monoxide (CO) is a tasteless, odourless
and colourless gas produced though the incomplete combustion of carbon-based fuels. C O
enters the bloodstream through the lungs and
reduces the delivery of oxygen to the body’s
organs and tissues. The health threat from CO is
most serious for those who suffer from cardiovascular disease, particularly those with angina or
peripheral vascular disease, for unborn children
and for very young children at the critical stage of
their development.

(d) Nitrogen Oxides
Nitrogen dioxide (NO2)can irritate the lungs
and lower resistance to respiratory infection (such
as influenza). NOx emissions are an important
precursor to acid rain and may affect both terrestrial and aquatic ecosystems. Atmospheric
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deposition of nitrogen leads to excess nutrient
enrichment problems (eutrophication), which can
produce multiple adverse effects on water quality
and the aquatic environment, including increased
nuisance and toxic algal blooms, excessive phytoplankton growth, low or no dissolved oxygen in
bottom waters, and reduced sunlight causing losses in submerged aquatic vegetation critical for
healthy estuarine ecosystems. Nitrogen dioxide
and airborne nitrate also contribute to pollutant
haze, which impairs visibility and can reduce residential property values and revenues from tourism.

( e ) Lead
Over the past century, a range of clinical, epidemiological and toxicological studies have
continued to define the nature of lead toxicity, to
identify young children as a critically susceptible
population, and to investigate the mechanisms of
action of lead toxicity. As noted by the
“Environmental Health Criteria Document: Lead,
Inorganic, No. 165”, published in 1995 by the
International Program on Chemical Safety (IPCS),
lead affects many organs and organ systems in the
human body, with subcellular changes and neurodevelopmental effects appearing to be the most
sensitive. As noted by the IPCS, existing epidemiological studies do not provide definitive evidence
of a threshold. Because of the serious health concerns, a global consensus has emerged to phase
out the use of lead in gasoline and over 80 per cent
of all gasoline now sold worldwide is unleaded (3).
( f ) Climate Change
Greenhouse warming occurs when certain
gases in the atmosphere allow sunlight to penetrate to the earth but partially trap the planet’s
radiated infrared heat. Some such warming is natural and necessary. If there were no water vapour,
carbon dioxide (C02),methane, and other infrared
absorbing (greenhouse) gases in the atmosphere to
trap the earth’s radiant heat, our planet would be
about 60°F (33°C) colder, and life as we know it
would not be possible. Naturally occurring greenhouse gases include water vapour, C02, methane
(CHJ, nitrous oxide (N20) and ozone (OJ.
There are also several gases which, although
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they do not have a direct global warming effect, do
influence the formation and destruction of ozone,
and ozone has a terrestrial-radiation absorbing
effect. These gases include CO, NOx and nonmethane volatile organic compounds (NMVOCs).
Although CO,, CH, and N 2 0 occur naturally in
the atmosphere, the atmospheric concentration of
each of them has risen, largely as a result of human
activities. Since 1800, atmospheric concentrations
of these greenhouse gases have increased by 30,
145 and 15 per cent, respectively (6). This build-up
has altered the composition of the earth’s atmosphere, and may affect the global climate system.
According to a growing scientific consensus, if current trends in emissions continue, the atmospheric
build-up of greenhouse gases released by burning
fossil fuel, as well as industrial, agricultural and
forestry activities, are likely to turn our benign
atmospheric “greenhouse” into a progressively
warmer “heat trap”.
In late November 1995, the Intergovernmental
Panel on Climate Change (IPCC) Working Group
1 concluded that “the balance of evidence suggests
that there is a discernible human influence on
global climate”. In December, 1997, acting on this
consensus, countries around the world approved
the Kyoto Protocol to the 1992 Climate Change
Treaty. Under this agreement, thirty-eight industrialised nations are required to reduce their
“greenhouse” gas emissions from 1990 levels
between the years 2008 and 2012. The European
Union (EXJ) would reduce them by 8 per cent, the
United States by 7 per cent and Japan by 6 per cent.
As a group, the industrialised nations would cut
back on the emissions of such gases by just over 5
per cent. The accord takes effect once it is ratified
by 55 nations, representing 55 per cent of 1990
C 0 2 emissions. It is binding on individual countries only after their governments’ complete
ratification. Implementing this agreement will
require significant improvements in fuel economy
to reduce CO, emissions from vehicles.

Rapid Progress is Occurring
To deal with these concerns, most regions of
the world have been significantly tightening their
motor vehicle regulations. Major developments
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during the past twelve to twentyfour months have
included the following:
The EU has adopted Directives regarding light
duty vehicle emissions and fuel quality which tighten standards significantly (in years 2000 and 2005),
broaden the scope of coverage (for example, at
cold temperature), added several important features previously missing (Onboard Diagnostics,
in-use durability) and imposed low sulfur requirements for diesel fuel and gasoline.
The US. EPA (Environmental Protection
Agency) and the automobile industry, working in
close cooperation with state air pollution officials,
reached agreement to introduce voluntarily
California’s Low Emissions Vehicle Standards
across the entire country.
CARB then took emissions standards to the
next level, not only tightening CO, HC, NOx and
PM requirements but also establishing the principles of fuel neutrality (that diesel vehicles meet the
same standards as gasoline-fuelled vehicles) and
usage neutrality (light trucks and utility sports’
vehicles, used primarily as passenger cars, must
meet the same standards as cars).
China formally adopted the Euro 1 auto emissions standards and decided to phase out the use
of unleaded gasoline across the entire country by
2000.
Japan tightened their standards for gasolinefuelled automobiles for the first time in twenty
years and introduced the next phase of dieselfuelled vehicle requirements.
The Supreme Court of India banned the sale of
9

leaded gasoline in Delhi as of September 1999 and
mandated that all new cars meet Euro 1 auto standards (similar requirements will likely be phased in
across the entire country by 2000).
The U.S. EPA in conjunction with the CARB
imposed the largest enforcement action in history
on the heavy engine industry.
The EU and the auto industry reached agreement on a voluntary commitment to reduce CO,
emissions per kilometre driven by 25 per cent by
about 2008.
Taiwan adopted Step 4 of its motorcycle control
programme, effectively banning two-stroke motorcycles by 2003.
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The CARB formally decided that diesel PM is a
toxic air contaminant, triggering a process which
will probably lead to an effort to further reduce
PM emissions from urban vehicles.
The Ministry of International Trade and
Industry (MITI) in Japan and Japanese industry
have reached agreement regarding lower CO,
emissions from vehicles.
Thus, while much has been accomplished,
several additional steps are underway:

Table IV
Comparison of Carcinogenic Potential of Diesel
vs. Otto (4-stroke) - Passenger Car Exhaust

9

The U.S. EPA has recently proposed a further
tightening of light duty vehicle standards (so-called
Tier 2) as well as tighter sulfur requirements in
gasoline.
b The EU is well along the road in deciding the
next phase (or phases) of heavy duty standards.
a Increased attention is being focused on ultrafine
PM from vehicles: diesel and also gasoline direct
injection (DI) technology, increasing the likelihood
that this will be a subject of control efforts in the
future.
6 On a global basis, pressure continues to build to
lower the emissions of greenhouse gases (especially CO,, CH, and NzOby the transportation sector).
a The U.S. EPA has announced its intention to
further tighten heavy duty engine emissions, with
special focus on tighter PM and NOx standards
and the need for low sulfur diesel fuel.

The Remaining Challenges
While substantial progress has occurred in
reducing vehicle emissions and further improvements in air quality are expected in most major
industrialised countries in coming years, significant
problems remain which require additional action
beyond that noted above. Two of these problems
will be discussed below.
(a) Particulate Emissions
While all regulation of diesel particulate from
vehicles is based on the mass of particulate, several studies in recent years in the United Kingdom,
Switzerland and the U.S.A. have increased interest
in, and concern about, the number of very small
ultrafine particles (4).Observations, that modern
engines with reduced particle mass concentrations
may actually emit larger numbers of particles than
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Technology
Euro I with Catalyst
Euro II
Euro 111
Euro IV
Euro IV with Particulate filter

Ratio Diesel vs. Otto
4.5
11.3
17.5
14.7
1.9

older designs, raise concerns that the form of
future regulations should put more focus on the
number of particles, in addition to, or as an alternative to, the mass. Additional studies indicate that
large numbers of ultrafine particles may also be
emitted by vehicles fuelled by gasoline and by
CNG (compressed natural gas), at least at high
speeds and loads, and especially from the more
fuel efficient direct injection technology (5).
Studies are underway to characterise the size
distribution of particles in ambient air and to
understand the health consequences of these particles. Depending on the results of these studies,
future vehicle regulation may focus more on these
compounds. This could be muted, however, to the
extent that mass based standards result in the use
of particulate filters or traps as studies consistently show that these devices successfullyreduce both
the mass and the number of particles.
Beyond the particulate size concerns, studies
indicate that diesel PM may be carcinogenic. The
increased sales of light duty diesel vehicles, occurring in much of Europe, may therefore exacerbate
the overall cancer risk. The Umweltbundesamt
(LJBA) in Germany has carried out a study which
concludes that currently produced new diesel cars
have a more than 10 times higher cancer risk than
new gasoline-fuelled cars and the relative risk will
be even greater when Euro I11 standards go into
effect next year. However, according to the UBA,
diesel cars complying with the Euro 4 (2005) vehicle emissions standards, if equipped with a
particulate filter system, would have almost the
equivalent cancer risk as a gasoline-fuelled car
meeting the same standards. As summarised in
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I
Table V

Comparison of Carcinogenic Potential of Diesel
vs. CNG - Bus Engine Exhaust
Technology

I

Ratio Diesel vs. Otto

Euro I
Euro II
Euro 111
Euro IV
Euro IV with Particulate filter

117

38
24
13

3.8

Table IV, they conclude that the relative cancer risk
would be only approximately twice as high as from
the gasoline-fuelled car.
Similarly, new heavy duty diesel vehicles
equipped with PM filters and meeting Euro IV
standards would have a four times higher carcinogenic potential compared to a CNG-fuelled vehicle
as summarised in Table V, compared to almost 40
times higher today.
It appears that at least some diesel cars could
comply with the Euro IV emissions standards
without the use of particle filters. One manufacturer, Peugeot, has indicated that they will
voluntarily introduce PM filters on some models
next year. If other manufacturers follow suit, the
concerns with ultrafine PM and increased cancer
risks may be mooted. However, if they do not, it is
likely that additional diesel regulation will follow

(b) Global Warming
The greenhouse gases most closely identified
with the transportation sector include COz, N,O
and CH,. N 2 0 and CH, have the global warming
potentials relative to CO, shown in Table VI.

I

I

Table VI

Global Warming Potentials Relative to CO,
IPCC GWP

20 Year Horizon
100 Year Horizon
500 Year Horizon

Methane

6.5

Nitrous Oxide

170

I
I
I
1
' F o r example, this means that I g ofnitrous oxide has 280 times
as much import on global warming as I g o f C 0 , over 20 years

However, it is important to note that other
vehicle-related pollutants contribute to global
warming although their quantification has been
more difficult. These include CO, non-methane
hydrocarbons (NMHC) and NO?. According to
the original (1990) IPCC report (7), global warming potentials have been attributed to these gases,
see Table VII. Because of difficulty reachmg agreement on the appropriate quantification, specific
global warming potentials (GNTs) for these gases
were not contained in the most recent IPCC
report.
In most countries, over 90 per cent of the GWP
of the direct acting greenhouse gases from the
transportation sector comes from CO,. The transportation sector is responsible for approximately
17 per cent of global CO, emissions and these
emissions are increasing virtually everywhere.
However, some progress has begun, for
instance, the European vehicle industry has recently adopted voluntary reductions in vehicle COz
emissions. The board of directors of the European
Automobile Manufacturer's Association (ACEA)
adopted:
A target reduction in emissions of 140 g km-' of
CO, for new cars by 2008.
A 25 per cent reduction from the levels of 1995.
The ACEA also vowed to:
Debut new cars emitting 120 g km-'of COz or
less by the year 2000.
Review, by 2003, the feasibility of further reduction by 2012 towards 120 g km-' of COz for all new
cars.
Set an estimated target range of 165 to 170 g
km-' of COz for 2003; and
Establish a joint European Union/industry
monitoring system for sharing achievements in
C 0 2reduction.
The Big Three automakers (Ford, General
Motors and Chrysler) and the US. government
have been sharing high-tech information and manufacturing know-how since 1993 in an effort to
serve mutually beneficial purposes. The programme is called the Partnership for a New
Generation of Vehicles (l"GV) and matches en@neers from the auto industry with government
researchers from national laboratories, renowned
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Table VI I

Projected Global Warming Potentials from
Gases
IPCC GWP

NMHC

100 Year Horizon
500 Year Horizon

in the past for their work on military technologies.
The goal is to create technology that will lead to a
working model of a super-car by the year 2004 - a
car capable of getting 80 miles to the gallon while
meeting Tier 2 emissions levels or better.
In Japan, MITI and the Ministry of Transport
(MOT) jointly drafted energy saving standards for
automobiles and electric appliances on 13 October
1998, in compliance with the energy saving law.
The draft standards were then adopted earlier this
year. This will require a 21 per cent improvement
in COzemissions for all gasoline vehicles and a 13
per cent improvement for all diesel vehicles.

Conclusions
Continuing air pollution problems from vehiclerelated pollution have been stimulating innovative
pollution control approaches around the world. As
these approaches are implemented, steady
progress in reducing urban air pollution problems
is being made. However, the vehicle population
and kilometres travelled by vehicles continues to
increase, especially in the rapidly industrialising
developing countries. To keep pace with this
growth, while lowering vehicle pollution even
more, the USA., Europe and Japan are continuing
to push for even tighter controls in coming years.
Controls initially introduced in these countries are
gradually being adopted by other countries as well.
Beyond conventional pollutants, global warming concerns are increasing and the contribution
from vehicles to this is rising all across the planet.
To counter this problem, the major countries of
the world have agreed to reduce greenhouse gas
emissions (the so-called Kyoto agreement). To
accomplish their commitments, countries will
probably put increasing pressure on vehicle
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manufacturers to improve vehicle efficiency or
switch to renewable fuels.
One response to reducing greenhouse gases
has been to increase the use of highly efficient
diesels in the passenger car and light truck sectors.
However, these vehicles emit higher amounts of
NOx and particulate than the gasoline-helled
alternatives and have been linked to increased cancer risks. Further, some evidence indicates that
currently applied technologies which reduce the
mass of PM emitted may result in an increase in
the number of very small particles. Since smaller
particles have the potential to be ingested more
deeply into the lung than larger particles, they may
actually be more hazardous.
To respond to these challenges, a number of
technological advances are needed by the industry;
these include:
Advanced low NOx technology which can
operate on lean burn engines with high efficiency
without increasing N,O emissions.
Technologies which can not only reduce the mass
of PM but also lower the number of ultrafine particles from future diesel and (Dr) gasoline engines.
Adaptation of low emissions technologies to
off-road vehicles and engines.
More durable emissions control systems which
will last for the actual life of vehicles, as vehicle life
continues to increase in many parts of the world;
and
Engine, fuel and control technologies which
substantially lower greenhouse gases including, but
not limited to, CO,.
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Metallurgical Technology in the Scientific Revolution
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I t has long been recognised that good communication is essential for science to flourish. One of the
ways in which The Royal Society, founded in 1660
and the oldest of the world’s continuously-existing
scientific academies, sought to improve the h o w l edge of natural things for the general good of
mankind was by holding regular meetings o f its
members. In earlier times scientists communicated
their thoughts and experimental data to “intellgencers” who collected and transmitted the
information by letter to a network of scientific correspondents. As these scientific letters grew in
importance, some scientists would have hundreds of
copies of their letters printed, and widely distributed.
Such developments stimulated the founding of the
world’s first scientific journal, the Philosophical
Transactions, which later became an official publication
for the Royal Society.
During the first two centuries of its existence,
information about the metallurgical interests within
the Royal Society was disseminated in the reports of
numerous chemists, engineers, mathematicians and
physicists. Now, two distinguished metallurgsts have
drawn from these contributions -written by over five
hundred Fellows - and produced a volume which
describes how metallurgy changed, first from an art
to a science, then became recognised as a separate discipline, and was later extended to become materials
science and engineering.
Readers of t h ~ sJournal may recall that papers fxst
recording the occurrence of platinum in the Chocb
disuict of New Granada were confiscated from the
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young Spanish naval officer, Antonio de Ulloa, by the
British Admiralty but later returned to him following
the intervention of Martin Folkes, the then President
of the Royal Society. Thus, it is no surprise that one
chapter in “Metals and the Royal Society” is entitled
‘Precious Metals - the Platinum Group’. In fact,
platinum metallurgy is one activity where the conuibution from Fellows, including Percival Norton
Johnson, George Matthey and Alan Richard Powell,
can be traced for more than two centuries.
Furthermore, most chapters concentrating on a particular subject area make reference to one or other
uses of the platinum metals, or to the involvement of
scientists who contributed to the advancement of
platinum metallurgy.
Towards the end of the volume, two hundred and
sixty-six pages are given over to biographies of some
five hundred and sixty-nine Fellows and eighty-three
Foreign Members whose work contributed to the
metallurgical themes of this book. These are supported by a number of Appendices providmg addtional
information mainly about their achievements.
Most readers are likely to be drawn to this worthwhile volume to check or extend their knowledge of a
particular topic, or to investigate the work of an individual. However, the information within the book is so
interesting that the reader will be stimulated to investigate the other chapters and fascinating biographies.
I. E. COTTINGTON

Ian E. Cottington retired as editor of this Journal in 1994. He is
interested in the history of platinum and its uses, and in new
developments in platinum technology, especially for clean energy.
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Precious Metals Svmposium in Chna
J

I

China held its fEst international meeting on
precious metals, the International Symposium on
Precious Metals, in Kunming, from 20th to 24th
September 1999. The symposium was hosted by
The Precious Metals Academic Committee of
China, and sponsored by the Non-Ferrous Metals
Society of China, the International Precious Metals
Institute and the Gold Society of China. Of the
almost 160 delegates, 30 were from outside China.
Some of the papers presented are reviewed here.
The first scientific plenary session was opened
by Professor Deng Deguo (Institute of Precious
Metals, IPM, Kunming) with a talk entitled
“Precious Metals Catalysts for Modern Society in
China”. About 50 per cent of the catalysts used by
the Chinese chemical industry involve precious
metals, and these are finding increasing use in solar
and fuel cells. Platinum group metals catalysts are
now increasingly important in controlling environmental pollution in China. For example, the
number of automobiles in China is forecast to
increase from 20 x lo6 to 40 x lo6 between the
years 2000 and 2010 and it is therefore essential
that automobile catalysts are successfully commercialised in China.
It was appropriate that the next talk, given by
M. Wyatt (Johnson Matthey, Wayne, U.S.A.) was
entitled “Recent Advances in the Use of Precious
Metals in Emission Control Catalysts”. He discussed the delicate balance between the market
prices of platinum, palladium and rhodium, and
their technical efficiencies. Platinum metals catalysts have been employed in emission control
systems for over a quarter of a century. The first
three-way catalysts were based on platinum and
rhodium. However, over the last decade, palladium
and palladium-rhodium systems have been increasingly used and this has driven up the price of
palladium, making palladium thrifting important.
Weijian Han (Ford Motor Company, Dearborn,
U.S.A.) described work produced in collaboration
with Deng Deguo’s group in Kunming on developing catalysts containing increased proportions of
rare earth oxides to platinum group metals, for the
Chinese market. Rare earth oxides are abundant in
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China and while rare earth oxide catalysts have a
similar ability in oxidising carbon monoxide and
hydrocarbons, their NOx conversions to-date are
not as good as those of platinum metals catalysts.
New developments in refining technologies for
platinum group metals, silver and gold which
achieve significant cost reductions were reported
by Adalbert Prior (Prior Technologie, Austria). For
example, a chromatography process has been used
to separate pure rhodium, palladium, platinurn and
iridium from base metals. Such new technologes
are expected to play an increasing role in refining
precious metals well into the next century, and are
being developed by several independent organisations with various claims to the proprietary
positions.
After the first day of plenary lectures, parallel
sessions on the second day, were grouped under
the four headings below.

Precious Metals and the Environment
Joseph Ching (Heraeus, Hong Kong) spoke on
“Obviate Environmental Damage Through
Integrated Quality Management”. Environmental
concerns are being collectively addressed at the
international level through the establishment of
the ISO-14000 series of environmental standards
which are leading to changes in the raw materials,
production technology and equipment, and
improved operations and procedures.
Research aimed at understanding the mechanism
of action of anticancer drugs cisplatin and carboplatin was discussed by Pan Qi-Chao (Sun Yat-sen
University of Medical Sciences, Guangzhou). This
involves, for example, defming the mode of bonding
of platinum to glutathione, formed by the combination of glutarnic acid and cysteine. Liu Weiping
QPM, Kunming) described studies on cir-diamminenorcantharitoplatinumQQ, a unique platinum
complex which contains as its leaving group a bioactive component of the traditional Chinese medicine
cantharides. The results obtained in 0.9 per cent
sodium chloride solution show that the complex
undergoes substitution to give cisplatin.
Two fuither papers on the effects of rare earth
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oxides on the activity of platinum metals catalysts,
aimed at reducing catalyst costs were presented.
Wang Shengping (General Research Institute for
Non-Ferrous Metals, Beijing) investigated the
effects of rare earth oxides and base metals on palladium catalysts, measuring their effects on light-off
temperature. However, the influence was small for
both oxidation and three-way modes. He Xiaokun
and co-workers (IPM, Kunming) reported on the
effect of rare earth oxides in increasing the working
window of the catalysts. Here, 97 per cent of the
noble metals in the washcoat were shown to be
within 100 pm of the surface.
Dental alloys based on palladium and gold were
described in papers by V. Vasekin (Scientific and
Industrial Complex Supermetal, Russia) and I.
Lebedenko (Moscow Medical Dentistry Institute),
and by H. R. Ding and X. X. Ma (Fourth Military
Medical University, Xi'an, China) and X. Z. Lan
w a n University of Architecture and Technology).
The Xi'an workers have developed new palladiumgold and palladium-silver alloys which meet the
Chinese requirements for biocompatibility, mechanical properties, chemical properties and cast accuracy.

Alloys and Materials
The capability of the platinum metals to resist
high temperature, silicate and atmospheric corrosion, and their optimum high temperature strength
were discussed by Professor Ye. I. Rytvin
(Supermetal, Moscow). This allows their use in the
production of homogeneous silicate melts for
making special glasses and crystals, and fine glass
and basalt fibres.
Work on the influence of the cobalt layer thickness, the cobalt:platinum ratio and the sputtering
temperature on magneto-optical properties was
described in a paper entitled 'The Periodic Structure
Dependence of the Magneto-Optical Properties of
Co/Pt Multilayers", by Huiyun Li, Jun Wu, Hui
Zhao and Yongli Zhang (IPM, Kunming).
The preparation of 10 nm rhodium powder by
hydrogen reduction of chlororhodate solution was
reported by Hiromichi Kiuchi, Minoru Kawasaki
and Manabu Iguchi (Hokkaido University, Japan).
While, two papers by Chen Qiao and co-workers
(IPM, Kunming) dwussed the preparation of 10
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nm sized silver/palladium powders from a mixed
solution of silver and palladium nitrates and the
effects of dispersants on their morphology.

Refining and Recovery
Dong Xuling (IPhl, Kunming) described a
study on solvent extraction of impurity elements in
the preparation of lugh purity osmium powder
using hexachloro-osmate(IV) in acid solution. In
another paper from the same Institute, Li
Kaizhong, Dong Shouan and Liu Xlaorong reported the variations in aged aquo-chloroiridate(I1I)
complexes in a range of acidities and concentrations of chloride ion and the pure species
aquopentachloroiridate(II1) (pr(HzO)CL]' ), diaquotetrachloroiridate(I1I) ([Ir(H,O),CL]-) and triaquotrichloroiridate(II1) (Pr(H,0),C13]) which were
obtained by ion exchange separation.

Extraction and Metallurgy
Advances in extractive metallurgy in China for
platinum metals ores and secondary sources were
reviewed by Liu Shijie (IPM, Kunming), while Liu
Xiaorong, Dong Shouan, Wu Changrong and Li
Kaizhong, from the same Institute, described studies on the preconcentration of platinum metals
from ores using nickel sulfide fire assay. Increasing
demands for platinum metals in China are expected in the 21st Century.
Much of the work from laboratories in Chma
was of basic research with an industrial orientation.
It was encouraging to see so many young people
making presentations: a healthy sign for the future
of research and development in Cluna.
The Proceedings of the Symposium, edited by
Deng Deguo, Lan Xinzhe, Yang Yikun and Li
Guanfang, can be obtained from Ms Li Ming,
Kunming Institute of Precious Metals, Kunming
650221, Yunnan, China; (U.S.$60, including
postage), Fax: +86 871 5151533.
G. LI and D. T. THOMPSON
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A Short Geological Review of the
Bushveld Complex
By R. P. Schouwstra and E. D. Kinloch
Amplats Research Centre, PO Box 6540, Homestead, 1412, South Africa

and C. A. Lee
Amplats Geological Services, PO Box 62179, Marshalltown, Johannesburg, 2107, South Africa

At present most of the worldwide supply of
platinum and palladium and the associated elements is obtained from mines within four major
layered igneous intrusions. These are the Bushveld
Complex in South Africa, the Stillwater Complex
in the U.S.A., the Great Dyke in Zimbabwe, and
the Noril’sk/Talnakh Complexes in Russia (1).
These layered intrusions consist of rocks which

cooled slowly from molten magma, deep within
the earth. Silicate minerals in fixed proportions
crystallised and aggregated to form the final
igneous rocks. The composition of the minerals
changed with the slow drop in temperature in the
magma brought about by cooling. The first silicate
minerals which crystallised and settled out are rich
in magnesium and iron (the ‘mafic’ parts of the

The location ofplatinum mines are as follows: A is RPM Amandelbult, U is RPM Union, R is RPM
Rustenburg, L is Lebowa. P is PPRust, N is Northam, I is Impala and W/E is Western & Eastern Plats
Fig. I Simplified geological map of the Bushveld Complex (2). The green shades represent the Bushveld rocks, the
rose shades are the granitic cover rocks, the blue and brown shades represent the pre- and post-Bushveld rock^,
respectively. The red circular shape near Rustenburg is the Pilanesberg alkali complex.
E = eastern limb, W = western limb, N = northern or Potgietersrus limb;f are faults
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Fig. 2 Stratigraphic
column showing the
position of the UG-2 Reef
relative to the Merensky
Reef: The Platreef is
interpreted as a Merensky
equivalent (modified afrer
Vermaak (2)). UG-l is
Upper Group Chromitite
No. I ; the Middle Group
and the Lower Group are
also chromitites.
The Platreef lies directly
on the .‘floor’ rocks of the
Transvaal and Archaean
sediments and granites,
while the Merensky lies on
Bushveld rocks of the
Critical Zone, etc., before
the Ifloor‘ rocks are
reached

magma), whereas at the lower temperatures, calcium, aluminum and sodium silicates crystallised
(the more ‘silicic’ facies). This regular change in
composition is called fractionation. As more
magma is intruded and cools, the cycle is repeated,
and this can re-occur many times until several
thousand metres of solid rock have been formed.
This segregation can be recognised on a scale
ranging from the microscopic right through to the
complete stratigraphic sequence made up of kilometres-thick accumulations of rock layers.
The resultant layering also controls the distribution of the ore deposits. Chromite (chromiumrich oxide), ilmenite (titanium-rich oxide) and platinum group minerals normally occur in association
with the more mafic parts, whereas magnetite (iron
oxide), cassiterite (tin oxide), zircon (zirconium silicate), etc., are generally restricted to the more
silicic parts. The formation of ore is generally
ascribed to the concentration of a specific group
of minerals by gravity settling, or is linked to the
influx of a magma of a different composition.
Reaction of the magma with surrounding rocks, or
immiscibility of a melt may also play an important
role in the concentration process (3).
From time to time in this process the magma
may vary a little in composition and layers of the
chromium-rich mineral (chromite) will form, to
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give the rock known as chromitite. Layers of
chromitite are frequent in these intrusions. Less
frequently, the variation in magma composition
gives rise to a layer which is rich in the sulfides of
iron, nickel, copper, together with the sulfides,
arsenides, tellurides and alloys of the platinum
group elements (PGE) forming the platinum
group minerals.

The Bushveld Complex
The Bushveld Complex is the world’s largest
layered intrusion, and because of its unique character most other layered intrusions are compared
with it. The Bushveld Complex, as exposed at current levels of erosion, consists of eastern, western
and northern limbs, see Figure 1, and is some
seven to nine kilometres thick. The large scale layering forms the basis for a simple subdivision, see
Figure 2. A characteristic is that to a large extent
the layers are laterally continuous, cxcept for
minor downward magmatic erosional discontinuities known as potholes. This lateral continuity is a
help in the exploration, evaluation (of the economic sequences), mine planning and operation.
The upper Critical Zone of the Bushveld
Complex, see Figure 1, hosts the largest concentration of PGEs in the world. Apart from the
Upper Group Chromitite No. 2 (UG-2) and
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Fig. 3 Slab of a typical
piece of the Merensb Reef;
Rustenburg section
(Amplats). Note the thin
chromitite layer (black,
approximately 1.5 cm thick)
outlining the bottom
contact of the reef; as well
as the coarse-grained
(jegmatoidal) nature of the
reef: The white rock (norite)
consists predominantly of
plagicoclase feldspar: The
bright spots are the sulJides.
Thefootwall is on the left
and the hanging wall is on
the right

Merensky Reef, the Zone also hosts the Platreef
mineralisation of the northern limb of the
Bushveld Complex. The stratigraphic column
shown in Figure 2 illustrates the relative positioning of the UG-2 in relation to the Merensky Reef,
and the position of the Platreef.

The Merensky Reef
Although the Merensky Reef (W3)is generally
regarded as a uniform reef type, large variations
occur in reef thickness, reef composition, as well as
the position of the mineralisation.
The rock-forming minerals of the Merensky

Reef comprise approximately equal amounts of
dark iron-magnesium silicate minerals and lighter
calcium-aluminium-sodiumsilicate minerals (called
a feldspathic pyroxenite) under- and overlain by
thin (5 to 15 mm) often discontinuous layers of
chrornite concentrations, see Figure 3. The total
thickness of this package is generally less than 30
cm. This zone, commonly known as the Merensky
pegmatoid, contains the base metal sulfide grains
and associated platinum group minerals. The
Merensky Reef has been traced for 300 km around
the entire outcrop of the eastern and western limbs
of the Bushveld Complex, and to depths of 5 km.

Table I
Composition of Some Common Minerals of the Bushveld Complex
Mineral group
Pyroxene
Feldspar
Mica
Chlorite
Clay
Serpentine
Spinel
Sulfide

I’htinum Metah REV.,2000, 44,(1)

I

Mineral

Composition

Enstatite
Augite
Plagioclase
Phlogopite
Biotite
Chlorite
Talc
Serpentine
Chromite
Pentlandite
Chalcopyrite
Pyrrhotite
Pyrite

Mg, Fe silicate
Mg, Fe, Ca silicate
Ca, Na, Al silicate
K, Mg, Al silicate
K, Mg, Fe, Al silicate
Hydrated Mg, Fe, Al silicate
Hydrated Mg silicate
Hydrated Mg, Fe silicate
Cr, Fe, Mg oxide
Ni. Fe sulfide
Cu, Fe sulfide
Fe mono-sulfide
Fe di-sulfide

~
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Table II
Regional Distribution of Platinum Group Minerals across the Bushveld Complex
Volume percentage distribution in the Merensky Reef at various localities
Discrete platinum group
mineral categories
Pt-Fe alloys t intergrowths
Palladium alloys
Electrum (AuAg)
Platinum arsenides
Laurite (RuS2)
Platinum-palladium sulfides
Platinum-palladium tellurides
Others

Rustenburg* Lebowa* Amandelbult'

9.6

1.2

Union*

Boschkoppies*

Western
Platinum"

82.8
0.4
0.5
0.3
7.0
2.3
6.7

13.1
2.3
0.7
39.9
8.0
29.4
6.5

Trace

48.6
0.2
0.9
4.1
11.6
20.7
13.3
0.6

Trace

Trace

Trace

80
20
<l

67
31
2

89
10
<l

47
52

68
42

-

Trace

3.5
6.4
15.4
31.6
33.5

0.7
1.3
6.8
70.9
19.1

Trace

6.1

-

4.1
51 .O

-

17.3
21.4

Platinum group mineral associations with:
Base metal sulfides
Silicates
Chromite

56
43
<1

<1

-

Data rnodtfied after Kinbch. 1982 (10)

The rock-forming silicate minerals of the
Merensky Reef consist predominantly of orthopyroxene (- 60 per cent), plagioclase feldspar (- 20
per cent), pyroxene (- 15 per cent), phlogopite (5
per cent), and occasional olivine, see Table I,
which lists the composition of some of the common minerals found in the Bushveld-type rocks.
Secondary minerals such as talc, serpentine, chlorite and magnetite have widespread occurrence.
The base metal sulfides consist of pyrrhotite (40 per cent), pentlandite (- 30 per cent), chalcopyrite (- 15 per cent), and trace amounts of millerite
(NiS), troilite (FeS), pyrite (FeSJ, and cubanite
(Cu5FeS4).The major platinum group minerals are
cooperite (PtS), braggite [(Pt,Pd)NiS], sperrylite
(DtAsz) and PGE alloys, although in some areas
minerals such as laurite @us2) can be abundant.
The regional distribution and associated data of
the platinum group minerals in the Merensky Reef
are summarised in Table 11.

The UG-2 Reef
The UG-2 Reef (2, 9-12) is a platiniferous
chromititc layer which, depending on the geographic location within the Complex, is developed

Plrrtinum Metals &a, 2000,44, (1)

some 20 to 400 metres below the better known
Merensky Reef. The chromitite itself is usually 1 m
thick but can vary from 0.4 to up to 2.5 m. Thin
chromitite seams (generally less than 20 cm in
thickness) may be present in both the footwall
and, more commonly, in the hanging wall rocks.
The UG-2 consists predominantly of chromite (60
to 90 per cent by volume) with lesser silicate minerals (5 to 30 per cent pyroxene, and 1 to 10 per
cent plagioclase (2)). Other minerals, present in
minor concentrations, can include the silicates:
phlogopite and biotite, the oxides: ilmenite, rutile
and magnetite, and base metal sulfides. Secondary
minerals include quartz, serpentine and talc, see
Table I. The Cr20,content of the UG-2 Reef varies
from 30 to 35 per cent (the pure chromite mineral
has an average CrzOl content of 44 per cent (12)).
Total PGE values vary from locality to locality,
but on average range between 4 and 7 g ton-'.
Figure 4 illustrates a typical distribution of the values in the LJG-2 Reef, and Table 111 summarises
the contribution of the individual PGE. The base
metal distribution follows a similar trend to that of
the PGE, with m a t of the values occurring in the
bottom and top part of the reef. The base metal

-
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Fig. 4 Idealised section
through the UG-2 Reef’
illustrating the distribution of’
the platinum group elements.
The grades. measured in
grams per ton, ojthe platinurn
group elements are shown,for
each seam. The bottom main
seam is seen to contain a
higher proportion of’the
platinum group elements.
H/Wall is hanging wall
F/Wall is footwall.
The green colour denotes
pyroxenite

H l W a l l pyroxenite

Leader seam
UP to 80 cmC

r

Top main seam

Middle main seam

Bottom main

I

seam

L
up t o 80 cm[

0

FlWall seam

0
FlWall

pyroxenite

content of a typical UG-2 Reef is approximately
200 to 300 ppm nickel occurring as nickel sulfide
and less than 200 ppm copper occurring as copper
iron sulfide.
The platinum group minerals present in the
UG-2 Reef are highly variable, but generally the
UG-2 is characterised by the presence of abundant
PGE sulfides, comprising predominantly laurite
(RuOsIr sulfide), cooperite (PtS), braggite (Pt, Pd,
NiS), and an unnamed PtRhCuS. The platinum
group minerals only reach an average size of
approximately 12 pm, with particles larger than 30
pm being extremely rare. Most of the platinum
group minerals occur in association with the base
metal sulfides and silicates. It is only the mineral
laurite which exhibits a preferred association with
the chromite grains. Both the grain size and associations are extremely important as these affect the
metallurgical behaviour during subsequent processing.
The major base metal sulfides constitute chalcopyrite, pentlandite and pyrrhotite. The base

2

4
6
8 1 0
Grade, gt-’

metal sulfides occur almost entirely within the
interstitial silicate and are only very rarely enclosed
within the chromite particles. The grain size of the
base metal sulfides rarely exceeds 30 pm.

The Platreef
In the northern limb of the Bushveld Complex,
the Lower and the Critical Zones of the Bushveld
are poorly developed. Where the Bushveld rocks
are in contact with the floor rocks (that is thc
Archaean granite and sediments of the Transvaal
Sequence), a unique type of mineralisation has
developed, see Figure 2. This reef, known as the
Platreef (13, 14) consists of a complex assemblage
of pyroxenites, serpentinites and calc-silicates. The
different namre of these rocks, compared to normal
Merensky Reef, is the result of the hot Bushveld
magma reacting with the lime-rich floor rocks. An
exchange of heat and material between the magma
and the floor rocks resulted in the formation of
abundant lime-rich minerals (calc-silicates) as well
as the serpentinisation of the overlying pyroxenites.

Table Ill

UG-2 Distribution of PGE in the Bushveld, percentage, and the Platinum:Palladium Ratio (after (2))

Western Bushveld
Eastern Bushveld

Pt

Pd

Ru

Rh

52
41

24

14
11

8

t2

37

7

3

Ir

0s
<1
1

PtPd
2.2
1.1
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Crusher

CCO flotation

1

I

13-4
Primary flotation

1-1

I=+

Regrind mill

Fig. 5 Simpli$ed circuit of
the metallurgical treutment
of the mined Merenshy ores.
CCO is the crusher
classifier overflow which is
the naturalfines from
underground which do not
need.further milling

I

Scavenger flotation

c 5
Final tails

Base metal mineralisation and PGE concentrations are found to be highly irregular, both in value
as well as in distribution. The mineralisation in
places reaches a thickness of up to 40 metres.
Although the major platinum group minerals consist of PGE tellurides, platinum arsenides and
platinum sulfides, there appears to be a link
between the rock type and the type of PG-minerals: serpentinites are characterised by a relative
enrichment in sperrylite (PtAsJ, whereas the
upper pyroxenites are generally characterised by
more abundant PGE sulfides and alloy. PGE
alloys generally dominate mineralisation closer to
the floor rocks.
Common base metal sulfides include
pyrrhotite, pentlandite, chalcopyrite and pyrite,
and although PG-minerals frequently occur,
enclosed in or on grain boundaries of these base
metal sulfides, a high association of PG-minerals
with silicate minerals is found in some areas.

4l
Final concentrate

by gravity techniques prior to the main flotation
banks. This results in a very high-grade stream,
which by-passes the smelter stages and is an early
feed to the refinery. The remainder of the PGE are
recovered by flotation, followed by electric smelting, converting to produce a nickel-copper-PGE
matte which, after slow cooling and extraction of
the precious metal alloy phases, is sent to the refinery where platinum, palladium, rhodium,
ruthenium, iridium, osmium, gold and silver are
produced. The base metal portion of the converter matte is processed separately in the base metal
refinery for recovery of nickel, copper and cobalt.
A simplified flowsheet of the mineral processing operations on the Merensky and Platreef ores
is shown in Figure 5.
The UG-2 operations, due to the fine grain size
of the PG metals and the paucity of base metal sulfides, utilise flotation as the sole method of
concentration. Gravity concentration is used on
occasion for recovery of a chromite byproduct.

Metallurgical Treatment
The Anglo American Platinum Corporation
(Amplats) mining operations on the three reefs
utilise froth flotation for recovery of the value minerals to concentrates. The exceptions are the
Rustenburg and Amandelbult Merensky Reef
operations of Amplats, where historically, the
coarse and dense PG metals (about 30 per cent of
the total platinum in the Merensky) are concentrated and removed from the circuit at an early stage

P/atinurn klrfuuls Rea. 2U00.44, (1)

Reserves
Cawthorn (3b) reports the proven and probable reserves of platinum and palladium for the
Bushveld Complex to a depth of 1200 m as 204
and 116 million ounces platinum and palladium,
respectively. Amplats proven and probable
reserves are 95.5 million ounces platinum and 59
million ounces palladium. Inferred resources of platinum and palladium to 2 km depth are estimated
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as 939 and 711 million ounces, respectively, for the
whole Bushveld. This represents 75 per cent and

50 per cent of the world’s platinum and palladium
resources, respectively. Cawthorn (3b) estimates
that for the Bushveld Complex as a whole, the
proven and probable reserves are sufficient for 40
years production at the current rate of production.
T h e Bushveld Complex is truly a world class
deposit and unlikely to be duplicated by any new
discovery.

On-going Research
T h e potential for improving current recoveries
o f value minerals from the ores o f the Bushveld
Complex is significant and, to this end, research in
all fields o f geology, mining, mineralogy, minerals
processing and in the various refining processes is
on-going. Optimisation of these resources, via
process technology and other technical measures,
is one of the major functions of the continuing
research undertaken at the Amplats Research
Centre.
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Submicron Platinum Metals Powders
Uniform platinum and palladium powders of
submicron size are important conductor materials
for the electronics industry, but their synthesis is
difficult. Researchers from the Universitk d e
Picardie Jules Verne, France, have now reported a
room temperature synthesis of spherical platinum
and palladium submicron particles by controlled
hydrazine reduction o f PtCL,’- and Pd(NHI);’,
respectively, in glycols (K. Tekaia-Elhsissen, F.
Bonet, S. Grugeon, S. Lambert and R. HerreraUrbina,]. Muter. Res., 1999, 14, (9), 3707-3712).
Platinum powders produced in this way contain
particles with a bimodal size distribution which can
be narrowed by synthesis at -5°C. Palladium powders are monodisperse, of average particle size 0.10.3 pm; their particle size and distribution can be
controlled bj7 modification of the solution chemistry.
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ABSTRACTS
of current literature on the platinum metals and their alloys
PROPERTIES
Grain Growth in Ultrathin Films of CoPt and FePt
R. A. RIST,\C, K. B,\RWK,

K. R. COFFIS

and I

K. IIOWARD,

1.Alater. Res., 1999, 14, (8), 326.3-3270
Thin films (10 nm) of Copt and FePt sputter deposited on oxidised Si wafers have been characterised using
TEM. A rapid growth stage concurrent with the formation of a [l l l] fibre texture was observed to occur wittun
5-10 minutes of annealing, followed by a much slower
growth stage after the fibre texturing was well advanced.
Differences in grain growth rate and ultimate grain size
were observed to be dependent on heating rate.

The Effect of Platinum Additions on the Oxidation
of Directionally-Solidified Ni-Cr-Al-Y-Cr& Alloys
at 1,100 and 1,200"C

Alloying Elements Partitioning in TiAl-Ru
Intermetallic Alloys
I) \\. s i r r t i , Iiiteruirtallcs, 1999, 7,
(ll), 1283-1290
The solute partitioning behaviour in two phase a,+ y
Ti-48 at.% AI-0.5 at.% Ru alloys was investigated using
atom-probe field-ion microscopy. Ru was depleted in az
and interstitial elements were localised in the a, phase.
The degree of localisation for interstitials is much more
significant than for substitutional elements.

s. KIAI, D.J. I..\RSO> and G

Infrared Spectra and Density Functional
Calculations of RuCO', OsCV, Ru(CO),, Os(CO),,
Ru(C0); and OS(CO)~-( x = 1-4) in Solid Neon

31. n i o v and I.. , \ ~ D R I : \ u , J. Wqi. C h i . -,I,
1999, 103, (35),
69566968
I,aser ablated Ru and 0 s atoms were co-deposited with
I.. 11. STOTT, B. GLEESON and P. CASTELLO,Alniet: Htgh Tmq..,
CO (0.05-0.2'X/13 during condensation in excess Ne.
1999,16, (l), 15-26
The effects of 2 wt.O% Pt additions o n the oxidation of hl(CO), (RI = O s , Ru; s = 1-5) were formed during
dcposition o r o n annealing, while hl(CO),~ (A- = 1 4 )
the title alloys were investigated under isothermal and
thermal cycling conditions. At 1 100"C, the addition of Pt were formed by electron capture. MCO* were produced
favoured the formation of a continuous /\12C), scale over by metal cation reactions. 1R characterisations were
primary carbides intersecting the alloy surface. The scale recorded. Density functional calculations predicted these
frequcncies within 1'X and the isotopic shfts for diffcrremained substantially adherent after isothermal oxidation, but lifted and cracked on thermal cycling. At ent C - 0 stretching modes within averages of 1-2 cm-'.
1200"C, an external ALO, scale formed initially, but
spalled extensively after short times under both isotherCHEMICAL COMPOUNDS
mal and thermal cycling conditions.

Novel Hydrogen Sensors Using Evanescent
Microwave Probes
51.T A B I B - ~ Z A R
and B. SC'TAPCN:,&I:

Sci. htrwti., 1999, 70, (9),
3707-371 3
Evanescent microwave probes (EMP) were used t o
detect deflections in a Pd-coated cantilever and to quantify the amount of stress and the resistivity change in the
Pd film as a function of HLconcentration. The stress was
5.26-8.59 X 10- Pa for 0.5-1.4"/0 H: concentration at
room temperature, which is about 3 times larger than
that found in bulk Pd for the same H, concentrations.
The resistivity of the Pd films changed by 13.5% at 3.Oo/u
H, giving 18% change in the EMP signal. H, concentrations of 0.0111% could be detected by the EMP.

Magnetic Properties of RPdsS, ( R = Ce, Gd)
XI. W A K E S I and
~ ~ 1.. IIINATSC, J.

Solid State Cheni., 1999, 146,
(l), 226-229
GdPd,S, shows antiferromagnetic behaviour below 5.8
K. Above 10 K, the magnetic susceptibility follows the
Curie law, and the effective magnetic moment is 7.36 pu.
CePd,S, shows ferromagnetism below 5.8 K. The residand the magnetic moment at
ual magnetisation is 0.39 pLa
5 T is 0.83 pH at 2 I(.From the magnetic transition temperature of RPd,S,, the superexchange interaction is
thought to be dominant in the magnetic interaction.

/.'laiinr,n,Metah

hi:,
2000, 44, (I), 40M4

luminescence and Aggregation Studies of
Hexanuclear Platinum-Copper Acetylide
Complexes. Crystal Structure of the luminescent
Metal-Metal Bonded Dimer [Pt2Cu,(CdPh)l12
YC a n d K.-K. (:III;LXG, J. Cheni. SOL..,Da/toii
1999. (17). 2913-293s
IPt:Cu,(C=Cl'h),ll (1) was synthesised by the reaction
of [r\;Bu,],[Pt(C=CPh),] (2) with [Cu(MeCN),][PF,,] in
acetone. (1) was shown to exist in the dimeric form only
in concentrated solution through a Pt-Pt bonding interaction. The shift in the v(C=C) absorption to a lower
wavenumber in (1) than in (2) was indicative of a Xbonkng mode of the alkynyl ligands.

1'. K . A . )'.\AI- K. I..

7ruw,

Palladium and Platinum Dithiocarbamato
Complexes Containing Mono- and Diamines
r\~.\(;i.i.\andS.SITR.\N,
1999, 18, (22), 2827-2837
[1ZI(DhlDTq,, (hl = Pd, Pt; DhlDT = hZe,NCS,; X =
CI, Br) were reacted with amines (Am) (Py, pyridine; Pra,
n-propylaminc; Cba, cyclobutylamine; Dap, 1,3-&aminopropane; En, ethylenediamine) to give M(DhLDT)(L)X
(T. = Py, Pra, Cba), [hI(DMDT)(I.2)IX, [hl(DhIDT)(En)lX
and [bl(DhlDT)(Dap)]S. TGA data suggest a particular
behaviour for Pd-Pra and Pd-Cba, with the formation of
low stoichiometry intermediates Pdi(DMDT2AmSi.
\RCI.\. 4 I ; I x I . . \ ~ I . D .TRRGOS \ , G

/'o&droii,
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Design of Novel Hexametallic Cartwheel Molecules
from Persubstituted Benzene Compounds

Development of Carbon-Metal Oxide Supercapacitors
from Sol-Gel Derived Carbon-Ruthenium Xerogels

H. P. DIJKS'ITA,P. STEENW1NKEL.D. hl. GROVE, M. I.UTZ, A. L. SPEK

C. U N , J A. R l l T E R

and G . VAN KOTEN, Angeu Chem. Int. Ed., 1999, 38, (15),
2186-2188
Nanosized hexametallic Pd" species with persubstituted benzenes C,[3,5-(CH,Y),C,H?],(Y = NMez, P(O)Ph,,
PPh,, SPh) were synthesised. The molecular structure of
[C,{ 3,5-(CHzSPh),C,H,(PdCl)},] showed C, symmetry
with adjacent radial Pd-Pd separations of 7.339(2) and
8.006(2) A and a diametrically opposed Pd-Pd separation of 15.340(2) A. These cartwheel structures are
potential homogeneous catalysts which can be recovered
by nanomembrane filtration techniques.

146, (I)),3155-3160

Dicarbonylcyclopentadienyliridium,(q-C5H5)lr(CO)*,
as a ligand
and M.J.
ZAVC'OROTKo, can. J. Chem., 1999, 77, (8). 1327-1335
Using Cplr(CO), as a 2e donor ligand, the metal complexes Cp(OC)LIrW(CO)s(l),Cp(OC),lrRu(CO),(SiCl,)2,
Cp(OC)21rOs(CO),(GeC13)(C1)
(2) and Cp(OC),IrOs(CO),(X)z (X = CI, Br (3), I) were prepared and
characterised.The crystal structures of (l),(2) and (3) all
contain an unbridged metal-metal bond. With the exception of (2), all the complexes dissociate in solution at
room temperature, some of them rapidly. CpIr(C0)2is a
weak ligand, comparable in ligating ability to Os(C0);.
F. JIANC;, K. RIRADHA, W. K. LEONG, R. K. POhll'ROY

Synthesis and Characterization of a Metal
Coordination Polymer Consisting of Ruthenium(ll1)
p-Diketone Units linked by Butadiyne Bridges
Y. HOSHINO

and Y.

HAGIHARA, horg.

Chim. Acta, 1999, 292,

and 8.N

POPOV,

/. Efecfrochern.sac., 1999,

Sol-gel high surface area C-Ru xerogel composites (1)
were prepared from carbonised resorcinol-formaldehyde
resins containing RuO,.xH,O. A very high specific capacitance of 256 F g-' (single electrode) was obtained from (1)
with 14 wn!/t
Ru, which corresponds to > 50% utihsation
of the Ru. (1) also showed no change in electrochemical
capacitance after 2000 charge/discharge cycles, indicating that (1) was very stable and the redox reactions
associated with the RuO, were completely reversible.

PHOTOCONVERSION
Hydrogen Evolution Photoinduced by Using
Platinum-Loaded langmuir-Blodgetl Films of
Viologen-Linked Porphyrin
H. H O S O N ~ J.
, Photochem. PhotobioL A: Chem., 1999,126,(1-3),
91-97
Viologen-linked porphyrin (1) and viologen-free porphyrin (2) were synthesised and their Pt-loaded
Langmuir-Blodgett (LB) films (3) prepared. Steady photoinduced H, evolution was observed using (3) under
steady-state irradiation in the presence of EDTA as a
sacrificial electron donor. The rate of H2 production
using (1) was larger than for (2). H, evolution continued
for longer using (1). In LB film with (l), the degradation
via the reduced form of porphyrin is repressed.

Photoluminescence of Trimeric Palladium(ll)
Acetate in Solution

(I), 6 6 7 2
[Ru(mESima),] (mESirna- = 3-(trimethylsilyl)ethenyl2,4-pentanedionate) and [R~(mEma)~]
(mErna- = 3ethynyl-2,4-pentanedionate), were prepared as precursors for polymerisation to give the title Ru(I1I) polymer
(1). The number-average molecular weight of (l), 5400,
corresponding to
11 monomer units, was obtained
from the FT-NMR integrated intensities for the protons
on the ethynyl group of the mEma ligand end-group relative to the CH,-protons of the entire chain. NMR
showed that (1) has a chain-like structure.

H. KUNKEI-Y and A. VOGI.ER, Chem. Pbs. Left., 1999, 308, (3,
4), 169-172
Pd,(acetate), (1) shows photoluminescence in benzene
= 475 nm (fluorescence) and 595 nm (phosphoat k,,,=
rescence). The longer wavelength emission is quenched
in the presence of air while the shorter wavelength luminescence is hardly affected by 0,.The emission of (1) is
related to its trimeric structure and disappears when
K(acetate) is added. The luminescence originates from
the do*
p o excited state, involving metal-metal interaction in the triangular (Pd"), moiety.

ELECTR0CHEMISTRY

Iridium(lll) Bis-terpyridine Complexes Displaying
long-lived pH Sensitive luminescence

-

Nickel Electrowinning Using a Pt Catalysed
Hydrogen-Diffusion Anode. Par! II: Batch Tank
with a Sulphate Bath
J AppL Ehctmcbem., 1999,
29, (lo), 1211-1216
rZ Pt catalysed H,-diffusion anode was used for Ni electrowinning from a NiSO, bath with a stainless steel/Ni
cathode. The anode comprised a C cloth coated with
5 mg cm-' of C black + PTFE with 10 wt."/n Pt. For Ni"
contents of 50-125 g 1 I, current efficiencies > 93% were
found. Energy costs increased linearly as current density
increased from 10-50 mA cmP, but at values much lower
than those from a conventional Pb anode.

J. R A ~ ~ L A
8.. BRILLAS and J. CASADO,

-

P/utinum Metah hi).
2000,
, 44, (1)

\Y'lLuI\I\IS, them. cornmun., 1999, (I!)),
1943-1944
The title Ir(I1I) complexes in which the terpyridine ligands bear pendent protonatable (pyridyl) (1) or
deprotonatable (phenolic) (2) groups have been prepared. Complexes with (1) display long-lived emission at
pH 7 in air-equhbrated aqueous solution, but both the
lifetime and intensity are reduced by a factor of > 8 upon
protonation of the pyridyl nitrogen; the structurally similar complexes with (2) are only weakly emissive and their
ground-state absorption spectra exhbit a new, low energy band (h = 468 nm) upon deprotonation. These
complexes constitute potential new pH sensory systems.

M. LICINl and J. A. G.
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Effect of the Deposition Temperature on the
Properties of Iridium Thin Films Grown by Means
of Pulsed Laser Deposition

Luminescent Nafion Membranes Dyed with
Ruthenium(l1) Complexes as Sensing Materials
for Dissolved Oxygen
D.

CARCiA-FRESNADILLO, hl.

D. MARAXUELA, M. C XlOREP\;O-

B O N D I G.
~ ~
ORETJANA,
~
Lngmuir,

1999,15, (19), 6451-6459
Indicator layers for luminescence optosensing of O,,
showing no dye leaclung and avoiding the use of adsorbing materials, were developed by using FuL3l2*
complexes (
I
=.
2,2'-bipyridine, 1,lO-phenanthroline, 5octadecanamide-l ,I 0-phenanthroline, 4,7-diphenyl-l ,lophenanthroline (dp)) immobilised in Nafion. The 0,
sensitivity of dip),]" d p p e d in MeOH was independent of the Ru(II) loadmg and Nafion counterion. Highly
02-sensitive luminescent membrane, for monitoring in
organic solvents, HiO and the gas phase, was prepared
o n immobilising [Ru(d~p)~]**
in 178 pm thick Nafion.

,\I h. IiL M h M N 1 , R. LE DROGOFF

and

\I.

Cf1AKER, 1.i2.iaft.r.

Res., 1999,14, (X), 3241-3246

Pulsed laser deposited Ir thin films (1) were obtained
by ablating an Ir target with a KrF excimer laser. At the
deposition temperatures of 20-600"C. (1) are polycrystalline with a preferred (1 11) orientation, especially at
200-500°C. The average grain size of (1) continuously
10 to 30 nm and the stress changed
increased from
drastically from highly compressive to tensile, as the
deposition temperature was raised. The room temperature resistivity of (1) gradually decreases in the range
2W00"C and stabilises for higher temperatures. (1) with
the lowest resistivity and a nearly zero stress level can be
grown at 400°C.

-

ELECTRODEPOSITION AND SURFACE
COAT1NGS

APPARATUS AND TECHNIQUE

Excimer Lamp-Induced Decomposition of Platinum
Acetylacetonate Films for Electroless Copper
Plating

The Use of Polymers Coupled with Metallised
Electrodes to Allow HzOzDetection in the
Presence of Electrochemical Interferences

J.-Y. ZHANG and I . W . uom,

Solidstate Ehctron., 1999,43, (6),
1107-1 111
Photo-induced decomposition of Pt acetylacetonate
films (1) was achieved using an excimer VUV source of
172 nm radation. VUV irradiation of non-catalytic substrates coated with (1) formed Pt metal, which is an
activator for an electroless Cu plating process. The photodecomposition rate of Pt acetylacetonate was found to
be strongly dependent upon the UV dose, the chamber
pressure during irradiation and exposure time.

D.J. DALY, C. K.O'SLILLWAK

X-Ray Photoelectron Spectroscopy Study of Pt-Oxide
Thin Films Deposited by Reactive Sputtering
Using 0JAr Gas Mixtures

An Electrochemical Alcohol Sensor Based on a
Co-electrodeposited Pi I WO, Electrode

M-C. JUNC, fL-D. KIM, M. FIAN, W. JO

Y. CHEN, 6.Y. CHEN

and D. C. KIM, 1pn. 1.APPI!

P&, 1999,38, (X), 4872-4875

Pt-oxide thin films (1) were obtained by reactive r.f.
magnetron sputtering of Pt at a relatively high partial
XRD indicated that (1) have an amorpressure of 0,.
phous structure. From XPS, it was found that chemical
shifts of the Pt 4fpeaks occur, and the amount of energy shifts are 1.0 and 2.1 eV. After comparison with
known data, it was concluded that (1) are composed of
PtO grains and intermediate mixtures of PtO and PtO,.

Electroless Plating of Metals onto Carbon Nanotubes
Activated by a Single-Step Activation Method
I..-hl. ANG,T. S. .A. HOR, G . ~ QXI. G H . TIINC,, S. ZHAO
WANG, Chem. Mutrr., 1999, 11, (X), 2115-2118

andJ

L. S.

Oxidised C nanotubes were activated with Pd-Sn catalytic nuclei. A HCl accelerator was used to preferentially
dissolve the protective layer, exposing more surface area
of the Pd-Sn nuclei. These activated nanotubes were
used as precursors for Ni- and Pd-coated nanotubes via
electroless plating. Metal deposition occurs at the catalyic sites. The deposited clusters of metal atoms then
catalyse further metal deposition o n the tube surface.

Platinum A4etuls Rev., 2000,44, (1)

and G. G. GL'ILBAVLT,
?hlunfu, 1999,
49, (3), 667-678
The co-deposition of Ru, Rh and Pt as well as Pt on RuRh electrodes was investigated to provide an electrode
surface which is highly catalytic and selective towards
HIO,. All transducers were coupled with polymers for
enhanced response, due to elimination of interferences.
A Ru-Rh metallised electrode polymerised with poly(l,3diaminohenzene) gave the best results. At an applied
potential of +lo0 mV the response to H,02 was 200
times larger than the response of any interferences.

and A c. c. TSEUNG,
I. Electrounal. Cbem.,
1999, 471, (Z), 151-155
A Pt I WOi electrode (1) was used for the rapid determination of E t O H in beer and wine. (1) was prepared by
co-electrodeposition from a solution containing chloroplatinic acid and W onto a Au substrate of 0.5 cm' at
-0.25 V for 30 min. The W solution was prepared by dissolving W powders in H,02 followed by decomposing
the excess H,O, with a Pt foil coated with Pt black.

Electropolymerised Platinum Porphyrin Polymers
for Dissolved Oxygen Sensing
.A. s. HOLMES-SMITH, A. HAMILI.,

M

CAL~RPET.~.
and M. UTTAMLAI.,

Ana!ysi, 1999, 124, (10). 1463-1466

Sensitivities of polp-Pt tetraphenylporphyrin (1) and
poly-Pt octaethylporphprin (2) to dissolved O,, gven by
Stern-Volmer quenching coefficients, were obtained
from luminescence lifetime measurements as 1.12 (mg
I-').' and 2.07 (mg I-')-', respectively. The response time
for (2), determined from luminescence intensity measurements, to a step change in O2 concentration of
4.3-38.6 mg I-' was 8 ms. The limit of detection obtained
for an 0, sensor based on (2) was 0.06 mg I-'.
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Fabrication of Defect-Free Pd/u-Al,O, Composite
Membranes for Hydrogen Separation
A. LI, w. LUNG

and R. HUGHES, Thin Solid Films, 1999,350,
(1,2),106-112
A thin film Pd/a-Al,O, composite membrane (l),
where Pd thickness is 10.3 pm, was fabricated by electroless plating combined with osmosis. The H2
permeation performance of (1) was investigated using
pure H, at various temperatures from 320-577°C. H,
effects on the surface of (1) had an influence on Hz permeation, so that the Hz permeation performance
diverged slightly from Sievert's law. The apparent activation energy for (1) was 12.3kJ mol-' at 320-577°C. Both
a sweep gas of N, and a higher total feed flow rate
improved H, permeation through (1).

Composition Control and Hydrogen Permeation
Characteristics of Sputter Deposited
Palladium-Silver Membranes
s. LIN, J. Membrane Scz.,
1999,161,(I-2),67-76
Submicron thick continuous Pd-Ag films (1) were
deposited by sputtering on mesoporous y-Al,O, from a
target composed of 75% Pd and 25% Ag. (1) were tested in a multigas permeation system for H2 permeance
and H2 selectivity over He. H, permeance for (1) was
found to be 3 x 10" to 1 x 10.' mol m-k' Pa and H2:He
selectivities were in the range 4-4000, depending mainly
on the Ag concentration and microstructure of (1).

B. MCCOOL, G. XOMEIUTAKIS and Y.

HETEROGENEOUS CATALYSIS
Extraordinarily Effective Promotion by Sodium in
Emission Control Catalysis: NO Reduction by
Propene over Na-Promoted R/y-A120s
I. V. YENTEKAKIS,M. KONSOLAKIS, R. M. LAMBERT, N . MACLEOD
and L. NALBANTIAN, AppL Catal. B: Environ., 1999, 22, (2),

123-133
The catalytic activity and selectivity of Pt/y-Al,O,, for
the reduction of N O by propene, was found to be promoted extremely strongly by Na at 470-770 K. Rate
increases of two-orders of magnitude were achievable,
while the selectivity towards N, was improved from
15% over Na-free unpromoted Pt to > 95% over 4.18
wt.% Na-promoted Pt.

-

Treatment of Combined Bleach Plant Effluents via
Wet Oxidation over a Pd-Pt-Ce/Alumina Catalyst
and K. T. CHUANG, Environ. sd. Technd, 1999,33,
(20).3641-3644
Pd-Pt-Ce/Al,O, (1) shows promising activity over traditional Fe20,, ZnO-type, oxidation catalysts for the
treatment of bleach plant effluents. At 443 K and 1.5
MPa in a slurry reactor, 65% total organic carbon (TOC)
and 99% colour were removed after a 3 h treatment,
while only 10% TOC and 79% colour reduction were
achieved without catalyst under the same experimental
conditions. Cheap ferrous-based alloy may be used as the
construction material for the process equipment. (1) may
also be applied to the treatment of other organic wastes.
Q. ZHANG

Pkzfinwv Metah Rev., 2000,44,(1)

Dowel$ 1-Supported RCI, Ion Pair as a Recycle
Hydrogenation Catalyst
M. SETIYFICHMAN, K. KUPFERMAN, V. BATZ, C. R O T M A N ,

Y.SASSON andJ. BLUM, J.

MoL CataL A: Cbem., 1999,144,(I),
159-163
Polystyrene-supported ion pairs formed from PtCL
and Dowex" 1 anion exchangers in EtOH, were found to
be sufficiently stable under H, to function as efficient
and recyclable catalysts for the hydrogenation of various
akenes and other unsaturated compounds at < 35°C.In
the hydrogenation of 1-decene, the intraparticle diffusion of the substrate contributed to the overall rate of the
reaction. XPS identified Pt(II) and Pt(IV) species in the
reaction mixture. N o Pt(0) was traced.

Water-Soluble Colloidal Adams Catalyst:
Preparation and Use in Catalysis
J. A m . Chem. Soc., 1999,121,(34),
793s7934
The hydrolysis/condensation of PtCL or HzPtC1,under
basic conhtions in the presence of carbo- or sulfobetaine stabilisers was shown to be a simple route to
preparing H20-soluble, stable, nanosized colloidal PtO,.
The nanoparticles can be immobilised on neutral Alz03
with the formation of highly active heterogeneous
@re)catalysts.This route was extended to the fabrication
of bimetallic PtRuO, systems. Such HzO-soluble mixed
metal oxides have potential as chemical @re)catalystsin
organic transformations and electrocatalystsin fuel cells.

M. T. REETZ and M. G. KOCH,

-

Pd-Cu Supported on Anionic Polymers Promising
Catalysts for Removal of Nitrates from Drinking
Water
and M. HRONEC, coht. Czech.
Cbem. Commun., 1999,64,(3),50Z514
B i m e d c catalyst (1) with 2 wt.% Pd and 0.5wt.% Cu,
deposited on microporous anionic resin Dowex 50 W X
4,was able to reduce the NOl- content in H,O from 100
to 47 mg 1'. after a 4 h treatment (1 mmol Pd per litre of
H,O) at ambient temperature and atmospheric pressure
with vigorous stirring of the reaction mixture. (1) kept its
activity ,for 2 further cycles. The catalyst, regenerated
with a dilute mineral acid, had only slightly lower activity
and selectivity for NZformation than the original catalyst.
D. GASPAROVICOVh, M. K R h K

Methane Combustion on Sol-Gel Rh/ZrDz-SiOz
Catalysts
T. L ~ P E ZR.
, ~0rn.z
and J. L G.
Chem. Technol. Biotechnol., 1999,74,(9),897-903
Studies of Rh/ZrO,-SiO, catalysts (1) prepared by the
impregnation of mixed ZrO,-SiO, (by the sol-gel
method) showed that the specific area and porosity
depended strongly on the pH of the gelation. When
Zr(acac)4is used as a precursor, no significant changes in
surface area occurred, but important changes in pore size
distribution were detected. With Zr alkoxide, both the
surface area and the porosity changed significantly. The
catalytic activity for CH, combustion depends mainly on
the porosity of (1) and the presence of Cl-, which induce
an inhibitory effect o n the combustion.
G. PECCHI, P. REYES, P. OWA,
PIERRO, J.
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Copolymerization of Carbon Monoxide with Ethene
Catalyzed by Bis-Chelated Palladium(ll) Complexes
Containing Diphosphine and Dinitrogen Ligands

Asymmetric Hydroformylation of Vinyl Acetate
with BINAP-Rhodium(1) Complexes
D. HORGAIXTS

and P. A.JACOBS, Tetrahedron:ASyrwnetV, 1999,

10, (15), 3039-3043

(R)-BINAP-Rh(I) complesrs derived from Rh(acac)(CO), and ph(p-OMe)(cod)], were used for the
F. VIZZA, New J. Chem., 1999,23, (9), 929-938
asymmetric hydroformylation of vinyl acetate.
[Pd(P-P)(N-N),1(DFJ2 (p-P = 1,3-bis(diphenylphos- Enantiomcric cxcesses of I 60"% were achieved with
phino)propane, meso-2,4-his(diphenylphosphino)pentane regioselectivities of I 99'%1.Applying 10 bar of a 1:l mis(mero-bdpp), ruc-2,4-bis(diphenylphosphino)pentane, ture of CO:H, gave good activities and selectivities. The
2,2'-his(diphenylphosphinoethyl)pentane; N-N = 2,2'reaction rate is inversely dependent on the C O partial
bipyridine (bipy; x = l), l&naphthyridine (x = 2)) were pressure. Increasing the H, partial pressure leads to
tested as catalyst precursors for the copolymerisation of hydrogenation of the substrate.
C O and C2H, in MeOH in either autoclaves or high pressure sapphire NMR tubes. [Pd(niembdpp) (N,N-bipy)]Catalytic Water Oxidation Using Chemically
(PF,,)?with both 1,4-benzoquinone and p-toluenesulfonic
Generated Ru(bpy)33*Oxidant
acid showed the best catalytic performance.
'I. ;\BE. Y. TA&lhDh. H. SHIKOISHI. hl. KVKAG>\ and hl. KAUEKO,
J. M o l . Cutd A: Chem., 1999,144, (3), 389-395
Catalytic Hydrogenation and Deuteration of
In a catalytic H r O oxidation system composed of
' ~ RuO, adsorbing Ru-red, a much higher
Phospholipid Model Membranes with a Water-Soluble R ~ ( b p y ) ~and
amount of OLevolved than in a homogeneous Ru(bpy),"/
Chlorotris(l,3,5-triaza-7-phosphaadamantane)Ru-red system. The amount of Or evolved increased with
rhodium(1) Complex Catalyst
the amount of Ru-red adsorbed in RuO,, but higher
I.. NADASDI and F. JOO, Inorg. Chim. Actu, 1999, 293, (2),
amounts of absorbed Ru-red resulted in a decrease in 0:
21a 2 2 2
evolution. This is ascribed to bimolecular decomposition
The title Rh complex was an active catalyst for the
of Ru-red in the RuOz at higher concentrations.
hydrogenation of phospholipid liposomes in H,O under
mild conditions. The highest conversion was achieved at
pH 4.70. Formation of asyrnmetrically dideuterated
lipids, together with isomerisation and kinetic results
Temperature and Pressure Dependence of 0,
demonstrated the important role of the reversible forReduction at Pt Nafion" 117 and Pt BAM" 407
mation of an alkyl-Rh intermediate in the mechanism.
c . RIANCHINI,H. 11.LF.II, I>. BAKBARO, A. MELI. s. MONI:.TIand

FUEL CELLS

1

I

Interfaces
The First Efficient Hydroaminomethylation with
Ammonia: With Dual Metal Catalysts and
Two-Phase Catalysis to Primary Amines
B. %IIIhfI;KMANN.J. HERWIG

and hl. BHI.I.EK, Angem Chenr. In/.

Ed., 1999,38, (16), 2372-2375

The highly selective hydroaminomethylation of olefins
with N H , to form linear primary and secondary aliphatic amines with a new Rh/Ir/TPPTS catalyst (1) has been
demonstrated. Aminomethylation of I-pentene with synthesis gas (CO:H, = 1:5) in the presence of (1) under
standard hydroformylation conditions (130°C; 120 bar)
in an aqueous two-phase system gave amines in 75% yield.

Highly Regio- and Enantio-Selective
Rhodium-Catalysed Asymmetric Hydroformylation
without Organic Solvents
G.

FKANCIOand

w. I.RITNER, Chem. Commun., 1999, (17),

1663-1664
The use of a Rh catalyst with a new perfluoroalkyl-substituted (RJ-HT-BINAPHOS ligand (1) has allowed
the efficient and highly regio- and enantioselective
hydroformylation of vinyl arenes in compressed COz.
Similar catalytic activity and the same lcvel of enantiocontrol. as (R,S)-BINAPHOS ligand in benzene, an
ecologically and toxicologdly hazardous organic solvent, are achieved. The substitution pattern of (1) is
crucial for the unprecedented high regioselectivity.

P/a/inunrMetuLr

Km.,2000, 44, (1)

P. D. R m r r i E .

v, I.

BASVRA

and s. IIOI.DCROPI',J. Electrounul.

Chew., 1999, 468, (2). 180-192

Kinetic and mass transport parameters have been
determined for the 0, reduction reaction at the interface
between a Pt disk electrode (50 p n ) and two solid polymer electrode membranes: Nafion' 117 (1) and a BAW
407 membrane (2) (for PEMFC). These materials were
investigated at 303-343 K and 0, pressures of 2-5 atm
absolute, at 100% relative humidq. The membranes
have similar permeabilities, but the diffusion coefficients
and solubilities of O2are very different, being related to
the H,O content of the respective material.

ELECTRICAL AND ELECTR0NIC
ENGINEER ING
Optimizing Pd-Ge Ohmic Contact to GaAs Through
Microstructure Control
I br. Sri. Techno/. U, 1999,
17,(5). 22962299
DSC together with TEM was used to study the
microstructure evolution and the corresponding solid
state reactions that take place during the formation of
Pd-Ge ohmic contacts o n G a l s . Four solid state reactions were identified: Pd-Ge interdiffusion, hexagonal
Pd,Ge formation, transformation into PdGe and excess
Ge crystallisation. For good ohmic contact, Ge transport
to the interface with GaAs is the key.
F. RADVLHSCV andl. hi. nicc,wriiY,J.
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N E W PATENTS
ELECTROCHEMISTRY

APPARATUS AND TECHNIQUE

Gas Diffusion Electrode

Photocatalyst Filter

DE NORA S.P.A.

European AppL 931,857A
A gas diffusion electrode (1) comprises an electrically
conductive web which is coated on at least one side with
a Rh metal-% oxide catalyst supported on C black. A
method for the preparation of (1) is also claimed. The
electrode is used as the cathode in the production of CI,
from HCI acid. The catalyst has improved resistance to
dissolution in highly corrosive environments, such as a
highly oxidising HCI/CI, mixture.

Japanese Appl. 1 1 / 1 5 1,406
A photocatalyst filter for removing harmful formaldehyde and NOx, etc., from air, contai,ns a Ti oxide-Pd
composite catalyst with 0.05-1.5 wt.% Pd in the photocatalyst. Pulp, which can he formed into a sheet, is used
as the substrate material, and 30-50 wt.% photocatalyst
per pulp is uniformly incorporated in the substrate. To
incorporate the Ti oxide-Pd composite catalyst into the
pulp, the catalyst and the pulp are both dispersed in H20.

Sodium Persulfate Production

Hydrocarbon Gas Sensor

EQUOS RES. K.K.

German AppL 1/98/58,544
TOYOTA CHUO KKNKYUSHO K.K. Japanese AppL 1 1 /174,021
High purity Na persulfate is produced by electrolysis of
A hydrocarbon gas sensor has a Pt/Ag cathode and an
an electrolysing solution containing NH, sulfate, Na sd- anode, with the volt-ampere characteristic set so that the
fate and Na persulfate and preferably Na ions, using a Pt gas sensing element exhibits negative differential resisanode operating at an anodic current density of < 40 A tance. Measuring hydrocarbon gas is accurate as its
dm-' at 1WO"C. The resulting liquid is reacted with concentration is not influenced by 0, gas concentration.
NaOH. The process allows the industrial manufacture of The sensor has only one sensing element, so is reduced
high purity, N-free Na persulfate in high yields and at in size and weight and can be easily installed. It is used
high electrolysis current efficiencies.The Na persulfate is
for detecting CH,, for measuring the density of natural
useful as a polymerisation initiator for polyvinyl chloride gas and for detecting various gas components released
and polyacrylonitrile, and as an etching agent for treating from I.C.E., motor vehicles, boilers, etc.
printed circuit boards.
MITS~IBISHI
GAS CHEM. co. INC.

Esterified Fuel Manufacture

ELECTRODEPOSITIONAND SURFACE
COATINGS
Metal Plating of Polymers
WorfdAppr!99/39,02lA
Liquid crystalline polymers (LCP) are sputter coated or
ion plated with Pd and subsequently electrolyticallyplated with, for example, Cu, at a current density 2 5 A dm"
and/or a rate of 2 1 pm m i d , to make metal plated parts
in which the metal has good adhesion to the LCPs.
Before or after the electrolytic plating, the metal coating
may be patterned. Electroconductive, optically reflective
or decorative coatings may be formed. Parts having a
patterned metal surface may be used in printed circuit
fabrication.
E. I. DU PONT DH NHMOURS & CO.

Palladium Electroplating liquid

]$~aneseAppL 1 1 / 189,89 1
A Pd plating solution for lead frame, semiconductor
devices and electronic components, includes 1-30 g I-' of
pyridtne sulfonic acid, or 0.1-20 g I-' of its salts and
0.1-300 ppm of soluble thallium salts. The Pd deposits
have improved solder wettability and heat resistance.
hlhTSL'DA SANGYO K.K.

Platinum Coating Method
AppL 1 1 /228,260
A Pt coating method for protecting AZO,crucibles (1)
from corrosion by molten glass at high temperature
involves thermal spraying and then peeling of a Pt fdm,
followed by applying, drying and baking a Pt paste. A
high quality surface layer of Pt without any holes is
formed. This prevents molten glass from soaking into (1).

TANAKA KIKINZOKUKOGYO K.K. lapanese

Platinum Metals ReL!, 2000, 44, (l), 45-48

Japanese AppL 11/181,454
Apparatus for manufacturing esterified fuel has a
"rotation feather" to stir a mixture of specific composition containing H,O, edible oil, MeOH and KOH, and is
actuated by a motor using the e.m.f. generated by a Pt
electrode, a Mg electrode of differing ionisation, and the
mixture contained in a reaction vessel. The apparatus
heats and stirs the mixture using the generated e.m.f.,
and thus saves energy.

JATCO CORP.

Detection of Combustible Gases
Japanese AppL 11/ 183,427
A gas sensor for detecting combustible gases, and also
for CO, from the waste gas of petroleum combustion
engnes, has an oxygen ion conductivity electrolyte
enclosed by a pair of Pt electrodes, which have an outside
seal. A heater and a porous catalyst are also assembled on
one side of a pair of ceramic gas-transmission materials.
The ceramic, selective, gas-transmission material blocks
acidtc gas and prevents poisoning of the gas sensor.

MATSUSHITA DF.NKISANGYO K.K.

Oxygen Sensor for Molten Metal
AGENCY OF IND. SCI. & TECIiNOLOtiY

japanese AppL 1 1 /242,016
An O2sensor for molten metal, such as glass, for manufacturing liquid crystal substrates and optical glass,
comprises a conducting Pt wire, inserted into a recess on
a ZrO, rod of a reference electrode and attached to the
A20,tube of a measurement electrode. The Ozactivity is
based on the potential difference generated between the
two electrodes, and the result is unaffected by differences
in thermal expansions of the Pt and zirconia rod.
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Stable Calcined Catalyst
European Apph. 922,490-491A
A catalyst (1) for the production of vinyl acetate from
ethylene, acetic acid and 0, is obtained by impregnating
a support with soluble Pd and Au compounds, followed
by treatment with a peroxy compound, addition of an
alkali metal compound and drying. Alternatively, the
impregnated support can be irradiated with microwaves
before, during or after one of the above steps. (1) has
improved selectivity, gives less byproduct, especially CO,,
and has improved activity, thus permitting lower reaction
.
temperatures for the same space-time yield.

CEIANESE G.m.b.H.

Production of Unsaturated Cyclic Ethers
European AppL 933,374A

BASF i\.G.

Unsaturated cyclic ethers are produced from diols in
high yield and with low hydrogenated byproduct formation in the presence of a supported Co catalyst
impregnated with Pt, Pd, Rh, Ir, Ru, 0 s and/or Re on an
inert carrier doped with S, at 150-300°C. The catalyst has
high and reproducible activity and produces 3,4-dihydro2H-pyran with a low tetrahydropyran content.

3-GlycidyloxypropyltrialkyloxysilaneProduction

European AppL 934,941A
3-Glycidyloxypropyltrialkyloxysilanes(1) are produced
by hydrolysis between an dylglycidyl ether and a trialkyloxysilane in the presence of a Pt/non-metallic support
catalyst, easily prepared by impregnating or sprayingwith
a solution of a Pt(II) Or Pt(IV) compound, drying and
reducing to Pt(0) in H2.Selectivity is > 90% at 140°C and
the reaction is easily controlled, with only small amounts
of high and low boiling side products being formed. (1)
are important intermediates and end products in organosilane chemistry, useful as adjuvants and binders in the
lacquer, glass fibre, foundry and adhesive wax industries.
HCELS A G.

Alkane Dehydrogenation Catalyst
European AppL 937,697A
The dehydrogenation of an alkane to an alkene, especially isobutane to isobutene, is carried out in admixture
with O2and in the absence of added steam over a dehydrogenation and oxidation catalyst comprising 0.1-3
wt.% of Pt deposited on a support of a mixture of Sn
oxide and Zr oxide. The catalyst possesses good activity
for the dehydrogenation of an alkane, with high selectivity and high yield of alkene.

JOHNSON MATTHEY P1.C

Hydrodechlorination Catalyst
Worid AppL 99/17,87lA
The durability and selectivity of a supported Pt group
metals hydrodechlorination catalyst (1) can be improved
by treating the supported catalyst with one or more of
late or post-transition metal halide salts, such as Zn, Sn
and Cu chlorides; and an alkali metal halide and/or NH4
halide. (1) has a Pt(0) group metal component predominantly residmg adjacent to the surface of the support in
a form visible under a microscope of resolution
5 A.
(1) may retain 90% conversion for 2 56 h, and has conversion selectivity for CCI, to CH,Cl of 8(&92%.
AKZO N0BF.L N.V.

-

Phhnum M d s Reu, 2000, 44, (1)

WorMAppL 99/29,420A
A calcined catalyst for the dehydrogenation of paraffinic hydrocarbons to the corresponding olefins has an
oxidic, thermally stabilised support, a catalytically active
constituent comprising 0.2-2.0 wt."/n Pt and/or Ir and a
promoter selected from (in wt.?/o): 0.2-5.0 Ge, Sn, Pb,
Ga, In and/or TI; 0.1'5.0 Li, Na, K, Rb, Cs and/or Fr;
0.2-5.0 Fe, Co, Ni and/or Pd; 1.0-5.0 P; 0.2-5 Be, Mg,
Ca, Sr, Ba, Ra and/or lanthanides; and 0.1-2 C1. The catalyst is highly efficient, with good conversion rates and
selectivity, and high operating stability of relatively long
cycle times before needing regeneration.
K'IT GROLIP R.V.

Manufacture of Vinyl Acetate

Exhaust Gas Cleaning Catalyst
World AppL 99/32,223A
An exhaust gas cleaning catalyst for I.C.E. and boilers
comprises a colloid of a composite of noble metals, such
as Pt and Rh, supported on a porous oxide carrier of particle size larger than the conventional ones. This lowers
vapour pressure and inhibits the release and dlffusion of
volatile components, such as PtOz.The affinity between
the colloid and the carrier is improved, so noble-metal
migration and particle growth are inhibited, as is S poisoning of the NOx absorbent; catalytic activity is
sustained and catalyst durability is improved.

TOYO'I'A JIDOSHA K.K.

Thermally Durable Three-Way Catalyst
World AppL 99/34,903A

JOHNSON MATTIWY P1.C

A Pt group metal three-way catalyst (1) for treating
vehicle exhaust gases comprises a high temperature catalyst support material, a low temperature catalyst support
material and at least one Pt group metal, all in a layer o n
a non-porous support substrate, and an addltive (2) effective at suppressing H,S emissions. If (2) is in the layer, it
is segregated from the other components. H,S emissions
are reduced without reducing thermal durability of the
catalyst, even o n cxtended high-temperature ageing.

Preparation of Betaines
US.Patent 5,895,823
Preparation of an aqueous solution of a betaine comprises reacting an aqueous solution of a choline
hydroxide with O2in the presence of a supported Pt or
Pd catalyst, such as Pt/C, at 20-100°C and pressure from
atmospheric to 100 psi. This process is advantageous
over prior art processes because no amine halocarboxylate contaminants are produced and no H,02 is
generated. When choline salts which do not require
added base are used, no alkali metal salts are generated.
Betaines are used in animal feeds and skin cleansers.
AIR PROD. & CHEM. IKC.

-

Desulfurisation of Distillate Streams
nEs. & ENG. co
U S . Patent 5,935,420
Hydrodesulfurisation of dlsullate streams, such as
petrochemical or petroleum, which contain multiple condensed ring heterocyclic organosulfur compounds,
involves contacting with Pt, Pd, Ir and/or Rh catalysts
supported on inorganic refractory substrates under relatively mild conditions of 40-500°C and 100-3000 psig.
The catalyst system also contains a H,S sorbent.
EXXON
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Removal of Organic Sulfur Compounds

Manufacture of 2,6-Naphthalenedicarboxylic Acid

US. Patent 5,935,422
The removal of aromatic S compounds from a fluid
catalytic cracking feedstock with minimal adsorption of
aromatic hydrocarbons is acheved using a zeolite Y catalyst exchanged with alkali or alkaline earth cations,
especially K-exchanged zeolite, impregnated with a
0.05-1 wt.% of zero-valent Pt or Pd. The S-laden adsorbent is effectivelyregenerated by heating in flowing HI at
25-500°C.

World Appl. 99/29,649A
A proces’sis claimed for the manufacture of 2,6-naphthalenedicarboxylic acid (1) by the liquid phase oxidation
of 2,6-&rnethylnaphthalenewith a 02-containing gas in
the presence of a catalyst system comprising Co, Mn, Br
and Pd. The presence of Pd during the oxidation process
permits the production of (1) in good yields and rates,
and gives lower production rates of trimellitic acid. (1) is
used as a monomer for the production of several high
performance polyesters, such as liquid crystal polyesters
and polyamines.

COP L.L.C.

Preparation of Hexahydrophthalides
Jqanese Appl. 11/180,968

EASTMAN CHELI. CO.

NEW JAPAN CHEM. co.LTD.

A preparation of hexahydrophthalides (1) comprises
nuclear hydrogenation of phthalides under pressures of
1-80 kg cm-’ and at 100-240°C in the presence of a Pdtype catalyst. The method is industrially advantageous as
it can give (1) derivatives in good yields under comparatively low pressures. (1) are used as starting materials for
pharmaceuticals, agrochemicals and paints.

Production of Secondary Amines
German Appl. 1/97/56,947
A process for preparing secondary amines,
X(CH,NHR), (l), where n = 1-4, R = 1-200C alkyl,
3-8C cycloalkyl, etc., including polyfunctionals,comprises reacting niuiles, X(CN),, with primary amines, RNH,,
and HZat 50-250°C and 5-350 bar in the presence of a
catalyst of 0.1-10 wt.% Pd/support. Good selectivities
(83-91Yo) with long catalyst life are reported. (1) are used
as hardeners for epoxy resins, catalysts for polyurethanes
and intermediates for quaternary NH, compounds, etc.
Polyfunctional (1) are also useful for production of synthetic resins, ion exchangers, pharmaceuticals, plant
protection agents and pesticides.
BASF A.G.

Three-Way Catalyst Production

Aminopropylmethylsiloxanes
U.X. Patent 5,892,084
High purity 3-aminopropylmethylsiloxanes (1) with isomeric purity of > 85% were prepared by hydrosilylation
of an allylamine and a monohydridomethylsiloxane in the
presence of a neutral Pt catalyst. The Pt catalyst is present
in an amount of 5-150 parts by weight of Pt per lo6parts
of the combined weight of monohydridomethylsiloxane
and allylamine. (1) are formed in higher isomeric purity
than with alternative methods. (1) are fluids used as intermediates in the preparation of organofunctional siloxanes
for use in cosmetics, textiles, coatings and adhesives.
PCR INC.

Herbicidal Arylamide Derivatives
U.S. Patent 5,900,484
Arylamides derivatives (1) of heteroaromatic carboxylic
acids are prepared from the corresbonding heteroaromatic halogen compounds, the corresponding aromatic
amines and CO in the presence of a Pd complex with
triphenylphosphine and with a base. A Pd complex of
para-substituted uiphenyl gives greater yields than meta-,
ortbo- o r unsubstituted complexes. The yield is almost
quantitative and (1) have activity as herbicides.
LONZA A.G.

HYUXDAI MOTOR co. LTD.

Amino Acetylenes

H0MOGENEOUS CATALYSIS

U.S. Patent 5,902,902
Preparation of 3-aminophenylacetylene derivatives
comprises reacting a 3-haloaniline with an acetylene
derivative in the presence of Pd and Cu complexes, such
as Pd(OAc),, Pd tetrakistriphenylphosphine and CuCN,
and a strong organic base, optionally followed by
removal of the protective group. The process is highly
selective, simple, uses readily available starting materials,
involves fewer steps and has improved safety than the
prior art. Amino acetylenes are useful as antithrombotic,
anti-inflammatory and anticancer agents.

German Appl. 1/98/3,799
A three-way catalyst is produced by reducing an Al,O,containing Pd solution, adding Ce02and a mixed solution
to this solution, adding acetic acid to the reaction solution
and adjusting the pH to < 4.5. The mixture is then
ground, so that 90% of the particles have diameter 7-9
pm, dried and calcined onto a ceramic support. The resulting catalyst is effective at removing pollutants, such as
hydrocarbons, CO and NOx from vehicle exhaust gases.

SECIFARMA S.P.h.

Telomerisation of Butadiene

European Appl. 939,074A
Two-phase telomerisation of butadene with NH, in
the presence of a hydrophilic Pd complex allows separation of products octa-2,7-dienyl-l-amimine (1) and ocm1,7-dienyl-3-amine (2) and the isomerisation of (2) to
give (1). AllyldiaminoPd(II)-tetrafluoroborate,used in
the preparation of the Pd complexes with phosphantriyl
benzenesulfonic acids, is claimed. (1) can be obtained in
high yields at high selectivityand is useful as an intermediate for octylamines, which can be used in corrosion
inhibitors, emulsifiers, etc.
BAWR A.G.

Platinum Mdah Rev., 2000, 44, ( 1 )

Manufacture of Alkanedienol
Jqanese Appl. 11/189,557
A reaction mixture containing conjugate alkadene and
HzOis reacted in the presence of CO, and a catalyst solution containing Pd and organic P compound. The
catalyst solution is extracted with H 2 0in the presence of
an amine, and organic acid byproduct is removed. The
catalyst solution is recirculated and deactivation of the
circulating catalyst is prevented. The amount of waste
H,O requiring treatment is much reduced since the
amine and H,O are recovered.
MITSLIBISHI CHEM. CORP.
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FUEL CELLS

Conductive Fluororesin

Fuel Cell Catalyst

SHINETSLI C I I I N CO. LTD.

WOYU
Appl. 99/16,706A
A catalyst for the selective oxidation of CO in a H1-rich
gas comprises: Ru as a main component supported on a
carrier, an alkali metal, such as Li, and/or an alkaline
earth metal, which have the effect of increasing the temperature range for promoting the selective oxidation. An
apparatus containing the catalyst for high level selective
oxidation is claimed. The catalyst is used for fuel cells,
especially for powering electric automobiles.

TOYOTA JIDOSH,\ LK.

Anode Electrocatalyst for a Fuel Cell
US. Patent 5,922,487
An anode electrocatalyst for a fuel cell comprises an
alloy of 33-55 at.% Mo and Pt, with a particle size of
10-60 The electrocatalyst is carried on a support having a surface area of 60-2000 m2 g-'. The catalyst has
excellent anti-poisoning characteristics, thus dowing the
use of a reforming gas in a solid PEFC, which would
otherwise be liable to be poisoned.
STONEHART ASSOC. INC.

a.

Fuel Cell Oxidation Catalyst
Japanese Appl 11/ 114,423
A catalyst (1) for the selective oxidation of C?3 in H1
gas comprises a complex oxide of a base metal, such as
Cu, containing Pd and/or Ru metal and rare earth metal
dispersed in activated AM), and coated on the surface of
a ceramic integrated carrier. The reduction of the complex metal oxide to its metals is prevented and catalyst
deterioration is reduced. (1) is used for a fuel battery in
an electric power generator, car battery system, etc.
NISSAN MOTOR CO.LTD.

Water-Soluble Metal Colloid Solution
HOECHST A.G.
German Appl. 1/97/45,904
A HK-soluble metal colloid solution (l), used as a catalyst for fuel cells and electrolysis cells, comprises Pt
compound(s) and optionally Rh, Ru, Ir or Pd compound(s), and is stabilised using a proton-conducting
protective colloid. The preparation of (1) using a reducing agent and a cation exchange polymer as stabiliser is
also claimed. (1) is stable, with no tendency to recrystalhe
on touching the membrane in membrane-electrode units.

ELECTRICAL AND ELECTRONIC
ENGINEERING
Large Oxide Superconductor Body
European Appl. 890,661A
A large-sized oxide supcrconducting bulk body (1)
with excellent characteristics and high homogeneity, suitable as a strong magnetic-field magnet, is prepared by a
seed crystal method. A precursor is prepared by pressmoulding powder obtained by mixing REBa,C:u,O--,
with RE,BaCuO, o r RE,Ba,Cu,O,,, (RE = rare earth
metal) powder and a Pt additive. The precursor is homogeneously semi-melted at a holding temperature for a
prescribed time, and is crystal-grown at a temperature
lower than the melting point. (1) are used as superconducting magnets, flywheels for energy storage, carrying
devices, bearings, etc.
INT. SUP~:R(:OND.
TECHNOI.. CENT.

Platinum hlefaIs Rev., 2000, 44,(1)

Enropfan Appl. 923,084A
A conductive fluororesin composition (1) used to bond
semiconductor devices and to mount quartz crystal oscillators comprises: a reactive fluorinated polyether
compound with at least two aliphatic unsaturated hydrocarbon radicals per molccule, a compound with 2 2 H
atoms, cach directly attached to a Si atom. a Pt group
metal catalyst and h g particles. (1) cures into rubbery
parts with improved heat-, weather- and solvent-resistance, and can form strong bonds to various substrates.

Lead Frame for Semiconductor Devices
Japanm Appl. 11/ 1 1 1,909

S. SPRI%A\Y \

A lead frame for a semiconductor device has a pair of
Pd, Au or Cu layers (0.005-0.1 pm in thickness), a Ag
plating layer (0.005-5 pm), and a Pd or Pd alloy plating
layer (0.OOS-1 pm). sequentially formed on the upper
and lower surfaces of a lead frame material. The formation of Pd oxides is reduced and diffusion of Pd into the
Ni base is prevented. Both wire bondtng and solder wettability are improved by the thin Pd plating layer.

Dielectric Capacitor
Japanese Appl. 11/121,702
A thin film material suitable for the lower electrode
material of a dielectric capacitor (1) comprises two thin
films having (in at."/n): (a) Pd,(Rhl
where a = 20-70; b = 10-40; c = 15-60; a+b+c = 100;
s = 0-100; y = 0-100; z = 0-100 and s+y+z = 0-100,
and (b) Ir,Pt,,Ru, where p = 0-100; q= 0-100; r = 0-100
and p+q+r = 100. A dielectric film is formed on thc
lower electrode by CVD. The thm material gives dielectric film with a good surface and the material can be used
in ferroelectric nonvolatile- or semiconductor-memories.
S( ) h Y (X)W.

Non-magnetic Foundation Film
Japanesi,Appl: 11/ 195,530
A non-magnetic foundation film (1) is formed from
where y is 0.4-0.6. X i
alloy of formula (NiJI,&&,
includes (in at.?%): 1-40 Cr, 1-50 Mo, 1-60 VC: 1-35 V,
1-25 Zr, 1-35 N b and 1-25 I'd. hlagnetic film consists
of Co alloy formed on the foundation film. (I) is used in
mabmetic tape, disk and drum; (1) reduces noise in magnetic recording medta and improves output of the
mapetic recording medium by increasing coercive force.
SIIO\Yh DEXhO h.h.

TEMPERATURE MEASUREMENT
Temperature Sensor
Japamr~Appd 1 1 / 1 2 1,208
A temperature sensor (1) for use in motor vehicles has
a heat resistant insulated substrate having surface roughness of 0.5-5 pm on an Rz display. A Pt film is formed
on the substrate by electroless plating. Contact between
the Pt film and the surface is highly improved and Pt loss
from the surface is prevented, enabling (1) to be used at
temperatures of 1000°C.
XILIR,\T,\ SIFG. CO III'D.

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