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Platinum Group Metals
in Phase Transfer Catalysis
By Ernest S. Gore
Johnson Matthey, West Deptford, New Jersey, U.S.A.

Phase transfer catalysis is an elegant method for ameliorating the reaction conditions of many organic reactions and improving yields and
selectivities. A review is presented of the role and scope of the compounds
of the platinum group metals as cocatalysts under phase transfer conditions. The most useful improvements have beenfound in reactions involving the formation of carbon-carbon bonds such as in carbonylations and
uinylations, and in reductions with formate.

The concept of phase transfer catalysis arose
about 30 years ago as a solution to the problem
of facilitating reaction between organic
substrates immiscible in water and inorganic
species insoluble in non-aqueous solvents (I ,2).
Since then the field has burgeoned with over
2700 citations in Chemical Abstracts as of the
end of 1988. Present day commercial usage is
estimated to involve 50 to 75 applications and
over 50 million pounds per year of products (2,
3). Such an impressive growth has been due to
the manifold advantages of phase transfer
catalysis:
0

0

improved selectivity
increased reaction rates
milder reaction conditions
reduced energy requirements
simplified isolation and purification methods
reduced consumption of organic solvents
elimination of need for expensive solvents
allows the use of cheaper raw materials,
especially oxidants
elimination of need for rigorous drying of
organic solvents
very broad scope of action-numerous reaction types possible.

Although general reviews of phase transfer
catalysis (2-23) and some reviews of phase
transfer catalysis with transition metal compounds (24-29)have been published, it is the
purpose of this article to review the role played
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by compounds of the platinum group metals as
cocatalysts in phase transfer catalysis with emphasis on the scope of the reactions rather than
on mechanisms.

Carbonylation
Carbonylations by palladium are very sensitive to reaction conditions, the product
distribution being particularly dependent on
the nature of the palladium complex and the
organic solvent. This is illustrated in the Figure
for the carbonylation of benzylic halides. Carbonylation gives the expected carboxylic acid
when either Pd(PPh,), or Pd(diphos),, where
diphos is 1,2-bis(diphenylphosphino)ethane, is
used in the absence of a phase transfer catalyst
(30); however, when Pd(diphos), is used in the
the
presence of a phase transfer catalyst (31)~
course of the reaction changes dramatically, as
shown in the Figure, esters being formed.
An attempt was made to control the
stereospecificity of the carbonylation of
PhCH(Me)Br using a palladium catalyst formed in situ by the addition of an optically active
phosphorus compound to Pd(dba),,where dba
is dibenzylideneacetone. Yields were poor and
in only one case was there a significant enantiomeric excess of the product (32). In the
absence of any phosphine ligand only the coupled product, PhCH(Me)CH(Me)Ph,was obtained with Pd(dba), (33). When Pd(PPh,), was
used, a mixture of the acid (36 per cent) and the

L

0
ArCH2COOH-

Pd(PPh&C12

Pd(di p h o s ) ~

ArCHzX + CO -ArCH2COCH2Ar

II

ArCH2CH2Ar + ArCH3
This schematic diagram of the carbonylation of benzylic halides catalysed by palladium
complexes shows typical products formed during phase transfer catalysis, with (a) 5 N
NaOHll atm CO/F'hzO/BzEt,NC1180-840C/7-9hours (31); 30 per cent NaOH15
atm COlxylene/Bu,NI/95 OC15 hourelexcess PPh, (34) (b) 5N NaOHll
atm CO/CH,CI. I K , H ,,),NHSO. /room temperaturel6-10 hours (31)

ester PhCH(Me)COOCH(Me)Ph (19 per cent)
was obtained (30).
The catalyst Pd(PPh,),Cl, has been used to
selectively carbonylate phenyl halides having
more than one halide (24,34). In each case only
one halide was displaced. Thus pdibromobenzene gave p-bromobenzoic acid
(conversion90 per cent, selectivity95 per cent),
and 1,3,5-trichlorobenzene gave 3,s-dichlorobenzoic acid (selectivity 97 per cent).
The organic solvent markedly affects the
course of reaction in the palladium catalysed
carbonylation of
vinyllic
dibromides,
RCH=CBr,. When R is phenyl coupling occurs in benzene to give PhC=CC=CPh in 54
per cent yield, while in t-amyl alcohol carbonylation occurs giving PhCH = C(CO0H) ,in
93 per cent yield (35). Coupling does not occur
when R is aliphatic. Thus for R=EtCHMe a
mixture of the monoacid and diacid is obtained,
in
benzene
giving
64
per
cent
RCH = CHCOOH and in t-amyl alcohol giving
82 per cent RCH=C(COOH),. Vinyllic
bromides, RCH = CHBr, are carbonylated in
good yields to the expected acid using
Pd(diphos), or Pd(PPh,), (36), although in the
latter case the reaction can also proceed without
a phase transfer catalyst.
Esters can be prepared via solid-liquid phase
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transfer catalysis from organic halides and
alcohols (37). Thus Pd(PPh,),Cl,/1-7 atm
CO/NaHCO /ethyl alcohol/Bu, NI was used to
facilitate the preparation of ethyl esters from a
variety of aliphatic and aryl halides. Yields were
56-95 per cent, but dropped to less than 30 per
cent in the absence of a phase transfer catalyst.
Phase transfer catalysis with Pd(OAc), provides a modest enhancement in the yields of
anhydrides from carbon monoxide, aryl
halides, and carboxylic acid salts (38).
The
system PdBr, /Mn(acac) /NaOH/
Bu, NBr, where acac is 2,5-pentanedioneYwas
used to synthesise diphenyl carbonate in 60 per
cent yield from phenol, carbon monoxide and
oxygen (39). Many phase transfer catalysts were
examined and the wide range of yields obtained
illustrates the necessity of optimising such reactions with respect to the phase transfer
catalyst. Under similar conditions, alkyl carbonates can be produced from aliphatic
alcohols (40).
Efforts have been made (41-44) to improve
the recovery of rhodium from commercial
hydroformylation processes which use rhodium
catalysts, Equation [il, by employing phase
transfer conditions. Both phase transfer
catalysis and rhodium-phosphine complexes
with amphiphilic phosphine ligands, such as

3

Ph, P(CH,) ,N +Me (40, (3-H03sc6H 4 ),P
(42, 44) and Ph,PC,H,COOH (43), were investigated.

Rh

RCH=CH,+CO+H,

RCH’CHO

[il

Vinylation
The Heck vinylation, Equation [ii], of
organic halides is an extremely valuable method
of synthesising carbon-carbon bonds (45).

I

I

RX+H-C=C-

mi0]
-

I

I

R-C=C-

[iil

In the absence of phase transfer catalysis
these reactions can be slow, and require high
temperatures ( > I w O C )
and long reaction
times, and the yields are not always good. Phase
transfer catalysis has been shown to improve
the yields and stereospecificityand to allow the
reactions to proceed at room temperature. A
series of aromatic iodides, RC,H41, was
vinylated with CH, =CHR1, in excellent
yields, 80-97 per cent, using the system
Pd(0Ac) ,MaHCO /Bu,NCl/DMF,
where
DMF is N,N‘-dimethyl formamide, at room
temperature (46). The product was exclusively
the (I?) isomer. A similar system,
Pd(OAc),/K,CO,/Bu,NCI/DMF
was also used to study the vinylation of (I?)- and
C4H, CH =CHI
(47).
Excellent
stereospecificities for the (E,E) isomer of the
product were achieved even when the substrate
was the (Z)isomer. Various alkynyl iodides
have been vinylated at room temperature in
40-60 per cent yield to Q-methylenoates and
methylenyones
using
the
systems
Pd(OAc), /K,CO, or Na,CO,/Bu,NCl/DMF
(48).
Under the same conditions, when ally1
alcohols are reacted, Equation [iiil below:

two isomers can be produced (46). Using
Pd(0Ac) ,MaHCO /Bu4NCI/DMF, (a) was
produced with high selectivity and yield (82-94
per cent). Very recently, it has been shown that
high selectivity can be achieved under non
phase transfer conditions when the reaction is
properly optimised (49).
The addition of organic halides to alkynes has
also been investigated; thus reaction [ivl shows
yields of 24-87 per cent with almost complete
stereospecificity using the system Pd(PPh 3 ) , /
CuI/C,H,/NaOH/BzEt ,NCI (50).

-

R1CH =CR’ X+ HC=CR3
RICH = CR’C = CR’

[ivl

Oxidation
Olefine
Phase transfer catalysts have been used in an
attempt to improve the yield of the Wacker
reaction, [vl.
H

0
Pd”, Cu’+ 11
R-C=CH, + 1/20’
*RCCH2

I

,

[vl

Although the yields are generally good, only in
a few cases is there an improvement compared
with the yields obtained without using phase
transfer catalysts (some comparisons are given
in Table I). The oxidation of styrene was
unusual (51) as the product distribution was
significantlydifferent under phase transfer conditions (Table I). Wacker type oxidationsunder
phase transfer conditions using rhodium and
ruthenium catalysts were inferior to those using
palladium (52). However the fact that
moderately good yields were obtained with
ruthenium is significant, since oxidations with
ruthenium generally lead to cleavage of the
double bond (53, 54). Examples of cleavage
under phase transfer conditions are given in
Table 11. Again, with a few exceptions, there is
usually little improvement in yields compared
with non phase transfer conditions (53-55).
Phase transfer catalysis in the Wacker reaction with cyclodextrins is notable, as the olefin
is transferred to the aqueous phase where
oxidation takes place; on the other hand

(a-

I

[PdOI

RX+ -C=CHCH(R’)OH
R

O

H R O

I I II

I

I II

I

I

I

H - C - CHCR’ + H - C - C -CR1
H

(a)
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timised, some of these reactions have given
results equal to those employing phase transfer
conditions. Thus although high yields have
been obtained under phase transfer conditions
using RuO,/NaIO, (71) or RuCl,/NaBrO,
(72), the same oxidations can be carried out in
the absence of a phase transfer catalyst in equally high yield when the reaction conditions are
finely tuned. For example, oxidations with
RuO,/NaBrO, have been performed in the
absence of phase transfer catalysts in nearly
quantitative yields (73), and the addition of
acetonitrile
to
the
conventional
RuO,/NaIO,/CCI, system dramatically improves yields in many cases (55).
Phase transfer catalysis provides a definite
benefit in the case of oxidations with Ru/H 0,.
No oxidation of alcohols takes place in the
Aromatic Hydrocarbons
absence of a phase transfer catalyst; instead
In most cases subjectingaromatic compounds ruthenium metal precipitates and the hydrogen
to oxidative phase transfer conditions results in peroxide is catalytically decomposed to oxygen
oxidation of an aliphatic side chain. (74) *
Methylbenzenes were oxidised with RuWhen a phase transfer catalyst is added,
C1,/NaOCl/Bu NBr/CH, ClCH CI and the yields of 60-100per cent are obtained, primary
products depended on the electronic properties alcohols being converted into aldehydes and
of the non methyl substituent (68). When the secondary alcohols into ketones.
Some oxidations involving transfer between a
substituent was H or electron withdrawing, for
example, NO, ,halide or NO, the methyl group solid and a liquid phase are greatly enhanced by
was oxidised to a carboxyl group in yields of phase transfer catalysis. Thus the oxidation of
93-98 per cent. Electron donating groups primary and secondary alcohols to aldehydes
and ketones, respectively, takes place in high
resulted in ring chlorination.
The system RuCl ,/H, 0,IDDAB, where yields with the phase transfer systems
DDAB is (C,,H,,),Me,NBr, was used to ox- Pd(0Ac) /NaHCO, /PhI/Bu, NCl/DMF (75)
idise the side chains of aromatic rings (69) in or RuCl,/Na,CO,/CCI,/DDAB (76).
good yields, but the selectivity was usually not
very good. Tetralin was oxidised to a-tetralone Reduction
with this system in 65 per cent yield (69), and Reductions with Hydrogen
Rhodium complexes with , amphiphilic
with RuO,/NaIO,/C,H,/Adogen-464in 74
per cent yield (70). Ring cleavage occurred, phosphine ligands have been used to reduce unresulting in a mixture of phthalic acid and saturated organic compounds with hydrogen
3-methyl-phthalic
acid,
when (77, 78). Benzene derivatives were reduced to
1-methylnaphthalene was oxidised with cyclohexane derivatives under mild conditions
using the system IRh(~,j-hexadiene)CIl,/1-2
RuO, /NaIO, /C, H /Adogen-464 (70).
atm H,/CH, ClCH,Cl/H, O/Aliquat-336/room
Alcohols
temperature (79), or RhCI,/2 atm H I /
There are many methods available for the CH, CICH,CI/H, O/Aliquat-336/room templatinum group metals catalysed oxidation of perature (80).
The latter system was also employed in
alcohols (53, 54). Indeed, when properly op-

quaternary ammonium salts transfer the olefin
to the organic phase. Internal olefms are not oxidised using quaternary ammonium salts (56),
but are oxidised using 8-cyclodextrin (51).
Thus cis- and trans-MeCH =CHMe are oxidised
to 2-butanone in 76 per cent and 70 per cent
yields, respectively. The yield of methyl ketone
from straight chain olefms peaks when the carbon chain of the substrate is nine carbon atoms
long (57).
No doubt this is related to the hole size of the
cyclodextrin. Internal olefins are also oxidised
using PEG-400 (58), where PEG is
polyethyleneglycol, although a signifcant
amount of double bond migration also occurs.
Yields decrease when either shorter, PEG-200,
or longer, PEG-1000, chain lengths are used.

,

,

,
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Table I

Oxidation of Some Olefms to Methyl Ketones with Oxygen'
A Comparison with non Phase Transfer Conditions
Substrate

Products

Conditions

Yield,
per cent

Reference

87
98

59
60

1-dodecene
1-dodecene

2-dodecanone
2-dodecanone

1-dodecene

2-dodecanone

PdCI,/CuCI,/DMF
PdCI,/CuCI,/CTAB/n-C,,H,I
n-C, F,
PdCI /CuCI /CTA B

,

62

56

1-decene
1-decene
1-decene
1-decene
1-decene
1-decene

2-decanone
2-decanone
2-decanone
2-decanone
2-decanone
2-decanone

PdCI,/CuCI,IDMF
PdCI,/CuCI, /CTAB
PdCI,/CuCl,/&D
RhCI,/CuCI,/CTAB
RuCI,(PPh,),/CTAB
PdCI, ICUCI, /PEG-400"

73
73
76
44
64
60

61
56
57
52
52
58

1-butene
1-butene
1-butene
1-butene

2-butanone
2-butanone
2-butanone
2-butanone

PdCI,/PMVb
PdCI,/CuCI, /CTABd
P~CI,/CUCI,/PEG-~OO"
PdCI,/PMV/CTAB/CloH,'

14
65
71
85

62
56
58
62

styrene
styrene

PhCH,CHO
PhCOCH,
PhCHO
PhCH,CHO

PdCI, /CuCI,/CH, CN
PdCI,/CUCI,//%CD

44
80
10
10

63
51

,

a1 atm 0,.unless otherwise noted
CTAB = cetyltrimethylammonium bromide
PMV = phospho-6-molybdo-6-vanadic acid

Y200 psi 0,

O400 psi 0,
CD = cyclodextrin

a 1 80 psi

O2

Table II

Oxidative Cleavage of Olefms
Substrate
1-octene
cis-4-octene
1-pentadecene
styrene

styrene

styrene
trans-stilbene
cis-stilbene

Products

Conditions

CH,(CH, ),COOH
CH,(CH, ),COOH
CH, (CH, ,,COOH
PhCHO
PhCOOH
styrene oxide
PhCHO
PhCOOH
PhCOCH,
PhCHO
styrene oxide
PhCHO
styrene oxide
PhCHO

RuO,/H,IO,/hexane/(C,,H,,),N
RuO,/NaOCI/NaOH/CH,CI,/Bu,NBr
RuO,/NaOCI/NaOH/CH,CI,/Bu,NBr
RuCI,/H,O,/CH,CICH,CI/DDAB

PdCI,/H,O,/CH,CICH,Cl/DDAB

1(bpy), (py)RuOl,+
/NaOCI/
CH,CI,/BDTC
[(bpy), (py)RuOlz+/NaOCI/
CH,CI,/BDTC
[(bpy), (pylRu012+/NaOCI/
CH,CI,/BDTC

Yield,
per cent
93
84
100
64
6
4
12
14
56
47
13
42
7
35

Referenc
64
65
65
66

66

67
67
67

I T C = BzMe,(C,,H,.)
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reducing acetylenes to olefms, and therefore is
the phase transfer analog of the Lindlar catalyst
(81) (palladium poisoned with lead supported
on calcium carbonate). Like the Lindlar
catalyst, which gives mainly cis products, the
phase transfer conditions could be adjusted to
give mainly the cis isomers, although the selectivity is not as high as that usually achieved
with the Lindlar catalyst.
Under these conditions hydrogenolysis of
halides tends to occur; thus 59 per cent of the
fluorine in fluorobenzene and all the chlorine in
chlorobenzene are removed (80).
The
system
Rhc1,/1
atm
H2/
CH2CICH2CI/H20/Aliquat-336
has also been
used to reduce a$ unsaturated esters, ketones,
and carboxylic acids at the carbon-carbon double bond with yields of 87-96 per cent (82).
Imines have been reduced to the corresponding amine in the three phase system
[Rh(PPh,), (~,~-cyclooctadiene)lPF,/~ atm
H /ether/H O/Triton X-lOO/solid imine/room
temperature (83). The choice of solvent was
critical; no reaction occurred in PEG/water or
toluene/water.
Reductions with Formate

Formate has been used to reduce a variety of
organic substrates under phase transfer conditions. For example, PhCH=CHOPh was
reduced to PhCH CH COPh by NaOOCH
with
RUa 2 (PPh 3) 3 /O-c6 H 4 a2 /H2 o/(c6 H I 3)4NHS04at 1 0 g O c in 99 per cent yield
(84).
Other a,B unsaturated carbonyl compounds
were also reduced successfully at the carboncarbon double bond. The best phase transfer
catalyst was (C6Hl3),NHS0,, which gave
quantitative reduction in minutes; others required hours.
Saturated aldehydes and ketones are reduced
to alcohols at p ° C using Aliquat-336 (85).
The best catalyst for aldehyde reduction was
found to be RuCl,(PPh,),, while a I:IO mixture of RhCI(PPh,), and triphenylphosphine
was the best for ketones. Nitrobenzenes could
not be reduced with formate under phase
transfer conditions (85).
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Aryl bromides underwent hydrogenolysis using PdCI,(PPh,),/PPh, and (C,H, ,),NHSO,
(86, 87). This proved to be a useful technique
for preparing monodeuterated aromatic compounds on substituting D 2 0 for H 2 0 (87).
Hydrogenolysis
of
I-(chloromethy1)naphthalene was achieved using a palladium
catalyst in which a phosphine functionalised
with a crown ether was bound to the palladium
(88). A mixture of Pd(PPh,),Cl, and
benzo-[ 18-crown-61 was far less effective than
the functionalised palladium complex.
Miscellaneous Reductions

Aniline derivatives are prepared in excellent
yields, 84-100 per cent, from the corresponding nitrobenzenes by reduction with carbon
monoxide at I atmosphere pressure, at room
temperature,
using
Ru, (CO) 12 /NaOH/
c
6 H6/MeO(CH,) OH/BzEt Na (89). The
method
gives good
selectivity. No
hydrogenolysis occurs in the reduction of pchloronitrobenzene to p-chloroaniline (100 per
cent yield), and no reduction of the aldehyde
group occurs in the reduction of pnitrobenzaldehyde to p-aminobenzaldehyde
(100 per cent yield). Similar results are obtained
with
the
mixed
catalyst
[Rh(COD)CIl,/Co,(CO),, where COD is
I, 5-cyclooctadiene,
(9). Unhindered
nitrobenzenes are reduced successfully at room
temperature and I atmosphere pressure with
syngas (I :I carbon monoxide: hydrogen) using
RuCI, (PPh , ,/c6
H,CH /gM
NaOH/
BzEt3NCI (91). Reduction is much less facile
when either carbon monoxide or hydrogen is
used alone. Olefm, halide, and carbonyl functional groups are not reduced under the same
conditions.
The reduction of phenyl bromide in yields of
up to 93 per cent was achieved with sodium
hydride, under solid-liquid conditions, using a
palladium phosphine catalyst in which the
phosphine was functionalised with an aliphatic
polyether (92). The optimum yield was critically dependent on the chain length of the
polyether, and little reduction occurred without
a phase transfer catalyst or even with a mixture

,

>

,
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of a phase transfer catalyst and a palladium
catalyst.
Benzylic alcohols were dehydrogenated to
ketones in fair to good yields using
[Rh(CO),Cll,/8M
NaOH/C,H,/BzEt,NCI
(93). Secondary alcohols gave ketones, while
the primary alcohol 2-naphthalenemethanol
gave z-naphthaldehyde.

Conclusions
The most useful application of phase transfer
catalysis with platinum group metal complexes
appears to be the formation of carbon-carbon
bonds, particularly in carbonylations and
vinylations. Indeed, the scope of vinylation
reactions has recently been extended to include
the allylation of alkyl iodides with allylsilanes
using Pd(OAc), (94) and the allylation of
acrylate esters with arylsulphonyl chlorides
(95). The only industrial process employing a
platinum group metal catalyst under phase

transfer conditions is the hydroformylation of
propylene to butanal by Ruhr Chemie using a
rhodium compound with the ligand
(3-H03SC,H,),P. The separation of the
rhodium complex from the products is
simplified as a result of the water solubility of
the rhodium complex.
While there arc a few instances of phase
transfer catalysed oxidations in which the use of
platinum group metal complexes have proven
advantageous, in general there are many facile
methods of oxidation using platinum group
metal catalysts which do not require phase
transfer conditions.
Similarly, reductions with hydrogen and
platinum group metals complexes under phase
transfer catalysis conditions are not generally
used, since there is a wide variety of supported
platinum group metal catalysts which are readily accessible to perform such reductions conveniently (96).
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Electrochemical Destruction
of Toxic Organic Industrial Waste
By D. F. Steele
AEA Technology, Dounreay, Scotland

A recent report by the House of Commons
Environment Committee on toxic waste drew
attention to the fact that no new technology for
the treatment of industrial waste had emerged
in the United Kingdom during the last decade
(I). The majority of wastes continued to be
disposed of by burial in landfill sites,
sometimes after chemical treatment-for example, neutralisation-or solidification. A further,
smaller proportion was incinerated, with the
most toxic and persistent materials, such as
chlorinated solvents and polychlorinated
biphenyls, being dealt with by a few specialist
operators in plants subject to stringent controls
on combustion conditions and on the levels
of emissions of substances like 2,3,7,8tetrachlorodibenzo-p-dioxin.
Public and media concern about the siting
and operation of such plants has led to some being closed down, and to planning consent for
new plants being the subject of an almost inevitable protracted and expensive Public
Enquiry.
This article describes a novel electrochemical

process, developed by AEA Technologyat their
Dounreay site, for the safe destruction of a wide
variety of organic waste types.
The new process involves the electrolytic production of highly oxidising species in an electrolyte consisting of a silver salt, usually silver
nitrate, in nitric acid. These oxidising species in
turn attack the organic waste material,
ultimately converting it to carbon dioxide, carbon monoxide and water, along with inorganic
compounds arising from any hetero-atoms,
such as phosphorus or sulphur, which are converted to phosphate and sulphate, respectively.
This process is made possible by the unique
characteristics of the platinum group metals as
electrode materials. At the heart of the system
is an electrochemical cell, consisting of an
anode compartment, a cathode compartment
and a membrane separator. Cells of this type
are widely used in the chemical industry for the
production of chlorine by the electrolysis of
brine, and a typical cell, manufactured by Imperial Chemical Industries, is shown in Figure
I. The anode of the cell consists of a titanium

Fig. 1 This electrolyser
manufactured by ICI for the
production of chlorine shows
a typical modem compact
cell which could be used at
the heart of the process for
the destruction of industrial
organic waste materials
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substrate coated with a material which is appropriate for the particular cell application, this
being ruthenium dioxide in the case of chlorine
manufacture. However, for the electrochemical
oxidation of wastes, the coating material of
choice to date has been platinum, on account of
its useful overvoltage behaviour with respect to
oxygen evolution. This property of platinum,
allied with its resistance to very highly oxidising
conditions, allows the efficient production of
highly oxidising silver(I1) from silver(1) (EO of
Ag(II)/Ag(I) couple = + 1.98 volts versus
S.H.E.) at electrode potentials considerably
higher than the reversible oxygen evolution
potential(Eoof02/H20couple= + 1.23voIts
versus S.H.E.).
Silver(I1) is one of the strongest oxidants
known, being exceeded in its oxidising power
only by such species as persulphate, ozone and
fluorine. Solutions of silver(I1) in nitric acid are
an intense brown colour, due to the presence of
the complex ion AgNO, (2), but the colour
fades at a rate dependant upon the temperature
of the solution, due to the destruction of the
silver(II), and is accompanied by oxygen from
the oxidation of water:
+

2AgNO,+

+ 3H,O

-

2Ag+ + 410,

+ 2H,O+ + 2 N 0 , -

It is this reaction of the silver(I1) with water
which is the key to the electrochemical oxidation of organic wastes. The water oxidation is
not a single step reaction but proceeds via a
number of intermediate processes, some of
which involve very highly reactive species, including OH radicals (3). These radicals tend to
react indiscriminately with organic compounds
and ultimately oxidise the waste to carbon
monoxide, carbon dioxide and water.

Platinum Anode
There is no net consumption of silver in the
anolyte. The silver functions as a “coupler” between the electric power being fed into the cell
and the organic wastes being destroyed. The
concentration of silver(I1) in the anolyte when
the process is operating at steady state is actually very low, as silver(I1) has very rapid kinetics
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and reacts as fast as it is formed. This fast reaction in the solution, coupled with the facile production of silver(I1) on a platinum electrode
(the activation energy for the Ag(1)
Ag(I1)
oxidation on platinum is approximately zero,
and the rate of silver(I1) production is controlled almost entirely by the rate of transport of
silver(1) from the bulk solution to the anode
surface (4)) results in the process running at
almost the theoretical electrochemical efficiency, even at high current density.
The reaction in the anolyte overall is the same
as if the organics had been oxidised directly at
the anode. Using benzene as an example:
+

C,H,

+ 42H,O+

6C0,

+ 30H,O+ + 3Oe-

In fact this reaction can be carried out directly at a platinum anode, but only at very low current density. The H,O+ ions cross the
membrane to the catholyte under the influence
of the voltage being applied to the cell, typically
2 - 3 volts, and thereby carry the current from
anode to cathode. At the cathode, nitric acid is
reduced to (primarily) nitrous acid:
N O , - + 3H,O+ + 2eHNO, + 4H,O
Some further reduction to nitric oxide and
nitrogen dioxide also occurs if the nitrous acid
concentration is allowed to rise.

-

Platinised Cathode
The material of choice for the cathode is also
platinum as it shows the lowest overvoltage for
the nitric acid reduction reaction. This results
in a saving of approximately 0. I 5 volts in the
cell voltage, which is about 7 per cent.
However, this saving must be offset against the
greater cost of a platinised cathode compared to
alternative materials such as stainless steel
which perform satisfactorily, although at the
expense of a higher cell voltage.
The catholyte is circulated between the
cathode compartment and a regeneration
system where air or oxygen is used to re-oxidise
the nitrous acid and nitrogen oxides to nitric
acid:
HNO, + 4/20, HNO,
Apart from minor unavoidable losses, there is
no net consumption of nitric acid in the

-
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Fig. 2 The pilot plant built at
Dounreay for the destruction of
organic waste is being used to establish
the chemical engineering parameters
that are required for a full scale plant

need to destroy the organic component of
some types of combustible radioactive waste
before it was conditioned for final disposal.
Early trials demonstrated that materials like
0,+ 4H,O++ 4e- -,6H,O
cellulose tissue, rubber gloves, some plastics,
which is, of course, the cathode reaction in a ion exchange resins, lubricating oils, hydraulic
fuel cell. In both systems the oxidising power of fluids and waste process solvent (tributyl
oxygen is beneficially coupled into the process, phosphatehdourless kerosene mixture) could
although the oxidation of organics is being all be converted to carbon dioxide, carbon
driven by electric power in one case and is driv- monoxide and inorganic products. There was
ing electric power in the other.
an additional bonus in that the activity
Again using benzene oxidation as an exam- associated with the waste ended up in nitric
ple, the reaction across the whole process may acid solution, the usual form in which the waste
be considered as:
streams from reprocessing operations arise.
C6H6+ 0, CO, + H,O
The acid can be removed by distillation and the
(some carbon monoxide is also formed) which residues solidified into glass or concrete before
final disposal into a repository.
is stoichiometrically identical to combustion.
The wide range of materials which could be
The initial interest in the work arose from the

catholyte.
The
reaction
across the
cathodehegeneration part of the process
simplifies to:

-
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by a further 23 candidates which are under investigation pending their possible inclusion.
The United Kingdom list falls well short of the
European Economic Community list which
contains 129chemicals. Note that all but two of
the entries in the Table are organic chemicals,
many of which would require well controlled
incineration to effect their safe disposal. It is
proposed to require processes responsible for
significant point source discharges of “Red
List” substances, and this would probably include toxic waste incinerators, to be authorised
by Her Majesty’s Inspectorate of Pollution usPriority Pollutants
The United Kingdom Department of the En- ing standards based on the “batneec” (best
vironment has recently published a provisional available technology not entailing excessive
“Red List” of chemicals, for which it is intend- costs) concept.
ed to set strict environmental standards for the
quality of water into which they have been Conclusions
This article has described a novel process for
discharged. This “Red List” is shown in the
Table, and the 26 chemicals are accompanied the safe low-temperaturedestruction of organic

destroyed led to the extension of the process to
deal with organic wastes of industrial origin. TO
date trials have shown that phenols, chlorinated
phenols, chlorinated aliphatic and aromatic
solvents, organophosphorus compounds,
organosulphur compounds and polychlorinated
biphenyls can be destroyed, and the list is continually growing. A pilot scale rig, shown in
Figure 2, has been built at Dounreay to derive
the chemical engineering parameters required
to build a full scale plant.

I

Priority Pollutants
Provisional red list
~

Mercury
Cadmium
Lindane
Lindane
DDT
DDT
Pentachlorophenol
Pentachlorophenol
Hexachlorobenzene
Hexachlorobenzene
Hexachlorobutadiene
Hexachlorobutadiene
Aldrin
Aldrin
Dieldrin
Dieldrin
Endrin
Endrin
Chloroprene
Chloroprene
3-Chlorotoluene
3-Chlorotoluene
PCBs
PCBs
Triorganotins
Triorganotins
Dichlorvos
Dichlorvos
Trifluoralin
Trifluoralin
Chloroform
Chloroform
Carbon tetrachloride
tetrachloride
Carbon
1.2-Dichloroethane
1.2-Dichloroethane
Trichlorobenzene
Trichlorobenzene
Azinphos-methyl
Azinphos-methyl
Fenitrothion
Fenitrothion
Malathion
Malathion
Endosulfan
Endosulfan
Atrazine
Atrazine
Simazine
Simazine

Platinum Metals Rev., 1990, 34, (1)

Priority candidate
candidate list
list
Priority
____

2-Amino-4-chlorophenol
2-Amino-4-chlorophenol
Anthracene
Anthracene
Azinphos-ethyl
Azinphos-ethyl
Biphenyl
Biphenyl
Chloroacetic acid
acid
Chloroacetic
2-Chloroethanol
2-Chloroethanol
4-Chloro-2-nitrotoluene
4-Chloro-2-nitrotoluene
Cyanuric chloride
chloride
Cyanuric
2, 4-D
4-D
2,
Demeton-0
Demeton-0
1.4-Dichlorobenzene
1.4-Dichlorobenzene
,l-Dichloroethylene
-Dichloroethylene
11,l
1,3-Dichloropropan-2-0l
1,3-Dichloropropan-2-0l
1.8-Dichloroprene
1.8-Dichloroprene
Dimethoate
Dimethoate
Ethylbenzene
Ethylbenzene
Fenthion
Fenthion
Hexachloroethane
Hexachloroethane
Linuron
Linuron
Mevinphos
Mevinphos
Parathion
Parathion
Pyrazon (Chloridazon)
(Chloridazon)
Pyrazon
-Trichloroethane
11,,11,,11-Trichloroethane
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waste materials. Current understanding of the
process is such that it can be stated with some
confidence that all of the entries in the Table,
apart from mercury and cadmium, would be
amenable to destruction. Although it has not
yet been developed beyond pilot rig scale, appraisal of the process suggests that it may be
both “bat” and “neec” for categories of both
radioactive and non-radioactive organic waste
which are troublesome to dispose of safely by
any other acceptable ‘means.
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The Faraday Lecture on Platinum
On zznd February, 1861 Michael Faraday heterogeneous catalysis, delighted Members
delivered a Friday Evening Discourse on and their guests when he presented the Faraday
platinum to the members of the Royal Institu- Lecture of the Royal Society of Chemistry,
tion, London. Faraday’s talks were highly choosing to pay homage to the scientific genius
popular, and his “Lecture on Platinum” came of Michael Faraday during a most informative
to be regarded as a classic. However, the and interesting discourse on “Platinum”. As is
meeting did not take the form that he had customary at the Royal Institution, Professor
originally intended. In France, Henri Sainte- Thomas carried out a wide range of exClaire Deville and Jules Henri Debray had periments which demonstrated in a most enterdevised a lime-block furnace frred by a mixture taining way some of the remarkable properties
of oxygen and coal gas in which platinum could of platinum, including a number which are the
be melted and refined. This was a major ad- basis of many important industrial, medical and
vance in technology, and when the French and scientific processes and others which have not
British patents were filed in 1857 the British yet been commercially exploited.
When concluding his presentation he thankrights to the process were at once acquired by
George Matthey; indeed after a lengthy period ed Johnson Matthey for their help with the
of development this method became the first by demonstrations, and in particular the loan of
which platinum could be successfully melted the platinum exhibited. Again he was following
commercially on a large scale. In view of the the example of Faraday, who in 1861 recorded
great interest in it, Faraday invited Deville to his indebtedness to “Messrs. Johnson and Matdemonstrate the process at the Royal Institu- they .... for these ingots, and for the valuable
assistance in the illustrations”.
tion, and the
The spectacular nature of Professor
“intention was to have fused here some thirty or Thomas’s performance, his respect for Michael
forty pounds of platinum, and so to have made
manifest, through my mouth and my statement, Faraday-both as a person and as a scientific
the principles of a new process in metallurgy in investigator-and his wide knowledge of the
relation to this beautiful, magnificent, and science and technology of platinum, cannot be
adequately conveyed in the written word.
valuable metal”.
Fortunately the Royal Instithion made an
However, in early February, 1861 it was decid- audio-visual tape recording of the events of the
ed that the time was not right for the process to evening, and plans are in hand to make copies
be carried out in front of a public audience. of this available. Details may be obtained from:
Thus at short notice Faraday, drawing on his The Royal Institution of Great Britain, 21
wide knowledge of the platinum metals, had to Albemarle Street, London WIX 4BS.
prepare and deliver a lecture of his own (I), and
an abridged version of this historic address was
References
reprinted here in 1961 (2).
I M. Faraday, in “A Course of Six Lectures on the
Following tradition, on Friday, 13th October
Chemical History of a Candle, to which is added
1989, Professor John M. Thomas, F.R.S.,
A Lecture on Platinum”, ed. W. Crookes,
Charles Griffm, London, 1865, pp. 173-204
Director of the Royal Institution, and also an
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Noble Metals in Medicine
Transition Metal Complexes as Drugs and Chemotherapeutic Agents

Kluwer Academic Publishers, Dordrecht, 1989,291 pages,
ISBN 90-277-2828-3, Dfl.180.00,€59.00

BY NICHOLASFARRELL,

A number of books dealing with the
biological activity, particularly the therapeutic
activity, of metal complexes have been published in recent years. Interest in the field has been
promoted by the clinical use of a number of
precious metal complexes, including platinum
anti-cancer, gold anti-arthritis and silver antibacterial agents. Now a useful new addition to
the literature has been published, somewhat
oddly, as Volume I I in the series “Catalysis by
Metal Complexes”.
In addition to an introduction and appendices
the book contains 12 chapters, the first six of
which are devoted primarily to the anti-tumour
activity of metal complexes, an area to which
the author has made a number of interesting
contributions through his publications on
platinum complexes. After discussing the variety of interactions possible between metal complexes and DNA, two chapters are devoted to
the discovery and development of platinum
anti-tumour agents. As is inevitable due to the
length of time required to complete a book of
this type, the author is unable to provide details
of the most recent work, such as the clinical
development of the second generation platinum
drugs, but provides a broadly based review of
structure-activity studies.
A detailed account of the interaction of
platinum complexes with DNA components
and its relevance to the molecular mechanism of
their anti-tumour action is followed by a
chapter on platinum-pyrimidine blues.
Although these compounds are unlikely to
achieve clinical use because of their lack of
homogeneity and variability in synthesis, they
are of chemical interest due to their unusual
oligomeric structure incorporating platinum
atoms of differing oxidation states.
A chapter on the anti-tumour properties of
other metal compounds emphasises the variety
of structures for which activity has been noted,
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generally having mechanisms of action different
from that of cisplatin. In some cases metal ions
are acting by enhancing cellular uptake of active ligands, a principle which is exemplified
several more times in subsequent chapters dealing with anti-bacterial, anti-viral and antiarthritic activity.
The utilisation of the redox properties of
metal compounds is illustrated by a chapter
devoted to metal ions as mediators of the antitumour action of antibiotics such as the
bleomycins. Binding of a metal ion, for example iron(II), to the antibiotic is believed to be
involved in generating activated oxygen species
leading to oxidative cleavage of DNA.
Another chapter discusses the interaction of
metal complexes with radiation in biological
systems, through which increased effectiveness
of radiotherapy may be achieved; while a
miscellany of applications including the use of
metal compounds as diuretics and vasodilators
is given in the final chapter.
Throughout the book the author is keen to
emphasise the diversity of mechanisms by
which different metal complexes exert their action, while at the same time noting that compounds are often active against a number of
disease states, for example cisplatin, although
this has utility only in the treatment of cancer.
The book is clearly written and structured so
that each chapter stands alone with its own introduction, summary and references. Information is included on the historical development
of metal-based chemotherapy and overall the
book provides an excellent series of pieces for
use in support of undergraduate courses as well
as providing suitable introductory material for
graduate students setting out on research in this
field. Students using the book will also find a
useful list of abbreviations, a glossary of terms
and definitions and an appendix dealing with
DNA structure.
C.F.J.B.
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The Effect of Fuel and Oil Additives
on Automobile Catalyst Performance
THE SUITABILITY OF PLATINUM METALS CONFIRMED

By A. J. J. Wilkins and N. A. Hanningon
Johnson Matthey, Catalytic Systems Division, Royston

Stringent standards controlling the emission of exhaust pollutants from
gasoline-fuelled spark ignition engines have necessitated studies of many
factors that influence the eficiency of the catalysts used for the destruction of carbon monoxide, unburnt hydrocarbons and nitrogen oxides.
This review of the literature considers the effects on the catalyst of lead,
manganese and phosphorus, which may be present as additives infuel or
lubricating oils. Thejirst two elements can be detrimental to catalytic activity, and also to the environment, so must be minimised. The deactivation caused by phosphorus can be avoided by the use of catalysts designed
to be compatable with the specijied lubricants. Catalysts containing
platinum group metals remain the preferred means of controlling the
three designated exhaust gases.

Since automobile catalysts have come onto
the market, a considerable amount of work has
been carried out on the effects of fuel and oil
contaminants on catalyst activity. A large
number of papers have been published on the
subject, particularly with respect to lead and
phosphorus.
In the early 1970s~studies concentrated on
oxidation catalysts, but more recently the
effects on three-way catalysts have predominated in the literature. This article will
review some of these findings and will reference
only studies relating to monolithic-supported
three-way catalysts published from I 976
onwards.
All the pollution control catalysts considered
here contain platinum group metals, specifically combinations of platinum and rhodium. It is
well known that these metals not only exhibit
good low temperature performance and high
temperature stability in an exhaust environment, but are also more poison resistant than
base metal catalysts.
Emission legislation currently in force in the
U.S.A. requires catalysts to be durable for a
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minimum of 50,000 road miles. In California it
is intended that by 1993 the emissions from
most vehicles will be reduced still further, see
Table I, with a requirement for ~oo,ooomiles
durability (already applicable for light duty
trucks). More recently, proposals have been
tabled by Congressmen Waxman and Dingell to
halve the 1993 values.

European Legislation
In the European Community, legislation has
been passed which requires a lowering of the
emissions from vehicles of less than 1.4 litre
engine capacity to levels considered equivalent
to current U.S.standards, which are given in
Table 11. It is intended that Directives will be
passed in 1990 to ensure that by the end of 1992
all vehicles, regardless of engine capacity, will
meet these lower limits; specifically 19 g/test
carbon monoxide and 5 gltest hydrocarbons
plus nitrogen oxides. It is also intended that a
higher speed extra urban driving cycle will be
included to follow on directly from the
Economic Commission for Europe urban
cycle. The emission limits will reflect a
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Table I

United States Emission Standards
Pollutant, grams per mile

Model year

Hydrocarbons

Nitrogen
oxides

i.4

1.5
0.41
0.41

3.1
2.0
1.o

9
7
3.4

0.41
0.41
0.25

1.5
0.7
0.4

Carbon
monoxide

Federal

I

1975
1980
1983
California

15
7

1977
1983
1993

combination of these two cycles, but the
proposed values are still under discussion.
Also under discussion is the introduction
of a 80,000 km durability cycle similar to that
used in the U.S.A.
It is clear therefore, that by the end of 1992
three-way catalysts will be fitted to all new
cars in the European Economic Community
(E.E.C.). More protective emission standards
and extended durability requirements mean
that contamination by poisons and their effects
on catalyst activity will be important factors in
the overall life of the emission system. The
review will therefore examine the effects of
lead and manganese in the fuel, and

I

phosphorus and heavy metals in the oil. The
results of misfuelling studies in the U.S.A.will
also be considered.

Catalyst Deactivation By Lead
Lead Content of Petrol
Over the last decade many researchers have
studied the effects of European leaded petrol,
typically containing 0.4 or 0.15g A lead on the
performance of both oxidation and three-way
catalyst formulations, some of which were
designed to be lead tolerant. Now, however,
the E.E.C. has enacted legislation requiring
unleaded petrol to be marketed within the
Community. By the same legislation all new

Table II

European Community Emission Standards

Engine size

Over 2 litres

1.4-2 litres

I

Dates of introduction

I

Pollutants,
grams per test

New models

All new cars

Carbon
monoxide

Hydrocarbons
+nitrogen oxides

Nitrogen
oxides

1I 10188
1I 10191

1/10/89
1 I 1 0193

25
30

6.5
8

3.5

1 I 1 0190
1/07/92

1I 10191
31 11 2/92

45
19

-

Under 1.4 litres
Stage 1
Stage 2
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cars sold from October 1989 must be designed
to
run on unleaded petrol.
0
0
c
It has been shown that catalyst deactivation
by lead is dependent upon the amount of lead
m
U
3
deposited on the catalyst, and whereas this is
‘y
likely to increase with higher lead contents in
0
0
petrol, many other factors must also be taken
m
I1
into account, including catalyst formulation,
a
catalyst ageing, operating conditions, and interactive effects of lead with other fuel and
a
.c
- engine oil additives.
a
Most of the research work undertaken on this
B topic has involved the use of either laboratory
m
combustion rigs or test bench engines for
U
catalyst ageing, and synthetic exhaust gas rigs
m
.
for catalyst performance evaluation ( I , 2 , 3).
;
There is no standard universal test procedure
r
rn
for laboratory studies, and in view of the effects
r
of varying conditions including gas temperature
E
and air:fuel ratio, it is perhaps not surprising
2m that
reported data are varied and in some cases
._
U
-c conflicting. More recently, work has been car-al ried out with vehicles under actual road driving
conditions (4).
al
m
c
The durability of three-way catalysts for
xP European
Community applications has been exr
amined by investigating their activity as a func-al0 tion of the higher temperatures encountered in
autobahn driving modes over extended periods
m
al
of time (I). Lead levels of I, 3, 5 and 10 mgA
m
C
were evaluated in pulsator durability and
al
0 dynamometer ageing studies, Table 111.
Platinum-rhodiumcatalyst loadings of 40 g/ft 3 ,
C
U
and in the ratio of 5 : I , maintained substantial
-cmm three-way conversions, when aged under rich
conditions at maximum temperatures of
%
W
OD
n goo-~ooo~C
with 3 mgA lead. Ageing at these
temperatures resulted in sufficient reduction of
L” BET surface area, to cause increased
b
stoichiometric
hydrocarbon
light-off
0
c
temperatures. Net nitrogen oxides and
>
hydrocarbon conversions after light-off were
i
b
improved due to lower lead retention on the
‘y
5 catalyst. Increasing residual lead levels to 10
,5U mgA, when ageing in pulse flame reactors at
f IOOOOC, much decreased three-way catalyst
performance after 4000 simulated miles.
b
The effects of lead levels of 3 and 10 mgA on
m

0

a

OX

z

-

Y

-
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15.0

m
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Table I V

Summary of Emission Reeults for the 80,000 km Durability Vehicles
Vehicle
number

Distance,
km x lo3

Emissions,
grams per mile

-HC
co

Conversion,
er cent

HC

-

co

NO,
-

Remarks

Legal level assuming
1.3Deterioration
Factor

0.77

0.32

2.26

1

0
6.5
50
80
80

0.285
0.509
1.012
1.260
0.748

2.24 0.26 86.4
4.32 0.38 79.9
7.66 0.41 71.4
6.83 0.56 68.6
4.14 0.87 75.1

2

0
6.5
50

0.248 1.07
0.418 2.52
0.479 3.92

0.61 89.4 89.3 80.7
Trace Pb
0.58 83.8 77.5 84.6
0.45 83.02 71.9: 84.8 Aged Hego

3

6.5
80
80

0.152 1.36
0.607 6.00
0.358 2.86

0.62 89.2 88.7
0.70 65.0 69.4
1.03 76.7 79.1

85.4
83.6 Aged Hego 10 mg Pbl
76.2 Fresh Hego

4

0
6.5
50

0.156 1.01
0.358 2.24
0.675 3.32

0.26 90.5
0.63 78.3
1.18 71.8

89.6
82.0
69.0

88.6
84.2
59.7 Aged Hego

5

0
6.5
50

0.175 0.85 0.44 88.8
0.184 1.16 0.70 89.8
0.216 1.47 1.37 90.0

86.9
80.4

80.9
67.7
55.6
54.1
66.3

-

91.3
89.3
86.3 Aged Hego" 10 mg Pbll
81.8 Aged Hego
73.8 Fresh Hego

10 mg Pbl

-

Trace Pb
77.0
52.5 Aged Hego

- --- - -

aHego = heated exhaust gas oxygen sensor

three-way catalyst activity were examined after
ageing in pulsator, dynamometer and vehicle
trials (4). This work showed that after pulsator
ageing at maximum temperatures of ~oooOC,
catalysts aged with 10 m g A lead were more
deactivated than those aged with 3 mgA, the effect being more noticeable when the air:fuel
composition was rich of stoichiometry, and
under perturbation conditions. Reducing the
maximum ageing temperature to 730°C caused
a greater reduction in activity than at 10ooOC
for a catalyst aged with 3 mgA lead, even
though the surface area of the catalyst aged at
the lower temperature was 50 per cent higher.
It was concluded that the poisoning effect of
lead deposited at the lower temperature was
more significant to catalyst efficiency than the
loss of this amount of surface area.
Dynamometer ageing to the equivalent of
80,000 km Automotive Manufacturers Associa-
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tion (A.M.A.) driving cycle, followed by vehicle testing, showed that with 3 mgA lead the
vehicle met U.S.legislated limits, but with 10
mgA lead only nitrogen oxides were within the
legal limit, while hydrocarbon and carbon
monoxide emissions were significantly above. A
number of vehicles were tested between 50,000
and 80,000 km A.M.A. road cycle driving, with
either 10 mgA lead or trace lead fuel. These
tests showed quite clearly that with 10mgA lead
it was not possible to meet U.S. legislation
limits due in part to poisoning of the oxygen
sensor. However, with trace lead fuel this was
quite possible, see Table IV.
Final conclusions from this work were that
lead levels of 3 m g A should not cause concern
under any driving conditions; but continuous
long term exposure to levels of 10 mgA are
unacceptable for long term catalyst and oxygen
sensor durability. The European Community
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sometimes unleaded fuel was unavailable at the
more remote filling stations, resulting in the
misfuelling of catalyst equipped vehicles.
U.S. Motor Vehicle Manufacturers
In Europe, unleaded fuel is generally cheaper
Association Fuel Surveys
than leaded, and this removes any incentive to
car owners to deliberately tamper with their
Unleaded regular gasoline
vehicles in order to misfuel. However, the
Year
lead,
lead,
possibility will exist as long as a supply of leadgrams per
mg
ed fuel for older cars is still available. Similar
U.S. gallon
per litre
precautions have been taken in Europe as in the
U.S.A. in that all cars designed to run on
1975
1.8
0.007
unleaded fuel are fitted with narrower orifices
2.1
1976
0.008
to the fuel tank than vehicles designed for lead1977
0.007
1.8
ed fuel. The petrol pumps dispensing unleaded
1.8
1978
0.007
4.2
0.016
1979
fuel have correspondingly narrower filler
0.011
1980
2.9
nozzles. Despite these steps, U.S. experience
2.9
0.011
1981
has shown that misfuelling can occur, if the in0.005
1982
1.3
centive of cheaper leaded fuel exists. Fuel pric0.003
1983
0.8
0.8
0.003
1984
ing policies in Europe, where unleaded fuel is
cheaper, should minimise this possibility.
1984 Leaded regular gasoline
Two studies conducted by the Environmental
contains 213 mg Pb/l
Protection Agency showed that the principal effects of misfuelling are increases in the emissions of all three regulated pollutants. The most
standard for unleaded fuel allows a maximum detrimental effect is the increase in hydrocarlead level of 13 mgA. However, market surveys bon emissions, followed, in order of severity,
show that in West Germany, Sweden, by carbon monoxide and nitrogen oxides (5,6).
Switzerland and Austria levels of less than 2.5 The frequency of misfuelling is less important
m g A are the norm. Similarly, in the United than the total quantity of leaded fuel consumed.
Kingdom, since unleaded fuel has become
more freely available, lead levels measured in
the field are considerably lower than the maximum and decreasing. Current U.S. and
Japanese unleaded fuel contains less than I
mgA of lead, Table V. Similar trends would be
expected in the Community as ~ggzapproaches.
Table V

Effects of Vehicle Misfuelling
In the past, deliberate misfuelling, that is the
use of leaded petrol in vehicles designed to use
unleaded fuel, has been a problem in the
U.S.A. The main reasons for this Occurrence
were that leaded fuel was slightly cheaper than
unleaded, and that some owners erroneously
perceived improvements in vehicle performance when using leaded fuel. In the
mid-1970~~
during the fuel shortage, some
owners were indiscriminatein their choice, and
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Fig. 1 The catalytic activity of monolith
three-way catalysts for hydrocarbon oxidation can be affected by the composition of
any surface deposits. Deactivation due to
ZDDP in the fuel can be reduced by increasing the proportion of alkaline earth
metals
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Even if misfuelling is intermittent, it can eventually cause major catalyst deactivation. Some
degree of reactivation of misfuelled catalysts is
possible, provided the misfuelling incidents are
small in number and intermittent, though reactivation is never complete; the hydrocarbon activity is the least recoverable.
It is evident that even minor incidents of
misfuelling are detrimental to catalyst activity
and the measures already taken to discourage
and prevent misfuelling must be continued.

Catalyst Deactivation by
Manganese
In North America, methylcyclopentadienyl
manganese tricarbonyl (MMT), was introduced
in 1974as an alternative, or supplement, to lead
anti-knock compounds in fuel. Although its use
in unleaded fuel was disallowed in the U.S.A.
in 1979,it is still added to leaded fuel in that
country, and has been a constituent of 90 per
cent of the unleaded fuel used in Canada for
over ten years.
During combustion, most manganese is converted to the oxide hausmannite (Mn, 0,),the
formation of which is not affected by the
absence or presence of other fuel additives (7).
Hausmannite does not act as a chemical deactivator, but where catalyst inlet temperatures
greater than 85ooCare encountered it can build
up on the catalyst substrate causing the mouth
of the pores to be narrowed, and may eventually plug the monolith channels. (8).Both effects
result in catalyst deactivation, and these
deposits can only be removed from the catalyst
by physical means.
The combustion of fuel containing MMT
gives rise to higher unburnt hydrocarbon levels
than MMT-free fuels, with consequent effects
of higher hydrocarbon tailpipe emissions (7,8,
9).
Data generated during the Coordinating
Research Council’s MMT Field Test Programme showed no occurrence of catalyst plugging (9). This sixty-three-car 50,000 mile
durability programme was undertaken using
maximum fuel MMT concentrations of 16
mgfl. A field test undertaken by Environment
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Canada has shown that 1983-85 model year
cars operating on unleaded petrol containing
MMT will meet the 1988 Canadian emissions
standard of 0.41 g/mile hydrocarbon.
More recently a study to determine the effect
of MMT on performance was conducted on a
series of in-use catalysts that were operated in
Canada, and which had completed between
22,000 and 43,000miles (10).The authors conf m e d deposition of Mn,O, on the catalyst
surface, and at least some channel blockage.
This was accompanied by a decrease in functional activity and an increase in light-off over
the catalyst.

Catalyst Deactivation by

Phosphorus
In this article only the effect of oil derived
phosphorus on catalyst activity will be considered. Some laboratory reactor and test bench
engine studies have shown that engine oilderived phosphorus can cause both three-way
and oxidation catalysts to lose activity (11,12).
The major source of phosphorus in exhaust gas
is likely to be from zinc dialkyl dithio
phosphate (ZDDP) present in lubricating oil
which reaches the combustionchamber past the
piston rings and valve stem seals. Both combusted and uncombusted forms of ZDDP may
occur in exhaust gas, resulting in different
catalyst exhaust effects.
The exact nature of the deactivation is highly
controversial but generally is agreed to result
from the low temperature deposition of amorphous zinc andlor phosphorus compounds on
the washcoat surface. These deposits cannot be
removed from the catalyst, except under conditions which are likely to cause thermal deactivation (that is, very high operating temperatures).
Pore blockage has been identified as one
deactivation mechanism (12).The formation on
the washcoat surface of a glassy zinc phosphate
layer which is impervious to exhaust gas has
also been reported (11, 12). Noble
metallphosphorus interaction has not been
identified as a definite deactivationmechanism.
Ageing at rich air:fuel ratios in the presence of
combusted ZDDP causes greater catalyst
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Fig. 2 X-ray microanalysis of a section through
a catalyst surface shows the build-up of a
coherent phosphorus layer which penetrates into
the washcoat

deactivation than similar ageing under lean
conditions (I I).
Deactivation by ZDDP can be reduced by increasing the ratio of alkaline earth metal to
phosphorus in engine oil additives, this is
shown by the data given in Figure I. This has
the effect of decreasing the amount of
phosphorus deposited on the catalyst. Such oils
have been developed, and reduce catalyst deactivation without compromising engine wear

(13, 14). More recent work examined the effect
of phosphorus levels in lubricating oil on
catalyst performance (14). This programme examined three levels of phosphorus, below 0.07,
0.07-0.09 and above 0.09 per cent, and studied
the effect on catalyst activity by running the
samples for an extended period of time on a
small single cylinder engine test rig.
The study concluded that catalyst poisoning
and hence loss of activity increased with increasing phosphorus content in the oil.
However, oil consumption was not found to be
statistically significant in affecting catalyst performance. High phosphorus oils produced
dense coherent deposits on the catalyst surface,
Figure 2, and penetrated the washcoat to a
greater depth than low phosphorus oils which
resulted in barely discernible deposits, Figures
3(a) and (b). These thick deposits act as a diffusion barrier to exhaust gases, and hence a
reduction in catalyst activity occurs.
Similar deposits of phosphorus on oxygen
sensors retard their response time, which could
affect the closed loop control accuracy of the
system after extended durability.
The study concluded that oils designed with
suitable antiwear technology and reduced
phosphorus content are beneficial.

b

a
'Z05

pzos
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Fig. 3 Diffusion profdes for the oxides present in catalyst washcoatings contaminated by
lubricating oil additives; (a) low and (b) high phosphorus content test oils. In each caae
phosphorus was the major element detected and it penetrated up to 30 micrometres into
the washcoat, with the high phosphorus oil

Platinum Metals Rev., 1990, 34, (1)

22

It should be pointed out however that some quent and intermittent. The use of special filler
of this work simulated very high levels of oil nozzles and tank orifices make it impossible for
usage-up to five times normal-in a relatively misfuelling to happen accidentally.
Manganese derived from MMT added to fuel
short time. Correlation between this type of test
and actual road durability is therefore difficult has shown some adverse effect on catalyst perto establish. Other work in mixed road formance in mileage accumulation testing. The
durability trials over 50,000 miles where oil effect appears to be a function of temperature.
usage was not excessive but within normal No experience of MMT under European drivlimits has suggested that there was no correla- ing is available, but MMT is not expected to be
tion between tailpipe emissions in the FTWS used in European fuel due to the possible
test and phosphorus levels up to 0.1 wt. per adverse effects on catalysts, and its toxicity in
cent in the oil. Despite these findings, it is not the environment.
Deactivation by engine oil derived
unrealistic to expect that lower phosphorus
levels in the oil, providing engine wear is not phosphorus can be significant, especially when
adversely affected, must be of benefit for ex- catalysts operate continuously under low
temperature conditions, with excessive oil
tended catalyst durability.
usage. However, well formulated lubricants
Conclusions
and well designed catalyst systems will ensure
The main conclusionsthat can be drawn from that catalyst equipped vehicles meet the emisthis survey of the published literature, are as sions standards required.
The use of catalysts incorporating platinum
follows: a lead content of 3 mg per litre of fuel,
group
metals is the most suitable method of enshould be acceptable for most driving condisuring
that more severe emission levels and
tions. For continual use, a fuel lead content of
durability
targets are met in the future.
10 m& is too high to allow vehicles equipped
with three-way catalysts to meet U.S.legislated
limits, or their equivalent, after 50,000 miles of Acknowledgements
This review is based, in part, upon a paper
use. However, levels as high as this will not
presented in Frankfurt during June 1989 at the
regularly occur with unleaded fuel usage since “Catalysts for the Future” colloquium, held under
in order not to exceed the maximum level of 13 the auspices of the Forschungsvereinigung VerbrenmgA at the pump nozzle the average level nungskraftmaschinen E.V. The data in Tables I11
should be lower, and in practice is likely to be and V, and Figures I and 3 are reprinted from Society
of Automotive Engineers, Inc. publications, with
less than 3 mgA.
permission (References I , 13 and 14). Thanks are also
Vehicle misfuelling is highly detrimental to due to Castrol Limited, for permission to reproduce
catalyst activity even when incidents are infre- Figure 2.
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Protective Coatings for Turbine Components
The effects of platinum metal additions on
the properties of coatings used to protect gas
turbine components have been considered here
previously, most recently in a brief alerting
item published last July (I). Further additions
to the literature have since appeared.
One of the keynote papers presented at the
European Colloquium on the role of active
elements in the oxidation behaviour of high
temperature metals and alloys, organised by the
Commission of the European Communities and
held at the Institute of Advanced Materials,
Petten, considered the effects of platinum on
the oxidation and hot corrosion of coatings. A
group of scientists from the University of Pittsburgh presented the results of their investigation of diffusion aluminide coatings on nickel
base superalloys (2). Such coatings can be
degraded by several different processes, and
their aims were to identify the types of degradation that could be retarded by the addition of
platinum to the coating, and then to establish
the mechanisms by which this advantage was
obtained.
They concluded that the addition of platinum
to diffusion aluminide coatings improved the
resistance of these coatings to the main types of
corrosion encountered in high temperature service, namely cyclic oxidation, high temperature
hot corrosion and low temperature hot corrosion. In the case of the last of these the addition
of platinum was not as effective as for the other
two, but it still gave an improvement. For effective protection, the surface of the aluminide
coating had to be predominantly platinum and
aluminium, and the platinum serves to promote
the selective oxidation of the aluminium.
The results of a study undertaken at Solar
Turbines Incorporated to evaluate the relative
corrosion resistance of a range of commercially
available diffusion and overlay coatings, typical
of those used to protect the base metal
superalloys from which gas turbine components
are made, have been reported (3). The evaluation of two nickel base (MAR-M421 and
IN-738LC) and one cobalt base (FS-414)
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superalloys was carried out after furnace testing
with synthetic sea salt deposits at 704 and
899OC, temperatures regarded as crucial for low
temperature and high temperature hot corrosion, respectively.
The work indicated that a silicon aluminide
and platinum-chromium aluminide afforded
the best protection. Recommendations for
coating selection to provide optimised corrosion
resistance under various conditions are
tabulated.
References
Anon, Platinum Metals Rev.,1989,33,(3), 127
2 J. Schaeffer, G.M. Kim, G. H. Meier and F. S.
Pettit, “The Effects of Precious Metals on the
Oxidation and Hot Corrosion of Coatings”, in
“The Role of Active Elements in the Oxidation
Behaviour of High Temperature Metals and
Alloys”, ed. E. Lang, Elsevier, London, 1989,
pp. 231-267
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Meter for Food Samples
With the recent application of ohmic heating
to food processing, during which an alternating
current is passed through the food and sufficient heat is generated in situ to sterilise it,
there has arisen a need to establish the electrical
conductivity of food samples. For economic
reasons, processing is usually carried out at 50
Hz, the frequency of the electricity power
supply. However it is known that for foods with
a high moisture content the electrical conductivity may be dependent on the frequency.
To support a study of the ohmic heating of
foods being undertaken at the University of
Cambridge, test equipment has been designed
which enables the rapid measurement of the
conductivity of food samples (F. R. G. Mitchell
and A. A. P. de Alwis, J. Phys. E: Sci. Znstmm., 1989, 22, (8), 554-556). The conductance meter cell and the associated electronic
unit are described. Between experiments effective cleaning of the cell is essential, and it incorporates two 10 mm diameter platinised
electrodes, between which the food is clamped.
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Recovering Spent Autocatalysts
Precious and Rare Metal Technologies, Process Metallurgy 5
EDITED BY A. E. TORMA AND I. H. GUNDILER, Elsevier, Amsterdam, 1989, 702 pages,
ISBN 0-444-87299-X, Dfl.290.00, U.S.$141.50
This volume contains a selection of papers which include lead, carbon and chloride compresented in April 1988at the Symposium on pounds. Total dissolution of the catalyst,
Precious and Rare Metals, which was held in preferential solubilisation of the platinum
Albuquerque, New Mexico, to consider ad- group metals, a dry chlorination scheme and
vances in the geology, mining and extractive three pyrometallurgical processes are described
metallurgy of the titled metals. The pro- by J. E. Hoffmann, who tabulates their advanceedings are divided into five sections: Gold tages and disadvantages.
The results of an academic study of platinum
and Silver, Platinum Group Metals, Rare Earth
Metals, Gallium and Germanium, and Light and palladium recovery from spent converters
by leaching with mixtures of hydrochloric and
Metals.
The manufacture of automobile emission nitric acids in both packed and fluidised beds
control catalysts is the largest single use for are reported by R. G. Bautista, L. Yue and D.
platinum, and catalytic converters salvaged R. Tyson. For the packed bed experiments a
from vehicles at the end of their lives are sieved fraction of a ball-milled ceramic
regarded as a potentially important secondary monolith that had served for 10,000 miles was
source of platinum, and also of palladium and used. The very high initial rate of leaching inrhodium. However, the quantities currently be- dicated that a multi-stage leaching operation
ing recovered are still only a small part of the may be advantageous. The fluidised bed tests
amounts that should, in theory, be available for were made on spherical catalyst pellets after use
reprocessing. This is due to a number of fac- over 90,000 miles. In this type of catalyst the
tors, including the less than perfect refining concentration of platinum and palladium is
technology used to recover the platinum metals very low, compared with monolithic supported
from the catalytic converters. The latter is ad- catalyst, and in the fluidised bed the time to obdressed in this useful volume, in three of the tain over 90 per cent extent of reaction, for both
four papers that comprise the 70 page section elements, was shorter than in the packed bed
reactor.
on the platinum group metals.
The development by Platinum Lake
The fourth chapter is a summary by E. G.
Baglin of investigations carried out by the U.S. Technology of a proprietary chloride-organic
Bureau of Mines on platinum-palladium ore leach process which is e.m.f. controlled to
from the Stillwater Complex, Montana. This is enhance the oxidative dissolution of the
the only resource of primary platinum group platinum group metals, is reported by V. I.
metals currently being mined in the U.S.A. Lakshmanan and J. Ryder. A reductive treatThe Bureau has developed alternative techni- ment precedes the leachmg, and the leaching
ques for processing the concentrate from the includes the use of an inorganic chloride
on-site flotation mill, should domestic recovery compound, an inorganic acid component, a
become desirable for economic or for strategic proprietary additive and an oxidant. The metals
are recovered from the leached solutions by solreasons.
The difficulties of recovering platinum group vent extraction and selective stripping. Followmetals from catalytic converters is attributable, ing a test programme at the Ontario Research
in part, to the chemical behaviour of the Foundation, a flowsheet to recover platinum
ceramic pellet or monolith support and also to group metals from spent catalysts has been
I.E.C.
the contaminants present in spent catalysts, developed.
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World Developments of Fuel Cells
MAJOR OPPORTUNITY FOR PLATINUM ELECTROCATALYSTS

By D. S. Cameron
Johnson Matthey Technology Centre

Writing in this Journal over a quarter of a century ago, the late Dr. L.
B. Hunt suggested that a number of different types of fuel cell would be
required in thefuture to meet the varied requirements of auxiliary power
sources, communications, specialised military applications and vehicular
propulsion, and that it would be further into the future before fuel cells
would be used as a means of primary power generation. Since that time
several papers and conference reports on this application of the platinum
metals have been printed here, and a signijkant number of abstracts of
work that has appeared elsewhere, have been published. An increasing
awareness of the environmental costs resultingfrom the use of fossilfuels
has reinforced efforts to use suchfuels in more effective and less polluting
ways. This review summarises the present situation world-wide regarding
developments in fuel cell technology, current and proposed applications
and commercialisation.

Increasing concern with atmospheric pollution and the perceived difficulties associated
with the nuclear power industry are causing a
re-evaluation of the various means of electric
power generation. Fuel cells, which are capable
of much higher efficiency than conventional
fossil fuelled power stations, while producing

Hydrogen

HZ

-

2H*+ 2 6
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only minimal amounts of polluting gases, offer
a viable alternative.
At present the first commercially available
fuel cell units, each using a small but vital
amount of platinum, are under construction in
the United States of America and Japan in sizes
ranging from 50 kW to I I MW. These are

Fig. 1 In a simple fuel cell,
hydrogen is fed to one electrode (the anode) and oxygen
is supplied to the other elecubstrate/current trode (the cathode). Between
O l k t o r I ~ a s these two porous and electrically conducting electrodes is the electrolyte,
which permits ions to carry
an electric current from one
OZ+4,H'+Le--2HzO
electrode to the other. The
electrical circuit is completed
ElectrolYte /matrix
by electrons (e-) flowing
(wickingl materials
around the external load
from one electrode to the
other, and doing work in the
Catalpt layers prrtl
m t t e d with clettro?yte Process
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capable of running on a variety of fuels, includmg natural gas, methanol, liquefied
petroleum gas, naphtha, and even waste gases
from landfd sites. Their characteristics of compactness, silence and cleanliness make them
ideal candidates to replace old urban power stations; while their freedom from pollution is
helping to make them economically competitive
with existing plants which face huge capital investment to ensure “clean” operation.

Power Generation
Large power stations use the heat released by
the combustion of fossil fuels, or from nuclear
reactions to produce steam. This steam is used
to rotate turbines and alternators to make
electricity. As long ago as 1824, Nicolas
LRonard Sadi Carnot (1796-1832) recognised
that there is an intrinsic limitation to the efficiency of these thermal processes (I), which
means that even the most modem power stations operate at less than 36 per cent overall efficiency. The overall generating efficiency for
the United Kingdom, which includes many
older power plants, is only 32 per cent; and
this is further reduced by distribution losses of
perhaps 3 per cent. The unfortunate result of
this inefficiency is that the Central Electricity
Generating Board wastes more heat from its
coal-fired power stations than is produced from
the total amount of gas sold for domestic use by
the British Gas Corporation ( 2 ) . However, the
very large generating stations producing the
bulk of electric power in the U.K. are in
isolated locations, where there is no demand for
low grade heat.

W h y Fuel Cells?
The ideal electric generator is one which
would be highly efficient, since electricity has
roughly three times the intrinsic value of heat.
It should also be sufficiently pollution free and
compact to be sited close to the user, where
waste heat could be used adjacent to the source.
Combined heat and power plants are already
favoured by industries using gas turbine or
diesel power plant, but for environmental
reasons it would be impractical to consider
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siting such generators in residential areas (3).
Fuel cells are electrochemical devices, and
are therefore not limited by the Carnot heat cycle. In theory at least, it should be possible to
construct devices of 80 to p per cent efficiency
(4). Already, units of 40 per cent electrical efficiency plus 45 per cent heat recovery have been
routinely demonstrated, and ultimately electrical efficiencies of up to 65 per cent would appear to be practicable. The operation of the fuel
cell requires a minimum of rotating machinery
in the form of pumps and motors, so that there
is little noise or vibration. This freedom from
noise, vibration and pollution should facilitate
their siting in places not previously considered
for power plants. For example, in Japan a 200
kW generator has been installed on the roof of
a four-storey office building ( 5 ) . This has the
benefit of not only saving space, valuable in any
city centre and particularly so in Japan, but also
of providing the building with stand-by power
in case of mains failure. Often this emergency
supply is provided by a separate diesel
generator in the basement, needing care and
maintenance, but not normally used, and giving no financial return.

Fuel Cell Development
The fuel cell was discovered in 1839by Professor Sir William Grove while working at the
London Institution. When carrying out experiments to dissociate water into its component hydrogen and oxygen gases by
electrolysing dilute sulphuric acid between
platinised platinum electrodes, he discovered
that the process was reversible. The two gases
readily recombined to form water and to give an
electric current, see Figure I. He was the first
to appreciate the cleanliness and simplicity of
this reaction, mentioning it with enthusiasm in
a number of papers, as well as building arrays
of cells for experimental purposes.
During the next hundred years, many eminent scientists attempted to construct larger
and more practical fuel cells. These proved unsuccessful, largely due to the limitations imposed by the materials then available.
It was not until the American space efforts of
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the 1950s and 1960s that rapid advances were
made. It soon became apparent that manned
space flight was not possible without an onboard power source, since far more power
would be required than could be provided by
batteries. Since liquid hydrogen and oxygen
were already carried on the spacecraft, an obvious choice was a device capable of generating
power from these gases.
Two types of spacecraft fuel cells were
developed independently, the first by the
General Electric Corporation (G.E.) for the
Gemini missions, and the second by Pratt and
Whitney Aircraft Corporation for the series of
Apollo missions. The latter was based on cells
designed by F. T. Bacon, while working for
Marshalls of Cambridge. Further models have
been developed for the Space Shuttle Orbiter
and other applications. Although dozens of
types of cells have subsequently been built, the
Gemini and Apollo cells marked the beginning
of the fuel cell era. It is true to say that manned
space flight has been dependent on the invention of fuel cells.

Types of Fuel Cells
Space applications represent a limited, highly
specialised market, and for terrestrial operation
there are very different requirements. At-

mospheric air is the obvious choice of oxidant,
while initial cost, and lifetimes measured in
years rather than months are other key factors.
A number of fuel cell types have been
developed to meet these criteria; as can be seen
in Table I and Figure 2 . These are mainly
distinguished by the electrolyte used, and the
temperature of operation.

Alkaline Fuel Cells
From an engineering point of view, alkaline
fuel cells are the easiest types to build, since a
wide variety of materials are stable in this electrolyte. Two main typesofcell have evolved, one
using re-circulated electrolyte, and the other
with the electrolyte trapped in a “matrix” or
wicking material, such as asbestos paper.
Alkaline fuel cells will operate satisfactorilyat
quite low temperatures, 50 per cent of rated
output
being
available
at
ambient
temperatures, 2ooC, and with optimum
temperatures ranging up to about v ° C . Since
the electrolyte has good conductivity, very high
current densities may be employed, up to 8
A/cm2 being claimed (6). The use of platinum
catalysts enables high power densities to be obtained, as required for aerospace and military
applications.
The necessity to remove product water has

Table
Table I

Types of Fuel Cells
Electrolyte

Type

Operating
temperature, OO CC

50-90

Alkaline

Potassium hydroxide

Proton exchange membrane

Polymeric

Phosphoric acid

Orthophosphoric acid

190-210

Molten carbonate

Lithiumlpotassium carbonate mixture

630-650

Solid oxide

Stabilised zirconia

900-1000

Biological

Sodium chloride

Direct methanol

Sulphuric acid or polymer
polymer
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50-125

Ambient

50-120
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Fig. 2 This diagram summarises the electrochemical reactions occurring
with different fuels and different oxidants in a number of fuel cell types.
All share the common features of a pair of electrodes and an electrolyte,
although materials and operating temperatures vary widely, see Table I

given rise to a number of ingenious solutions,
including re-circulating the hydrogen gas supply and condensing out the moisture, and forced
evaporation of water from the re-circulated
electrolyte. This water by-product was, and
still is, the sole source of potable water for the
Apollo and Space Shuttle crews. Apart from the
space applications of alkaline fuel cells built by
Pratt and Whitney, now part of United
Technologies Corporation (U.T.C.), others are
being developed by Siemens, Germany and
Elenco N.V., Belgium, for the European Space
Agency. Recently Siemens together with
Howaldstwerke-Deutsche Werft (H.D. K.), Ingenieurkontor Luebeck G.m.b.H., (I.K.L.)
and Ferrostaal A.G. have announced the
availability of a submarine with enhanced cruising capabilities provided by fuel cells (7). Elenco have a separate programme to develop fuel
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cells, of 50 to 70 kW, to provide motive power
for both passenger buses and lorries (8).

Proton Exchange Membrane
Fuel Cells
The first fuel cell used in space was built by
G.E., for the Gemini missions and incorporated
a solid electrolyte made from ion-conducting
polymers. These solid polymers were further
developed by DuPont Chemicals into a material
called Nafion, based on perfluorosulphonic
acid. The latter has subsequently enjoyed great
success as a separator material in electrolysers
used in the chlorine/sodium hydroxide
manufacturing industry. Other materials have
now appeared on the market, but all have the
common feature of carrying current in the form
of charged hydrogen ions (protons). They are
acidic-or at least become so during operation,
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due to ion concentration changes-so they
are not susceptible to absorbing atmospheric
carbon dioxide. Being a solid the electrolyte is
robust, inherently free from possible leakage,
and able to withstand differential gas pressures.
However, it is necessary to keep the electrolyte
moist since ionic conductivity is lost if it dries
out. This requirement must be incorporated into the engineering of the cells, and restricts
operating temperaturesto below the boiling point
of water at any given pressure.
Early proton exchange membrane cells for
aerospace application were built using exotic construction materials, such as platinum coated tantalum,for current collectors and heat exchangers.
Now, however, experience gained from engineering phosphoric acid fuel cells has enabled the
substitution of inexpensive carbon materials.
Early cells also incorporated very high platinum
catalyst loadings of 8 mg/cm2 although these
have been reduced to less than half. Indeed, work
at Los Alamos National Laboratory has shown
that platinum loadings of 0.45 mg/cm2 or less
are quite feasible using carbon supported
platinum catalysts, similar to those used in
phosphoric acid fuel cells. Proton exchange
membrane fuel cells operate at relatively low
temperatures, with 50 per cent of rated power
available at room temperature (9).
Commercial Developments

Proton exchange membrane cells are currently being built and sold by Ballard Technologies
Corporation of Canada, who are also collaborating with Vickers Shipbuilding and
Engineering Limited (U.K.) to study their application in submarines (10).The original solid
electrolyte fuel cell technology developed by
G.E. has been acquired by the Hamilton Standard Division of U.T.C., and also licensed by
Siemens of Germany.
Ballard Technologies and Dow Chemical
have a joint programme to build and
demonstrate two 10kW proton exchange membrane cells. Vast amounts of waste hydrogen
result from the production of chlorine and
caustic soda by the electrolysis of brine, an
energy intensive process. These fuel cells,
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designed to run on by-product hydrogen from
this process will be installed at the Dow
chloralkali plant in Sarnia, Canada. They are
the first of a number of 10 to 50 kW installations planned for the U.S.A., Canada, Europe
and Japan over the next 18 months. The system
has considerable potential benefits for energy
conservation, enabling otherwise waste
hydrogen to be used to regenerate direct
current, which can be fed back into the
electrolysers. In Japan, Fuji Electric have
developed 7.5 kW alkaline fuel cells also
designed to operate on waste hydrogen from the
same source.
A two-man submarine, powered by a 4.5 kW
Ballard cell is currently undergoing sea trials,
having being installed by Perry Engineering
Systems in Florida. A 2 kW Ballard cell is also
being evaluated by Daimler Benz in Germany,
who have also carried out extensive trials of
hydrogen-powered vehicles with internal combustion engines, where hydrogen fuel was carried in hydride stores.
A joint programme sponsored by the U.S.
Department of Energy has recently been announced between Los Alamos National
Laboratory and U.T.C. This project is intended to develop a road vehicle powered by a proton exchange membrane fuel cell. The A.C.
Delco Division of General Motors Corporation
is also carrying out preliminary fuel cell work
aimed at vehicular applications. This includes
designing compact, lightweight reformers to
enable vehicles to operate on liquid fuels such
as methanol or liquid petroleum gas.

The Phosphoric Acid Fuel Cell
Orthophosphoric acid was the electrolyte
chosen by Pratt and Whitney in the late 1960s~
when they began constructing fuel cells for terrestrial applications. Although this acid has
rather poor ionic conductivity, it has the major
advantages of good stability and low vapour
pressure. To enable the fuel cell to operate on
natural gas or hydrocarbon fuels, a system was
evolved consisting of three major components:
[a] A fuel processor, which consists of a
reformedwater-gas shift reactor, converts

30

fuels to hydrogen-rich gas. This is an endothermic process, some of the heat for the
reaction being provided by steam, and some
by the combustion of waste gases returned
from the fuel cell.
[bl A power section, consisting of the fuel cell
stack (or multiples of stacks), fed with atmospheric air and hydrogen-rich gas from
the fuel processor. These reformate gases
consist of a mixture of hydrogen, with some
carbon dioxide, traces (I per cent) of carbon
monoxide, and some inert gases such as
nitrogen. The fuel supply passes through
the fuel cells where about 80 per cent of the
available hydrogen is consumed. The waste
gas is then returned to the reformer and
burned to provide heat.
[cl Direct current from the power section is
converted to alternating current using a
device called an “inverter” or power conditioner. Alternatively, it may be used immediately by the consumer, for example in
a chloralkali electrolyser or to drive DC
motors.
Operation of the phosphoric acid fuel cell at
elevated temperatures ensures adequate
tolerance of small amounts of carbon monoxide
from the fuel processor section, and provides
waste heat at a sufficiently high temperature to
enable efficient transfer to the reformer. It will
be appreciated that the integration of the three
major components of the system are essential to
give good overall efficiency. The latter is
typically 37 to 38 per cent from natural gas to
bus-bar for electrical efficiency, with a further
40 to 45 per cent of waste heat available from
the fuel processing and the power sections
together.
Most phosphoric acid fuel cells operate at 19
to 205OC, depending on size and application,
the larger scale units being pressurised at up to
8 bar, and run at 205OC. Carbon is used extensively for construction, being virtually the only
inexpensivematerial not readily attacked by hot
phosphoric acid. platinum and more recently
platinumhase metal alloy catalysts, supported
on carbon powders are used as the catalysts,
which are in turn supported on carbon elec-
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trodes¶ in the form of paper, felt or foam, with
graphite plate intercell separators. Currently,
there is great emphasis on the reduction of the
capital costs of phosphoric acid fuel cells to improve their commercial prospects. However,
there are considerable incentives to at least
maintain platinum metal loadings, the cost of
platinum being more than outweighed by improved performance of the fuel cell stack components (I I). Moreover, the platinum metal
content is recoverable at the end of the life of
the cell, and can be recycled.
Individual phosphoric acid fuel cells range in
scale from a few kilowatts up to I MW, with
“stacks” of over 450 electrode pairs connected
in series (12, 13).

Cells in Use
The phosphoric acid fuel cell was brought to
an advanced state of development by U.T.C. in
two major programmes. The first of these was
started in 1967, in association with a consortium of U.S. gas supply utilities. Under this
TARGET programme (Team to Advance
Research on Gas Energy Transformation), 65
fuel cells, each of 12.5 kW, were demonstrated
at 35 sites in the U.S.A., Canada and Japan.
Following these trials, the Gas Research Institute (G.R.I.) and U.T.C. jointly developed
and demonstrated a series of forty-six 40 kW
power plants. These were able to convert
almost 40 per cent of the energy in natural gas
into electricity and heat. Installation and operation of the units were carried out by various
participating utilities, at sites of their choice.
Applications included greenhouses, hotels,
laundries, restaurants, sports complexes and a
telephone exchange. Geographical locations
varied from Alaska to Southern California, and
from Tokyo to the eastern United States.
Operation of the units was carefully monitored,
and provided a wealth of practical experience
and education. One of the most significant fmdings was the low level of exhaust emissions,
the fuel cells operating with less than 10 per
cent of the Environmental Protection Agency
limits for small stationary generators. At present, a new series of 200 kW (electrical) output
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Table II

Phosphoric Acid Fuel Cell Trials in Japan
Organisation

Size of cell and manufacturer

Chubu Elecrric Power Co.

1 M W (ToshibaiHitachil

Tokyo

4 . 5 M W (U.T.C.), 11 M W (I.F.C.), 220 kW (Sanyo), 200 kW
(I.F.C.) ( x 2)

Kansai

1 M W (Mitsubishi/Fuji), 200 k W

Tohuku

5 0 k W (Fuji)

Hokkaido

1 0 0 k W (Mitsubishi)

Hokuriku

4 kW

Shikoku

4 kW (Fuji)

Okinawa

200 k W (Fuji)

Tokyo Gas Company

4 0 kW (U.T.C.). 200 kW (I.F.C.), 50 k W (Fuji), 100 k W (Fuji)

Osaka Gas Company

200 k W (I.F.C.), 200 kW (Mitsubishi), 5 0 kW1100 k W (Fuji)

Toho Gas Company

5 0 kW (Fuji), 100 kW (Fuji), 200 kW (1.F.C.)

Nippon Mining Co. Ltd.

100 kW (Sanyo/Toyo)

combined heat and power units are under construction by International Fuel Cells (I.F.C.), a
joint venture between U.T.C. and Toshiba.
Some of these units are now operational and
monitoring is proceeding.
A second series of programmes, started in
1971, was undertaken by U.T.C. in collaboration with various electric utilities and the Electric Power Research Institute (E.P.R.I.), with
the support of the U.S. Department of Energy.
A I MW pilot plant was demonstrated in 1976,
supplying electricity to the grid, and two 4.5
MW generators were installed, one in New
York by Consolidated Edison, and the other in
Tokyo by Tokyo Electric Power Company
(T.E.P.Co.). The latter plant was built in
truck-transportable modules, being constructed, shipped to Tokyo and commissioned
in less than three years.
A further plant rated at X I MW is currently
under construction by I.F.C. for T.E.P.Co.
and will be demonstrated at the same site.
Toshiba have acquired the rights to construct
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further such generator plants in Japan.
Other American companies developing
phosphoric acid fuel cells include the Energy
Research Corporation and Westinghouse Electric. The latter are planning a 7.5 MW power
plant using air cooling for the fuel cell stack.
The Japanese have organised the “Moonlight
Programme” sponsored by the Ministry of International Trade and Industry to improve the
efficiency of utilisation of fossil fuels. As part of
this programme, two fuel cell generators, each
of I MW have been built by consortia of
Hitachi and Toshiba, and Mitsubishi and Fuji
Electric, respectively. Despite some initial
teething troubles, these generators are now said
to be working satisfactorily. Each of these large
companies, together with Sanyo, have separate
programmes to build phosphoric acid power
plants in sizes ranging from a few kilowatts to
5 MW. Most of the Japanese electricity
generating companies and several of the gas
supply utilities, are collaborating to evaluate
these devices, see Table 11. A list of industrial
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and utility companies participating in the
Japanese fuel cell programmes is published annually with details of their efforts (14).
In Japan, a country where all fuel has to be
imported, and where city environments are extremely crowded, the potential benefits of fuel
cells are greatly appreciated. In addition, of
course, there is a huge potential export market
for fuel cells, with a demonstration programme
already being organised in Thailand, and others
planned for South East Asia.

The Molten Carbonate Fuel Cell
Pioneering work on molten carbonate fuel
cells was carried out by Broers and Ketelaar in
the 1950s at the Central Technical Institute
(T.N.O.) in Holland. Although the problems
associated with the use of molten salts at 650OC
are considerable, the potential rewards offered
by success are enormous. These include the
possibility of using carbonaceous fuels, and
even of reforming these internally to give a
relatively simple, low cost generator. At this
high temperature, it becomes much easier to integrate the fuel cell with the fuel processor.
High grade steam is available, which can be used either to run steam turbines in a “bottoming
cycle” which raises the possible overall efficiency to between 60 and 65 per cent, or to provide
steam which can be used for chemical processes
(IS).

The main problems associated with the
molten carbonate fuel cell are due to corrosion
and sintering of the materials of construction.
In order to obtain a high area of interface between the gases, the electrodes and the electrolyte, a careful gradation of pore structures is
required, with the electrolyte held in a central
matrix of an inert porous material such as
lithium aluminate. Corrosion, or sintering of
the major components can result in the electrodes becoming de-wetted or flooded. Considerable effort has been devoted to finding
materials resistant to corrosion. Presently
favoured are 10 per cent nickel-chromium for
the anode or hydrogen electrode, with lithiated
nickel oxide for the air cathode. The inter-cell
separator plates are made from high quality
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stainless steel, (such as Incalloy 825, 310s or
316L stainless steels) faced on one side with
nickel to improve conductivity. Some of the
few materials with proven resistance to molten
carbonate electrolytes are the platinum group
metals, which may find application as construction materials or catalysts (16).
Although great progress has been made in
developing molten carbonate fuel cells with
power outputs of up to 10 kW, and even
towards 100 kW in recent years, there are still
doubts about their durability, due to the high
operating temperatures employed. Apart from
corrosion, other problems include the preferential evaporation of lithium salts, giving changes
in electrolyte concentrations, and a slow but
definite tendency for the electrolyte to migrate
through the fuel cell stack. Most tests carried
out to date indicate that the system is extremely
sensitive to sulphur impurities in the fuel
stream, as well as to other contaminants such as
halogens. Thus, coal derived fuels will require
considerable cleaning before use.
Development Work in Progress
A large number of organisations are developing molten carbonate fuel cells, although so far
none has offered a commercial product. In the
United States these include U.T.C., Energy
Research Corporation, and the Institute of Gas
Technology. In Japan, Hitachi, fitsubishi,
Toshiba and Ishikawajima Harima Heavy Industries are co-ordinated under the Moonlight
Programme. In Europe, the main developers
are in Holland (T.N.O. and E.C.N., Petten),
and in Italy. The Italian programme is coordinated by the state electricity company
E.N.E.A. together with various universities,
C.I.S.E. (Milan), C.N.R.-T.A.E. (Sicily) and
Ansaldo (Milan). The Italian objective is to
develop a 50 to IM) kW unit by I992 (17).

Solid Oxide Fuel Cells
In the past few years solid oxide fuel cells
have advanced from small laboratory single
cells to 3 kW power plants, several of which
have been sold by Westinghouse, the principal
developers, for evaluation. Since conduction is
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dependent on solid state diffusion of oxygen
ions through the electrolyte, the system must
operate at around 10ooOC. Performance has
been improved by perfecting methods for
depositing extremely thin layers of electrolyte
(about 4 0 ~ together
)
with conducting oxide
and metallic nickel electrodes. Typical electrolytes are zirconia stabilised with yttria, while
porous anodes are made from metallic nickel on
an yttria/zirconia skeleton, to minimise sintering. Air cathodes are porous conducting oxides
such
as
strontium-doped
lanthanum
manganite. With any system operating at
IOOO~C,
it is vital that all the materials should
resist oxidation and inter-diffusion, and also
that they have carefully matched coefficients of
thermal expansion.

Industrial Evaluations
The fmt solid oxide fuel cells were successfully developed by Westinghouse using a
system of hollow tubes, connected in series and
parallel by strips of nickel felt. Although the
system is not compact, it is able to accommodate thermal expansion.
Alternative designs, for which power densities of up to I MW/m’ have been claimed, are
dependent on packing cells into honeycomb or
flat plate structures. These designs are being
studied at Argonne National Laboratories,
Ceramatec Inc., Combustion Engineering,
I.F.C., and Ztek Corporation. In Japan, initial
work by the Government Electro-technical
Laboratory is being followed up by Mitsui
Engineering and Shipbuilding, Fuji Electric
Co.,The National Chemical Laboratory for Industry, and T.E.P.Co. in collaboration with
Mitsubishi Heavy Industries. In Europe, the
Commission of the European Community are
sponsoring exploratory research on advanced
solid oxide fuel cell designs and manufacturing
methods. Dornier in Germany are carrying out
some solid electrolyte fuel cell work as part of
a programme mainly on high temperature electrolysers.
The exacting demands of perfectly matching
the thermal expansion characteristics of
materials must be overcome to enable scale-up.
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At IOOO~C,
it would be perfectly feasible to
consume natural gas in the fuel cell stack to give
an extremely elegant design with high efficiency.
Westinghouse 3 kW solid oxide fuel cells
have been evaluated by the Tennessee Valley
Authority, Osaka Gas Company (18) and
Tokyo G a s Company (18). A total of 12,000
hours of operation have been accumulated with
three units in Japan. A joint test is being
organised by Westinghouse, together with
Kansai Electric Power, Osaka G a s and Tokyo
Gas for a 25 kW solid oxide fuel cell generator
which will consume natural gas, with testing
due to commence in 1990.

Other Fuel Cells
Power generation by the direct oxidation of
hydrocarbons and alcohol fuels would be
highly desirable, and has been widely investigated (19 ). Catalysis of the oxidation reaction is very slow compared to that of hydrogen.
The only commercial uses to date are for
analysis of oxidisable organics, such as ethanol,
methanol and formaldehyde in gases, the
breathalyser being one example.
Small biological fuel cells have been proposed
for directly monitoring glucose levels in blood,
for the treatment of diabetics.

Conclusions
Fuel cell design continues to make rapid progress, led by the phosphoric acid fuel cell which
is now becoming available commercially. As
with any new technology, the initial pace of
development has been relatively slow, with the
need to educate potential customers on the safety and general viability of sthe devices. In
general, electricity and gas supply companies
that have participated in trials have been keen
to evaluate more advanced designs.
The latest models of 200 kW combined heat
and power phosphoric acid fuel cells, being
marketed separately by I.F.C. and Fuji Electric
Company, are said to be almost at commercially
acceptable prices, especially for the Japanese
market, where fuel costs are high. Although
phosphoric acid fuel cells are at a high level of
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technical development, capital cost is still the
main obstacle to be overcome. Longer production runs should provide much of the cost
reductions needed. Improvements in platinum
catalyst technology are playing an important
part, both by providing better utilisation of the
noble metals, and by increasing the power out-

puts of the fuel cell assemblies. The successful
commercial development of second generation
concepts such as molten carbonate and solid oxide fuel cells are likely to be dependent on the
effective exploitation of phosphoric acid fuel
cells, and the establishment of a market for
such devices.
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A New Process for Direct Coal Gasification
it is known that fuel cells can be used to cogenerate electricity and useful chemicals, and
also that there are important technological advantages in gasifying coal in a molten metal
bath. The latter is a relatively new process
which has attracted significant attention, particularly in Japan. Now I. V. Yentekakis and P.
G. Debenedetti of Princeton University and B.
Costa of Naples, Italy, have reported a novel
concept for coal gasification, which involves the
simultaneous gasification of coal and the
generation of electrical power in a single reactor
which is a combination of a high-temperature
solid electrolyte fuel cell and a fused metal
Eng. Chem. Res., 1989,28, (9),
gasifier (Id.

1414-14241.
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Finely divided carbon is carried in an inert
gas flow to the molten iron which serves as the
anode. The cathodic compartment of the cell
consists of yttria stabilised zirconia, and the inner walls of the electrolyte are coated with a
porous platinum film which has high catalytic
activity for the dissociation of oxygen.
The process combines the advantages
associated with coal gasification in a molten
metal bath, namely high gasification efficiency
and low sulphur content in the gas, with the
thermodynamic efficiency of high temperature
fuel cells. A lumped parameter model is
presented. Calculations support the opinion
that the fused iron bath fuel cell concept is an
attractive idea, worthy of experimental testing.
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ABSTRACTS
of current literature on the platinum vietals and their alloys
PROPERTIES
Morphology, Structure and Stability of
Oxides in Pt-Hf Alloys Subjected to Internal Oxidation
E. P. DANELIYA, M. I. DOPERCHUK and G. I. KANDYBA,
Izv. Akad. Nauk SSSR, Met., 1989, (4), 1 8 1 - 1 8 3

Studies of morphology and structure of oxidised
phase formed by internal oxidation of low-alloy Pt-Hf
alloys at 1000-1300~Cwere performed by X-ray diffraction techniques. Different stability of dispersed
and coarse particles is explained by the growth of the
oxides controlling diffusian of the components
through the volume of the matrix, and by decomposition of dendrite controlling the diffusion on interphase oxide surfaces, respectively. Diffusion mobility
of oxide elements in the grain volume is much lower
than on the boundary and stability of dispersed particles is much higher.

Plasma Chemical Vapor Deposition of
Thin Platinum Films
and H. SUHR, J. Vac. sci.
Technol. A , 1989, 7 , (4), 2799-2802
Metal organic plasma-enhanced chemical vapour
deposition of Pt fdms using cyclopentadienyltrimethyl-Pt as starting material is reported. Three
different reactors are compared and the influence of
power, substrate temperature, and temperature of the
reservoir with the organometallic has been studied.
Films with -100% Pt and a resistivity of 461(ncm
have been deposited.

E. FEURER, S. KRAUS

A Thermodynamic Study of the Pd-Ti
System
N . SELHAOUI, J. C. GACHON and J. HERTZ,
Common Met., 1989, 154, (I), 137-147

3.Less-

A calorimetric determination of the enthalpies of formation of four compounds Pdo,,,Ti,,,(Pd,Ti),
Pdo.61Tio,3,(Pd,Ti), Pdo.,,,Tio.~l,(Pd~Ti,) and
Pd,,Ti0.,(PdTi) were performed by direct reaction
calorimetry.

Metastable Phases in Rapidly Solidified
Pd-U-Si Alloys
C. ANTONIONE, L. BAlTEZZATI, F. MARINO, R. MARAZZA and D. MAZZONE, J. Less-Common Met., 1989,154,
(11, 169-175

Rapid solidification of Pd,U, Si,at various quenching rates yielded either an amorphous or a
quasicrystallinephase. A new metastable f.c.c. phase
was prepared by rapidly quenching Pd ,U ,o Si . The
transformation behaviour of the amorphous and
quasicrystallinephases is described.

,
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Characterization Study of Ruthenium
Dioxide Hydrate before and after Therma1 Activation
and D. MILTON, J . Less-Common
Met., 1989, ISS, (11, 89-109
Studies of RuO,.xH ,0 before and after thermal activation were performed by direct mass spectrometric
thermal analysis and results were compared with differential thermal gravimetric analysis and differential
scanning calorimetry data. The results for the corrodible, non-activated form of RuO,.xH,O show
that two of the 0 atoms in RuO, come from the solvent and indicate that any 0 evolved may also come
from the solvent. The results for the non-corrodible,
activated form of RuO,.xH, 0 confirmed that it was
able to mediate the stoichiometric oxidation of H,O
to 0, by Ce(1V) ions, without undergoing corrosion.
R. MASON,A. MILLS

CHEMICAL COMPOUNDS
Some Effects of Zinc and Palladium
Complexes in Photographic Silver Halide
Systems
C. ROEWER, S. GAHLER, E. BERNDT and A. WINZER,
Photogr. Sci., 1989, 37, (21, 34-37

J.

Pd, Zn and Au ions interact with gelatins as well as
with thiocompounds (X) used in photographic Ag
halide emulsions. These potential ligands X compete
with the binder for the metal ions to give mixed complexes M(gel)& (M=Pd, Zn). It has been shown
that Pd’+ and Znz+ions are able to stop the physical
ripening process of Ag halide emulsions containing
1,8-dihydroxy-3,6-dithiaoctane. Pdz+ and Znz+
displace Au ions from the gelatin complex. The
utilisation of such reactions makes it possible to influence sensitometric parameters of emulsions. Pd 2+
and Zn’+ exert a synergistic effect: Pd’+ decreases
fogging and produces stabilisation, while Zn2+compensates for loss in sensitivity. The synergistic effect
is attributed to the favourable effect exerted on
kinetics of clustering during chemical ripening.

The Kinetics of Rh(II1) Complex Formation with Heterocyclic Azo Compounds in
Organo-Aqueous Media
A. T. PILIPENKO, N . 0.DIYACHENKO and N. F. FALENDISH, Dop. Akad. Nauk URSR,Ser. B, 1989, (6),

49-52
Studies of kinetics of Rh(II1) complex formation with
heterocyclic azo compounds in organo-aqueousmedia
showed a great increase in the rate of complexing
reaction in the presence of alcohols. This was due to
the increased reaction ability of aqua-chlorideRh(II1)
complexes in the aqueous-alcoholmedium.
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Carbon Dioxide Chemistry of a Binuclear
Iridium(0) Complex. Rapid and Reversible Oxygen Atom Transfer from Carbonate
M. K. REINKINC, J. NI, P. E. FANWICK and c . P.
KUBIAK,
Am. Chem. soc., 1989, 1x1, (16),

3.

6459-6461
The activation of CO, by a binuclear Ir(0) complex
is reported. The complex Ir,(CO),(dmpm) , was
prepared and reacted with CO, to form the pcarbonate complex
Ir,~-CO,)(CO),(dmpm),
(dmpm is bis(dimethy1phosphino)methane). The carbonate ligand of this complex showed unprecedented
0 atom transfer reactivity and has been found to
undergo rapid and reversible 0 transfer to CO. The
activation and reduction of CO, are areas of potential
importance for artificially recycling the products of
combustion and respiration.

ELECTROCHEMISTRY
Microstructure of Pt Electrodes over
Solid-Electrolyte and Its Effects on Interfacial Impedance

Fabrication and Characteristics of Vertically Separated Interdigitated Array
Electrodes
and H. TABEI, 3. Electroanal.
Chem. Interfacial Electrochem., 1989, 267, (1&2),
291-297
A new type of electrode similar to an interdigitated
array (IDA) electrode has been developed which incorporates a Pt anode and a Pt cathode formed by
photolithography, Pt sputter-deposition and lift-off
techniques. This IDA-like electrode is said to exhibit
excellent electrochemical performance. The two arrays of microband electrodes are separated by a thin
insulating step. A step height of o.5pm can be realised
easily; compared with 5pm for ordinary planar IDA
electrodes.

0. NIWA, M. MORITA

Influence of Iron Impurities on the Time
Dependence of the Hydrogen Evolution
Reaction on Platinum Cathodes during
Electrolysis of 30 w/o KOH
L. BROSSARD and 1.-Y. HUOT,
1989,19, (6), 882-888

3. Appl.

Electrochem.,

The H evolution reaction (HER) on polished pure Pt
cathodes in 30 w/o KOH at 7ooC in the absence or
presence of dissolved metallic impurities was studied
I m h 19899 359 (3,413 405-410
at ImmAlcm’. The loss of efficiency for the HER
Two kinds of Pt electrode (paste and evaporated Pt), which occurred during the first thousand seconds and
and two kinds of solid electrolyte (SE: Y20,- took the form of an increase in the cathodic overstabilised ZrO, and doped Bi oxide) have been used potential with time is attributed to the penetration of
to determine the effects of microstructure of the elec- atomic H into the Pt lattice.
trode and material of the SE on the interfacial impedance of SE cells. A new method was used to Behaviour of a Platinum Electrode in
analyse impedance spectra, and the effects of Solid Electrolytes Based on Silver Iodide
temperature (924-1125K) and o2 pressure E. A. YKSHE, A. M. MIKHAILOVA and N. G. BUKUN,
(10’-IoJPa) on various parameters are reported, givElektrokhimiya, 1989,25, (61,739-742
ing information about the effects of electrode struc- Impedance method was used to study the behaviour
ture and the SE. Results showed that the magnitude of F’t in contact with some solid electrolytes based on
of the electrode resistances was quite dependent on Ag iodide. Existence of two slow processes during
the electrode morphology, as well as on the SE. contamination on the Pt-solid electrolyte boundary
Reduction of electrode resistance is a route to increas- was discovered. These processes proceed in parallel
ed electrode efficiency for application of SE in fuel but are practically independent of each other, and are
cells, 0, pumps and 0,sensors.
connected with the presence of I adsorption centres
on the surface of Pt and their penetration in the surThe Cathodic Reduction of Carbon Diox- face of the electrode layer.

K. SAKURAI, H. NAGAMOTO and H. INOUE,

solid state

ide in Acetonitrile. An Electrochemical
and Infrared Spectroelectrochemical Studies of the Corrosion Behaviour of
Platinised Titanium Electrodes during
Study
Electrodialysis of Sea Water
J. DESILVESTRO and s. PONS, 3. Electroanal. Chem.
Interfacial Electrochem., 1989,267, (I&), 207-220
In situ FTIR reflectance spectra of the electrochemicalreduction of C 0 2at a Pt electrode revealed quantitative formation of oxalate (C,O, *-) in at
least two different solvation states when the electrode
potential was switched from 0.4V to increasingly
negative values (vs.Ag/AgNO, in CH,CN).
Chemical reversibility of the CO, reduction process
was illustrated by the complete reversal of the spectral features on readjusting the potential to 0.4V.The
majority of IR bands could be assigned to CO,,
C,O,’-, and to electrolyte ions and solvent
migrating due to the electric field.
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L. A. MIKHAILOVA, S. D. KHODKEVICH, L. M.
YAKIMENKO, E.
K.
SPASSKAYA and
E.
R.
SHAWSHNIKOVA, Elektrokhimiya, 1989, 25, (IO),

1352-1356
Radiometric studies of the corrosion rates of Pt surface of platinised Ti electrodeswith Pt layer thickness
of 6-8 p n were performed during electrodialysis of
imitation sea water containing 3.5wt.% of salts in
anodic and cathodic periods of the electrolyte. The
results showed that with current density of the electrodialysis of 150-5mA/m~, one reverse cycle in
8-24h and Pt layer thickness of 8pm, the lifetime of
these platinised electrodes could be 10-20 years.
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Bonded
Solid
Protonic
ConductorPlatinum Electrochemical Cells
J. D. CANADAY, A. K. KURIAKOSE, T. A. WHEAT, A.
AHMAD, J. GULENS and B. W. HILDEBRANDT, solid
State Zonics, 1989, 35, (IJ), 165-175

Hydrogen-conducting B"-Al,O, and NASICON
have been prepared by a new method which overcomes the problem of disintegration of the
polycrystalline ceramics during ion exchange. Pt was
found to be the most suitable electrode material for
use with these electrolytes in hydronium cells at
q-zoo0C. The composition and morphology of the
Pt porous electrodes are described.

Peculiar Corrosion and Electrochemical
Behaviour of Oxidised Surface Layers of
Titanium with Ionic Implanted Palladium
N. D. TOMASHOV, 0. A. ZHIL'TSOVA, G. P. CHERNOVA,
R. KH. ZALAVUTDINOV, D. B. BOGOMOLOV, M. I.
GUSEVA, B. G. VLADIMIROV and N. P. APARINA, Zashch.

Met., 1989, 25, (31, 502-so6
Studies of the corrosion of anodically oxidised Ti
electrodes containing Pd+ and of ionic implanted Pd
on Ti samples showed that implantation of Pd+ in
the surface of the oxidised Ti layer improves their
protective properties in lo% H,SO, at IOOOC. The
implantation results in the formation of cathodically
active Pd centres on the surface of the samples and
also increases electroconductivity of passivating oxides. The screening effect of Pd results in corrosion
inhibition of the Ti metallic base in pores.

Voltammetric Reduction and Determination of Hydrogen Peroxide at an Electrode Modified with a Film Containing
Palladium and Iridium
J. A. COX and R. K. JAWORSKI, Anal.

Chem., 1989,61,

(IS), 2176-2178

A stable film on a glassy C electrode was produced by
cyclic voltammeuy of a mixture containing o.zmM
Na,IrCI,, 0.1mM WCI,, K,SO, and HCI between
1.3 and -0.3V vs. Ag/AgCI for five cycles. This electrode can measure H,O, reduction with an
amperometric flow cell at only -0.2 V vs. SCE, has
long term stability and can be used at ambient
temperature. Two limitations to its use are discussed,
one b e i i the overlap of reductions of 0 , and H ,0,,
the other being the necessity of using a basic supporting electrolyte instead of neutral KCI.

New Chlor-Alkali Activated Cathodes
M. JACCAUD, F. LEROUX and J . C. MILLET, Muter.

Chem. Phys., 1989, 22, (I-z), 105-119
A new activated composite cathode for chlor-alkali
electrolysisconsists of a RuO, thermal layer, on a Ni
support, moditied by a second layer of electrolessNi.
This is a highly efficient catalyst for H, evolution in
strong caustic solution and shows a qomV saving in
H overpotentialcompared to smooth Ni. The cathode
is stable for long-time operation in membrane cell
conditions and is not affected by Fe impurities.
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PHOTOCONVERSION
Silicon Electrodes Coated with Extremely
Small Platinum Islands for Efficient Solar
Energy Conversion
and H. TSUBOMURA,
1989, 136, (8), 2280-2285
Platinum islands of 5-sonm were deposited on n-type
single-crystal Si (n-Si) wafers by reduction of
H,PtCI, with H I . Photoelectrochemical cells made
from such an n-Si electrode coated with minute Pt
islands generated opentircuit photovoltages of
0 . 6 3 V , which is about 8% higher than those for normal p n junction Si solid solar cells (-0.58V). The
results show the importance of control of the size and
density of the metal islands on scales of several nm in
order to improve the cell performance. This method
of discontinuous metal coating is very promising as a
novel approach to efficient and stable photoelectrochemical solar cells.

K. UEDA, Y. NAKATO, N. SUZUKI

3. Electrochem. Soc.,

A Study of the Method of Loading
Platinum on Ti02 Photocatalyst
and Q.-H. DONG, 3. Catd.
(Dalian, China), 1989, 10, ( t ) ,1 3 7 - 1 4
A combined method involving photo-infusion and
reduction with H, has been used to load Pt on TiO,,
and the activity of the resulting catalysts for decomposition of organic carboxylic acids studied. PtRiO,
catalysts thus prepared showed higher activity than
those prepared by a photoelectrochemical method.
The mechanism of loading Pt on TiO, involved partial reduction of RCI,l- ions to metallic Pt in the
presence of TiO, powder, and partial reduction to
some lower valence state ions which photo-adsorb
uniformly on the surface of TiO, particles under illumination. This partial reduction to lower valence
state ions produced a Pt/TiO, catalyst with a highly
dispersed and higher loading of Pt.
N.-C. CAI, C.-Y. JIAN

Effect of Platinum Loading on the
Photocatalytic Activity and Luminescence
of Cadmium Sulfide Powder
T. UCHIHARA, M. MATSUMURA, A. YAMAMOTO and H.
TSUBOMURA,
Phys. chem., 1989, 93, (IS),

3.

970-5874
The effect of Pt loading on the efficiency of CdSphotocatalysed H, evolution from an aqueous solution of Na, SO, and on the intensity of the green
emission (5Ionm) of CdS suspended in the same solution has been studied. When the amount of Pt
deposited on C d S was increased, the Fermi level of
C d S at the working stage moved down toward a more
positive potential, leading to a stronger band bending, and stimulation of the photocatalytic reaction
occurred. Too much Pt loading, however, lowered
the photocatalytic activity because of the enhanced
rate of electron-holerecombinationas well as light absorption by Pt. The temperature effect on the reactivity and the reason for the presence of a reaction
induction period are also elucidated in relation to the
band bending of the photocatalyst.
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Optimization of pSilicon Surface by Etching and Electrodeposition of Pt and Ni
for Photosplitting of Water
s. u. hi. KHAN and s. A. UJUMDER, Inr. J. Hydmgen

Electrochemical Continuous Emission of
Ru(2,2 ‘-bipyridine),’+inPolymer Matrix

Energy, 1989, 143 (9)s 653-660
Platinisation for 3s and nickelisation for IS on bare pSi semiconductor electrodes at a current pulse of
250pA/cm2 and light intensity of IoomW/cm’ was
found to produce the most efficient surface conditions of this semiconductor. Pt showed a better
photoelectrocatalytic effect on the p-Si surface than
Ni in terms of the limiting photocurrent and potential
shift, AV. Optimisation of surface condition for best
photoresponse in terms of etching time showed that
etching of bare p-Si with aqua regia-HFfor 4 min and
subsequent treatment with H F for 3 min gives rise to
better active sites towards photoelectrochemicalsplitting of H,O. The electrocatalytic effect dominates
over the Schottky junction effect for improved
photoeffect at metal deposited p-Si photoelectrodes.

Electrochemiluminescence(ECL) has been observed
from a quasi-solid state DC ECL cell consisting of a
Pt or Al cathode, a polymer layer of Ndion containing Ru(bpy),”,a H ,0-soluble polymer layer of AQNYLON containing two supporting electrolytes, and
an In-Sn oxide anode, by applying a DC voltage. The
threshold voltages for DC ECL at the Pt and Al
cathodes were 1.3V and 2.4V, respectively; lower
than voltages previously reported for liquid cells.

Alkene and Dihydrogen Formation by
Catalytic Dehydrogenation of Alkane with
RhCI(PR 3 )
Photogenerated
from
RhCl(CO)(PR3 ) 2

,

K. NOMURA and Y. SNTO, J. Mol. catal., 1989, 54,
(I), 57-64

It has been shown unequivocally for the fmt time
that dehydrogenation of alkanes to alkenes and
dihydrogen is catalysed by metal-to-ligand charge
transfer (MLCT)-photogenerated species from
RhU(CO)(PR,) , without further photoassistance at
high turnover frequencies (1404 h-’ for nonane at
132OC and PR,=PMe,). This one-photon
dehydrogenation process takes place with light
( 3 6 0 ~ 1 7gkcal/einstein)
,
that is not much higher in
energy than some of the C-H bonds that are broken.
The activity increased in the order for
PR, =PPh,<PEtPh,<PEt,Ph<PEt,<PMe,.

Electrochemical
Behaviour
of
Transparent Heavily Doped SnO, Electrodes. Effect of Radiolytic Grafting of
Iridium Nanoaggregates
J. BRUNEAUX, H. CACHET, M. FROMENT, J. AMBLARD

and M. MOSTAFAW, J . Elecmanal. Chem. Interfacial
Elecmchem, 1989, 269, (21, 375-387
Efficient transparent counter-electrodes (TCEs) for
use in sandwich-type photoelectrochemical cells
which operate in aqueous media have been prepared
by grafting of Ir aggregates onto highly-doped SnO,
sprayed fdms. These modified electrodes proved to
be stable for a long time, compatible with the working conditions in photoelectrochemicalcells. Grafting
of Ir aggregates influences charge transfer in 3 ways:
(a) by an increase in the degeneracy for highly-doped
SnO, short-circuiting the tunnelling process inside
the fdm; (b) by freezingof band bending in the oxide,
resulting in an overpotential fully applied at the electrode/solution interface; and (c) by replacing often
poor kinetics at bare SnO, by a faster transfer rate at
the metal-covered surface.
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R. IGARASHI, Y. NOSAKA, N. PUJII, H. MIYAMA and M.
YOKOYAMA, Denki Kagaku, 1989, 57, (4), 302-306

Radiolytically Prepared Ni-Pd Sols as
Catalysts for Water Photoreduction
E. AMOWAL, M. GEORGOPOULOS and M . 4 . DELCOURT,

New 3. Chem., 1989, 13, (7), 501-502
Radiolytically prepared Ni-Io% Pd sols were found
to be more active than pure Ni sols toward the
catalytic photoreduction of H,O to H,. The test
system
was
Ru(bpy),’+/methylviologen/Nphenylglycine: a favourable pH effect was shown at
pH 2.5. The H I evolution rate was not far from the
optimum values obtained with Pt sols in acidic
medium. These Ni-Pd aggregates are the fmt example of an aqueous colloid metal catalyst being improved by an alloying effect.

Nafion Modified Ti02 Electrodes:
Photoresponse and Sensitization by
Ru(I1)-Bipyridyl Complexes
and M. GMTZEL,Elecrmchim. Acra, 1989,
34, (9)s 1327-1334
A TiO, /Nafion/Ru(bpy) ,” system showed relatively
weak sensitised photocurrents with a maximum at
45onm. A RuL, (L=2,2f-bipyridyl-q,4f-dicarbo~lic
acid) complex can be incorporated into the Nafion.
At lower pH values, when RuL, is protonated to the
cation form, the Nafion fdm shows enhanced electrochemical response. At pH > 4.2 the film is nonpermeable to RuL, and electrochemical activity is
zero. This effect was used for protecting the adsorbed
layer of RuL, on TiO, against desorption.

L. KAVAN

Ground- and Excited-State Properties of
a Photostable Hemicage Ruthenium(I1)
Polypyridine Complex
LARSONandM. C. FITZGERALD, Inorg. Chem., 1989, 28, (23), 4187-4189
A preparation of a novel ligand, (Mebpy),Bz, which
co-ordinates to Ru in a singly capped, hemicaged
structure t Ru((Mebpy) Bz)]”+ ,and consists of three
s,5 ‘-dimethy1-2,2’-bipyridine (5,s I-dmb) groups
lmked to a central benzene ring via only methylene
groups is reported. The redox and absorption properties, as well as the emission energies in acetonitrileare
similar for [Ru((Mebpy),Bz)l(PF,), and the parent
compound [ R ~ ( ~ , ~ ~ - d m b ) , l ( P Fbut
, ) , , the roomtemperature lifetime and emission quantum yield of
the hemicage complex are increased 10 times in comparison to that of the parent complex.
R. F. BEESTON, S. L.

,
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Photoelectrochemical Oxidation of Water
at CdS and CdSe Anodes Coated with
Composites of Conducting Polymer Containing Ru02
D. GNINGUE, G. HOROWITZ, J. RONCALI and F. GARNIER,

3. Electroanal. Chem. Inte&dcial Electrochem

1989, 2699 (21, 337-349
A stabilisation of 85% for CdS and CdSe single-

crystal semiconductor photoelectrodes used for visible light induced oxidation of H,O to O,, has been
obtained by coating with protecting composites of
electrically conducting poly(bithiophene)-poly(pyrrole) copolymer and hydrophobic poly(viny1chloride)
in combination with catalytic dispersion of RuO,.
The power efficiency of the self-driven CdS-based
photoelectrolysis cell under ~omV/cm*W-halogen
light is o.,p%. CdSe-based cells require the help of an
external power source in order to achieve H,O
cleavage. The photoanode efficiency is 0.98%.

ELECTRODEPOSITION AND
SURFACE COATINGS
Pulse Plating of Silver-Palladium Alloys
S. -1. DONG, Y. FUKUMOTO and T. HAYASHI,
Finish., 1 9 8 9 , 76, (7), 56-61

Plat. sur’

The optimum pulsing conditions for depositing
bright, smooth Ag alloy containing -25% Pd have
been determined as 200-400mAlcm’ current pulses
with an on-time of 0. ~ m and
s an average current density of 4 mAlcm’. Deposit composition appeared to
be controlled by diffusion polarisation.

APPARATUS AND TECHNIQUE
Activated Platinum Electrodes as pH Indicator Electrodes. Analytical Applications to Acid-Base Titrations
J. M. FERNANDEZ ALVAREZ, A. COSTA GARCIA and P.
T 6 6 N BUNCO, An. Quim., 1989, 85, (I), 32-37

The pH response of activated Pt indicator electrodes
subjected to both anodic and cathodic currents has
been studied. The response is based on background
currents displacements with pH. A zero current indicator electrode was similarly studied. Electrochemical pretreatment for the electrodes enables
wide linear ranges of response vs. pH to be achieved.

Platinum-Dispersed
Nafion
Film
Modified Glassy Carbon as an Electrocatalytic Surface for an Amperometric
Glucose Enzyme Electrode
H. GUNASINCHAM

and C.

B. TAN,

Analyst, 1989, 114,

(6), 695-698

A Nafion film dispersed with Pt particles formed on
a glassy C electrode has been found to combine the
electrocatalytic activity of Pt with the background
stability of glassy C. It serves as a selective and sensitive electrode surface for an amperometric glucose
enzyme electrode.
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Determination of Chloride in PlatinumRhenium Alumina-Based Reforming
Catalyst by Ion Chromatography
R. P. SINGH, K. AWM, D. S. REDWAN and N. M. ABBAS,
Anal. Chem., 1989, 61, (17), 1924-1927
Electrochem.,
A method to detect Cl- ions in Pt-Re/Al,O,
reforming catalysts, free from sulphide, bromide or iodide
ion interference, and faster than present means is
presented. Extraction of chloride is carried out with
NaOH solution in a Teflon Parr bomb at 15oOC.
After filtration, ion chromatographic analyses show
that the minimum chloride in the sample is 0. I% by
weight, with a relative standard deviation of 3%.

Catalytic and Gas Sensing Characteristics
in Pd-Doped Sn02
1. G. DUH, 1. w. IOU and B. s. CHIOU, 3. Electrochem.
SOC.9 1989, 136, (91, 2740-2747

A SnO, based ceramic doped with Tho,, MgO and
PdCl, has been developed as a CO gas detector. The
sensitivity of gas sensing was measured with respect
to the relative resistance change in the ceramic matrix
on the introduction of the CO gas. Intermediate
operating temperature was required for the gas sensing and higher sensitivity and fast response rate were
observed at 3 0 0 O C . Metallic Pd was observed in the
sensing matrix after mixing in ethyl alcohol, while
PdO appeared after sintering at 8m°C and its
presence improved the CO gas sensitivity.

Sensor for Detecting the Stoichiometric
Composition in a Combustion Flame
S. SEKIDO, H. TACHIBANA and Y. YAMAMURA, SenS. AC-

matoe, 1989, 19, (41, 393-400

Addition of 0 . 4 - 0 . 8 w t . % Pd and 60-70 mol%
SrTiO, to Sr,, 6J La,. ,I Coo,,Fe,. 0,-6 was found to
improve the sensitivity, response time and lifetime of
this sensor for detecting stoichiometric composition
of combustion gas. The sensor also showed superior
catalytic activity for conversion of noxious gas to
harmless gas. The sensor can also be used as a
temperature sensor (or flame detector) as its
temperature dependence of resistivity with >40mol%
SrTiO, at <4woCis semiconductor like and does not
rely on the gas atmosphere. Gas sensitivity begins at
> 4 m o C . The working temperature is lowered by
xm0C by the addition of Pd.

-

Applications of Small Iridium-Based Mercury Electrodes to High Concentrations
of Depolarizers
1. GOLAS and z. KOWALSKI, Anal. Chim. Acta, 1989,

(21, 305-318
Voltammetric and microscopic data on the analytical
properties of small Ir-based (127pm diameter) Hg
fdm electrodes have shown that, with thin Hg
deposits these electrodesoffer interestingapplications
as they combine features of thin-film electrodes and
micro-electrodes. A possible application is in the
determination of high concentrations of depolarisers;
voltammetric data for the determination of Pb in the
range I O - I Z O ~are given.
221,
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HETEROGENEOUS CATALYSIS
The Selectivity of the Platinum Group
Metals in Catalytic Hydrogenation
S. NISHIMURA,

Nippon Kagaku Kaishi, 1989, (7),

1055-1066
The selectivitiesof Pt, Pd, Rh, Ir, 0s and Ru have
been studied in the hydrogenation of cycloolefms,
cyclic enol ethers and aromatic compounds.
Hydrogenation and deuteration of cycloolefm and
hydrogenation of enol ethers derived from cyclohexanones over Pd showed opposite trends in stereoselectivity. The observed trend in hydrogenolysis of enol
ethers in EtOH is explained by consideration of the
activity of adsorbed ionised H and the olefm
isomerisation activity of the metal. Studies of selectivities in hydrogenation of aromatic compounds
showed that Pd is highly selective for formation of
ketone, en01 ether and imine intermediates in the
hydrogenation of phenols, aryl ethers and methoxyanilines, respectively.

Adsorption of Surfactant-Stabilized Colloidal Noble Metals by Ion-Exchange
Resins and Their Catalytic Activity for
Hydrogenation
Y. NAKAO and K. KAERIYAMA, J .

c o b i d Interface sci.,

1989, 131, (I), 186-191
Hydrosols of Pt, Pd, Rh, Ru, Au and Ag have been
prepared in the presence of surfactants
stearyltrimethylammonium chloride (SC), Na
dodecylbenzenesulphonate (SD),or polyethylene
glycol mono-p-nonylphenylether (PN). AU positive
colloids with SC were successfully adsorbed by
cation-exchange resins (CER), and all negative colloids with SD or PN were adsorbed by anionexchange resins (AER). The negative colloids RhPN, Ru-SD and Ru-PN were adsorbed by H-form
CER as well as AER. Catalytic activity of resinsupported catalysts for hydrogenation of cyclohexene
at 3ooCand under Iatm H,,decreased in the order:
Rh>Pt>Pd>Ru.

Oxidation-Reduction Treatment on Supported Metals and Their Catalytic
Activities and Microstructure-Alkane
Hydrogenolysis over Ru, Rh, Ir, Ni, Pt
and Pd on Silica

3. catal. (Dalian,
China), 1989, 10, (3), 221-228
Studies of SiO, supported platinum group metals
catalysts reduced at low temperature showed their
high activities for alkane hydrogenolysis. The highest
activities were obtained on Rh and Ru catalysts which
were five orders of magnitude higher than those of Pt
and Pd catalysts. Annealing at high temperature
reduces the activities by a factor of 1000 on Rh and
Ru but only by z on Ni catalysts. Studies showed a
formation of large regular polyhedral particles in the
annealed state which split to form clusters of small irregular particles upon complete oxidation and lowtemperature reduction.
S.-Q. GAO and L. D. SCHMIDT,
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The Ignition of Methanemthane Boundary Layer Flows by Heated Catalytic
Surfaces
T. A. GRIFFIN, L. D. PFEFFERLE, M. J. DYER and D. R.
CROSLEY, Combust. Sci. Technol., 1989, 65, (1-3),

19-37
Studies of the influence of activity of pt catalysts on
the boundary layer ignition of ethanehethane fuel
mixtures showed that catalytic surface reactions
reduce the sensitivity of ignition behaviour to the
ethane content of the fuel mixture. This suggests that
a catalytically stabilised thermal (CST) burner would
be less sensitive to the ethane content of natural gas
than a non-catalyticcounterpart. Using laser-induced
fluorescence, spatially resolved measurements of 0
and OH radical concentration were made in boundary
layers formed over Pt and quartz surfaces. The data
suggest the production of 0 atoms and OH radicals
prior to gas phase ignition for the catalytic surface
reactions.

New Data on the State and Catalytic Activity of Platinum in the Reforming

Catalysts
V. K. DUPLYAKIN, A. S. BELYI, N . M. OSTROVSKII, M. D.
SMOLIKOV, E. M. CHALGANOV and A. I. NIZOVSKII,

Dokl. Akad. Nauk SSSR, 1989, 305, (3), 648-652
A method for quantitative measurement of Pt surface
atom numbers which are in various electronic states,
is presented. The results show that in the catalytic
system Pt/AI, 0,, surface Pt atoms are present in two
states. The first b e i i Pto which is highly dispersed
metallic form, and the second Ptawhich is stabilised
by support of Pt(I1) complexes containing chloride
ligands which are able to form stable co-ordination
bonds with a-donor ligands. Catalysts used in
dehydrogenation of cyclohexane hydrocarbons
should contain Pt predominantly in Pto state while
catalyst containing maximum amount of Pt" are
effective for aromatisation of paraffin.

Effect of High Temperature Oxidative
Treatment on the State and Catalytic Activity of Platinum-Aluminium Catalysts in
the Reactions of Complete Oxidation of
Akanes
V. A. DROZDOV, D. I. KOCHUBEI, P. G. TSYRUL'NIKOV
and v. v . POPOVSKII, Kinet. Katal., 1989, 30, (4),

879-884
Studies of calcinationof Pt-AI catalysts at 773-1273K
showed a decrease in activity of Ig of Pt due to coking
of Pt, changes in the phase state and the texture
characteristics of the support. Samples heat treated
up to 108oK practically did not change the specific
catalytic activity, while on heating at 1020-1080K
the activity increased by 5-15 times. The increase in
specific catalytic activity was connected with stability
changes in Pt-Oabs bond during increase of the
average size of Pt crystallites. The observed effect is
explained by changes in chemical composition of
calcinated catalysts and by the increase in the ratio
Pto:Ptn+
on the catalyst surface.
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Acid
Properties of
Surface
of
(Pt+Re+Cr)/y-Al,O, Catalysts during
Dehydrocyclisation of n-Heptane
E. A. SKRIGAN, F. M. SEN'KOV, L. A. KUPCHA, M . F.
GORBATSEVICH and N . s. KOZLOV,veSt. Akad. Navuk
BSSR, Ser. Khim. Navuk, 1989, (3), 15-20

Studies of donor-acceptor properties of the y-Al, 0,
surface with Pt, Re and 0 being plated onto it separately and simultaneously were performed by reflective spectroscopy using n-dimethylaminoazobenzolas
an acidity indicator. The results show strengthening
or attenuation of acceptor sites of a carrier in bi- and
three-component systems relative to monocomponent catalysts in dependence on the order of
plating the components and the means of their activation.

Highly Selective Decomposition of
Methanol to Syngas on Nickel-Based
Composite Catalysts Using an Artificial
Intelligence Control Reactor System
Y. NAKAZAKI
and T. INUI, Id.Eng. Chem. Res., 1989,
28, (9), 1 2 8 5 - 1 2 8 9

A flow reactor system controlled by a personal computer has been developed and used to life-test an
8.2°hNi-4.2%Ce0,
-0.41%Pt/SiO,
composite
catalyst for MeOH decomposition. Deactivationregeneration processes were repeated on the composite catalyst and were controlled by the computer.
The catalyst had a very high activity with a spacetime yield of H, in the initial stage of each cycle of
700 m o l l - l h - l . CH, was formed as a by-product in
the fmt few hours on stream but after 60 h H, and
CO were qualitatively produced in a stoichiometric
ratio. Deactivation with time was caused by suppression by adsorbed H, which was removable by N,
flow. Catalytic MeOH decomposition has potential
applications in internal combustion engines with expected clean combustion.

-

Non-Faradaic Electrochemical Modification of Catalytic Activity. 1. The Case of
Ethylene Oxidation on Pt
s. BEBELIs and c. G. VAYENAS, 3. catal., 1 9 8 9 , 118,
(11, 125--146
Studies have shown that electrochemical pumping of

0,- anions onto the surface of polycrystalline Pt increases the catalytic activity for the oxidation of C,H,
to CO, and H,O by up to a factor of 50. The induced
non-Faradaic electrochemical modification of
catalytic activity leads to rate enhancement of up to
5000%. The change in catalytic rate is up to loJtimes
higher than the rate of 0,-supply. The main
parameter for the interpretation of the observations is
the catalyst-solid electrolyte (ZrO,-8 mol% Y,O,)
overpotential I). Over a wide range of conditions the
reaction rate was found to increase exponentiallywith
I) which is proportional to the change in catalyst work
function. Reaction activation energy decreased with
increasing I). The phenomena are reversible and show
that the catalyst work function and activity can be
varied by adjusting the catalyst potential.
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Reforming-Type Catalysis with ZeoliteSupported PtRe
C. WSSI, C. M. TSANG, W. M. H. SACHTLER, R. PSARO
and R. UGO, Energy &Fuels, 1989, 3 , (4), 468-474

It is shown that the addition of Re markedly changes
the activity, selectivity, and stability of PtMaY and
PtMaHY catalysts for n-heptane conversion at 5w0C
and 0.5 MPa. The effect of Re was found to depend
strongly on the method of catalyst preparation.
Sublimation of volatile Re,(CO),, onto Nay is very
effective for preferential deposition of Re in the
supercagesof the zeolite. In the presence of prereduced Pt clusters that act as nucleation sites, bimetallic
PtRe clusters are predominantly formed. Their
catalytic signature is a very high activity and selectivity for deep hydrogenolysis of S-free n-heptane to
CH,. Addition of Re to Pt also lowers the rate of
catalyst deactivation even in the absence of S.
Catalysts prepared by solvent impregnation of
PtRe,(CO),, showed no formation of bimetallic particles and a product pattern similar to Pt/Al,O,
catalysts.

The Nature of the Surface Site for Isocyanate Produced in the Reaction of Ammonia and Carbon Monoxide over
Supported Catalysts
D. K. PAUL, S. D. WORLEY, N . W. HOFFMAN, D. H. ASH
and 1. GAUTNEY, Chem. Phys. Lett., 1989, 160, (5, 6),

559-563
Reaction of CO and NH ,over M/X (M= Pd, Rh, Ru;
X=Al,O,, SiO,, TiO,) fims is of potential importance to the fertiliser industry. IR spectroscopy has
been used to monitor the formation of isocyanate
(NCO) on the metals and on the supports. NCO was
detected for all the metals when the support was
Al ,0, or SiO,, but not for TiO, . NCO resided on
the Al,O, support for all M/Al,O, catalysts, but on
the metal for M/SiO,. It is concluded that the formation and location of the NCO was dependent upon the
extent of the NH, + formation on the various
supports.

Characterization of Supported Palladium
Catalysts. 111. Pd/AI,O,
W. JUSZCZYK, Z. KARPINSKI, I. RATAJCZYKOWA, Z.
STANASIUK, J. Z I E L I ~ S K I , L.-L. SHEU and w. hi. H.
SACHTLER,
catal., 1 9 8 9 , 1 2 0 , (I), 68-77

3.

Earlier studies of the supported Pd/Al ,0, catalysts
using the catalytic conversion of neopentane as a noncoking probe showed that after reduction at
573-773K the catalyst was about two orders of
magnitude more active than Pd/SiO,. It is now
reported that after reducing Pd/Al,O, and extensively purging it in He at 873 K, much higher, though
transient, catalytic activity is observed. The IR spectra of adsorbed CO showed the presence of Pd"+
ions in superactive Pd/Al,O , and their concentration
positively correlated with catalytic activity. It is proposed that Pd"+ ions are sites of high catalytic activity. A possible mechanism of their formation and a
model of neopentane hydrogenolysis are discussed.
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Effect of High-Temperature Reduction Mode of Migration of Isocyanate from
on Carburization of Alumina-Supported Palladium to Silica
Palladium: Evidence for Palladium- D. K. PAUL, S. D. WORLEY, N . W. HOFFMAN, D. H. ASH
and J. GAUTNEY, J. Catal., 1989, 120, ( I ) , 272-277
Aluminium Alloy Formation
L. KEPINSKI, M. WOLCYRZ and J. M. JABLONSKI, Appl.

Catal., 1989, 54, (z), 267-276
XRD studies of the effect of high temperature treatment in H, on carburisation of Pd in a commercial
Io%Pd/Al,O, catalyst showed that reduction in H,
at 970 and 1070 K for 40h resulted in contraction of
the Pd lattice by 0.22%and 0.38%, respectively, due
probably to Pd,-,AI, alloy formation (x = 0.06 at
970 K and 0.10 at 1070 K). Due to alloying,
Pd/AI,O, loses its ability to constitute a supersaturated Pd-C solid solution on carburisation in
C,H, at 550 K. The initial activity of Pd can be
restored by a two-step process consisting of oxidation
at 770 K followed by reduction in H, at 720 K.

Synergism in Bimetallic Pd-Tc Catalysts
in Dehydration of Hydrocarbons
and G. E. KALININA,
Izv. Akad. Nauk SSSR, Ser. Khim, 1989, (7),
1482-1485
Studies of the catalytic properties of supported Pd-Tc
catalyst during dehydrogenation of cyclic hydrocarbons and n-hexane showed synergism activity of the
Pd-Tc catalyst. The most active were catalysts with
ratio Pd:Tc = I : I to 2:3. Activity during cyclohexane
dehydrogenationwas: Pd-Tcly-AI,0, > Pd-Tc/MgO
> Pd-Tc/TiO, > Pd-TcN,O, > Pd-Tc/SiO,.
G. N. PIROGOVA, N . N. POPOVA

Formation of Acetals from Carbonyl
Compounds and Alcohols in the Presence
of Giant Palladium Clusters and
Palladium Black
V. P . ZAGARODNIKOV, M. N. VARGAFTIK, A. P.
LYUDIMOV and I. I. MOISEEV, Izv. Akad. Nauk SSSR,

Ser. Khim., 1989, (71, 1495-1499
Studies of the giant Pd clusters and Pd black showed
them to be very effective for the formation of acetals
from carbonyl compounds and alcohols. Comparison
of acid properties of the Pd clusters, Pd black and
mononuclear Pd(I1) complexes showed the presence
of aprotonic acidic catalytic centres in the reaction.

Effect of Pd/C Dispersion on Its Catalytic
Properties
in
Acetylene
and
Vinylacetylene Hydrogenation

The reaction of CO and NH, over preoxidised
Pd/SiO, was studied by IR spectroscopy. An isocyanate (NCO) surface intermediate on Pd providing
an IR band at 2168cm-1 was detected after heating
to 5 w K and subsequent cooling to ambient
temperature. No migration of NCO from Pd to the
SiO, was observed but the decomposition of formamide over preoxidised Pd/SiO, at ambient
temperature produced an NCO species which
migrated to the SiO, via the formation of HNCO gas.

Hydrogenation of Carbon Monoxide on
Supported Palladium Catalysts
YU. I . PYATNITSKII, G. V. FILONENKO, T. M. SHAPRINSKAYA, V. P. STASEVICH, V. I. GRITSENKO, V. L.
STRUZHKO and G. G. GIRUSHTIN, Nefrekhimiya, 1989,

24, (3A 374-383

Studies of the activity and selectivity of Pd supported
catalysts during methanol synthesis from CO and H,
showed them to depend on the nature of the support,
on Pd dispersion and on U- presence. The addition
of small amounts of 0, (up to 0.5vol.%) in the synthesis gas increased the activity and selectivity of the
Pd catalysts supported on MgO, ZrO,, SO,-ZrO,
during methanol synand SiO, supports (no a-),
thesis while supressing methane formation. In the
similar reaction of methanol formation from CO and
H, over Pd/SiO, catalyst, formation of aromatic
hydrocarbons was observed in addition to the yields
of dimethyl ester and aliphatic C -C, hydrocarbons.

Catalytic Oxygenation of Benzene.
Catalyst Design and Its Performance
A. KUNAI, T. WANI, Y. UEHARA, F. IWASAKI, Y.
KURODA, s. ITO and K . SASAKI, Bull. Chem. Soc. Jpn.,

1989, 62, (8), 2613-2617

A catalyst system for oxygenation of benzene is composed of PdU, and CuSO, species supported on
SiO, and operates in neat benzene under ambient
conditions by feeding H, and 0, to the system. By
selecting the reaction conditions properly, either
phenol or benzoquinone can be obtained as the major
product. No other product was detected in the reaction mixture. The catalyst preparation is simple and
catalysts of the same activity were always obtained.

Palladium Carbonyl Clusters Entrapped

YU. A. RYNDIN, M. V. STENIN, A. I. BORONIN, V. I.
BUKHTIYAROV and v. I. ZAIKOVSKII, Appl. caral.,

in NaY Zeolite Cages: Ligand Dissociation

1 9 8 9 , 54, (3A 277-288
The effect of Pd particle size supported over active C
on its electronic and catalytic properties was studied
in selective hydrogenation reactions of acetylenic
hydrocarbons. The specific catalytic activity (turnover number, TON) and selectivity of Pd were obtained via reduction of C,H,PdC,H, anchored on
active C, within a particle-size range of ~O-IIOA,
and was roughly constant and close to the TON of Pd
over oxide supports (SiO,, A1201).

L.-L. SHEW, H. KNdZINGER and W. M. H. SACHTLER, 3.
Am. Chem. Soc., 1 9 8 9 , III, (zI), 8125-8131
Highly structured FTIR spectra, which indicate
presence of Pd carbonyl clusters, were obtained after
adsorption of CO on Pd/NaY which was reduced at
20o0C, but broad IR bands were observed with
samples reduced at higher temperature. As the
clusters lose some of their CO ligands, old IR bands
erode and new bands with isosbestic points appear.
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and Cluster-Wall Interactions
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AES Studies on a Pd-Modified Silver
Catalyst
and J. JARMAKOWICZ,
React. Kinet. Catal. Lett., 1989,39, (2), 351-356
The differencein Pd concentration on the surface and
in the bulk of Pd-m&ied Ag catalysts may have importance for the technology of production of these
catalysts and their application in commercial formaldehyde production. A E S studies of Ag crystals
electrodeposited from AgNO, (8%) and Pd’+
(250mg/dm3)electrolytebefore and after exposure to
conditions of MeOH to HCHO oxidation showed surface Pd concentration 100times bulk Pd concentration. The amount of Pd on the surface decreased with
temperature increase. C, S, and 0 were also observed
on the surface.
M. SZUSTAKOWSKI, 1. BARON

-

Investigation of the Wacker Process in
Formamide Microemulsions: Oxidation
of Various Olefms Catalysed by
Palladium Chloride
N. ALANDI~,
I. RICO and A. urn, Bull. Soc. Chim.
Fr.9 1989,( 3 , 252-255

Formamide microemulsions have been used as reaction media for the PdCI, catalysed Wacker process,
giving much faster oxidation rates of various internal
and terminal olefms and giving better yields in product ketones than using classical media. Detailed
analysis of the reaction mechanisms is given.

Effect of Sulphur on the Coking of
Rhodium in the Steam Reforming of
1-Methylnaphthalene
and D. DUPREZ, Appl. catd., 1989,53,
(11, 95-105
The effect of S on the coking of Rh/Al,O,in the
steam reforming of I-methylnaphthalene has been
I
aun, and a
studied at 44o-5oo0C,
steam-to-I-methylnaphthalene molar ratio of 14,
with S content 6g0, 80 and <5 ppm. In all cases the
coking rate was increased considerably by the
presence of S. Coke progressively invades the whole
of the catalyst bed and the interior of the catalyst
grains but, in every instance, the coke deposit was
located near the S-adsorption sites. Profdes of coke
and S were very similar in the catalyst bed and inside
the pellets.
G. DELAHAY

Effects of Drying on the Preparation of
HF Co-impregnated Rhodium/Al,0
Catalysts
J. s. HEPBURN, H. G . STENGER and c. E. LYMAN, Appl.
Catal., 1989,55, (21, 287-299
Quantitative electron probe microanalysis of the effects of drying rate on the internal distribution of Rh
within HF co-impregnatedRh/A120,catalysts showed catalysts with uniform Rh distribution, inner
bands (egg-white) of Rh and inner cores (egg-yolks)
of Rh. During drying at <~oo°C,evaporation appeared to proceed mainly at the external surface of
the support. At 5w0C, however, evaporation occurred only from a receding front within the support.

Platinum Metals Rev., 1990, 34, (1)

Effects of High-Temperature Oxidation
and Reduction on the Structure and Activity of Rh/Al,O, and Rh/Si02 Catalysts
C. WONG and R. W. MCCABE, 3. CUtd., 1989,119,(I),
47-64
Rh/Al,O, catalysts have been compared to Rh/SiO,
catalysts after exposure to high-temperatureoxidising
(HTO) and reducing (HTR) environmentsin order to
elucidate the mechanism of deactivation of Rhcontaining automotive catalysts. The fresh Rh/Al,O,
catalyst contained Rh as isolated atoms and particles
above the surface of the Al 0,, with CO oxidation
mainly on the particles. Most of the Rh in HTO
Rh/Al ,0,was dissolved in the bulk of the Al ,0 , and
so CO oxidation rate was 5-10 times lower than that
of the fresh catalyst. In HTR Rh/Al,O, virtually all
of the Rh existed as particles on the Al,O, surface
and so had greater CO oxidation activity (but similar
activation energy). In HTO-HTR and HTO-HTRreoxidised (RO) Rh/Al ,0, most of the Rh was near
or on the surface and probably exists as small Rh
clusters and larger particles. CO oxidised at higher
rates on HTO-HTR-RO Rh/Al,O, and with lower
activation energy than the fresh catalyst. The Rh
clusters are thought to be active here.

Determination of Ce Valence in RhCe/AI, 0 Catalysts by X-Ray Absorption
D. D. BECK,T. w. WEHART and R. w. HOFFMAN,
Chem. Phys. Lett., 1989,159,(2, 3), 207-213
Measurements of the Ce LIII absorption edges of
automotive catalysts have been
model Rh-Ce/A120,
made to determine changes in the Ce valence produced by high temperature treatments in 0, or H,.
From studies it is concluded that on Rh-Ce/Al,O,
treated in H, at v ° C , Ce exists as a mixture of
Ce,O, and CeAlO,. Air exposure at 25OC converts
the Ce ,0, portion to CeO . The measured oxidation
states and deduced stoichiometries provide some insight about the behaviour of Ce in reducing and oxidising environments, and in particular about the
involvement of Ce in the storing and releasing of 0
during cycles of high temperature oxidation and
reduction.

,

Reactive Chemisorption and Methanation
of Carbon Dioxide on Rhodium Particles
Approaching Atomic Dispereion
s. ICHIKAWA,
3. Mol. catal., 1989, 5 3 , (I),53-65
The turnover frequency for the CO, methanation
reaction on highly dispersed Rh/SiO,, prepared by
cation exchange and characterised by chemsorption,
was found to be 50 times that on a low dispersion
Rh/SiO, catalyst and comparableto a high dispersion
RhiTiO, catalyst. The high adsorption stoichiometry
and the high catalytic activity for small Rh clusters
are discussed in terms of the intrinsic particle size
effect due to changes in the cluster work function
derived from classical electrostatic concepts and
Mulliken’sdefinition of electronegativity. The effects
due to the thermodynamic driving force and metalsupport electronic interaction are also discussed.

-
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Synthesis, Characterization and Activity
of Ru/SiOz Catalysts Prepared by the SolGel Method

A

and R. G 6 h l E Z , J . NonCyst. solids, 1989, 110, (2, 3), 170-174
The preparation of Ru catalystsby the sol-gel method
is described. The preparation consists of adding the
active metal to a sol which by hydrolysis and condensation reactions, turns into a gel. The catalytic activity for benzene hydrogenation shown by these
catalystswas higher than that of catalysts prepared by
impregnation of a commercial silica. Catalysts
prepared by this method showed superior resistance.

J. C. PHELPS, D. E. BERGBREITER, G. M. LEE, R.
VILLANI and s. M. WIENREB, Tetrahedron Lett., 1989,

Effects of Alumina Dissolution and Metal
Ion Buffering on the Dispersion of
Alumina
Supported
Nickel
and
Ruthenium Catalysts

HOMOGENEOUS CATALYSIS

T. L6PEZ, A. L6PEZ-GAONA

J. A. MIETH and J. A. SCHWARZ,
55, (11, 137-149

Appl. catal., 1989,

Studies of the effects of Al,O, dissolution and metal
ion buffering on the dispersion of Ru/Al,O, and
Ni/Al,O, catalysts showed that Ru salts are stronger
buffers of the impregnating solution. Thus, at low initial pH values of each impregnant, more free Al is
released to the aqueous phase in Ru electrolytes than
in Ni electrolytes. The Ru/AI,O, catalysts showed
comparable dispersions for more than a factor of five
increase in weight loading.

Ammonia Synthesis over Ruthenium Supported Catalysts Derived from Ru3(CO),2
P. MOGGI, G. PREDIERI, G. ALBANESI, S. PAPADOPULOS
and E. SAPPA, Appl. c a d . , 1989, 53, (I), L I - 4

The activity for NH, synthesis of Ru/Al,O,-K
catalysts derived from Ru,(CO) has been compared
with corresponding catalysts derived from RuCI,.
The maximum activity of a 2wt.% Ru catalyst
prepared from the carbonyl cluster was 4.39 mg/h of
NH, produced per gram of catalyst at 400OC; about
twice the maximum activity of a corresponding
zwt.% Ru catalyst derived from RuCl,. Comparison
of gwt.% Ru catalysts derived from carbonyl clusters
with data previously reported for a corresponding
gwt.% Ru catalyst derived from RuCI, showed a
20-fold increase in activity at 3oo-350°C for the
Ru,(CO),,-derived catalyst, and a 10-fold at 40oOC.

Polyethylene-Bound Ruthenium(I1)

Catalyst for Inter- and Intramolecular

Kharasch Reactions
3 0 9 (301%
3915-3918
The preparation of a soluble, recoverable
polyethylene-bound Ru(I1) catalyst, RuCl ,[PEPPh,l,, and its application to inter- and intramolecular Kharasch additions of chlorocarbons to
akenes is described. The catalyst is also as efficacious
as RuCI,(PPh,), in promoting intramolecular
Kharasch cyclisationof various halo olefm substrates.

Electrochemical Synthesis of Dimeric
Platinum Hydride Species Responsible
for Highly Regioselective Alkene
Hydroformylation
E. PAUMARD, A. MORTREUX

and

F. PETIT,

J . Chem.

Soc., Chem. Commun., 1989, (18), 1380-1383

The complexes PtL,CI, where L, is diop, 2,3O-isopropylidene-2,3-dihydroxyI ,q-bis(dipheny1ph-osphino)butane, have been used as catalyst precursors for alkene hydroformylation after electroreduction using a soluble Sn or Fe anode, followed by
treatment with CO-H,. The remarkable regioselectivities for linear aldehyde formation (- 98% from
hex-I-ene and 90% from styrene) are explainedby the
production of chelated, bridged Pt hydride cationic
species t L, Pt(H)(pL,)Pt(H)L,l I+.

Polymerization of Methyl Methacrylate
Initiated by Various Hydridoplatinum(I1)
Complex-Carbon Tetrachloride Systems
Nippon Kagaku Kaishi, 1989, (7),
1172-1174
Polymerisation of methyl methacrylate initiated by
trans-PtHX(PEt,),-CCI,, where Xis CI, Br, I, NO,,
NO,, or CN, has been studied at so°C. The ligand
effect of the hydrido-Pt(I1) complex on polymerisation activity was found to decrease in the order:
NO, >CI>Br>I> NO, >CN. These results agree with
the direction, forward decrease, of the value of Pt-H
stretching vibration in the IR spectra of the hydridoPt(I1) complex.
N. KAMEDA,

Calorimetric Study of the Coadsorption Oxidation of Carbon Monoxide by Pd(I1)
of Hydrogen and Carbon Monoxide over in Aqueous Solutions
Ruthenium Graphitized Carbon Black v . A. GOLOWV and L. v . KASHNIKOVA, Kinet. Katal.,
Catalysts
1989, 30, (3)s 739-742
Appl. catal., 1989, 55, (I),
21-31
A calorimetric study of the H, and CO adsorption
and coadsorption over Ru graphitised C black catalyst
was carried out in order to explain the differing
catalytic behaviour of C supported Ru particles with
different metal crystallite sizes, in CO hydrogenation.
Preadsorbed H did not inhibit CO adsorption while
preadsorbed CO greatly prevented H adsorption.

A. GUERRERO-RUIZ,

Platinum Metals Rev., 1990, 34, (1)

Kinetics of CO oxidation by Pd(I1) catalyst was
studied in aqueous solutions at z93K in presence of
0, and with CO content in gaseous phase of <I%, in
order to determine the suitability of this reaction for
cleaning of gases containing small amounts of CO. It
is concluded that aqueous solutions of Pd(I1) salts
with sufficient Pd content of >o.oo~Mand not containing HCI or LiCl, are suitable for CO oxidation in
gases containing small amounts of CO.
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Palladium Catalyzed Double Heck Arylation of Cyclopentene
M. PRASHAD,

SMITH and

s.

J. C. TOMESCH, 1. R. WAREINC, H. C.
H. CHEON, Tetrahedron Lett., 1989, 30,

(zz), 2877-2880
A convenient synthesis of I ,3-diarylcyclopentenesis
described via a Pd(OAc), catalysed double Heck
arylation of cyclopentenewith aromatic halides. If the
reaction is performed under phase transfer conditions
there is increased selectivity favouring the formation
of one olefm regioisomer, which contrasts with
results obtained under classical Heck conditions.

Chelate-Assisted, Pd-Catalyzed Efficient
Carbonylation of Aryl Chlorides
Y. BEN-DAVID, M. PORTNOY and D. MILSTEIN, J. Am.
Chem. SOC.,1989, XI:, (23), 8742-8744
Direct catalytic carbonylation of aryl chloride under
mild pressure is reported using the new complex
(dippp) Pd (or its precursors) as catalysts
[dippp = bis(diisopropylphosphino)propanel , resulting in high-yield synthesis of carboxylic acids,
esters and amides. No catalyst deactivationor decomposition was observed. The reactions studied were
highly ligand dependent, pointing to the uniqueness
of dippp.

Rhodium Catalyzed Hydrogenation of
Quinolines and Isoquinolines under
Water-Gas Shift Conditions
s. -I.

MURAHASHI, Y. IMADA and Y. HIRAI, Bull.

Chem.

SOC.Jpn., 1989, 62, (9), 2968-2976

A wide variety of quinolines and isoquinolines which
occur naturally in coal, oil shale and tar sand, can be
hydrogenated selectively in the N-containing ring by
means of CO and H,O in the presence of catalytic
amount of Rh carbonyl cluster, Rh,(CO),,. These
reactions provide a useful method for the preparation
of compounds I ,~,3,4-tetrahydroquinolines and
1,2,~,~tetrahydroisoquinoIineswhich are key intermediates for the synthesis of isoquinolinealkaloids
and other biologically active N compounds.

Phospholes as Ligands for Rhodium
Systems in Homogeneously-Catalysed
Hydroformylation Reactions. Part 1.
Stereoelectronic Properties of the
Ligands and Hydroformylation of
1-Hexene
D. NEIBECKER and R. R h U , 9. MOl. catal., 1989, 53,
219-227
The Rh-phosphole catalysed hydroformylation of
I-hexene has been studied with reference to
stereoelectronicproperties of the phosphole ligands.
The phosphole catalysts were compared to
triphenylphosphine catalysts under typical hydroformylation conditions (80°C, 20 bar syngas).
I ,~,5-triphenylphosphole(TPP)has been found to be
by far superior to triphenylphosphine ( - 10 times
more active and 10% more selective) and most importantly the Rh-TPP system seems to be insensitive to
the P R h ratio.
(219
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Catalytic Properties of the Binuclear
Rh(I1) Complexes in Hydrogenation and
Isomerisation of AUylbenzene
V. 2 . SHARF, V. I. ISAEVE, A. N. ZHILYAEV and I. B.
BARANOVSKII, Izv. Akad. Nauk SSSR, Ser. Khim.,

19893 (91, 1957-1961
Studies of the catalytic properties of binuclear Rh(I1)
complexes with acetonitrile and heduoroacetylacetonate ligands during hydrogenation and
isomerisation of allylbenzene showed activity when
isomerisation proceeded in Ar. The catalytic system
[Rh,(hfacac),(H,O),l-Ph,Pin allylbenzene conversion was considerably more active than other hexafluoroacetylacetonate Rh(I1) complexes. Treatment
of acetate complexes [Rh,(O,CCH,),l with NaBH,
greatly increased their activity, which was probably
due to the formation of [Rh,(O,CCH,),I+ and
[Rh,(0,
CCHd 2 1'+complexes.

Rhodium(II1) Complexes with 0-Alkyl-SAlkylthiocarbonates as Catalysts for the
Homogeneous Hydrogenation of Unsaturated Compounds
V. N . MAISTRENKO, I. A. RUSAKOV. S. 0. BONDAREVA,
I. YU. MURINOV and C. A. TOLSTIKOV, Izv. Akad.
Nauk SSSR, Ser. Khim., 1989, (IO), 2336-2338

Studies of catalytic activity of Rh ,+complexes with
0-alkyl-S-alkylthiocarbonate(L) of general formula
RhCl,L, (where L=ROC(O)SR'; R=i-Pr, i-Bu,
C,H,,, Ph; R'=Me, Et, Pr, Bu, i-Bu) were performed during homogeneous hydrogenation of unsaturated compounds. Cyclic voltammetry studies
showed the formation of Rh intermetallic hydrides
during the process of alkene hydrogenation in the
presence of these complexes.

Stoichiometric Reduction of Carbon
Dioxide to HCHO and HCOOH by
K[Ru"'(EDTA-H)CII .2H, 0
M. M. TAQUI KHAN, s. B. HALLICUDI and s. SHUKLA, J.
Mol. C a t 4 1989, 53, (31, 305-313
The stoichiometric reduction of CO, by soluble
K[Ru"'(EDTA-H)ClI.~H,O complex at CO,
pressure of 5-70 atm and at 40-8o°C gave formic
acid and formaldehyde as "value added" reaction
products. The rates of formation of HCHO and
HCOOH were found to have first oider dependence
with respect to catalyst and dissolved CO, concentrations.

Ruthenium Complex Catalyzed Benzylation of Arenes with Benzyl Formates;
Decarbonylation and Decarboxylation of
Alkyl Formates
T. KONDO, s. TANTAYANON, Y. TSUJI and Y. WATANABE,
Tetrahedron Lett., 1989, 30, (31), 4137-4140
Ru,(CO),,-(CH,) ,N0.2H2O showed high catalytic
activity for the decarbonylation of alkyl formates to
the corresponding alcohols at 150-200~Cunder Ar.
Decarbonylation of P-phenetyl formate gave 0phenetyl alcohol in 82% yield.
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FUEL CELLS

CHEMICAL TECHNOLOGY

Preparation and Characterizationof SPE
Composites for Electrolyzere and Fuel
Cells

Morphological and Chemical Changes in
Palladium Alloy Gauzes Used for
Platinum Recovery in High-PressureAmmonia Oxidation Plants

P. ALDEBERT. F. NOVEL-CATTIN, hi. PINERI. P. MILLET,
C. WUMAIN and R. DURAND, solid state Ionus, 1989,

3-9
35Y (1,
Three different methods of the preparation of solid
polymer electrolyte (SPE)-electmcatalystcomposites
are described, using Pt as a catalyst and Nafion 117
as SPE. First, a procedure based on the localised
precipitation of Pt microparticles within a Nation
membrane is described. These composites showed no
degradation of electrochemical performance over
15,000 hours of continuous H,O electrolysis. H,/O,
fuel cell performances are also reported. Second,
composites were prepared by chemical transformation of Nafion which led to thermoplastic materials
onto which were pressed Pt electrode structures.
These were used in fuel cells. Third, the preparation,
characterisation and use of solutions and gels of Nafion, leading to the realisation of Pt catalyst-based
structures suitable for H, /O,fuel cell applications,
are described.

Oxygen Reduction in a Proton Exchange
Membrane Test Cell
s. J.J. RIDGE, R.
R* E.
E*WHITE, Y.
y . TSOU,
Tsou,R.R. N.
N. BEAVER
BEAVERand
and
S.
G. A.
A. EIShlAN,
EISMAN, 3.
3-,?%CtrOChetn.
EleCtmchem. SOC.,
SOC., 1989,
1989,136,
136,(7),
(7),
G.
1902-19c9
Igo2-19G9

Oxygen reduction in a gas-fed tetduomethylene
(Teflon@)-bonded Pt black porous electrode attached
to a proton exchange membrane (PEM) is discussed.
Experimental data and a mathematical model are
presented for the test cell used. Various membrane
and electrode assemblies were tested at different
levels of Pt loading and Teflon@content. The model
accounts for the diffusion and reaction of 0 and the
diffusion and reaction of H ions. Based upon model
predictions, it is shown that the transport of the protons in the active layer of the cathode is an important
factor in the operation of the test cell.

A Project for the Electrochemical Production and Utilization of Hydrogen in
Brazil
E. R. GONZALEZ. E. A. TICIANELLI, A. A. TANAKA and
L. A. AVACA, EfUrgv Sources, 1989, X I , (I), 53-58

Hydrogen production by H,O electrolysis and the
development of H,PO, fuel cells are described with
reference to the development of a H, economy in
Brazil. Teflon-bonded gas diffusion electrodes have
been developed with graphite paper substrate on
which an active catalyst layer composed of 10%Pt,
Shawinigan
black
C
and
PTFE
(polytetratluoroethene)binder was applied by a rolling process. Performances of these electrodes
(p.repared from “local” materials) were compared
with commercially available electrodes. Bipolar
separator plates, matrices and cell stack development
are also described.
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surf Interface Anal., 1989, 14, (9), 529-536
Platinum, evaporated from Pt-Rh catalyst gauzes
during high-pressure MI oxidation is efficiently
recovered by catchment on a pack of Pd alloy gauzes
placed at the outlet of plant. Studies of this process
showed that, in general, the wire diameter increase
due to Pt alloying depends on the gauze position in
the pack and also on the initial wire diameter. Deep
recrystallisationand faceting were observed with this
diameter increase. Pt:Pd ratios depended markedly
on the position in the catchment pack and also on the
orientation with respect to the stream (front or back
face). Nodular Rh ,0 particles randomly distributed
over the Pd alloy surface have also been observed.
J. L. G. FIERRO, 1. M. PALACIOS and F. TOMhS,

A Novel Method for Dehydrogenation of
Cyclohexane with a Palladium Membrane
N . ITOH. K.-I. MIURA. Y. SHINW. K. HARAYA, K. OBATA
and K. WAKABAYASHI;Sekiyu Gakkaishi, 1989,32,(I),

47-50
The oxidative dehydrogenation of cyclohexane using
a Pd membrane at 473K under atmospheric pressure
and using 10.1% O,-containing gas as a “sweep’’
gas, is reported. H , produced by dehydrogenation of
cyclohexane on Pd, permeates through the Pd membrane and reacts immediately with 0, on its opposite
surface to produce H,O. Near 100% conversion can
be obtained using this method, while equilibrium
conversion is only 19%. This method is said to be
much more efficient in obtaining higher rates of conversion than an alternate one in which permeated H,
is swept by inert gas.

ELECTRICAL
AND ELECTRONIC
~~-~
ENGINEERING
~~~

Semiconductor Electrodes Modified by
Electrodeposition of Discontinuous Metal
Films. Part I. Role of the Film Morphology
and E. SOUTEYRAND, 3. Electroanal.
Chem. Interfacial Electmchem., 1989,269,(2),361-374
The stability of semiconductor photoanodes
modified by electrodeposition of discontinuous Pt
films has been studied by measuring the shift AV in
the flat-band potential with illumination. A simple
model for AV shows that a quantitative determination
is possible. The theory proposed explains the role of
the film morphology and gives new insight into the
potential distribution at the interface. Stabilisation is
complete as soon as the main distance between the Pt
islets is smaller than a distance of the order or
magnitude of the mean free path of holes. The role of
the metal-induced surface states are discussed.
P. ALLONGUE
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C o p t and Copd Ultrathin Multilayered Optical Recording Materials Based on
Films as New Magneto-Optical Recording TeO, Films
Materials
K. KIMURA, 3pn. 3. Appl. Phys., 1989, 28, (9,
810-813
Y. OCHIAI, s. HASHIMOTO and K . ASO, IEEE Trans.
M a p . , 1989, 25, (51, 3755-3757
Multilayer fdms of Co/Pt and CoPd have been
prepared by magnetron type sputtering. Both
multilayer f h s showed
rpendicular magnetic
anisotropy at
layer < _ I o rm e n film thickness
became <10ooA, an enhancement of the err
rotation angle, an increase of the Kerr remanence to
saturation ratio, and an increase of the coercive force
were observed.

Stress-Induced Perpendicular Magnetic
Anisotropy in PtMnSb Thin Films
N. SUCIMOTO, T.

INUKAI, M. MATSUOKA and K. ONO,

3pn. J . Appl. Phys., 1989, 18, (6), 1139-1140
The inducement of perpendicular magnetic
anisotropy in PtMnSb thin fdms is required for the
application of PtMnSb as magneto-optical recording
media. Stress-induced perpendicular magnetic
anisotropy has been studied for PtMnSb thin fdms
deposited on various substrates having different expansion coeficients. The magnetostrictionconstant X
of PtMnSb thin fdms was determined as
-3ox I O - ~ .

Effects of Pt and Zr on the Oxidation
Behavior of FeTbCo Magneto-Optic
Films: X-Ray Photoelectron Spectroscopy
D. MAJUMDARand T. K. HATWAR, 3. Vac. Sci. Technol.
A, 1989, 7, (4),2673-2677
X-ray photoelectron spectroscopy has been used to
study in situ the effects of addition of 10 at.% Pt or
Zr on the oxidation behaviour of FeTbCo magnetooptic films under ~ X I O - ’ Torr of 0, at room
temperature. Environmental stability was increased
and pinhole formation was reduced without
significantly affectingthe magneto-opticalproperties.
In (FeTbCo) ,.,Pt,, ,Pt decreased the oxygen uptake
at the surface and retarded the oxidation kinetics of
Fe. No oxidation of Pt was observed.

Perpendicular Magnetic Anisotropy of
Pd-Co Alloy Films and Related
Multilayers
s. TSUNASHIMA,
K. NAGASE, K . NAKAMURA and s.
UCHIYAMA,
IEEE Trans. Magn., 1989 25, (s),
3761-3763
Extremely large perpendicular anisotropy is reported
for PdCo alloy films, potential magneto-optic recording media. Vacuum deposited Pd,Co, --x (0.3 x
(0.85) f h s have large uniaxial anisotropy ku with
the easy axis perpendicular to the f h plane. Maximum ku was 5 x 1 0 ~erg/cml for x = 0.35-0.5.
Compositional dependence of ku is similar to that of
the magnetostriction constant A,,, , which suggests
magnetostrictiveorigin. In multilayer fdms, PdCo/Pt
and PdCo/Pd showed positive ku while PdCo/Cu
showed negative.

<
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Electron-beamco-evaporationof Te, TeO, and additional elements has been used to prepare TeOx films
containing Pd, Ge or Sn. Since these f h s exhibited
large differences in optical constants between the
amorphous and crystalline states, they are thought to
be potentially useful for optical recording media.
TeO, f h s with Pd, in particular, showed rapid
crystallisation speed as well as high stability against
humidity and oxidation. The optical property
changes in Te,,Pd,O,,
are attributed to the
amorphous-to-crystallinetransformation of the PdTe
component. The single phase of PdTe was observed
on the recorded mark after laser irradiation. In
general, addition of Pd, Ge or Sn increased the
transformation temperatures and reduced the time
for crystallisation from 30 s to 300 ns.

MEDICAL USES
New Method for the Synthesis of
Boron-10
Containing
Nucleoside
Derivatives for Neutron-CaptureTherapy
via Palladium-Catalyzed Reaction
and H. NEMOTO, 3. @g.
Chem., 1989, 54, (zo), 4734-4736
The Pd-catalysed coupling reaction of halogenated
nucleoside derivativeswith an aryltin compound having a boronic moiety proceeded chemoselectively at
the C-Sn bond rather than the C-B bond to give Bcontaining nucleoside derivatives in good yields, for
use in neutron-capture therapy for treatment of
cancer. A systematic procedure for the synthesis of a
number of B-containing nucleosides has been
developed through the proper choice of catalyst
(Pd(PPh,),) and protecting group of the boronic
moiety, and the protection of the sugar portion.

Y. YAMAMOTO, T. SEKO

Coordination
Compounds
and
Microorganisms, Part 12. Rhodium Compounds of S-Nicotine and Their Bacterial
Activity
R. D. GILLARD, 1. D. PEDROSA DE JESUS and
MOWED,

A.

Y. A.

Transition Met. Chem., 1989, 14, (4),

258-260
The activities of the S-nicotine (nic) complexes of
Rh(III),
IRhCl3 (niCH+)3 I(PF61 3
and
trans-IRhCl,(nic),l(PF,) have been studied on
Escherichia coli B growing on a minimal glucose
medium in both lag- and log-phases.
[RhCl,(nicH+),I(PF,),
at 50 ppm caused
bacteriostasis, and at 100 ppm or more was
bactericidal, whereas trans-tRhCl,(nic),l(PF,) at 50
ppm or more was bactericidal in the lag-phase.
However [RhCl,(nicH+),1(PF6), delayed cell division of Escherichia coli B just entering the log-phase
by two generation times, whereby the bacteria
transformed from the normal unicellular shape to
filamentous forms. Cytotoxicities are reported.
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NEW PATENTS
METALS AND ALLOYS

Platinum Flakes Production
KAWATETSU TECHNO. RE.

Fine Grained Tungsten Heavy Alloys for
Armour Penetration
European Appl. 323,628A
A W heavy alloy contains 88-98 wt.% W, 0.25-1.5
wt.% Ru andlor Re as grain refiners, with balance Ni
and Fe in a Ni:Fe wt. ratio of I:Ito 9:1. The alloy
has more than 2500 grainslmm’ as determined from
the microstructure. The alloys are used as armour
penetrators, and have a finer grain structure than
previously available which improves ballistic performance.

GTE PRODUCTS C o w .

Japanese Appl. 1192,303

A Pt powder and a sintering of Ti (alloy) are milled
together with a solvent such as alcohol andlor an additive such as an alkoxide. The shape of the Ti-flake
is controlled by the amount of solvent andlor additive. The flakes are used for providing plastics with
electroconductivity, for reinforcing, electromagnetic
shields, colouring, and so on.

Fine-GrainedPowder of Silver-Palladium
Composite
TANAKAKIKINZOKU KOGYO Japanese

Appl. 1/100,203

A composite powder consisting of uniformly dispersCorrosion Resistant Amorphous Alloy
U.S. Patent 4,810,314
An amorphous alloy contains 0 (0.69-0.96), one or
more of Pt, Pd, Rh, Ir and Ru (up to 0.01)~
and one
or more of P, B, N, C, As, Sb or S (o.o~-o.~o),
and
may be formed by deposition as a film on a substrate.
The alloy has excellent corrosion resistance to both
strongly oxidising and reducing environments, and is
used for cladding on reaction vessels, pumps,
pipelines for corrosive chemicals, and for coating
structures exposed to sea water.
STANDARD OIL CO. (OHIO)

ed Pd in fme-grained Ag is prepared by a chemical or
H, reduction reaction, and is then heat treated at
200-5w°C. Production provides a paste which
enables formation of Ag-Pd film in which Pd is
uniformly dispersed.

Production of Strengthened Platinum
Material
TANAKA KIKINZOKU KOGYO Japanese

Appl. I/I42,059

A strengthened Pt material is made by crossing Pt or

Pt based alloy wire material to laminate in several
layers, and butt welding the laminate to form a sheet
Articles
of
Oxide
Dispersion- material. The material is used for making the stock of
Strengthened Platinum
crucibles for melting optical glass and for physical
PPG INDUSTRIES INC.
U.S.Patent 4,819,859 chemistry, having high strength in the rolling direcArticles of oxide dispersion-strengthened Pt are made tion and the lateral direction.
from a relatively thick mass of Pt or Pt alloy having
a minor oxide phase dispersed in it. The method involves working the mass to a thin layer, superimpos- ELECTROCHEMISTRY
ing several worked layers with offset joints, and
bonding the layers below the melting point by Electrolytic Removal of Thermally Stable
hammer welding. An article laminated substantially Salts
throughout its extent is formed.
W W CHEMICAL CO.
U.S.Patent 4,814,051
An alkanolamine sorbent conditioning process for
Composite for Resistance Coating Film
removing acid gases from gas streams using an abSUMITOMO METAL MINI. K.K. Japanese Appl. 1159,802 sorber and a thermal regenerator produces heat-stable
A composite used for resistant film having a small salts of alkanolamines. The process is improved by
thermal expansion coefficient includes 8-60 wt.% of treating a side stream of the solution from thermal
Ru oxide powder, less than 52 wt.% of ceramic regeneration in electrochemicalcells having Ir oxide
powder, and 40-80 wt.% of glass powder generating coated anodes, to destroy these salts. Improved eleca crystalline phase during sintering at 750-900OC. trode materials give higher current densities and
The composite can be effectively used for resistance greater durability.
coating fdm for a ceramic base of low thermal expansion coefficient.
Apparatus for Manufacturing Peroxide

Corrosion Resistant Amorphous Stainless
Alloy
JapaneSe Appl. 1179,343
An amorphous stainless alloy contains at least 5 at.%
Au+Pt, 3-10 at.% 0,0-30 at.% Si, 0-30 at.% B,
with 15-30 at.% Si+B, and balance Fe. The stainless
alloy has good mechanical characteristics, improved
corrosion resistance of Fe-Cr-Si-B amorphous alloy,
and is used in sea water without corrosion protection.
NIPPON TELEG. & TELEPH.
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Electrolytically
Japanese Appl. 1142,590
Manufacturing peroxide or MHO, (M=alkali metals
or H)is achieved by reducing 0, electrochemically
on the surface of the cathode of an electrolytic cell in
which a cation exchange membrane is cemented on
the surface of an anode opposed to the cathode. In an
example H,0,was produced in a cell having a cation
exchange membrane and an anode with a duplex
coating layer of Pt and Ir.
AGENCY OF IND. XI.TECH.
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Resin Moulded Electrode for Electrolysis
Japanese Appl. 11132,789
A resin moulded electrode is prepared by coating at
least one of Pt, Rh, Ir, Ru and their oxides on the surface of valve metal oxide particles, applying these
conductive particles on the surface of thermoplastic
resin particles, drying, and hot compacting to form
an electrically conductive layer. The insoluble electrodes are used for example for electrolytic manufacture of persulphates, and have low cost and long life.

JAPAN CARLIT K.K.

Durable Anodes for Electrolysis of Alkali
Chlorides
German A P P ~3,737,235
.
Anodes for electrolysisof alkali chlorides, for example in membrane cells, are produced by coating a Ti
substrate with solutions of at least one Pt metal salt
and one or more other metal salts, thermally decomposing the salts, and repeating to form an active layer
of several partial layers. The use of different Ti salts
gives layers of graded morphology which adhere well,
are durable, and have a high 0, overvoltage.

H. DEBRODT

Hardening
Articles

Treatment of

Palladium

Russian Patent I ,435,654
Pd articles are hardened more efficiently by electrolytic hydrogenation in aqueous 4% NaF, with
cathodic polarisation using an optimum current density of 9 A/dmz for 5-20 min, followed by anodic H
desorption under the same conditions for the same
time, then repeating the cycle several times. Pd
articles such as the elements of diffusion fiters are
hardened, and increased strength of the product is
achieved.

Forming Adherent Hard Coatings on
Titanium Alloys
AIR PRODUCTS & CHEM. INC.

European Appl. 322,812A

A Ti alloy substrate has a 0.5-15 pm interlayer of
non-reactive noble metal selected from Pt, Pd, Rh,
Ir, Au, Ag, Co or Cu applied by electroless plating,
over which is a hard coating of ceramic, hard metal,
hard metal compound or diamond-like C. The interlayer provides good adhesion of the hard outer
layer, and is deposited without heating the substrate
to 540-800~C which results in deterioration of
mechanical properties.

Composite Electroplated Coatings for
Iron-Base Alloys
ELECTRO ALLOYS CORP.
U.S.Patent 4,835,067
A metal component consists of a corrodible Fe-base
alloy substrate with three electroplated layers. The
base and fmal layers are Pt, Pd, Au, Ag or their
alloys, preferably Au at least 10pinch thick, with a
single intermediate layer of Ni or a Ni-base alloy,
50-350 pinch thick. The coatings are used for sealing
covers for semiconductor packages, and have good
resistance to corrosion and blistering.

F. N. BERSENEVA

ELECTRODEPOSITION AND
SURFACE COATINGS

Palladium Layer for Copper Plating a
Substrate
NIPPON DENS0 K.K.

Japanese A M . I 179,379

A substrate for Cu plating has a layer of Pd particles
and/or a layer of W formed before plating. The
plating process involves forming a first layer by
plating with a solution containing a frst complexing
agent, a Cu salt and a reducing agent, and then forming a second layer in the same way but using
trialkenolamine as the second complexing agent.
Using this method a Cu layer of uniform thickness is
formed.

Selective Plating Techniques
Palladium Catalyst Used in Electroless
Plating

SEIKO DENSHI KOGYO K.K.

Japanese Appls. I196,383-84
European Appl. 317,o92A Selective plating on a transparent conductive film
A complex consisting of X Pd atoms and Y N- pattern, formed for example on a glass substrate of a
containing ligands where X Y is at least I, is used in liquid crystal panel, is achieved by (a) anodic elecan electroless plating process. The process involves trolysis in a liquid with Pd as the catalyst to be
cleaning and/or conditioning the substrate, rinsing, precipitated, prior to electrolessplating, or (b) anodic
optionally etching, contacting with the Pd containing electrolysis in film-activating liquid,,immersion in a
catalyst composition, contacting with a reducing solution with Pd as catalyst, then electroless plating.
Damage of the glass substrate by immersion in
agent, and electroless plating the substrate.
fluoride-containing active liquid is avoided.

OM1 INT. CORP.

Anti-Foulant and Marine-Foulant Release
Coating

European Appl. 320,716A
An outer coating for a hull is a curable silicone rubber
composition consisting of 100 parts of a liquid vinyl
chain-stopped polysiloxane, 20-50 parts of an
organopolysiloxane copolymer, 1-200 parts of inorganic filer, a Pt catalyst, and a liquid
organohydrogen polysiloxane. The composition is
useful as an anti-foulant and marine-foulant release
coating, and has excellent adhesion to the substrate.
GENERAL ELECTRIC CO.
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Black-Rhodium Plating
Razor Outer Blade

for

Electric

Japanese Appl. 1/101,993
The outer blade of an electric razor is formed by electroforming Ni or Ni-Co alloy, black-Rh plating using
a plating bath with Rh sulphate or phosphate and
aromatic sulphonic acid or an organic carboxylic acid,
then anodic electrolysis, and annealing at
1 0 0 - 2 0 0 ~ C . High quality blades which can be safely
used for long periods are obtained.
KYUSHU HITACHI MAXE.

50

Production of Adherent Nickel Coatings

Self Referencing Solid Electrolyte Sensor
U.S.Patent 4,828,672

German Appl. 3,732,510
Adherent Ni coatings are produced on smooth or
rough glass or ceramic plates by a method which includes coating the substrate surfaces with a thin
uniform layer of phosphate lacquer, heating to form
a Ni phosphide bonding coat, depositing Pd seeds,
and then chemically depositing Ni. The low cost process gives a high level of adherence and good thermal
properties, and the coated plates are used in the
manufacture of ink-jet heads.

A sensor to monitor SO,, CO, or NO2 plus O , , for
example in stack gas, has a solid electrolyte in contact
with a monitor electrode exposed to a test gas and a
Pt reference electrode isolated from the gas. Different
electrolytes are used which dissociate to supply a
reference gas at the reference electrode, corresponding to the component to be measured. The sensor
can be miniaturised and has low manufacturing and
operative costs.

Electrolyte for Palladium-Nickel Alloy
Coatings

TANAKA KIKINZOKU KOGYO

AEG OLYMPIA A.G.

East German Patents 264,462-63
An electrolyte for producing functional and
decorative Pd-Ni alloy coatings on Ni, Fe, Cu or
alloys contains an aqueous solution of 1-200 gA
Pd(NH,),(NO,),, 1-200 gA Ni(NO,), andlor
Ni(NH,),(NO,),, and ZO-ZOO gA NH,NO,. The
electrolyte is used at a pH of 7.5-10.5, 15-8oOC and
a current density of 0.1-10A/dmz. A bright, ductile,
wear and corrosion resistant, crack and pore-free
coating is produced using an electrolyte free from
organic brightening agents.

VEB. MIKROEL PIECK

APPARATUS AND TECHNIQUE
Platinum Igniting Element for Cigarette
Lighter
European Appl. 318,215A
A cigarette lighter has an igniting element which is a
coil made of Pt wire or wire of a Pt based material;
the wire of 0.10-0.25 mm diameter, and the pitch of
the coil not exceeding I mm.The element is mounted
near the fuel gas nozzle, and provides a combustionpromoting member made from heat-resistant
material, so that burning of the fuel gas can be
smoothly contained.

TDK CORP.

Temperature Sensitive Gas Detector
SIEMENS A.G.

European Appl. 321,785A

A bipolar transistor covered with a 100-150 nm thick
Pt or Pd catalyst f h is used in the detection of a gas,
and shows a temperature rise due to an exothermic
catalytic reaction at the surface of the film. The
catalyst is heated by the power dissipation of the transistor acting as a sensor or by that of a similar heating
transistor. Very little space is taken up by the integrated semiconductor sensor and heating element.

Thermal Effect Fluid Flow Detector
World Appl. 8913,512A
A thermal effect sensing device has a semiconductor
substrate supporting an insulating layer which has a
thin film of Pt deposited on it. The Pt film is shaped
to provide a serpentine resistive element which is
suspended over one of the holes etched through the
substrate and insulating layer. The Sensor is of reduced size and detects thermal properties of a fluid and
is used for ventilation and engine intake flows.
ROSEMOUNT ENG. CO.
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WESTINGHOUSE ELEC. CORP.

Pure Platinum Ultrafine Wire Material
Japanese Appl. 1139,335
Pure Pt ultrafine wire material is obtained by adding
10-3000 wt. ppm in total of at least one of Pd, Rh,
Ir, Os, Ru, Au, Ag, Cu, Al, Y, Ni, Co, Ti, W, Si,
Zr and Ca to pure Pt.The material is used for making
ultrafine wires for sensors or medical appliances, having improved mechanical properties, and with
breakage in drawing prevented.

Chemical Sensor with Porous Platinum
Electrode
Japanese Appl. 1147,941
A chemical sensor is made by laminating together a
thin film electrolyte such as Ag, a porous detector
electrode of, for example, Pt, and a permeation membrane. The sensor is used for detection of oxidised or
reduced materials in gas or liquid, such as O , , H,or
SO2.The membrane and electrode are supported by
the thin film electrolyte with high mechanical
strength and conductivity, so maintenance is easy and
the equipment is compact.
JAPAN STORAGE BAlTERY

Metallic Casting Mould
Japanese A p p k 1148,637
and 1148,655
A metallic casting mould consists of a male and a
female mould block, one or both of which are made
of dispersion hardened Ir, Ir alloy, Pt or Pt alloy, in
which 0.01-5 wt.% of metal oxide particles of grain
size <O.I pm are evenly dispersed. The dispersion
hardened Ir alloy contains 0-50 wt.% of Pt, Pd, Rh,
Os, Ru, Au, Re, W and so on, while the dispersion
hardened Pt alloy may contain 5-30 wt.% Rh. The
mould is used for casting metal melting at
600-165ooC, and has good thermal and mechanical
properties.

FURWA KINZOKU K.K.

Oxygen Electrode
Production
OMRON TATEISI ELTRN.

for

Automatic

K.K.Japanese Appl. 1154,346

An O2 elecGode has an insulating base with at least
2 electrodes being a Pt working and a Ag reference
electrode formed in parallel on one surface, with sensitive portions (such as Ag chloride film at the
reference electrode) of specific area ratio, and an insulating protective film. The 0, electrode has
stabilised output, gives measurements with high accuracy and little noise, and can be mass produced so
cost is reduced.
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Portable Oxygen Sensor with Platinum
Electrodes

Clad Receptacles for Crucibles

Japanese Appl. 1178,149
A portable 0, sensor consists of a base plate having
0 ion conducting ZrO, solid electrolyte, with a pair
of porous Pt electrode layers formed on either face
of the plate, and a spacer and sealing plate for
hermetically sealing one of the electrode layers. The
sensor detects 0,shortage in construction work sites
and tanks, at low temperatures, and is stable, readily
controllable, compact and highly effective.

Japanese Appls. 11132,747-5 5
Clad receptacles consist of W,Ta, Mo or their alloys
coated with Pt, Rh, Ir or their alloys in which oxide
is dispersed. The receptacles are used for crucibles
for melting high-temperatureglass or ores containing
metal oxide, trays and boats for vapour deposition,
and have good consumption resistance and long life.

Spectroscopic Device for Optical System

Russian Patent 1,427,275
A process for determining ethanol vapour content in
air uses a heated thermochemical sensitive element
based on a Pt catalyst. To improve performance the
element is kept at 118-122OC, and an electric field is
generated, with measurement of the number of ethyl
alcohol ions formed. The process increases sensitivity
and selectivity.

RIKEN CORP.

Japanese Appls. 1/81,907/909
A spectroscopic device with improved productivity
consists of a substrate on which Rh or 0s and LiF are
alternately laminated to construct a periodic structure. The thickness of each membrane is >I atom and
<4m 8, and the ratio of the Rh/Os:LiF membrane is
0.1-10. The device has high intensity and suitable
resolving power, and can be applied for UV-ray or Xray processing of less than 200 8, including X-ray
lithography.

NEC. CORP.

TANAKA KIKINZOKU KOGYO

Sensitive Element for Ethanol Vapour
Determination
MOSCOW MEAT DAIRY INST.

JOINING

Oxygen Sensor with Platinum Catalyst
Layer

Soldering an Electronic Chip to a Heat
Sink

JAPAN ELEC. CONTROL SYS.

U.S. SEC. OF AIR FORCE

Japanese Appls. 1/83,149-51
An 0 , sensor for an internal combustion engine has
a solid electrolytebase material having 0 ion conductivity, electrodes formed on part of the inner and
outer surfaces, a Pt catalyst layer deposited on part of
the outer surface, a NOx reducing substance mixed in
or coated on the Pt catalyst layer, and an optional protection layer. The &.fuel ratio is stabilised in the
region of the theoretical ratio, so surge of the car is
prevented and purification by the catalyst is increased.

Platinum Wire Coil Used in Gas Leakage
Alarm Unit
Japanese Appl. I/IO9,253
A gas detecting device used as a gas leakage alarm
unit includes a Pt wire coil, which is moulded in a
spherical shape, coated with oxide catalyst-loaded
Al,O,, and then sintered. The Pt wire coil touches
internally the virtual sphere of slightly smaller
diameter than that of the spherical Al ,0,. Isopycnic
distribution of the coil on the virtual sphere
minimises input power, which increases the life of the
device.

FUJI ELECTRIC MFG. K.K.

Oxygen Sensor with Electroconductive
Layer
Japanese Appl. 11112,148
An 0 , sensor consists of an elecuoconductive layer of
Pd oxide, Ir oxide or Ru oxide produced at the ionsensitive portion of a joint type field effect transistor
(FET), and a layer of fEed enzyme covering the elecmonductive layer. The sensor is capable of analysing low concentrations such as 1-100 mg/dl, and has
excellent noise characteristics at low frequencies.

TERUMO CORP.
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U.S. Patent 4,817,854
Solder bonding an AlGaAs LED chip to a Cu or Be0
heat sink involves depositing a layer of Ni or Ti on
the sink, followed by a layer of Pt at least 1500 8
thick, annealing at 450-475OC in a partial vacuum
containing H , depositing a wetting layer of Au and
a layer of In, and soldering using a flux-free soldering
process. The annealed Pt layer is very dense, stable
and free of microporosity, and so functions effectively
as a migration barrier.

,

HETEROGENEOUS CATALYSIS
Platinum Catalyst Free of Ionic Platinum
for Paraffin Production
British Appl. 2,211,756A
Paraffins are produced by hydrodecyclisation of
naphthenes using a catalyst of metallic Pt on an
Al,O, support, which has been extracted with a solvent to remove ionic Pt before use. This increases
catalyst selectivity for paraffins with the same
number of C atoms as the naphthenes, while decreasing selectivity for those with fewer C atoms.

SHELL INT. RES. Mii. B.V.

Platinum Catalyst for Production of
Hydroxylammonium Salts
European Appl. 308,719A
A catalyst for NO reduction consists of 0.01-10 wt.%
Pt, optionally with an alkali metal sulphide at S:Pt
atomic ratio of 0.05-1,on a graphite, charcoal, SiO,
or Al,O, support. Preparation involves reduction of
a Pt compound with thiosulphate, at ~ O - I ~ OThe
~C.
catalyst gives improved selectivity for production of
hydroxylammonium salts by reduction of NO with
H,, thereby improving the safety of the process.
SUMITOMO CHEM. IND. K.K.
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Carbon Monoxide Oxidation Catalyst
Europeun Appl. 311,084A
A catalyst composition is prepared by impregnating a
monolith support with a colloidal dispersion of SnO, ,
drying, treating with a solution of Pt andlor Pd
compounds plus a G compound, drying to form the
oxides and Pt andlor Pd metals, and activating in a
reducing atmosphere. The catalyst is used for low
temperature (0-400~C) oxidation of CO to CO,, in
engine exhaust gas, breathing masks or in lasers.
PHILLIPS PETROLEUM CO.

Dual Phase Catalytic Converter with
Extended Life
Eumpeun Appl. 313,434A
A catalytic converter consists of a monolithic support
with a porous coating, absorbed Rh, Ni, Fe, Zr,V,
G,Ce or others, and each end impregnated with a
primary or secondary catalytic phase, having at least
one of the above metals and at least one of Pt, Pd, Rh
or Ir. By using two different phases an extended life
is obtained for the converters in treatment of exhaust
gases from petrol and diesel I.C. engines.
SOC. FR. PROD. CATALYSE

Platinum or Rhodium Free Three-Way
Catalysts
European Appb. 314,057-58A
Three-way catalysts used for conversion of COY
hydrocarbons and NOx in I.C. engine exhaust gases
consist of either (a) 0.03-3 wt.% Pd and Pt in m.
ratio 0.1-IO:I,or (b) 0.03-3 wt.% Pd and Rh in wt.
ratio I-ZO:I, plus CeO, applied onto transitional
AlaO,. The CeO, is present at 5-20 wt.% when the
Al,O, is in bulk form, and 25-50 wt.% when the
Al,O, is present as a coating on a support. The high
CeO, content allows expensivePt or FUIto be omitted
while maintaining capacity for NOx reduction.

DEGUSSA A.G.

Three-Way Catalyst System with Suppressed Hydrogen Sulphide Formation
European Appl. 3I 5,402A
Internal combustion engine exhaust gas is fed to a
duct containing (a) a three-way catalyst with Pt,Rh
and optionally Pd dispersed on Al,O, support particles, on a monolithic substrate, to convert hydrocarbons, CO and NOx, and (b) CuO, MnO, NiO or
Fe 0, dispersed on A,0 on a monolithic substrate
to suppress HIS formed by (a). Almost total HIS
suppression is obtained, particularly with CuO, and
there is no interaction between (a) and (b).

ENGELHARD CORP.

,

Catalyst for Oxidation of Diesel Exhaust
Particles
NIPPON SHOKUBAI KAGAKUEuropean Appl.

315,896A
An exhaust purification catalyst consists of a
3-dimensional structure on which are deposited
3-300 gA of a refractory inorganic oxide or a zeolite,
0.1-20 gA of Pd, 1-50 gA of an oxide of Pry Nd
and/or Sm, and an oxide of Ce andlor La may be present. The catalyst is used for selective oxidation of
fme carbonaceous particles from diesel engine exhaust gas, is durable, heat-resistant, and has
increased purifying power at low temperature.

Platinum Metals Rev., 1990, 34, (1)

Novel
Catalyst
Composition
Hydrocarbon Reforming

for

European Appl. 317,103A
A novel catalyst for hydrocarbon reforming consists
of 0.05-2.0 wt.% Re+Pt with a Re:Pt ratio of
2:1-1:2, o.oz-o.5 wt.% Gay 0.3-2.0 wt.% of a
Group IIA metal, especially hig, 0.1-2.0 wt.% C1,
and optionally 0.02-0.5 wt.% S, supported on
Al,O,. The octane number of a hydrocarbon
feedstock such as naphtha is increased by passing
over the catalyst at elevated temperature and
pressure, for example 100-650°C and up to 50 bar.

BRITISH PETROLEUM PLC

Hydrogenation Catalysts for Jojoba and
Castor Oils
European Appl. 320,546A
The catalysts consist of a Pt group metal halide complex MX,,,where n is 1-4, and a donor substituted
phosphine or arsine ligand, in the matrix of a clay.
0.4-1
C , atm, with a
Hydrogenation is at Z O - ~ ~ ~
catalyst:subsuate wt. ratio of I:IOO-~OO. The
catalysts undergo changes in oxidation state easily,
are inexpensive and readily separated.

COUNCIL SCIE. IND. RES.

Palladium Catalyst for Hydrogenation of
Olefrn Impurities
DOW CHEMICAL CO.

World Appl. 8912,424A

An aromatic liquid containing olefms, especially a

benzene effluent, undergoes fractional distillation to
increase the purity before passing, with H I , over a
hydrogenation catalyst consisting of 0.05-1 wt.% Pd
on Al,O,. Hydrogenation is at 2o-13o0C and
30-100 psig, so that olefms are hydrogenated to
paraffins, but little aromatic liquid is hydrogenated.
An aromatic liquid with acid-wash colour not above
2 is produced.

Ammonia Decomposition Catalyst
Containing Ruthenium
NKK CORP.
World Appl. 8914,210A
An improved catalyst for decomposing NH, consists

of a basic compound added to Ru supported on
Al,O,, or Ru carried on a basic compound carrier,
where the basic compound can be an oxide or carbonate of an alkaline earth metal. The prepared
catalyst is dried, and optionally baked at 400-6ooo C
for I-Ioh in air. The catalyst enables NH,to be eficiently decomposed at temperatures as low as goo°C.

Iridium-Platinum-Halogen
Naphtha Reforming Catalyst
EXXON RES. & ENG. co.
U.S.Patent 4,812,435
A naphtha reforming catalyst has 0.001-2wt.% of an
Ir component dispersed and bound to an Al I 0, support by calcining, with 0.001--1 wt.% of a Pt component, then 0.001-2 wt.% of a halogen component
dispersed on this. The catalyst is used for reforming
naphthas to improve the octane number, and has high
activity, gives a high C,, liquid volume yield, is S
tolerant, and can be regenerated without agglomeration of the Ir component.
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Catalyst for Hydrocarbon Production
from Synthesis Gas

Palladium Catalyst for Preparation of
Cycloolefms

U.S. Patent 4,822,824
A catalyst consisting of Ru and Co supported on
TiO, is used in a process to form higher hydrocarbons by reacting H, and CO at 1g0-26o0C. The
catalyst is prepared by impregnating TiO, with Ru
and Co salts, drying, reducing, forming oxides of Ru
and Co, and reducing. Using the catalyst gives lower
CH, and higher C,, yields than conventional RdCo
or Co catalysts, and it can be regenerated in situ.

Japanese ApPl. 1/61,433
Cycloolefms are prepared more selectively by partial
hydrogenation of cyclodienes at -20 to 120OC in the
presence of a Pd-P or Pd-B catalyst. A thin f h of the
catalyst is prepared by sputtering Pd onto a base plate
in the presence of P compounds or B compounds.

EXXON RES. & ENG. c o .

Improved Catalyst for
Dehydrogenation

Hydrocarbon

U.S. Patent 4,827,072
Hydrocarbons are dehydrogenated on a composite
catalyst having a Pt group metal with the concentration in the outer xoojun layer at least twice that in the
centre; plus a Sn, Ge and/or Re modifier, and an
alkali and/or alkaline earth metal component, all
uniformly impregnated on an oxide support. The
catalyst has improved stability, conversion and selectivity, giving products used in making detergents and
plastics.
UOP INC.

Platinum-PalladiumCatalyst for
Hydrogen Peroxide Manufacture
DU mm DE NEMOURS c o .
U.S. Patent 4,832,938
Hydrogen peroxide is manufactured by reacting H,
and 0, in an aqueous medium containing H+ and
C1- or Br- ions, plus a catalyst containing Pt and
Pd. The catalyst is prepared by mixing a preformed
colloid containing Pt and Pd with a C, SiOl or AI,0,
support, to give a wt. ratio of Pt:Pt+Pd of
0.02-0.2:~. Use of this ratio leads to optimum reaction conditions.

Oxidation Catalyst for
Fuels

Hydrocarbon

Japanese Appl. I/57,002
A combustor for hydrocarbon oxidation has a Pddominated catalyst o n its former stage, and a Rhdominated catalyst on its latter stage side with the Rh
contabhg 0.1-10 wt.% Ce. The active components
we dispersed on a support such as xnullite coated with
oxide(s) which are stabilised with other oxide(s). The
usable life of the oxidishg catalyst can be lengthened
by Preventing Rh deterioration at high temperature.

TANAKA KIKINZOKU KOGYO

Durable Platinum-PalladiumCatalyst for
Catalytic Combustion
Japanese Appl. 1158,346
Pd fme powders mixed with Ag, Cr, Mn, Fe, Co, Ni
or Cu f j e powders are thermally sprayed using the
plasma spray technique to form a coating on a Pt support, which is then chemically etched with HCI.An
oxidation catalyst with higher activity for catalytic
combustion at 6oo-1~oo~Cis prepared. There is
good adhesion between the Pt support and Pd-based
coating, so the catalyst is durable at high
temperatures.

TANAKAKIKINZOKU KOGYO
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SHIN-DAIKYOWA SEKIY

Rhodium on Stainless Steel
Hydroformylation Catalyst
Japanese Appl. 1163,040
A hydroformylationcatalyst consists of stainless steel
loaded with Rh, and is prepared by reacting stainless
steel with Rh carbonyl in a hydrocarbon solvent,
pressurised with synthesis gas. The catalyst is used
for hydroformylation of an olefm by reaction with
synthesis gas, while keeping the CO partial pressure
<5 kglcm’ and H, partial pressure >10o kglcrn,.

AGENCY OF IND. SCI. TECH.

Waste Gas Purification Catalyst
MATSUSHITA ELEC. IND. K.K.

Japanese Appl. 1167,256
A catalyst used to remove CO, hydrocarbons or NO,
from waste gas consists of a porous ceramic support
loaded with Pt, Pd, CeO, or ZrO,. In an example a
honeycomb structure was immersed in a solution having I g/l Pd as WCI,, 15 g/l CeO, as Ce(NO,), and
0.1g/lPtasH,PtCI,,thenfvedat 10ooOC. Usingthe
catalyst NO, can be removed efficiently at a low
temperature of 300-500°C.

Catalyst for Diesel Exhaust
DenitMication
Japanese Appl. 1/70, I 3I
A catalyst system has a fmt catalyst with a carrier
supporting one or more from alkali and alkaline earth
metal(s), as well as Pt and Ni, where the Ni
accelerates the Pt activity for the water-C reaction.
The catalyst system is used for denitrifying diesel
engine exhaust gas.

TOY0 KOGYO K.K.

Purification Catalyst
Exhaust Gas Purification
Japanese Appl. 1/70,146
A three-way catalyst consists of an activated AI 0,
coated carrier, supporting a composite oxide of &
oxide and Zr oxide, Rh adhered on the composite
oxide or Ce oxide, and at least one of Pd or Pt on the
oxides. The catalyst is used for removing CO,
hydrocarbons and NOx from internal combustion
engine exhaust gas, and prevents formation of a solid
solution between A I 2 0 3 and Rh.

TOYOTA JIDOSHA K.K.

,

High Purity Trichlorosilane Production
Japanese Appl. I/xoo,oII
Trichlorosilaneof high purity can be produced on an
industrial level from tetrachlorosilane and H, in the
presence of a catalyst consisting of Pt group metal(s)
and silicides of the metals on a support. Corrosion is
prevented by using a special catalyst and at least two
switching type regenerative ceramic reactors.

NIPPON K O m N K.K.
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Exhaust Purification Catalyst

Direct Production of Hydrogen Peroxide

MATSUSHITA ELEC. IND. K.K.

MITSUI TOATSU CHEM. INC.

Japanese Appl. 1 / 1 0 4 , 3 4 4
A catalyst for removing CO, hydrocarbons or NO,
from exhaust gas consists of Pt, Pd and G O , on a
moulded support containing Al,O, cement, fused
SiO,,active Al 0, or hydraulic Al 0,,and Li composite oxide. The support has high specific surface
area and thermal resistance, and the interaction of the
catalyst and the support leads to an increase in GO or
NO, purification ability.

Japanese Appl. I / I 3 3 , 9 0 9
Hydrogen peroxide is produced by reaction of H,
and 0, in aqueous solution in the presence of a
catalyst consisting of a Pt group metal on a
hydrophobic carrier such as porous Teflon.
Hydrogen peroxide is produced in a one-step reaction, with better yield using this type of carrier. Also
the accumulation concentration of the hydrogen
peroxide is high, so the method is useful for industry.

,

Catalyst for Diesel Exhaust Purification

Exhaust Gas Purification System

JapaneSe Appl. I / I 3 4 , 0 2 0
Japanese Appl. 11107,847 An internal combustion engine exhaust gas cleaning
A diesel exhaust purification catalyst consists of a system consists of an 0, sensor able to control the
3-dimensionalheat resistant structure loaded with an air:fuel ratio via a feedback correction, and a ternary
inorganic oxide, having 0.I -10 g of Pt, Pd or Rh and catalyst, such as a layer of activated Al,O, bearing
1-60 g of Mn oxide in the surface layer, with a Pt-Rh,and a reducing catalyst layer such as Rh on
catalyst metal:Mn oxide molar ratio of 0.03-1.00.
Al,O, upstream of the 0, sensor to accelerate NOx
The catalyst has good durability, and is used to com- reduction. The system can suppress NOx emission
bust C particles in diesel engine exhausts at lower during high-loading or high-speed running with high
temperatures of 310-33oOC.
accuracy.
NIPPON SHOKUBAI KAGAKU

JAPAN ELEC. CONTROL SYS.

Platinum Group Metal-Mordenite
Catalyst for Various Uses

Oxidation Catalyst for Combustible Gases

Japanese Appl. 11108,114
A multi-purposecatalyst consists of a Pt group metal
supported on NH,-type mordenite containing
hydrogen ions and 0.10-0.68 molkg NH,' ions; the
production involving sintering at 230-350°C. The
catalyst is used for dewaxing, refining of H,, oxidising CO and hydrocarbons, and isomerisationof paraffins, giving higher product yields in the latter case.

Japanese A P P ~11135,537
.
Rh, Ir,
Os, Ru, Fe, Co or Ni oxides or other metallic oxides
on a double oxide support with an Al:alkaline
earth metal:rare earth metal atomic ratio of
I O O : O . ~ - I O O : O . ~ - I ~ .The catalyst is used to combust and remove CO, H, or hydrocarbons from car
exhaust at lower temperatures, and also has improved
heat resistance, providing higher activity at
3 0 0 - 1 5 0 o 0 C over a long period.

TOSOH C O W .

New Palladium Catalyst for Methanol
Synthesis
TECH.Japanese Appl. 11123,633
A new catalyst used to produce CH ,OH from H,and
CO with higher efficiency and selectivity consists of
synthetic mica loaded with Pd. In an example, a
catalyst containing 3 wt.% Pd was used with a H,/CO
mixed gas at 250OC and a total pressure of 30 atm.

AGENCY OF INLI. SCI.

MITSUBISHI HEAVY IND. K.K.

An oxidation catalyst consists of Pt, I'd,

Waste Gas Purification Catalyst

Japanese Appl. 1/135,538
A catalyst used to remove CO, NOx and hydrocarbons from combustion exhaust is prepared by
loading Pt and Rh on an activated Al ,0 , coated support from an aqueous solution of Pt(NH,),(NO,),,
Rh(NO,), and (NH,),Rh(NO,), containing 0.05-5
Treatment of Hydrazine-Containing
gfl Pt+Rh. The catalyst has improved high
Waste Water
temperature durability, and growth of the precious
D A I W TOKUSHOKO
TOKUSHOKO K.K.
K.K.
Japanese Appl. 11123,693
11123,693 metal particles and penetration into the Al,O,
DAIW
3apanese
Treatmentof
of N,
N,H,
contained in high
high ion concentraconcentra- coating is prevented by using a Pt-Rhsolid solution
Treatment
H, contained
tion in
in waste
waste water
water involves
involves adjusting
adjusting the pH to catalyst.
tion
8.6-11.0 by
by adding
adding alkali,
alkali, contacting
contacting with a Pd
8.6-11.0
Higher Efficiency NOx Removal Catalysts
air to
to oxidise
oxidise the
the N
N,H,,
catalyst and
and blowing
blowing air
, H , , and
catalyst
readjusting the
the pH
pH to
to 7.2.
7.2. The
The N,H, in
in the
the waste is Containing Zeolite
readjusting
TOYOTA JIDOSHA K.K Japanese Appls. 1 / 1 3 5 , 5 4 0 - 4 1
effectively decomposed
decomposed using
using a smaller
smaller reactor.
effectively
Waste gas purification catalysts are prepared by (a)
Ruthenium Catalyst Preparation
loading a slurry of zeolite, silica sol, alumina sol and
MITSUBISHI KASEI COW.
Japanese APPl. 1 / 1 3 0 , 7 3 4 water on a monolithic support, firing, and exchangPd, Rh,-Ir, Ru, Ce, Ni,
A Ru containing catalyst is produced by im- ing the zeolite ions with
pregnating a support with a solution of nitrate anions or others, or (b) ion-exchangingthe original ions of a
and Ru optionally with other metals (preferably Co), zeolite with Pt, Pd, Rh, Ir or Ru, The catalysts have
adding alkali to the support to deposit Rh or other higher efficiency for NOx removal from car exhaust
metals as hydroxides, removing the nitrate anions as under 0,-rich or fuel-lean conditions. NOx is selecwater soluble salts, and drying and fring the solids. tively adsorbed in the micropores of the zeolite.
TOYOTA JIDOSHA K.K.

s,
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Palladium Catalyst for Catalytic Combustion System
MITSUBISHI HEAVY IND. K.K.

Japanese Appl. r/139,911
In a catalytic combustion system for combustible
gases such as CO, H , or hydrocarbons the gas is contacted with a honeycomb or pelletised 0.01-10 wt.%
Pd catalyst at 300-800°C, and then with a catalyst
containing an alkaline earth metal and an AI-Mn compound oxide at 600-1300~C.The system can burn
the gases completely and stably even at high
temperatures, for long periods.

Benzene Hydrogenation Catalyst
Russian Patent 674,292
A benzene hydrogenation catalyst is prepared by impregnation of Al ,0, with an aqueous solution of a Pt
compound, for drying and heat stabilising, which to
increase performance is K chloroplatinite at 10-160
mg of Pt/l.The simplified process increases catalyst
activity; the benzene transformation rate is 95% on
heat stabilisation under H, at 15ooC for I h.

AS. USSR KOLA RARE M.

HOMOGENEOUS CATALYSIS
Ruthenium Catalyst System for Ketone
Production
British Appl. 2,208,480A
A catalyst system consisting of a Ru compound and
acid(s) from a halogen acid or a carboxylic acid of
pKa not more than 3 is used in the preparation of
ketones. The reaction involves carbonylation of
alkenes with CO in the presence of an H , source, at
70-200OC and 20-100 bar in an H,O-miscible solvent, and produces ketones at improved conversion
rates and selectivity.

SHELL INT. RES. Mij. B.V.

Catalyst for Oxidising Organochlorine
Compounds
UNIV. OF SYDNEY
World Appl. 8915,172A
Organochlorine compounds which are Cl- but not
OH-substituted ring structures can be oxidised at
room temperature by a Ru or 0s compound in the
presence of a base and an oxidising agent able to form
the catalytic metal teuoxide. The process is for
degrading or transforming organochlorides in industrial waste products, and is an alternative to hightemperature combustion.

Palladium-Copper Catalyst for A k y l
Acrylate Production
TEXACO INC.
U.S.Patent 4,814,492
Producing an alkyl acrylate continuously involves
reacting ethylene with CO, 0, and a I-5C alkanol in
the presence of a PdCl,/CuCl, catalyst to form a
I-5C alkyl methoxy propionate with high Selectivity,
then contacting this with a base-treated zeolite
catalyst to give a I-5C alkyl acrylate. The process
runs readily at low pressure, and is especially used for
producing methyl acrylate used for surface coatings.
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Rhodium Hydroformylation Catalyst
Japanese Appl. 1140,434
Hydroformylationof vinyl compounds is achieved by
treating with synthesisgas in the presence of Rh compound@),tris(substituted phenyl)phosphite(s),and a
bidentate ligand, using 0.005-0.1 mg.atom. Rhh of
catalyst. The product is used in food additives, synthetic resins, and so on, and is obtained efficiently in
high yield, using a smaller amount of Rh compounds
than in prior arts.
KURARAY K.K.

Production of Methylanilines
Aminophenyl Compounds

from

Japanese Appk. 1145,345-46
Methylanilinesare produced from aminophenyl compounds by (a) reductive decomposition with formic
acid, or (b) hydrogenolysis with H,; in the presence
of a catalyst containing at least one of Pt, Pd, Rh, Ir,
0 s and Ru, optionally supported, in an amount of
0.0001-0.5
mol/mol of aminophenyl compound.
and gives a good yield of
Reaction is at IO-IOO~C
methylanilines under mild conditions; useful in the
preparation of drugs and agrochemicals.

DAICEL CHEM. IND. K.K.

Hydrogen Production by Light Irradiation of a Hydrocarbon
TECH.JapaneSeAppl. 1/126,201
H, is manufactured by irradiation of a hydrocarbon
with a mercury lamp in the presence of a Rh complex
of an organic phosphorus compound such as
phosphine, or in the co-presence of the organic
phosphorus compound and a Rh compound. H, is
produced by dehydrogenation of a hydrocarbon
without using thermal decomposition.

AGENCY OF IND. SCI.

Palladium Catalyst for Methanol
Oxidation
Russian Patent 1,426,631
A proposed catalyst for methanol oxidation consists
of 62-90 wt.% Pd and balance r,m-phenanthroline,
and is prepared by adding the latter to a Pd base at
molar ratio 15-3:1, followed by dissolution in
methanol and treatment with H, . The catalyst shows
increased activity and selectivity for oxidation of
methanol to methyl formate, which is used as an intermediate for synthesis of formic acid and dimethyl
formamide.
M. N. VARGAFTIK

FUEL CELLS
Platinum-Gallium Fuel Cell
Electrocatalyst
ENGELHARD MINERALS CORP.

U.S. Patent

4,822,699

An improved electrocatalystconsists of a Pt-Ga alloy
with 5-50 at.% Ga and surface area of at least
30 mz/g, dispersed on a conductive C carrier to give

alloy. The alloy is used at
on a support as an 0, reduction
cathode for an acid fuel cell. A fuel cell electrocatalyst
with good retention of surface area in use is provided.
0.1-30 wt.%
0.1-2 mglcm’
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Improved Electrode Catdyst for a Fuel
Battery
FUJI ELECTRIC MFG. K.K.

Japanese Appl.

1141,170

An electrode catalyst is made from a catalyst having

Pt microparticles supported on C black by dispersing
in water, mixing and dissolving an oxyacid salt of Ti
or W, adding acid to precipitate the oxyacid of the Ti
or W on the Pt catalyst, and then burning in a reducing atmosphere. Using this method the Ti or W is
readily alloyed and an electrode catalyst for a fuel battery can be obtained, having improved activity and
durability.

Platinum-Nickel Alloy Fuel Cell Catalyst
Japanese Appl. 1/45,061
Preparation of a catalyst consisting of a Pt-Ni alloy
supported by electroconductive C involves heat
treating the C black, reducing Pt from solution to obtain Pt-C, adding the Ni, and then heat treating in a
Nz/5%H, atmosphere at 920OC. The catalyst is used
for a fuel cell electrode, and suppressescoagulationof
the fine Pt particles which decreases the Pt surface
area while the electrode is used.

TANAKA KIKINZOKU KOGYO

CHEMICAL TECHNOLOGY

GLASS TECHNOLOGY
Integral Tube-Stirrer Assembly with
Platinum-Rhodium Alloy Blade
OWENS-ILLINOIS TELE.
U.S.Patent 4,832,725
A rotating tubular stirrer element for use in a glass
feeder has a stirrer consisting of an elongated
suspended hollow blade of Pt-Rh alloy with
parallelogram cross-section. The apparatus combines
tube and stirrer into one rotating assembly, so only a
single drive is needed. Discharged glass of improved
quality is supplied for production of pressed optical
glass parts, especially television tube faceplates.

Shaping Die for Shaped Glass Product
Manufacture
Japanese Appl. I/72,932
A shaping die for use in press-shaping of glass consists of a base with a surface layer of 1 0 - 9 wt.% Pt,
5-40 wt.% Ni and/or Cr and 5-70 wt.% Sic, optionally with Pd, Rh, Ir, Au or their mixtures which
may be further incorporated in the surface layer composition. The join between the base and the surface
layer is good, and using the die, detachability of the
shaped product is good.

HOYA C O W .

supported Pore-Free Palladium-Based
palladum-~ased Platinum-Cobalt-CarbideLayer for Glass
Supported
Shaping Die
Membrane
Membrane
TANAKA KIKINZOKU KOGYO
T. ALLMENDINGER
World Appl. 8914,556A
Japanese Appl. 111 I I ,740
A pore-free Pd-based membrane is made by electrodeposition of Pd or Pd-Ag alloy onto or into a
porous metal body. The membrane can be used for
selective separation or purification of H, gas, or as a
H,-permeable electrode in a fuel cell or electrolysis
cell, the Pd/Ag side having a Pd or Pt black catalyst.
The membrane can be produced less expensively and
more efficiently, directly on a porous metal body.

A glass shaping die has a base and a surface layer consisting of Pt as the major component with 5-45 wt.%
CO, and 0.02-30 vol.% of carbide(s)dispersed in the
layer, preferably Tic, TaC, B,C, Sic, HfC, ZrC or
VC. Face accuracy is kept in excellent state by suppressing crystal growth.

Biological Recovery of Platinum from ELECTRICALAND ELECTRONIC
ENGINEERING
Waste Water
OAK RIDGE RES. INST.
U.S.Patent 4,826,602
Oxidation Resistant Magneto-Optical
Heavy metal species such as Pt’+,Au+, Ag+, Pbz+,
Cu’+ and
in aqueous waste liquors from Recording Medium
mining for example, are converted to the metals by
contact with a pseudomonas maltophila ATCC 53510
culture, at 5-35OC, pH 6-8, under aerobic conditions and in the presence of a nutrient medium. At
least one elemental metal is recovered after filtering,
reducing the ionic species in the waste water, and giving a treated effluent suitable for recycling.

Extraction of Iridium from Furnace
Linings
Russian Patent 1,428,703
Metallic Ir deposited on ZrO, ceramic furnace linings
on evaporation from crucibles is removed by fusing
with NaOH at po-600°C, cooling, washing, treating
with concentrated HCI, washing and separating the Ir
in the form of compact flakes. The method allows extraction of Ir as metal instead of a salt solution as
before, and the ceramic can be re-used.
GORKI UNIV.

Platinum Metals Rev., 1990, 34, (1)

MITSUI PETROCHEM. IND. K.K.

European Appl. 320,286A
The medium has a transparent substrate, a first protective film, a magneto-optical recording fdm, and a
second protective f h . The recording film contains
Pt and/or Pd, at least one of Pt, Nd, Sm, Ce or
others, and Fe and/or Coy and has an easy axis of
magnetisation perpendicular to the face.

Noble Metal Coating for Thin Film Circuit
MTSUI MINING & SMELTING

World Appl. 89/6,o86A
A new Ta thin film conductive circuit is formed on an
insulator or semiconductor substrate via a Ta oxide
adhesion layer, and the surface of the circuit is partially or wholly covered with at least one of Pt, Pd,
Rh, Au, or an alloy of these. The products are useful
as circuits with good resistanceto electrical corrosion.
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Long Life Cathode Containing Barium
Iridate

Production
of
Composite
Palladium Fine Particles

U.S. SEC. OF THE ARMY

TANAKA KIKINZOKU KOGYO

U.S. Patent Appl. 7,252,945
A long life, high current density cathode is prepared
by milling and pressing a mixture of 65 wt.% W, 34
wt.% Ir and I wt.% ZrO, activator into a billet,
sintering in dry H,, treating to make porous, and
then impregnating with BaIrO,, Ba,IrO, or
Ba,IrO,, formed from BaO, and IrO, in a molar
ratio of I :I , 2:I or 4: I, respectively. The method is
rapid and requires relatively low temperatures.

Japanese Appls. 1/75,601-03
Composite Ag-Pd type fine particles are produced by
(a) depositing Pd evenly on the surface of fine Ag particles, (b) depositing Ag evenly on the surface of fine
Pd particles, or (c) depositing Ag and Pd at the same
time, achieved in each case by H,or chemical reduction from solution, and followed by heat treatment to
form an alloy in case (c). The composite Ag-Pd type
fine particles can be evenly dispersed into a conductive paste material, for use in the manufacture of circuit substrates.

Composite Electrode for Remote Power
Applications
CALIF. INST. OF TECHN.

U.S. Patent 4,820,596

A composite electrode consists of a monocrystalline
A,O, ceramic electrolyte, and a porous electrode
film of a Pt group metal and a Group IV-VIB metal
on one surface, which is non-volatile at 1300K. The
electrode is for alkali metal thermoelectric converter
(AMTEC) devices having fast Na transport and low
electronic resistance. It has high efficiency, is simple,
durable, needs little maintenance, and the AMTEC is
used for remote power applications.

Platinum Film for Thin Film Oxide
Superconductor
MATSUSHITA ELEC. IND. K.K.

Japanese Appl. 116,322

A thin film oxide superconductor consists of a
substrate supporting a superconducting perovskite
oxide thin film oriented vertically, then a Pt thin film,
and another superconducting thin film of
MBa,Cu,O,-, where M is Y, Lu, Sc or others. The
superconductor is used for a proximity effect type
Josephson device, having T, near that of ceramics on
an electrically conductive substrate.

Random Texture Magnetic Recording
Medium
Japanese Appl. 1137,721
A process for producing a magnetic recording
medium involves sputtering Co-Pt magnetic alloy on
a glass substrate having randomly-set point-form protrusions on the surface, in an in-line type continuous
sputtering device. The random texture is effective for
lowering the fraction coefficient, and facilitating
magnetic head floating.
ASAHI GLASS K.K.

Information Recording Medium with
Platinum-Manganese-AntimonyAlloy
Japanese Appl. 1162,843
An information recording medium consists of a
substrate and a magnetic layer formed with an alloy
of Pt, Mn, Sb, and at least one of Nd, Pr, Sm, Co,
Fe, Ni, and others. The alloy is present in the direction of easy magnetisation, vertical to the surface. Information is recorded and erased by causing magnetic
inversion in the magnetic layer by heat from light
beam irradiation, and reproduced by irradiating light
beams on the layer.

TOSHIBA K.K.

Platinum Metals Rev.,1990, 34, (1)

Silver-

Platinum-Manganese-Antimony PhotoElectromagnetic Recording Medium
RIKEN CORP.

Japanese Appl. 1176,550

A photo-electromagnetic recording medium is a thin
membrane of an intermetallic compound of Pt-MnSb. The medium has perpendicular magnetic
anisotropy, and a big coercive force in the vertical
direction of more than 300 Oe, as well as a big forcerotation angle.

Coating Layer for Superconductive
Complex Material
FUJITSU LTJl.

Japanese Appl. 1176,610

A superconductive complex material consists of a
superconductor containing 0,, coated with a layer
which 0, and water cannot penetrate. The coating
layer may consist of Pt, Pd, Rh, Ir, Os,Ru, Au, Ag,
Cu or their alloys, certain other metals, or dielectrics.
Optimum composition for the superconductive
superconductor can be maintained, and the material
is used for magnet circuits, and SQUID magnetic
flux meters.

Palladium Metallising Paste for Low
Thermal Expansion Board
Japanese Appl. 1176,988
A metallising paste consists of 100 parts wt. Pd

NGK SPARK PLUG K.K.

powder, 1 - 1 0 parts wt. low expansion frit, 0.5-4
parts wt. Ag powder, 0 . 1 - 1 parts wt. CuO, and
preferably up to 50 parts wt. Au as a sintering aid.
The paste is used for IC mounting multi-layer boards
using low thermal expansion coefficient material,
giving sufficient bonding strength even if hightemperature brazing material such as pure Al is used.

Composition for Electric Conductive Film
SUMITOMO METAL MINI. K.K.

Japanese Appl. 1181,866

A composition for forming an electric conductive film
has an organic vehicle and a composite filler consisting of 0.03-0.5 wt.% Pd powder, 1-10 wt.% glass
powder with softening point 400-700°C, and balance
Cu powder. The composition gives a coating film
with improved adhesion, mechanical strength, and
solder-wetting property. It is useful for preparing
patterned electric circuits or electrodes on ceramic
substrates.
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Electrical Recording Head
Japanese Appls. I 187,271-72
An electric current recording head consists of a
substrate with an optional adhesive layer and a Pt
group metal electrode pattern obtained by electroless
plating, which is electrochemically stable and has improved adhesion to the substrate. The electrode is of
Pt, Pd, Rh, Ir and/or Ru, especially Pt or Pt alloy,
and is 0. I -3rm thick. The recording head has a frne
electrode pattern obtained for less cost.
CANON K.K.

Alternatively
Laminated
Reflecting Mirror

Multilayer

Japanese Appls. I /94,299-300
A multilayer film reflecting mirror for X-rays and
vacuum UV rays has a surface with alternate
laminated layers of materials of different refractive indexes, with at least one layer of the f h being
crystalline. The layers may consist of (a) Ru and Si of
low and high refractive index respectively, with a
final graphite layer, or (b) one or more Pt group
metals and Be, B, C and Si. The mirror is used for
radiation of <zoo nm wavelength, has higher reflectivity, and good resistance to long term irradiation.

CANON K.K.

Recording Layers for Photomagnetic
Recording Media
Japanese Appls. I 198,I 43-44
Photomagneticrecording media have recording layers
of super-latticemetal thin film obtained by alternately laminating either (a) 0.5-1.5 atom layers of a Co
alloy and I -7 atom layers of Pd, or (b) a Ni layer having 3-8 atom layers and a Pt layer of 1/2-2 atom
layers. A medium is produced which (a) has excellent
thermal stability, or (b) is capable of recording,
reproducing information by laser light, and maintaining magneto-optical effects stably while corrosion is
limited.
SONY CORP.

Composition for Insulation Covering of
Electric Wires
FUJIKURA CABLE WORKS K.K.

Fine Palladium Powder for
Electroconductive Paste
SUMITOMO METAL MINI K.K.

Japanese Appl. 11136,91 I
A spherical-grained frne Pd powder used for electroconductive pastes is manufactured by dissolving
Pd chlorides and/or Pd chloro-complexesto give an
aqueous solution containing 10-60 gfl Pd, controlling
the solution pH to 7-11,and adding reducing agent
while maintaining the temperature at IO-~OOC.

Magnetic Polycrystal for Use at Low
Temperatures
Japanese Appl. 01/14o,70 I
A magnetic polycrystal is formed by high pressure
pressing of magnetic alloy microcrystalswith a 10-40
vol.% surface coating layer of at least one of Pt, Pd,
Rh, Ni and Th. The coating layer has a density of at
least 8 g/cm3, and a face-centred cubic lattice structure. The polycrystal is used below the temperature
of liquid N, ,and has a good magnetic heat quantity
effect, and conductivity in a wide temperature range
at low temperature.

TOSHIBA K.K.

Thin Film Magnetic Head
German Appl. 3,833,901
A thin film magnetic head useful as a readlwrite head
in a computer magnetic disc unit has a pair of
magnetic cores, at least one of which is a thin film of
Co alloy of composition 5-32 at.% Pd, 20-70 at.%
Co,20-60 at.% Ni and 12-30 at.% Fe. The core has
improved resistance to heat produced in manufacture
of the head, and has magnetic properties corresponding to those of plated ternary Co-Ni-Fe films.

HITACHI K.K.

TEMPERATURE
MEASUREMENT
High Resistance Platinum Temperature
Sensors

Japanese Appl. I / I 0 8 , 58
~
A flame-retardant silicone rubber compositon for the
insulation covering of electric wires consists of 100
parts wt. silicone rubber, 0.002-0.03
parts wt. Pt
type flame retardant-for example Pt(I1) chloride,
0.01-10 parts wt. metal oxide, and 0 . 1 - 3 0 parts wt.
silane coupling agent. Toxicity is < I . S with less
generation of formaldehyde, and the oxygen index,
electric insulation and tangent delta properties are
good.

German Appls. 3,829,764-65
A Pt temperature sensor consists of (a) a cylindrically
coiled, plate-shaped ceramic fdm with a Pt resistance
pattern on the inner or outer surface, or (b) a number
of sintered, stacked ceramic plates, each carrying a Pt
resistance pattern on a surface, and each pattern having curved regions. The patterns are connected via
through holes and resistance adjustment wires.

Composite Magnetic Heads

Russian Patent 1,427,1go
Thermometric sensitive elements are made by sealing
a Pt winding in the channel of a ceramic body using
a powder of Al oxide and potassium phosphate, then
heating and cooling. The winding is a cylindrical
spring of Pt wire of diameter 0.02-0. I mm, and the
wire is soldered to terminals of Pt or Pt-Rh wire of
diameter 0.3-0.5 mm. The elements are used in the
manufacture of Pt resistance thermoconverters.

Japanese Appl. I/I 13,906
In magnetic heads consisting of a pair of magnetic
half cores, at least one of which consists of an oxide
magnetic material, and metallic magnetic film, the
composite magnetic head is prepared by adding 0
and at least one of Pt, Pd, Rh, Ir, Os, Ru, Sc, Zr and
Mo. Metallic films composed of Ru,Fe, Si, Al or Ga,
and containing 0, are preferably used.
SOW CORP.

Platinum Metals Rev., 1990, 34, (1)

MURATA MFG. c o .

Platinum
Elements

Thermometric

Sensitive

R.A. PRISTAIKO
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MEDICAL USES

Platinum Complex for Anti-Tumour
Agents

Platinum Complexes Useful as AntiTumour Agents
and Chiral Catalysts
-

AGENCY OF IND. SCI. TECH.

British Appl. 2,210,039A
New 3,4-diamino tetrahydropyran Pt(I1) complexes
are useful as anti-microbial and anti-tumour agents,
and as chiral catalysts and intermediates for catalysts
for asymmetric synthesis. The compounds have a
screening profde similar to cisplatin, but are more
soluble in physiological saline, and may be active
against cisplatin-resistant tumours. Doses used are
for example 5-200 mgkglday.

Japanese Appl. 1/125,325
Anti-tumour agents contain a Pt green complex having 3-18 Pt atoms and for example uridine,
thymidine, uracil, or thymine co-ordinated with cisdiacodiammine Pt(I1). The complex is prepared by
reaction in a solvent, for 30 minutes to 2 months, at
pH 2-8, and O-IW~C. The agent is active against
LI 210, and may be administered orally or parenterally at single or divided doses, particularly 1-500
mgkglday.

New Platinum Anti-Tumour Agents

Yellow Dental Casting Alloy

European Appl. 318,464A
New Pt(I1)complexes useful asanti-tumour agents include I ,2-diaminocyclohexane Pt(I1) complexes, and
phosphonoacetato I aminomethylcyclooctylamine
Pt(I1). Preparation is from a dichloro Pt(I1) complex
by reaction with the Ag salt of the ligand, or by converting to the dinitrato complex and reacting with an
alkali metal salt of the ligand, or by converting to the
dihydroxy complex and reacting with the ligand.

TOY0 KAGAKU KENKYUS

S . HANESSIAN

BRISTOL-MYERS CO.

- -

Japanese Appl. I/I29,939
A yellow colour dental casting alloy consists of I-5%
B-Cu alloy, 5-15% Pd, 2-35% Au, 2030% Ag,
10-26% In, and I-5% Zn. The B-Cualloy exerts the
same effect as Cu for improving mechanical strength,
castability, and operability of the alloy, and prevents
formation of an oxide fdm.

Gold Base Alloy for Artificial Teeth
Japanese Appl. 11132,728
A Au base alloy which is gold in colour consists of
75-98 wt.% Au, 0.1-15 wt. Pt, 0.1-10 wt.% Fe,
0.1-3 wt.% In and 0.05-5 wt.% W,and optionally
contains at least one of 0.1-3 wt.% Pd, Ag, Sn or Cu,
or 0.05-1 wt.% Rh or Ir. The alloy is used for making anificial Au alloy teeth coated with ceramic
materials. The mechanical properties, adhesion,
castability, and reappearance of colour tone of natural
teeth are improved.
ISHIFUKU ZINZOKU KO.

Platinum Anti-Tumour Drug with
Improved Resolubility
European Appl. 318,906A
A lyophilised composition consists of dextran and a
cyclobutane dicarboxylate methylbutanediamine
Pt(I1) complex. The Pt compound is useful as an antitumour drug, but is relatively unstable in aqueous
solutions, so is used in lyophilised form, and with the
use of dextran a composition of greatly improved
resolubility is obtained.
NIPPON KAYAKU K.K.

Immobilised Enzyme Electrode
Containing Platinum Particles
World Appl. 8913,871A
An enzyme electrode consists of a resin-bonded
porous surface layer of C or graphite particles oxidised to form an oxide layer, with finely divided Pt oxide
or Pt metal, and an immobilised or adsorbed enzyme
on the surface. The electrode uses oxidoreductases
such as glucose oxidase for the detection and/or quantitation of glucose, and allows reliable determination
in samples containing alcohol, to which prior electrodes were sensitive.

CAMBRIDGE LIFE X I .

Apparatus to Manoeuvre a Radioactive
Implant
S.F. LIPRIE
U.S.Patent 4,819,618
A radioactive implant is manoeuvered through a
human body using an apparatus which includes a
guide, the implant and a wire secured to it, where the
implant consists of a core of radioactive Ir encased in
a Pt sheath. The radioactive implant can be used to
treat tumours, can be cut to anv desired l e n d . and
can be implanted in the correct position-even in
troublesome areas of the body, without kinking along
its length.

Platinum Metah Rev., 1990, 34, (1)

Corrosion Resistant Precious Metal
Dental Alloy
French Appl. 2,620,133
A novel Au-Ag-Pd alloy has the composition 5-20
wt.% Pt, 20-50 wt.% Pd, 15-50 wt.% Au, 20-50
wt.% Ag, 2-10 wt.% In, and 0-2 wt.% of one or
more of Rh, Ir and Ru (preferably Ru). The alloy is
used for the preparation of dental prostheses,
especially of the ceramiclmetallic type. Addition of
Au and Pt to Ag-Pd dental alloys imparts a corrosion
resistance equivalent to that of very high Au content
alloys.

COMP. LYON-ALEMAND

Improved Artiicial Eye Lens
Russian Patent 1,428,368
High quality artificial crystalline eye lens contains a
mixture of methyl-phenyl siloxane derivatives
vulcanisedoveraPtcatalyst, suchasH,PtCl,.qH,O.
The mechanical and optical properties of the lens are
increased by 10 and 1.3 times, and the lens can be
used for correction of vision after cataract removal,
reducing post-operational treatment from 3 to I
month, and time in bed from 7 to 3-4 days.
MOSC. EYE MICROSURGE.

The New Patents abstracts have been prepared from
material published by Dement PublicationsLimited.
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