{ii}) The three main classes ol gascous pollwants are: C0 and hydrocarbons (from
et combusiion of the fuel) and oxides of mmgpen (MO, produeced by lixing
nilrogen 0 wirk.

Engine modification (such a5 exbaust gas recircudstion, BGRY was sufficient woachiesve
the reduced emissions of C0 and HC reqguired in the USA i the 19705, Tightening
legislation since then has been mel by the development of control strategies hased on
heteropeneous catalyss To begin with, an ossdation catalysn (ypeeally Pr=-Pdisd Oy
was {itbed into the exhaust system, together with an additional supply of air. Cxidation
of CO (o Oy, reaction A2) and of HC (oo O05 and Ha O reduwced the levels of these
pollutants, At this slage, the MO, limits could sl be met by BGE.,

200 4+ 0y = 200 {AZ]
The dual-bed catalyst was developed in response o the nexl phase of legislion, which
imnpesed Bgrhiter lirnils on NO, in particular, The sysiem comprized two catalyst beds
arranged sequentially in a single canizier, The first bed catalysed the comversion af WO,
intey My under reducimg conditions, by exploiting the presence of reductants, especially
CiO (reaction A3) in the exhaust siream

2000+ N0 =N, + 200, (A3
The second bed contained an oxidation cotalyst; an additional supply of air was injected
ahead of this bed o cnsure optimum conversion of OO0 and HC,

This dual-bed system was made redundant by the development of the three-wiy catalyst
— wsingle (bul multi-component) cutalyst capable of the simultansous conversion of all
three classes of pollutanis.

() The behaviour of many metallic oxides as cotalysts for partial oxidofion reactions
can be ratigpalized inoeoms of a two-siep redos mechansm (Mars and van Erevelen
mechianism):

Srep 1 B o+ cat—0 ——— RO + cai—

The hydrocurbon (R} is adsorbed and reacis with the catalyst surface at sites containing
oxypen feat—CF, These sites are reduced.

Siep 2 W & cal— ——— cat—{}
The reduced sites {cat—) are replenished by oxygen from the gas phase; that is, they arc
axidized.

It is the nature of the oxygen at the catalytic sites that is the key o the mechanizm. Laitice
oxyvgen (07 ) can migrate 1o the surface and act a8 & mone versatile oxidizing agent for
hydrocarbons than modecular oxygen from the gas phase. (The lutce oxygen mechansm
15 ol enclusive; for example, other species, such as Oy and OF, may be involved.)

As the mechanizm indicates, the catalyst st be capable not anly of reduction, but also
ol subseguent reoxidation; for thes reason 18 contains metals that can readily change their
oxidation state o facililate the redox process.

PART II
Question 7
{a) E® for the following couple
MUOH{5) + Ze = M(s) 4+ 20H(ag) {13)

15 Just the value of E for the (M2 M) couple when the sctivity of kvdrode ions is unity
{that is, a{OH" ) = I}, such that afM*) i deiermined by the solubility product of
MOOHY,, a5 follows:

M{OH}(5) = M {ag) + 20Hag)

FO o aiM** al OH )}
- al{ M{OH )4 )

= gl M** ) fa{ CH 3 |7, simce ai MIOH )2 = |
=548 1015

So alM*™) = 548 % 10712 with a(OH™ ) = 1



