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Increasing public concern about air pollution has fueled legislation demanding ever 
tighter control of automobile emissions. Auto emissions are controlled by more thorough 
combustion within the auto engine itself and through the use of catalytic converters. These 
catalytic converters remove CO, unreacted hydrocarbons (HC's), and NOx from the auto 
exhau_st stream by catalyzing the following reactions: 

2CO +Oz~ 2C0i 

HC's + x{)z ~ yCO+ zH20 

2 NO + 2 CO ~ N2 + 2 C02 

(1) 

(2) 

(3) 

As catalytic converters came to be widely used in automobiles in the mid-1970's, noble 
metal catalysts, mainly Pt or Pd supported on alumina, were used to oxidize carbon monoxide 
and HC's. These catalysts had to be able to withstand the high temperatures (300-900 °C) of 
automobile exhaust and operate under both oxidizing and reducing conditions without lose of 
activity. Although the oxidizing Pt catalysts were very efficient in removing CO and HC from 
automobile exhaust, they were inefficient in the removal of NOx. Therefore, in less than five 
years following the inroduction, the Pt (or Pd) catalysts gave way to a newer type of catalyst, 
the three-way catalyst (fWC) [1-2, 21]. 

Three-way catalysts derive their name from the fact that they effectively catalyze reac
tions that remove CO, HC, and NOx from the exhaust stream: In order for the catalyst to . 
function properly, the ratio of reducing and oxidizing reactants is kept near stoichiometry by 
maintaining an air/fuel ratio of about 14.7 [l]. Under these conditions NO is reduced at the 
same time that CO, HC, and H2 are oxidized. Typical modem 1WC's contain Rh, Pt, and 
CeOz on a high surface area alumina support which is then pelletized or coated on ceramic 
honeycomb monoliths inside the catalytic converter (Figure 1) [2]. 

After more than a decade of use, a complete picture of the mechanism of action for the 
three· way catalysts is still missing; however, there is a growing body of data that gives useful 
insight into the complex nature of 1WC's. 

One way of simplifying the study of 1WC's is to examine adsorption and model reac
tions on single crystals of Pt, Pd, or Rh. There already exists an overwhelming amount of 
data concerned with this topic [7-8,16-19]. Although this information is potentially useful, 
one has to be cautious about applying single crystal results to an operating 1WC [23]. There 
is often a significant amount of metal-support interaction in 1WC's [3-5,13,20], which may 
enhance the differences between the single crystal and the highly dispersed forms of the no
ble metals. For instance, rhodium oxides have such strong interactions with alumina that un
der high temperature oxidizing conditions Rh will diffuse into the alumina unless stabilized 
with ceria (Ce02). The addition of ceria to 1WC's produces several other effects. Ceria also 
promotes the water-gas shift reaction (equation 4) on Rh catalysts [24] and provides oxygen 
storage, where oxygen can migrate from ceria to Rh under reducing conditions [25]. 

(4) 
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Figure 1. Drawing of Pelletized and Monolithic Catalytic Converters 

It appears that certain reactions, especially those involving NO, are quite structure 
sensitive and complex [6]. Indeed reactions involving NO, particularly on Rh, are often 
complicated by the fact that NO can ad·sorb molecularly or dissociatively [l,7,8]. Electron 
energy loss spectroscopy studies of Rh(l 11) have shown that NO adsorbs dissociatively at 
low coverages, while at higher coverages, NO adsorbs molecularly on Rh(l 11) [16]. Unlike 
NO, CO predominantly adsorbs molecularly on the noble metals; however, several different 
Rh-CO species can form, such as Rh(C0)2, Rh-CO, and Rh2CO [14]. The number of sur
face species is even greater because there is also H20, H2, 02, C02, Pb, and S02 in the ex
haust gas, which can also adsorb and compete with NO and CO [22]. 

Many different intermediates can be formed from the catalyzed reactions of the ad
sorbed species. For example, isonitryls [9] and dinitrosyls [10] have been identified on sup
ported noble metal catalysts during the reduction of NO by CO. For the isocyanates, how
ever, it has been shown that they mainly reside on the support and not actually on the noble 
metal, where NO reduction occurs [11]. 

In addition to the advances made over the last twenty years, there has been progress in 
finding alternative, cheaper catalysts that do not contain rhodium. One such catalyst is a pal
ladium-only catalyst being developed by AlliedSignal [12]. Unfortunately, these new cata
lysts still have some problems (e. g. S poisoning), and it may be several years before they are 
comercially viable. 
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