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Improving Air Quality: Photochemical Smog

3.10 Catalytic Converters for Gasoline Engines

Over the last decades, automobile manufacturers have employed several
strategies to decrease VOC and NOy emissions from their vehicles and
thereby meet governmental standards. One early technique for NOy control
was to lower the temperature of the combustion flame and thereby decrease
the rate of creation of thermal nitric oxide. The temperature lowering was
achieved by recirculating a fraction of the engine emissions back through the
flame.

In recent decades, more complete control of NOy emissions from
gasoline-powered cars and trucks has been achieved using catalytic convert-
ers placed just ahead of the muffler in the vehicle’s exhaust system. The
original two-way converters controlled only carbon-containing gases,
including carbon monoxide, CO, by completing their combustion to carbon
dioxide. However, by use of a surface impregnated with a platinum-rhodium
catalyst, the modern three-way converter changes nitrogen oxides back to
elemental nitrogen and oxygen using unburned hydrocarbons and the com-
bustion intermediates CO and H, as reducing agents:

2NO —>>N,+ O, overall
via, for example,
BN, + 2H,0

: ~ Write and balance reactions in which NO is converted to N, (a) by CO, and
by C¢H,,. [Hint: The other reaction product is CO,, plus H,O in the lat-

case.] 3

-containing gases in the exhaust are catalytically oxidized
y to CO, and water by the oxygen that is present:

e 0,— 200,
+ (n + m/4) O,—>n CO, + m{2 H,O
pEFOr- O, —> CO, + H,O

as very tiny crystallites, initially less than 10 nm
the vehicle’s exhaust system are monitored by a
intake air/fuel ratio of the engine to the stoi-
the fuel in order to ensure a high level of con-
hole process is illustrated in Figure 3-9a. If the
metric ratio, the warmed catalyst
oo much air), causing nitrogen
tion (if there is too little air),
ustrated in Figure 3-9b.

21

Recall that the reaction of N,
with O, has a high activation
energy, so its rate is very
dependent upon
temperature.

Several hundred dollars’
worth of precious metals are
present in each catalytic
converter.

Reduction

Oxidation
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FIGURE 3-9 (a) Modern catalytic converter for automobiles, with its position in the exhaust
system indicated. [Source: L. A. Bloomfield, “Catalytic Converter,” Scientific American (February 2000): 108.]
(b) Efficiency in conversion of catalytic converter versus air/fuel ratio. [Source: B. Harrison,
“Emission Control,” Education in Chemistry 37 (2000): 127.]
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2 Some dprﬁgres; has been reported in the use of less-valuable metals, such as
pper and chromium, instead of the expensive platinum-group metals as cata-

lysts in catalytic converters. Although the metals are recycled from old con-
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erters, a portion is inevitably lost in the process. Scientists have expressed

concern i

particles 2? gilatti;}:ﬁner;‘;ifgg mentaldpr};)bleln of widely broadcasting the tiny
) ium, and rhodium

themselves during their Operati(;n_ that are lost from the converters

The catal e i
R ch)thth;: reduces nitric oxide to nitrogen also reduces sulfur
oy duCeZé sulﬁz’r ogen sulfide, H,S. The emitted gases include H,S and
e Charactericsct)incl[())(?jundsf, which collectively often give vehicle emis
Or of rotten e 1 el

of sulfur-containi ] ggs. In addition, the small amounts
il i catarll;?ii t:(c))lecules in gasoline—and djesel ,fuel—can partiallY

nverters if sulfate particles produced from them
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g Ca}talYSt metal, deactivating them. The maximum annual average
sulfur levels in gasoline, amounting to several hundred parts per million in
the past, have been reduced to 30 ppm in both the United States and
Canada, and to 10 ppm in the European Union, By contrast, the maximum

sulfur in gasoline for India’s cities is 150
: m, though lans t
lower it to 50 ppm in the future. ¥ it e i

The sulfur is removed from gasoline during refining, usually by hydrode-

sulfurizatiQn, itself a catalytic process, which reacts organic sulfur-containing
molecult?s in the gasoline with hydrogen gas, H,, to produce hydrogen sul-
fide, which then is removed. Alternatively, the sulfur-containing molecules
may be removed from the fuel by absorbing them during the refining
process.

In the first few minutes after a vehicle’s engine has been started up, the
catalysts are cold, so the converters cannot operate effectively and there are
bursts of emissions from the tailpipe. Indeed, approximately 80% of all the
emissions from converter-equipped cars are produced in the first few minutes
after starting. Once an engine has warmed up and the catalysts have been
heated to about 300°C by engine exhaust, three-way catalysts convert
80-90% of the hydrocarbons, CO, and NOj to innocuous substances before
the exhaust gases are released into the atmosphere. However, fuel-rich mix-
tures are fed to the engine in the first minute or so after the vehicle engine
is started, and also when high acceleration occurs, so carbon monoxide and
unburned hydrocarbons are emitted directly into the air under these oxygen-
starved conditions.

Research and development is underway to develop catalytic converters
that would convert start-up emissions so that these are not released into the
air. Various approaches being investigated include

R

® devising a converter that will operate at lower temperatures or that can
be preheated so it begins to operate immediately,

ollutants until the engine and converter are heated, and

ch as cars have gradually been decreased in
7. The U.S. EPA sets regulations for the maxi-
), NOy, total and non-methane hydrocarbons
me governments have recently instituted
ems to ensure that they continue to
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Methane is much slower

to react than are other
hydrocarbons, so its
emissions are often excluded
from regulations.
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FIGURE 3-10 Fleet-weighted CO contribution of vehicles by model year in mid-1990s
Denver, Colorado, traffic analysis. Light green represents vehicles rated “good” in terms of their
CO emission levels, gray represents vehicles rated “fair,” and dark green those rated “poor.”
[Source: G. A. Bishop et al., “Drive-By Motor Vehicle Emissions: Immediate Feedback in Reducing Air
Pollution,” Environ. Sci. Technol. 34 (2000): 1110.]

Vehicles whose catalytic converters have been damaged or tampered with
producc': most of the emissions: typically, 50% of the hydrocarbons and carbon
monox@e are released from 10% of the cars on the road. For example, a study of
soot emissions from cars in The Netherlands established that 5% of vehicles
accounFed for {3% of pollution. A mid-1990s survey of carbon monoxide emitted
'l;{lpassmg Uafflc'ln Denver, Colorado produced the results shown in Figure 3-10.
] OZd g"{eeiF r}?a]orlty gf Denv.er’s vehicles of ages up to about 12 years were rated

good” (light green in the figure) in terms of their control of tailpipe emissions.
Most of the carbon monoxide came from cars 6-12 i
b years old (Figure 3-10),

y were so numerous and because of th i
with “poor” or “fair” emission level (dark e
tively). In recent decades, the gradlslal filr g.reen.and B e 10, e
R ey o }sterlorapon of catalytic converters is less
ch high emitters is now far less common.

3.11 Air Quality Standards
The legislated Aj i
ey arg - eed 1;\{1{ a(%;lea;lgf ngdards ‘for the common, important air pollut
mum concentrations the o erent jurisdictions differ slightly in the maxi-
compliance if these maxin};apaerremlt;l usually an area is considered to be it
pollutants differe Oy rarely exceed, i
i COHCeIr::r:'igles are listed depending u;i;ll\]tgtlcg st fo‘r Sg‘:va
can tolerate a high . oceurs, the assumption hej el alth
Eher concentratiop, of the pollutante ;ng th;t humagdhe

or a short period.





