
Effectiveness of catalytic converters on older 
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Research rationale
 Road transport is one of the major contributors to the environmental pollution.
 There are many sources and types of substances emitted by road transport, 

but for the vehicles with the internal combustion engine the main source of 
pollution is the tail-pipe exhaust emissions.

 A catalytic converter is the most common and efficient method to mitigate 
exhaust tail-pipe emissions.

 The efficiency of a catalytic converter can deteriorate with time and car’s 
mileage.

 In the countries with aging car fleets, without a compulsory, periodic and 
metered in-service emissions testing (like NZ), such deterioration can further 
increase the environmental pollution.

 This short presentation discusses the results of a pilot test performed at Unitec to 
evaluate the efficiency of catalytic converters on older cars in New Zealand.
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Introduction to vehicle emissions
 In spark ignition (SI) engines, air and fuel in a fine mist 

condition are mixed up and enter the cylinders.
 This mixture is controlled to be in 14.7 air to 1 part of fuel ratio 

to achieve a complete combustion inside the engine.
 The perfect air-fuel mixture and the subsequent complete 

combustion result in the following chemical reaction:

Fuel + Nitrogen + Oxygen = Water + Carbon dioxide + Nitrogen
OR

HyCx + O2 + N2 = H2O + CO2  + N2

 Such perfect mixture and the complete combustion are rarely 
achieved, so the real engines emit other exhaust 
components, including toxic ones.
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Controlling exhaust emissions
 Due to variation of external factors such as load, ambient temperature,  

and driving conditions, the perfect air-fuel mixture and the ideal 
combustion are difficult to achieve.

 Engine Management System (EMS) takes part in addressing those 
challenges up to a certain limit.

 Despite the corrections measures from EMS, the real engines still 
produce toxic gases:

HYCX+N2+O2 = H2O + CO2+ CO + HYCX + NOX

 To mitigate the toxic gaseous emissions (CO, HYCX, NOX ) a catalytic 
converter (CAT) is fitted to vehicles with internal combustion engines.
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Tail-pipe exhaust toxic emissions 

 Carbon monoxide (CO) – an odourless, tasteless, poisonous gas, it can 
cause a variety of health problems and even death.

 Unburned hydrocarbons (HC) – wide group of chemical compounds 
that can cause a variety of respiratory ailments (some of them are 
considered to be cancerogenic), and contributing to the formation of 
photochemical smog.

 Oxides of nitrogen (NOX) – cause respiratory ailments and are the key 
components in the formation of photochemical smog.

 Particulate matter (PM) - refers to solid particles that are present in the 
exhaust gasses.
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Three-way catalytic converter:
close loop control system 
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Construction of a catalytic converter (CAT)

 Consists of a monolith 
honeycomb structure,  
plated with precious 
metals:  Platinum, 
Palladium and Rhodium 
as catalysts.

 Platinum and Palladium 
for oxidation processes 
of CO and HC.

 Rhodium for NOX
reduction process.

Image: Taylorsville News, 2021
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Function of a catalytic converter (CAT)  

Kritsanaviparkporn, E., Baena-Moreno, F. M., & Reina, T. R. (2021) 
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Degradation of catalytic converters

 In theory, catalyst metals in a converter can 
be used indefinitely. In practice, however, 
the performance of catalysts degrade over 
time, this process is also known as 
“deactivation”.

 The deactivation include complex physical 
mechanisms and chemical reactions that 
are not yet fully understood by scientists.

 To compensate for in-service deactivation, 
manufacturers use excessive amounts of 
catalyst metals for a new converter to meet 
the emissions standards for the 10-15 year 
lifespan of a car.

 Lack of car maintenance and engine 
performance problems can lead to a 
premature failure of a catalytic converter.

(Myers, 2019)
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Research aim:

 The current research included four test cars, all running on RON 95 fuel, all having a 
current warrant of fitness (WoF).

 The years of manufacturing ranging between 1994 and 2001, and the odometer 
readings between 186,299 km and 264,001 km.

 The exhaust emissions were measured from the purposely drilled hole in the exhaust 
system (“pre-CAT”) and the at the tail-pipe (“post-CAT”)using the AVL series 4000 
Emission Tester.

 For each car and each exhaust emission component, tests were repeated ten 
times (five at the idle engine speed, and five at the fast-idle). The obtained data 
were processed using statistical analysis.
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 To evaluate the remaining effectiveness of catalytic 
converters in reducing toxic tail-pipe emissions for old petrol 
cars with high mileage. 

Research methods:



Emissions test points and equipment

Image: adapted from Ifandi, 2020
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Emissions tests setup for test vehicles12
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TOYOTA CAMRY 2000

Manufacturer’s specifications for tail-pipe emissions (AutoData, n.d.):
• CO limit at idle speed – 0.5% vol. max.
• CO2 at idle speed – between 14.5% and 16.0% vol.
• O2 at idle speed – within 0.1–0.5% vol.
• HC limit at idle speed – 100 ppm HEX max.
• CO content at increased idle speed – 0.3% vol. max 

(increased idle speed for CO test – 2400–2600 RPM).
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Test results for Toyota Camry 2000, odometer 246,487 km
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Results analysis for Toyota Camry 2000

 At idle engine speed, the increased post-CAT oxygen content indicates 
that the oxidation processes is not performed efficiently by CAT.

 No indication of oxidation of HC at Idle speed, and only an insignificant 
change for the fast-idle speed.
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Positive:

 NOX at fast-idle engine speed are significantly reduced by CAT.
 CO is lowered by CAT on both idle and fast-idle engine speeds.

Negative:

Conclusion:
 Possible deterioration of Platinum and/or Palladium catalysts, which are 

responsible for oxidation of HC.
 Rhodium catalyst seems to be still effective in the reduction of NOX.
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Manufacturer’s specifications for tail-pipe emissions (AutoData, n.d.):
• CO level at idle speed – 0.5% vol. max.
• CO2 level at idle speed – between 14.5 and 16.0% vol.
• O2 level at idle speed – within 0.1–0.5% vol.
• HC level at the idle speed – 100 ppm HEX max.
• CO content at increased idle speed – 0.3% vol. max

(increased idle speed for CO test – 2500–2800 RPM).
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Test results for Mitsubishi Galant 1999, odometer 264,001 km



Results analysis for Mitsubishi Galant 1999 

 Not observed
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Positive:
 The concentrations of all three toxic exhaust emission components 

(CO, HC, NOX) are significantly lowered by catalytic converter on 
both idle and fast-idle engine speeds.

 Low post-CAT levels of O2 confirm the efficiency of the oxidation 
prosses in CAT.

Negative:

Conclusion:
 No signs of deterioration of catalytic converter.
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Manufacturer’s specifications for tail-pipe emissions (AutoData, n.d.):
• CO limit at idle speed – 0.5% vol. max.
• CO2 at idle speed – between 14.5% and 16.0% vol.
• O2 at idle speed – within 0.1–0.5% vol.
• HC limit at idle speed – 100 ppm HEX max.
• CO content at increased idle speed – 0.3% vol. max 

(increased idle speed for CO test – 2500–2800 RPM).
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Test results for Mitsubishi Chariot 1994, odometer 239,131 km
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Results analysis for Mitsubishi Chariot 1994 

Positive:
 The concentration of NOX is slightly lowered by the CAT at fast-idle engine 

speed. 

Negative:
 The concentrations of CO and HC are not affected by CAT at both 

engine speeds.
 The unchanged post-CAT oxygen concentration confirms that the 

oxidation processes are not performed by CAT.

Conclusion:
 Evident absence of action from Platinum and Palladium catalysts, which 

are responsible for oxidation processes of CO and HC.
 Rhodium catalyst seems to have a very limited effectiveness in the 

reduction of NOX.
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Manufacturer’s specifications for tail-pipe emissions (AutoData, n.d.):
• CO level at idle speed – 0.5% vol max.
• CO2 level at idle speed – between 14.5 and 16.0% vol.
• O2 level at idle speed – within 0.1–0.5% vol.
• HC level at idle speed – 100 ppm HEX max.
• CO content at increased idle speed – 0.3% vol. max

(increased idle speed for CO test – 2500–2800 RPM).
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Test results for Volkswagen Golf 2001, odometer 186,299 km



 The concentration of all three toxic gasses (CO, NOX and HC) are 
not affected by CAT at idle engine speed.

 Post-CAT oxygen concentration at idle engine speed confirms the 
lack of oxidation reaction.

20 Results analysis for Volkswagen Golf 2001
Positive:

 The concentrations of CO and NOX are effectively lowered by the CAT 
at fast-idle engine speed.

Negative:

Conclusion:

 Possible deterioration of catalytic converter, as the oxidation and 
reduction processes become only evident at a higher temperature 
of the catalysts.



Summary

 In New Zealand more than a third of cars are 15 years or older, and one in five cars is 
older than 20 years (Environmental Health Indicators, 2020).

 Four old cars (age ranging from 17 to 24 years), all having a current warrant of fitness 
(WoF), were tested for the remaining efficiency of their catalytic converters.

 Only one car had an intact, properly functioning catalytic converter.

 Two cars demonstrated the signs of deterioration for the oxidation and/or reduction 
processes in their catalytic converters.

 One car had a practically inactive catalytic converter, resulting in a high 
concentration of toxic gases in the tail-pipe exhaust. For example, HC levels for this 
car were more then 3.5 times higher than for the car with the fully functioning 
catalytic converter.

 Further research is required, including testing a larger group of cars, to establish the 
real scope of the problem for vehicles running with degraded or failed catalytic 
converters on New Zealand roads.
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