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Evaluation of the performance, standards, and quality of automotive catalysts available in the Iranian
market
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Recent Advances in the Development of Automotive Catalytic Converters: A Systematic
Review

Despite the current boost in the use of electric vehicles to reduce the automotive sector’s
footprint, combustion vehicles are and will be present in our cities in both the immediate and
long term. In this sense, catalytic converters, which are exhaust gas post-treatment systems for
vehicle emission control, are critical for complying with increasingly stringent environmental
regulations. This work proposes a systematic review to identify the most relevant knowledge
regarding the parameters (materials, geometries, and engine conditions), conditions (cold start,
oxygen storage, and deactivation), and mathematical models to consider in the design of
catalytic converters. The Scopus database contains YAY records related to this review’s
objective. After applying the inclusion and exclusion criteria, 1© reports were retrieved for
evaluation. A table was created to present the results and prepare this manuscript. The
evaluation revealed that the following topics were active: the study of non-noble catalyst
materials, as well as new substrate materials and geometries, for designing more compact and
cost-effective catalytic converters; the development of strategies to improve conversion during
cold starts; and the development of accurate and fast estimation models.

The performance test of the car catalytic converter in the conditions of urban operation

In the conditions of continuous operation of a car tests of its engine for compliance with the
declared environmental class on specialized test benches seem to be quite costly and
laborious. Given this circumstance, in this paper a simplified method for verifying the
operability of converters is proposed including the assessment of the influence of certain
operation modes and some operational factors on the amount of hydrocarbons and carbon
monoxide emissions. Efficiency of the converter was estimated by comparing the
experimental data on the emissions of these toxic components in the exhaust system before
and after the converter. To test the efficiency of the converter, the cold start and warm-up
modes of the engine were selected and investigated, as well as several modes close to those
typical for testing the engine and car in urban areas according to the European Driving Cycle.
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As operational factors, typical malfunctions were investigated that often occur during the
operation of an engine and significantly increase the amount of harmful emissions. A criterion
is proposed for evaluating the performance of the converter and recommendations are given to
increase the efficiency of the converter to meet the certain emission standards for cars with
spark-ignition engines.

Catalytic converter performance prediction and engine optimization when powered by
diisopropyl ether/gasoline blends: Combined application of response surface
methodology and artificial neural network

The main objective of this study is to develop a neural network model to predict high-
accuracy responses and optimize the input parameters using response surface methodology to
improve catalytic converter performance when powered by diisopropyl ether/gasoline blends.
The engine exhaust gas was treated by a commercial catalytic converter by varying the brake
power, engine speed, and compression ratio, and the pollutant levels were measured. Again,
the experiment was repeated, and the exhaust gas was treated by a sucrose/alumina catalyst-
coated converter and the results were compared. Experimentally obtained data were employed
to develop a neural network and response surface methodology model. The developed
artificial neural network yielded higher R" values of over +,44YY for commercial catalytic
converter and over +,337YY for sucrose/alumina catalyst-coated converter. Furthermore, mean
square error values were less than ¥ % for all the responses which indicates higher prediction
accuracy. Similarly, the developed response surface methodology model exhibited a higher F-
value and lower p-value which indicates the model is accurate. Moreover, the desirability
factor of over +,3% for both cases shows the model's high stability. The predicted optimum
brake power of A,+Y kW at Yo+ rpm and 9,° compression ratio produced lesser emissions
and the validation test error was found to be less than ¢ %. Thus, the authors conclude that the
combined application of artificial neural network and response surface methodology will be
efficient in exhaust gas pollution level prediction and optimization.
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