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Abstract— Catalytic converter is an important after
treatment device for emission control in automobiles.
Conversion rate of harmful exhaust emission gas in catalytic
converter and its efficiency is directly related to design
factors of converters such as catalyst materials, wash coat
material, substrate material, substrate design and other
design factors. Amongst all the factors selection of material
for catalyst is considered to be the most important as it deals
with exhaust molecules to form nontoxic exhaust emission
like nitrogen, carbon dioxide, hydrogen and also it can result
in reduction of back pressure by design optimization.
Various materials have been used as catalyst for catalytic
converter which ranges from precious metals like platinum,
palladium and rhodium etc. to non-noble metals such as
cobalt, zirconium etc. The selection of materials has greater
significance in catalytic converter design because of the vast
activity in material science. Therefore, the range of material
available to engineers are much larger than ever before. To
accomplish better performance at lower price requires as
more rational process for material selection. This paper
deals with the recent material selection methodology by
using weighted property index method (WPIM) to select
material for catalytic converter. The emission performance
of a converter is primarily function of properties of the
catalyst. So, in case of selecting catalytic material, there are
different parameters that one might consider for catalyst
selection. However, in this method five different important
catalytic properties are selected as required characteristic
which includes valency, density, ionization energy, thermal
conductivity, and thermal expansion. They were optimized
using WPIM. The results of the present paper on WPIM gives
best material selection for converter. The selected material
is again optimized by using cost per unit method and result
shows best material by considering cost also for catalytic
converter which is also mentioned in other previous
research paper.

Keywords— Emission, Catalytic Converter, Catalyst
Material, Catalytic properties, Weighted property index
method.

. INTRODUCTION

Air pollution from automobile sources in major cities
around the world has become a major concern for urban
air quality, emissions from engines contains toxic gases
such as carbon monoxide (CO), nitrogen oxides (NO) and
unburned hydrocarbons (HC) along with longer amounts
of partially oxidized organic compounds. In order to
control the emissions from automobiles, sophisticated new
engine technologies are introduced and also to meet
stringent emission standards it has become a compulsion
to introduce in vehicle. Thus, there is a direct need of
treating engine pollutants gases and because of which the
catalytic converter systems are being introduced in
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automobiles. Previously, Platinum Group Metals (PGM)
have been used as a catalyst in commercially available
catalytic convertors in which high surface area alumina has
been used as washcoat and ceramic or metallic substrate
for support. However, due to erosion and deterioration
caused by thermal and mechanical stresses during longer
operational periods, PGMs are emitted in the environment.
Increasing concentration of PGMs in environment due to
use of PGM based catalytic converter, and also those are
dangerous to health which has been found in different
studies [1]. Now a day, at large scale research has been
carried out by using different materials with different
treatment for considering the environmental issues.
Ramirez Garza et al,, [11] have used Mordenite-supported
bimetallic (Cu-Ag) as catalysts and these were prepared for
NO reduction. The maximum catalytic activity was shown
for Cu (1.5) and Ag (1.5) with 70 % catalytic conversion at
380 °C. Bouck, R.M. et al, [12] have used the Cobalt-
alumina as catalyst and it has been prepared by sol gel
method. Preliminary catalytic tests showed that pre-
heating Co-Al aerogels to 750 °C improves catalytic
performance. Material pre-heated at 750 °C shows the
improved catalytic conversion efficiency for CO, HC, and
NOx as 89%, 9% and 80% at 740, 750 and 750 °C
respectively. R. M. Bagus Irawan et al, [13] have carried
out research by using Manganese Coated Copper catalyst.
The substrate with different cell density of 5, 10 and 15
had been used in this research out. The maximum catalytic
oxidation of CO was observed to be 79.6 %. Thus, result
shows that cell density as well as material Manganese
which is coated with copper has effect on catalytic activity.
Femina Patel et al., 2013 [14] have conducted experiment
by using Perovskite type catalysts Lal-xSrxCo03 (x=0, 0.2)
composition synthesized by co precipitation method which
were tested for carbon monoxide (CO) oxidation. The
prepared perovskite samples were characterized. Result
shows that strontium substitution in LaCoO3 is
responsible for enhanced CO oxidation activity due to easy
reduction of transition metal and oxygen desorption
properties. La0.8Sr0.2Co03 exhibited higher activity for
CO conversion than LaCo03. 100% CO oxidation at 268°C
was achieved with this catalyst. Thus, the catalyst selection
has become an important stage in designing catalytic
converter.

A large number of available alternative materials,
having complex relationships with various selection
parameters (criteria), make the material selection process
a challenging task. Selection of the most suitable material
involves the study of a large number of factors, like
mechanical, electrical and physical properties, and cost
considerations of the materials. In case of mechanical
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design, the mechanical properties of the materials are
given the top priorities [2]. The significance of materials
selection in design is greater than before. The vast activity
in materials science worldwide has formed new materials
and focused concentration on the contest between six
groups of materials viz. metals, polymers, elastomers,
ceramics, glasses, and composites. Therefore, the range of
materials available to the engineer is much larger than
ever before. To accomplish better performance at a lower
price requires a more rational process for materials
selection [3]. A design demands requires a certain profile
of important properties and to start with the full menu of
materials in mind. There is need to identify the desired
attribute profile by examining the design requirements
and to identify the constraints that they impose on
material choice. The immensely wide choice is narrowed,
by screening-out the materials that cannot meet the
constraints. Further, narrowing is achieved by ranking the
candidates by their ability to maximize performance.
Criteria for screening and ranking are derived from the
design requirements for a component by an analysis of
function, constraints, objectives, and free variables [4].
There are different methods by which material can be
selected as per above stated criteria of which some are
discussed here.

Il.  MATERIAL SELECTION METHODOLOGIES

In the product development, material is a key aspect of
product and so the method and process used to select the
material. Also, it plays an important role in designing
process. Thus, there are number of selection methods
which are being used and thoughts in academic. From all
those methods, the cost per unit method is the one which is
suitable for initial screening in applications where one
property stands out as the most critical service
requirement [5]. Value Engineering is the another method
which is an systematic application of recognized
techniques by multi-disciplined teams that identifies the
function of a product or service; establishes a worth for
that function, generates alternatives through the use of
creative thinking and provides the needed functions,
reliably, at the lowest overall cost, thus, it is a systematic
method to improve the "value" of goods or products and
services by using an examination of function [6]. Weighted
property index method is used when material is need to be
selected by optimization of more than one properties. The
typical approximation is to allocate a weighting factor to
each material condition or property, relying on its
significance [7]. This method is used to select material in
this study. In order to select the material using this
particular method, for the application of -catalytic
converter it is required to know the important properties
that can be physical or chemical properties which is
described in further part. Thus, this method seems to be
most appropriate for material selection compare to other
methods.

I1l.  MATERIAL PROPERTIES

Three Way Catalytic Converter (TWC) deals with the
exhaust gas molecules to form nonhazardous emissions
like Nitrogen, Carbon Dioxide, Hydrogen Dioxide and can
also be aimed at reduction in back pressure by design
optimization. Numbers of materials have been used as
catalyst from precious metals like Platinum (Pt), Rhodium
(Rd) to Non-Noble Metal Catalyst like Copper, Cobalt, and
Zirconium etc. The emission performance of a converter is
primarily function of properties of the catalyst.
The ionization energy (IE) is the chemical property which
is qualitatively defined as the amount of energy required to
remove the most loosely bound electron, the valence
electron and it is inversely proportional to catalytic
activity. So, it must be less in order to get large activity [8].
Valence electronis an outer shell electronthat is
associated with an atom, and that can participate in the
formation of chemical bond, if the outer shell is not closed.
The presence of valence electron can determine the
element chemical properties, such as it valence.
The density, or more precisely, the volumetric mass
density, of a substance is its massper unit. Catalyst
quantities are typically specified commercially on the basis
of volume and bulk density. Particle density is often used
in calculating Thiele modulus for a mass-based rate
constant and converting rate between volume and mass
bases [9]. Thermal conductivity is the propertyof a
material to conduct heat. It is evaluated primarily in terms
of Fourier's Law for heat conduction. Heat transfer occurs
at a lower rate across materials of low thermal
conductivity than across materials of high thermal
conductivity. Correspondingly, materials of high thermal
conductivity are widely used in heat sink applications and
materials of low thermal conductivity are used as thermal
insulation. The thermal conductivity of a material may
depend on temperature. Thermal expansion is the physical
property of material in which the matter changes its shape,
area and volume in response to a change in temperature.

IV. MATERIAL SELECTION BY WPIM

In this paper, material has been selected by weighted
property index method and its step wise process is
described below. Initially, screening of transitions
elements has been considered for those material which are
having catalytic properties. As these elements are used for
other catalytic applications, noble metals from the
literature has been selected such as Ruthenium (Ru),
Rhodium (Rh), Palladium (Pd), Silver (Ag), Osmium (Os),
Rhenium (Re), Iridium (Ir), Platinum (Pt), Gold (Au) and
Copper (Cu).

A. Catalytic properties of noble metals

Catalytic properties of noble materials are listed separately
from which chemical properties such as valency (V),
oxidation state, ionization energy (IE). Physical properties
are density (p), melting point (MP), boiling point (BP),
thermal conductivity (K), coefficient of thermal expansion
(TE) and along with their particular element cost for ten
grams.
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TABLE 1. CHEMICAL PROPERTIFS OF NOBLE METALS. [19] Re 3459 586 21020 48 6.2 4000
Sk No Element | Valenc Oxidation Ionization 9
T s y state energy (KJ/mol) 528
1 Ru P 34 7102 0s 3306 p 22610 88 5.1 12000
2 Rh 6 3 719.7 Ir | 2739 410 22650 | 150 6.4 25000
3 Pd 4 2,4 804.4 209
4 Ag 4 2,4 731 Pt 2041.4 g 21090 72 8.8 29000
> Re 7 4 760 Au | 133733 | 312 | 19300 | 320 14.2 26745
6 0s 8 4 840 9
7 Ir 8 3,4 880 cu | 135777 | 220 | 920 | 400 | 165 152
8 Pt 6 2,4 870
9 A 5 3 890.1 B. Digital Logic Method
10 Cu 4 2 745.5 In this stage, each property is weighted and factor is
assigned to each element according to their weightage as
TABLE 2. PHYSICAL PROPERTIES OF NOBLE METALS [10] given in table 3. Total five properties have been selected
for this catalyst material selection those are density (&),
valency (V), thermal conductivity (K), Ionization energy
(IE), and thermal expansion (TE). The total number of
Ele P K TE Cost/10 possible decisions is calculated as N=n (n-1) / 2, wheren
BP 3 (um/(m . . ; .
me | MP (K) K) (Kg/m*> | (W/ K) (at gram is the number of properties consideration.
nts ) mK) o (Rs.)
25 °C))
nin — 1)
N = 3
442
Ru 2607 3 12370 | 120 6.4 2700 5(5—1)
396 =— = 10
Rh 2237 8 12450 | 150 8.2 36000 =
323 There are total ten possibilities which can be
Pd | 182805 6 12023 72 118 210385 interrelated as shown in Table 3. Thus, the weighting
g | 123493 24;3 10490 | 430 18.9 342.93 factor has been calcula.ted and it has been assigned to each
property. The summation of all should be equal to 1.
TABLE 3. DETERMINATION OF RELATIVE IMPORTANCE OF MATERIAL PROPERTIES USING DIGITAL LOGIC METHOD.
Possibilities
Weigh-
Sr. No. Properties 1-2 1-3 1-4 1-5 2-3 2-4 2-5 3-4 3-5 4-5 + ve Decisions ting
factor
1 2 3 4 5 6 7 8 9 10 a
1 p 1 1 0 0 1 2 0.2
2 v 2 0 1 0 1 2 0.2
3 K 3 1 0 1 1 3 0.3
4 IE 4 1 1 0 0 2 0.2
5 TE 5 0 0 0 1 1 0.1
b 10 1

C. Performance Index

The weighted properties index has the disadvantage of
having to combine properties with dissimilar units thus, it
has been stabilizing by using a scaling factor [7]. The
scaling factor for valency, density and thermal conductivity
for which higher value is required, is calculated by using

equation (1) as,
g = numerical value of property

% (100)

largest value

e (1)

Sample calculation for 8max yalency of rhodium (Rh),

)
o8 =g % 100 =75

For properties like ionization energy and thermal
expansion for which a low value is best as given in

equation (2), the scale factor is defined as:
[owest vaiue in list )
(100

" numerical value of property

........ (2)

Sample calculation of Blow thermal expansion for
ruthenium (Rh) as,

B >1 100 = 79.68
o = — % = .
" TG4
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The values of £ for all properties has been calculated
and multiplied with their respective property weighting
factor. Then the summation of Xaf3 has been calculated to
find the weighted property index for each element as given
in Table 4.

Thus, the sample calculation for WPI as shown in equation
(3) for ruthenium is given as,
¥y =2, GW . (3)

~y = (0.2 x 100) + (0.2 x 54.6) + (0.3 % 30) +
(0.1 = 79.68) + (0.2 = 100) = §92.801478

Thus, from the above table the value of property index
method has been calculated for each metal and the metal
having highest WPI can be selected as the suitable material
for particular application, but it is without considering the
cost of metals. In this case, Iridium is found to be the
suitable as per our priority for properties using weighted
property index method. Thus, by considering cost it has
given in next stage as cost also an important factor.

selecting or designing material. However, if there is a large
number of properties to consider, the importance of cost
may be emphasized by considering it separately as a

modifier to the material performance index ¥ In the cases
where the material is used for space filling, cost can be
introduced on a per-unit-volume basis as given in Table 5.

A figure of merit ¥' for the material can then be defined as
from equation (4),
4

y' ==

. SO (4)

Where, C = total cost of material per unit weight, & =
density of material
Thus, from the weighted property index chart considering
cost per unit volume, the performance index has been
calculated, and it can be observed that Copper has the
highest performance index value as 0.051. Hence, Copper
metal can be selected as a catalytic material for the three-
way catalytic converter by considering those selected
property as per the decided priority in this method and
also prioritizing the cost. We can change the priority and
properties as per the experience having about properties

D. Cost Consideration and alter the sequence and priority as per our
. . requirements.
Cost can be considered as one of the properties and q
now a day it has become a need to consider the cost while
TABLE 4. PERFORMANCE INDEX CHART
Weight
o= o= ed
« - a=0.2 - a=0.1 a=0.2 Propert
0 0
y Index
(WPI)
Elem B 8 B
—ent Max Zap 1; s B Max Zap K Max Zof TE BLow | Zap IE B Low Zaf v)
Ru 100 | 20 | 1237 | 546 | 1092 | 120 30 9 6.4 79.68 | 7.96 | 710.2 | 100 20 67.891
Rh 75 15 | 1245 | 54966 | 1099 | 150 | 37.5 | 11.25 | 8.2 6219 | 621 | 719.7 | 98.68 | 19.736 | 63.198
Pd 50 10 | 12.02 | 53.081 | 10.61 | 72 18 5.4 11.8 | 4322 | 4.32 | 804.4 | 88.289 | 17.658 | 47.996
Ag 50 10 | 1049 | 46313 | 9.262 | 430 | 107.5 | 32.25 | 189 | 2698 | 2.69 | 731 | 97.155 | 19.431 | 73.642
Re 87.5 | 17.5 | 21.02 | 92.803 | 1856 | 48 12 3.6 6.2 8225 | 822 | 760 | 93.447 | 18.689 | 66.575
0s 100 | 20 | 22.61 | 99.823 | 19.96 | 88 22 6.6 5.1 100 10 | 840 | 84.548 | 1691 | 73.474
Ir 100 | 20 | 22.65 | 100 20 | 150 | 375 | 11.25 | 64 79.68 | 7.96 | 880 | 80.705 | 16.141 | 75359
Pt 75 15 | 21.09 | 93.112 | 1862 | 72 18 5.4 8.8 57.95 | 579 | 870 | 81.632 | 16.326 | 61.144
Au 625 | 125 | 19.30 | 85.209 | 17.04 | 320 | 80 24 142 | 3591 | 3.59 | 890.1 | 79.789 | 15958 | 73.091
Cu 50 10 | 892 | 39.381 | 7.876 | 400 | 100 30 165 | 30.90 | 3.09 | 745.5 | 95.265 | 19.053 | 70.020
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TABLE 5. PERFORMANCE INDEX PER UNIT COST PER UNIT VOLUME

WPI Considering cost
Cost/10 gram I
per unit volume (‘]-’( )
}f
Symbol C 5x €
)
Ru 2700 33399 0.00203274
Rh 36000 448200 0.000141006
Pd 210385 252945.8855 0.000189749
Ag 342.93 3597.3357 0.020471268
Re 4000 84080 0.000791817
Os 12000 271320 0.000270803
Ir 25000 566250 0.000133085
Pt 29000 611610 9.99729E-05
Au 26745 516178.5 0.000141601
Cu 152 1355.84 0.051643463

V. VALIDATION OF RESULT

The outcomes of this method suggest that copper
would be the better material considering its given
properties and also the cost as important one. From the
literature it seems that copper shows the better result for
the requirements and its oxidation and reduction results
are satisfactory. Ghosh et al. [15] have worked on copper
and they have achieved 85 % NOx, 72 % CO and HC as
conversion efficiencies. Also, Irawan R. B et al. [13] have
carried out work on bimetallic component using copper as
main ingredient in which they have significantly reduced
CO emission. Thus, from the literature, it has been seen
that copper can work as the best material for catalytic
converter and the WPIM method results seem to be the
expected as per our requirements.

V1. CONCLUSION

Material selection is an important aspect in the
catalytic converter, so WPIM selection methodology has
been demonstrated by selecting noble metal for catalytic
converter. In this study, material has been selected
primarily by initial screening and then by using digital
logic method by considering important catalytic
properties. Cost has also been considered so as to make
material selection as cost effective by using cost per unit
volume. The calculated weighted property index
considering cost shows that copper is appropriate metal
for catalytic converter in noble metals for the decided
priority and the selected properties. Thus, as per our
requirement, preference and economical condition we can

select the material by using WPIM method and from the
literature it has seen that copper shows better catalytic
activity. The actual or the typical catalyst selection way
differ from the industrial way, so the accuracy of this
method is somewhat less than actual one but then also it
seems to be effective one for catalytic material selection.
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