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ABSTRACT

Catalytic converters are used to convert harmful exhaust gases like CO, NO, andunburnt hydrocarbons released by
internal combustion engine of automobiles into less harmful gases like CO2, H20 and N2. During the start-up of
engine run, catalytic converters suffer cold start problems as the catalyst does not remain active in cold conditions.
This results in emission of unconverted harmful gases into the atmosphere. This work attempts to eliminate cold
start problems using a heat storage system to keep the catalytic converter hot even under engine off conditions. A
eutectic alloy of Mg-Zn-Al is used as the Phase Change Material (PCM) to store the heat around the catalyst. This
alloy has high latent heat of fusion, high specific heat, suitable melting point and high thermal stability. Mg-Zn-Al
eutectic alloy changes its state between liquid and solid on application and removal of heat. Thus this phase change
material acts as a heat storage mechanism in the catalytic converter. Catalytic converter design also involves
Rockwool insulation in order to aid longer heat storage. This thermal energy storage system as a combination of
PCM and insulation, keeps the catal ytic converter hot for several hours even after the engine is shut off.
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INTRODUCTION

Over the years, catalytic converters are provebedhe essential component of automobiles for adimgethe

harmful exhaust gases coming out of the internaitmgstion engine into less harmful gases. Harmfakgdhat are
present in the exhaust of the internal combustiogiree are typically unburnt hydrocarbons, carbomaxide,

nitrogen oxides, etc. Catalytic converters use iaikig and reducing catalysts to convert the harngages. While
most of the catalytic converters rely upon the mobietals for the catalytic activity, other kinds aHtalysts,
including transition metal oxides can also be usethrry out the conversion in catalytic converters

Along with the catalyst, several other componera#s also be incorporated to improve the performasfcthe
catalytic converter. Components incorporated cantla¢ performance of catalytic converter eitherstyring the
heat in the catalytic converter or by improving thg/gen storage capacity in the catalytic convedeby any other
means.

Cold start emission has been one of the main pmubli@ the catalytic converter. Every time the ergm started
after being shut down for a long period, the caimalgonverter remains in cold condition for thetiai period of
engine run, making the catalyst in the converteretaler ineffective for the conversion. During theriod, engine
emits high amount ofpollutantsmainly the unburndtmgarbons which pass through the catalytic copvevithout
being converted because of the inactivity of thelgat at low temperatures.
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In this paper, Thermal Energy Storage (TES) systensed to store the heat in the catalytic conventel thereby
reduce the cold start emission problems in catabginverter.

The TES system includes PCM and thermal insulatR@Ms are the materials which undergo phase chande
hence stores the heat both in terms of latentdresensible heat. When PCM is heated beyond itsnmeoint, it
stores an extra amount of heat in terms of lateat.niSo when it is cooling down, it has to give latiént heat as
well along with sensible heat, hence it cools slow&Ms which undergo phase transition betweenl soid liquid
are of interest in catalytic converter as it casrestmore amount of heat and keep the catalytic etew hot for
longer time. PCM used in this paper is Mg-Zn-Al eamtic alloy. When the alloy is formed by mixing the
components of alloy in a proportion in Table 1. Taracteristics of Mg-Zn-Al eutectic alloywhichshows the
lowest melting temperature over all of the mixirggios for the involved components species, suclaley is
known as eutectic alloy. Mg-Zn-Al eutectic alloy isore suitable for this operation because of itysjal
properties. E. Risuenoet'atudied the physical characteristics of Mg-Zn-Ate=tic alloy, which is described in
Table 1. It has high latent heat of fusion, higbdfic heat capacity and high thermal stabilityhdis a melting point
of 340C which is more suitable as it keeps the catalgsve for the catalytic conversion. Thermal insida is
used to prevent the heat loss from the PCM. Inwhigk, Rockwool insulation is used along with Mg-Aheutectic
alloy to aid in storing the heat. By using the T&Stem in

the catalytic converter it is possible to storelieat during the period of engine run and keeg#talytic converter
hot during the engine-off period and hence reduttiegcold start emission problems in catalytic eoter.

Table 1. The characteristics of Mg-Zn-Aleutectic alloy

Melting Point | Latent heat of fusion Specific heat capacity Thermal Conductivity| Density

(K) (16° JIKQ) (J/Kg/K) (W/mK) (Kg/nr)
Temperature 298 573 378 578 613 299
MgzcZnz4.6Al5 4 613 157 690 830 47 59 38 2820

EXPERIMENTAL SECTION

The eutectic alloy was prepared for a particulanposition by using a vacuum furnace. The obtairkxy avas
then placed in the prepared apparatus to carrtheuest.

Preparation of Mg-Zn-Al eutectic alloy:

250g of Mg-Zn-Al eutectic alloy was prepared asvehan Figure 2 by mixing the elements Mg, Zn, arldriithe
proportion of 70, 24.9, and 5.1 respectively. Thaments were taken in a steel vessel and mixedepsodt was
kept in the vacuum furnace shown in Figure 1, &edtémperature inside the furnace was raised t6C4&0d kept
for 10 hours. Then, the furnace was allowed to ¢odhe vacuum conditions. The heating and cootipnge was
carried for two moretimes.

@ (b)
Figure 1: (a) Vacuum furnace, (b) Mg-Zn-Al eutectic alloy
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Apparatus used for thetesting of the PCM

Two concentric tubes of diameter 32mm and 44mnh having the length of 14cm were taken and wereedby
keeping the smaller tube in the larger tube and dheaulus was produced between the tubes. 250g. of
Mg-0Zn4.0Al 51 alloy was filled in the annular region and bottlesi of the annulus were closed. This assembly of
tubes and ceramic material is heated to°60@ the muffle furnace and kept at 8a0for one hour and removed
from the furnace. Rockwool insulation of 20mm thieks is provided around the larger tube. Honeycbkeb
ceramic cordierite (which is widely used as thessute on which catalyst is coated) were made tinéosmall
cylinders and kept inside the smaller tube. Tentpegsof ceramic that is kept inside the tube is sneed using IR
thermometer gun at periodic time intervals.

(a) (b)
Figure 2: @) Two set of concentric tubeswith ceramic cordierite substrateinside, (b) Rockwool insulation

RESULTSAND DISCUSSION

When the TES system is incorporated in the catatygnverter, during the period of engine run thmperature of
catalytic converter increases. As the temperatfifd@Zn-Al eutectic alloy reaches 3%D, further heat supply is
used for the phase change from solid to liquid. Aedce whenever the catalytic converter is heataddre than
340PC, additional amount of heat which is equivalentaient heat of fusion of the eutectic alloy isretbin the
catalytic converter. Experiments shown that asctti@drical ceramic substrates were placed in thatédtubes, the
temperature of the ceramic was raised from the reemperature to around Z%D and the temperature reduced
slowly thereafter. Temperature of the ceramic rexaaimore than 268G for around three and half hours.

Experiments proved the working of Mg-Zn-Al eutectitoy. However the conditions will be different the actual
catalytic converter. In the actual catalytic coneethe substrate material (like ceramic cordigrigeheated along
with the rest of the catalytic converter assemHignce, the actual catalytic converter remains gtidri temperature
for longer period of time. Figure 4 shows the CATidel of catalytic converter
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Figure 3: Temperaturev/stime curvefor the ceramic cordierite substrate kept inside the tube

Figure 4: Model of the proposed catalytic converter

CONCLUSION

Over the years, catalytic converters are improwngvery possible aspect of operation for the betb@version of
harmful exhaust gases from the automobiles. The $¥$em is one of the possible means of improvirg t
performance of catalytic converter by storing theathand in turn aiding the performance of the gatalThe
characteristics of Mg-Zn-Al eutectic alloy are bestitable for catalytic converter operation and iRemol
insulation also play a vital role in improving therformance of the catalytic converter.
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