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The Study on the Corrosion
of Muffler for Motor Vehicles

Kwang-Seuk Kim

Department of Automotive Engineering
Graduate School of industry
Pukyong National University

Abstract

According to the industrial and -economic development, the
consumption of fossil energy like coal, petroleum and natural gas
rapidly increases, and i1t accelerates the environmental pollution.
Clearly, the car has been one of the notorious pollution sources -
noise, exhaust pollutant gas, etc. Among them, a muffler is usually
used for reducing noise from the exhaust gas of the engine.

Inside a muffler a condensed water can be generated due to

high temperature difference from the exhaust gas, and it can cause



a corrosion damage on the surface. Especially, the condensed
water, which sometimes be acid, makes these damages worse.

In this study, therefore, we carry out the corrosion test in the
acidified water with the aim to investigate the corrosion behavior

around a muffler which 1s made of Al-alloy and stainless steel.

The main results obtained in this study are as follows ;

1) As increasing SOx, both the pH of condensed water and the

polarization resistance of muffler are reduced.

2) As the pH of a condensed water is high in the range of pH
2 to pH 6.2, the polarization resistance of stainless steel is

higher than that of Al-alloy.

3) As decreasing the pH, the open-circuit potential decreases,

whereas the density of corrosive current increases.

4) As the pH of the condensed water is low except for the
condensed water of pH 0.5, the corrosion rate of Al-alloy and
stainless steel become high. Therefore, the corrosion

resistance for the uniform corrosion of a muffler decreases.
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5)

6)

7)

Under the natural, subacid and strong acid water, the
corrosion current density of stainless steel i1s lower than that
of Al-alloy. In the addition the anodic polarization movement
of stainless steel can be classified into 3 representative

regions.

As the positive hysteresis appears in the cyclic polarization
curve of Al-alloy, the damaged passive film in the forward
scan anodic polarization curve can not be repaired. However,
as negative hysteresis occurs in the cyclic polarization curve
of stainless steel, the damaged passive film in the forward

scan anodic polarization curve can be repaired of itself.

As the repassivation potential of | Al-alloy is lower than the
open—circuit  potential,  pits grow. However, as the
repassivation potential of stainless steel is higher than the

open—circuit potential, pits don’t.
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Nomenclature

: Corrosion rate(mmpy)

: Density of material(g/cm’)

: Electrode potential(mV/SCE)
. Impressed potential(mV/SCE)
. Pitting potential(mV/SCE)

: Equivalent of material(g)

: Current density(uA/crt)

. Corrosion current density(zA/cr’)
- Open circuit potential

: Resistance(£2)

: Repassivation potential, Rp

. Polarization resistance(k$)

: Saturated calomel electrode

: Testing time(min),(sec)

. Tensile strength(kg/mm’)
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Photo. 1 Appearance of corrosion damage of muffler

Photo. 2 Appearance of corrosion damage of muffler
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Table 1 Chemical compositions and mechanical properties

of Al-alloy for muffler

Chemical composition(Wt%) Mechanical properties

. NS TS
Si ke Mg Al (Mpa) (Mpa)
13.08 0.99 0.80 79.51 365 295

Table 2 Chemical compositions and mechanical properties

of Ferritic Stainless steel for muffler

Chemical composition(Wt%)

Mechanical properties

) Y.S T.S
C Sl Mn Cr Mo (Mpa) (Mpa)
0.03 | 061 | 1.50 | 21.65| 251 390 620
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Table 2 Experimental conditions of the polarization test

Instrument EG & G Model 273A
Distilled water
Electrolyte pH 0.5, 2.0, 40 and 6.5
specific resistance(Q - m) 100, 500, 1000 and 4000
Material for muffler
Scan rate 0.167 mV/s

Surface area ;
1.0 cm

of specimen

Polarization | Linear polarization test, Tafel polarization test

test Anodic polarization test, Cyclic polarization test

Temperature 25
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Photo. 4 Appearance of linear polarization test
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