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Corrosion Engineering for Automotive Aluminum Heat Exchangers

Oo0ooao
Yasuaki ISOBE

ugooao
Keizo TAKEUCHI

Recently, reduction of component weight for gas mileage improvement in automobile applications
has become a subject of great importance for environmental protection.

This paper describes some applications of corrosion protection technologies and corrosion evaluation

technologies for automotive heat exchangers made from aluminum alloys. Corrosion environments

discussed in this paper are de-icing salt splash on radiators and condensers, engine coolant water in
radiators and heater cores, and condensate solutions on evaporators.

Key Words O Automotive Heat Exchanger , Aluminum Alloy , Corrosion , Corrosion Protection ,

Corrosion Evaluation
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Fig.1 Types of automotive heat exchangers
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Table 1 Environments of automotive heat exchangers

Heat Exchanger

Outer side

Inner side

Radiator

De-icing salt solution

Engine coolant

Heater core

Air

Engine coolant

Condenser

De-icing salt solution

Refrigerant (HFC134a)

Evaporator

Condensate solution

Refrigerant(HFC134a)
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Header plate

Fig.3 Example of heat exchanger structure
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Table 2 Typical corrosion test methods

Name Test condition Ref.

5 %NaCl solution (pH:6.5~7.2) JIS 2 2371
Salt spray test 354+2C JIS H 8502
Continuous spray (1~2ml/80cm¥h) ASTM B 117

5 %NaCl+0.26g/1 CuCl,*2H0 (pH:3.0) JIS H 8681
CASS test 50+2C JIS H 8502
Continuous spray (1~2ml/80cm¥h) ASTM B 368

(DSpray:Artificial sea water (ASTM D 1141) ASTM G 85-A3
PH:2.8~3.0, 49(or35)C

(@Wet:Relative humidity ;over 98 %
49(or35)C

(@Cycle:Spray(30min.)— Wet(90min.)

SWAAT test

@Spray: 5 %NaCl solution
pH:6.5~7.2, 35+2T

(@Dry: Relative humidity ;20~30%, 60°C
(@Wet: Relative humidity ;over 95%, 50°C
@Cycle:Spray(2h)— Dry(4h)— Wet(2h)

JASO M 610-92

JASO method
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Fig.5 Schematic diagram of cross sectional tube stock
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Table 3 Water side corrosive solution for
radiator and heater core

Solution name

Chemical composition (:ppm)

SO4*

HCOs5"

Cu?*

Fe3*

pH

ASTM

100

100

100

9.0

GM

100

300

200

1

9.5

(0) ¢

195

60

30

3.0

ND

300

100

55

(]

gerno
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Fig.7 Time variation in the maximum pit depth
in immersion test of ND corrosive solution
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Fig.8 Corrosion on the tube stock containing
0.2% Cu material in the ND immersion test
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Fig.9 Transmission electron micrograph of
precipitate at grain boundary
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Fig.11 Schematic diagram of intergranular
corrosion mechanism
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Table 4 Chemical composition of condensate
solution from evaporators in various

countries
Location oH Coductivity Concentration (ppm)
(S/m) S0 NOy
Nagoya(Japan) 4.2 7.0 0.6 19 1.8
Florida(USA) 6.6 - 1.0 48 -
Bangkok(Thailand) 6.7 14.2 0.9 22 4.1
Muscat(Oman) 6.7 — 2.8 35 -
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Fig.15 Time variation in the maximum pit depth
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Fig.17 Example of Si errosion at brazing
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