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Analysis of Pitting Corrosion Growth Behavior of Aluminum Condensers and Establishment of
Corrosion-Resistant Evaluation Method
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ABSTRACT

The purpose of this investigation is to establish an
evaluation method of corrosion resistance on the
aluminum condenser of an automobile air conditioning
system under actual conditions. Based on the statistical
analysis with the corrosion data on several condensers,we
found the mechanism of pitting corrosion of aluminum
material consisting of two processes. The first process
is a generation of pitting nuclei, and the second is pitting
growth. The acceleration factors of corrosion of the two
processes are different in nature. Generation of pitting
nuclei in the first process can be accelerated with ion
concentration cells by repeated wet / dry cycles. Pitting
growth in the second process can be done by keeping
the pitting in an acid condition. Because it was
impossible to get a good result in acceleration with only
one condition for two different factors, we decided to
switch over the test condition, from one to another, in
the middle of the test. Thus, a corrosion test method
with higher acceleration could be obtained, resulting in
revealing a similar corrosion morphology to that found
in the market.
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Fig.1  Aluminum condenser
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Table 1 Substrates on condenser
. Stuck .
Ingredient Analysis method
(mg/car) (%)

F 96 EIEI)A

CI- 4710 7
NO; 0 0.0 lon chromatograph
SO,> 833 3.8

Na 3777 Wa

K 309 1.4

Mg 105 0.5 Inductively coupled

Ca 337 1.6 plasma atomic emission

Al 2938 8.0 | spectrometer

Cu 4 0.0

Fe 428 2.0
Si0, 4560  Bh.0 | X-ray diffractometer
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Fig.3 Cross sectional view of optical microscope
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Table 2 Test item for corrosion

Spec No. Test item
ASTM B-117-73 SST
ASTM B-287-74 ASS
ASTM G-43-75 SWAAT
ASTM B-368-68 CASS
JASO M610-92 Cycle corrosion test
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Table 3 Corrosion accelerating factor of representative test method for condenser
and the results of actual condenser corrosion test

. . Reproducibility of
. Corrosion Accelerating ! . .
No. Test item Factor corrosion appearance in Corrosion depth Judgment
market
1 SST S
1) Destruction of Not acceptable £ 50 e
oxide film by CI 3 /
2) Acceleration of *Fin corrosion and tube g 20 // Not
. . anode reaction by CI'| uniformity corrosion 2 100 = acceptable
Continuous mist occur 8
spray of neutral «Market reproducibility NG | £ ° 5o 10 150 200
salt water g Test period (day)
1)Destruction of oxide E o
2 , ) =
CASS O film by CI" and acid Not acceptable £ a00 d
B) Acceleration of anode 3 / Not
Conti - o reaction by CI *Fin corrosion and tube 3 0 ?( acceptable
on |nucf>us _r(;1_|s a) Acceleration of uniformity corrosion g 100 P
:slrta)é( ocsg'p(':r cathode reaction by | occur. g o
4 , Cu precipitation *Market reproducibility NG | % 0. teo a0 20
chloride solution precip P y g Test period (day)
. g 400
3 |Cycle Corrosion| 4y noirction of oxide Acceptable s o
Test o film by CF g pd
Cyclic change B) Acceleration of *Fin corrosion dose not § 2o yd Acceptable
*Mist spray of o anode reaction by CI'| occur, and pitting corrosion| £ o s
Oneutral salt water of tube appeasers. £
2 0
*Dry *Market reproducibilty OK | £ so. 00 150 200
*Wet g Test period (day)

0 1620




oooooooooyyoAODO0ODOO0OO0O00O0000O00O00ODOO

gboboobooobooboooboooobooboboboonoo
oobooooooooboooobooooooooboooo
gboboobooobooboooboooobooboboboonoo
gooooooboooooooooo

gobooboo

gomoog
FigeOOOOOoOooOoOOoOOO-pHOOOOOOOOODO
OHDooooooooOo0oo00ooooooooooo
ooooooooooomAlL,O,03H, oM Odnoon
goboooooooooooooooooooboooo
oooooobOoOoooooobooOooooooobooooo
goboooooooooooooooooooboooo
goooooooooobrg
gobooooboooboooboboooboboooboo
oooooobOoOoooooobooOooooooobooooo
goboooooooooooooooooooboooo
O0000o00oo0oooooooooooogooofmo
goboooooooooooooooooooboooo
oooooobOoOoooooobooOooooooobooooo
goboooooooooooooooooooboooo
oooooobOoOoooooobooOooooooobooooo
ooooog
oomooooood
gobooooboooboooobooobooboooboo
oooooobOoOoooooobooOooooooobooooo
goboooooooooooooooooooboooo
oooooOobecDDOOODOOOOOODOOOODO

1.2+ -6 6
0.8
0.4

— Al 3+
0 —

AlLO, - 3H,0|  AIO*

(hydrargillite)
-0.4

-0.8
-1.21—

Potential / V vs. SHE

1.6

2.0

\

| | | | | | | | |
1234567 8 91011121314

241

Fig.6 Potential-pH equilibrium diagram of aluminum

500 RHSSODOOOODOOODOOOODOOODO
Fig70 0000000000 OOOOOOOODODODODOO
gbooooooobooboboboboboboooboooo
gobooooooooboooooooobboooooooboboog
gboboooobooboooboboboooooboobob
goooooooooooOOODOODOODOOFg8OOOO
gbooooooobooboboboboboboooboooo
gobooooooooboooooooobboooooooboboog
gbooooooobooboboboboboboooboooo
gobooooooooobooooooooooboooo

Drop of

salt water Drying Dry

Fig.7 Behavior of drop of salt water in drying

Dry salt Deliquescing Deliquesced

Fig.8 Water absorption process of solid salt
in humidity atmosphere

oomoooooo
goooooooooooobooooooooooooo
oooooooooooooobooOoooooooooon
oooooooooooooOooooooooooooon
0o0o000000000000000000DOOFig.90
Fig.100O0O0OFigoO OOOOO0O0O0000O00000O0
000000000000 0OFgO0O0000000000O
ooo0ooooOooooooooooOoOooOoOoOOooDoOoon
oooooooooooooobooOoooooooooon
oooooooooooooOooooooooooooon
0000000000000 0000000000Fig.110
oooooooooooooOooboooooooooooon
oooooooooooooobobooooooooooon
oooooooooooooOooboooooooooooon
oooooooooooooobobooooooooooon
oooooooooooooOooboooooooooooon
oooooooooooooobobooooooooooon
oooo0ooooOooooooOooOooOoOooOooOoOooDoOoon
oooooooooooooobobooooooooooon

0 1630



HONDA R&D Technical Review

Vol.11 No.2 (October 1999)

-700

Pitting potential (V vs. SCE)

-860

Fig.9 NaCl concentration vs. pitting potential

-740

-780

-820

25

Current density (u« A/cm?)

Fig.10 Difference of salt conc.Anode/Cathode
vs.current density

20

15

10

Atmosphere O,

O,

Drop of water

O,

Fe(OH)2

OH"

10

20
NaCl Concentration (%)

30

02 02

Fig.12 Difference airation theory

gobooobobooobooobooobbooobo

goooooboooobobbbbobbobboooooooo
gobooobobooobooobooobbooobo

gboboboboboboooobooobobobobo

<

gbogbobobobobobobubdbevanst 0O
gboooooooboboboobooon

obmoooobooon
gboboboboooboobooboooooobooooon

10

20

Difference of salt concentration

Anode vs. Cathode (%)

Salt bridge

gogboboobbooobboobboooboooobon
gboboooogooo

30 gobooobobooobooobooobbooobo
goboobooboobooboomoobooboo
gobooboooooobobomoooboobooboo
gboboboboboboooobooobobobobo
goboooobobooobbooobobooobbooon
O000D00O0OFg40OO0O0O0DOOOODOOOODDOO
goboobooobooboooba

gboboboboooboobooboooooobooooon
O000O000D0Fg30 0000000000 ODODO

1 0000000000000 0000oooooooooo
e ODAFOCIOOO000ACHO0O00ODOmMO000000O
© O00000000O0AIOH 000000 OHAD O
00000000 000000000000000000
0000000000000 000Oo0oooooooo
. I
r cr © :
C C Cl cr or
Dil. Cr Conc. CI Cathode O,+2H,0+4e—40H
cathode anode
Fig.11 Corrosion caursed by CI- concentration e e
difference /\ j
00000000000 000O00O0o0ooD oooooo Anode

Al—AR*+3¢”
AIB*+3CI—AICl,
AICl3+3H,0—Al(OH)4+3HCI

0000000o0ooooo0Fig120 UREvansD OO0

gbobooboobooboooboooobooboboboono

Fig.13 Corroding reaction of alumimum

0 1640



oooooooooyyoADOOOOOOOODOODOOOOOOOO

gboboobobooboooboooobooboboboono
oboboboobooooooooobooboboboonog
gboboobobooboooboooobooboboboono
OFig140000000000000000000O00O0O0O0O
gboboboboooboooboooobooboboboono
000000OpHOOOOOOOOOODOTable4DOOOO
goboooooooboooooboooobbopH30DbbOOn
oboboboobooooooooobooboboboonog
gboobobooboobooboobooboobOpHDOO
0000000000 DDODOFgAS0000000000O0
gboboboboooboooboooobooboboboono
goboooboooobooboobooboobomobog
UoMpHOOOOOOOOODOOOODOOOOODDOOO
O0000D000pH3OOOOO200mA/cm? 00000
gbobobobobooboooobooobob1ebonog
gbobooboobooooobooobobooboboboono
0000000000000 0OO00O0O0OO0OOFig4000
FigbU OO ODOODO0ODOOOO0OODOOOOOooDOoo
gbobmoboooooobooobooobooboooboo
gobooobooobooboomooboobooobog
gboooooogo
gbmooooboboo
gboboboboobooboooboobooooboooban
gbobooboobooooobooobobooboboboono
gboboobooboobooobooooboobobobono
obobobo@ooboboobooboo™mooobooog
gooobooooboboomooboobobooboobomoon
gobooobooomuooboooboooboobooobog
gboboobobooobooobooooboobobobono
obobobmoboboboboo™mboboobooog
gboboooooooboboboboooboobooon
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Table 4 pH Inside the pitting

Initial Solution sample tested (n=2)

pH 6.75 2.93 3.05
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Table 5 Factor analysis in generation stage

Table 6 Test conditions for generation stage

Salt spra Dr Wet Process Tem Time
pray y p
Temp — > /LX Salt spray (5% NaCl) 50°C 1hr
50°C BEST Dry 60°C 2hr
Wet RH95% o 3hr
N Depends on . 50°C
Time 0%, o temp, N
1;} humidity 3hr 4cycle/day
Humidity - ~ —7
NaCl 4\ _ _ Table 7 Factor analysis in growth stage
concentration NaCl 5% BEST
Salt spray Dry Wet
O @@ —
9 1
condition @ @ Temp —> > /v\
50°C BEST
R Depends on
. A\ 1
gooobooboooooooooooooooobooao Time °-75¢,40 htegc‘i)"ty /_;_\
umiar
O0o000d0O0oo0ooooo0 oooooooooooboooao 1hr 21hr
gooobooboooooooooooooooobooao Humidity — ~—
O00d0b0O0oo0o0ooooooooooooboooobooao
D0000000000000000000000000 NaCl /;\ - -
concentration Y
O00d0b0O0oo0o0ooooooooooooboooobooao NaCl 5%BEST
gooobooboooooooooooooooobooao C)(/jctle 9 =
00000000000000000000000000 condiuon
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Table 8 Test conditions for growth stage

Process Temp Time
Salt spray (5% NaCl) 50°C 1hr
Dry 60°C 2hr
Wet RH95% 50°C 21hr
1cycle/day
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