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Localized corrosion of aluminum clad sheets in alkaline solution™

Masakazu EDO** Shuu KURODA**
Akira WATANABE** and Ken TOHMA**

Aluminum alloy three-layered brazing sheets, clad with sacrificial anode alloy on one side of them, have widely been
used for the tube of radiators for automotive in which cooling water circulates. Inner pitting corrosion resistance of
the tube has been excellent both in acidified and in neutral corrosive aqueous solutions by the effect of sacrificial
anode. On the other hand, it has been reported that the sacrificial anode does not work effectively in alkaline solu-
tion, and perforation by pitting corrosion occurs in earlier testing period of time. In this report, localized corrosion
characteristics in alkaline solution were investigated by immersion corrosion tests and electrochemical measure-
ments. Based on the experimental results, new corrosion mechanism was proposed in terms of solution environment
formed on cathode surface. Pitting corrosion of the core alloy grew not with the attack by the alkaline bulk solution,
but with accelerated dissolution by strong alkaline solution derived from the electrochemical cell formation between
sacrificial anode and cathodic core alloy. Corrosion products formed in the pit were effective for maintaining strong
alkaline environment on the core alloy surface.
(Received May 31, 2002)
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Table 1 Chemical composition of specimens (mass% )
Alloy Si Fe Mn Cu Zn Al
1050 0.17 0.21 tr. tr. tr. bal.
7072 0.04 0.10 tr. tr. 1.04 bal.
3003 0.11 0.17 1.04 0.13 tr. bal.
4343 7.71 0.48 0.01 0.01 0.07 bal.

Table 2 Chemical composition of corrosion test solutions

Chemical composition (ppm)
Solution pH

Cl~ | SO:” | HCOs | Cu?* | Fe¥+
OY Water 195 60 — 1 30 |3.0
ASTM Water | 100 100 100 — — | 8.1
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Fig. 2 Cross sectional observation of localized corrosion
on clad sheet (7072/3003/4343) after immersion test in

ASTM Water (pH 10.5) without removing corrosion
products.

{a) pH10.5, ASTM Water

Fig. 1
(b) OY Water (pH 3.0) for 14 days.

(b) pH3.0, OY Water

Cross sectional observation on clad sheet (7072/3003/4343) after immersion test in (a) ASTM Water (pH 10.5) and
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Table 3 Pitting potential and corrosion potential of 7072
and 3003 alloys in 3.5% NaCl solution at 40°C

(mV vs SCE)
Corrosion potential Pitting potential
Alloy
pH 10.5 pH 5.5 pH 10.5
7072 —1300~—1320 — 868 — 849
3003 —1145~—1160 —726 — 744

Table 4 Galvanic current between 7072 and 3003 alloys

(Anode : 7072 Cathode : 3003)

40°C 80°C
pH 5.5 +5 uA +6 uA
pH 10.5 +29 uA +85 uA
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Fig. 3 Weightloss of anode and cathode after galvanostatic
dissolution.
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Observation of dissolution characteristics of cathode aluminum.
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Fig. 5 Schematic representation of an electrolysis cell to

investigate local pH variation of cathode.
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Fig. 6 pH variation of solution in cathode cell and bulk
solution with time.
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Fig. 7 Effect of anode and cathode area ration on weight
loss of anode and cathode in galvanostatic dissolution.
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Fig. 8 Schematic representation of corrosion mechanism of aluminum alloy brazing sheets clad with sacrificial anode in alkaline

solution.

COfERNL, 7T/ - FEBERAKEkDEE, Ticb
B Y — FERREEI M 51387 Y — FIOBEMREITH
52 EXRMRINT, Lichi-T, 75 VI TEMM
BT 5 L, Y — FRIBOEFRIC X 557 v A VLD
HET LT, LADEEMEEI RS,

3.6 7ILHVEREHRICEITZ 7T v FHMOILEHRREE

LLEOEBSERNS, 7 VREFTO 7 5, FHOL
L Fig. 8 IR LIc A N = RATHETHEE2 bR b,

T, BREEM CREEESRAE L, BEM X v BEREHN
T 5 EF DMy s Y — K eind, ZOBE, Bt
MEEE»7 7 — Ve LTERT 209, 77 — FEBECKH
LCOHMBEECH S » v — FEBOEBSIEF N, &
A=, VBERCED N Y — FEAEEIELIAREL LD
7o, BRI T A ) e OISO EMEMEE S b,
R, JLEY ., FMEETOMET L h ) BRI Al DR
KECDOWIH LT, FLAEmRL OB IO 5% pH 23

R EGEL oW D TV 3 =% A A & v OUIRE L AL A0
WMIVETL, BELENCWT LI =7 A1+ VHVKEL
TN = ABERT S, LIch-T, Fig. 2CHRBNS X
ST AR €y P NIERERCEDLR, L7
WHRA LKL L Teh, B EOHE T v~ =, 7B
NG Z L L, BHMFROILEHERESEA L THLILENOK
W h B BRAERDC L > Th v — FHEESKAIE
h, SHEANVI7EROBAGHFING 2 L L » THLA
FIBERT vV BESMAFE IR D, D% b, FLEEW
DNEMEIA IR A AT 5 2 L X o THLAMBIOE S Hha~ &
LIRSS EE2 bR,

HE, WM sl -0 &G e 5252 Lk b, B0
{—EarBH I 7 7 » VM % pH 10.51C F7% L7 LLC
HINASTM R CI AR Ela Lc & 2 5, O
TBOZH BN R L, SR cBAfLrRBETHZ b
R I T,



60

48 53 (2003. 2)

{a) ¢lad sheet

3.7 ZILHVBRERICKTZ 75y FHOMEMOR L
7072/3003/4343 7 7 » F#F & 30037 # % pH 10.51 Fi%k
L7z LLC ¥ ASTM KHiIc 14 H SR E LIcB o B KB &
TRMT R B ZS RS A Fig. 9 1CR T, 30037 M OB &L 2 5
vy VM ER D, 77 - FRIOH Y — FIRILOEKE) ) & 75
LB A S = ZBRAVNE L, EBIRA Y — FRIG
BB B Io WAL R AT, T Ah VBREPIck
WTERCRAESE SR, CORRLY, 77 ) RE
FRTD 7 5, FH ORI EE A R ) 7 Rl
Y = Ve eMETLE, 2F D, DAY - VK
GO ERBELE N IRL Z ENEELEEZ bRSL, LI
Mo T, BHMOBAERELTRE UEMBEHBOmE L K
ELLTCHY — FERBELIKFIE5 2 L0, BitHhic
O X DB A Y — FEA{ED 2 & CHADRAZIEINZ
5 L L b CBHMBRHEA RS v — F i H Ou T %
CEBEREEZBNDY,

4. %

ABHGE T, OF A Y — FiBoRIGIKER L, HERERe
BEALFPPEC L D 7 5 5 FHMO T L0 ) FRFEEREC
DVWTHEXIT, RO X T Ex LT L,

(1) 7% ) BEEERIC R\ T7072/3003/4343 7 5 o FHHiT
BV O R B @inde, BRIV FLAED R A L
726

2 7TAh)BEHRFTHBEMNT 2 — FT, B
v —F&ich,

() 75 v FHOLEMIILAERT R S ERLERY T
Bhbledh v — FREBEHPKE it Wy,

(4) 7AHVEEFCRENTZ F, FHIZEEEL Lok
MY — FORMEBEERI BT v h VL, BT vh

il

{b) 3003 alloy

Fig. 9 Cross sectional observation of localized corrosion test in ASTM Water (pH 10.5) on (a) clad sheet and (b) 3003 alloy.
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