UAC] Technical Reports, Vol.8 (2021), pp. 22-30

@ x

HEES Vo — YT NVI=O L5885y FHD
970V A Y LLCARBETP O EPEIC K IT9 Fe & Nidghno 2+

CRTNP S TREE R I R

Influence of Fe and Ni Addition on Corrosion Resistance of
Aluminum Alloy-Clad Sheet for Automotive Radiators
in Weakly Alkaline LLC Solution®

Hirokazu Tanaka™* and Hiroshi Ikeda™**

The corrosion behavior of various clad sheets of aluminum alloys for the automotive radiator in a weakly
acidic solution called OY water and a long-life coolant solution at pH10.0 was studied. The materials were
Al-1.0Zn, Al-1.0Zn-1.0Fe, Al-1.0Zn-1.0Ni and Al-1.0Zn-1.0Fe-0.5Ni alloys cladded on 3003 core alloy. These
materials were subjected to elevating-temperature immersion tests and polarization measurements in test
solutions. These clad sheets showed good corrosion resistance in OY water because of the cathodic
protection of cladding alloys. In the long-life coolant solution at pH10.0, a severe pitting corrosion
occurred with the formation of a black-colored oxide film on Al-1.0%Zn clad sheet. On the other hand, the
pitting corrosion on Al-10%Zn-1.0%Fe clad sheet was significantly reduced compared to that on
Al-1.0%Zn clad sheet. There was no difference in polarization behavior between Al-1.0%Zn and Al-1.0%Zn-
1.0%Fe clad sheets. The good corrosion resistance of Al-1.0%Zn-1.0%Fe clad sheet in the long-life coolant
solution at pH10.0 was discussed in terms of the dispersion of intermetallic compounds such as Al;Fe and
Al3Ni, and oxide film formation.
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Table 1 Compositions of the specimens.

Water side alloy Core alloy Air side alloy
Chemical Chemical Chemical
Specimen composition Clz{d composition composition Cla.d Thickness
(mass%) ratio (mass%) (mass%) ratio (mm)
- - (%) . - (%)
Si Fe Ni Zn Si Fe Cu Mn Si Fe
7072/3003 015 | 035 - 1.0 16 0.2 0.5 0.15 12 102 | 035 10 0.25
Al-1.0%Zn-1.0%Fe/3003 0.15 1.0 - 1.0 16 0.2 05 0.15 1.2 102 | 035 10 0.25
Al-1.0%Zn-1.0%Ni/3003 015 | 015 1.0 1.0 16 0.2 0.5 0.15 12 102 | 035 10 0.25
Al-1.0%Zn-1.0%Fe-0.5%Ni/3003 | 0.15 1.0 05 1.0 16 0.2 05 0.15 1.2 102 | 035 10 0.25
3003 - - - - - 0.2 05 0.15 1.2 - - - 0.30
Table 2 Composition of OY water (ppm). (a). . . (b)
Silicone resin I I
CI SO& Cu* Fe?t pH
195 60 1 30 3.0

70 mm

Thermocouple

40 mm

Fig. 1 Schematics of (a) sample and (b) temperature
cycle immersion testing cell.
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0.300  -©-7072/3003
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| -m-Al-1.0%Zn-1.0%Ni/3003
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Maximum corrosion depth / mm

0.000 (& : :
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Number of cycles
Fig. 2 Maximum corrosion depths of samples after the
temperature cycle immersion tests in OY water.

()|

Fig. 3 Optical micrographs of cross-section of the samples after conducting temperature cycle immersion test in OY water

for 112 cycles.

(a) 7072/3003 (b) Al-1.0%Zn-1.0%Fe/3003 (c) Al-1.0%Zn-1.0%Ni/3003 (d) Al-1.0%Zn-1.0%Fe-0.5%Ni/3003

(a) (b)

(d)

20 mm

Fig. 4 Appearances of the samples after conducting temperature cycle immersion test in 30 vol% LLC solution of pH 10.0

for 56 cycles.

(a) 7072/3003 (b) Al-1.0%Zn-1.0%Fe/3003 (c) Al-1.0%Zn-1.0%Ni/3003 (d) Al-1.0%Zn-1.0%Fe-0.5%Ni/3003
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Fig. 5 SEM images of the sample surface after conducting temperature cycle immersion test in 30 vol% LLC solution of pH

10.0 for 56 cycles.

(@) 7072/3003 (b) Al-1.0%Zn-1.0%Fe/3003 (c) Al-1.0%Zn-1.0%Ni/3003 (d) Al-1.0%Zn-1.0%Fe-0.5%Ni/3003
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Fig. 6 Maximum corrosion depths of the samples after
the temperature cycle immersion tests in 30 vol%
LLC solution of pH 10.0.

Fig. 7 Optical micrographs of cross-section of the samples after conducting temperature cycle immersion test in 30 vol%
LLC solution of pH 10.0 for 112 cycles.
(a) 7072/3003 (b) Al-1.0%Zn-1.0%Fe/3003 (c) Al-1.0%Zn-1.0%Ni/3003 (d) Al-1.0%Zn-1.0%Fe-0.5%Ni/3003
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Al analysis

Fe analysis Fe analysis

Ni analysis [€ & 28

Fig. 8 EPMA analyses of the sample surface after conducting temperature cycle immersion test in 30 vol% LLC solution of

pH 10.0 for 56 cycles.

(a) 7072/3003 (b) Al-1.0%Zn-1.0%Fe/3003 (c) Al-1.0%Zn-1.0%Ni/3003 (d) Al-1.0%Zn-1.0%Fe-0.5%Ni/3003

3.3 30vol%LLC K& #& = D3 iR
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WFROMEHZB VT -500 ~-1500 mV TH Y ¥, 4L
HEMED H1000 mVU BV & SILADAEL S
IRV, LA L, pH10.0® LLC K HH O
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Fig. 9 Polarization curves of the samples in 30 vol% LLC
solutions at various pH and temperatures.
(a) 7072/3003 (b) Al-1.0%Zn-1.0%Fe/3003 (c) 3003
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Fig. 10 Schematic of the polarization curves in a weakly
acidic solution containing chloride ions at 298 K
and in a weakly alkaline LLC solution at 361 K.
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Fig. 11 Potential-pH diagrams at (a) 373 K and (b) 573 K.
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Fig. 12 Schematics of the corrosion processes of the clad sheets in a weakly alkaline solution.
(a) 7072/3003 (b) Al-1.0%Zn added Fe and/or Ni/3003

UACJ Technical Reports, Vol.8 (1) (2021) 29



30 HBHEF YZ—FAT7NVI=IAGERS 7y FHOFET VA Y LLCAKEBP O LI KIET Fe & NIk o ¥

5. #&

il

SSEEVEA HEG T VA U E TOMRIEWERBEICB VT,
—MBRTIVI =T AGEHS Ty FMTHEHT072/
3003, Af NS, 707212 Fe e NiZ 0 L 72 Al-1.0%Zn-
1.0%Fe/3003, Al-1.0%Zn-1.0%Ni/3003 & Al-1.0%Zn-
1.0%Fe-05%Ni/3003 7 7 v F# O % 8) % i
L7z

(1) OY 7K @ 55 & M K ¥ W v @ 35 45, 7072/3003,
Al-1.0%Zn-1.0%Fe/3003, Al-1.0%Zn-1.0%Ni/3003
& Al-1.0%Zn-1.0%Fe-05%Ni/3003 7 5 v K4t o
WITNIZBWT S, wHKMESIZ L % B
BERENTH -7z,

(2) pH7.5® 30vol%LLC /K& H D3y, 7072/3003,
Al-1.0%Zn-1.0%Fe/3003, Al-1.0%Zn-1.0%Ni/3003
& Al-1.0%Zn-1.0%Fe-05%Ni/3003 7 5 v K4t o
WFNIZBWT D, HHKMG &R ICAR L
7o) 7RO R =< A4 MERSEREOFRA
NI L 720

(3) pH10.0 ® 30vol%LLC K& H DF5fr, 7072/3003
77y FMICRMoRBILESAE L. —H,
707212 Fe R Ni% @ L 72 Al-1.0%Zn-1.0%Fe/
3003, Al-1.0%Zn-1.0%Ni/3003 & Al-1.0%Zn-
1.0%Fe-05%Ni/3003 7 5 v FHIZBWTIL, i
AR EAT7072/3003 7 v FAHIZxE L CRIEIZ
KK L7z S, SEAMAESICLRICHE
LT3 AlsFex ALNi &8 Bt &% o FH o
TVIZTAR M) ZART /= K& LTE
FWZHERT 52 LX) ILEISHILL, K
JEHANDE EMATHEIMRT Lz7zd & E 2
b,

(4) S9ERYED S 857 v ) YEF TOWRIE VBB % 41
ELRYE, SV —%F2—7&LTELA
MENTWAT7072/30037 5 v FHTIE, 557
V) LLCAKE R cElo Hmlax L 5
WREMEDSH 5o T072 & HERICESERME 2> & kT
Dt M E MR L DD, §57 VA1) LLCAKER
PO 2K 5121, 7072~DFe X
NiOFEMPER EEZ BN D,

2)

3)

4)

5)
6)

7)
8)
9)
10)
11)

13)
14)
15)
16)

17)

DN DN DD
N = O O

24)

SEW

Y. Ando, I. Nita, M. Uramoto, H. Ochiai, T. Fujiyoshi:
SAES70180 (1987) .

PEERERI], TNAE=: v Y =T 7 =V L E 2 —, 2(1999) ,
64-71.

R. Shi, F. Liang, E. Lazo, M. Kozdras: Journal of Materials
and Manufacturing, 114 (2005) , 859-867.

F. Liang, R. Shi, E. Lazo, M. Kozdras: SAE VTMS, 2005-01-
2035 (2005) .

DR, MR AR AR Bk, 37 (1996) , 112-119.

L. Peguet, V. Lair, E. Mendez, H. Noui: EUROCORR
conference, 11-15 September, Montpellier (2016) .

ASTM D1384-1387.

T B4R Bk, 21 (1980) , 101-108.

R. C. Dorward: SAE780302 (1978) .

A. Gray, A. Howells: SAE940499 (1994) .

A - i IR, 75 (1985) , 215-222.

PRELR, A, REMR, WA, AR, #
T R4AE, 44 (1994) , 246-252.

PR KR8 HER, 41 (2000) , 134-146.

F R, e B4R, 70 (2020) , 268-273.

VL IEAN, SLEHE, P, B B4R, 53 (2003) , 55-60.
Cornelius Groot, R. E. Wilson: Industrial and Engineering
Chemistry, 49 (1957) , 1251-1254.

N. J. M. Wilkins, J. N. Wanklyn: Journal of The Institute of
Metals, 88 (1959) , 134-140.

J. N. Wanklyn, N. J. M. Wilkins: Journal of The Institute of
Metals, 89 (1959) , 289-291.

IR B, AR 42w FIRHAMT , 16 (1965) , 250-254.

KB RAT, SEHE— B4, 62 (2012), 244-248.

W, RIS IE: B4R, 12 (1962) , 236-242.

Digby D. Macdonald, P. Butler: Corrosion Science, 13
(1973) , 259-274.

N. Birbilis, R. G. Buchheit: Journal of The Elctrochemical
Society, 155 (2008) , C117-126.

PRk, MRS AT, LA, ik = B4E, 24 (1974)
254-262.

A %=#1  (Hirokazu Tanaka)
(¥) UACJ R&Dt>%— E—BRED

30 UACJ Technical Reports, Vol.8 (1) (2021)



