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Effects of Zn element and aging process on
local corrosion behavior of 2056 aluminum alloy
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Abstract: The effects of Zn element and aging process on intergranular corrosion resistance and exfoliation corrosion
resistance of 2056 aluminum alloy were investigated by intergranular corrosion(IGC) experiments, exfoliation
corrosion(EXCO) experiments and transmission electron microscopy (TEM) and scanning electron microscopy (SEM).
The results show that the intergranular corrosion and exfoliation corrosion susceptibility reduce gradually with further
aging at T6 temper (175 “C) for 2056 aluminum alloy. At T3 temper (room temperature) and peak-aging T8 temper (155
‘C), intergranular corrosion resistance and exfoliation corrosion resistance of 2056 aluminum alloy improve a lot, while
the alloy possesses the best corrosion resistance at T3 temper. 2056 alloy with Zn addition has a better corrosion
resistance at peak-aging T6 temper than the alloy without Zn addition. Local corrosion resistance is closely related with
the grain boundary and the adjacent periphery. When the precipitation of equilibrium phases along the grain boundaries
distributes continuously and the precipitate free zone (PFZ) is wide, the 2056 Al alloy possesses high intergranular
corrosion and exfoliation corrosion susceptibility. When the alloy possesses larger size of precipitation of equilibrium
phases along the grain boundaries and narrower PFZ, the alloy will achieve better intergranular corrosion resistance and
exfoliation corrosion resistance. When there is nothing around the grain boundaries, the alloy has the best corrosion
resistance.
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Table 1 Chemical compositions of aluminum alloys 1 and 2

(mass fraction, %)

AlloyNo. Cu Mg Mn Si Fe Zn Al

1(2056 alloy) 3.98

2(2056 alloy,
3.88
Zn-free)

1.16 0.30 <0.01 0.05 0.76 Bal.

1.16 031 <0.01 0.01 —  Bal
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Fig. 1 Morphologies of intergranular corrosion of alloys 1 and 2 under various aging conditions: (a) Alloy 1, T6, under-aging;
(b) Alloy 1, T6, peak-aging; (c) Alloy 1, T6, over-aging; (d) Alloy 1, T8, peak-aging; (e) Alloy 1, T3; (f) Alloy 2, T6, peak-aging

T2 s 1M 2 AN I IR AR it PR B Y420, TS o

W
Table 2 Maximum and average intergranular corrosion
depths of alloys 1 and 2 under various aging conditions
Alloy Aging Maximum Average
No. condition depth/um depth/um
T6, under-aging 313.1 132.8
T6, peak-aging 172.6 61.9
1 T6, over-aging 96.4 36.0
T8, peak-aging 119.9 45.8
T3 76.4 20.1
2 T6, peak-aging 193.9 84.9
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Fig. 2 Surface morphologies of exfoliation corrosion of alloys 1 and 2 immersed in EXCO solution for 96 h under various aging
conditions: (a) Alloy 1, T6, under-aging; (b) Alloy 1, T6, peak-aging; (c) Alloy 1, T6, over-aging; (d) Alloy 1, T8, peak-aging; (e)

Alloy 1, T3; (f) Alloy 2, T6, peak-aging
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Table 3 Exfoliation corrosion grades of alloys 1 and 2

immersed in EXCO solution for different times under various

Fa G812 AFNHCRASHE MR 96 b 1S8R
IR AT
Table 4 Average exfoliation corrosion depths of alloys 1 and

2 immersed in EXCO solution for 96 h under various aging

aging conditions conditions
Alloy Aging Immersion time/h Alloy No. Aging condition Average depth/um

No. condition 5 24 48 72 96 T6, under-aging 741.9
T6, under-aging P° EA EB EC ED' T6, peak-aging 390.0

T6, peak-aging P EA EA" EC ED T6, over-aging 68.1
1 T6, over-aging P~ EA~ EA EA" EB T8, peak-aging 111.9
T8, peak-aging P EA EA EB EB T3 422
T3 N P~ P P" EA 2 T6, peak-aging 500.0

2 T6, peak-aging P EA" EB" EC ED'

Note: N—No appreciable attack; P—Pitting corrosion;, EA—
Superficial exfoliation; EB — Moderate exfoliation; EC —
Severe exfoliation; ED—Very severe exfoliation; "—Slightly

heavier grade; —Slightly lighter grade.
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Fig. 3 TEM images of alloys 1 and 2 under various aging conditions: (a) Alloy 1, T6, under-aging; (b) Alloy 1, T6, peak-aging; (c)
Alloy 1, T6, over-aging; (d) Alloy 1, T8, peak-aging; (e) Alloy 1, T3; (f) Alloy 2, T6, peak-aging
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Fig. 4 SEM image and element map scanning results of peak-
aging T6 temper of 2056 alloy: (a) SEM images of selected micro
area; (b) Al; (¢) Cu; (d) Mg; (e) Mn; (f) Zn; (g) Fe
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Fig. 5 SEM image and element line scanning results of 2056
alloy in peak-aging T6 temper: (a) SEM image of selected
micro area; (b) Element line scanning results of Al, Cu, Mg,
Mn, Zn, Fe
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