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LOW CYCLE CORROSION FATIGUE OF AN Al-Zn-Mg-(Zr) ALLOY

Fu-Shiong Lin and E. A. Starke, Jr.*

INTRODUCTION

here is ample evidence that the mechanical properties and deformation
behaviour of materials can be influenced by altering the state of the
surface [1 - 3]; however, considerable controversy [4 - 6] exists over the
role of the surface layer in cyclic-hardening behaviour. This paper is
concerned with the cyclic stress-strain response of an Al-Zn-Mg-(Zr) alloy
in dry argon and in a corrosive solution of distilled water and H,S04

{(pH = 2.7). The objective of this research was to evaluate the effect of
the oxide layer on the fatigue behaviour in order to obtain information on
the surface and bulk contributions to crack initiation and cyclic hardening.
Jhe oxide layer can have two major effects on the deformation characteri-
stics: (a) adherent oxide films can act as barriers, preventing the
egression of dislocations at the surface [1, 7], and (b) the high shear
modulus of the oxide (the elastic constants of aluminum oxide are three to
four times larger than those of aluminum [8]) produces an elastic repulsive
force on dislocations in the substrate [2] which effects the hardening
characteristics of the surface region.

EXPERIMENTAL PROCEDURES

fhe alloy used in this research was prepared at the Alcoa Technical Centre
and received in as-hot-rolled plate form, with a nominal thickness of

.58 cm. The composition in weight percent was 6.45% Zn, 2.08% Mg,

0.11% Zr, 0.05% Si, 0.04% Fe, balance aluminum. The microstructure after
s0lutionizing at 480°C for 1 1/2 hrs was partially recrystallized (above
50%) and typical of that of commercially processed high strength aluminum
alloys, Figure 1.

Fatigue samples were machined from the as-received plate with axes parallel
to the rolling direction. The specimens were smooth and cylindrical in

the gage section which was approximately 5 mm long by 3 mm in diameter.
Multiple-sample, push-pull low-cycle-fatigue tests, described in detail
alsewhere [9], were performed using strain control and by cycling about
iero mean stress. Five different aged conditions, chosen from previous
atudies [10], were tested: (a) 4 hrs @ 120°C, (b) 2 hrs @ 120°C + 12 hrs
4150°C, (c) 12 hrs @ 120°C + 12 hrs @ 150°C, (d) 24 hrs @ 120°C + 24 hrs

7 150°C, and (e) 24 hrs @ 150°C. The precipitate structure and monotonic
deformation behaviour for these treatments have heen presented elsewhere
{1o].

Two different environments were used for testing; dry argon and a distilled
water-H2S804 solution with pH = 2.7. The latter was selected for its
uniform corrosion of the aluminum alloy used, regardless of the aged )
condition. The corrosion rate was calculated by weight loss from corrosion
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itress direction. The removal of the oxide film by the corrosive environ-
ment increases the probability of dislocation egression from the surface
and accelerates extrusion-intrusion formation and crack initiation. In
wldition, crack initiation may be enhanced by preferential dissolution at
leformation bands, inclusions and grain boundaries.

In order to establish the effect of environment on crack propagation, some
samples were cycled in the H,0-H,SO, solution until the crack had prop-
agated approximately one quarter way through the cross section. The
liquid was then removed and the sample cycled to failure in dry argon.

lhe fracture surfaces were examined in the scanning electron microscope
and representative areas are shown in Figure 4. The type and spacing of
the fatigue striation are environment sensitive. When crack propagation
occurred in the argon environment, closely spaced, ductile striations
were formed. However, brittle striations having '"cliff edges' and ''river
markings' running normal to the striations were formed during crack
propagation in the H,0-H,SO, solution. Similar striations have been ob-
served by Stubbington [15] on aluminum samples fatigued to failure in a
NaCl solution. The mechanism for changing the fracture mode may be due to
anodic dissolution at the crack tip [16] and to the formation and adsorp-
tion of hydrogen gas by cathodic reactions [17, 18] in this region.

CONCLUSIONS

lhe cyclic hardening observed in this study is a result of a bulk harden-

ing effect and is insensitive to the surface condition and not controlled
Both crack initiation and propagation are environ-

by the surface layer.

ment sensitive; initiation being effected by the corrosive environment's
influence on intrusion-extrusion formation, and propagation being effected
by the corrosive environment producing a change in fracture mode from

ductile to brittle.
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Figure 4
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(b)

Scanning Electron Micrograph of LCF Fracture Surfaces

(a) Crack Propagated in Dry Argon
{(b) Crack Propagated in H,0-H;50, Solution
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