JOURNAL OF MATERIALS SCIENCE LETTERSL8(1999)909-914

Fatigue induced microstructural change in furnace cooled
Zn-Al based alloy

Y. H. ZHU*, H. J. DORANTES ROSALES

Instituto de Investogaciones en Materiales, UNAM, Mexico and *Dept. of Manufacturing Engineering,
The Hong Kong Polytechnic Univ., Hong Kong, People’s Republic of China

E-mail: mfyhzhu@inet.polyu.edu.hk

T. M. YUE,W. B. LEE
Dept. of Manufacturing Engineering, The Hong Kong Polytechnic Univ., Hong Kong, People’s Republic of China

During the last few decades, a new family of mono-and phase transformation of a furnace cooled (FC) eu-
tectoid and eutectoid Zn-Al based alloys have beernectoid Zn-Al based alloy (the nominal chemical com-
developed to serve as structural material in industriaposition is Zn76Al122Cu2 in wt %) are reported.
applications [1, 2]. In most cases, contents of alu- Prior to fatigue testing, the alloy was solution treated
minum and copper have been increased in order to erat 350°C for 4 days, then cooled to ambient temper-
hance mechanical properties of traditional Zn basedture inside the furnace. The heat-treated alloy was
alloys. Structural evolution of the Zn-Al based alloy machined into specimens of 6 mm in diameter with
have been studied accordingly for various thermal ané 35 mm gauge length. Fatigue testing was carried out
thermo-mechanical processes [3-7]. In most structuradt 100°C with a fluctuation frequency of 0.1 Hz in an
alloys, fatigue occurs in their manufacturing and inlInstron machine. Various peak stresses, i.e., maximum
subsequent services. A large amount of stress cyclestress levels, 90, 65, 40 and 30 MPa, were applied. The
imposed by external loading on the structural alloylogarithm number of cycles to rupture the specimens
always results in failure of the materials. Therefore,was plotted against the peak stresses, &\ curve,

the fatigue induced microstructural changes becomas shown in Fig. 1. It was clearly observed that the
important for practical application of the alloys. In the number of cycles to rupture the specimen increased
present letter fatigue induced microstructural changeshen the peak stress decreased. The fatigue limit was
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Figure 1 SN curve for furnace cooled eutectoid Zn-Al based alloy at (00
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about 30 MPa for the FC eutectoid Zn-Al based al- &
loy at 100°C. This implied that below this stress limit & ~ d
of 30 MPa, the FC eutectoid Zn-Al based alloy could | £ § S
serve as structural material at 10D without fatigue $ 8 -
rupture. - 2L s =
The various parts of fatigue-tested specimens were; & = 'S &
examined using X-ray diffraction (XRD), scanning mi- | _~=
croscopy (SEM) and transmission electron microscopy = -{; 8§
(TEM) techniques. The XRD with nickel-filtered Gy I 3 - =<
was performed on a flat polished specimen. The charac M J TS
teristic X-ray diffraction was collected within a range 3__ I W
of diffraction angle 2 from 35 to 47, at a scanning A
speed of 1 min~t in a Philips X-ray diffractometer. 4 c
Back-scattered electronimaging was applied for detect- |
ing microstructural changes. Conventional TEM was 3
used to produce high-resolution electron images of both } )
bright field and dark field, and selected-area diffraction h
pattern (SADP). \
The X-ray diffractogram of the as-FC eutectoid \ J\k J b
Zn-Al based alloy is shown in Fig. 2a for comparison 5“ gt e el e
[8]. Three phasesjf. @ ande) were found in the FC | I
alloy specimens. After fatigue testing, thg. phase b
had partially decomposed tg phase. This was clearly
demonstrated inthe XRD of the bulk part of the fatigue-
tested specimen with different peak stresses: 65,40 an
¥ ' s f\ M J LAJ\
EA l:\ e LR N
N = ja
S 'Es-: < —~ = a
= E = =il g — o
o 2 & \ 3 S = =
I = == B
N — - e PR
s ZE s ek =8
l 35 b= 8 ; 3 = 2t
I : ~ : - 3
l'l'\ A ﬁ‘\ \ =3 g _M\ J\k _) =
o i __,/'\'J Y /’ \\'/-\/'.\ ~ - - : S—— . / -/‘\-/i .
B i T T e 35 % 7 7 740 7Ot % M 45 % 20
i \ d Figure 3 X-ray diffractograms of various parts of the fatigue-tested
I'X o ! specimen with peak stress of 40 MPa: (a) bulk part; (b) neck zone;
o bt \ and (c) rupture part.
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\ c]
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f'\," . [:\ | ] 30 MPa, as shown in Figs 2b, 3a and 4a respectively.
g S __’J \.-_.if\g_*_ The decomposition of thgr. phase was character-
S e ized by a shifting of the (0002). phase diffraction
P I = = S l Sz b peak to a lower 2 angle, accordingly d-spacing was
S, ‘SC = '\ =C "] increased from 0.2437 nm of the (000). phase to
,’3_."‘3_ A ,"\ ~ ) about 0.2465 nm of the (0002} . It was reported that
I N N ) W W thenp. phase decomposed in a discontinuous manner:
RS :E‘E TR = ke — 0y +a + & during ageing at 100 and 17G [8].
S -E_* = T 1§ =4 \“g_— S a It was also found that the decomposition of thjg.
eT 23 : = e \ © 3 phase in the bulk part of the fatigue-tested specimens
. /'\‘ w /\/ | “’ S A occurred even at the lower peak stress of 30 MPa, as
el S M N e shown in Fig. 5. It was because under the lower peak
35 % 7 T 740 % " "t 45 % 29 stress, e.g., 30 MPa the fatigue testing had lasted for

Figure 2 X-ray diffractograms of the as furnace cooled eutectoid Zn-Al
based alloy specimen and the various parts of 65 MPa peak stress fatig

a longer period of ageing at 10Q than that under a
nigher peak stress.

tested specimen: (a) as FC state; (b) bulk part; (c) and (d) neck zone; and Another phase transformation was observed during

(e) rupture part of the fatigue-tested specimen.
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fatigue testing. Diffraction of (100) and (0002) crystal
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g 'S a Figure 5 X-ray diffractograms of bulk parts of the fatigue-tested speci-
8 l§ Z men with peak stresses of 64 (a), 40 (b) and 30 MPa (c).
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g Moreover, it was found that the intensity of the X-ray
: J\/\ ] \E:L diffraction (433) T phase was increased approaching

s,
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VIR Y the rupture part of the specimens. This implied that

45 2 - y

the four-phase transformatian+ ¢ — T’ + n, was en-

Figure 4 X-ray diffractograms of various parts of the fatigue-tested Nanced as the .|OC8.| strain was mcreaseq-
specimen with peak stress of 30 MPa: (a) bulk part; (b) neck zone; These two kinds of phase transformation have been
and (c) rupture part. observed previously in the specimens of cast, extruded
and furnace cooled eutectoid Zn-Al based alloy in vari-
ous thermal and thermo-mechanical processes, such as

tensile and creep etc. [5, 6]. However the decomposi-
planes of the: phase had greatly reduced in intensity, tion of then. phase and the four-phase transformation

while a diffraction peak of (433) crystal planes of T were accelerated considerably in the long term fatigue
phase emerged, as shown in Figs 2b, 3a and 4a. téests.
was well recognized that the four-phase transformation, The original lamellar structure of the as FC eutectoid
a+¢e— T +n, can occur [3—10]. Zn-Al based alloy changed to a particulate structure af-
During fatigue testing the specimens were plasticallyter a large number of fluctuating tensile cycles. Shown
deformed. The locally concentrated strain resulted inn Fig. 6 are the back-scattered SEM photos of the
necking which accelerated the decomposition of thes5 MPa peak stress fatigue-tested specimen. With in-
nrc Phase. The diffraction of the (000%). phase was creasing of the strain, the decomposggghase rods in
reduced in intensity when the distance from the rupturehe bulk part of the specimen were fractured in the neck
frontier was decreased, as shown in Figs 2b—e, 3a—gone and the rupture part of the specimen, as shown in
and 4a—d. In the rupture part of the fatigue-tested sped-ig. 6b—c.
imen, the d-spacing of the (0003} phase was about ~ The TEM examination of the fatigue-tested speci-
0.2465 nm, which was very close to that of the (0002)mens showed clearly decomposition of the Al-rich fcc
final stable; phase: 0.2466 nm. Itwas because the extere phase in both the bulk part and the rupture part of
nal tensile stress repeatedly imposed on the specimdhe specimens. According to the identification of the
and speeded up the decomposition of the phase. SADP, the precipitates inside thephase were hcp
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Figure 6 Back scattered SEM photoes of various parts of 65 MPa peak stress fatigue-tested specimen: (a) bulk part; (b) neck zone; and (c) rupture
part.
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Figure 7 TEM brightfield (a), the SADP from [0001] zone of the precipitajghase inside the phase (b) together with the indexing of the diffraction
pattern (c), and the dark field usifigy1 0Q (d) of the bulk part of the 65 MPa peak stress fatigue-tested specimen.

phase. The TEM bright field of the bulk part of the
specimen is shown in Fig. 7a. Both the correspond-
ing electron diffraction patterns were identified from
[111] of the « matrix and [0001] of they precipi-
tates, as shown in Fig. 7b together with indexing of the
diffraction pattern in Fig. 7c. In the TEM dark field,
the light image of the; precipitates inside the phase
was diffracted from{1100}, as shown in Fig. 7d. The
same hcpy phase precipitates inside thgphase were
detected in the rupture part of the specimen using TEM,
as shown in Fig. 8. Shown in Fig. 9a and b are the TEM
bright field and the dark field of the rupture part of the
fatigue-tested FC eutectoid Zn-Al based alloy respec-
tively. Compared with the TEM examination of the as
FC eutectoid Zn-Al based alloy [8], it was found that the
precipitation of the Zn-ricly phase inside the Al-rick

Figure 8 Transmission electron micrograph of the rupture part of the phase Was_ ConSiderably developed inthe fatigue'teSted
65 MPa peak stress fatigue-tested specimen. alloy specimens.
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Figure 9 Transmission electron micrograph of the rupture part of the
65 MPa peak stress fatigue-tested specimen: (a) the bright field; (b) the
dark field.
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