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Negative creep during compressive creep of as cast ZA27 alloy®
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Abstract: The negative creep during compressive creep deformation of ascast ZA27 alloy was investigated at the tem-

perature range of 20 =160 C and at compressive stress levels from 50 = 137. 5 MPa with special apparatus. Results show
that the negative creep in the alloy occurred respectively at 20 C (50 MPa, 87.5 MPa and 100 MPa), 60 C(50 MPa
and 87.5 MPa) and 100 C(50 MPa). According to the phase transformation and theoretical analysis, the negative creep

: : = ot : : :
resulted from volume expansion caused by four phase transformation a+ € 7T + T in the alloy. The theoretical analysis

is consistent with the experiment results. And the values of negative creep depended on the difference between the com-

pressive creep deformation and the volume expansion.
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1 INTRODUCTION

Among zincaluminum cast alloy, ZA27 alloy ex-
hibits attractive physical and mechanical properties
combined with good friction and wear resistance prop-
erties making it a bearing alloy replacing some copper

2]

alloys | However, some properties of this alloy

which must be taken into account are comparatively
low resistance to creep deformation, poor strength
and its dimensional instability at moderately elevated

[37

temperatures'® /. The dimensional changes of as cast

ZA27 alloy on ageing were studied by some work-
ers!* > % hut these results were obtained from the
During the re
searches on tensile stress creep deformation!” ',
since the creep deformation direction of ZA27 alloy

was as the same as that of linear expansion of the al-

specimens without applied stress.

loy, the negative creep in the alloy could not oc
curred. However, in the case of ZA27 alloy, com-
pressive loading is more common, the compressive
creep behavior has become important in the alloy ap-

plications. the studies on compressive

[12

Presently,
creep in the alloy are so scarce'?!, the negative creep
(negative plastic deformation during compression) has
not been reported especially. However, the occur
rence of the negative creep in ZA27 alloy was found at
some temperatures and under some stresses used dur-
ing our researches on the compressive creep, which is
analyzed in this paper.

2 EXPERIMENTAL

2.1 Materials
The alloy (Zr27% AF2% Cu-0. 01% Mg) for
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testing specimens was prepared using commercialpu-
rity Zn (99.99%), A1(99.88%), Cu (99.0%) and
Mg (99. 85%) in a resistance furnace ( SRJG-3-9)
and degassed with a commercial degasser. The melt
was poured into a Y-shaped sand mould at 580 C,
and then the specimens with a dimension of d 8 mm X
10 mm were machined from the Y-shaped ingots, the
chemical composition and the tensile properties are

listed in Table 1.

2.2 Procedure

Compressive creep test was carried out with spe-
cial apparatus composed of constant pressurization,
heating and temperature controller, collecting data
and record devices, as shown in Fig. 1. The tempera-
ture could be maintained to within +0.5 C and the
compressive creep deformation parameters were ob-
tained by displacement transducer, and then recorded
by a computer for the whole period of the test. The
precision of the compressive creep deformation could
be up to 0. 000 1 mm. Different temperatures( 20,
60, 100 and 160 C) and various compressive stress
(50, 87.5, 100 and 137.5 MPa) were used respec
tively.

Table 1 Chemical composition and
tensile properties of ZA27 alloy

w /! % T ensile properties

Al Cu Mg Zn 0,/ MPa & %

26.3 2.15 0.015 Bal 408 5.4
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Fig. 1 Schematic of apparatus

3 RESULTS

The conditions of negative creep occurrence for
ZA27 alloy are listed in Table 2. It shows that nega-
tive creep occurred for some combination of different
compressive stress (50, 87. 5 and 100 MPa) and
temperature used. The typical negative creep curves
for ZA27 alloy at 60 C(50 MPa) are shown in Fig.
2, and the temperature and stress range in which the
negative creep occurred are shown in Fig. 3. Fig. 3
shows that the negative creep occurred at lower tem-
perature and lower stress, and did not at higher tem-
perature and higher stress.

Table 2 Negative creep deformation of ZA27 alloy
at different temperature and stress

Temperature/ Stress/ Negative Negative creep
C MPa creep/ % time/ min
50 0.03 818
20 87.5 0. 06 63
100 0.07 48
50 0.08 53
60
87.5 0.15 37
100 50 0.12 32

4 ANALYSIS AND DISCUSSION

4.1 Phase transformation in ZA27 alloy

According to phase diagram of AFZn system,
the structure of ascast ZA27 alloy is composed of
dendritic AFrich a phase with the edge of B phase,
and decomposed I phase in the interdendritic region,
as well as a few € (CuZns) phase!™. Both B
and " are metastable phases and decomposed after
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Fig.2 Negative creep curves of
ZA27 alloy at 60 C(50 M Pa)
1 —Negative creep;

2 —Stabilized by heat treatment
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Fig. 3 Range of negative creep of ZA27 alloy

® —Negative creep;
O—Without negative creep

5 min aging at 90. 4 C into three phases @, €and 1l
I a+ & 17 «a
+ & Tl € phase is an instable phase at lower tem-
perature and tends to transform into stable phase T
(AlsCusZn) with a fourphase transformation, a+ e
T+ 1, at 268 C1'*. The studies in Refs. [ 13~ 15]
showed that the four-phase transformation was the
fastest at 250 C, thus, the volume expansion of the
alloy needs long time at room or lower temperature

phase ''? respectively, i.e. B -

because of less activation energy and dynamics for the
phase transformation. However, under the conditions
of tensile stress, the microstructure of Zn-AlFCu alloy
changed during creep deformation '™ The higher
applied stress involves the formation of more impor-
tant density of defects, such as lattice defects and dis-
locations, which results in the four-phase reaction of
a+ € T+ Tand the reaction of T~ § + Tlin the
zone of defects in ZA27 alloy.
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In our tests, the specimen was held at constant
temperature for 1.5 =2 h before a load was applied to
the specimen. Because the combination of tempera-
ture and stress provided the conditions of activation
energy and dynamics for the four-phase transforma-
tion, the negative creep caused by the fourphase
transformation occurred at lower temperature, and
the extent of four-phase transformation, compressive
creep rate and the time varied with temperature and
stress used. The value of negative creep deformation
(&) can be expressed as the difference between the
compressive creep deformation (v1) and volume ex-
pansion (v2), i.e. &= vi— v2, when vi< vs, the
negative creep could be found. However, at higher
temperature or stress, vi> vj, the negative creep
can not occur. The possible reason for this is that the
volume expansion was cancelled by the compressive
creep deformation. We have found that the negative
creep was removed from the alloy specimens that were
stabilized by heat treatment of 9 h at 250 C and then
8 h at 80 C, as shown in Fig. 2. According to the X-
Ray diffraction and SEM test, the € phase was not
found in the specimens stabilized by heat treatment,
and T’ phase occurred, shown in
Fig.4 and Fig.5. It is believed that the negative
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Fig. 4 X-ray diffractograms of ZA27 alloy
(a) —As cast; (b) —Stablized by heat treatment

Fig. 5 SEM morphologies of ZA27 alloy
(a) —As cast; (b) —Stabilized by heat treatment

creep in ZA27 alloy indeed resulted from the four
phase transformation.

4. 2 Comparison of theoretical calculation with
testing results

Theoretically, the dimensional expansion of ZA alloy
containing Cu results from a phase transformation, e T
( thomb, a= 8.676 x 10" " m, a= 27.41°"®) . Ac
oording to some reports correlated to this, the lattice con
stant and the average volume of each atom can be calculat-
ed, and these results were listed in T able 3.

The percentage of atom for ZA27 alloy is 47. 33
Al, 1.49Cu and 51. 18Zn, the solid solubility of Zn and
Cu in Al are (volume fraction, the same below) 1. 04%
and 0. 02% at room temperature, respectively, and 1.
25% and 0. 03% at 80 C, respectively , as well as 4.
04% and 0.05% at 150 C, respectively. The solid solu-
bility of Al and Cu in Zn is not considered ''”. The per
centage of atom for € phase is 17% Cu, 81% Zn and 2%
Al, and formation of € phase requires one Cu atom, 4.
76Zn atoms and 0. 12A1 atoms. The composition of 7" are
50% Al, 37.5% Cu and 12. 5% Zn, the formation of T’
phase requires one Cu atom, 0. 33Zn atoms and 1. 33Al
atoms. According to these, the percentage of each atom
can be calculated at 150 C, and it was given by:

0.483 20+ 0.073 5&+ 0.442 00 0. 495 O o+

0.028 27"+ 0.446 01
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Table 3 Lattice constant of each phase and average volume of atom before
and after phase transformation
) Lattice constant Average volume of atom
Stage Phase Lattice structure /10" O 7( 10710 )

Before transformation B fee a= 4.006 16. 072

a fee a= 4.049 16. 603
a= 2.671

n hep o= 4.946 15.301

After transformation

a= 2.767

€ hep ez 4.289 13.901
, a= 8. 676

T rhomb 4= 27 41° 15.079

Based on the average volume of atom in Table 3, REFRENCES

the size change of ZA27 alloy before and after the
transformation could be calculated. The results are
listed in Table 4. Table 4 shows that volume expan-
sion took place during the transformation, and the
negative creep occurred at 20 ‘C(50, 87.5 and 100
MPa), 60 C(50 and 87.5 MPa) and 100 C(50
MPa) (also see Table 2) and only resulted from the
volume expansion caused by the four-phase transfor
mation in ZA27 alloy. The maximum value of the
negative creep deformation in Table 2 is less than that
of the theoretical calculated results in Table 4. The
reason for this is that the fourphase transformation
and compressive creep deformation proceeded at the
same time; thus, the value of negative creep should
be the difference between the compressive creep de
formation and volume expansion of ZA27alloy.

Table 4 Size changes of ZA27 alloy before and

after phase transformation

Average volume Volume Volume Linear
of atom changes change change
/(100 mY /(100" m?)  rate/ % rate/ %
15.828" 15.937° "  0.101 0.69 0.23

* —Before phase transformation;
* * —After phase transformation

S COCULUSIONS

1) The negative creep in ZA27 alloy occurred
during the compressive creep at some temperatures
and stresses, i.e. at 20 C(50, 87.5and 100 MPa),
60 C(50 and 87.5 MPa) and 100 ‘C(50 MPa) and
did not at other temperatures and stresses used. The
value of the negative creep deformation depended on
the value of temperature and stress.

2) The formation of the negative creep in ZA27
alloy resulted from the volume expansion was caused
by the four-phase transformation, o+ e T+ 1
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