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ABSTRACT The effects of quenchant temperature on the stabilization and property of Cu-Zn- Al alloy were

investigated by means of X-ray diffraction and electrical resistivity measurement. Experimental results show

that, when the quenchant temperature is higher than A ¢, thermoelastic martensite will be obtained; when the

quenchant temperature is between M and M, martensite will exhibit partial stabilization and when the quen-

chant temperature is lower than M, martensite will be stabilized. T he stabilization may be in close relation

with the suppression of By D03 transformation.
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1 INTRODUCTION

Since the stabilization was discovered in
CuZnAl alloy in 19811 the stabilization effect
of the martensite phase in Cu based shape memo-
ry alloy has been extensively studied by many re-

“31 Cu hased shape memory alloy

searchers!
will be stabilized after direct quenching, but the
stabilization may be avoided by step quenching
and its property can be improved. Some mecha
nisms have been proposed for the martensite sta-
bilization: a) the pinning mechanism of super-
saturated vacancies, b) the pinning mechanism
of precipitates, ¢) the reordering mechanism in
the martensite phase and d) the mechanism of
atom rearrangement. The change of martensite
crystal structure destroyed the crystallographic
relationship betw een martensite phase and parent
phase, thus suppressing the transformation.

The importance of the configurational
changes in the atomic structure as the cause of
the stabilization has become more and more evr-
dent'® ?'. Although it was found that the quen
chant temperature has a significant effect on the
Cu based alloy'”!, a systematic study on the ef-
fects of the quenchant temperature on the stabr
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lization and its order is absent. In this paper,
the results obtained under different quenchant
temperatures are reported, the relationship be
tween its property and its ordering are obtained,
and the mechanisms of stabilization are dis-
cussed.

2 EXPERIMENTAL

The nominal composition of the alloy used is
Cur20. 8% Z1r5. 8% AFO. 05% Ce. The master
ingots was prepared by melting pure Cu, Zn, Al
and AFCe alloy in an induction furnace. Thin
sheet specimens were obtained from the ingots
by hot rolling and cold rolling. They were then
cut into samples used for electrical resistivity-
temperature measurements ( 160 mm X 30 mm X
0.7mm) and X-ray diffraction sample (20 mm X
20mm X 0. 7 mm) after polishing. They were
homogenized at 800 C for 5 min and quenched
into 100, 80, 70, 60, 40 C and room tempera
ture water and held at these temperatures for 30
min, then cooled to room temperature with the
water. The electrical resistivity-temperature
curves were obtained by X-Y recorder. X-ray
diffraction conducted  on

analyses  were

Received May 28, 1996; accepted Dec. 9, 1996



« 100 -

Trans. Nonferrous Met. Soc. China

Sep. 1997

SIEMENS D-500 diffractometer using Cuk 4 ra-
diation (35kV, 30mA). The step scanning step
length was 0. 02°, time 20 s, and continuous
scanning rate was 0. 5°/ min.

3 RESULTS

3.1 Electrical resistivity temperature curves
In order to study the effect of quenching
rate on properties, we measured the electrical re-
sistivity-temperature curves of the specimens af-
ter quenched into different temperature water,
the results are shown in Fig. 1 and its relative
transformation temperatures are listed in Table
1. With decreasing quenchant temperature, the
curves become shorter and wider, the amount of
the hys
teresis loop widens, and the reverse transforma

martensite transformation decreases,

tion temperature increases. However, M, and
M ¢ do not show significant changes, which is in

accordance with the results in Ref. [ 11].

Table 1 Influence of quenchant temperature
on transformation temperature
Quenchant temp A A M, M;
/ C / C / C / C / C
100 64 74 63 52
80 65 75 64 52
70 67 76 65 53
60 72 84 65 52

3.2 Xray diffraction

The test samples were solution annealed for
5 min at 800 C, then quenched into 100 C
water ( step quenching) and room temperature
water ( direct quenching) separately. Their X-
ray diffraction patterns were shown in Fig. 2.
The lower angle diffraction peak is the long
range order superstructure diffraction peak of
M 18R martensite, so the long range order can
be analysed by the relative intensity changes of
(019) diffraction peak.

Fig. 3 shows that the intensity changes of
(111) and (019) diffractions. It can be conclud-
ed that, with the decrease of the quenchant tem-
perature, the intensity of (019) diffraction peak
decreases, and the distance between the (111)y

and (111) p peaks decreases gradually.
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Fig. 1 Influence of quenchant temperature
on resistivity temperatrue curves

I —Quenched into 100 C water;

2 —Quenched into 80 C water;

3 —Quenched into 60 C water;

4 —Quenched into 40 C water;

5 —Quenched into RT water
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Fig. 2 X-ray diffraction patterns of
step and direct quenching

We also measured the splitting parameter @ of
the diffraction line pair ( 122) and (202), the

splitting parameter means the order of marten-

[9, 12

site 1. The parameter @is defined as
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@= | sin®O( 112) - sin”6(202) |
where O ( hkl) is the Bragg angle of ( hkl)
diffraction peak. For M 18R martensite, when
its D03 order,
with the decrease of the long range order the val-

@ reaches the maximum values,

ues of @ decrease. The results are shown in

T able 2.
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Fig. 3 X ray diffraction patterns of

different temperature quenching
I —Quenched into 100 T water;
2 —uenched into 80 C water;
3 —Quenched into 60 C water;
4 —Quenched into RT water

Table 2 Influence of quenchant
temperature on_ P

Quenchant temp 20(122) 20(202) ®
/C /(%) /(%) /1073
100 39.872 40. 884 5.721
80 39.870 40. 878 5.700
60 39.960 40. 848 4.966
40 40. 000 40. 820 4.638

4 DISCUSSION

During the quenching process, rapid cooling
leads to the stabilization of martensite. Rapid

cooling can not supress the A, ~ B, ordering
transformation, but it can supress the qu D03
ordering transformation. The values of the long
range order can be indicated by the intensity of
superlattice diffraction peak in X-ray diffraction
patterns, the splitting parameter @ hetween a
certain pair of peaks' > % 1.

In Fig. 3, it can be seen that with the de
crease of quenchant temperature, the quenching
cooling rate increases, the intensity of (019) su-
perlattice diffraction peak, and the distance be
tween the (111)n and (111) p peak decrease.

Table 2 lists the values of the splitting pa
rameter @. It can be seen that, with the de
crease of the quenchant temperature, the values
of @ decrease, i.e. the ordering decreases.
T hese results are in accordance with the intensity
change of superlattice diffraction peak. These all
indicate that the long range order in martensite
decreases with the decrease of the quenchant
temperature.

In Fig. 1, the samples were quenched into
60 C water, the height of its transformation
curve decreases obviously, reverse transforma
tion temperature and hysteresis increase. This is
because 60 C is between M, and M, the sam-
ples were directly quenched into the double phas-
es state, in which the martensite stabilized dur-
ing the isothermal process, only those kept in
parent phase state during the isothermal process
retain memory property after quenching. It can
be seen from Fig. 1 and Table 2 that the partial
stabilization in the samples is in relation with the
partial were suppressed of B ~ DO; ordering
change during the quenching and the long range
order decreases.

When samples were quenched into 40 C
water and room temperature water they are com-
pletely stabilized. This indicates that samples
quenched into the water whose temperature is
lower than M directly. Due to the rapid cooling
rate, the By DOs ordering change was serious
ly supressed, the order can not attain the values
to produce reversible transformation, so the sam-
ple shows complete stabilization. Comparing
Fig. 1 with Fig. 3, it can be seen that, as the
quenchant temperature decreases, the long range
order in martensite decreases, memory property
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worsens, and when the quenchant temperature is
lower than M, the sample will show complete
stabilization.

It is well known that M 18 R martensite is
inherited from the atom ordering arrangement of
D 03 parent phase. Because of the higher order of
the parent phase, the order of M 18 R martensite
transformed from the D03 parent phase is high,
which is profitable for the martensite transfor
mation to parent phase along a certain crystallo-
graphic path during the heating process.

Thus, the By D0 ordering change during
quenching may be an important cause of the sta
bilization in CuZnAl alloys.

5 CONCLUSIONS

(1) When samples are quenched into the
quenchant at temperature higher than M, and
isothermally aged for 30 min, thermoelastic
martensite will be obtained.

(2) When the quenchant temperature is be
tween M and M, the quenched martensite will
be partially stabilized.

(3) When samples are quenched into the
than M,

martensite will show complete stabilization.

quenchant at temperature lower

(4) Martensite stabilization is in close rela

tion with the long range order.
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