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[ Abstract] Cu;;AlsNig( mole fraction, %) shape memory alloy ribbons exhibit a good shape memory effect, which were

prepared by melt-spinning technique. The microstructure of the asspun ribbons was identified by D/ Max-rA X-ray

diffractometer. The order degree of martensite increases with decreasing liquid quenching temperature at the same quench-

ing rate. The liquid structure of Cu7sAlys and Cu7iAlbsNis was investigated using X-ray diffraction method. The distinct

pre peaks have been found in front of main peaks of the structure factors. The pre peak increases intensity with decreasing

temperature or adding Ni. Gaussian peaks decomposing radial distribution function ( RDF) indicated that Cur Al distance is

anomalously short. These results suggest that a strong interaction between Cu and Al is favorable to form B-phase like

clusters, which leads to chemical medium-range ordering in melt. This promotes formation of order martensite and sup-

presses Y,-phase precipitation.
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1 INTRODUCTION

Cu-base shape memory alloys (SMA) are com-
mercially attractive systems for the practical exploita-
tion of the shape memory effect (SME) and stand
next in line to the NrTi base alloys as suitable alloys
for shape memory application because of their lower
cost. Many studies have been carried out on the vari-
ous aspects of SME in Cirbase alloys system' '™ #, in-
cluding crystallography and morphology of marten-
site, transformation temperature and phase stability,
aging effect, and SME property. But very few exper
iments have been carried out on liquid structure of
SMA. More and more facts have clearly revealed that
the structure and properties of the solid state are re-
lated to the structure of the liquid. It is concluded
that some small structure units in liquid are the
heredity factors of solid when it is solidified ™. In ad-
dition, it is known that rapid solidification can better
reveal the relation between the structure of the melt
and the microstructure of the solid. In present work,
CuAINi shape memory alloys ribbons were fabricated
by melt-spinning technique, which is one of tech-
niques for rapid solidification. The microstructure and
hardness of ribbons and the liquid structure of melt
were investigated.

2 EXPERIMENTAL

The alloys of Cu7s Alrs and Cu7i Alys Nig ( mole
fraction, %) were prepared by melting the pure met-
als (99.99% , mass fraction) in an induction furnace,

then poured into permanent mould and the cvlindrical
specimens with 10 mm in diameter were obtained.
The specimens were put in the quartz tube with nar
row slit and then equipped with melt-spinning appara-
tus and melt spun ribbons were fabricated. The phase
of the as~spun ribbons was identified by Shimazu XD-
3A X-ray diffractometer. The liquid structure of melt
has been investigated with high temperature X-ray
diffraction, using an €0 diffractometer ( Mo Ky).
Please refer to Refs. [ 6~ 8] for the detail of the data

processing.
3 RESULTS AND DISCUSSION

The ribbons were 8~ 10 mm in width and ~ 80
Pm in thickness. The asspun ribbon bent at ambient
temperature returns to its original shape as tempera-
ture rising up to about 150 ‘C. This result shows that
the as-spun ribbon exhibits a good shape memory ef-
fect.

Fig. 1 shows X-ray diffraction patterns of the asspun
ribbons of CuzAls4s alloys at different liquid quenching
temperatures when the rotation rate is 200 r/ min. The
(111) and (019) are the characteristic superlattice peaks
due to DO3 order and the other peaks are mainly the funda-
mental reflection peaks of martensite.

The degree of DO3 long-range order S can be es-
timated through!*!
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where [, represents the intensity of superlattice

Fig. 1 XRD spectra for Cuy;1255Nis ribbons

reflection peak; Iy represents the intensity of funda-
mental reflection peak; (/. [y)ep is ratio of the two
experimental intensity; (/¢ I¢) ca is theoretical ratio
of value corresponding to complete order structure. In
same phase state, the equation can be obtained as fol-

lows
sl e (2
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Thus, variation in the order degree of martensite
can be known by comparing the ratio of the (111) or
(019) to the fundamental reflection peak at different
liquid quenching temperatures. From Fig. 1, it is ob-
vious that the intensity of superlattice peaks increases
with decreasing liquid quenching temperature. This
suggests order degree of as-spun martensite increases
with decreasing liquid quenching temperature.

The ratio of intensity of (111) and (019) to
(0018) of the asspun ribbons at different rotation
rates are given in Table 1. The (0018) is a funda
mental reflection peak of martensite. A remarkable
feature noted by Cantor is that the cooling rate in
melt spinning can be represented by a simple relation
of the type: R= aV, where R is the cooling rate, V
is the wheel velocity and a is a constant (= 1.2 x 10*
K/m) !> %,
thickness of all ribbons is so small that the influence
of thickness on cooling rate can be ignored. From
Table 1, the order degree of martensite decreases
with increasing the rotation rate due to the higher

In the present experiment, variation in

cooling rate resulting in ordering of martensite incom-
plete. When the liquid quenching temperature is 1
100 C, the (111) intensity relative to the (0018) of
the as spun ribbons at the rotation rate of 300 r/ min
is 0. 16; when the liquid quenching temperature is 1
300 C, the (111) intensity relative to the (0018) of
the as-spun ribbons at the rotation rate of 50 r/ min is
0. 13. The former is higher than the latter. This sug-
gests that the liquid quenching temperature has very
important influence on order degree of asspun rib-
bons.

In Fig. 2, curve 1 shows the Vickers hardness
varies with the liquid quenching temperature and
curve 2 shows the Vickers hardness varies with the
rotation rate. It shows that the Vickers hardness of
as'spun ribbons decreases with decreasing liquid
quenching temperature at the same rotation rate and
with increasing rotation rate at the same liquid
quenching temperature. T herefore, the Vickers hard-
ness of ribbons is related not only to the cooling rates
but also to the quenching temperature closely.

Fig. 3 shows the Vickers hardness varies with
the aging temperature for ribbons obtained at various
liquidquenchingtemperaturesastheagingtimeis15 min.
The hardness of ribbons changed significantly during

Table 1 XRD relative intensity of superlattice
peaks for SM A ribbons at different rotation rates

Rotation 1300 C 1100 C
rate/
(r*min” ") hkl I1J1; hkl I1J1;
5 (111) 13% (111) 19%
(019) 18% (019) 19%
(111) 11% (111) 18%
200
(019) 13% (019) 21%
100 (111) 8% (111) 16%
(111) 8% (019) 19%
Rotation rate/(r*min~?!)
100 200 300 400 S00 600
460 T T ! !
400

340

280

1100 1200 1300 1400
Liquid quenching temperature/C

Fig.2 Changes in Vickers hardness with
rotation rate and quenching temperature
M —At the same rotation rate( 180 r/ min)

A —At the same quenching temperature( 1 200 C)

13001 | —Quenching at 1050 C
| 2—Quenching at 1150 T 2
1100 3—Quenching at 1250 C
900}
;_ 3
700}
500}
300 . .
50 150 250 350 45

Aging temperature/C

Fig. 3 Relation between aging temperature and
micro-Vickers hardness of asspun ribbons
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the aging. This was caused by the precipitation of Y, 4
phase. The point at which the hardness begins to rise
was thought to be corresponded to the temperature
where Y, phase precipitated, and the shift to higher
temperature was detected when liquid quenching tem-
perature was decreased.

s(Q)

The total structure factors of liquid CuzsAlys al-
loy are shown in Fig. 4. A distinct pre-peak has been
found in front of main peak of the structure factors.
As we know, the curves take on a shape of parabola
ahead the main peak in the structure factors of molten

Al and Cu!”. So appearance of the prepeak in the
structure factor of molten Cu7sAlrs must be due to Cur

Al interaction. The total structure factors of liquid

Cu71AlxsNiy alloy are shown in Fig. 5. The pre peak Fig. 5' Total structulje factors
increases after addition of Ni. The intensity of pre of liquid Cu71A2sNis alloy
peaks is strengthened with decreasing temperature, as
shown in Fig.4 and Fig. 5. For the structure factor
curve, the ratio of the pre-peak area (the integrated
intensity of the curve) to the total area of the curve

can reflect the ratio of the structure corresponding to
[10
t

the pre-peak in melt!'”'. So the amount of the struc
ture corresponding to the pre-peak in melt increases
with decreasing temperature and addition of Ni.

The first peak of radial distribution function
(RDF) 47 ¥ P( ¥) of CussAlys and Cuy AlysNig were
fitted by three Gausian functions, as shown in Fig. 6
and Fig. 7. The positions and areas for the three sub-
peaks are listed in Table 2. Since the area of the first
sub-peak increases with addition of Ni(which is small
atom) and Cu in two alloy systems, it is reasonable to
assign the first sub-peak to the Cu-Al correlation. The

Fig. 6 The first peak of RDF of CuysAlys

fitted by three Gaussian function
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Fig.4 Total structure factors
of liquid Cu7sAlss alloy Fig.7 The first peak of RDF of Cu7iAlysNi4
fitted by three Gaussian function
Table 2 Positions and areas of sub-peaks of RDF of Cu7sAls and Cu71AlsNiy
CU75A125 CU75A125Ni4

Position /10" " m Area Position /10" ' m Area

Ist sub-peak 2.35 0.87 2.43 1.42

2nd sub-peak 2.56 3.86 2.65 3.80

3rd sub-peak 2.81 2.58 2.90 2.79

4th sub- peak 3.18 4.46 3.32 3.82
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position of this sub-peak (2.35 U), however, is less
than the sum of the atomic radii of Cu( 1. 28 U) and
Al (1.43 U) by about 0. 35 U, suggesting a strong
interaction between Cu and Al. The area of the first
sub-peak increases with addition of Ni. This suggests
Ni can strengthen interaction between Cu and Al. the
peak positions of the second sub-peak (2. 56 U) and
the third sub-peak (2. 81 U) are close to the expected
CurCu distance (2. 56 U) and AFAI distance ( 2. 86
U), respectively.

Under normal conditions, different metals and
alloys have different reasons that cause the appearance

(=151 - porp example, the prepeak of K-

of pre peak
Pb is thought to be caused by the phase transforma-
tion, while the pre-peak of AuGe alloys is caused by
heteroatomic associates of composition AusGe. So it is
believed that the pre-peak of CuzsAlys is related to
formation of B-phaselike clusters due to strong Cur Al
chemical bond in liquid, manifesting character of
mediunrrange order. The detail about B-phaselike
clusters in the melt was published elsew here! "', The
melt is considered to consist of the clusters regions
and disorder atomic ones. After Ni added, Ni re
places partial Cu atoms and also form strong chemical
bond with the around Al atoms in clusters. This caus-
es the CurAFNi alloy further to develop a certain co-
valent characteristic that is favorable to form big clus-
ters. At low quenching temperature, large quantities
of atoms exist in clusters and the size of clusters is big
and the amount of clusters is enormous in melt. Dur-
ing quick solidification, B phases develop from incor-
porating and growing of the clusters. therefore B
phases with less fault come into being and the distri-
bution of Niin B phases is uniform. Ni can effectively
restrain the diffusion of Cu and AI''”, so the precipr
tation of ¥, can be suppressed. This is the reason why
the Vickers hardness is low in ribbons fabricated at
low liquid quenching temperature, as curve is shown
in Fig. 2. Ni can operate similarly during the aging.
This is the reason why the point at which the hard-
ness begins to rise and shifts to higher temperature
when the quenching temperature was decreased.
When the deposition of the Y, cannot be suppressed at
higher temperature, the hardness begins to increase,
as shown in Fig. 3. The ordering reaction, B~ B
(CusAl: DO3), occurs at low temperature during
quenching. Because of indiffusion of martensitic
transformation, thermoelastic martensite must inherit
atom order state of parent phase. B phases developed
from the big B-phaselike clusters are very favorable
to formation of high order degree B; phases. This is
the reason why the order degree of martensite is high
in ribbons fabricated at low liquid quenching tempera-
ture, as shown in Fig. 1 and Table 1, which is re-

verse in ribbons fabricated at high liquid quenching
temperature. The precipitation of ¥» also can be sup-
pressed by higher cooling rate as curve 2 shown in

Fig. 2.
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