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The effect of titanium additions to binary 8-CuZn alloys was investigated: the concen-
tration range of 8 at high temperatures (860° C), solid solution hardening of this phase,
and the change in martensite temperature, Ms. Titanium in solution produces consider-
able solid solution hardening, both by replacing copper or zinc. Only replacement of zinc
leads to a constant or increasing Ms, while replacing copper decreases it. Ageing of the
B-phase causes strong hardening and a decrease in Ms. The results have been interpreted
considering the role of thermodynamic and mechanical properties in determining Ms.

1. Introduction
Prerequisites for shape memory are:

1. a martensite transformation associated with
minimum volume change but maximum shear;

2. a small hysteresis between the temperature
of transformation (Mg) and reverse transformation
(4s);

3. transformation temperatures in the tempera-
ture range of intended use of the effect, usually at
or slightly above ambient temperature.

A fourth requirement is strength of the alloy. In
use it is exposed or expected to exert forces. These
in turn are limited by the true yield stress, i.e. the
stress at which considerable irreversible defor-
mations occur [1]. Of equivalent importance is the
fact that an elevated yield stress will reduce fatigue
crack growth. This is important if the material is
exposed to repeated thermal or mechanical cycles.

Out of the two important groups of shape
memory alloys: B-NiTi and B-brass type [2] the
application of the latter suffers from its lack of
strength. Most alloy developments of copper-base
alloys went into the direction of replacing zinc by
aluminium and nickel [3—6]. The strength of these
alloys is still inferior in respect to 8-NiTi.

A very specific problem in the search of strong
shape memory alloys is the coupling of martensite
start temperature, Mg, and the yield stress, oy.
Any hardening mechanism which increases the
yield stress by Ao, will lower Mg by AT, unless it
is compensated by an increase of the thermo-
dynamic equilibrium temperature T {7].
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Vm is the molar volume, v,4 the amount of shear
associated with the -« transformation, and
AS,s is the transformational entropy. As the
transformation has to take place inside of 8, its
resistance to shear has to be overcome by the newly
forming c-crystal. This critical resolved shear stress
is increased by hardening mechanisms such as solid,
solution-, radiation- or particle-hardening [8, 9].
Therefore, 7,3 is proportional to the increase in
yield stress, Aoy, if the mechanism of nucleation
and growth of martensite crystals is not changed.
(The constant C contains the factor of propor-
tionality between 7 and o, as well as all the proper-
ties given in the second term of Equation 1.)

Ms = To(x) - CAUY (2)

The equilibrium temperature Tp is a function of
the chemical composition of the alloy. The
additional undercooling required to start the
transformation increases with increasing yield
stress. This investigation was conducted to explore
the effect of titanium additions as solid solution
strengthening agent to  f-CuZn which can be
expected from the atomic size ratios. In addition
it is likely that replacement of zinc by titanium
could increase Ty This in turn would lead to an
alloy which combines elevated strength without
decreasing Mg. The purpose of this investigation
was to test the limits of titanium contents which
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« composifion of
the alloys

Figure 1 Section of the ternary phase diagram Cu—Zn—Ti
indicating the extent of the p-field and the composition of
the alloys used for this investigation.

can be dissolved in S-brass alloys with relatively
high Mg (i.e. high copper content). Consequently
the Mg temperatures and the shape changes
associated with transformation in these alloys
should be measured.

2. Materials and experimental procedures
The binary alloys had a composition of 60.5 wt %
copper and 39.5 wt % zinc. Two sets of alloys were
produced by induction melting in which either
copper or zinc were replaced by titanium. Their
chemical compositions are indicated in the ternary
diagram (Fig. 1). ‘ “

Cylindrical specimens were p’féduced by turning‘

ingots to a diameter of 10 mm or by drawing 1 mm
wires. A homogenization treatment was followed
by holding for 10 min at 860° C and brine quench-
ing. Electrolytic polishing was required to follow
mechanical polishing to obtain the surface quality
required for the observation of the microstructure
as well as the surface upheavals produced by the
martensitic transformation.

The samples were cooled at a rate of about 20
to 40Kmin™! to liquid nitrogen temperature.
Optical microscopy was used for determination of
the transformation temperature, while the speci-
men temperature was measured with a thermo-
couple which was positioned 2mm beneath the
surface. The observations were made at least 2 mm
away from the surface of the original specimens
during ‘heat treatment to avoid errors due to
dezincification.

Ageing experiments were conducted up to
1000 h at 150° C and Vickers hardness used as an
indication for property change in the §-phase.

The shape memory properties were explored by
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the application of bending stresses during cooling
of the wire-shaped alloys.

3. Experimental results

The alloys were quenched from 860° C in order to
obtain a homogeneous f-structure. Towards high
copper corntents this is limited by the formation of
fcc a-phase by massive transformation [10], at
higher titanium contents the two-phase field
B+ CuTi is approached [11]. Light microscopy
reveals these two limits (Fig. 2b), and the findings
are summarized in the phase diagram (Fig. 1).

Strengthening of the binary phase by titanium
additions is considerable (Figs. 3a and b). The
increase in hardness is somewhat more pronounced
in the alloys with the higher copper content and
the replacement of copper by titanium. Strength-
ening reaches about the same level at the highest
titanjum concentration which can be dissolved
(~ 1wt %) for both, replacement of copper or zinc
by titanium.

Because of the stability of the transformation
properties the ageing behaviour of the B-phase is
of importance. An alloy with 0.8 wt% titanium
was aged at 150° C and a considerable increase in
hardness was found (Fig. 4a). No changes could be
detected after several months at room tempera-
ture.

All metallographic measurements of the course
of transformation show that the reaction was
complete (M;) at 20 to 30°C below Mg. The
reverse transformation (4g) started at or only a
few degrees above Mg. An overheating of about
20° C was required for complete reversions. There-
fore the total transformation cycle requires a
temperature range of 40°C for all alloys which
were investigated. \

To show the effect of titanjum additions only
the measurements of Mg are shown in Figs. 5a and
b. A replacement of copper leads to a lowering of
the transformation temperatures, while replace-
ment of zinc provides even a slight increase.

Finally, it could be shown that My is not only
a function of chemical composition. It decreases
with ageing of an 0.8 wt % titanium alloy (Fig. 4b).
After about 10h at 150° C Mg is lowered below
—200° C. Further ageing stabilizes the S-phase so
far that transformations will not take place at any
undercooling.

The results of all measurements of Mg are
summarized in the f-field shown in the ternary
phase diagram in Fig. 6.



Figure 2 Light microscopy of
the as-quenched alloys ‘(TQ =
860°C). (a) 61 wt% copper,
385wt% zinc, 0.5wt% tita-
nium, homogeneous g-phase. (b)
60.5wt% copper, 383wt%
zinc, 1.2 wt % titanium, massive
« and fine scale precipitation of
intermetallic compound.

4. Summary and conclusions

Additions of titanium to §-brass lead to consider-
able solid solution hardening by both, replacement
of copper or zinc atoms. The differences in atom
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Figure 3 Solid solution hardening by titanium additions.

radii make it likely that this is due to solid solution
hardening of the ordered 8-CuZn phase, and not to
an increase of ordering energy. The compositional
range in which a homogeneous S-phase can be
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Figure 4 Effects of ageing at 150° C (60.5 wt % copper, 38.7 wt % zinc, 0.8 wt % titanium). (a) age-hardening, and (b)

lowering of the martensite start temperature, Mg.

obtained by quenching encounters two limits. At
high copper-contents (xg, > 61 wt%) massive
transformation into « becomes rapid. The exper-
iments showed that this limit is not shifted towards
higher copper contents by titanium, as is known
for additions of aluminium. The second limit
originates from the tendency to form and pre-
cipite a titanium-rich phases (CuTi via coherent
metastable stages*). For titanium additions of
more than 1wt% the tendency for precipitations
becomes so pronounced that its formation cannot
be suppressed by quenching, even if at 860°C a
homogeneous §-phase has existed. This in turn
leads to a higher sensibility to ageing effects in the
high titanium alloys. Age-hardening becomes con-
siderable even at temperatures not too high above
ambient.

The major concern was the effect of titanium
on the course of the martensitic transformation,
especially on Mg (Figs. 4b, 5 and 6). Equations 1
and 2 can be used for an interpretation of these
results. Any alloy addition, x, which causes solid
solution hardening, Aoy, will lead to an increasing
difference AT between Mg and Ty

The same alloy addition may also affect the tem-

perature 7. Depending on whether it favours the

thermodynamic stabilization of the §- or a-phase

T, may be increased or decreased:
dT,

—2Z0
dei

4

It is not known which effect titanium additions
have on T, of §-CuZn. Pure titanium is stable in a
close packed phase o up to a rather high tempera-
ture (882°C). Therefore a favourization of the a-
structure, i.e. an increase in Ty could be possibly
expected, but it cannot be measured directly.

The measurement of Mg contains terms from
Equations 3 and 4:

, M
d.Xrﬁ

4T A
)

- dei dei

Consequently Mg will decrease unless the effect of
solid solution hardening on AT is overcompensated
by an increase in 7.

dTp
dei

dA
L|_dar
dxmy

l + (6

daoy, dAT <0 3) The experimental results have been interpreted
dxpi  dxmpy along the lines shown in the schematic diagram of
0 Cu=61.5-x% 0 Cu=60.5%
Zn=385% Zn=395-x%
b0 540
= S v
S-BO -80
o
° o °° Figure 5 Effects of titanjum-
-120 20 additions on Mg. (2) Replace-
ment of copper by titanium,
T 1520 75 %0 05 W0 15, 20 75 and (b) replacement of zinc by
{a) —x, (Wt %) ) ——= Wt %) titanium.-

*Formation of a ternary CuZnTi compound also cannot be excluded.
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Figure 6 Mg temperatures of the g-phase in the Cu~Zn-Ti
phase diagram.

Fig. 7. Replacement of zinc by titanium in the
original binary alloy should lead to an increase in
Ty, which compensates or overcompensates the
solid solution hardening effect (Fig. 5a). Lowering
the copper content by titanium additions should
decrease Ty, but to a lesser extent, as additions of
zinc would do. Thus the sequence copper—>
titanium - zinc indicates an increasing tendency
to stabilize the a-phase and therefore to increase
To. The effects of ageing of the S-phase can be
explained along the same lines. Corresponding
phenomena are known from substitutional alloys
of iron [12]. Precipitation hardening by coherent
particies makes it necessary that these are sheared
together with the matrix. An addition driving force
and therefore undercooling AT is required for the
transformation (Equation 3). Only if a non-
coherent phase precipitates, which in turn causes
an increase in 7g in the transforming matrix, may
Mg increase again. This has not been observed for
the present ageing conditions (Fig. 8).

The compositional range which exists for con-
ventionally solidified and quenched alloys does
not permit production of $-Cu(ZnTi) alloys, which
transform around ambient temperature. The
experiments have indicated that they show good
shape memory properties at lower temperatures.
Attempts are underway to produce a homogeneous

62% Cu X7n

Figure 7 Effects of alloying elements on Mg, semi-
schematic. Mg of binary §-Cu—Zn alloys, and of replace-
ment of copper or zinc by titanium.

B-structure with an elevated copper content of
about 62 wt %. This alloy should transform around
ambient temperature (Fig. 7).
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