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1. Introduction

The y —phase reported for the systems Cu-Zn, Cu~Cd, Ag-2Zn and Ag-Cd occurs at a composition
close to A BB where A is Cu or Ag and B is 2n or Cd. Structures of the y phase have been deter—
mined for Th€ Cu-2n and Cu-Cd systems (1) and for the Ag-Zn system (2). The phase boundary
1imits of the Y —phase for temperatures abvove 570 K have teen reported for all four systems (3).
However, the homogeneity ranges of the y —phases are not known for temperatures below 370 K and
are uncertain for the temperature interval (370 - 570 K).  An anomaly in the electrical resis—
tance-temperature curve for Y —brass has been observed (4,5) to occur in the range (520 — 550 K).
Melikhov et al. (6) noted a discontinuity around 525 K in the lattice parameter—temperature plot
for Y —brass, this was attributed to the transformation of a rhombic structure into a cubic
structure. K8ster (7) reported that a transformation occurred at about 590 K from measurements

of the modulus of elasticity.

Tn this study the ¥ —phase transformation in the Cu-Zn, Cu-Cd, Ag-Zn and Ag-Cd system has
been further investigated with measurements of electrical resistance and lattice constant (¥B)

and heat capacity (PW).
2. Experimental

s le preparation

The single crystals were prepared from high purity metals (silver from Degussa/}la.nau, COpper/
zinc/cadmiun from Preussag AG, all 99.9995%). A detailed description of the method will be
published shortly (8). The polycrystalline samples were prepared from weighed stoichiometric
amounts of the same high purity metals. The two components were melted together in sealed,
evacuated silice capsules and quenched into iced water. The samples were then homogenised 5 K
he solidus temperatures for 1 week and slowly cooled to room temperature. The products

below t
Any stored energy effects caused by the cold work were

were crushed and pressed into discs.
eliminated by further annealing.

Calorimetny

A1l differential scanning calorimetry (DSC) experiments were carried out with a Perkin=
Elmer DSC-2. The specific heat mode was used in all cases (9). The DSC-output wae stored on
it tape and the data were evaluatet_i with the aid of a KDF-9 computer. A detailed description
of the technique and the data evaluation has been reported previously (10)(11). Experiments

heating rates (5,20 and 40 K min~1) were carried out so that all registered

with different
temperatures could be extrapolated to temperatures corresponding to zero heating rate,

Registance measurements
The electrical resistance was measured using an AC-method with lock-in-amplifier and a four-

point probe.
X-ray and dilatation measurements

The lattice constants were measured by the rotating crystal method with CuKa —radiatio
Dilatation experiments were carried out with a silica-apparatus, a differentia) transformern;;as

used as the pick—up.
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3. Results
One mole refers to the species AxB‘I—x where A is Cu or Ag and B is 2n or Cd. Temperatures

are based on IPTS-68.

Heat capacity measurements

Heat capacity (C_) meesurements shown in fig., 1la~3a were determined on single-crystals; the
heat capacity values Bbtained with polycrystalline samples of identical composition showed no
differences from those for single crystals. The heat capacity data for Ag. ,Cd 6 shown in
fig. 4were obtained on polycrystalline material only. The full lines in tgéée gigures refer to
samples which had been fully annealed at temperatures below the transition temperature (7 days
at 370 K for Cu 2n, 48 h at 380 K for Cu Cd, 48 h at 300 K for Ag 2Zn and 14 days at 300 K for
Ag cd). e dashed curves in these figures refer to samples quenched at 200 K min=1 from 550 K
to 300 K. The offect of composition upon the y transformation in Cu 2Zn single crystals is
clearly shown in fig. 5. The C _(T) curves for all compositions possessed a C_ maximum and
double peaks were observed for three compositions and for y - Ago 8 Zno 614" The highest
temperature observed for the Cp peak occurred in an alloy of compééléion‘ Cu0.3772‘"0.623'

Electrical resistance measurements

temperature curves for single crystals of Y -Cu 2Zn, Y-Cu Cd

The electrical resistance —
The R(T) curves shown in these

and Y -Ag Zn are given in figs. 1b, 2b and 3b respectively.
figures refer to the following conditions:

Curve I: The electrical resistance of the annealed samples was measured at low heating rate
(3 K min"1) and high cooling rate (30 K min‘1). The resistance of the cooled ("q—uenched")
samples were 3 — 4% above those of the annealed samples.

Curve II: The resistance of the “quenched” sample was then measured at high heating (10K min_1)
and cooling rates. The R(T) curve was identical for toth heating and cooling runs indicaling
that the high electrical resistance of the "quenched" phase was maintained for the duration of

the experiment.

Curve III: The samples were then annealed for 20 h at annealing temperatures (Cu Zn, 370 K;

Cu Cd, 400 K; Ag Zn, 300 K) selected to lie below the transition temperature. This annealing
produced a decrease in electrical resistance, a;sociated with the transformation of the high-—
temperature, Y phase in the "quenched" sample into the equilibrium, low-temperature form.

Thus the R(T) curve was unaffected by the fast cooling rate employed, as all measurements on the

low—temperature, Y-phase were carried out below the transition temperature.

Lattice parameter measurements
A single orystal of Y —Cu Zn was subjected to one of the following annealing treatments,
48 n at 370 X, 15 h at 425 X and 475K, 5 hat 500 K, 3 h at 525 K, 550 K and 590 K, and then
enched into water. Lattice constants, a2, for the quenched samples were determined and are
qu against annealing temperature in fig. 6a.  This a(T) relationship is fitted by a curve
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to 500 K; for temperatures above 500 K the lattice parameter has a constant value. Incomplete
annealing of the sample results in a high value for the lattioe parameter as can be seen from
the points (m) and (n) in fig 6a; these samples had been subjected to annealing periods of

€0 days at 300 K and 24 h at 370 K, respectively. As all measurements were carried out at room
temperature, the slope of the a(T) curve was unaffected by thermal expansion effects. The
lattice parameter increased by 0.04% between 370 and 500 K. There were no significant changes
in the diffraction patterns for 370 and 600 K. All back reflections were identified as those of
Y -brass, hence there was no evidence for the presence of the low-temperature modification
reported by Melikhov (6) in these samples.

Expansion coefficient measurements

The dilatation measurements for a single crystal of Y—Cu Zn, which had been annealed for
20 h at 370 K, are shown in fig. 6. The expansion coefficient increased between 400 K amd 500 K
and on rapid cooling the length of the quenched sample (high~temperature Y form) was larger than
that for the annealed sample (low-temperature form) by about 0.05%, a value in line with that
obtained from lattice constant measurements.

4. Discussion

The results of the various measurements reported in this study all show quite clearly that
a transition occurs at low temperatures in these alloys. The enthalpy of transition, AH,, and
the temperature range where the transformation produces an anomaly in the C_(T) curve are listed
in Table 1. DNeither the temperature ranges nor the enthalpies of the trans¥tions in various
alloys are strictly comparable as both quantities are dependent upon both composition (see fig.5)

TABLE 1
Temperature Range and Enthalpy of the Y-phase Transformation

Alloy %45.6032%0. 397 [ 4€0.614%%.386 | ®0.594%%.406 | 2%0.6%%.4
Temperature Range/K 403 - 490 (45) | 303 - 407 (#5) | 406 - 470 (45) | 304 ~ 418 (35)
IS WAR S S 169 + 15 177 + 15 2545 116 + 15

and the annealing treatments. However, it can be seen from Table 1 that the AHt values are very

small.

If the transition temperature is defined as the minimum temperature at whioh all the

Y —phase transformations are complete then there is reasonable agreement between the temper—
atures recorded by various measurements for any specifio alloy, eg for Y-Cu Zn, 490 X from fig.
la, 500 K from fig. 6a, 475 K from fig. 6b and 480 K from curve I of fig. 1b.  These temper—
atures are all lower than the other recorded transition temperatures 530 K (4) 550 K(5) 520 K (6)
a@d 590 K (7)' The discrepancy between the transition temperatures oan be attributed to

1) the unsuitability of some methods, particularly dynamic techniques, for the determination of
transition temperatures (ii) the effect of the thermal history of the sample, whioh was observed
to have an effect on the shape of the C_ (T) curve in this study and could therefore affect the
temperature dependency of other propertfes (iii) the criteria used for defining transition
temperature, eg Imai (4) used the temperature at which the R(T) curve becomes linear again and
Matsuda (5) the temperature at which the change takes place most rapidly. In the case of the
data due to Melikhov et al., (6) there may also be compositional differences between their
samples and those used here. If the lattice constants reported (6) are compared with lattice
constant-composition data (12) it may be deduced that their sample had a composition close to
the zinc-rich boundary of the Y-phase, where a transition temperature of 400 K would be expected
from fig. S.

The C_(T) curves for quenched samples of Y—Cu Zn and Y-Cu Cd, denoted as dotted lines in
fig. 1b anf 2b, contain a C minimum at the onset of the transition range. This suggestg an
ordering process; one possible explanation is that the metastable, high-temperature modlf‘lcatlon
is transformed ("ordered") to the low-temperature form, which subsequently re-transforms into
the high temperature modification at higher temperatures. This behaviour was not observed in the
silver alloys where the C (T) curves of the quenched samples resemble those of fully-annealed
samples but correspond to"a lower enthalpy of transition.

—
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The nature of this transformation in the Y -phase is not known; several possible mechanisms
exist (i) an order—disorder transformation (ii) a structural transformation (iii) a eutectoid
transformation (iv) vacancy formation (v) short-range ordering effects. It would appear 1o be
unlikely that the transformation is of the order-disorder type, as the experimental :H,_ values
listed in Table 1 are more than an order of magnitude smaller than the values predicted for
order—disorder transformations by the Bragg-Williams theory, AHt 500 262 kJ mol~1. A rhombic
modification of y —Cu 2n has been reported (6) to occur below 520 K27 no evidence of this modifi-
cation was found in this study. Thus a structural transformation would appear improbable in
Y ~Cu Zn, as the X-ray data obtained in this study for the low-temperature form were identical
with data reported for the high-temperature form of Y =Cu Zn. This fact would also appear to
rule out the possibility of a eutectoid transformation. This is substantiated by the
identification of the high temperature form of YCu Zn as one of the products of the reported,
low~temperature, eutectoid transformation for B=Cu Zn (13). The transformation is therefore
probably associated with either a redistribution of vacancies or a short-range ordering effect.

A similar transformation to that reported here for the Y —phase has been observed in both

@ -Cu Zn and a—AgZn; Hirano et al. (14) reported a value for the enthalpy of transition,

AH, = 270 £+ 20 J mol—! for &—Cu Zn which is of the same order of magnitude as the AH, values
1is¥ed in Table 1. They suggested that G—P zones were formed in @& ~Cu Zn and the entha'fpy of
transformation was associated with their destruction. Clarebrough et al.(15-19) reported
results obtained by differential calorimetry, electrical resistance, density and lattice pera-
meter studies for slowly—cooled, quenched and annealed samples of a-CuZn and @ -Ag Zn. The
results reported in this study of Ct-phases(15 - 19) are very similar to those recorded here
for theY —phases. Clarebrough et al.concluded that the transformation was a short range ordgr
effect caused by the dynamic nature of the experiments,which do not allow the true equilibrium
degree of order for any specific temperature below the transition temperature to be developed in
the sample. They also concluded on the basis of density measurements that the transformation
could not be due to the redistribution of vacancies alone but they were able to show that the
annealing process was aidec considerably by vacancies in the lattice.

The great similarity in the results of the studies on the G -phase and theY-phase suggest

that the Y—phase transformation is also caused by the destruction of short range order in the
Thus Y —phase samples which had been subjected to long—annealing treatments would produce
r degree of order in the sample and hence would reguire alarger enthalpy ( AHt) to dis—
The atomic mobility of the elements is obviously a key factor in this behaviour of the
a relatively high value has been reported for the chemical diffusion coefficient in
However, it is known that the chemical diffusion coefficient in Cu 2n alloys
increases with increasing zinc content. Hence the temperature of the onset and completion of the

—phase transformation would be expected to decrease with increasing zinc content; this effect
i'g clearly shown in fig. 5. Moreover, the chemical diffusion coefficient in Ag Zn is known to be
greater than that in Cu Zn alloys. The high atomic mobility inY-Ag Zn and Y-Ag Cd accounts for
the fact that the ordering procecs ocf:urs rga.dll_y for annealing temperatures as low as 300 K.
It also accounts for the absence of minima in the ¢ _(T) curves for quenched samples of Y Ag Zn and
w—Ag Cd where the ordering process is considerably’more rapid than that iny-Cu Zn and Yy =Cu Cd
alloy;;ms we conclude that these y-phase transformations are most probably a short range ordering
TFurther work is now in progress to confirm this unequivoecally.
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