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Abstract: One of the key challenges in materials science is the search for methods to control the structure and
properties of various materials. It was previously established that compression during the ordering of the equiatomic
CuAu alloy orients the short c-axes of the crystalline lattice (L1 superstructure) along the direction of the applied
force. However, in practice, thin wires are predominantly used, for which only tensile processing is applicable. This
work studied wire specimens of the equiatomic CuAu alloy ordered by cooling from 500 °C at a rate of 12 °C/h un-
der a tensile stress of 40 MPa. A comparison was made with specimens ordered in a free state. For the experiments,
miniature grips were designed, and all heat treatments were performed in vacuum. X-ray diffraction analysis re-
vealed that the short c-axes of the tetragonal L1y superstructure are predominantly located in the plane of the wire
cross-section, perpendicular to the direction of the tensile force. Dilatometric investigation revealed that a specimen
ordered under tension subsequently contracts (by approximately ~0.8 %) when heated above the phase transfor-
mation temperature, while simultaneously expanding in diameter. This effect is explained by the difference in
the volumes of the crystalline lattices of the ordered and disordered phases. It was found that during the heating of
a specimen ordered under load, the maxima in the temperature derivatives of electrical resistance change in intensity
and shift in temperature. A hypothesis has been put forward that ordering the CuAu alloy under a tensile load in-
creases the disordering temperature and alters the thermal stability of the ordered CuAul and CuAull phases.
The obtained result is consistent with literature data for the CuAu alloy ordered after compressive deformations.
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INTRODUCTION

The phenomenon of atomic ordering discovered in 1915
by Russian scientists N. Kurnakov and S.Zhemchuzhny
during the study of Cu—Au system alloys [1] continues to
attract the attention of researchers to this day. It has been
proven that during this phase transformation, the electronic
structure of the alloy is completely reconstructed, which
leads to changes in all physical, mechanical, and chemical
properties [2]. For instance, the formation of long-range
atomic order results in a decrease in specific electrical resis-
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tivity while simultaneously increasing strength properties
[3]. This allows using atomically ordered gold-copper al-
loys in instrument engineering for transmitting weak elec-
trical signals in aerospace control devices [4], as well as in
the chemical industry as catalysts [5] and electrolysers [6].
When new research techniques appear, they are invariably
applied to study the specifics of structural rearrangement
during the disorder—order transformation. For example,
acoustic emission and high-speed videography were used in
their time in work [7], while X-ray photoelectron spectro-
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scopy and atomic force microscopy methods were employed
to study structural rearrangement processes during ordering
in CuAu thin-film coatings [8]. Knowledge about the ef-
fects accompanying the atomic ordering process in gold-
copper alloys is continually expanding, which enables
a broader application of products made from them in
technology, for example, in control equipment [9].
A classic example of a scientific result with potential prac-
tical applications is the discovery in 1998 of the so-called
“shape restoration effect” [10]. It was demonstrated that
an initially ordered specimen elongates when heated
above the phase transformation temperature (7p7=410 °C)
and contracts slightly when cooled below Tpr. The ac-
companying change in length is small in magnitude
(amounting to tenths of a percent) but can be repeated
many times. This result can be used for practical applica-
tions, for example, in electromechanical switches.
The effect is explained by the difference in the volumes of
the alloy’s crystal lattices in its different structural states:
during the disorder—order phase transformation, the lat-
tice volume decreases by approximately ~1 %.

Above the Tpr temperature, the equiatomic CuAu al-
loy has a face-centered cubic (FCC) lattice correspond-
ing to the disordered phase (Al-phase) with a parameter
of @=0.3870 nm. In this disordered state, lattice sites can
be occupied with equal probability by either gold or
copper atoms; therefore, they are depicted as a single
colour in the diagram in Fig. 1 a. In contrast, in
the atomically ordered crystal lattice, each site is occu-
pied by an atom of only a specific type (Fig. 1 b). As
a result of the disorder—order (Al1—L1y) phase trans-
formation, the crystal lattice undergoes significant trans-
formation: it elongates along the a and b directions
(a=b=0.3958 nm) and becomes considerably shorter
along the c-axis (¢=0.3666 nm). Overall, the atomically
ordered L1y phase has a layered structure: it consists of
alternating layers of gold and copper atoms. The short
c-axis of this tetragonal lattice is oriented perpendicular to
the layering direction (indicated by an arrow in Fig. 1 b).

Experiments [11; 12] conducted on alloys with differ-
ent types of superlattices demonstrated for the first time
that applying compressive loads during atomic ordering
can create a pseudomonocrystal: all tetragonal c-axes

throughout the specimen volume become oriented along
the direction of the applied load. However, these results,
although original in concept, saw little further develop-
ment. Nevertheless, a definitive conclusion can be drawn:
the employed approach (texture formation under the influ-
ence of external forces during atomic ordering) enables
the targeted control of structure formation and, conse-
quently, of its physical and mechanical properties. At
the same time, the in-depth study of the properties of
gold-copper alloys ordered under the influence of external
forces has previously received scant attention. One of
the few examples developing this topic is a study of
a gold-based alloy [13]. It demonstrated that heating an
anisotropic specimen formed by compression during
atomic ordering resulted in a sharp increase in its length,
and the force developed during this process could reach
40 MPa. It is noteworthy that after analysing the influence
of compressive loads on the formation of the ordered al-
loy, the researchers did not proceed to investigate the evo-
lution of structure and texture under the influence of ten-
sile stresses. As the only example, one can cite experi-
ments on plate specimens that were constrained around
a cylinder and subjected to short annealing in that state
[14]. Obviously, in this experiment, the inner surface of
the plate was under compressive stresses, while its outer
layer was stretched. It was found that upon further heat-
ing, the gold-copper plates continue to bend, even in a free
state. This effect is explained by the change in the crystal
lattice parameters during the disorder—order transfor-
mation and the development of different textures on
the compressed and stretched sides of the plate.

Typically, components made from atomically ordered
gold-copper alloys used in engineering have the form of
thin wires. Applying compressive stresses to such speci-
mens is extremely challenging. In contrast, subjecting
thin wires to tension during the annealing process is
a fully viable processing method. One only needs to un-
derstand how the material’s properties will change as
a result of applying this approach.

The aim of this study is to investigate the structure
and properties of wire specimens of the equiatomic
CuAu alloy subjected to atomic ordering under a tensile
stress of 40 MPa.
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Z

Fig. 1. Schematic representations of the equiatomic CuAu alloy crystal lattices:
a — disordered state (A1-phase); b — atomically ordered state (L1o-type superlattice)
Puc. 1. Cxemamuueckue u306padicenus KpUCMAIIUYECKUX peutemox sxeuamomnoco cnaasa Cudu:
a — neynopsoouennoe cocmosnue (Al-gpaza); b — amomno-ynopsioouennoe cocmosnue (céepxcmpykmypa muna L1g)
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METHODS

To conduct the research, an ingot of the equiatomic CuAu
alloy (Cu—75.2 wt. % Au) was melted using gold and copper
plates with purities of 99.99 % and 99.98 %, respectively.
The resulting ingot, 5 mm in diameter, was homogenised at
850 °C for 3 h, followed by cold water quenching. Subse-
quently, a wire 1 mm in diameter was produced from the ingot
by thermomechanical processing (drawing with intermediate
annealing at 600 °C for 1h, followed by water quenching).
X-ray diffraction (XRD) analysis and dilatometric measure-
ments were performed on these wire specimens. A thin wire
with a diameter of 0.25 mm was used for resistometric studies.

To form the ordered state, the studied specimens were
held at 500 °C for 2 h and then slowly cooled to room tem-
perature at a rate of 12 °C/h. During this heat treatment,
wire specimens with a diameter of 1 mm were subjected to
tension under a load of 3.2 kg, i.e., the tensile stress was
approximately 40 MPa. Special tooling was constructed for
these experiments. The ends of the wire specimen were
clamped in miniature grips, and a weight was suspended
from the lower grip. An additional force from a spring was
applied to the lower grip to increase the load. The entire
assembly was placed inside a quartz tube with an inner di-
ameter of 32 mm, which was then evacuated. To compare
the structure and properties, specimens ordered in a free
state (i.e., without load) were used.

Dilatometric investigation was performed using a DL-1500
RHP (Japan) dilatometer with a heating rate of 180 °C/h in
a pure helium atmosphere. To determine the influence of tex-
ture on dimensional change, measurements were conducted
both along the longitudinal axis of the wire and in the trans-
verse direction. XRD analysis of the specimens was carried out
on a DRON-3 diffractometer (Russia) using filtered Cu-Ka
radiation. Electrical resistivity was measured on long
(=220 mm) wire specimens with a diameter of 0.25 mm using
the standard four-point probe method with a constant current
of 10 pA. Temperature dependences of electrical resistance
were plotted by heating thin wires at a rate of 120 °C/h.

RESULTS

Dimensional changes of specimens
during the phase transformation

Measurements showed that the length of a specimen
ordered in a free state decreased by ~0.4 %. In turn, after

annealing under a tensile stress of 40 MPa, the length of
the specimen, which was 64.0 mm prior to treatment, in-
creased to 74.1 mm. Thus, during annealing under tension,
the specimen elongated by ~15.8 %. It was established
that the increase in length during ordering under tensile
forces is accompanied by a decrease in the specimen’s
diameter (Table 1). Estimates based on the measurement
results indicate that, regardless of the processing method
(i.e., under load or without it), ordering leads to a certain
reduction in the specimen’s volume compared to its initial
state, which is a consequence of the difference in the vol-
umes of their crystal lattices [15].

X-ray diffraction analysis of specimens

On X-ray diffraction patterns obtained from
equiatomic alloy specimens in different structural states,
it is clearly visible that the (200)L1y and (002)L1, reflec-
tions are slightly shifted relative to the (200)A1 peak of
the initial disordered Al-phase (Fig.2). The (200)L1
peak forms to the left of the original peak, and
the (002)L1o peak forms to the right of it. This once
again confirms the aforementioned changes in the crystal
lattice during the disorder—order phase transformation:
the lattice parameter increases along the a and b direc-
tions and becomes shorter along the c-axis.

Fig. 2 b shows a section of the diffraction pattern from
Fig. 2 a, extracted within the 20 angle range from 44° to
51°, which contains only the (200)L1, and (002)L1, peaks.
The presented data indicate that ordering under an external
tensile force dramatically alters the intensity ratio of
the X-ray reflections. This may be related to the develop-
ment of texture. It is evident that when this specimen is
heated above Tpr, the reverse order—disorder transfor-
mation will occur, the lattice will become cubic again, and
the texture acquired during ordering under tension will dis-
appear. This structural rearrangement can be detected
through dilatometric measurements.

Dilatometric investigation

Fig. 3 presents the dependencies of the coefficient of
linear thermal expansion (CLTE or a) in the longitudinal
(IT) and transverse (L) directions during the heating of
a specimen that was subjected to tension during atomic
ordering. Clear changes in the CLTE are visible in
the 200-300 °C interval. This is caused by the relaxation
of stresses that remained in the specimen after cooling

Table 1. Change in linear dimensions of wire specimens during atomic ordering

in a free state and under a tensile stress of 40 MPa

Tabnuya 1. H3menenue nunelinblx pasmepos npogoIouHbIX 00pA3Y08 8 X00e amMOMHO20 YNOPAOOUEHUs
8 C60000HOM COCMOAHUU U NOO pacmazusarowum Hanpsxcenuem 40 Mlla

Parameter Ordering without load Ordering under a tensile stress of 40 MPa
Change in length, % -0.4 15.8
Change in diameter, % - =7
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Fig. 2. XRD results: a — X-ray diffraction patterns of specimens
in a disordered state (1), ordered in a free state (2), and ordered under 40 MPa tension (3);
b — change in the relative intensities of the (200) and (002) peaks under the influence of tensile load
during ordering (section in Fig. 2 a within the 20 angle range of 44° to 51°).
The images were taken from the lateral surface of the specimens
Puc. 2. Pezynomamur PCA: a — penmeenogckue ougppaxmozpammol ¢ 00paszyos,
HAX00AWUXCA 8 pa3ynopadoueHHom cocmoanuu (1), ynopsadouennom 6 c6o600HoOM cocmosaHuu (2)
u ynopsaoouenHom noo pacmsaxceruem 40 Mlla (3);
b — usmenenue gzaumnvix unmerncugrnocmetl nuxos (200) u (002) noo enusnuem pacmazugaiowel Hazpy3Ku
6 X00e ynopsaodoueHus: (yuacmok Ha puc. 2 a 8 unmepgare yenog 20 om 44 do 51°).
Cvemka nposoounack ¢ GOK080l NOGePXHOCMU 00pa3 Y08

under tension. The emergence of significant elastic
stresses during this processing method is confirmed by
the relatively broad peaks on the corresponding diffrac-
tion pattern (Fig. 3).

Of greatest interest is the abrupt change in CLTE near
Tpr=410 °C (i.e., during the order—disorder phase transfor-
mation). From the dependencies in Fig. 3, it can be concluded
that in this temperature interval, the specimen length sharply
decreases (the CLTE becomes negative), while its diameter
increases. To understand the specific features of the CLTE
resulting from the different ordering conditions, it is necessary
to compare the a(7) dependencies for the two studied speci-
mens in the temperature interval near 7pr (Fig. 4).

From Fig. 4 a, it follows that the change in length of
the ordered gold-copper specimens depends on their pro-
cessing history. Dilatometric investigation of the wire spec-
imens in the longitudinal direction revealed different signs
of their CLTE. The length of specimen 1 (ordered in a free
state) slightly increases upon disordering. The diameter of
this specimen behaves similarly, increasing upon heating
above Tpr (Fig. 4 b).

In contrast, the specimen ordered under a tensile load
sharply contracts while simultaneously increasing in di-
ameter when transitioning to the disordered state (curves 2
in Fig. 4 a, b). It is noteworthy that the two studied speci-
mens exhibit substantial differences in the intensities of
the CLTE peaks and the temperatures of their maxima.
Particularly interesting is the shift of the maximum rates
of phase transformations to higher temperatures in
the wire that was ordered under tension. This unexpected
result requires verification using another structure-
sensitive method, such as resistometry.

Resistometric investigation

Since the temperature dependencies of electrical re-
sistance for both specimen types are visually almost indis-
tinguishable, Fig. 5 a presents, as a representative example,
a curve obtained during the heating at a rate of 120 °C/h of
a specimen ordered under 40 MPa tension. At the same
time, differences in the rates of structural and phase trans-
formations are clearly revealed when comparing the graphs
of their corresponding temperature derivatives (Fig. 5 b).
The obtained results clearly demonstrate that, depending on
the ordering methodology, the structural rearrangement of
the specimens upon heating differs noticeably both in terms
of the temperatures of maximum transformation rates and
their kinetics (as can be judged by the width and intensity
of the peaks). Overall, the results of dilatometry and resis-
tometry are in good agreement with each other.

DISCUSSION

The obtained data clearly demonstrate that applying
even a small tensile stress (40 MPa) leads to the formation
of an ordered state with a higher disordering temperature
and alters the kinetics of structural rearrangement during
the heating of the equiatomic CuAu alloy (Fig. 4, 5). Note
that researchers typically strive to use the maximum possi-
ble stresses, primarily through compression [16], to achieve
similar results.

As follows from the comparison of the intensities of
the (200) and (002) X-ray peaks in Fig. 2, a specific tex-
ture forms in the studied alloy under the influence of
tensile loading. To understand the nature of its for-
mation, it is necessary to refer again to the scheme of
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Fig. 3. Dependencies of the coefficient of linear thermal expansion (a)
obtained in the longitudinal (II) and transverse (L) directions
during heating of a wire specimen ordered under 40 MPa tension
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Fig. 4. Temperature dependencies of the CLTE measured in the longitudinal (a)
and transverse (b) directions of the investigated specimens:
1 — ordering in a free state; 2 — ordering under 40 MPa tension
Puc. 4. Temnepamypuvie 3asucumocmu TKJIP, cusamvle 6 npooonvHom (a)
u nonepeunom (b) nanpasienusx ucciedyemvix 06pazyos:
1 — ynopsioouenue 6 c60600HOM cocmosiHuu, 2 — ynopsidoueHue noo pacmsxcenuem 40 Mlla

the CuAu alloy crystal lattice, which becomes tetragonal
during atomic ordering (Fig. 1) [3; 17]. The (200) X-ray
reflection is formed from planes filled with atoms of
different types (in Fig. 1 b, these planes are perpendicu-
lar to the X and Y directions). In turn, the emergence of
the (002) reflection is due to the appearance in the crys-
tal lattice of planes filled exclusively with either Au or
Cu atoms (in Fig. 1 b, such planes lie horizontally, i.e.,
they are perpendicular to the Z direction). Since, in
the atomically ordered lattice, for every plane containing
identical atoms, there are two planes containing different
atom types, the intensity of the (002) peak will be half
that of the (200) peak when forming an X-ray diffraction
pattern: 1(002)/1(200)=1:2. However, this holds true only
when the X-ray reflections are formed from the CuAu
alloy in an isotropic state. If texture arises as a result of

applying an external load (i.e., a preferred direction
of c-domain growth appears), the intensity ratio
1(002)/1(200) will change [18; 19].

The performed estimations show that in the diffrac-
tion pattern 2 (Fig.2b), the peak intensity ratio is
1(002)/1(200)=0.48. This result confirms that the specimen
ordered in a free state is practically texture-free. As a result
of ordering under an external tensile force, the peak intensi-
ty ratio sharply changed to 1(002)/1(200)=0.95 (diffraction
pattern 3 in Fig. 2 b). Such an X-ray diffraction pattern
can only be formed if one reflection from the (200) plane
corresponds to one reflection from the (002) plane. Re-
call that the X-ray diffraction patterns in Fig. 2 were ob-
tained from the lateral surface of the wire specimen.
Thus, practically all short c-axes of the crystal lattice lie
in the plane of the cross-section of the specimen
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Fig. 5. Results of the resistometric investigation:
a — temperature dependence of electrical resistance obtained
during heating of the specimen ordered under 40 MPa tension;

b — sections of the temperature derivatives of electrical resistance for the specimen
ordered in a free state (curve 1) and the specimen stretched during ordering (curve 2)
Puc. 5. Pezynomambl pe3ucmomempuieckozo uccae0o8anusl:

a — memnepamypHas 3a6UCUMOCHb INEKMPOCONPOMUBIEH U, NOJYYEHHAs NpU Hazpese obpasya,
ynopaoouenHo2o noo pacmsxcenuem 40 Mlla;

b — yuacmxu memnepamypHwix HpOU3EOOHbIX INEKMPOCONPOMUBLEHU 00pa3yd,
YHOPAOOUEHHO20 8 C860000HOM cocmoanuu (kpusas 1),

u 00pasya, KOMopwILl pacmacudacs 8 Xooe ynopsooueHus (kpusas 2)

Fig. 6. Schematic representation of structural rearrangement and change in linear dimensions of CuAu alloy specimens
under different annealing conditions:
a — ordering in a free state; b — ordering under a field of tensile stresses.
The initial specimen shape is indicated by a dotted line.
Arrows inside the ordered specimens show the direction of the short c-axes in different domains.
The direction of the applied external force is indicated by arrows (F)
Puc. 6. Cxema nepecmpoiixu cmpykmypbi U U3MeHeHus TUHelHblX pasmepos oopasyos cnaasa CuAu
npU Pa3IULHBIX YCI08UAX OMMAHCULA!
a — ynopsooueHue 8 c60O600HOM COCMOAHUL;
b — ynopsoouenue 6 none pacmazusarowux HAnPAHCeHul.
Tlynkmupnoii aunueti 0603navena popma ucxoonoz2o oopasya.
Cmpenxu 6Hympu ynopsooueHHsix 00pa3yos8 noKasvleaiom HanpasieHue KOpomKux c-0cell 8 pasnuyHbIX OOMEHAX.
Cmpenxamu (F) ykazano Hanpasnenue npuiodCceHHoU GHeuHell Cuibl

stretched during ordering. The direction of one of
the long axes of the tetragonal ordered lattice coincides
with the direction of tension; short c-axes are not formed
in this direction. Overall, the X-ray diffraction pattern
from the stretched specimen (diffraction pattern 3 in
Fig. 2 b) proves the presence of a strong texture.

The specific features of crystalline structure formation
and the resulting shape change of gold-copper alloy speci-
mens during ordering in a free state and under tensile stress
are schematically illustrated in Fig. 6. The slight reduction
in size of the specimen ordered in a free state (Fig. 6 a) is
explained by the difference (of ~1 %) in the volumes of

the crystal lattices of the initial, disordered cubic and atom-
ically ordered tetragonal phases.

The application of tensile stress induces a structural rear-
rangement and texture formation: the long a- or b-axes of
the ordered lattice predominantly align along the tensile force di-
rection (crystal lattice schemes are provided in Fig. 1). The sharp
increase in the relative intensity of the (002) X-ray reflection in
Fig. 2 b clearly demonstrates that practically all short c-axes of
the tetragonal lattice align within the plane of the specimen
cross-section, i.e., perpendicular to the tensile force direction.

Regions with a particular direction of the c-axes are
called c-domains (in Fig. 6, such regions are highlighted in
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colour, with the c-axis directions indicated by arrows). Due
to the reorientation of c-domains under the applied tensile
load, upon completion of the transformation, the specimens
will become longer while their diameter will decrease
(Fig. 6 b). This exact change in the shape of the specimens
was recorded based on the results of their linear dimension
measurements (Table 1).

Knowledge of the crystal lattice parameters before and
after the transformation allows estimating the possible size
change of the equiatomic alloy specimen during ordering
under tension. The parameter of the initial FCC phase is
a=0.3870 nm; ordering leads to the elongation of the a- and
b-axes to 0.3958 nm. Consequently, the maximum possible
elongation of the specimen due to texture formation during
ordering under a tensile field cannot exceed ~2.3 %. Thus,
the elongation of the specimen discovered in this work dur-
ing annealing under tension is disproportionately large
(~15.8 %) and requires explanation.

In addition to texture formation, another diffusional re-
action may occur during prolonged annealing under load:
the creep effect. Note that we have previously [17] con-
ducted studies on the structure and properties of gold-
copper specimens ordered under a tensile stress of 20 MPa.
Those experiments also recorded an unusually large
(though significantly smaller than under 40 MPa tension)
specimen elongation during ordering, amounting to ~3.6 %.
The contribution of texture to the change in the linear di-
mensions of the specimen can be determined using dilato-
metric measurements (Fig. 3). It was found that during
heating from room temperature to 450 °C, the specimen
stretched during ordering contracts by ~0.8 %, which is
significantly less than the maximum estimates given above.
From this, one can conclude that creep processes make the
main contribution to the specimen’s elongation under ten-
sion during ordering. Since this is accompanied by a signif-
icant change in the specimen’s linear dimensions, such
a stress level is excessive for practical applications.

Comparing the results of dilatometry and resistometry
(Fig. 4, 5) reveals their similarity: in both cases, two peaks
appear in the high-temperature region of the graphs. As is
known, resistometry and dilatometry are structure-sensitive
characteristics that respond to structural rearrangements in
a material upon temperature change. The emergence of
these peaks is caused by the slight difference in electrical
resistivity and CLTE of the equiatomic alloy in its different
structural states. Accordingly, the first peak is due to
the CuAul—CuAull transformation upon heating. The sec-
ond peak is caused by the further transition of the alloy into
the disordered state: CuAull—Al.

It is clearly visible that after ordering under tension,
the relative intensities of the peaks in Fig. 4 and 5 change,
and the temperatures of their maxima also increase slightly.
Since the difference in peak intensities arises from differ-
ences in the kinetics of the phase transformations
(CuAul—CuAull and CuAull—Al), one can conclude that
the evolution of the alloy’s structure during ordering in
a force field is significantly more complex than depicted in
Fig. 6 and leads not only to texture changes. The observed
effects can be explained by changes in the phase ratio and
their altered thermal stability.

Moreover, based on the analysis of dilatometric and re-
sistometric data (Fig. 4, 5), it can be concluded that apply-
ing a tensile load during atomic ordering increases the or-
der—disorder phase transformation temperature of the Cu—
50Au alloy. This phenomenon has been discovered for
the first time, and its confirmation requires, for example,
a detailed study of the structural evolution upon heating of
specimens ordered under different conditions. At the same
time, the effect of increasing the phase transformation tem-
perature after ordering under tension is clearly detected
using dilatometry and resistometry, the results of which are
in good agreement with each other.

It should be noted here that equilibrium phase dia-
grams are typically used when analysing results. Howev-
er, the ordered structure formed in the equiatomic CuAu
alloy under a tensile stress of 40 MPa may be far from
equilibrium. For example, in work [20], a “baric” de-
pendence of the phase composition of the equiatomic
CuAu alloy was constructed. It was found that applying
strong compressive stresses leads to an increase in
the temperatures of phase transformations. For example,
applying a pressure of 7 GPa raises the disordering tem-
perature (CuAull—Al) of the equiatomic alloy to
~470 °C (i.e., 60 °C higher than in the equilibrium state).
The pressure of 40 MPa applied in our work is signifi-
cantly lower than that used in [20]. However, the discov-
ered effects generally coincide. For a more complete
understanding of the specific features of structure for-
mation, it is necessary to conduct a detailed electron-
microscopic study of specimens ordered under different
conditions and at different stages of the transformation.

CONCLUSIONS

1. Applying an external stress of 40 MPa during
the atomic ordering of the Cu—50Au alloy is sufficient to
increase the phase transformation temperatures, alter their
kinetics, and lead to a different thermal stability of the or-
dered phases.

2. The identified discrepancy between the measured
macroscopic effect (~15.8 % elongation during annealing
under tension) and the calculated lattice contribution indi-
cates the occurrence of an additional diffusional reaction
during atomic ordering: the creep effect.

3. The strong deviation of the actual shape change from
the theoretical estimate (contraction by 0.8 % versus
the calculated 2.3 %) observed upon heating of the speci-
men stretched during ordering may be caused by unidenti-
fied structural features that require further investigation.

4. Significant changes in the linear dimensions of
equiatomic CuAu alloy specimens during order<>disorder
transformations, localised in a narrow temperature range
(near Tpr=410 °C), can be used in technology, for example,
in switches.
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Annomayus: OnHa U3 KIIOYEBBIX 331a4 MATEPHAIOBEICHNS — ITOMCK METOIOB YIPAaBJICHUS CTPYKTYpPOH M CBOWCTBAMH pa3-
JIMYHBIX MaTepuajoB. Panee ObLIO yCTaHOBIEHO, YTO CXKATHE IPH YMOPSIOUYEHHN SKBHATOMHOTO cruiaBa CuAu OpHEHTHpYeT
KOPOTKHE C-OCH KPHCTaINIMUECKOH penteTkn (cBepxcTpykrypa Llo) Broms nefictBust crnbl. OHAKO Ha MPAKTHKE B OCHOBHOM
UCIIONB3YOTCSl TOHKHE TIPOBOJIOKH, MPH 00pabOTKE KOTOPBIX IMPHMEHMMO TONBKO pacTsbkeHue. B maHHO# paborte msyuanmchk
TIPOBOJIOYHBIE 00pa3Ibl SKBHATOMHOTO ciutaBa CuAu, yHopsodeHHbIe IyTeM oxiaxaeHws ¢ temmeparypsl 500 °C co ckopo-
creio 12 rpaj/y nox pacrarusatonmM HanpsbkeaneM 40 MITa. IlpoBeneno cpaBHeHue ¢ oOpasuaMy, YIopsiI04eHHBIMU B CBO-
6omHOM cocTosHHH. [ MpOBEIeHNs IKCIIEPUMEHTOB OBLITN CKOHCTPYMPOBAHBI MHHHUATIOPHBIE 3aXBaThl, BCE TEPMOOOPAOOTKH
MIPOBOJMIIMCH B BaKyyMe. PeHTT€HOCTPYKTYpHBIH aHAIN3 MOKa3all, YTO KOPOTKHE C-OCH TETPAaroHaIbHON L 1o-CBEpXCTPYKTYpHI
MPENMYIIECTBEHHO PACIOJIOXKEHBI B INIOCKOCTH ITONIEPEYHOTO CEUEHUs IPOBOJIOKU IMEPIEHANKYIISIPHO HANPABIICHHIO PaCTSTH-
Batoliei cuubl. [Ipy npoBeieHNH TUTATOMETPHYECKOTO MCCIIEI0BAHMS YCTAaHOBIICHO, YTO 00pasel], YIOpsIo4eHHbIH o/ pacTs-
JKEHHEM, TIPH MOCIIEAYIOIIEM HarpeBe BBIIIE TEMIIEPATyphI (ha30BOTO MPEBpAICHNST YMEHBIIAET CBOO AuHy (Ha ~0,8 %) ¢ on-
HOBPEMEHHBIM yBENTMYEHUEM auamMeTpa. D(HeKT 0ObsICHIETCs OTIMINEM 00bEMOB KPHCTANIMUECKUX PEIIETOK YIOPSIOYeHHON
Y pa3ynopsA04eHHO# (a3. YCTaHOBIIEGHO, YTO MPU HarpeBe 00pasiia, YHOpsIOYeHHOTO IO/l Harpy3Koi, MaKCUMyMBI Ha TeMIlepa-
TYPHBIX TPOM3BOIHBIX JIEKTPOCONPOTUBIICHNS] M3MEHSIOT MHTEHCHBHOCTh M CMEIIAIOTCS 1I0 TeMIlepaType. BeisuHyTO mpen-
TIOJIO’KEHHE, YTO yropsiodeHue ciiaBa CuAu Imoj pacTsTHBAIOLIEH HArpy3Koil HMOBBILNIAET TEMIEPATypy pasyHopsiiodeHHs
Y M3MEHSIET TEMIIEPATyPHYIO CTaOMIILHOCTD yropsinodeHHbIX (a3 CuAul u CuAull. [ToxyyeHHsIi pe3ynbTar comiacyercs ¢ Jiu-
TepaTypHBIMU JaHHBIMU [UTS c1iaBa CuAu, yopsigodeHHOTO IOCie CKUMAIOIINX 1eOpMariHii.

Knrwouegvie cnoea: cruaBsl Cu—Au; (azoBble NpeBpaleHns; peHTTeHOCTPYKTYpPHBIM aHanm3; Irepexox Oecropsi-
JOK—TIOPSTIOK; THIIATOMETPHS; YIEIbHOE JJIEKTPOCONIPOTHBIICHHE

Bnazooapnocmu: Pabora BEIIOMTHEHA B paMKaX TOCYIapCcTBEHHOTO 3a1anns MuHoOpHayku Poccnn mst UOM YpO PAH.

Crarbs NOATOTOBIIEHA 110 MaTepHanaM A0KIanoB ydacTHUKOB XII MexayHaponHoi mikonsl « PU3ndeckoe MaTepHano-
Benenuey (ILIDOM-2025), TombsittH, 15-19 centsops 2025 roxa.

Jna yumupoeanua: IogropOyuckas I1.0., Kazanner B.A., [Tanenos A.M., Bonkos A.lO. Ctpykrypa u cBOWCTBa 3K-
BHaTtoMHOTO crutaBa CuAu, yrmopsiioueHHOro 1oj pactsrusatomnM Hanpspkeanem 40 MITa // Frontier Materials & Tech-
nologies. 2025. Ne 4. C. 69-78. DOI: https://doi.org/10.18323/2782-4039-2025-4-74-6.
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