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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 (L10 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 L10 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 CuAuI and CuAuII phases. 

The obtained result is consistent with literature data for the CuAu alloy ordered after compressive def ormations. 
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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- 

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 (TPT=410 °C) 

and contracts slightly when cooled below TPT. 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 TPT temperature, the equiatomic CuAu al-

loy has a face-centered cubic (FCC) lattice correspond-

ing to the disordered phase (A1-phase) with a parameter 

of a=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 (A1→L10) 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 (c=0.3666 nm). Overall, the atomically 

ordered L10 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. 

 

 

 

             

 a b 

Fig. 1. Schematic representations of the equiatomic CuAu alloy crystal lattices: 

a – disordered state (A1-phase); b – atomically ordered state (L10-type superlattice) 
Рис. 1. Схематические изображения кристаллических решеток эквиатомного сплава CuAu: 

а – неупорядоченное состояние (А1-фаза); b – атомно-упорядоченное состояние (сверхструктура типа L10)  
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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 1 h, 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-Kα 

radiation. Electrical resistivity was measured on long 

(l=220 mm) wire specimens with a diameter of 0.25 mm using 

the standard four-point probe method with a constant current 

of 10 µA. 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)L10 and (002)L10 reflec-

tions are slightly shifted relative to the (200)A1 peak of 

the initial disordered A1-phase (Fig. 2). The (200)L10 

peak forms to the left of the original peak, and  

the (002)L10 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 2θ angle range from 44° to 

51°, which contains only the (200)L10 and (002)L10 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 TPT, 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 α) in the longitudinal 

(II) and transverse (⊥ ) 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 

Таблица 1. Изменение линейных размеров проволочных образцов в ходе атомного упорядочения  

в свободном состоянии и под растягивающим напряжением 40 МПа 

 

 

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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 a b 

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 2θ angle range of 44° to 51°).  

The images were taken from the lateral surface of the specimens 

Рис. 2. Результаты РСА: а – рентгеновские дифрактограммы с образцов,  

находящихся в разупорядоченном состоянии (1), упорядоченном в свободном состоянии (2)  

и упорядоченном под растяжением 40 МПа (3);  

b – изменение взаимных интенсивностей пиков (200) и (002) под влиянием растягивающей нагрузки  

в ходе упорядочения (участок на рис. 2 а в интервале углов 2θ от 44 до 51°). 

Съемка проводилась с боковой поверхности образцов 

 

 

 

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 

TPT=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 α(T) dependencies for the two studied speci-

mens in the temperature interval near TPT (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 TPT (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 (α) 

 obtained in the longitudinal (II) and transverse (⊥) directions  

during heating of a wire specimen ordered under 40 MPa tension 

Рис. 3. Зависимости температурного коэффициента линейного расширения (α),  

полученные в продольном (II) и поперечном (⊥) направлениях при нагреве проволочного образца,  

упорядоченного под растяжением 40 МПа 

 

 

 

         

 a b 

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 

Рис. 4. Температурные зависимости ТКЛР, снятые в продольном (а)  

и поперечном (b) направлениях исследуемых образцов:  

1 – упорядочение в свободном состоянии; 2 – упорядочение под растяжением 40 МПа 

 

 

 

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: I(002)/I(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 

I(002)/I(200) will change [18; 19]. 

The performed estimations show that in the diffrac-

tion pattern 2 (Fig. 2 b), the peak intensity ratio is 

I(002)/I(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 I(002)/I(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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 a b 

Fig. 5. Results of the resistometric investigation: 

а – 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) 

Рис. 5. Результаты резистометрического исследования: 

а – температурная зависимость электросопротивления, полученная при нагреве образца,  

упорядоченного под растяжением 40 МПа;  

b – участки температурных производных электросопротивления образца,  

упорядоченного в свободном состоянии (кривая 1), 

и образца, который растягивался в ходе упорядочения (кривая 2) 

 

 

 

     

 a b 

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) 

Рис. 6. Схема перестройки структуры и изменения линейных размеров образцов сплава CuAu  

при различных условиях отжига:  

а – упорядочение в свободном состоянии; 

b – упорядочение в поле растягивающих напряжений.  

Пунктирной линией обозначена форма исходного образца.  

Стрелки внутри упорядоченных образцов показывают направление коротких c-осей в различных доменах. 

Стрелками (F) указано направление приложенной внешней силы 

 

 

 

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 CuAuI→CuAuII transformation upon heating. The sec-

ond peak is caused by the further transition of the alloy into 

the disordered state: CuAuII→A1. 

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 

(CuAuI→CuAuII and CuAuII→A1), 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 (CuAuII→A1) 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 TPT=410 °C), can be used in technology, for example, 

in switches. 
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Аннотация: Одна из ключевых задач материаловедения – поиск методов управления структурой и свойствами раз-

личных материалов. Ранее было установлено, что сжатие при упорядочении эквиатомного сплава CuAu ориентирует 

короткие с-оси кристаллической решетки (сверхструктура L10) вдоль действия силы. Однако на практике в основном 

используются тонкие проволоки, при обработке которых применимо только растяжение. В данной работе изучались 

проволочные образцы эквиатомного сплава CuAu, упорядоченные путем охлаждения c температуры 500 °С со скоро-

стью 12 град/ч под растягивающим напряжением 40 МПа. Проведено сравнение с образцами, упорядоченными в сво-

бодном состоянии. Для проведения экспериментов были сконструированы миниатюрные захваты, все термообработки 

проводились в вакууме. Рентгеноструктурный анализ показал, что короткие с-оси тетрагональной L10-сверхструктуры 

преимущественно расположены в плоскости поперечного сечения проволоки перпендикулярно направлению растяги-

вающей силы. При проведении дилатометрического исследования установлено, что образец, упорядоченный под растя-

жением, при последующем нагреве выше температуры фазового превращения уменьшает свою длину (на ~0,8 %) с од-

новременным увеличением диаметра. Эффект объясняется отличием объемов кристаллических решеток упорядоченной 

и разупорядоченной фаз. Установлено, что при нагреве образца, упорядоченного под нагрузкой, максимумы на темпера-

турных производных электросопротивления изменяют интенсивность и смещаются по температуре. Выдвинуто пред-

положение, что упорядочение сплава CuAu под растягивающей нагрузкой повышает температуру разупорядочения  

и изменяет температурную стабильность упорядоченных фаз CuAuI и CuAuII. Полученный результат согласуется с ли-

тературными данными для сплава CuAu, упорядоченного после сжимающих деформаций.  

Ключевые слова: сплавы Cu–Au; фазовые превращения; рентгеноструктурный анализ; переход беспоря-

док→порядок; дилатометрия; удельное электросопротивление 
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