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Abstract: processes of relaxation of internal stresses of the Zr1Nb alloy nanostructure after various impacts was
studied. Shown that heat treatments of Zr1Nb alloy nanostructure, which provide the increase of the plasticity,
changed qualitatively the alloy structure, destructing the nanostructured state, that results to decrease of the
mechanical characteristics of the material and the degree of resistance to subsequent deformation during the
creep at the temperature of 700 K.

Ultrasonic impact reduces the level of internal stresses of Zr1Nb alloy nanostructure by forming the equilibrium
structure of boundaries without noticeable growth of grains. During subsequent creep deformation at 700 K the
relaxation of the internal stresses due to dynamic recrystallization and the formation of new stable
nanostructure take place that leads to the increase of the material thermomechanical stability.
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AHHOmMayuA: Uccie008anu NPoyeccvl peraKcayull 6HYMpPeHHUX HANPAXCeHUull 8 HAHOKPUCALIUYECKOM Chidse
ZrINb nocne paznuyneix ozoeiicmsuti. Ilokazanu, umo mepmoobpadoOmKu HAHOCMPYKMYPUPOBAHHO20 CNIABA
ZrINb, xomopsie obecneuusarom noguvliueHue nAACMUYHOCTNUY, KAYeCMBEHHO USMEHAIOM CIMPYKMYpy, paspyuias
HAHOCMPYKMYPHOE COCMOSIHUE, YMO NPUBOOUM K CHUNCEHUINO MeXAHUYeCKUX Xapaxmepucmux u cmeneHu
YCMOUUUBOCMU Mamepuana K nociedyrowel oegpopmayuu 8 npoyecce noazywecmu npu memnepamype 700 K.
Vaempaszeyxosas =~ obpabomkxa  npueodum K CHUDICEHUIO — YPOGHS — GHYMPEHHUX  HANPAICEHU
Hanocmpykmypupoeannozo cniaga ZrINb 3a cuem gpopmuposanus 6onee pagHosecHol cmpyKmypul epanuy 6e3
3amemnozo pocma 3epeH. B npoyecce nocnedyioweii oegpopmayuu 6 ycnoeusx noasywecmu npu 700 K
NpoUCXO0Um  penaKcayusi GHYMPEHHUX HANPSAJICEHULl 6CledCmeUue OUHAMUYECKOU PeKpUCmaiiu3ayuu  u
06pazosanue HOBOU CMAOUTLHOU HAHOCMPYKMYPbL, YMO HPUBOOUM K HOBLIUEHUIO MEPMOMEXAHUUECKOU
YCMOUYUBOCU MAMEPUAd.

Knroueevte cnosa: cnnag ZrINb, Hawocmpykmypa, nonsyyecms,  VIbMpasgykosoe — osodelicmsue,
mepMOMeXaHuyecKas yCmouiugocma.

It is known. that the annealings is typically used for the stress relaxation of nonequilibrium structures of
nanomaterials, obtained by the IPD methods, the effectiveness of which increases with temperature increasing.
However, the probability of the substantial grain increases with increasing the annealing temperature, which may
lead to loss of advantage of nanocrystalline state, such as high strength [1]. One of the promising methods for
improving the properties of nanostructured materials can be ultrasonic impact. By varying the parameters of
ultrasonic impact, the structure, having needed properties, can be obtained in the material [2-4].

The purpose of this paper is to investigate the peculiarities of creep and evolution of Zr1Nb alloy
nanostructure, obtained with the use of rolling and subsequent relaxation influences.



Investigation of the Zr1NB alloy prepared by the method of electron-beam melting has been studed. In order
to exert influence on the structure and properties of Zr1Nb alloy the following treatment procedures were used:
the combined rolling at 77 K-300 K, finite deformation (g) was 3.9 (MT) and in an effort to reduce the internal
stress level and to increase the plasticity of the nanostructured Zr1Nb alloy we have carried out the annealings in
the temperature range 500 K — 870 K and the ultrasonic impact with an amplitude of 80 MPa and frequency f =
20 kHz. A selected mode of preliminary ultrasonic impact exerts a softening effect on the deformed material [2-
4].

After all treatments the samples of Zr1Nb alloy were studied under creep conditions at T = 700 K. Analysis
of the results shows that annealings at temperature of 500 K — 720 K leads to some change in strength
characteristics of the material when compared with the initial state, however, do not affect the value of plasticity
and the creep rate. The annealing temperature to T > 720 K leads to decrease the strength properties and increase
of plasticity and the creep rate of nanostructured samples Zr1Nb alloy at the temperature test of 700 K. As a
result of ultrasonic processing the strength characteristics of the material decreased by ~ 15% in comparison with
the deformed specimens, at the same time the plasticity increased by ~ 20%.

It is known that as a result of low-intensity ultrasound treatments occurs relaxation of internal stresses in the
material volume due to the number of factors. At the high-frequency alternating influences the large number of
vacancies is generated, which are stimulate of non-conservative slipping [2-4]. Moreover, the dissipation of
vibrational energy occurs mainly at the interface boundaries, which leads to the formation of the equilibrium
state of boundary structure, as well as, reducing of the level of local stresses and the revitalization of the
dislocation sources. The effect of these factors leads to the active movement, interaction and annihilation of
dislocations at grain boundaries, and to the rehabilitation of the structure of boundaries.

Investigations of the structure have shown that after the combined rolling of Zr1Nb alloy on the value of true
strain € ~ 3,9 the nanostructure with the grain size of ~ 60 nm is formed. However, the nanostructure created by
IPD rolling, proved to be unstable to subsequent mechanical-thermal impacts in creep conditions at 700 K. Most
of the boundaries were destroyed and in their place were formed the dislocations boundaries of polygon type.
The transformation of the original structure is due to the activation of the return processes near the grain
boundaries [5].

Annealings of ZriNb alloy nanostructure in the temperature range 500 K — 800 K does not cause the
significant change in the character of the nanostructure. All the properties, which are the characteristic for the
nanostructured state, are stored. Initial recrystallization comprise the entire volume of material after annealing at
870 K and the formations of new grains size up to 1 mc are observed. Such structure is unstable in creep
conditions at 700 K. The grain boundaries are destroyed and clusters of dislocations with a tendency to the
formation of the cellular structure are formed.

Ultrasound impacts of the Zr1Nb alloy nanostructure, obtained by rolling, does not alter the morphology of
the initial deformed nanostructure. However, it becomes more homogeneous and equilibrium.

The action of tensile stresses in creep conditions at 700 K of the samples after ultrasounds leads to the
structure restruction and to the development of dynamic recrystallization. Average size of recrystallized grains is
about 100 nm. The new recrystallization nanostructure is more adapted to the new conditions of deformation and
provides the high level of strength properties and resistance to the creep while maintaining the sufficient level of
plasticity, i.e. the higher level of thermomechanical stability.

CONCLUSIONS

Heat treatments that provide the growth of alloy plasticity, qualitatively changes the structure, destroying the
nanostructured state that leads to the decrease in strength properties and to the increase in creep rate. Moreover,
the such structure has the low thermomechanical resistant in relation to the subsequent deformation in the creep
condition.

Ultrasonic impacts reduces the level of internal stresses of Zr1iNb alloy nanostructure by forming the
equilibrium structure of boundaries without noticeable growth of grains. During subsequent creep deformation at
700 K the relaxation of the internal stresses due to dynamic recrystallization and the formation of new stable
nanostructure take place that leads to the marked increase thermomechanical stability of ZrlNb alloy
nanostructure.
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