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 The aim of presented work lied in creation of alloys based on the titanium and 
maximally revealing the abilities of shape-retention, super elasticity and damping. The 
works being carried out, consisted in componential and concentration selection of 
alloys as well, as in their thermo-mechanical elaboration. 
 Proceeded investigations were of experimental, complex manner, including 
utilization of roentgen-structural, differential, thermal, dilatometer methods as well, as 
the methods of temperature dependence of electro-conductor and of internal friction. 
Investigations also implied the measurements of the deformation and the mechanical 
stress in case of bending and tension deformations of alloys. The degree of shape 
renewal, the value of super elastic deformation, reaction forces, appearing at inverse, 
martensite transformation and damping ability of alloys were considered.     
 As a basic, the alloys of titanium with � -phase stabilizing elements (Ta, Nb, 
Mo, V, Zr) were taken. The concentration was determined nearby the critical, 
metastable condition of � -phase. 
 For works elaboration alloys of the following composition were created and 
investigated: (Ti-Ta, Ti-Nb, Ti-Ta-Zr, Ti-Nb-Zr, Ti-Ta-Mo, Ti-Ta-V, Ti-Nb-Mo, Ti-
Nb-V, Ti-Nb-Mo-V, Ti-Ta-Mo-V, Ti-Ta-Nb-Zr, Ti-Nb-Mo-V-Zr, Ti-Ta-Mo-V-Zr) 
with the wide concentration consistence of the doping elements. 
 The alloys were received by electron-ray melting method. The uniform 
distribution of the elements was reached by 4-5 times re-melting. In the way of 
flatting of hot ingots the plates of 3-5 mm of thickness were obtained. 
 Initial phase microstructure was created by tempering in water from 900 ÷ 
1000 0C temperature after the homogenization. 
 According to the componential consistence and the concentration the phase 
roentgen-structural analysis had fixed the microstructure of three types: � ” ortho-
rhombic, � ” and small � -austenite and mixed � ” + �  structure. The microstructure 
sufficiently influenced on alloys deformation process. 
 Thermo-elastic, martensite, �  �  � ” transformation supplied shape-retention 
effect. Alloys of nearly complete (not less, than 90%) shape renewal were selected at 
maximally possible deformation. Alloys should manifest the super elasticity at 
sufficient deformation. The values of generated stresses were studied at inverse � ” �  
�  transformation. 
 The basic investigations were carried out at the samples, experiencing the 
bending deformation. Devices, making possible to measure the main deformation 
characteristics, deformation stress and temperature, were created. 
 Samples were heated in the devices by the current conduction. Heating speed 
changed within wide range. The bending deformation was carried out by different 
schemes using the method of reaching Tm temperature. Selection of heating speed for 
most samples makes possible to reveal completely their shape-retention ability � . Its 
value was calculated from the curves of temperature dependence of deformation. As 
the criteria � 0

(90) value of deformation was taken, when �  = 90%. 
 The tension tests of alloys revealed the inverse effect of shape-retention for 
most alloys. Heating of the deformed sample firstly tended to renewal of the shape, 
and then to the spontaneous deformation. It is realized by diffusive decomposition of 
the texture and of � ” and �  phases. 
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 The thermo-circularity of shape renewal of alloys was carried out by two 
methods: at permanent action of the loading and by thermo-circling in free condition 
after the initial deformation. 
 Practically complete renewal is stated just after five circles. Increment in the 
number of circles decreases the amplitude of deformation. This effect reveals more 
sharply at the loading-free circling. Decrement in the “amplitude” is related to the 
diffusive processes, induced by the thermal action. It decreases the share of the phase 
responsible for the renewal processes. 
 It is possible to carry out the “reanimation” of the amplitude by the original 
tempering – brief heating up to 800÷8500C temperature and then fast cooling in the 
air. 
 Corrosion of samples surfaces at the thermal action sufficiently influenced on 
the renewal properties. The surface layer of the rust sharply worsen the effect of 
shape-retention, while at deep penetration of the oxygen into the samples and at small 
size of the samples caused their destruction. 
 The reinforcement was related to irreversible allocation of dispersive particles 
� ”. Only non-corrosion central part of the sample participated in reveal of shape-
retention. Due to the great durability of the corrosion envelope, the deformation up to 
the signed value was carried out under the action of much more loading, than in the 
samples with clear surface. This layer resists to the generated stress as well. 
 Super elastic behavior of alloys was studied at the room temperature at ben-
ding deformation of their samples. It was shown that complete super elasticity was 
carried out after several loading-unloading circles of alloys samples. 
 The super elasticity is reached due to creation of the reinforcement or the 
dispersive impurities, concerning to opening of the elements, such as is done by 
implanted oxygen. Penetration of the oxygen from the sample surface inside it 
increased the durability and improved � s.e.. At the same initial deformation � s.e. is more 
for the alloys having the surface rust. 
 The reason of measurement of the reactive stresses, appearing at inverse, 
martensite transformation, is related to their utilization in devices, based on shape-
retention effects. 
 After initial deformation � 0 of different kind the sample was heated. Depen-
dence of the stress, appearing in the process of heating, on the temperature was mea-
sured by the tensometer. At the increment in � 0 � r reached the maximum and then 
decreased. For given alloy the maximal � r

max was marked out from the test series. 
Practically in all alloys � r

max was reached at 8 ÷ 10% preliminary deformation. The 
form of temperature dependence of � r

 points to the relaxation of � r
 at heating of the 

alloy up to 800÷8500C that takes place after it reaches the maximum. 
 At the thermal testing of alloy the tendency of diffusive redistribution of the 
components manifests itself in reveal of shape-retention effect of the second form. 
 Realization of the second effect we could induce by isothermal delay of the 
samples under the loading at certain temperature or by repeated circling. In both case 
the same diffusive decomposition takes place. The share of initial � ” or �  phase 
depends on the time of isothermal delay, experiencing the “diffusive decomposition”. 
In case of long time delay the phase responsible for the first effect is not remained. 
Only the second effect of shape renewal is revealed at heating. Practically the same 
takes place at the circling under the loading up to T>Af temperature. There was 
accumulated the volume of the phase, responsible for the second effect. After the 
circling at heating up to 800÷8500C the second effect of shape-retention was realized. 
Practically for all alloys As of the second effect exceeded 4000C. 
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 The temperature dependence of the internal friction was measured in alloys. 
Experiments showed, that the effect of damping oscillations was related to the 
absorption of the energy at martensite transformations. Measurements were carried 
out at bending oscillations in the range of Hertz oscillations and on acoustic 
spectrometer in kilo-Hertz range. Measurements were carried out from the room 
temperature up to 400÷4500C, as to at the higher temperature the background sharply 
increased. 
 The influence of oxygen on the properties of the alloy possessing the effect of 
shape-retention was intensively studied. Oxygen decreases the background of the 
internal friction, but sharply increases the dissipation in the temperature range of 
martensite transformation. 
 Impure of oxygen definitely influenced on phase stability, decreased the 
temperature of martensite transformation and no high temperature heat effects (T > 
4000C) were signed at the curves of differential, thermal analysis. 
 If inverse � ” �  �  transformation was proceeded in 375÷4250C range, 
hydrogen decreased this range up to 125÷2000C thus, improving the effect of shape 
renewal. 
 Gravimetric measurements show the insufficient desorption of hydrogen in the 
air and helium at heating up to 5000C. 
 Remaining the sufficient value of shape renewal at decrement of transfor-
mation temperature up to the room temperature in given alloys makes them suitable 
for practical application, particularly, in medicine. 
 
 The results received during the investigations make possible to draw the 
following conclusions: 

1. The effect of shape-retention and the super elasticity was investigated in alloys 
systems: Ti-Ta, Ti-Nb, Ti-Ta-Zr, Ti-Nb-Zr, Ti-Ta-Mo, Ti-Ta-V, Ti-Nb-Mo, 
Ti-Nb-V, Ti-Nb-Mo-V, Ti-Ta-Mo-V, Ti-Ta-Nb-Zr, Ti-Nb-Mo-V-Zr, Ti-Ta-
Mo-V-Zr, by the method of bending and tension deformation. 

2. It was shown that in alloys Ti-Nb (X = 25,9%, 29,8%, 33,1%), Ti-XTa (X = 
43,2%, 50,1%, 59,8%) Ti-47 Ta-3Zr, Ti-44Ta-6Zr, Ti-50Ta-3Zr, Ti-33Nb-7Zr, 
Ti-26Nb-4 Ta-7Zr 6÷9% deformation (according to the concentration of 
elements) restores up to 90%. At smaller deformations, the restoration is 
practically complete. The shape-retention should be considered for “high tem-
perature” range. As, Af for given alloys are in 250÷4500C range. Exclusion are 
Ti-50Ta-6Zr, Ti-33Nb-7Zr, Ti-26Nb-4Ta-7Zr alloys, for which this range is 
20÷2000C. 

3. Super elasticity of alloys at the room temperature was studied. The practical 
application of alloys, particularly, in biomedicine, was considered. Practically 
for all alloys super elastically restored deformation was not less, than 3÷3.6%, 
while in Ti-33Nb-7Zr, Ti-25.9Nb, Ti-43.2Ta alloys the degree of super elastic 
deformation was 4.3, 4.5 and 4.6%, that is close to 5% and, thus, these data are 
settled as very good for today. 

4. The measurements of the stresses, generated at the inverse, martensite trans-
formation, show their value of 270÷450 mpa on the assumption of the com-
ponential and concentration consistence. The maximal (400÷450 mpa) value is 
generated in Ti-50Ta-3Zr, Ti-25.9Nb, Ti-50.1Ta. 

5. The damping ability of martensite transformations in alloys was estimated by 
measurement of the temperature dependence of internal friction. The bending 
oscillations in Hertz range and the oscillations in the kilo-Hertz one show high 
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damping properties in Ti-33Nb-7Zr (�  = 31.5%), Ti-59.8Ta (�  = 23%) and 
Ti-50.1Ta-8Zr (�  = 23%) alloys. �  = 15÷20% characterized Ti-33.1Nb, Ti-
50Ta, Ti-29.8Nb, Ti-43.2Ta, Ti-26Nb-4Ta-7Z alloys. 

6. Practically for all alloys the possibility of realization of two retention effects 
was shown, conditionally, “low temperature” and “high temperature”. Accor-
ding to preliminary thermo-mechanical elaboration, it is possible to carry out: 
only “low temperature” effect, both in series or only “high temperature” effect. 
Such possibility is related to the change in metastability of the phases, caused 
by diffusive processes, with the change in the temperature of martensite 
transformation, respectively. In multi-component alloys of light doping diffu-
sive redistribution of components arrive one to well known effect of inverse 
retention – in heating process after the shape renewal to the spontaneous 
deformation. The circling under the loading or the delay of alloy at isothermal 
temperature under the permanent loading supports the macro-reveal of the 
effect. 

7. The influence of the surface, oxide layer (appearing at thermo-elaboration) as 
on the shape-retention effect, as on the super elasticity, was shown. Received 
result sets in the daily routine the necessity of study of oxygen influence on the 
shape-retention effect and on the super elasticity of alloys. 

8. Experiments concerning the impure of hydrogen into alloys (up to 0.43%) 
were carried out. Ti-Ta-Mo-V, Ti-Nb-Mo-V, Ti-50Ta, Ti-50Ta-6Zr alloys 
were investigated. Hydrogen decreased the temperature of martensite transfor-
mation, tended the austenite to stability, “resisted” to the possibility of reveal 
of “high temperature” transformation. In case of Ti-Ta-Mo-V hydrogen of 0.43 
weigh % increased the damping ability up to �  = 43%. Decrement in the 
temperature of the shape-retention effect as well, as stability of the effect 
points to the necessity of further investigations for determination the influence 
of hydrogen. 
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� ��������� �	����	���

��
����	�	�� ���
�����	���� �����!	��
�� . #������
���

	�	�	��	����� ������
� 
���� �	����	����� �	���	����� �	 ������

�	����	�	��
� ������� ����� ���������
� ������ ���� ����
 � ������

���� �	�������
����������	
	��
���������	���
�����	 �
���������

���
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Nb�� M 00o, V,� Zr-��� �	���	���� �	����	����� 
�����
����

�	��
����������
� ����
����� 
������ ��������	��
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������ �����
� ��
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� �	��	��� ������	��&� �������	���� ���	
� . #�������
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������ �	����	������� ����
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�

���������� �	��	�����	���� �������	���� ����� ���
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� �	����	��� &� Ti-Ta; Ti-Nb, Ti-Ta-Zr, Ti-Nb-Zr, Ti-Ta-Mo, 

Ti-Ta-V, Ti-Nb-Mo, Ti-Nb-V, Ti-Nb-Mo-V, Ti-Ta-Mo-V, Ti-Ta-Mo-V-Zr, Ti-Nb-

Mo-V-Zr. 	�	�	��	��
�����	�������	����	������$ ��0%��������� ���

��������:��

�

�������:�
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,2

0 

<0
,0
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<0
,0

05
 

29,8 - - - - 
33,1 - - - - 

- 43,2 - - - 
- 50,1 - - - 
- 59,8 - - - 

7,5 - 7,4 - - 
9,9 - - 10,1 - 
- 8,8 - 9,05 - 
- 7,8 8,1 - - 

5,0 - 4,9 4,8 - 
- 5,1 4,9 4,9 - 
- 44,08 - - 5,96 

0,
11

 

- 46,92 - - 3,02 
- 49,85 - - 2,96 
- 50,05 -  5,85 

0,
17

 -
 0

,2
0 

- 5,23 5,03 4,95 2,08 
- 5,16 4,92  4,87 4,11 

4,92 - 4,83 4,76 1,93 
5,07 - 4,96 4,98 3,95 
33,0 - - - 7,1 

0,
15

-0
,1

7 

26,08 4,0 - - 6,95 

�
�	����	��
�������	�������	����	������$ ��0%��
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                                                     f0µ  (U0+ U~sin t�w )2                                     [2.7.6.] 
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                                                       f0µ  U0 U~                                                           [2.7.7.] 
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� �����
� �	��	��������	� $ s � %� �����
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��	�� ��� �	��	��������	� �����	��� ��	����� 4�	��� ��5��
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� s � � �����
� �	����	�	����

��	����� �	
��������� ��
� �		
����	��� ������	��� BC. � ���
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� �����	��� $ DE%� ��������	�����
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� �	��	������
� ��! 	� �
� �	��	��
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����
� �!�� 	��
�
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� ��
�� �	
�������� �		
����	���

����		��
�
������
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�������,�

N �	������ 90e  SEe  max
�s  y  As, Af 

1 2 3 4 5 6 
1 Ti -25,9 Nb 6,5 4,5 435 10 350-390 

2 Ti - 29,8 Nb 7,0 2,5 280 20 240-250 

3 Ti – 33,1 Nb 3,0 3,1 370 17 220-260 

4 Ti – 43,2 Ta 4,5 4,6 325 20 480-530 

5 Ti – 50,1 Ta 8,5 3,6 450 16 380-420 

6 Ti – 59,8 Ta 4,0 3,2 350 23 250-270 

7 Ti – 46,92 Ta - 3,02 Zr 7,5 3,5 320 - 320-380 

8 Ti – 44,08 Ta – 5,96 Zr 9,0 3,8 326 - 350-400 

9 Ti – 50,05 Ta – 5,85 Zr 6,0 3,3 345 23 150-230 

10 Ti – 49,85 Ta – 2,96 Zr 7,0 3,5 400 - 320-380 

11 Ti – 33 Nb – 7 Zr 7,0 4,3 - 31 20-80 

12 Ti – 7,5 Nb – 7,4  Mo 2,0 3,4 - - 320-380 

13 Ti – 9,9 Nb – 10,1 V 2,5 2,6 - - 230-330 

14 Ti – 8,8 Ta – 9,05V 2,0 2,5 - - 390-440- 

15 Ti – 7,8 Ta – 8,1 Mo 5,0 2,3 - 2 360-410 

16 Ti – 5,0 Nb – 4,9 Mo – 4,8 V  5,5 3,0 270 - 300-360 

17 Ti – 5,1 Ta – 4,9 Mo – 4,9 V 5,0 3,4 290 - 330-390 

18 Ti - 5,23 Ta -5,03 Mo - 4,95 V- 2,08 Zr - 2,8 - - 300-400 

19 Ti - 5,16 Ta - 4,92 Mo - 4,87 V- 4,11 
Zr 

- 3,6 - - 250-330 

20 Ti - 4,92 Nb - 4,83 Mo - 4,76 V- 1,93 
Zr 

- 3,3 - - 260-330 

21 Ti - 5,07 Nb - 4,96 Mo - 4,98 V- 3,95 
Zr 

- 3,6 - - 220-330 

22 Ti - 26,08 Nb - 4,0 Ta - 6,95 Zr 7,0 3,6 - 20 120-150 
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�s #�	�������� ������� Y � #� �	��
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