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Annomauusn. Cmamos npedcmasisem uUccie008aHus 6IUsHUA 000a6Ku cepebpa ¢ pasHou KoHyenmpayuell 0o 1,5
am.% na cnaasvl Ha ocrose TiNi. Tlocmpoenvi memnepamyphvie 3a6UCUMOCIU HAKONAEHUSL U 8036pama depopmayuu
npu MHo2OKpamuom dgppexme namsmu gopmor (II1D) cnnasos (TiNiMoFe)Ag u onpedenenvi napamempor 11D
(memnepamypuvl Ha4a1a U KOHYA HAKONJIEHUS U 6036pama 0eopmayul, OCmamo4nas u oopamumas depopmayuu,
wupuna nemm 2ucmepesuca). Tlokazano, umo yeenuuenue KOHYeHmpayuu cepebpa npusooum K pocmy uupubl
nemiau cucmepesuca U Geaudunvl oopamumon depopmayuu. Hzmenenue cocmasa 6 B2 cmpykmype npugooum

K CMEeWweHUIo Xxapaxkmepucmu4ecKux memnepamyp npeepauienusl ucczzeéyezwbzx Cnjiaeoes.

Introduction. It is known that the TiNi-based alloys are a promising and attractive material for
biomedical applications among shape memory alloys. Many characteristics of alloys can be improved by adding
alloying elements. The biocompatible TiNiMoFe alloy (TN-10 brand) has been chosen as a basis due to its
unique hysteresis properties presents a high scientific interest [1]. From the biomedicine point of view, silver is a
promising alloying element, since it is known for its antibacterial properties, which is related to the release Ag+
ions from pure silver phases [2]. In addition, TiNiAg alloys show good biocompatibility and corrosion resistance
comparable to binary TiNi alloys. In [3] the effect of silver adding on hysteresis and physico-mechanical
properties is considered. Although the biocompatible TN-10 alloy provides excellent properties, the antibacterial
effect would significantly expand the range of its biomedical applications. Therefore, the purpose of this work is
to study the effect of an addition of different silver concentrations on the parameters of the multiple shape
memory effect in TiNiMoFe alloys.

Materials and Methods. TiNiMoFeAg alloys were prepared in an induction furnace in an atmosphere of
inert argon gas by remelting sponge Ti and Ni plates with the addition of the Mo, Fe and Ag alloying elements.
The alloying scheme: TisoNigg s.xMog3FeqrAgx (X =0, 0.1, 0.2, 0.5, 1 at.%). Specimens (50 x 1 X 1 mm in size)
were spark cut by electric-discharge wire-cut from the produced ingots. The shape memory parameters were
studied in conditions of tension under a constant load of 2 kg.

Results. Fig. 1 shows the temperature dependences of strain accumulation and recovery at multiple SME
&(T) of (TiNiMoFe)Ag with different Ag concentration under a constant load. In all the investigated alloys the

martensitic transformation (MT) with a sequence B2—R—B19' is realized, where the MT products are the
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rhombohedral R- and monoclinic B19'-phases [4, 5]. The complete transformation cycle is characterized by the
temperatures M, M, A5, Ay At T < M| the martensite is stable, and the stable phase at T> A is austenite. For

the temperature values M's <T < A's both phases are stable.

&% | 4 AT=42°C Fig. 1. Temperature dependences of strain
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The experimental results show that doping with silver to 0.5 at.% leads to a decrease in the MT
temperatures compared to the initial alloy, while the addition of 1 at. % Ag increases the temperatures. The
change in the composition of TiNi in the homogeneity region connected with deposition of secondary phase’s
particles affects the MT temperatures displacement. With an increase in the Ag content from 0.1 to 1 at. % the
reversible strain increases in the alloys and reaches =~ 3%. The alloys have the residual strain g4, but in the

alloys with 1 at.% Ag it is maximal. &.gq is the result of plastic strain, which leads to a decrease in the mobility
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of the interphase boundary. The plastic component of strain also causes a wider hysteresis width. The width of
the hysteresis loop AT increases with increasing concentration of silver in the alloy. This value corresponds to
the amount of energy dissipated at full MT cycle and it is defined by the sum of contribution of "chemical" and

"non-chemical" components of a dissipative driving force [1]:

A +A, M. +M
AG =G™M 4 GYM=4 —(AG,,, +AG A AT s Dy+ @™ +vp (.

Xum nexum) - TO 2 2
where AG — the Gibbs dissipative driving force; the first term of the equation is a "chemical" component

contribution of the driving force (H — absolute value of the latent heat of MT, 7| — the temperature of the

chemical phase equilibrium); VM and V' — the volumes of low-temperature and high-temperature phases; p

is the "non-chemical" contribution which occurs due to the energy dissipation in the process of formation and
motion of interphase boundaries during the MT (by convention, this contribution is called "friction").

Temperature dependences of strain accumulation and recovery at multiple SME &(T) of (TiNiMoFe)Ag
show that alloys with 0.1, 0.2 and 0.5 at.% Ag exhibit the more pronounced hysteresis slope as compared with
the alloys with 0 and 1 at.% Ag. This is explained by an increase in the nonchemical contribution p to the total
dissipative energy of the MT and the decrease in the total material volume (V' + V) participating in the
martensite transformation according to equation (1).

Shape memory effect parameters as well as other properties of TiNi-based alloys are sensitive to the
composition change due to the silver addition. It was shown that a growth in the silver concentration led to an
increase in the hysteresis loop width and the reversible strain value. The change in B2 structure composition led
to a shift in the characteristic transformation temperatures of the investigated alloys. The alloy with 1 at.% Ag
showed the maximum values of transformation temperatures, residual strain g.gq, reversible strain g, and

hysteresis loop width AT.
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