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Preparation of a ternary alloy of the Ti-Nb-Ta system for further use in medicine

Titanium alloys are widely used in orthopedics for several decades due to their excellent mechanical proper-
ties, excellent corrosion resistance and favorable biocompatibility [1,2]. However, the use of alloys, such as
Ti-6Al-4V with a high Young's modulus (E), is not the best solution in load-bearing cells, as stress-shielding
occurs due to a mismatch between the rigidity of the implant and the surrounding bone (about 115 GPa for
Ti- 6Al-4V), which is significantly higher than the modulus of elasticity of the cortical bone (10-30 GPa)
[1.10]. Moreover, these alloys have carcinogenic inclusions such as Al, V. To date, there is a need to obtain
titanium-based alloys that do not contain carcinogenic, cytotoxic components and meet biomechanical re-
quirements for the implant. In this work, a superelastic alloy of the Ti-Nb-Ta system is obtained by double
remeltingin the vacuum arc furnace. The microstructure was investigated on optical microscope, mechanical
properties were measured by universal testmachine Shimadzu AGX and hardness was investigated on micro-
hardness tester Durascan 20. The authors concluded that the resulting alloy of the Ti-Nb-Ta system is suitable
for use in medicine.

Keywords: medical titanium alloys, implants, method of obtaining the tantal alloy, biocompatible alloys, low
module alloys.

1. Introduction

The most important biomaterials in orthopedics are metal alloys. Ti alloys due to high biocompatibility
and mechanical properties are widely used materials for the manufacture of implants for reconstructive
arthroplasty and osteoplasty in orthopedics, traumatology and neurosurgery [1-5].

The possibility of using the material in orthopedics and traumatology is determined by two main
indicators, biocompatibility and biomechanical compatibility.

Biocompatibility according to [6] is the ability of the material to be implanted into the patient's body,
not to cause adverse clinical processes and induce the cellular or tissue response necessary to achieve the
optimal therapeutic effect. The most biocompatible metals are Ta, Nb, Ti and Zr.

According to studies [7], most of the materials currently used in the production of implants contain;
V, Al, Co, Cu, Cr, Mo and Ni, which have weak and sometimes negative biocompatibility characteristics. So
in works [1-7] it is shown that V has cytotoxic properties, and Al has negative effects on the central nervous
system.

Biomechanical properties necessary for biomaterials used in orthopedics, in particular for the
manufacture of implants, are well described in [8, 9]. Great importance in the development of new
orthopedic biomaterials is the permissible deformation (8) -the ratio of yield stress (cYS) to the elastic
modulus E [1, 8, 9]. Admissible deformation of bone is from 0.43 % to 0.55 %. Thus, the best material for
the manufacture of implants in orthopedics and traumatology is the material with the closest exponent of
permissible deformation () of the bone.

Titanium alloys are widely used in orthopedics for several decades due to their excellent mechanical
properties, excellent corrosion resistance and favorable biocompatibility [1, 2]. Numerous studies have been
devoted to the study of the properties of these materials for use in medicine. The excellent biocompatibility
of titanium has been proved by many authors, both in vitro and in vivo [1, 3, 4]. Commercially pure titanium
is used in some orthopedic and dental applications. Nevertheless, the limited strength of titanium (up to
500 MPa) prohibits its use as a material for an orthopedic endoprosthesis, which is an implant form factor
[1,2].

The use of titanium and conventional titanium alloys, such as Ti-6Al1-4V with a high Young's modulus
(E), is not the best solution in load-bearing cells, as stress-shielding occurs due to a discrepancy between
implant stiffness and the surrounding bone (about 115 GPa for Ti-6Al-4V alloy), which is significantly
higher than the modulus of elasticity of the cortical bone (10-30 GPa) [1, 10], and as a consequence,
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osteoporosis occurs leading to fractures of the surrounding bone or weakening of the implant attachment. For
any of these reasons, the lifetime of an o

In the works, the problems of reducing the toughness of the implant due to the increase in porosity were
investigated, however, this simultaneously leads to a sharp reduction in the mechanical strength of the
implant itself [11-15].

From the above considerations, there is a need to create new titanium-based alloys that do not contain
carcinogenic, cytotoxic components and meet the biomechanical requirements for the implant.rthopedic
implant of the Ti-6Al-4V alloy is usually limited to 10-15 years [1, 16, 17].

Such alloys are three and four component alloys based on titanium with the addition of Nb, Ta and Zr.

2. Materials and methods of the experiment

As an initial material for the ingot production of Ti73Nb21Ta6 alloy (titanium-niobium-
tantalum)TiNb47 alloy and titanium alloy Grade 1 , were chosen. The melting of the starting material was
carried out by two remelting in the furnace of an arc vacuum furnace (FAVF). For this purpose, the
consumable electrode for the first melting was prepared as follows: titanium bars (Gradel, @ 50 mm) were
welded to the central rod (TiNb47, @ 120 mm, batch 200-09 / 1 and 200-09 / 2) , in the amount of 10 pieces
per electrode, 340 +/- 5 mm in length); Titanium wire was welded with tantalum wire (4 mm), or cut out
from the tantalum plate fragments of the following sizes 5-10x5-10x150-300 mm (Fig. 1). To perform the
melting process, the TiNb47NT-47 skull was taken. The microstructure of the resulting alloy was
investigated using an Altami optical microscope. The hardness test was carried out using the Brinell method,
according to ISO 6506-1: 2005 at a load of 49.03 H.

Experimental studies were carried out in the laboratories of the East Kazakhstan State Technical
University. D. Serikbaev and the central factory laboratory of JSC «UMP».

Figure 1. A photograph of the consumable electrode for FGWP

3. Results and discussion

The mass of welded tantalum was calculated on the basis of the content of titanium in the ingot
TiNb47to obtain the required chemical composition of the main elements (titanium, niobium, tantalum).
(Table 1).
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Table 1
Requirements for the chemical composition of ingots Ti73Nb21Ta6

Mass fraction ofom am Mass fraction of impurities, %, not more than
Alloy components, %
Ta Nb Ti Al | Cr | Cu | Fe | Ni | Si C H N (0]
b — — — o — — e Q wv
Ti73Nb21Ta6 | 6 +3/-2 | 2142 &"3 N N = = 5| =
S ||| S| | <o S S| S

The material was loaded in the form of titanium bars, pieces of compact tantalum metal and niobium.
The amount of material was calculated taking into account the obtaining of the required alloy by the basic
elements (titanium, niobium, tantalum). As a loadable metal (tantalum and niobium), a material of 5 to 10
mm thickness was used on the first melting, but as practice showed, tantalum and niobium in the loading did
not have time to completely dissolve during the time of complete fusion of the electrode. In order to obtain
the second ingot of the first remelting, a tantalum and niobium band was used as a loading, which largely
managed to dissolve (Fig. 2).

Figure 2. Photo of a skull after draining with annon-dissolved load

The discharge of the resulting melt mass (when melting the first remelting) was produced in an un-
cooled mold. A chemical analysis of the ingot was carried out, which showed an increased content of niobi-
um (from the required). To reduce the content of niobium, a second remelting was carried out, corrected for
the main elements with a discharge into an uncooled mold. After the chemical analysis of the second remelt-
ing ingot, which fully met the requirements (Table 2).

On the second ingot (batch 261-16) it was decided to get it by three remelting (to reproduce the pro-
cess), but taking into account the loaded metal and the melting parameters.

The melting of the first remelting was carried out with the following parameters: a reference voltage of
38 V, ignition at 10 kA and a subsequent stepwise rise to 18 kA, a solenoid current when the bath was 4 A,
followed by a decrease to 1.5 A. The first melting passed (the electrode melted) 4.5 minutes. After opening
the furnace, it was noted that the loaded refractory material (niobium, tantalum) did not completely dissolve
in the melt.
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On the received ingot, the macrostructure analysis was carried out, the hardness in the longitudinal and
cross sections was measured (Fig. 3-7). In the preparation of macrosections and microsections, the optimal
etching solution (2HF: 1THNO3: 17H202) was selected by rubbing with a cotton swab. the solutions indicat-
ed in the literature sources did not give the proper effect.

Figure 3. Macro structure and hardness of the ingot in cross section
(the temp from the top of the ingot)

HB(cp) = 247,2

259-16 (3)«M»

Figure 4.The macrostructure and hardness of the ingot in the cross-section
(the tempo from the middle part of the ingot)
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Figure 5. Macro structure and hardness of the ingot in cross section
(templet from the bottom of the ingot)

" cepeuHa

HB (min) = 197, HB (max) = 269, HB (cp) = 248.2

Figure 6. Macro structure and hardness of the ingot in the longitudinal section
(templet: top — middle of the ingot)
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HB (min) = 248, HB (max) = 285, HB (cp) = 272.2

Figure 7. Macrostructure and hardness of the ingot in the longitudinal section
(templet: middle — bottom of the ingot)

From each template (cross section of the ingot), after the macrostructure was studied by hydro abrasive
cutting, brushes measuring 15x15x (80-90) mm - 3 samples from each temperture were cut out. The results
of measuring mechanical properties are given in Table 2.

Table 2
Mechanical properties

From the top of the ingot From the middle of the ingot | From the bottom of the ingot
Without Annealing at Without Annealing at Without Annealing at
annealing | 700 °C for 1 hour | annealing | 700 °C for 1 hour | annealing | 700 °C for 1 hour
3, % 3,8 2,1 5,21 2,8 2,97 5,1
ov, kg/ 72 (710) 77 (760) 73 (720) 79 (775) 75 (730) 77 (760)
mm?2
(MPa)
060.2,kg/ | 68 (660) 71 (690) 69 (670) 74 (720) 71 (700) 71 (690)
mm?2
(MPa)

There are slight differences in mechanical properties along the length of the ingot. This feature can be
explained by the fact that in the course of crystallization the process of heat removal proceeds most inten-
sively in the middle part of the ingot, which is in contact with a copper water-cooled crystallizer. Heat sink
from the top and bottom (the bottom of the ingot does not cool) part of the ingot passes less intensively,
mainly due to radiation (the upper part of the ingot). A low cooling rate creates favorable conditions for the
growth of dendrites, so a much more developed columnar structure can be observed in the upper part of the
ingot.

The rolling of one of the longitudinal section templates was tested. The template was rolled from a
thickness of 12.5 mm to a thickness of 11 mm (deformation rate of 12 %).

The sediment of the alloy sample was tested on a PO-54B press. The sample was deformed by 10 mm
(degree of deformation 10 %).
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4. Conclusion

The alloy in the cold cast state is not subject to cold pressure treatment (rolling, draft) - the blanks are
destroyed. It is planned to carry out further work to determine the possibility of hot processing of the alloy
by pressure (pressing heated billets to produce flat baits or round bars).

The present work was carried out with the financial support of the Science Committee of the Ministry
of Education and Science of the Republic of Kazakhstan for the targeted financing program «Targeted scien-
tific and technical program of the D. Serikbayev East Kazakhstan State Technical University, focused on the
development of new types of products for production at the leading industrial enterprises of the East Kazakh-
stan region» for 2017-2019 years.
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A. Typawsibexyibl, C.B. [Tnotaukos, A.A. Iopaes, 10.I". Pycun, B.H. Aurunesxo,
E.B. Kpeirun, M.B. Cemenen, H.K. Epnsibaesa, I'.K. Ya3bipxaHosa,
P.H. Kumocos, C.A. XXanricoB, A.A. MsxkuanH

Menuuunanga oxas api naiiaanany yuin Ti-Nb-Ta xkyiecine
Heri3/ieJireH yill KOMIOHEHTTi KOPbITIAHbI JaiibIHAAY

Tutan KOpbITHAIAphl OPTOINEAMsIA KCHIHEH KOJIaHbUIa/Abl, ceGeOi OnapiblH MEXaHHKAJbIK KacHeTTepi,
KOppO3usiFa TO3IMALIIr JKoHe Konaiibl OHoyitneciMIik KacuerTepi aiblpbikimia »xorapsl. Amaiina HOHT-
moayii (E) xorapsr Ti-6Al-4V cexinai KopbITHaTap/ bl OPTOMEANSIIBIK KYKTEMEI dIeMEeHTTep Ie Maiaanany,
CTpecc OSKpaHJaly cajiapblHaH Y3IiK Imemim Oousbin TaObUIMakabl, KOpIIaFaH CyHeK II€H KOpbITIA
apachIH/aFbl cepriMaiik caiikeccizairi (Ti — yurin mamamen 115 I'Tla, cyiiexrin 6eTki KpipThickl — 10-30
I'Tla) cebebinen. ConbiMeH Katap ochl KopbiTianap Al, V cusKThl KaHLeporeHai kipmesepi 6ap. byrinri kyHi
OHOMEXaHHUKAJBIK TaJlalNTapblHA COWKEC KAHLEPOTCH[ KOHE LHUTOTOKCHKAIBIK KOMIOHEHTTEP KypaMbIHZA
eMec, TUTaH HeTi3iHferi KOphITHanapabl ally KaKeTTUIr TysHaaiasl. byn makanana Ti-Nb-Ta xyitecingeri
JKOFapBICEpPIIMAI  KOPBITIIA BaKyyMABl JIOFAIBIK IIEIITE €Ki MopTe OanKbITy oIiCiMEH  aJIBIHJIBL
MUKpPOKYPBUIBIM ONTHKAIBIK MHKPOCKOINTA, MEXaHHMKAIbIK Kacuerrep ombeOan Shimadzu AGX ceiHay
KOHBIPFBICBIHAA OJILICH/II JKoHEe KaTThUIbIK Durascan 20 KOHABIPFBICHIHAA 3ePTTENAl. AJBIHFAH HOTHXKEIEeP
Ti-Nb-Ta kopbITHacsl MeAMIIMHAA aiifananyFa )xapaMIbl A€l KOPBITHIHIbI XKacajbl.

Kinm co30ep: MeIMUUHANBIK THTAaH HETi3i KOPBITIIANAp, UMIUIAHTATTAp, TAHTAIAB KOPBITIANAPbIH OHAIPY
Taciii, OHoyitneciMai Marepuaiap, CepmiMALTIK MOIYITi TOMEH KOpBITIAIap.

A. Typnsi6exynsl, C.B. [Tnotaukos, A.A. Lopaes, }0.I". Pycun, B.H. Aurunesxo,
E.B. Kpeirun, M.B. Cemenen, H.K. Epnpi0aena, I'.K. Ya3sipxanoga,
P.H. Kumocos, C.A. XXanrpicoB, A.A. MIKHHUH

IHonyueHue TpexKOMMOHeHTHOTO ciiiaBa cucteMbl Ti-Nb-Ta
JJISL 1aJIbHEHIero uCnoJib30BaHUA B MeIULIMHE

TuTaHOBBIE CIUTABHI IIUPOKO MPUMEHSIOTCA B OPTONEANH HECKOJBKO NECATUIETUH M3-3a UX MPEBOCXOJHBIX
MEXaHUYECKAX CBOMCTB, OTIMYAIONIUXCS KOPPO3UOHHOW CTOMKOCTBIO M OJIAarONPHUSITHON OGHOCOBMECTHMO-
cThio [1,2]. OnHako NpUMEHeHHe CIUIaBOB, TakuX Kak Ti-6Al-4V ¢ Beicokum Moxynem lOnra (E) He sBisiercst
JIyYIIMM PEIICHHEM B 2JIEMEHTaX, HECYIIUX HArpy3Ky, TaKk KaK BO3HUKAE€T CTPECC-IKPAHUPOBAHUE, BbI3BAH-
HOE HECOOTBETCTBHEM JKECTKOCTH UMIDIAHTaTa C OKpyKarommeil kocTbio (okono 115 I'Tla s comaBa Ti-6Al-
4V), 4TO 3HAYUTENBHO BBIIIE, YeM MOAYJb YIPYrocTH KopTukansHoi koctu (10-30 I'Tla) [1,10]. bonee Toro,
JIAHHBIE CIUIABBI 00JIAAI0T KaHIIEPOTeHHBIMU BKIIIOYEHHUSIMH, TakuMu Kak Al, V. Ha ceroansamnuii ness cy-
IECTBYET HEOOXOAMMOCTh MOTYyUEHHUS CIJIABOB Ha OCHOBE TUTAHA, HE COAEPIMAIIUX KAHIIEPOTEHHBIX, [IUTO-
TOKCHYHBIX KOMIIOHEHTOB M OTBEUAIOLIMX OMOMEXaHHUECKUM TpeOOBaHHAM K MMILIaHTaTy. B 370l pabote
TIO0Ka3aHo, YTO CBEPXYNpPYrui cruas cucteMsl Ti-Nb-Ta moiyden myrem IBOHHOTO IeperiaBa B BAKYYMHON
IyTOBOM 1medn. MUKpOCTpyKTypa OblIa HCCIeN0BaHa HAa ONTHYECKOM MHKPOCKOIIE, MEXaHIHYECKUE CBOMCTBA
ObUIM M3MEpEeHbl Ha YHHMBEpCaJIbHOU McmbITaTenbHOM Mammuae Shimadzu AGX, a TBepoCTh HCClenoBaHa
Ha Durascan 20. Ilo pe3ynprataM HcclelOBaHUS CAEIAHO 3aKIIOUYEHUE, YTO MOJIyYEHHBIH CIIIaB CUCTEMBL
Ti-Nb-Ta roaes st HCTIONB30BAHHS B MEAULIMHE.

KiroueBblie cioBa: MEIUIMHCKUE TUTAHOBBIC CIUIABBI, UMIIJIAHTATBI, METOA IOJIYYCHUS TUTAHOBOI'O CILIaBa,
OHOCOBMECTHMbIC CILJIaBbI, CIUIaBbl C HU3KUM MOJYJIEM YIIPYTOCTH.
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