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Abstract. This article reviews perspectives of various refractory oxides application, including rare earth elements as fire
resistance material to produce tiegels for titanium induction melting and titanium alloys. The interaction of titanium molten
with calcium oxide, magnesium, zirconium and the rare earth elements oxides: lanthanum, cerium and yttrium were studied in
theory and by testing. In order to assess the possibility of using oxides of these metals in the manufacture of refractories for Ti
alloys melting, the thermodynamic calculations were performed using the Outotec HSC Chemistry 8 program. The Gibbs free
energy of the reactions of interaction between titanium alloys with the listed oxides was calculated. The Gibbs energy was
testified to have positive values in the high temperatures, which in theory means that they can be used as refractory materials
in the smelting of titanium. The experiments of short-term interaction of titanium with the oxides of the listed elements were
carried out under heating in a vacuum induction furnace. The interaction was evaluated by the change in the titanium structure
after melting it in the volume of the pressed oxide powder. In the process of titanium melting with oxides of calcium and
magnesium at high temperatures, an intense boiling and splashing is observed.This fact is explained by the titanium restores
calcium and magnesium to the state of metal, and the low boiling temperature of calcium and magnesium causes the release of
a large amount of metal vapor. Titanium is heavily contaminated by the metals that form these oxides, and, therefore, by
oxygen being in contact with La,0s, CeO, and ZrO,. The yttrium oxide is testified to be the most resistant to the titanium
melting, there is no significant contamination of the molten with yttrium and oxygen, and this increases the titanium hardness
by 20%. The experiments have resulted in that it was recommended to use yttrium oxide as a refractory material.
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WHIYKUSAJIBIK BAJKBITY KE3TH/E OTKA TO3IM/II KEUBIP METAJLJT OKCUJITEPIHIH TATAHMEH
I9CEPJIECYIH 3EPTTEY

Tyiingeme: Tyiiingeme:MakananaopTypiii CUPEKOKEp IJIEMEHTTEPiHIH TUTaHIbl WHIYKTUBTI OaNKBITYKE3iHAE OTKATO3IMII
Marepuan peTiHIe OTKaObIpiap jkacaylda KapacThIPYIbIH MaHBI3IABUIBIFEI KepceTinreH. Kampiwii, MarHumil, NUPKOHUI
OKCHATEP] XKOHE CHPEK-KEp 3JIEMEHTTEpIHIH: JIaHTaH, LEpHUs KOHE UTTPUH OKCHATEPIMEH TUTAHHBIH €3apa 9peKeTTecyi
TEOPHUSUIBIK KOHE IKCIICPUMEHTAIIBI TypAe3e prreiareH. OChbl MeTaliapiAblH OKCHATEPiHIH Ti KOPBITIATAPbIH OAKBITYFa
apHaiFaH OTKATe3IMAlI MaTepHaliblH OHAIpyre mHaijasaHy MyMKiHairin Oaramay ymin Outotec HSC Chemistry 8
OarapiaMachl apKbUIbl TEPMOAMHAMHKAIIBIK €CENTeyJep KYPriziami. ATaaraH OKCUATEPMEH THTAaHHBIH ©3apadpeKeTTEeCTIrl
yiin ['uOOCTIH epkiH dHeprusickl ecemnrtelreH. [ MOOC IHEPrUsCHIHBIH JKOFaphl TeMIleparypajiaplia OChl peakUusIapIarsl
SHEPTHUSCHl TEOPHUSIIBIK TYPFBIIAH 0Jap TUTAHOAIKBIT YKE31HIe OTKATO31M/i MaTepuaiap peTiHjie KOJIJaHblla alaThIHIbIFbIH
Kepcerei. BakyyMIbIK MHAYKIHSIIBIK MEIITe JKbUTY XKaFIaiblHAa THTAHHBIH KbICKAMep3iMIi e3apaspeKeTTecTir i00MbIHIIA
aTaJFaH dJEMEHTTEePIiH OKCHUATEPIMEH dKCIEPUMEHTTEp KYpri3inai. CyHbUITBUIFAH OKCUA YHTArbl KeJleMiHae OalKplFaHHAH
KelliH TUTaH KypaMbIHBIH ©3repyiMeH e3apaspekeTTecy Oaraianabl. TUTaH epireH Ke3ae KajdbIUiMEeH MarHui OKCHIATEpI MEH
JKaHACKaHJIa KOFapheITeMIlepaTypaga, MHTCHCUBTI KalfHay *koHe Oypky Oalikamazabl. By KyObUIBIC TUTQHHBIH METaJUl KyiiHe
KaNbMii MEH MarHWiji a3alTaThIHBIH TYCIHAIpeIl, all KaJbLUA MEH MarHUWIiH TOMEHTri KallHay TeMIeparypachl MeTasll
OynapbIHbIH Kenmedepin 6ocatasl.La,0z, CeO, xone ZrO, GailnaHbiCKaH Ke3Je, TUTaH OYJIOKCHUATEP/, IEeMEK, OTTEriHi
KYpa#lThIH MeTangap MeH KaTTbUlacTaHFaH. MTTpuil OKCHII THTaH OalKpIMachlHA KATBICTBI €H TO3IMJI OOJBIN TaObLIAIBL.
OmnapneiH OaiiaHbicTaphbl Ke3iHae OaKbIMaHbIH UTTPUMMEH OTTETIMEH JIaCTaHYhI JKOK, OYJ1 TUHTAaHHBIH KaTThUILIFBIH ece 20%
apTThIpajbl. DKCIEPUMEHTTEPAIH HOTIKesepl OOMbIHINIA WTTPUH OKCHII HOTKATe3IMII MaTepHuaj peTiHlIe Naijgaiany
YCBIHBUI/IBI.

Tyiince3nep: MHIYKIUSIIBIK JKbLTY; THTAaHOAIKBIMACKI, OTKATO3IMI MaTepuall, ©3apapeakiisIbIKIcepIIecy.
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B3AMMOJIEVCTBUE TUTAHOBOI'O PACIUIABA C TYTOINIABKMMH OKCUJIAMM HEKOTOPBIX
METAJIJIOB

Pe3oMe. B craTbe moka3aHbl HEPCIEKTHBBI IPHMEHCHHUS PA3IMYHBIX TYTOIUIABKUX OKCHJIOB, B TOM YHCJIE PEIKO3eMEIbHBIX
9JIEMEHTOB B KaUeCTBE OTHEYMOPHOIO MaTepuaia JUisl U3rOTOBICHHS TUTICHIISUHIYKIIMOHHON MIaBKU THTAHA U THTAHOBBIX
cr1aBoB. TeopeTHYECKH U IKCIEPUMEHTAIBHO HCCIICIOBAHO B3aMMOACHCTBHEC THTAHOBOTO paciulaBa ¢ OKCHAAMH KallbLIHs,
MarHusi, HUPKOHHUS W OKCHIAMU PEIKO3EMENbHBIX JJICMEHTOB: JIAHTAHa, LEPHS M UTTPUS. B LeNsiX OIEHKH BO3MOXKHOCTH
HCIIONB30BAHUSI OKCHIOB A3THX META/UIOB IIPH HM3TOTOBJICHMS OTHEYIOPOB Ui IUIaBKH Ti-CIUIABOB OBUTH MPOBEICHBI
TEpMOIMHAMHYECKHE PACcYeThl, ¢ moMouibio nporpammel Outotec HSC Chemistry 8.Bsuta paccunrana cBoGOIHAsS HEPTUsL
I'u60ca peakiuii B3aUMOJCHCTBHUSI TUTAHOBBIX CIUIABOB C MepeYMCICHHbIME Okcuaamu.llokazano, uto sHeprust ['ub6ca B
00JIaCTH BBICOKHX TEMIIEPATyp UMEET MOJ0KUTEIbHbIC 3HAYCHHSI, YTO TCOPETUIECKH 03HAYACT BO3MOXKHOCTDH UCIIOIb30BAHUS
MX B KayeCTBE OTHEYMOPHBIX MATEPHUANIOB TPH IUIABKE TUTaHAa. B YCIOBUIX HarpeBa B BaKyyMHOW HHAYKIIMOHHOHN IMeYd
BBIIIOJIHEHBl ~ OKCIIEPUMEHTHI [0  KPAaTKOBPEMCHHOMY  B3aUMOJICHCTBHIO THTaHa C OKCHIAMH  IIEPEYHCICHHBIX
a5ieMeHTOB. B3aumo ieiicTBrEe OlICHUBAH [0 U3MEHEHHUIO COCTaBa THTAHA MMOCJIe PACIUIABICHHS €ro B 00beMe CIIPeCCOBAHHOTO
mopomika okcuza.B mporecce IIaBKH TUTAHOBBIX PACIUIABOB C OKCHIAMH KaJlbIMS M MAarHUs MPU BBICOKHX TEMITEpaTypax
HaOJI0IaeTCsT UHTCHCUBHOE OypiieHHe M pa30pbhI3THBAaHHE. JTO SIBICHHE OOBICHEHO TEM, YTO THUTAH BOCCTAHABIUBACT
KaJIBLIMI M MarHU{ [0 METAIUTHYECKOTO COCTOSTHMS, @ HU3Kasi TeMIepaTypa KUICHHUSI KaJIbLsI i MATHHS BHI3BIBACT BBIICICHIE
0O0JIBIIOTO KOJIMYECTBAa MeTaJuInyeckoro napa. [Ipu konrakre ¢ La,Oz, CeO, u ZrO, TuTaH CUIIBHO 3arps3HIETCS MeTalIaMH,
00pa3yIIUMHI 3TH OKCHJIBL,A,CIICIOBATEIBHO U KHUCIOPOAOM. [10Ka3aHO, 9TO OKCHI UTTPHS SABISIETCS HAnOOIee CTONKHM IO
OTHOIIICHHIO K THTAHOBOMY PaCIUIaBy, MPOUCXOIUT HE CYNIECTBEHHOE 3arpsi3HEHHE PaciiiaBa UTTPUEM U KHCIOPOAOM, U MPU

9TOM yBeJIMYHMBaeTCs TBEepAOCTb TuTaHa Ha~20%.
OTHEYIIOPHOTO MaTepHaja UCIIOJIb30BaTh OKCUI UTTPHSL.

ITlo pe3yjabTaTaM JKCIEPUMCHTOB PCEKOMEHAOBAHO B Kadye€CTBC

KiroueBble ¢JI0Ba: TUTAHOBBIM paciuiaB, TYroriaBKue OKCHJbI, OFHeyHOpHLIﬁ Martepuall, p€aKuOHHOEC BSaHMOHCﬁCTBHe

Introduction. Pure titanium and its alloys
have a valuable set of physical and chemical and
mechanical properties, such as high strength to
density ratio, acceptable ductility at room, elevated
and subzero temperatures, good welding capacity,
low linear expansion coefficient and good casting
properties - high fluidity, low tendency to gas
porosity, slight linear and bulk shrinkage (2-3%).
At the same time, titanium has a high reactivity in
the molten state, which leads to its contamination
with impurities that reduce the ductility and
viscosity of the metal during the smelting process
and when interacting with the crucible material and
mold. The refore, during shaped casting, the
difficulties arise, firstly, with the need to use
equipment for conducting smelting in a protective
atmosphere or in a vacuum, and secondly, with the
choice of material for molds and crucibles [1-3].

Now the two methods of titanium smelting
are used to obtain the large-tonnage castings in
industries, such ascathode ray and electric arc. In
order to obtain small castings, induction melting in
vacuum or inert gas atmosphere is the best possible.
This allows obtaining very homogeneous and
reproducible castings. The main failure of the
existing method of induction melting is that the
molten metal interacting with the material of the
crucible used is significantly contaminated by
impurities [3].

52

A low-tonnage production is increasingly
applies induction melting in the so-called “cold”
crucible to resolve this problem [4, 5]. However,
despite the fact that the contamination of the melted
material is minimized, and the use of this method
leads to its chemical and thermal homogenization,
the cost of such installations remains extremely
high.

Since the middle of the twentieth century, a
research has been actively conducted aimed at
searching for refractory materials inert to titanium
and titanium-containing alloys. Various studies are
underway to develop ceramic crucibles suitable for
melting titanium alloys.

Thus, according to the research data [6],
crucibles from various oxides, carbides, borides, and
sulfides were tested, but the results were generally
considered unsatisfactory. This is due to the high
level of their interaction with titanium melts or poor
heat resistance, which leads to the development of
cracks and the destruction of crucibles.

According to the results of thermodynamic
calculations made by the authors [7], the resistance
of refractory materials made of CaO, Y,03, ZrO,,
Al,O3, MgO, SiO, in contact with molten titanium-
aluminum alloys was demonstrated to depend on the
temperature, aluminum content and the oxygen.
Reactional interaction of Ti-Al melt with CaO,
Y,0; ZrO, and Al,O; and their mixtures have
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positive values of AGr in Ti-Al in the 1000 ° C -
1700 ° C temperature range for all Ti-Al
compositions, including pure titanium, which
indicates the absence of their chemical interaction
and according to the authors allows the use of such
materials for the manufacture of crucibles.
According to the results of calculations MgO,
SiO,can interact with melts containing more than 80
and more than 70 wt. % Ti, respectively.

Mea nwhile, subsequent calculations [8] and a
comparison of the Gibbs energy for the formation of
various oxides and titanium oxide have resulted in
Y,03 and CaO can only be resistant to the titanium
melts of the above, while CaO will not interact with
the titanium melt only after reaching its oxygen
concentration of more than 5 wt. %. The
calculations performed here found no reaction of Ti-
48 wt. % melt with only Y,0; and CaO. These
results were experimentally confirmed by the
example of Ti-6Al-4V and Ti-50Al alloys, while in
the case of the use of a crucible of Y,03, the oxygen
concentration in the alloy was less than 1 wt. %

In [9-14], it was experimentally demonstrated
that CaO and Y,O0; crucibles are characterized by
minimal interaction with y-TiAl titanium melt,
especially Y,03, while MgO, ZrO,, Al,O5 crucibles
interact with titanium melt [14]. However, due to
the high hygroscopicity and the development of a
weak reaction, the manufacture of crucibles for
induction melting of titanium alloys from CaO did
not find practical application, although in [8] it was
noted the importance and perspective of producing
such crucibles for industrial remelting of wastes
from y-TiAl alloys.

Since Y,0; is a relatively expensive material
in works [12, 13] it is proposed to use multilayer
crucibles where the crucible main material is
zirconium oxide stabilized by silicon oxide, calcium
and magnesium, and the inner layer is covered with
a layer of yttrium oxide 200 micronsfor smelting y-
alloys based on titanium. When the level of porosity
is less than 14%, Y,0; remains inert to the melt
containing titanium, and only a small part goes into
its composition [13]. The main failure of crucibles
made of Y,0; according to the results of the
research of the authors [14] is the destruction of
their surface upon contact with the melt and the
entrainment of particles of refractory material.

Currently, the possibility of using calcium
zirconate CaZrO; and BaZrO; as a crucible material
is widely considered, which, as studies have shown,
is comparable to Y,0s in resistance to titanium melt
[15-17]. However, this material is not resistant to
thermal shock and the currently proposed solutions
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for its reinforcement and cementation are not
effective [15-17].

The search for alternative refractory materials
based on nitrides for melting y-TiAl alloys did not
give positive results. Thus, in [18, 19], the
interaction of AIN and BN crucibles with the Ti —
46Al — 8Nb melt was investigated and it was found
that, upon their contact with the melt, a TiN layer is
formed at the contact boundary, reducing the rate of
further reaction. At this the growth rate of nitrogen
concentration in the melt is ~4 times higher than the
growth rate of oxygen concentration in the case of
using ceramics based on Y,03 and ~2 times in the
case of Al,Oz and CaO was demonstrated in [19].

Thus, the problem of refractory materials for
induction melting of titanium alloys has not been
fully resolved, which makes the further search for
materials inert with respect to titanium melts
relevant.

It is important to have a deeper realizing of
the interaction processes of titanium melts with
various refractory oxide compounds. In this respect,
oxides of rare-earth metals — cerium and lanthanum
are of interest, since Ce and La, like Y, have a low
solubility in Ti and do not form intermetallic
compounds with it. It is also important to re-
examine the interaction of MgO, ZrO,, Y,0; with a
titanium melt. As provided from the above this paper is
aimed at the study of the interaction of titanium with
some refractory oxides to assess the possibility of making
from them crucibles for melting titanium and titanium
alloys in vacuum induction furnaces.

Research methods. Thermodynamic
calculations of the reactions of the oxides recovery
of various metals by titanium in the range from
1000 to 2000 ° C were carried out using the Outotec
HSC Chemistry 8 program.

The reaction of titanium alloys with various
oxides was calculated by Gibbs free energy (Figure
1). As followed by the results of calculations, the
highest AG values have reactions with Y203, and
the lowest with ZrO2.

All selected materials have positive values,
which in theory mean their use as crucibles. An
interesting fact is that AG reactions of Ti with
Ce203 and La203 increase those of CaO.

3Ti+La203=3TiO+2La (1)
3Ti+Ce203=3TiO+2Ce (2
3Ti+Y203=3TiO+2Y (3)
2Ti+ZrO2=2TiO+Zr (4)
Ti+CaO=TiO+Ca (5)
Ti+MgO=TiO+Mg (6)
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Figure 1 - The dependence of the Gibbs energy recovery reactions
ofvarious refractory oxides by titanium

Tests to define interaction the above oxides
with the titanium melt were carried out in a vacuum
induction melting furnace UIPV-0.001 equipped
with an UZG16-10 generator (10 kW) with an
operating frequency of 18-20 kHz. To this purpose,
the bottom of a cylindrical alundum cruciblea
compacted layer of powders of refractory
compounds 25-30 mm thick was formed, on the
surface of which a cylinder made of VT1-0 titanium
@40 mm and 40 mm high was installed in the
center.Then the space between the crucible walls
and the titanium cylinder was filled and sealed with
a powder of a refractory compound. After the
crucible was installed in the inductor, the furnace
chamber was pumped to a level of discharge not less
than 133 Pa. An induction furnace was extremely
fast heated; for this, the maximum current was set
on the inductor to 30A, which allowed the titanium
to be converted to a liquid state after 10 minutes
from the beginning of the furnace being turned on.
The duration of exposure after melting titanium was
60 seconds.

The samples were studied using a
NEOPHOT-32 metallographic optical microscope
and a JEOL JXA-8230 microprobe analyzer. The
phase composition of the samples was determined
by X-ray phase analysis using a D8 Advance
diffractometer (BRUKER) with Cu-Ka radiation.

The results and discussion. The titanium
structure testing after the interaction with La,Os
provided it to be specific to a-alloys and is
represented by elongated grains (Figure 2). In
addition, the structure reveals numerous allocations

54

of a globular shape, the sizes of which vary from ~2
to 25 um. Mostly they are observed in the a-phase
grains in the form of clusters. Microprobe analysis
showed that these emissions are lanthanum, the
surface of which in the process of sample
preparation is covered with an oxide film.

—
X 500 2

20.0kV

a- x250, 6- x500

Figure 2 —The VT1-0 titanium microstructure after
interaction with the lanthanum oxide



Table 2- Spot chemical analysis of phases as regards
Figure 2 (at.%)

No. Ti La (0] C Cr
1 - 74,18 | 23,47 234 |-
2 42,43 | 31,13 | 22,29 3,22 0,93
3 100 - - - -

Titanium after interaction with Ce,Oz is
characterized by a polyhedral structure. With in
polyhedra, a substructure is observed, which is
specific to the cast alloys, crystallized from the melt
separation area. In particular, such a substructure
includes globular titanium crystals and cerium
dendritic precipitates, the space between which is
filled with a mechanical mixture of dispersed
globular cerium precipitates in a titanium matrix
(Figure 3).

After interaction with Y,03, titanium has a
lamellar structure with a chaotic arrangement of
plates, which is typical of a-titanium (Figure 4).
Also, not numerous dendritic grains, 20-30 microns
in size are found. The microprobe analysis results
show that these grains are yttrium oxide. In addition,
globular dispersed precipitates of pure yttrium are
found along the grain boundaries, while the yttrium
does not dissolve in the matrix (Table 4).

a- x250, 6- x500

Figure 3 - VT1-0 titanium microstructure after interaction
with cerium oxide
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Table 3. Spot chemical analysis of phases as regards
Figure 3 (at.%)

No. Ti Ce ) Al
1 1,62 78,47 | 18,26 1,65
2 27,03 50,84 | 22,13 -
3 100 - - -

Analysis of the sample structure obtained as a
result of the titanium melt interaction with
zirconium oxide shows that it is formed by
elongated lamellar grains predominantly arranged
parallel to each other (Figure 5).

Such a structure is typical for high-alloyed a-
alloys. Microprobe analysis shows that the alloy
contains titanium and a small amount of zirconium,
while zirconium is mainly concentrated in the form
of a solid solution between the plates.

When titanium melts come in contact with
oxides of calcium and magnesium, their intensive
boiling and spraying occurs.

— 10pm JEOL

20.0KV COMPO NOR WD 11.1lmm 09:37:01

a-x250, 6-x500

Figure 4 - VT1-0 titanium microstructure after interaction
with yttrium oxide
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Table 4. Spot chemical analysis of phases as regards
Figure 4 (at.%)

Table 5. Spot chemical analysis of phases as regards
Figure 5 (at.%)

No. Ti Y 0] Fe No. Ti Zr (0] Fe
1 0,94 78,7 20,37 - 1 92,28 5,62 | 2,11
2 100 - - - 2 97,62 2,38 | -
3 98,25 0,5 - 1,25

This interaction indicates the reduction of
calcium and magnesium to the metallic state and
their subsequent boiling at ~ 1800 °© C melt
temperature, since the boiling point of calcium and
magnesium is much lower. (Figure 6)

The results indicate the development of the
reaction between the titanium melt and the powders
of refractory oxides, which leads to their reduction
to the metallic state. Since the rare-earth metals
actually do not dissolve in solid titanium, and are
not significantly soluble in liquid, they are released
as an independent phase during crystallization.When
zirconium oxide interacts with titanium, it dissolves
in the melt and a solid solution of zirconium and
oxygen in titanium is formed during crystallization.
More over, due to segregation, zirconium is
concentrated in the solid solution along the grain
boundaries.

a- x250, 6- x500

Figure 5 - VT1-0 titanium microstructure after interaction
with zirconium oxide
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a-Ca0, 6 -MgO

Figure 6 - The titanium melt interaction at a short-term
contact (60 s) with oxides of calcium and magnesium

The phase composition of the products
formed at the melt / oxide interface was studied to
understand the mechanism of titanium melt
interaction with the oxides (Table 6).The data
obtained show, as a result of the titanium melt and
lanthanum oxide powder interaction an intermediate
ternary oxide and lower titanium oxide Ti,O are
formed.

The recovery of CeO, cerium oxide by
titanium melt proceeds through the formation of
Ce,03 lower cerium oxide. When yttrium oxide
interacts with the titanium, it is reduced immediately
to a metallic state, while titanium is oxidized
forming a TizO lower oxide. Upon contact with
zirconium oxide, it dissolves in the melt, while
oxygen and zirconium diffuse into the melt (Table
6).

Table 6 - Phase structure of the ingot cover after heating

Combination Phases,%
Ti+La203 La4Ti9024'Ti00’43' La(OH)g'Tizo' Ti-
32,6 18,3 |17,9 16 |15,2

Ti+CeOQ Ce0,-84,1|Ce-8,6 |Ce,Os3- Ti-

4,5 2,7
Ti+Y,03 Y,0;5- 81 [TizO-

19

Ti+ZrO, Zr0,-100




X-ray fluorescence analysis of titanium ingots
obtained by smelting oxides in powders showed that
when get in contact with La,0s3, CeO, and ZrO,, a
large amount of lanthanum, cerium and zirconium
and, consequently, oxygen also passes into the
titanium melt (Table 7). The determination of the
oxygen content was complicated by the fact that
there is always an oxide film on the surface of
titanium, and therefore, Table 7 shows the testing
and calculated oxygen content. The calculation was
based on the content of metals, recovered by
titanium from oxides.

Dissolution of oxygen and other elements in
the titanium melt when they interact with oxides
causes a significant increase in the hardness of the
obtained in gots to values more than 2 times higher
than the hardness of the original VT1-0 titanium,
with the exception of the sample after contact with
Y,0;3. Since the cerium and lanthanum cannot
significantly affect to reinforce titanium, due to the
absence of their mutual solubility in the solid state,
the observed non-proportional increase in hardness
occurs only due to the dissolution of oxygen, in an
amount greater than calculated. Zirconium and
oxygen, dissolving in titanium, jointly affect its
hardness. Yttrium turning into a small amount in
titanium due to sufficiently high strength causes an
increase in the hardness of titanium by the type of
dispersion hardening, additional hardening occurs
due to the dissolution of small amounts of oxygen.

Table 7. Titanium structure after interaction with oxides
according to X-ray diffraction analysis data

Commpositio| Content by X- | Calc. | Vickers
ns ray DA, mas.% | content,m | hardness
as.% HV
Ti |O| Me 0]
Original |92,76,8| - 0,0 210,5
titanium
Ti+La,0; [89,8/7,5| La- 0,39 475,58
8219
Ti+CeO, |87,6/9,2| Ce- 0,39 556,85
516|229
Ti+Y,0; [91,1(7,2] Y- 0,25 251,69
6 | 0,92
Ti+ZrO, |81,8|6,5| Zr - 0,82 446,01
6 2,34

Pursuant to data obtained, the best possible
refractory material for the manufacture of crucibles
for melting titanium alloys is concluded to be
yttrium oxide. Since the interaction between the
titanium melt and yttrium oxide leads to the
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dissolution of the latter, the crucibles of the steady-
state zirconium oxide coated with a layer of yttrium
oxide on the inner surface are not of a high-potential
because they will require constant reduction.We
consider the most appropriate the production of
crucibles entirely of yttrium oxide. Given the high
cost of this material, failed crucibles should be
recycled. A method was developed for the
manufacture of yttrium oxide crucibles by bulk
pressing (Figure 7).

Figure 7 - Yttrium oxide crucible of &40 mm

Findings. As a result of the titanium melt
interaction with the oxides of the rare-earth
elements, the oxides of lanthanum, cerium and
yttrium are revealed to be recovered to the metallic
state, forming the separate phases in the melt
composition. Calcium and magnesium oxides are
similarre covered to the metallic state, but since the
boiling point of calcium and magnesium is much
lower than the melting point of the titanium, this
leads to boiling and splashing of the melt.
Zirconium oxide is dissolved in the melt of titanium,
there by contaminating it with zirconium and
oxygen.

The testing shows that for melting titanium in
a vacuum induction furnace as a material for
crucibles, the wuse of yttrium oxide is more
appropriate. Y03, which exhibits sufficient
thermochemical stability during induction melting
of titanium with out significant interaction with the
melt.

In this case, there is no significant
contamination of the melt with yttrium and oxygen,
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which leads to an increase in the hardness of
titanium by ~20%. Yttrium oxide crucibles were
obtained.

The use of such crucibles in the manufacture
of personally designed implants melted out by
casting method according to investment patterns
will further simplify the technology and make it
more available [20].

Completed as part of the project No.
AR05130722 “Improving the technology of implants
by casting titanium alloys with subsequent
application of biocomposites to their surface” of
grant funding of MES RK for 2018-2020.

The equipment of the National Scientific
Laboratory of general use was used in the priority
direction "The hydrocarbon and mining and
metallurgical sectors technologies and related
service industries." The authors are grateful to the
leading research associate - B.M.Sukurov.
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