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Abstract. The paper presents the characteristics of the cutéyer of d-elements of the IV
group (titanium, zirconium and hafnium) after thatndiffusion saturation from a controlled
oxygen-containing gas medium. Saturation was ahwig atT = 750 °C fort = 5 hours at different
pressuresK = 1.33101 Pa,P = 1.33102 Pa,P = 1.3310°% Pa). Experimentally revealed differences
in the characteristics of the surface layer oftiten, zirconium and hafnium.

It was shown that a hardened diffuse layer is fakm&h a higher hardness relative to the
metal core in the reverse order of their affinity bxygen. On titanium, zirconium and hafnium,
only a diffuse layer is formed without a phase filiine appearance of the surface of the samples
before and after processing is given.

According to the results of the study, chemicahtied treatment in an oxygen-containing gas
medium leads to changes in the surface layer oétshmterial from titanium, zirconium and
hafnium. The state of the surface layers directigcts the characteristics of finished products, in
particular, fatigue life. Therefore, this treatmeng good tool for controlling the state of theface
layers of the aforementioned metals, and then pveperties.

Keywords: titanium, zirconium hafnium, oxygen medium, suedayer, microhardness.

Introduction

Titanium, zirconium and hafnium together form a mifigent trio of chemically active metals,
whose chemical properties are very similar. Thedustrial development coincides with the growth of
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high-tech industries such as aerospace, nucleagyeaad chemical engineering. Despite the fact theit
chemical properties are very similar, however, edéghces in physical properties provide for their
fundamentally different applications. Titanium-bdsa&loys have a low specific gravity and, combined
with good mechanical properties and high corrosiesistance, make them indispensable in aerospace
engineering. Zirconium and hafnium are twin methlst their use in the reactor core is the opposite.
Zirconium does not retain neutrons, and on theraonthafnium absorbs (Table 1). Therefore, ziraomi
alloys are used to make the shells of fuel elem@uaé&d elements), and hafnium serves as the basithé
creation of control rods and emergency protectiomuglear reactors [1]-[5].

Table 1
Main characteristics of titanium, zirconium, hafnium [4]

Characteristic Ti Zr Hf
Atomic number 22 40 72
Density, g/cm 4.5 6.49 13.09
Atom radius, nm 0.146 0.160 0.159
Solubility of interstitial elements in thephase, at.%:
oxygen 33 27 18
nitrogen 23 22 29
carbon 3 3 3
Polymorphic transformation temperatuee—{ B), °C 882 862 1777
Thermal neutron capture cross section, barn 5.6 8 0.1 115
Melting point, T 1665 1855 2225
The coefficient of thermal expansion at 20 °C;*K0? 8.5 5.8 115
Enthalpy of formation, kcal/mol:
oxides —249 -262 -270
nitrides —73 -82 —-88
carbides -54 —44 —44
Young's modulus at 2@ MPa 108 000 98 000 140 000

Problem formulation

Titanium, zirconium, hafnium have many similar pedges: exist in two versions (low temperature
— hexagonal lattice densely packed, high temperatupody centered lattice), have high affinity fioe
elements of the embodiment, high corrosion abdtty

However, there are a number of factors that siceifily affect the properties of the above alloys.
One of these factors is the high reactivity toristigal elements (oxygen, nitrogen, carbon). Oftipalar
practical importance is the solubility of oxygentit@anium, zirconium and hafnium. According to ttate
diagram, the highest solubility of oxygen in treegion is in titanium —33 at. %, zirconium — 27%tand
the smallest solubility is in hafnium — 18 at. %ig(F1). The literature also indicates the diffusion
coefficients of oxygen in titanium, zirconium anafhium (Fig. 2).

According to the literature and technical literatuoxygen affects the physical and mechanical
properties. Therefore, the high solubility of oxgga titanium, zirconium and hafnium makes allojshe
Ti-O system Zr-O, Hf-O very promising from the poof view of the practical use of oxygen dopingaas
method of controlling the structure and propertethe above metals and their alloys.

Of the elements introduced in these three metaly, axygen is considered not only as a harmful
impurity, but also as an alloying element. In aiddit it should be noted that dissolved oxygen medal is
capable of affecting the dissolution of, for exaepiydrogen. That is, oxidation affects the sakomabf
hydrogen, for example zirconium plumbing pipes [8]—
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Fig. 2. Diffusion coefficients of oxygen in Ti, Zr, Hf
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Main material presentation

Therefore, the aim of the work is to establish difect of diffusion saturation in a controlled
oxygen-containing gas medium by different raretacton the surface condition and on the size of the
surface diffusion hardened metal layer of sampleshim-sheet (~ 1 mm) titanium VT1-0, zirconium
Zr1%Nb and hafnium alloy HFE-1. Saturation was iedrrout withT = 750 T for 1 =5 h at different
pressures (modR1 — P=1.33-16' Pa, modeR2 — P=1.33-16? Pa, modeR3 — P=1.33-16° Pa). The
hardness of the samples was determined underdbeofd.49 N.

According to experimental research results, therae@f rarefaction affects the distribution of
hardness in the surface layer on titanium, zirconéund hafnium (Fig. 3).
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Fig. 3. The distribution of microhardness over the cr@sgisn of alloy samples after treatment for the esiil (a),
R2(b),R3(c): 1 — VT1-0; 2 — Zr1%Nb; 3 — Hfl

Such research results are consistent with thetyabilioxygen to dissolve in titanium, zirconium and
hafnium. According to the results of the study, tteatment of titanium, zirconium and hafnium wikie
specified treatment regimes does not lead to $ogmf changes on the metal surface (Table 2). ddmsbe
explained by a low processing temperature and & phacessing time.

Table 2
The surface of the samples before and after quitting in an oxygen-containing gas medium

Treat- Alloy
ment Zr1%nNb HfE-1
mode 7
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Table 2 (Continuation)
The surface of the samples before and after quitting in an oxygen-containing gas medium

Treat- Alloy
ment VT1-0 Zr1%Nb HfE-1
mode

R2

R3

Conclusions

Treatment in a controlled oxygen-containing gas iomadat a temperature of 750 for 5 h in
titanium, zirconium, and hafnium alloys leads te formation of a strengthened diffusion layer wath
higher hardness relative to the metal core in dwense order of their affinity for oxygen. This mstyl
indicate the formation of an oxide layer during thieraction on these alloys, which prevents tlitision
of oxygen into the metal in proportion to theiriaitfy for oxygen. Treatment in such an environmeoes
not lead to significant changes on the surfacheitetal.
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