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To study the diffusion and phase formation processes in layered systems obtained by magnetron deposition, the binary system of iron-zirconium is of interest. Iron is a major

component of structural materials. Zirconium, in turn, is an important structural metal used in nuclear technology. High corrosion resistance, combined with mechanical strength,

high melting point and low effective absorption cross section of thermal neutrons, have recently made wide use of zirconium alloys in reactor construction. One of the features of

the Fe-Zr binary system [1] is the low mutual solubility of the components, which is of interest from the standpoint of the possibility of thermal stability, taking into account the

specific features of the Fe-Zr state diagram.

It is worth noting one important fact. The existence of three intermetallic phases in the Fe-Zr system is reliably known:

FeZr3 (paramagnet with an orthorhombic lattice of the Re3B type), FeZr2 (paramagnet with an orthorhombic lattice of the NiTi2
type) and Fe2Zr (ferromagnet, Laves phase with a cubic lattice of the MgCu2 type). In [2], the Fe3Zr intermetallic compound

(close-packed fcc structure) was mentioned. Although later studies (for example, [3]) did not confirm the formation of this phase

and the Fe3Zr zirconide was not included in the state diagram of the Fe-Zr binary system [1], it plays the main role in this work.

The research substrates were prepared from a bar of armco Iron (99.8% Fe) by rolling on rollers to a thickness of 5 μm

and subsequent homogenizing annealing at a temperature of 850°C for 2 hours. Table 1 shows the content of various

impurities in the substrate -Fe.

Table 1. Element composition of the substrate of armco Iron

Zirconium was deposited on Iron foil substrates at the Argamak setup [4]. The substrate was placed on a massive

copper holder, the temperature of which together with the substrate during deposition did not exceed 150°C.

For better adhesion, before the Zirconium was deposited on the same installation, the substrate was etched with Ar ions

in a single vacuum cycle. The thickness of the deposited layers was determined by the current and deposition time. The

thickness of the deposited layers was controlled both by the gravimetric method and with the help of Rutherford backscattering

[5] of neutrons on the accelerator recharge complex UKP-2-1 INP NNC RK [6]. To conduct sequential isothermal annealing,

two-layer Zr(2 μm)-Fe(5 μm) systems were prepared, corresponding to an average Zirconium concentration in the sample

volume of 16.9% at. subject to its complete dissolution.

Sequential isothermal annealing of two-layer Zr-Fe systems was carried out at a temperature of 900°C for up to 20 hours. The heat treatment was carried out in a vacuum

furnace with a tantalum heater with a residual pressure of 610–6 mm Hg. The temperature was controlled by a chromel-alumel thermocouple with an accuracy of 5C. The

heating and cooling rate was 10°C/min. Mössbauer spectroscopy and X-ray diffractometry were used as non-destructive analysis methods. The experimental spectra were

processed using the DISTRI and SPECTR programs [7].

It is known [8] that the Mossbauer spectrum of the Fe2Zr intermetallic compound represents a superposition of two sextets with effective magnetic fields of 1905 kOe and

2005 kOe. The Iron atoms occupy two magnetically nonequivalent positions with the ratio between the multiplicities of these positions being 1:3. Ghafari et al [9] studied the Fe3Zr

compound whose spectrum represents a superposition of three sextets (with magnetic fields of Hn=1805 kOe, 2245 kOe and 2415 kOe) with intensities of related as 2:1:1,

respectively.

Figure 1 shows the Mössbauer spectra of the Zr(2 μm)-Fe(5 μm) layered system subjected to isothermal annealing at 900°C. After annealing for 0.5 hours in the MS

spectrum against the background of intense lines from -Fe, a set of additional sextets of the ferromagnetic phase with significantly lower (Hn206 kOe) hyperfine fields appears.

Moreover, the lines of the paramagnetic phases FeZr2 and FeZr3, which occurred during the study [10], are absent on all spectra.
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CONCLUSION

As a result of the research, the sequence of phase transformations in Fe-Zr layered systems subjected to isothermal annealing is established. The relative content of phases formed 

in the sample volume at each of the annealing stages was obtained. It is shown that the direction of phase transformations is determined by a change in the local concentration of 

components in the sample in the process of their mutual diffusion. The possibility of obtaining thermal stabilization of the intermetallic phase of Fe3Zr on an armco-Iron substrate is 

shown.
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Element С О Si Cu Mn Ni Co Cr
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