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ELECTRON-DIFFRACTION DETERMINATION
OF PHASE STRUCTURE IN Pr-Fe ALLOYS

A. S. llyushin, N. A. Khatanova, E. A. Rykova,
N. B. Kol'chugina,* . D. Chistyakov,* and G. S. Burkhanov*

Electron diffraction of samples of the alloy Pr-77 at.% Fe, preliminarily an-
nealed for 100 h at 600°C, revealed the following phases: a-Pr, PryFe;7, PrFe:
(C14), and PrFe; (C15). The lattice parameters were determined for the hith-
erto unchserved intermetallic compounds Pr¥e; of two types: (i) MgZn; (C14),
space group P63/mme, a = 5.26 A, ¢ = 8.62 A and (#¢) MgCu,; (C15), space
group Fd3m, a = 6.76 A. Structural-orientation correlations between these com-
pounds and Pr;Fe;r were established, which shows that the three compounds
can be transformed into each other.

The constitution diagram for the Pr-Fe alloys is not conclusively established and the one suggested in
(1] was not confirmed experimentally. The equilibrium compound PrFe; belonging to the Laves phase of
the MgCusy (C15) type, which was studied in [1}, was not found at ambient pressure but was synthesized
only after cooling the melt under a pressure of 32-35 kbar {2]. The situation with the Nd-Fe system is
rather similar. However, while NdFey (C'15) could also be synthesized only under an elevated pressure, it
was established in [3] that at ambient pressure the NdsFe;» compound is produced instead of NdFes. The
compound PrsFe;7 was not observed in the Pr-Fe system [4]. The purpose of the present study has been to
elucidate the phase structure arising in the Pr—Fe alloys by the electron diffraction method.

The Pr-Fe alloys were produced in an are furnace with a permanent tungsten electrode on a water-
cooled copper bottom in an argon atmosphere. The Pr-77 at.% Fe composition was chosen for the study.
The alloy samples were annealed in z sealed-off tube evacuated to a high vacuum.

The samples for electron diffraction were prepared by two methods. The first consisted in chemical
polishing of thin foils in. a reagent comprising 1.5 parts of HNOQOj, 1 part of oxalic acid, and 1 part of
glycerol, with subsequent washing in acetone. In the second method, thin powder of the alloy was passed
through a sieve and deposited on a copper sample grid. The samples were examined in a Tesla BS-613
electron microscope at an accelerating voltage of 80 kV. The characteristic constant of the microscope LA
was 21 mm A. The accuracy of the lattice parameter determination was Aa = 0.02 A.
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Besides the electron diffraction patterns from the a~Pr phase, three more types of electron diffraction
patterns were obtained. Figure 1 a shows an electron diffraction pattern from a sample of the Pr-77 at.% Fe
alloy (after a 100 h anneal at 600°C) that features a hexagonal reflection grating. Comparison of the
diffraction pattern with the position of points in the basal plane of the reciprocal lattice for the compound
ProFei7 (Fig. 1b} reveals their complete identity. The lattice parameter a calculated from the diffraction
pattern is 8,56 A, which is close to the reported values for PryFeyr E’a], which has a rhombohedral lattice, a
R3m space group, and the parameters ¢ = 8.585 A and ¢ = 12.464 A.
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Fig. 2

Figure 2a demonstrates an electron diffraction pattern from the same sample, which also has a hexago-
nal reflection grating but of somewhat smaller size. Analysis of the diffraction pattern reveals that it belongs
to a PrFe; compound of the MgZn, (C14) type having a hexagonal lattice, a P§3/mmec space group, and the
lattice parameters which we determined by the X-ray method: a = 5.26 A and ¢ = 8.62 A. The experimental
value of a derived from the electron diffraction pattern was 5.29 A (close to a = 5.26 A). Figure 2b shows
the position of points of the reciprocal lattice in the basal plane(00.1)* which corresponds to the position of
reflections in the electron diffraction pattern. Comparison with Fig. 1b suggests the conclusion that there
is a certain structural and orientational correlation between the structures of Pr¥e; {C'14) and PryFey7 in
the reciprocal space:
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For crystal lattices this correlation has the form
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Figure 3 a shows one more type of diffraction pattern having a square reflection grating. It is obtained
from the PrFe; compound of the MgCuy (C15)} type that has not been found before and has a cubic lattice
and a Fd3m space group (reflections of the (200) type are forbidden). The corresponding plane of the
reciprocal lattice (001)* is depicted in Fig. 3b. The experimental value of the lattice parameter is 6.76 A.
It differs from the lattice parameter value for other rare earth-iron systems (a = 7.2-7.4 A). However, the
lattice parameter of 6.76 A ensures a structural-orientational correspondence of this lattice to the lattices of
PrFe; (C14) and Pr;Fe;;. That is, in the reciprocal space

(T11)z1s || (00.1)3.47,
(110145 || [100)3.,7,

which for erystal lattices corresponds to

{T1)e1s || (00.1)2.47,
[110]015 il [210]3;17.

There is the following relation between the reciprocal lattices of PrFe; (C15) and PrFe; (Cl4}):

(T11)gy5 1l (00.1)z14,
[110]ys || [120)%14,

and the same relation holds for the crystal lattices.
The observed structural and orientational correlations between the lattices of these compounds imply
the possibility of their structural transformations into one another.
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