Zr-rich phasesin Sm(CoFeCuZr), magnets
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Abstract: Sm(CoFeCuZr)z commercial magnets are manufactured by powder metalurgy
techniques. Microstructural investigations of Sm(CoFeCuZr)z magnets have shown that, increasing
the Zr content, some impurity phases may appear. An aloy with composition (at%): 60.5% Co —
15.5% Fe — 11.5% Zr - 8.5% Sm - 4% Cu, homogenized at 1050°C, was investigated. Three main
phases were identified: rhombohedral 1:3 (ZrSm);(CoFeCu)s, hexagona 1.7 (SmZr),(CoFeCu);
and cubic 6:23 (Zr)s(CoFe),3. Knowledge of possible phases present in 2:17-type magnets alows a
better understanding of the nanocrystalline microstructure responsible for high coercivity of these
magnets.

1. Introduction

Sintered magnets of the 2:17 type, the so-called Sm(CoFeCuZr)z magnets, are used in a
wide range of applications, which include microwave power tubes and particle accelerators like
synchrotron light sources[1].

A recent study [2] pointed out that the presence of impurity phasesis related to the decrease
of the coercive field in these magnets. When the Zr content of the magnets is increased, severa Zr-
rich impurity phases can appear [2]. Our objective here is reproducing one of these phases (the
quinary phase of Ref. [2]) in an aloy with Zr content much above that of the typical magnets. This
phase was found in alloys near permanent magnet compositions by several research groups [2,3].
The correct identification of the possible phases present allows a better understanding of the
nanocrystalline microstructure [4,5] and of the coercivity mechanisms of these magnets.

2. Experimental

An aloy with composition (at%): 60.5% Co — 15.5% Fe - 8.5% Sm — 11.5% Zr - 4% Cu
was melted in an arc furnace. All elements had a purity of at least 99.9%. The aloy was
homogenized with a heat treatment at 1050°C during 8h, after which the sample was quenched
down to room temperature.

A detailed characterization of the microstructure was performed in a FEI Quanta 200
scanning electron microscope (SEM) equipped with EDAX and by means of X-ray diffraction (Cu-
Ko radiation).



3. Results and Discussion

3.1 Microstructure
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Figure 1. Genera view of the sample microstructure.

Detailed anaysis of the microstructure (see Figs. 1 to 4 and Tables 1 and 2) showed the
presence of three main phases. The most abundant is the light grey phase (A). The other important
phase is the grey phase (B). We also note a dark phase (C) which always appears surrounded by the
light grey phase. EDAX analysis (see Tables 1 and 2) indicates that the light grey phase (A) is
probably (ZrSm);(CoFeCu); (more specifically, the data suggest a stoichiometry close to
(Zro.679mMo 33)1(CoFeCu)s). The grey phase (B), which is the poorest in Zr, appears to be the 1:7
phase (SmZr)1(CoFeCu);. The high iron content of the (B) phase seems to help stabilize this
structure. The dark phase, which is poor in Sm and Cu is possibly Zrg(CoFe),s. These phase
identifications were confirmed by X-ray diffraction data, to be discussed below.

The above results suggest that the composition of our alloy (60.5% Co — 15.5% Fe — 11.5%
Zr - 8.5% Sm - 4% Cu) isinside a 3-phase field of the quinary phase diagram Sm- Zr-Co- Fe-Cu. It
is noteworthy that our light grey phase (A) has a composition very similar to the phase - 59.2 Co,
12.6 Fe, 16.6 Zr, 7.4 Sm, 4.2 Cu a.% - reported by Ray and Liu [6]. It is quite plausible that this
1:3 phase (A) isthe so-called “platelet” or “lamellag” 1:3 phase mentioned by Rabenberg et al. [7].
The phase Zrg(CoFe)23 may also appear as an impurity phase in magnets. Makridis et a [8] recently
reported the presence of the cubic 6:23 phase in 2:17-type magnets.

Table 1. EDAX analysisfor the pointsindicated in Figure 2a (at%)
1 2 3 4 5 6 7 8 9 10

ZrL 15.98 272 1577 | 20.38 15.85 2.26 17.73 15.91 16.35 2.84

SmL 7.64 10.17 7.33 1.03 7.53 10.51 4.79 7.56 7.52 9.95

FeK 16.57 | 26.91 1656 | 22.09 1642 | 27.29 18.47 16.82 1648 | 27.14

CoK 56.50 | 5540 | 56.72 | 5547 | 57.06 | 5533 | 56.38 | 56.30 | 56.37 | 55.46

CuK 3.33 4.80 3.61 1.02 3.14 4.60 2.63 341 3.28 4.61

Points 1,3,5,8,9: light grey phase (A). Points 2, 6, 10: grey phase (B). Point 4: dark phase (C) .
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Figure 2. a) Region submitted to microanalysis, indicating the points where EDAX anaysis was
performed (see Table 1). b) Composition map for the element Zr in this region.

Figure 3. Region submitted to microanalysis, indicating the points where EDAX anaysis was
performed (see Table 2).

Table 2. EDAX analysisfor the pointsindicated in Figure 3 (at%)
1 2 3 4 5 6

ZrL | 2069 | 1.99 359 | 2062 | 1542 | 2.16

SmL | 123 [ 1316 | 1060 | 142 | 7.68 | 10.34
FeK [ 19.64 | 20.28 | 24.06 | 19.59 | 15.49 | 25.03
CoK | 56.39 | 55.26 | 56.45 | 56.77 | 58.12 | 57.46
CuK | 2.05 9.30 530 | 161 | 329 | 50

Points 1 and 4 correspond to the dark phase (C) (6:23). Point 5 isthe light grey phase (A) (1:3). Points 3 and 6
arethe 1:7 phase (B). The Point 2 is a Cu-rich (and also Sm-rich) unidentified phase.
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Figure 4. Element map for the region displayed in Fig. 3.

3.2 X-ray diffraction analysis

X-ray diffraction (see Fig. 5 and Table 3) has corroborated the data of SEM analysis
discussed previously. The most relevant peaks showed in Fig. 5 were interpreted according Table 3.



Table 3. Interpretation for X-ray diffraction data shown in Fig. 5

Peak 20 | 30.1 335 36.5 40.3 43.2 44.0 45.2 46.6 50.1

Phases |1:7 1:3 1:3,1:7 |6:23 1:3,1:7 |6:23 1:3,1:7 | 1.3 1:3,6:23

Peak 20 | 62.9 63.8 65.8 67.0 70.3 81.9

Phases |1:7 1:3 1:3,1:7 | 1.3 6:23 1:7, 6:23

X-ray diffraction data has confirmed that two main phases are present: Phase (A),
rhombohedral (ZrSm);(CoFeCu)s, with space group 166, R-3m, hR12, the same structure as PrCoz
or CeCos. As a consequence of the significant substitution of Sm by Zr, the lattice parameters are
smaller than those expected for the binary SmCos compound. Phase (B) is (SmZr);(CoFeCu)7 with
space group 191, P6/mmm, hR8, (TbCuy structure).

Phase (C), cubic Zrg(CoFe),3, with space group 225, Fm3m, cF116, (ThsMnys structure)
aso may be identified, but with a small volume fraction. This is compatible with the
microstructures shown in Figs. 1, 2, 3 and 4. The presence of 6:23 is expected from the binary Zr-
Co and Zr-Fe diagrams, where cubic 6:23 is a stable phase.
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Figure 5. X-ray diffraction spectrum (CuK o, radiation).

3.3 Some Comments

It is believed that, when an impurity phase rich in Zr appears in the microstructure, this
implies a loss of Zr from the 2:17 matrix phase, which is unfavorable for the coercivity of the



magnets. This reasoning is based on the experimental observations which indicate that Zr increases
the anisotropy field of the 2:17 phase [9].

The Zr-rich 1:3 phase (A) can be the platelet phase [7], which precipitates inside
nanocrystalline grains of 2:17 [3-7]. Xiong et a [10] have reported that the Zr content inside the
platelet phase increases with the time of heat treatment, and this is another piece of evidence
indicating that rhombohedral (ZrossSmo.33)1(CoFeCu)s is probably the lamellae phase.

Conclusions

The two main phases in the sample with composition (at%): 60.5% Co — 15.5% Fe — 11.5%
Zr - 8.5% Sm - 4% Cu, homogenized at 1050°C, are: i) rhombohedra (ZrSm);(CoFeCu)s (more
specifically, the data suggests a stoichiometry (Zros7Smo.33)1(CoFeCu)s) and ii) hexagona 1:7
phase (SmZr);(CoFeCu)7. As aminor phase, cubic Zrs(CoFe),; was also identified. The quinary 1:3
phase found in the present study is in agreement with the report by Ray and Liu [6], and can be the
platelet phase mentioned by Rabenberg et a. [7]. Reproducing possible phases that can appear in
the 2:17 type magnets alows a better understanding of the evolution of the nanocrystalline
microstructure responsible for the high coercivity of these magnets.

Zr-rich impurity phases in the microstructure of magnets result in aloss of Zr from the 2:17
matrix phase. Thisis unfavorable for the coercivity because Zr increases the anisotropy field of the
2:17 phase [9].
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