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Abstract. The first goal of this work involved the study of HDDR powders obtained from annealed
alloys with the general formula: PryFe;79xC016BsNbg; (x = 12; 12.5; 13; 13.5 and 14). The alloys
were processed at desorption / recombination temperature of 840°C. The highest magnetic
properties were obtained with 13.5 at. % Pr (Br= 1000mT and poHe= 890mT). The alloy with a
minimum praseodymium content (12 at. %) exhibited the lowest magnetic properties (Br=350mT e
iHe= 120mT). The second aim of the work involved the characterization of HDDR powders using
X-ray diffraction for phase quantification and mean crystallite sizes determination of the hard

magnetic phase. The processed powders were characterized by scanning electron microscopy
(SEM).

Introduction

The hydrogenation disproportionation desorption recombination (HDDR) process consists in
a heat treatment of magnetic alloys under determined conditions in the presence of gas hydrogen.
This process was reported in 1990 [1-4].
Desorption/recombination temperature affects the microstructure and magnetic properties of the
bonded HDDR magnets. Each alloy requires an optimum reaction temperature and exhibits a
particular microstructure according to the composition [5]. Studies presented that each alloy has an
ideal crystallite size which is related with desorption/ recombination temperature [6]. This paper
reports the effect of the Pr content (x = 12; 12.5; 13; 13.5 and 14) on the microstructure (crystallite
mean size) and magnetic properties of the HDDR material.

Experimental Procedure

Commercial alloys were annealed in vacuum at 1100°C during 20 h for iron elimination.
Details of the HDDR magnets preparation and magnetic measurements have been described in
previous papers [7-10]. Figure 1 shows a flowchart of the HDDR magnets preparation. In this case,
the desorption/recombination temperature utilized was 840°C because in magnets containing 16
at.% Co the best magnetic properties were obtained with this reaction temperature [5]. Part of the
HDDR powder was used to microstructural examination in a SEM and in X ray analysis. The
phases identification was carried out by means of the ICDD-PDF2 database and mean crystallite
sizes by using Scherrer method

094 A
D, =75 (1)
B Ecose

Where D, is the mean crystallite size, A is the wavelength and B is the FWHM of the XRD profile.
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Figure 1 — HDDR process flowchart.

Results and Discussion

Table 1 lists a summary of magnetic properties of the HDDR magnets. The content of

praseodymium varied considerably the magnetic properties. The HDDR magnet with 12% Pr had
lowest magnetic properties.
Increasing the praseodymium content from 12 at.% to 13,5 at.% it has been verified an
improvement in remanence (from 350 mT to 1000 mT). Magnets processed with 14% Pr exhibited a
decrease in remanence, and increased the intrinsic coercivity value [1040 mT]. This discussion can
be observed in Figure 2.

As well as the remanence, the maximum product of energy (BHmax) increased with the
praseodymium percentage up to 13,5%; for 14% at. Pr there was a decrease in this property.

The Square Factor presented good result for HDDR produced by Pr; sFepaBcCo16Nby 1 alloy (SF =
0.48). This is a reasonable result for HDDR magnets, and presented proximity to the values of SF
mentioned in others papers [4, 10].

Table 1 - Magnetic properties of PryFe;79xC016BsNbg; (x = 12; 12.5; 13; 13.5 and 14) HDDR
magnets processed at 840°C (error + 2%).

oge Br OiHc 0bHc BHMax SF

Composition [mT] l[LmT] lL[lmT] [KA/m] [ratio]
PI‘12FebalB6C016Nbo_1 350 120 100 8 0.33
PI‘12,5FebalB6C016Nbo_1 780 900 520 96 0.33
PI‘13FebalB6CO16Nb0.1 960 890 640 160 0.42
PI‘13,5FebalB6C016Nbo_1 1000 890 680 168 0.48
PI‘14FebalB6CO16Nb0.1 810 1040 630 120 0.43
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Figure 2 — Remanence and intrinsic coercivity versus Pr content for the PryFes7.9.4Coj6B¢Nbg; (X =
12; 12.5; 13; 13.5 and 14) HDDR magnets.

The HDDR powders results were analyzed by X-ray diffraction and XRD spectra, shown in
Figure 3, are very similar for all samples.

Table 2 presents the identified phases for the HDDR powders. All the samples presented the
Pr,Fe 4B phase, but PrjsFepBsCoi16Nbg | presented besides ProFe 4B phase, one peak (26 = 44.66)
of Fe and few peaks (20 = 28.02; 41.50; 53.17 e 58.16) of Pr;O,,. The HDDR powders prepared by
PrisFep,BsCoi6Nby 1 alloy shows one peak (26 = 37.33) of Fe,O; phase.
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Figure 3 — X-Ray powder diffraction patterns for the PryFe77.9.xCo16BsNbg 1 (12 < x > 14) alloys.
The powder specimens are obtained by HDDR process.

Figure 4 (a-e) shows the microstructures of PryFe;794xCo016BsNbg; (12 < x > 14) HDDR
powders processed at 840°C. It seems that there is no notable increase in the particle size with
praseodymium content. With respect to the mean crystallite size, it has been found the same value
for all magnetic powders (~ 60 nm).

Table 2 - Phases found in the HDDR powders resultants by X-ray diffraction.

Composition Phases
Pri2FepaBsCoi6Nbyg 1 Pr,Fe 4B
Fe
PI‘7O12

Pris sFepaiBsCoi6Nbg 1 Pr,Fe 4B

PrisFepaBsCoi6Nbg 1 PryFe 4B
Pry3 sFepaBsCoi6Nby PryFe 4B
PI‘14FebalB6C016Nbo.1 PI‘2F€14B

F6203
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Figure 4 - Microstructures of PryFes7.9.xCo16BsNbyg; HDDR powders: (a) x = 12; (b) x = 12.5; (¢) x
=13; (d) x=13.5 and (e) x = 14. (5000%).

Conclusion

HDDR powders processed at 840°C presented the same value of mean crystallite size for all
magnetic powders were approximately 60 nm. The best magnetic properties were obtained with the
alloy with 13.5 at.% Pr.
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