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ABSTRACT

In the present work the electrochemical behaviour of Pr-Fe-B sintered permanent magnets
has been studied and compared to that of Nd-Fe-B magnets by means of potentiodynamic
polarization curves in 0.15 M NaH2 PO 4 deaerated solution, A passive film was formed
on the magnets during anodic polarization. Successive polarization cycles resulted in
increasingly reduction in the passive current density indicating film growth. The results
also suggested that passivation characteristics were slightly beter for the Pr-Fe-B magnet
than for the commercial Nd-Fe-B magnets investigated.

1. Introduction

Permanent magnets based on Rare Earth-Iron-Boron (RE-Fe-B) have been
developed in the last decades()). Among the alloys used for producing these magnets, the
ternary Nd-Fe-B types are well known due to their excellent magnetic properties.
However, they are unstable at medium temperatures and show low aqueous corrosion
resistance(2). This has been attributed to the presence of multiple phases in their
microstructure and the large electrochemical potential differences among them ).

Recently, great interest has been dedicated to Pr-Fe-B magnets, since they present
a magnetocrystalline anisotropic field (H,) higher than that corresponding to Nd-Fe-B
magnets, indicating a probable higher intrinsic coercivity (;H.) associated to the former
magnets. Faria et al.*7) have published on the high coercivity of sintered Pr-Fe-B
magnets produced by the hydrogen decrepitation process.

A few papers have been published on the corrosionfoxidation behaviour of Nd-Fe-
B alloys(1.28-19)_The literature concerning the corrosion properties of Pr-Fe-B alloys, yet
is very scarce(!5). However, it is known that the microstructure of both alloys is complex,
and this has naturally a direct consequence on the corrosion properties of these materials.

The microstructure of Nd;¢Fe75Bs alloys consists of three phases which have been
identified as Nd;Fe 4B (matrix phase), NdFe4B4 (boron rich phase) and the Nd rich
phaset!1.19), The electrochemical potential difference among these three phases is
significant. Consequently, this alloy is susceptible to galvanic corrosion. According to the
literature, the susceptibility to dissolution increases in the following order: Nd;Fe 4B , Nd
rich phase, and NdFe 4B4 (1. The potential difference between the main magnetic phase
and the Nd rich phase has been reported as around 650 mV, the last phase being more
active(!”. Since the main magnetic phase is surrounded by the less noble phases,
intergranular corrosion has been reported, and this seems to start on the boron rich
phase(1®). Both types of corrosion, galvanic and intergranular appears to occur alongside.

In the present work the electrochemical corrosion behaviour of Pr-Fe-B has been
investigated in an acid environment and corresponding commercial Nd-based sintered
magnets (STD) were also studied for a comparison.

264

qHe

ey R

PS

o

:

265

2. Experimental

Two commercial Nd-Fe-B magnets and a Pr-Fe-B magnet were investigated.
The Nd-Fe-B magnets were provided by two different producers and both have
composition corresponding to Neomax. These will be named in this paper as STD 1 and
STD 2. The PrisFe74Bg magnet was laboratory made by powder metallurgy(18). The
materials studied and processing condition are showed in Table 1.

Table 1 - Maierials studied and their processing techniques

Material Processing technigues
STD 1 powder metallurgy
STD2 powder metallurgy

PrigFe7B3 hydrogen decrepitation (HD)

2.1. Surface preparation

After have been cold mounted in an epoxy resin, the surface of the various
specimens were prepared by grinding with silicon carbide paper up to grade 1000. The
specimens were then degreased with acetone in an ultrasonic bath, rinsed in deionized
water, dried in a desiccator over silica gel under vacuum, and then immediately immersed

in the test solution.

2.2, Test solution

The test solution used consisted of deaerated 0.15M NaH2PQO,. The solution was
deaerated for at least 1 hour before the test was carried out. The pH of the bulk solution
was approximately 4.3. All experiments were conducted at ambient temperature, and the
volume of the test solution was approximately 700 ml for each cell. The electrochemical
corrosion behaviour was monitored by potentiodynamic polarization curves.

2.3, Experimental set-up

A three electrode set-up was used for performing the potentiodynamic
polarization measurements. The experimental cell consisted of working electrode, a
saturated calomel reference electrode (SCE), and a graphite counter electrode.
Potentiodynamic polarization measurements were carried out by sweeping the electrode
potential in the range from the open circuit potential (OCP) to 0.57 V (vs. SCE) and then
returning to QCP. Three cycles were performed. The electrode potential sweeping rate

was 1 mV/s.

3. Results and Discussion

The potentiodynamic polarization curves for the STD 1 specimens in deaerated
0.15 M NaH,PO, solution are shown in Figure 1.

sy

L Y

Rt



266
0.015
- STD 1

. —a— lstcycle

o r ——r— 2nd cycle

E s ——— 3rd cycle
< 001 |
Ef
= X
g -
5 C
= " C
m 005 r
© C

-800 -600  -400  -200 0 200 400 600
Potential {mV vs SCE)

Figure 1 - Polarization curves for STD 1 magnet in deaerated
0.15M NaH,PO4 showing three consecutive cycles

It can be seen that an active-passive transition occurs at potentials between -0.55
and -0.40 V (SCE) but the passive film stabilizes at potentials of approximately 0 V
(SCE). The current density for passivity, (iccq), also named a; in this paper, was about
15 uA/cm? and the current density in the passive region (ipass) was approximately 2
pA/fcm?. Two anodic peaks close to each other (a; € a;") were produced during the anodic
sweeping and these are shown in figure 1. This indicates that although passivation has
started at lower potentials, the film on formation showed a slight dissolution. The passive
film formation however prevailed at potentials around -0.40 V (SCE). An anodic peak
(a2) was also shown in the cathodic sweeping direction, at potentials of approximately
-0.10 V (SCE), reaching current densities of around 8 pA/cm2. The current density
decreased again at potentials of approximately -0.20 V (SCE), suggesting that the passive
film was unstable at potentials in the range from -0.10 to -0.20 V (SCE). The a; peak
decreased remarkably after the first cycle and it almost disappeared at the third cycle,
indicating the growth of the passive film after each cycle. This was also supported by a
progressive drop in current density. The values of a; and ipas also decreased after each
cycle supporting the film growth supposition.
Figure 2 shows the potentiodynamic polarization curves corresponding to STD 2
magnets. Some common features to STD 1 specimens can be seen in this figure. An
active-passive transition is observed to start at potentials around -0.55 V and the film
seemed to stabilize at around 0 V. An anodic peak during the cathodic sweeping direction
(ay) was also seen at potentials of approximately -0.10 V and the current density dropped
to very low values around -0.20 V. A progressive decrease in current density values was
noticed for the second and third polarization cycles which also indicated film growth. The
differences found were mainly in the values of iy and peaks (a) and ay) intensities. The
values of ay, ipass and az for STD 2 specimens were about 60 pA/cm?, 15 pA/cm?, and
45 pAjem?, respectively. These are much larger values compared to that produced by
STD 1 specimens. Based on these results, it can be said that the STD 2 magnet was more
difficult to passivate and the passive film formed oa it was less protective as compared to
STD 1 magnet.
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Figure 2 - Polarization curves for STD 2 magnet in deaerated
0.15M NaH7PO4 showing three consecutive cycles

The polarization curves produced by PrigFessBg specimens are shown in figure 3.,
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Figure 3 - Three consecutive polarization cycles for PrigFe75Bg
magnet in deaerated 0.15M NaHpPOy4 solution.
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~ The PrigFeseBs specimens also showed an active region followed by an active-

passive transition. The potential at which the passive film stabilized was the same as for
the other magnets studied, 0 V (SCE). For PrigFersBg specimens, aj. ipass and a; were
approximately 13 pAfecm2, 4 pAfem?, and 5 pAjem?, respectively, indicating that
passivation was easier for this magnet when compared to the other ones studied. The
passive film on this magnet presented protective characteristics similar to that formed on
STD 1 magnets, although slightly larger passive current densities were produced by
Pri¢Fe7sBg. The peak a» decreased progressively after the first cycle, also implying that
the film on the alloy grows thicker after each cycle.

The first cycles of the three magnets studied were overploted for comparison
reasons, and these are shown in figure 4. It can be noticed that the passivation
characteristics were common for all the alloys investigated. However, STD 2 specimens
presented much larger current densities and were also more difficult to passivate as
compared to the other alloys. The film formed was also less protective on STD 2
specimens . It can also be noted that current density values for STD 1 and PrigFeq¢Bg
specimens, were very close at most polarization potentials. Nevertheless, from the results
produced the three magnets investigated could be ranked in the following order,
according to the difficult in reaching passivity; STD 2 > STD 1 > PrigFes4Bs.
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Figure 4 - First potentiodynamic polarization cycles of PrygFeq¢Bg, STD 1,
and STD 2 magnets in 0.15 M NaH2POy4 deaerated solution

4. Conclusions

] Active-passive transition was observed for all the magnets used in this
investigation.

) The passive film was stable at potentials greater than 0 V (SCE), however it
showed dissolution between -0.10 and -0.20 V (SCE) at the reverse scan
{cathodic direction).
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3) Successive polarization cycles caused passive film growth indicated by the
increasingly reduction in a2 peak height and in current density.

@ Passivation was slightly easier for PrisFessBg as compared to STD1 specimens
studied.

5 The passivation characteristics of the STD2 used were however much inferior to
that corresponding to the other alloys investigated.
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