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Abstract: The sintered and bonded NdFeB permanent magnets are very interesting
for their high coercivity and magnetic spedfic energy, as well as by opening new
applications domains leading to miniaturization and improvement of performances of
magnetic conventional systems. Applicaions with permanent magnets used in agospace
industry and specials industries that used specia condtions, function about 213K/333K.
The thermal stability can be increased by increasing the Curie temperature, the intrinsic
coercivity and choosing an optimal working point (an optimum I/D rappart). Theincreasing
of Curie temperature for the NdFeB can be done by a partia substitution of Fe by Co. The
Co influences favorable the dependence of remanent induction from the temperature,
having aso a minor effed on the anisotropy field. The increase of intrinsic coercivity can
be dore by substituting partially Nd by Dy, as well as by adding transition elementslike V,
Mo, Al, Cr, elements that have influences on the microstructure.
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1. INTRODUCTION

The sintered and borded NdFeB permanent magnets are very interesting for their
high coercivity and magnetic spedfic energy [1,2], as well as by opening new applications
domains lealing to miniaturization and improvement of performances of magnetic
conventiona systems.

Despite their outstanding magnetic properties at room temperature, the use of the
NdFeB magnets has been limited due to two esentia reasons:

- the low temperature coefficient of the intrinsic coercivity leals to quite low maximum
operating temperatures (around 20°C);

- the oxidation of the unavoidable Nd-rich phase, which plays a grea role in the coercivity
medhanism, leads to a bad corrosion resistance of these magnets.

For precision applications we need to know the amount of the change of open circuit
flux with time and how this change is affectedly elevated or sub-zero temperatures.

The studies dore until present deds with the increasing o therma sability and
corrosion resistance of these magnets, very important properties in developing industrial
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applications. The thermal stability, charaderized by the reversible and irreversible losses,
can beincreased by:

1. Increasing the Curie temperature, which can be dore, in the case of NdFeB magnets, by a
partial substitution of Fe with Co. The Co influences favorabl e the dependence of remanent
induction from the temperature, having also a minor effect on the anisotropy field;

2. Increasing o the intrinsic coercivity, which can be dore by substituting partialy Nd by
Dy, as well as by adding transition elements like V, Mo, Al, Cr, elements that have
influences on the microstructure [3]. An other way to influence the intrinsic coercivity is
the processng of permanent magnets from hydrogenated powders, fad that ensure fine
grains[4];

3. Choosing an optimal working point (an optimum |/D rapport) [5].

2. EXPERIMENTAL

The NdFeB aloys, with/withou-adding elements, were processed in the vacuum
induction furnace from industria quality pre-alloys and pure Co. The powders, obtained by
decaepitation, followed by grinding, were pressed in an exterior magnetic field,
perpendicular to the pressng direction. The compaded were sintered and then treated in Ar.

Table1
The magnetic characteristics for the NdFeB studied magnets
Code Magnet B: gHc¢ He (BH) max
composition (kGs) (kOe) (kOe) (MGOe
)

1 Ndgs 4F€52.3B13 11.26 8.20 8.80 26.00

2 Nd3415Dy1’5F%]_5 9.00 8.50 > 20.00 >19.00
AIl,ZBl,S
3 NdzsFesgCossAl 10.50 9.55 15.60 25.15
B13+5%
Dy,0s3

In Table 1 are presented the values of magnetic characteristics at room temperature
for the investigated magnets and these evidenced the fact that the presence of Dy lea to
obtain high coercivity, fact explained by the formation o fine dispersed constituents, stable
from the chemica point of view, that influence the microstructure. Increases of coercivity
are obtained also by using deaepitated powders.

To study the stability at high temperature we used the followings I/D ratio: 0.2, 0.5,
1. The measurements for the reversible and irreversible loses were done a the
temperatures: 50°C, 80°C, 100°C, 130°C and 150°C.
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3. RESULTSAND DISCUSSIONS

The results obtained for the reversible and irreversible losses and the coefficients for
the variation of induction with the temperature ae presented in Table2 and Fig. 1 ... 6.

Table2
The oefficients of reversible variation of remanencewith the temperature, a(B,)

Magnet composition T= a(By) T= a(By)
100°C 150°C
P Prew | 20...100°C [ Py Pirev 20...
%) | ) (%/°C) %) | (%) 100°C
(%/°C)
Ndss 4F€s,3B13 25.92 | 22.22 0.32 64.28 | 59.21 0.49
Ndss5Dy1sFes15A11 B | 6.59 0.65 0.08 1261 | 0.88 0.09
3
NdssFesgCossAI1 B3+ | 6.47 0.95 0.08 11.83 | 2.04 0.09
5% Dy203
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Fig. 1 - Reversiblelosses vs. temperature at different I/D ratios and temperatures
for the N, sFesp 3B1 3 magnets
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Fig. 2 - Reversiblelosses vs. temperature at different I/D ratios and temperatures
for the Nd34.5Dyl.5F851‘5A| 1‘281.3 magnets
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Fig. 3 - Reversible losses vs. temperature for the magnets at different I/D ratios
and temperatures NdssFesgCos sAl 1 ,B1 3 + 5% Dy,05

The lower losses were obtained for aratio I/D = 1. One can observe that the aloy
with the higher coercivity (;H. ~ 20 kOe) hasthe lowest losss.
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Fig. 4 - Irreversible losss vs. temperature & different I/D ratios and temperatures

for the N3 sFesz 3B1.3 magnets
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Fig. 5 - Irreversible losss vs. temperature & different I/D ratios and temperatures

for the Nda, 5Dy sF€s1 sAl1 ,B1 3 magnets
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Fig. 6 - Irreversible losss vs. temperature & different I/D ratios and temperatures
for the Nd35F658C03‘5A|1‘zBl‘3 + 5% Dy203 magnets

Fig. 7 presents the irreversible losses for two samples, made from the same material -
NdsssDy; sFes1 Al 5B 3 - but with different values for the intrinsc coercivity field. One
can olserve that the irreversible losses increase with the decreasing of the I/D ratio, fad
that must taken into acount when designing magnetic drcuits and decrease with the
increasing of theintrinsic coercivity of the magnets.
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Fig. 7 - Irreversible losses for two Ndss 5Dy, sFeg; sAl1 2B1 3 magnets:
a) ;H. = 15.50 kOeg; b) H. = 13.50 kOe
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4. MAGNETIC CIRCUITSWITH PERMANENT MAGNETSIN
AERONAUTICAL INDUSTRY

Devices with permanent magnets (Magnetic plugs with or without electrical sensor,
super speal detection - magnetic tachometer with signalization, starter generators, specia
tachometer for transmisgon and receive, drive in c.c. with permanent magnet for special
installation, magnetic compass for navigation, booster (pump) for fuel; gyroscope, close
asarrance systems, magnetometers, SQUID, magnetic record in “bladk box’) used in
agospace industry who work in spedal conditions, need corredion for any type of device.
For more than that in lower or higher temperature case, it's necessarily to aacli mati sation.

For magnetic circuits calculations and design in specia condition of work it's
necessrily to take in considerations the behaviour of this, represented by the variation
coefficient of magnetic properties at low or higher temperature who deter the stability in
function.

For describe the stabili ty of permanent magnet it’s necessarily to ana yse next process

1. Reversible modifications of induction, caused by the dependence with temperature
from spontaneous magnetization, Mg,

2. Irreversible losses. The magnets with rectangular histeresys loops, in case of more 1000
h ageing, present smaller initid irreversible losses. These losses were aused, esentialy,
by the temperature wercitivity modifications. Irreversible ageing depends on the
demagnetisation curve that means from the manufaduring process. If demagnetisation
curve is more rectanguar and coercitive fields are higher, then the demagnetization losses
were smaller.

3. Structural ageing is caused by the modifications of surface and/or microstructure
because of corrosion.

5. CONCLUSIONS

(i) The use of Dy as adding elements for the NdFeB alloys lead to significant increases of
the intrinsc coercive field and also the utilization of the hydrogenated powders for the
permanent magnets manufacturing.

(ii) Aswell asthe value of the intrinsic coercive field increases the level of irreversible loss
deaease.

(iii) For the same materia, the irreversible losses increase with the decreasing d the I/D
ratio.

(iv) For application in agonauticd industry is neaessarily for NdFeB sintered aloys to
know: the values of magnetic energy product, (BH) max, the profile of the demagnetisation
curves B = B(H) and the working conditions (temperature, medium), because the level of
losses depends on this parameters.
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