Rare Earth Magnets

very close to that of Sm-Co magnets, excepting that an
anti-oxidation surface treatment is required in the last
step of the process as they are very apt to oxidize.

The raw materials are melted in the furnace at around
1,600TC. As the magnets, if exposed to air, easily oxi-
dize, anti-oxidation measures are required in all stages of
the manufacturing process. Therefore, the melting men-
tioned above is done in a vacuum or argon atmosphere o
prevent oxidation. The ingot is crushed and pulverized o
3 =& pm sized powder and put into a die and pressed
into a desired form.

The powder needs to he mixed with binder and lubri-
cant betore being pressed, otherwise it will not hold its
shape.

Application of a magnetic field immediately before
and during pressing causes anisotropy (oriented c-axis) in
the magnet, generating high magnetic performance.

The pressed green 1s put into a sintering furnace to be
sintered at 1,000~ 1,100°C. At this temperature, the Nd-
rich phase having a relatively low melting point, changes
into liguid phase, which penetrates into and fills up the

interstice between the ferromagnetic particles, increasing

the density of the magnet as a whole. This liquid phase
generated during the sintering stage becomes non-mag-
netic grain boundary lavers after cooling to a solid phase,
which separate and enclose each ferromagnetic particle.

This microstructure, with its non-magnetic grain
boundary layers enclosing each ferromagnetic particle, 1s
very important for the magnet to exhibit high perfor-
mance, on which the sintering process has a great influ-
ence. Following this, temper treatment 15 accomplished at
around 600C, which adds to the coercive force. Such
coercive force increase is only a few percent, but this can
have a big effect and merit depending on the magnet's
application.

After finishing the treatment, the magnet is ground
with a diamond wheel to the final shape.

As described earlier, surface treatments such as nickel
clectroplating and resin coating are then applied to pre-
vent rusting in use, as this magnet is apt to oxidize.

An impartant point in the surface treatment is to make
the thickness of the coating as thin as possible. Recent
mimiaturization of equipment demands thinner magnets,

which further require thinner coatings.

Magnetic field

Longitudinal Magnatic Field
| To apply the field parallel
1o the prassing direction)

Magnelic field

Transverse Magnetic Field
(Ta apply the lield perpendicular
lo the pressing direction)

Directions of Magnetic Field Applied During Pressing
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Rare Earth Magnets

Manufacturing Process
Enhancing Magnetic
Properties

A permanent magnet 1s made of a material having
some Kind of large magnetic anisotropy. A powerful
magnet can be obtained by orienting the directions of
casy magnetization of all the erystal grains, taking advan-
tage of this magnetic anisotropy. This is called an
anisotropic magnet. To orient the directions of easy mag-
netization is to align the orientations of the magnet crys-
tal grains.

While the samarium-cobalt magnet has a hexagonal or
rhombohedral crystal lattice, the neodymium-iron-boron
magnet has a tetragonal system, only one crystal axis of
which is in the direction of easy magnetization, An exler-
nally applied magnetic field orients the directions of the
particles, while being pressed, 1 yield a strong magnet,

There are twio methods for applying the external mag-
netic field, One is to apply the field in the same direction
as that of pressing (called longitudinal magnetic Meld),
The other is o apply the field in the direction perpendic-
ukar to that of pressing (called transverse magnetic Hield),

The transverse field gives the magnet higher perfor-
mance than the longitudinal field. However, since the
magnet shape restricts the way of the field is applied, the
direction of magnetc field application with respect o the

shape should be confirmed prior to pressing.

Difference in Coercivity
Mechanism

The higher the coercive force, the greater the resis-
tance to demagnetizing, therefore, the more stable and
better the magnet can be said Lo be. Although this is the
general trend, in practice, a higher remanent magnetic
flux density is preferred to a higher coercivity, and vice
versa. There are two kinds of coercivity mechanisms in
rare earth magnets, a nucleation type (the mechanism of
the generation and growth of the nuclei} and a pinning
type (the mechanism of pinning magnetic domain wall
movements).

The nucleation type include | samarium vs. 5 cohalt

based magnets and sintered neodymium-iron-boron mag-

Nucleation Type
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Pinning Type "
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Field Dependency of Initial Magnetization
Curve of Rare Earth Magnets

nets in which their coercivity mechanism lies in the crys-
tallite grain boundaries, allowing the domain walls to
move freely inside the grains and making the initial mag-
netization curve rise steeply,

On the other hand, 2 samarium vs. 17 cobalt based
magnets are known as the pinning type. in which their
domain walls are pinned inside the grains and hard to
move, requiring a high magnetizing field to saturate
them. The neodymiuvm-iron-boron magnet powder for
bonded magnets is also said o be the pinning type.

A temperature change causes a magnet to demagne-
tize. While Alnico and samarnum-cobalt magnets have a
temperature coefficient of magnetic flux of —0.01 ~
0.04 %/K, territe and neodymium-iron-boron magnets
have one order of magnitude higher temperature coeffi-
= (.2 RB/K.

Ferrite magnets have high, positive temperature depen-

cient of magnetic lux of — 0.1

dency of magnetocrystalline anisotropy constants, caus-
ing the coercive force o increase as the temperature goes
up, and on the contrary, to decrease as it goes down,
which generates “irreversible loss at low temperature.”
The neodymium-iron-boron magnets have negative tem-

perature coefficients, causing the coercive force to
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Rare Earth Magnets

markedly decrease as the temperature goes up, which
generates the problem of  “irreversible loss at high tem-
perature” in contrast to the ferrite type.

Since samarium-cobalt magnets have a high Curie

temperature of 770°C and low temperature coefficients of

magnetic flux, similar to those of Alnico magnets, they
are very stable in temperature change, while neodymium-
iron-boron magnets have a low Curie temperature of
310C, causing their magnetic properties to greatly dete-
riorate as the temperature goes up, which restricts their

high temperature usage.

Merits and Demerits of
Rare Earth Magnets

Rare carth magnets can store by far more energy than
conventional magnets, enubling parts, devices or equip-
ment to be miniaturized in response to recent market
trends, which has prompted rare earth magnet production
to soar, Their major menits and demerits are described
below.

(1) Merits and Demerits of Samarium-Cobalt
Magnets
Samarium-cobalt magnets, which were the strongesl
magnets in the world until the appearance of neodymi-

um-iron-boron magnets, come in t'wo major magnel

types, | samarium vs. 5 cobalt based magnets having an
excellent magnetic anisotropy and high coercive force,
and 2 samarium vs, 17 cobalt based magnets having a
high maximum energy product. Both of them have tem-
perature coefficients of remanence and coercivity lower
than those of neodymium-iron-boron magnelts, giving
them excellent thermal stability, Due to the fact that their
corrosion resistance is better than that of neodymium-
iron-boron magnets, surface treatment such as nickel
plating that 1s required for neodymium-iron-boron mag-
nets, can be dispensed with.

On the other hand, the supply of their raw materials,
samarium and cobalt, is unstable and their prices high,
resulting in the high cost of magnet manufacturing. In
addition, they are mechanmically weak and brittle, and
hard 1o handle,

(2) Merits and Demerits of Neodymium-lron-Boron
Magnets

Neodymiuwm-iron-boron magnets had performances
higher than 278k)/m' (35MGOe) at the start of their mass
production, superseding the magnetic properties of
samarium-cobalt magnets having the then typical high
performunce. Through the improvements and develop-
ments that followed, an ultra-high performance magnet
was developed, possessing the highest magnetic proper-
ties of Br = 1.495T (14.95kG), Hel = B45kA/m
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Rare Earth Magnets

(10.62k0e) and (BH)ymax =43 1k1V/m"' (54 2MGOe) in
19493,

The neodymium-iron-boron magnets have a great
advantage of such a high performance, stable supply for
comparatively low cost owing to the main raw materials
being relatively abundant neodymium and iron, unlike
samarium-cobalt magnets which have future resource
problems. In addition, their specific gravity is more than
| 0% smaller than that of Sm-Co magnets, which makes
them suitable for use in smaller, lighter devices, As they
have mechanical strength higher than that of Sm-Co mag-
nets, there is less chipping and cracking in the manufac-
turing process, and grinding and handling after magnetiz-
INg 15 easier.

On the other hand, as the temperature coefficients of
their remanence and coercive force are higher than those
of Sm-Co magnets, attention must be paid to their work-
ing temperature, al the design stage,

Also, due to their low corrosion resistance, surface
treatment 15 required to prevent the magnets from rusting
in the event that they are used in an environment of high
temperature and humidity. There are various kinds of sur-

face treatments, depending on the application and shape.

Problems of Rare Earth
Magnets Awaiting Solution

Samarium-cobalt magnets, besides having high ther-
mal stability, exhibil superior magnetic properties to
those of Alnico and ferrite magnets. Though inferior to
neodymium-iron-boron magnets, their continued use is
expected in such fields where high reliability is required.
On the other hand, the supply of their raw materials is
unstable and their prices high, resulting in a high manu-
facturing cost which has to be reduced.

While neadymium-iron-boron magnets, which have
the highest maxymum energy product among the various
kinds of magnets and comparatively lower price, are
enjoying soaring demand, the high temperature coelfi-
cient of their remunence and coercivity and low corrosion
resistance present a bottle neck o further market expan-
sion by restricting their applications. Efforts are being
made to improve their temperature coelficient and corro-

si0n resistance.

Methods of Surface Treatment of Nd-Fe-B Magnets

Coating Applied Magnat T 1
Mathod Thickness Waeight Main Ehapef/ Main Application
pm g Wi
Al - Chromate iR 0.5~ 20 Motor and sensor
Epoxy - Resin 8 an saLL. W,ﬁﬂﬂlﬂﬂgﬂl!l.&ﬂgfﬂEﬁ[ VCM and MAI
Spray Coating o and others
Electrodeposition 20 ~ 30 5 ~ 100 FRRCHAI A7 A VCM and rodless cylinder
arge ring
Nickal Plating 10 ~ 20 0.5 ~ 200 Ring. rectangular, segmeanl VCM, motar and
and cylindrical sensor
Naw Epoxy - Resin 10 ~ 20 10 =~
Speay Coating 0=100 Segment and others VOM and motor
2t i SR




Magnetic, Physical & Mechanical Properties of

Rare Earth Magnets (Typical Examples)

Upper lirsz: unit in Sl

Rare Earth Magnets

Lower Bne: unit in C.G6.5.

4 Neodymium-lron-Boron
ltem Unit Samarium-Cobali-Magnet ombifinr
Composition SmCos SmzCoir Nd=Fa14B
Field Direction Lonpitudinal | T i T i Transverse
during Pressing ngitudin ransverse Longitudinal ransverse Longitudinal
HEI‘"BHHI'_IT Flux mT 800900 B50 360 240 — 1,040 860~1,100 1.000—1.330 1,050~ 1,350
E;h’ kG 8.0-9.0 B5~96 9.4-~104 96—11.0 10.0-13.3 105~135
Cosrchve Force kA/m B00~720 630~ 760 390 ~ 725 440~ BAO 750 ~ 360 790960
Hes De 7,500~9.000 | 8000~9500 |5000-9,100 |5500—10,500 |9400~12000 (9900- 12,000
Coercive Force KA/ 1,190 >1,190 > 420 > 420 R8O = BAD
Hel Os =15,000 > 15,000 = 5,300 >5,300 11,000 >11.000
Maximum Energy Wl m? 127~ 151 143 =175 151 =191 175231 183334 207366
Product i
(BH)max MGOe 16~18 18~22 1924 22—179 21-42 26—4B
Br Ba/K - 0.4 —0.04 -0.03~—00¢ (—-0.03~~—0.04 =011 -0.11
Temperahire
Coafficient
Hed Ba/K =03 -0.3 =02-=03 | —02~—-03 |-051~-=060 [~051~—0860
Curie Temparatura K 983 983 1,043~1,093 | 1,043~ 1,093 603 ~613 803 ~613
Te 1 H 710 110 170 ~H820 TI0—8z20 330~ 340 330~ 340
Recoll Re'alive g 4 -1 o 1
Parmaabilily 1.02-1.05 1.02 = 1.05 |.02—1.05 1.02 —1.05 1 1.0%
M rac
Censily glcm® g.e—83 82-81 B4-B5 B.4—85 15=T1.8 1.5~16
Flexure Strength MPa 93~118 98 ~118 88-118 98~118 245 245
kgl/mm? 10-12 1012 10~12 10-12 25 25
Compression MPa 480 - 830 430830 490 — 830 490830
Strangth kgt /mm? 50~ 85 50 ~88 50— 85 5085
- 3949 g 394 dd a4
Tensile Sirength MPa 3949 39~49 8
kgl/mm? 45 4~5 =5 4-5 a5 as
Specilic Heal Jilkg - K) 0.42 % 10° 0.42%10" 0,38 ¢ 10 0.38 10 0,50 % 10° 050 x 10°
calig+ C 0.1 0.1 0.09 0.09 0.12 0.12
Thermal Fﬁéﬁ."ﬂ:}?ﬁﬂs 6~8 68 8 f 55-15 h=78
; axis
E:mﬂmﬁum Farpandioular fo P
Basy magnat- MN-13 11-=13 " i —3-05 —-3-05
ralon anig
Hardnass Hv ES0 —&00 550600 S50~ 600 550 — 600 560650 560 —BS0
Fieid Strangth for RA/M >1,600 > 1,600 1,600 1,600 =2,000 >2,000
Haqumggfﬂamagtlm Oa 20,000 > 20,000 > 20,000 >20,000 > 26,000 > 26,000
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Bonded Magnets

What are Bonded
magnets?

The powder of ferrite or rare earth magnets, which has
already been described, 1s mixed with a synthetic resin or
rubber bonding material and formed into a desired shape,
which is called a bonded magnet, With regard 10 bonded
magnets, magnet powder 1s diluted with the synthetic
resin or rubber bonding material, resulting in a weaker
magnet, however, it has an excellent advantage in that it
can easily be formed into a complicated, thin shape with
narrow dimensional tolerances, which has allowed it to
form a unique market.

Bonded magnets are classified according to the mag-

in a number of ways corresponding to their applications,
All these methods are basically similar to those for mold-
ing synthetic resins or rubbers,

Flexible bonded magnets began with their application
m refngerator doors. Today, flexible bonded ferrite mag-
net sheets printed with a beginner driver sign are stuck on
cars,

Rigid bonded magnets using rare earth magnet powder
that boasts the highest magnetic energy, have recently
come into wide use for micremotor applications. This
resulted from a wide freedom to choose complicated and
thin shapes, excellent reliability and comparatively low
production cost, as well as high performance required o

satisfy recent trends toward lightweight, thin and small

netic powder and bonding material used. devices.
Both rigid and flexible bonded magnet can be formed
Rigid Bended Flexible Bonded Bonding
Meihoed of Maiding Magnet Magnet Material Synthetic Rubber
- I Magnet Resin
Compression ®) Powder
3 Rigid Bonded Flaxible Bonded
Injection ® — Ferrite Magret Farrite Magnet Ferrite Magnal
: Rara Rigid Bonded
¢ Sm-Co
Calender Rolling O Earth i Sm-Ca Magnel x
Magnet
Extrusion o £y Powder | Nd-Fe-B Pl Bariied
L9 i Md-Fa-B Magne: e i1

4 Rigid bonded magnets are widely
used in micro motors,

A Flexible bonded magnets are
possible easily to make bending.

b

A Flexible bonded magnel sheets
attached to a color film are avail-
able.




Bonded Magnets

Raw Materials of Bonded
Magnets

Various kinds of magnet powder are available as the
raw material for honded magnets, one of which 1s basi-
cally the same ferrite magnet powder that 15 used for the
production of sintered ferrite magnets. Nd-Fe-B magnet
powder is a typical example of rare earth magnet materi-
al, of which the representative composition is 27Nd-
O8ke-4Co-18 developed by GM in the US,

The manufacturing process for this type of magnets 15
to first prepare a Nd-Fe-B alloy, then to obtain a 30 ¢ m
or so thick crystallite ribbon by rapidly quenching the
remolten alloy onto a water cooled drum rotating at high
speed.

This ribbon is crushed into powder having the particle
size of less than 200 ¢ m, and heat reated o develop its
coercive force, By this heat treatment, the grain size is

grown 1o tens o hundreds of nm.

Nd-Fe-Co-B
Molten Alloy

Nd-Fe-Co-B Ribbon

-
hhu’
.
q"‘h‘h

S

Water Cooling Drum

Rapid Quenching Method
of Nd-Fe-B Molter Alloy

Rara Earth Qe

Roasting, hydrochloric acid
exiraction and fillration

Crude Rare Earth Chloride

Separalion and
canceniration

Mixed Intermediate Raw Material

Oxalic acid trealment,
filtration and firing

Neodymium Oxide

Cirect reduction by metal-
lic calcium or mollen salt
electrolysis method

Nd-Fe Mother Alloy

Smelting and compasition
ajusting by vacuum induc-
tion mealting furnance

i_ Nd-Fe-B Molten Alloy

Rapid Quenching

Nd-Fe-B Ribbon

——

Milling

-——

l Ng-Fa-8 Milling Powdar

Heal treatmeni

Nd-Fa-B Magnei Powder

Manufacturing Process of
Nd-Fe-B Magnet Powder




Bonded Magnets

Manufacturing Process of

Bonded Magnets

Typical processes taken from various production meth-

ods such as compression molding, injection molding, cal-

ender rolling and extrusion molding are introduced here,

-Cumpressian Molding

Magnet Powder Epoxy Resin

Kneading

Comprassion Molding

Heat Curing

Cleaning

el

Irn a magnetic field for
anisolropic magnets

Coating (By electrodeposition or spraying)

Extrusion Melding

Magnet Powdear

Synthatic Resin

‘ Additives

e

Kneading

Palletizing

Extrusion Malding

In & magnetic fiald for
anisotropic magnals

_‘ Magnetizing

Finished
Magnet

Movable Platen Stationary Platen

:

|

I

Moldings

ey ) - FEE]

et |

N =
"'Illl'fl" FFFEFEELETEEFTRFF T

Hopper

Inspecting Magnetizing —  Finished
Magne Strong Magnetic Fiald
Generator
Injection Molding | Calender Rolling
|
Magnel Powder EFH"LZfr:"’ Additives Mamat Powder Rubber Additives
Kneading | Kneading
! Pellatizing Pelietizing
For anisotropic magnels
1 In & magnetic fiekd for mechanical arientation
fisction MOIA™E | arisolropic magnets ] Pecratcte.
ing — Magnetizing (— Finished i . . Finished
Inspecting agnetizing Magnel Inspecting Magnetizing h ¥ : ‘

Powerful Mill
{Calender Roll)
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Bonded Magnets

Magnetic, Physical & Mechanical Properties of Bonded Magnets (Typical Examples)

Lipper liné: unit in 51 Lower fine: unit in C.G.5.

ltem Uit Farrite Magnet Sm-Co Magnet Ni-Fe-8 Magnet
Magnat Powder Sr-hFasy Sz { Coo 7Fen 1) Md:Fe B
Composiion
3 ; Synithatc Synthetic Syrihetic Synihetic Syntnetic
Bonding Material Resin Rubbr Rasin Resin Resin | Resin
0 Calander s ': i
Molding Method Injectian Roling | Compression injection | Compression Injection
Magnetic Direction Anisotropic Anisotropc Anisotropic Anisalropic Isatropic | |sotropic
Remanant Flux mT 230~ 300 220~ 260 B0~ #4900 540 — BAD 570~ Te0 £10~b20
Degf*“' kG 23-30 22-256 6289 5.4 .8 5.7~ 1.6 4.1~6.2
Coercive Force kAm 160 ~ 200 150~ 180 430 ~ 540 370490 110470 250 400
Sy Oe 2000-2.500 | 1.800-2300 | 5400-6800 | 46006200 | 47005800 | 3.000-4.900
Intrinsic Coercive AT 210~ 240 200~ 220 720~ 950 720950 640~ 1,350 540~ 1,350
F
ki Oe 2E00-3.000 | 2.500-2800 | 9.000- 12000 | 9000-12000 | B.00D-17.000 | 6.000-17.000
Mﬂﬂ'f;l:; Ef;ﬂlgv ki m! 1017 9-12 | BE~13% 44 34 50~ 96 28~ 60
roduc
(BH)max MGOe 1.5-23 11~15 11.0~170 6.0 10.5 7.5~12.0 35175
Br BhrK —0.18-—0.19| —0.18——0.19 |—0032 -~ —0.007—0.002——-003) —=01=-=015 | —0.1-—=0.15
Temparature B
Coefiicient : s - o /
Hed %K 0.35~ 0.5 0.35-05 - -
i-"”j : " I S
Maximum Sale K 393413 153393 3931 - 423 193 -413 993 — 453 393 413
Temparalure fof - 120 - 140 80~ 170 120150 120~ 140 120~ 180 120~ 140
Application
Recoll Relative 1.03-1.07 1.03~1.07 .06 1.06 11=12 L=12
Permeability
F 175
Density alem” 12-18 32-18 6.8-72 52~ 56-62 82~55
= ."'- i - Fl-‘-
Flexure Strength MPa 58,8~ 107.8 43,0 - 58.8 A . 430+ 58.8 -
- o ___ -
kglimmy 6.0-11.0 e 5.0-6.0 - 50-80 P
- A - ) g
"-'-.H = . — '.;. o
Compression MPa 1.265— 1,853 e :
Sirenglh kgl /i 25,000 185,00¢ ;
-~ P - __,_-"
- . s -
MBS 30,000--60,000 | 3,000 - 5,600 e 30,000 F ” 30,000
Llal Rl kgtimme | 3061 ~5.122 T - 510 e 1061 P 3,067
i - , S— »
Jijkg - K} | 0.7-DAXIO" | GI-0EXTD -~ : J
Speciiic Haal -
subet el calig- | DIET-018 | 0967019 A P
Tl Empiien ppmK 2060 106~ 150 13~ 15 50 13~ 15 50
Caslhicnt
| In dhirection af Edasy
magnetzaton axs) |




Other Magneis

Nd-Fe-B Ring Magnet by
Hot Extrusion Molding

Introduction

There are two representative methods for manufactur-
ing Nd-Fe-B magnets, melt-spinning and sintering. The
present magnets are formed into anisotropic magnets by
hot extruding powder made by the melt-spinning method.

This method has made radially anisotropic ring mag-
nets available, replacing some of the conventional seg-
ment magnets, which has reduced the production cost of

motors and improved their performance.

Manufacturing Process

Examples of hot extruded radially anisotropic ring
magnets are shown, The melt-spun magnetic powders
made by MQI in the US are used as the raw material,
which are cold pressed to be compacted and then hot
pressed at 700~ 800 T to be more densified. Therealter,
the densified material is hot extruded at the same temper-
ature 10 obtain a radially anisotropic ring magnel.

The raw materials of melt-spun magnetic powders
consist of fine crystallites and an amorphous phase. The
densified material as kept in fine crystallite grains is plas-
tically hot worked to make amisotropy along the direction
ol compressive strain, This method 1s remarkably differ-
ent from the sintering one in that it does not use any ori-
enting magnetic field, Since this magnet is hot pressed (o

be densified at lower temperature than sintering one, 1t

Rapid Quenching

MNd-Fe-Co-B
Mallan Alloy

High Density Isolropic
Magnet
e

4 A radial anisotropy is available by hot extruding .

keeps the crystallite grains almost as fine as the raw

material powders,

Merits
Magnetic properties in the radial direction are deter-
mined by the reduction ratio.
The maximum energy product of 240 ~ 280k)/m' (30
= 35MGOe) can be obtained if a large enough reduction
ratio 1s secured regardless of the magnetic diameter and
thickness.
A long, eylindrical magnet with a maximum height
1.5 times its outer diameter and a minimum thickness of
I.5mm can be obtained by hot extrusion, The density of
the magnet is close to its theoretical value, which means
the almost no pores exist inside the magnet, allowing
only an electrodeposited epoxy layer to secure enough

COTTOSION resistance.,

Hot Back-Extruding

|
|
|

Hot Press

e Radially
Anisolropc
— — |.!}| 1 Magnel
High Density | ‘ Temperature
Etmrupj[c: “ M ‘ ?uuﬂeaaé C
agne =
a [ § —
Le

Water Cooling Drum

X 0]
3

P

Temperature : 700~800C

Manufacturing Process of Nd-Fe-B Hot Extrusion Ring Magnet
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Other Magnets

Manganese Aluminum
Magnet

Introduction

Manganese aluminum magnets are new high quality
magnels having excellent productivity and applying
atomized alloy powders. The magnets have no resource
and supply problems, since their main raw materials are
manganese, aluminum and carbon. They are unique mag-
nets having excellent mechanical strength and machin-
ahility as well as enabling various magnetizing patterns
lo be produced. They are environment friendly magnets,
contributing to the improvement and development of var-

lous sensors, motors and machine tools.

Manufacturing Process
They are manufactured by warm extruding gas atom-

ized alloy powders into anisotropic magnets,

Merits

+ Excellent in mechanical strength and available in a

hi |h LA "LI rolation and hi | g nl. F Y Hil‘ll:lﬂi ﬂf Magﬂﬂlizaﬂun FEHEI’HE
IL, pee , 0 U, i hlgh oad environment (a) Stepped Magnetization
 Excellent in machinability and able to correspond to (b) Spiraled Magnetization
avariety of shape requirements, including extremely {g:; ﬁgsr?edduh?gg ::ﬁ:gﬁ;n
thin. (e) Screwed Magnetization
, , ) _ . (f) Wood-grained Magnetization
* Possible to be magnetized in various precise pat- (g) Waved Magnetization

lerns.

Blending |’1 _Hilllnn_lb! Alomizing |} Canning | E:?nﬂnm F| Maﬁﬂi‘lﬁlr:q ’( Inspecting

fundish

Vacuum Inductian
Malting Furmace

Billgy
Heahng

Contalrer Canning Warm Extruding Inepacting Facking
(Powder Filfing)

Manufacturing Process of Manganese Aluminum Magnet
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Other Magnets

Praseodymium Magnet
(Pr-Fe-B-based Cast and Rolled
Magnet)

Introduction

Praseodymium magnet is high performance anisotropic
magnet that is manufactured without passing through a
powder metallurgical process, Columnar alloy is rolled in
perpendicular direction to be supplied with anisotropy.
Mechanical stress on rolling orients the crystal grains
parallel to the rolling direction, when the alloy sealed in
an iron capsule kept at 900~ 1,00 in a state of 15%
liquid phase mixed with 85% solid one is rolled, The
stundurd prascodymium magnel composition is a guater-
nary system of Pr-Fe-B-Cu, rare earth rich, boron poor in
comparison with neodymiuvm-iron-boron sintered mag-

nets und copper added.

Manufacturing Process

Casting 18 done so that the crystal structure of the alloy
results in columnar structure. Next, the alloy is sealed
interan iron capsule and hot rolled, as rolling reduction is
around 75%. Afer being rolled, the magnet becomes a
large-sized anisotropic magnet, is cooled 1o room temper-
ature and taken out of the capsule. 1t is heat treated 1o
improve its performance and machined into a desired

shape to become a final product.

lem Br He He.l (BH)max
Unit § KA/m kAm kd/m®
Pr Magnet | 1.1 | 770~830 (1,200~1,500| 216240
Alloy
q Oiting " Iron Capsule
- =P
Ingoi
Mullél
3] Hot Rolling

FagaE ‘ Cutting and Q

4 " Machining Q

L w =
="

Manufacturing Process of
Praseodymium Magnet

Example of thread cutting

Thin plate magnet

S
M

o, e, iy s
s Rt Lh
S y
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SR

Example of bending

Merits
Het rolling the alloy with a solid-liquid mixed phase
and its peculiar compositions create a variety ol unigque
practical merits.
|. This process can produce large solid magnets up to
1,500 x 200 x 50 mm * (* in the magnetizing direc-

ond,

[l

. Their mechanical strength is high, while their tensile
strength boasts a high 250 MPa, more than three
times that of Nd-Fe-B sintered magnets. Cracking or
chipping does not occur.

3. Machining of the magnets, such as drilling, thread

cutting and tapering, is very easy.

4. An extremely thin, high performance magnet having
a wide area can be manufactured, for instance, a 0.1
mm thick magnet with (BH)max = 160k} m’.

5. The high temperature bending makes the manufac-
ture of roof tile magnet with an uniform thickness
and rachally oriented magnets possible,

6. The magnel has no pores, completely eliminating

the possibility of degassing in a vacuum.

]

. Low oxygen content in the alloy prevents easy rusi-

ing.
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Platinum Magnet

Introduction

Platinum magnet is platinum-based cast magnet com-
posing of P70 wi% )-Fe-Nb. With the exception of rare
carth magnets, it is the strongest of all the metal-based
magnets. In addition, it is possible easily to make preci
sion machining since it is cast magnet, having excellen
COTTOS1ON resistance.

Nol surprisingly, however, the price is ultra-high, mak-
ing it dithicult to develop applications.

One of the uses in the current market is in high-grade
audio cartridges, which audiophiles refer 1o as a “plai-
inum magnet, While on the other hand, medical
rescarchers are interested in their potential application 1o

medical tools and instrumenis,

[ High Purity Raw Matarials

Purity: 99.99%

‘ Vacuum Melting and Casting

[ Machining

Precision or Tolerance:
+0.05mim

aoluton Treatmeant |

Higher than 1200°C

Tamper Treatmant

Higher than &600°C

Magnetizing

Finished Magnal

Manufacturing Process of
Platinum Magnet

Other Magnets

& Platinum magnets have excellent precision machin-
ability and anti-corrosiveness
Merils
|. Powertul performance next to that of rare earth
magnets.
2. The magnei surface has a bright plaunum color.
3. High dimensional accuracy by only machining.
4. The highest grade anti-corrosive magnet that does
not sufler any rusting or staining in Corrosive envi-
ronments.

3. No chipping or cracking,

It Br Hea (BHjmax | Curie Temp.
Linit T kA/m i -
Pt
Maqgnet 11 i35 175 460

"L



Applications of Magnets

1 1 i are being utilized and applied in practice. Methods of uti-
Applications in Many g pplied in p
FiEId S lization and application can be classified as follows:

First of all, let's see how so-called permanent magnets

1 . Electrical to Mechanical Energy Conversion
(1) To Vibrational Force ;
Loudspeakers and headphones
(2) To Rotational Force or Displacement® @ *(In the case of linear motors )
WVarnous Kinds of motors and lincar motors
(3 Unihization for Measurement and Control ¢

Various kinds of industrial motors and electrocardiograph actuators

2 . Mechanical to Electrical Energy Conversion
(1) Vibrational Force 1o Electric Signals :
Microphones and pickups

(2) Rotational Force o Electric Power :

Dynamo righting set for bicycles and generators for motoreycles

3 . Mechanical to Mechanical Energy Conversion

(1) Application of Attracting Force to Ferromagnetic Material :
Separation:  Magnetic ore separators and magnetic filters
Holding: Magnet chucks, magnet holders and magnet stands
Conveyance:  Magnet rollers and lifung magnets
Attraction:  Door catches, button magnets and cowmagnets

(2) Application of Auracting and Repulsing Force between Each Other's Magnets :
Repulsion:  Magnetic levitation and magnetic bearings
Attraction:  Magnetic couplings, dentures and magnetic earrings

(3 Apphcation of Eddy Current :

Brake: Hysteresis brakes and wati-hour meters

N

4 . Other Applications
(1) Magnetron wbes, TWTs (Traveling Wave Tubes) and microwave ovens
(2) MRIs (Magnetic Resonance Tomographic Imagers)
(3) Electron beam compensators (CTV)
(4) Automotive ABS sensors

(5) Bio-magnetic health care devices : Bracelets, necklaces, sucking magnets and magnetic stomach Bands




Applications of Magnets

From among the many applications, let's look at some of them using drawings and photographs.

HDD Magnetic Disk

Magnetic Head

(arriadge

Spindle Mator

Magnet— VCM

LASER PRINTER

Electric Signal Laser Beam
Developing

| Laser
| Scanner Unit

Fixing Unit Pha
{ Sl Deaveloper ( Toner +
Printed Paper Q (‘\\ Ferrite Carrier)
¥ Rl Paper
- = = = = : _——=—
—_— et 1
Magnet Roller

I & l 'r_"1
E|E-EﬂilW\ Toner Gnnmntraﬂunﬁa nsor
“ Toner Level Sensor
tosensitive

MRI (Magnetic Resonance Imaging)

Magnet
Pole Piece

Space with
Homogeneous
Magnetic Field

Yoke
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Applications of Magnets

Nearly 1K magnets are used as sensors and actuators in various Kinds of automotive COMponens.

Sun Foo

Front Window Washer

Front Wiper
Pump lor Automalic Speed Contral

Startar Motor

Fan for Room Temperaiure Sensor
Biewer for Alr Conditionar Heater

Cooling Fan for Condensar

Muain & Sub Cooling Fan for Radiafion

Retractanle Head Lamp Vacuum Pumg lor
Head Lamp Wiper, Head Lamp Washer Car Air Conditioner

Power Slaefing

Spead Matar
Cassalte Doack

Fear Window Washar
Rear Wiper
Blower for Raar Al Conodicner

Alr Cleanar

Hemale Cantrofed Mimor
Dirive Giulda

Automanc Antanra

Fus Fump

Seat Slida, Seat Lifer

Autarmatic Door Lock |
Seat Hechinar, Seat Ball






