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[57] ABSTRACT

Permanent cobalt alloy magnets of large size are pre-
pared. At least two compacts of particulate permanent
magnet cobalt alloy are provided and a layer of parti-
cles of a bonding magnetic cobalt alloy agent is depos-
ited on the bonding surface of one compact.” The
bonding surface of the second compact is contacted
with the deposited bonding agent substantially coex-
tensively therewith and the resulting assembly is sin-
tered to produce a sintered bonded composite. The
bonding agent is a solid at sintering temperature.

2 Claims, 1 Drawing Figure
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COBALT-RARE EARTH MAGNETS COMPRISING
SINTERED PRODUCTS BONDED WITH SOLID
COBALT-RARE EARTH BONDING AGENTS

The present invention relates to the art of cobalt-rare
earth alloy permanent magnets and more particularly
it relates to the art of bonding these magnets to pro-
duce magnets of desired large size or geometry without
deleterious effect on magnetic properties.

Permanent magnets, t.e., “hard’ magnetic materials,
such as the cobalt-rare earth alloys, are of technologi-
cal importance because they can maintain a high, con-
stant magnetic flux in the absence of an exciting mag-
netic field or electrical current to bring about such a
field.

Cobalt-rare earth intermetallic compounds or alloys
exist in a variety of phases. Thus far, cobalt-rare earth
alloys containing a substantial amount of Co;R phase
(in each occurrence R designates a rare earth metal)
have exhibited the best magnetic properties. However,
to produce a permanent magnet with satisfactory prop-
erties, the bulk Co-R alloy must be reduced to a pow-
der which is then usually compressed in an aligning
magnetic field to form an aligned pressed-powder com-
pact. Specifically, the powder particles are magneti-
cally aligned along their easy axis of magnetization
prior to or during compaction since the greater their
magnetic alignment, the better are the resulting mag-
netic properties.

The aligned pressed powder or green compact is sin-
tered to produce a sintered body of the desired density.
A magnetizing field is applied to the sintered body par-
allel to its easy axis of magnetization, generally at room
temperature, to produce a permanent magnet.

A disadvantage of this technique is that the sintered
body or magnet is limited by the size of the pressed-
powder or green compact. The green compact, itself,
is limited in size because of the high pressure required
to press the powder into a compact with sufficient
strength so that it can be handled without excessive
breakage before sintering. Experience indicates that a
minimum pressure of about 100,000 psi is needed.
Thus, large magnets with an area greater than 4 to 5
square inches are difficult to make because of the need
for pressure greater than 200 tons.

One way of making a large magnet piece is to join
smaller magnets together. Unfortunately, a suitable
joining or bonding medium has not been found. Low
temperature bonding with solder or epoxy cement has
been used to join cracked sintered pieces. The solder
or epoxy bonding method while attractive for many ap-
plications, limits the use of such bonded magnets at ele-
vated temperatures, particularly at temperatures in the
range of 100°C to 200°C which deteriorate these bond-
ing agents and weaken the bond significantly. Also, ma-
terials such as solder or epoxy cement are non-
magnetic thereby introducing an air gap which dilutes
the magnetic properties of the joined magnets some-
what.

The present process provides a method of bonding
cobalt-rare earth alloy compacts without having any
significant deleterious effect on the magnetic proper-
ties of the resulting bonded sintered magnet composite.
Also, the bond in the composite is substantially as sta-
ble at elevated temperatures as the bonded sintered
magnets. Specifically, the present bonding agent is a
magnetic cobalt-rare earth alloy.
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Those skilled in the art will gain a further and better
understanding of the present invention from the de-
tailed description set forth below, considered in con-
junction with the figure accompanying and forming a
part of the specification which is the cobalt-samarium
phase diagram. It is assumed herein, that the phase dia-
gram at 300°C., which is the lowest temperature shown
in the figure, is substantially the same at room tempera-
tures.

Briefly stated, the present process comprises provid-
ing at least two compacts to be bonded together and
sintered at a sintering temperature ranging from 900°C
to 1250°C. Each compact consists essentially of com-
pacted particulate permanent magnet alloy selected
from the group consisting of Co-R, (Co-Fe)R, (Co-
Cu)R, and (Co-Fe-Cu)R, where R is a rare earth metal.
A layer of particles of a bonding magnetic alloy agent
is deposited on the bonding surface of one of the com-
pacts, said agent being selected from the group consist-
ing of Co-R, (Co-Fe)R, (Co-Cu)R, and (Co-Fe-Cu)R,
where R is a rare earth metal. The bonding agent is a
solid at sintering temperature and contains the rare
earth metal component in a minimum amount of at
least 0.1 atom % higher than that contained in the com-
pacts being bonded. The bonding surface of the second
compact is contacted with the deposited bonding agent
substantially coextensively therewith, and the resulting
assembly is sintered at a sintering temperature ranging
from 900°C to 1250°C in an atmosphere in which it is
substantially inert to bond and sinter said assembly to
produce a solid composite sintered product having a
density of at least 87%.

The rare earth metals useful in forming the present
bonding agents and the permanent magnet alloy or al-
loys of the present compacts are the 15 elements of the
lanthanide series having atomic numbers 57 to 71 in-
clusive. The element yttrium (atomic number 39) is
commonly included in this group of metals and, in this
specification, is considered a rare earth metal. A plural-
ity of rare earth metals can also be used to form the
present cobalt-rare earth alloys which, for example
may be ternary; quartenary or which may contain an
even greater number of rare earth metals as desired.

Representative of the cobalt-rare earth alloys useful
in the present invention are cobalt-cerium, cobalt-
praseodymium, cobalt-neodymium, cobalt-
promethium, cobalt-samarium, cobalt-europium, co-
balt-gadolinium, cobalt-terbium, cobalt-dysprosium,
cobalt-holmium, cobalt-erbium, cobalt-thulium, co-
balt-ytterbium, cobalt-lutecium, cobalt-yttrium, cobalt-
lanthanum and cobalt-mischmetal. Mischmetal is the
most common alloy of the rare earth metals which con-
tains the metals in the approximate ratio in which they
occur in their most common naturally occurring ores.
Examples of specific ternary alloys include
cobalt-samarium-mischmetal, cobalt-cerium-
praseodymium, cobalt-yttrium-praseodymium, and co-
balt-praseodymium-mischmetal.

In the present process at least two compacts are pro-
vided which are to be bonded together and sintered at
a sintering temperature ranging from 900°C to 1250°C.
Each compact consists essentially of compacted partic-
ulate permanent magnet alloy selected from the group
consisting of Co-R, (Co-Fe)R, (Co-Cu)R, and (Co-Fe-
Cu)R, where R is a rare earth metal or metals. The per-
manent magnet alloy can be formed by a number of
conventional methods and converted to particulate



3,892,598

3.

form in a conventional manner. Its particle size may
vary and it can be in as finely divided a form as desired.
For most applications, average particle size will vary
from about 1 micron or less to about 10 microns.
Larger sized particles can be used but the maximum in-
trinsic coercive force obtainable is lower because it de-
creases with increasing particle size. The powder parti-
cles are magnetically aligned along their easy or pre:
ferred axis of magnetization prior to or during com-
pression since the greater the magnetic alignment, the
better are the resulting magnetic properties. The
aligned powder is pressed to a compact of desired size
and shape. Compression can be carried out by a num-
ber of conventional techniques such as hydrostatic
pressing or methods employing steel dies. The density
of the aligned compacts generally ranges from about 70
to 80% of theoretical.

The present bonding agent is a solid at room temper-
ature and at elevated temperature ranging up to and in-
cluding sintering temperature, and it is an alloy se-
lected from the group consisting of Co-R, (Co-Fe)R,
(Co-Cu)R, and (Co-Fe-Cu)R, where R is a rare earth
metal or metals. The agent can vary in composition
which can be determined from the phase diagram for
the particular system or which can be determined em-
pirically. For example, the accompanying figure shows
that for the Co-Sm system, at a sintering temperature
of 1100°C, the solid bonding agent can obtain sama-
rium in a maximum amount of about 42 atom %. The
present bonding agent is one which is at least 0.1 atom
%, and preferably at least 5 atom %, richer in rare earth
metal content than that of the compacts being bonded.

" This richer.rare earth metal content is necessary to at-
tain adequate adhesion of the agent to the bonding sur-
faces of the magnets in order that a strong bond be
formed. The bonding agent need not be composed of
the same components as those of the alloys in the com-
pacts being bonded. For example, a Co-Sm alloy bond-
ing agent can be used to bond compacts composed of
Co-Fe-Cu-Sm-Pr alloy. The maximum amount of rare
earth component in the present solid bonding agent is
about 55 atom % with the particular maximum amount
depending on the particular bonding agent composmon
and the particular results desired.

The bonding surfaces of the compacts are not even.

or level surface but have a roughness corresponding to
the projections of the compacted particles. Although
the particle size of the bonding agent can vary, it is
preferably very fine in size so that when it is deposited
on the uneven bonding surface of the compact, it will

contact bondmg surface between projections and

thereby be in contact with a larger bonding surface
area resulting in a stronger bond being formed during
sintering. Specifically, since the particles in the com-
pact generally range from about 1 micron to 10 mi-
crons in size, the present bonding agent also preferably
will range from about. 1 micron to 10 microns in size.
A bonding agent having a particle size significantly
higher than 10 microns will not contact sufficient area
of the bonding surface during sintering to produce a
suitable bond. Specifically, the particles of bonding
agent should be in contact with at least 50% of the sur-
face area being bonded.

In carrying out the process of the present invention,
a layer of the bonding alloy agent particles is deposited
on a surface of one of the ahgned compacts to be
bonded. Since the aligned compact is somewhat mag-
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netic, the deposited particles cling to its surface. The
particular -amount of the bonding agent deposited
should be sufficient to result in a good bond in the sin-
tered composite product and is determinable empiri-
cally. Preferably, the bonding agent is deposited to
form a corntinuous layer or deposit on the bonding sur-
face. The surface of the second compact to be bonded
is then placed in contact with the deposited layer sub-
stantially coextensively therewith.

The resulting assembly is heated to sintering temper-
ature in an atmosphere in which it is substantially inert.
Frequently, the aligned compacts are sufficiently mag-
netic so that the assembly holds together, if maintained
vertically, until the Curie temperature is reached and
then just the weight of one compact on top of the other
will hold it together during sintering. However, if de-
sired, the assembly can be supported or held together
by conventional means such as a clamp.

The assembly is sintered in a substantially inert atmo-
sphere to produce a solid sintered composite wherein
the pores are substantially non-interconnecting, which
generally is a sintered composite having a density of at
least about 87% of theoretical. Such non-interconnec-
tivity stabilizes the permanent magnet properties of the
composite product because its interior is protected
against exposure to the ambient atmosphere.

The present permanent magnet type cobalt alloy sys-
tems require a sintering temperature ranging from
900°C to 1250°C. The particular sintering temperature
depends largely on the particular cobalt alloy system
being sintered. For example, for Co;Sm type alloys a
sintering temperature of 1120°C is particularly satisfac-
tory.

The smtered composxte is cooled, preferably, in an
atmosphere in which it is substantially inert, preferably
to room temperature. A magnetizing field is applied to
the sintered composite along its easy axis of magnetiza-
tion, preferably at room temperature, to produce a per-
manent magnet.

The density of the sintered composite may vary. The
particular density depends largely on the particular
permanent magnet properties desired. In the present
invention, the density of the sintered composite ranges
from about 87 to 100% of theoretical.

Specifically, magnet composition and sintering tech-
niques particularly useful in the present invention are

_disclosed in U.S. Pat. Nos. 3,655,464 3,655,463; and

© 3,695,945, all filed in the name of Mark G. Benz, and
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assigned to the assignee hereof, and all of which by ref-
erence are made part of the disclosure of the present
application. Each of the aforementioned patents dis-
closes a process for preparing novel sintered cobalt-
rare earth intermetallic products which can be magne-
tized to form permanent magnets having stable im-
proved magnetc properties.

The solid composite of the present invention has a
bond or joint which is visible to the naked eye. This

. bond is magnetic so that it does not diminish the prop-

erties of the bonded magnets of any significant extent.
Also, this bond is heat-stable, i.e., it is not significantly
affected at the elevated temperatures at which the
bonded magnets must be operable. Specifically, it is
substantially as heat-stable as the bonded magnets,
themselves.

If desired, a layer of particles of bonding alloy agent
can be deposited on the bonding surface of each of a
number of compacts which can be stacked up, one
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upon the other, coextensively with each other and sin-
tered, to form the desired bonded sintered composite
structure.
The: present invention is useful for preparing large

6
A magnetizing field of 60 kiloersteds was applied at
room temperature along the easy axis of magnetization
to the control sample as well as the bonded composite
and their magnetic properties were determined as

and/or complex permanent magnet structures for such 5 shown in the following table where:
diverse applications as meters and instruments, mag- B, is the saturation induction.
netic separators, computers and microwave devices. B, is the residual or remanent induction, i.e., the flux
The invention lS,JfUl‘theI' illustrated by the following when the app]]ed magnetic field is reduced to zero.
example. » . Normal coercive force H,. is the field strength at
- . 10 which the induction B becomes zero.
" EXAMPLE .
Particles of 2 66.7 wt.% cobalt-33.3 wt.% samarium 4 Tl'aedterm Hy helps characterslze tl;_e Squareness of the
_ ) -/ Wi.70 copall-33. .70 St T emagnetization curve. Specifically, H;. is the de-
ZZSC :1}710)’ :elieﬁ?)dfllléed with Partllfliles thfan adc}[l}:we magnetizing field required to drop the magnetization
wt.% cobalt-6U wt.% samarium alloy to form a thor- 10 percent below the remanence B,. That is, 47M, =
ough mixture composed of 63 wt.% cobalt and 37 wt.% 15 .9 B,, and H, is the corresponding field strength. H; is
samarium. The particles had an average size of about  a useful parameter for evaluating demagnetization re-
6 microns. sistance. .
A portion of the mixture was magnetically aligned The intrinsic coercive force H,; is the field strength
along the easy axis by an aligning magnetizing field of at which the magnetization (B-H) or 47M is zero.
60 kiloersteds. After magnetic alignment, it was 20  The maximum energy product (BH),,, represents
pressed to form a compact which was in the shape of  the maximum product of the magnetic field H and the
a bar about one inch long and about % inch in diameter induction B determined on the demagnetization curve.
TABLE
B, B, H. H, H,; (BH)nur
Sample gauss gauss oers. oers. oers. (10%gauss oers.) Density % Alignment
Control Sample - 9,740 8,970 8,900 23,300 29,500 19.8 94.2 977
Sample Sintered Piecc
Bonded Sintered 9,790 9,160 9,000 21,500 28,100 20.7 95.1 984
Composite
and had a packing of about 80 percent. This sample, As shown by the table, the present bonded composite
P 8 P ! y p p
which was the control sample, was sintered in an atmo- has magnetic properties which are substantially the
sphere of argon at a temperature of 1120°C for one 35 same as those of the control sample., This illustrates
Y 2 p . 4 P \
hour, furnace-cooled to 875°C where it was heat-aged that the present bonding agent has no significant effect
-ag p ! gag 2
for 5 hours and then cooled to room temperature in the ‘on the magnetic properties of the bonded magnets.
same atmosphere. The control sample and the bonded composite were
Two additional portions of the mixture were aligned 40 then placed in anpair oven maintained atp2600C for
and compacted in a substantially the same manner as about 24 hours and then cooled to room temperature
the control sample to form two CO":Pf}CtS’ each 0; in air. Force applied manually to the bonded portion of
:)/Vh-lCthPrZ In thi Sh:g(ei (})123;1)1?;l[)):giil/lzgughalt?:ugtasno the composite mdlcdaged that hiatm;%1 mbalrdat this ele-
3 1nch 1n diameter 1 vated temperature did not weaken the bond.
percent. The bonding surface of one of these compacts, ) L.
i.e., the surface across the width thereof, was plunged 45 Itr}tlcczlp;c‘r};dlng.U.SAPat;[ :;pplgagoln ger. I\]IEO' f}? .1/\,11127
into particles of a bonding alloy agent, and when it was ;/r; y et (:inCmg g?tn ; ;’; do alt- arg tarh 0}5;
removed therefrom, it had a substantially continuous Magnets and Lomposite’ hiled on even date erewit
. . A in the name of Donald L. Martin and assigned to the as-
layer of bonding agent particles clinging thereto. . hereof. and which by ref . d ¢ of
The bonding alloy agent was composed of 59 wt.% 50 f;]gnf;? ]ereo ’ a¥ thw 1 ytre erfnc§ 15 Htlﬁ N p,ard,o
cobalt-41 wt.% samarium and had a particle size of le :isc osure o fe presedrl app Kfatlon’d ere 18 1s;
about 10 microns. All of this bonding agent was a solid close ta p;‘r;)cess lor %ro fl'llcmtgh sintered permanen
at room temperature as well as at elevated tempera- magnets of large size. brietly, the process comprises
. L - providing at least two compacts of particulate perma-
tures including sintering temperature, and it was about - :
. . - . . nent magnet alloy, depositing a layer of particles of a
4 atomic % richer in samarium than the samarium con- . . .
P . 55 bonding magnetic cobalt alloy agent on the bonding
tent of the compacts being bonded. The bonding sur- . !

. surface of one compact, contacting the bonding surface
face of the second compact was contacted with the de- ¢ the second compact with the deposited bondi
posited bonding alloy agent substantially coextensively o econc, comp ! cposited boncding

. . agent substantially coextensively therewith, and sinter-
therewith to form an assembly in the form of a bar . . .
. . ing the resulting assembly to produce a sintered bonded
about one inch long. The assembly was sintered at a . -

o 60 composite. At least 1% by volume of the bonding agent
temperature of 1120°C for one hour, then furnace- asses through a liquid phase at an elevated tempera-
cooled to a temperature of §75°C where it was heat- Fure g quid p p
aged for five hours and then cooled to room tempera- L . .
ture in the same atmosphere. The bonded portion of What is claimed is:
the resulting composite appeared as an uneven thin 65 1+ A cobalt-rare earth alloy permanent magnet hav-

line. The bonded portion of the composite appeared to
be strong and did not break when force was applied
manually.

ing an area greater than 4 square inches and substan-
tially uniform permanent magnet properties through-
out, said magnet consisting essentially of a sintered
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product consisting essentially of at least two compacts
bonded together by a magnetic bonding agent, each
said compact being produced by providing a perma-
nent magnet type alloy of cobalt and rare earth metal
in particulate form having an average particle size up
to about 10 microns, subjecting said particulate alloy to
a magnetic field to align the particles along their easy
axis of magnetization, and compressing said particulate
alloy into a compact having a density of at least 70%,
said sintered product being produced by depositing a
layer of particles ranging in size up to 10 microns of a
magnetic bonding agent on the bonding surface of one
of said compacts substantially covering said surface
with said agent, said agent being a solid at sintering
temperature and consisting essentially of cobalt-rare

10

8

earth alloy containing the rare earth component in an
amount at least 5 atom % greater than that of the alloy
of each said compact with the maximum amount of
rare earth component being 55 atom %, contacting the
bonding surface of the second compact with said de-
posited bonding agent substantially coextensively
therewith, and sintering and bonding the resulting as-
sembly at a temperature ranging from 900°C to 1250°C
in an atmosphere in which it is substantially inert pro-
ducing a solid sintered composite product having a
density of at least 87%.

2.°'A permanent magnet according to claim 1 where

R'is samarium.
% % ok ok ok
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