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1

This invention relates to materials having 1m-
proved magnetic properties. These materials
may have unusually high values of magnetic per-
meability, or they may have desirably low loss
values (high Q factors) at radio frequencies, or
a usefully high product of these two values.
They may also have desirable properties of mag-
netostriction and good stability at operating tem-
peratures. They may also have an improved
modulus of elasticity and good resistivity.

Wherever Q values are discussed or stated
throughout this specification, there is meant a
numerical value found by dividing the radio fre-
quency reactance by the resistance of a circuit in
which the materials of the present invention are
introduced as induction coil core bodies.

More particularly, the present invention relates
to materials known as ferrites, made by the gen-
eral method described in co-pending application
of H. W. Leverenz and R. L. Harvey entitled
“Improvement in Magnetic Materials,” Serial No.
776,292, filed September 26, 1947, now Patent No.
2,565,861,

The present improvement is especially related
to the use of beryllium oxide, BeO, either sub-
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2

Although ‘the’ composxtions which are a part
of the present invention, are different from those
described in the previously mentioned co-pend-
ing application, Serial No. 776,292, the general
method of preparation is the same as illustrated
therein. Briefly, this method includes the inti-
mate mixing of ferric oxied and the various other
oxides involved, each in a fine state of subdivi-
sion, heating, preferably, a compressed body
made of these oxides within a range of tempera-
tures ‘of about 900° C. to about 1500° C. for about
1 minute to about 5 hours in an oxidizing atmos-
phere, and then cooling. Longer heating times
are required for larger bodies. Optimum con-
ditions of time and temperature of heating will
vary with each specific composition possibie with-
in the systems of compositions which are a part
of the present invention and, with any specific
composition, the optimum heating time decreases
as the temperature of heating increases. In
general, however, some improvement in results
is obtained by selecting widely varying times and
temperatures within the ranges specified, even

. though these improvements will not be the maxi-
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stituted for part of the oxides previously disclosed, .

in the said -application or elsewhere in the prior
art, or in addition to the materials therein men-
tioned.

One object of the present invention is to pro-
vide compositions having . improved magnetic:

properties.

Another object of the invention is to provide
materials having controllable and unusually high
values of magnetic'permeability.

Another object of the invention is to provide
materials having low loss values (high Q factors).

Another object of the invention is to provide
materials having improved magnetic propert;es
and also high Curie temperatures.

Anotheér object of the invention is to provide
materials having a desirably wide range of
magnetostriction.

Another object of the invention is to provide
materials having improved magnetic properties
along with a desirable modulus of elasticity.

” Another object is to provide improved compo-
sitions of magnetically permeable ferrites which
include beryllium oxide as an essential ingredient.

Still another object is to provide materials hav-
ing desirable values of resistivity.

These and other objects will be more readily
apparent and the invention will be better under-
stood with reference to the following specifica~
tion, including the drawing, of which the single

mum obtainable when a more careful choice is
made: Good results can be expected with almost
any of the compositions, if a heating time of
about 1 hour is used, and a heating temperature

- of the order of 1200° C. has proved satisfactory, .
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if not always best, with all of the compositions."
The reaction product which is fromed in all in-
stances is a ‘composite, homogeneous, crystalline
body wihch does not have the same stoichiometric-

- proportion of oxygen to metals as is present in:

the mixture before heating, but the exact pro--
portions of the elements present in the products-
is not known and cannot easily be determined.

The oxidizing atmosphere in which the heat--

-ing of the reaction mixture takes place may be
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supplied by passing a stream of oxygen through
the reaction chamber. Less desirably, air may
be used in place of oxygen. It is also possible to
form products having improved magnetic per-
meability -and low loss by heating the oxides in
a neutral atmosphere, such as one comprising
helium or nitrogen, but the improvement is not-
as great as when an oxidizing atmosphere is used.
In contrast to the use of either an oxidizing or

" a neutral atmosphere, the presence of a reducing
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figure is a graphical representation of the im--
provement in the product xQ obtamed by addl-‘

tion of Beo m a Ni-Zn ferrxte.

atmosphere, such as supplied by carbon monoxide
or hydrogen, in the reaction chamber, is dis-
tinctly detrimental, if ‘materials having high
permeability are desired. Therefore, it may be’
said that the heating should fake place in a non-
reducing atmosphere, preferably at atmospheric
or higher pressures.

Instead of starting with the oxides themselves,

.. 1t is possible to start wwith a mixture of mate-.



‘ 3
rials in other than the oxide form in which they
are present in the reaction product, provided
these starting materials will be changed to the
specified oxide upon heating to the temperatures,
times and atmospheric conditions  stipulated.

For example, instead of starting with a mixture -
containing Fe203, the iron may be in the form.
of ferrous oxide or magnetite, providing that

heating takes place in an oxidizing atmosphere,
and as the hydroxide, carbonate, etc., if either
an oxidizing or a neutral atmogphere i§ present

The other ingredients may also be present in-

forms such as hydroxides, acetates or carbonates
or either lower or higher oxide forms than: are
present in the final product, since these -will re-
vert to the desired oxide form when heated
strongly .in the preferred oxidizing atmosphere
and, in some cases, even in a fieutral atmosphere.
Certain of the present compositions also utilize
oxidés of martiganese, This i§ preferably present
as MnO:z in the initial mixture but changes to
MnO in the reacétion product. 'This change oc-
curs even though ail oxidizing dtmosphere be
used, providing the okidization propertieés of the
atmosphere are not strong enough to préevent the
reduction of the higher valernt okxidée to the lower
divalent form. Likewise, othér oxides of man-
ganiesé can be used inl the starting mixture since
these will revert t6 MAO When heated in the oxi-
dizing datmosphere. Similarly, it i§ possible to use
oxide of coppér of nickel siiice there also will

changé t6 thé desired form when heated undei

the oxidizinig eonditionls preferred.

Because of the brittleéness 6f the réaction prod-
ucts, compréssed bodies of thé reactants may be
formed at pressiires of, §ay, 20,000 pounds per
square ihcéh and these compressed bodies are
treated at elévated teriperaiiifes in order to im-
part the desired properties of increaséd perme-
ability, 1oW loss, étc., desiréd in the end product.
These compress’ea‘bodle‘s“ may alsé be foimed by
extrusion moldlng procesSes at much loWer pres-
sures. The fact that shaped bodies of the com-
pressed material cah Be formed without the pres-
ence of a permanent bifider adds muc¢h to their
nnprovement over matérials. prev1ously known,
stuch as powdered iron, which réguirés the use of
a permanent b1nder, since the binder introduces
a mulfitide of gaps of con51derab1e size between
the partlcles, and. the gaps, themselves, are re-
sponsible for much of the lower permeablhty
hitherto present in ma.tenals of this nature.
When the materlal is made in the form of com-~

pressed bodles the. pressure of formmg ma.y vary
wmely Pressures of 2,000 pounds per square ‘inch-

have been found to produce the same improved
results as those ten times as great:and’ extrusion-
molding techmques have been used with exceéllent
results. For éxample, the 1ngred1ent oxidés may
be: pre-heated .mixed with a. temporary binder
and extrusmn molded and heat treated. In
ing should be suﬁic1ent to form. a closely coherent.
body and the préssures tsed should simply be
those necessary to obtain this result,

After the heat freatment has been accom-
plished as deseribed, the reaction produet is pref-.
erably, although not necessarily, cooled very
rapidly, as by subjecting it to. a blast of air of
quenching in water. Rapid cooling generally in-
creases the permeéability and low loss qualities

above those values obtained when slow cooling. is
used.

The reactlon mlxture may be compressed 1nto
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the reaction chamber. The danger of warping
of the compressed bodies, when heated, may be
lessened by mixing a small percentage of a lubri-
cant with powdered oxides:before compression.
5 The preferreéd libricants are thosé which are
completely burned off during the heat treatment
process. Suitable examples are stearic acid and
microcrystalline -waxes, such as Carbowax.
Other improvements in molding technique are
deseribed in the previously mentioned co-pending
application, such as'releasing pressure uniformly
fram thé 'm'old plsﬁo‘n after compressing the oxide

10

As: previously  stated, the present invention
relates more specifically to the use of beryllium
oxide in ferrite bodies, prepared as described. In
a wide range of compositions, it has been found
that the gdditiott-of beryllium: oxide produces-de-
sirable’ Improvements not’ obtainable when mixs-
tires of oxides; not mcludmg beryllium oxide;
are used:

One of the new systems, according to the pres-
ent-invention, is-a quaternary system comprising
BeO; Mn©;: Zn0® and Fe:03. In ‘Fable I below
are given examples of various: compositions- of
these four ingredients- expressed in mole parts:
First, there is' given-a‘eompeosition with the beryl-
lium-oxide omitted and this-is-followed by com-
positions- in’ which various- small: proportions of
beryllium oxide: Have been- substituted - for part
of the zinc oxidé; with-the propertiens of-the other
two ingredients remaining constant for purpeses
of comparisen: In-each cadse,in all of the tables
which follow; the values-of several magnetic prop-
erties are given: i e;-effective permeability upetr:;
the-reciprocal-of the loss valite Q; the product 1@,
and; in-a few instanees, the Curie temperature.
Sinee the-Curie’ temperatire-is a- temperature at
which & mairked® change: of properties: occurs,
probably due to crystalline reorganization, it is
desirable to Bavethe Curie-temperature of-a com-
position as:far-above operating temperatures as is
convenient' sifieg, - if: the- Cutie temperature falls
within the:range of operating’ temperatures; the:
‘magnetie- properties: may’ vary- quite widely when
the material is in use. The values in Table I
weére' obtained- by erystallizing' the materials at
1200% in-an ox¥gen atmospheére.
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: Table I .
50 i e
BeO | 700 | MnoipFeoil wn. | @ | wq |SUle
55 0 025" 025 0.5 1~ 159 C40F 6360 1-115
0:025 || G225 |2 0:25. | G5 ) 180 | 55 R0 | 124
0.075 0175 | 0.25 [ 0.8 | 146 |- 105 1533 | 200
0.125 | 0,125 | 025 [ 05| 1208 | 117 | 1408 |

The degree of purlty of the
MnO3 and other mgredlents is alse.an important
factor, high purity. béing desirablé. - Diiring the
cr ystalhzatwn process, brought.about by the heat
treatiment, tHe M1iOs decomiposes to afford MiuoO.

BeO ‘was also. substituted for part of the MnOz
in  preparing materials falhng within the
BeO:Zn0: M0 Fe:0s3 system. with. results shown
by the exaniples listed in Table'IA. It will be seen.
¥8 that here, also, the U§é of BeO resulted in ¢om-
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positions having improved magnetic properties.
Crystallization was. carned out a.t 1200° C in
oxygen. - : ;

Table IA
- o 5
BeO | ZnO | MnO: | FesOs | petr. | Q | #Q
0 0.25 0.25 0.5 15.5 36 558
0.02 -} 0.25 Q.23 0.5 15.8 45 702
010 | 0.25 |"016 | 0.5 | 149 | 86 |1281 10
0.20 0.25- 0.05 0.5 8.8 87 >756

Keepmg the ZnO and MnOz content constant
BeO was also substituted for part of the Fea0s in 15
preparing materials within the system

’ BeO:Zn0:MnOz2.Fez03-
with results illustrated in Table IB. Crystalliza-

tion was carried out at 1200° C. in oxygen. 20
Table IB.
BeO | ZnO | MnOs | Fe:0s | merr. | Q | 6@
_ 25
002 | 075 | 0.25 | 0.48 | 168 | 37 | 585
0.05. | 0.25 | 0.25 | 0.45 | 5.2 | 27 | 410
* Another modification in the method of prepar-

ing crystalline materials within the system
Be0:Zn0O:MnOz2: FezOs

was carried out by adding BeO with molecular
proportions of all of the other ingredients re-

maining constant. Crystallization was carried 85
out at 1200° C. in oxygen. Data are shown in
Table IC.
Table IC
7 40
BeO. | ZnO | MnOs | Fe:Os | ametrr. | Q | #Q ’
0.01 | 0.25 | 0.25 0.5 | 156 | 45 .762'
0.04 | 0.25 | 0.25 0.5 | 15.5 | 44 | 682
0.06 | 0.25 | 0.25 0.5 | 157 |46 | 722
0.20 | 0.25 | 0.25 0.5 | 14.8:7| 65 ) 962 _
45
In Table II below, values are given for a crys-
talline system comprising o
‘Be0:Zn0:NiO:Fe203 50

The values in this table were obtained by crystal-, :
lization of thé materials at 1400° C. in an oxygen
atmosphere.

Table II

65

BeO Zno NiO FegOs | pett. | Q #Q %};‘g
: i - e

0 0.35 015 | 05 |152| 39| 593 |80
0.02 0.33 015 | 05 |15.2| 72| 1000 | 130 | 60
0125 | 0225 | 015 | 05 |1a4| 82| 1180 |26 |-
0.2 0.15 0.15 0.5 8.4 76 1 638 - T
0.3 0.05 015 | o5 | 33 12| 337 | -
0 0.25 0.25 1 0.5 |12.5| 54| &5 {1 -
0.05 0.2 0.5 | 05 |122]| 85| 1087 | -
0125 | o125 | 025 | 05 | 9.2 95| 874 | -- -
-0 0.325 |- 0175 | 05 |14.8| 50| 89 | - ~
0oz |- 0305 | 0175 | 05 (148 7l mer {11 |65
0.1 0225 | o175 | 05 |126| 8y 1084 |1l | "
0 0.35 0.1 0.55 [13.3] 30| 399 | -
0.05 0.3 0.1 0.55 |13.2| 63 "8%2 | .
0 0.4 0.05 | 055 | 26) n| 2 |
005 | 0.3 0.05 | 055 {132 81| 400 | 7D
0 0.35 035 | 03 | a0l 88| 152 | o
0:1 0.25 035 | 0.3 | 41] 48] 17 | 1| %0
0 0.8 01 03 | 73| 18 Il |-
0.1 0.5 01 03 | 60 30 18 | Il
0 0.15 015 | 07 | 73| u1] 80 | o
0.05 | 0125 | 015 | o7 | &5 7| s1 i -
0 0.1 0.1 08 | 44| 8| 3 |1
0.025 | . 0.075 | 0.1 08 | 35| 75} 22 | - | .

i

I

1
Ll

In the ahove table, it will be nofed that data
are given for compositions in which various per~
centages of ferric oxide are used and also in
which the nickel oxide and zinc oxide are varied
widely. » _

In Table III, values are given for a system com-
prising BeO:ZnO:MgO:Fe203. These values
were obtained by erystallization at 1300° C. in an
oxygen atmosphere

Table 111

. Curie

BeO Zno MgO. | Fe:Os | porr. | Q #Q - |Temp.

M : . . © C‘ -
0. 0.25 0.25 0.5 15,1 | 44 664 115
0,02 0.25 0.25 0.5 13.2 | &7 752 356
0.1 0.15 0.25 0.5 10.3 | 65 670 -
0.125 0.125 0.25 0.5 9.2 | 60 552 -
0.2 0.05 0. 25 0.5 4.4 | 75 330 -
[ 0.35 0.15 0.5 12| 27 32 -
0.05 0.3 015 | 0.5 8.31 30 249 -
0 0.3 0.3 0.4 10.0 | 23 230 -
0.02 0.28 0.3 0.4 1.8 18 212 .
0.05 0.25 0.3 0.4 9.5 37 352 -
0 0:35 0.35 0.3 5.0 8 40 -
0.05 0.3 0.35 0.3 6.0} 22 132 -
0 0.2 0.2 0.6 9.21 70 644 -
0. 02 .0.18 - 0.2 0.6 9.7| 65 631 i
0.05 0.15 0.2 0.6 8.2 75 615 -
0 0. 225 '0.225 0.55 | 12.1] 65 786.5] ..
-0.05 0.175 0. 2256 0.55 | 10.5| 75 788 .
0 0.3 0.05 0.65 | 10.9 | 50 545 -

0.02 0.28 0.05 0. 65 8.61 8

Table IV contains values obtained for a sys-
tem comprising BeO:Zn0O:CuO:Fe20:. The val-
ues were measured for materials crystallized at
1200° C. inan oxygen atmosphere.

Table IV

"BeO | ZnO-| CuO [ Fe;O3 | pett. Q 2Q rl‘?e‘;ﬁ’;,’-
. . . - °C.
(1} 0.3 0.2 0.5 14.2 20 284 40
0.02 0.28 0.2 0.5 14.2 30 426 I
0.07 0.23 0.2 0.5 15.2 59 897 130 .
0.1 0.2 0.2 0.5 14.4 73 1,051 ——
0.15 0.15 0.2 0.5 12.5 72 900
0. 0.35 0.15 0.5 1.04 53 55
0.05 0.3 | 0.15 0.5 4.0 20 80
0 0.4 0.1 0.5 1.2 29 35
0.02 4.-0.38 0.1 0.5 1.2 35 42 SR
0.05 0.35 0.1 0.5 1.02 57 58 ——
0 0.35 0.2, 0.45 1.06 50 53 el

-+ 0.05 0.3 - 0.2 0.45 1.8 20 .36
1} 0.25 0.2 0.55 15.7 42 659
0.05 0.2 0.2 0.55 14.9 60 894

Table V contains values for a few examples of

“compositions within the system

Be0:Cd0:Cu0:Fez0s

Crystallization was at 1200° C. in an oxygen at-
mosphere.

Table V
BeO | CdO | CuO | Fe:0s | pert. Q | rQ
0.30 0.20 0. 50 13.6 20 | 272
0.02 0.28 0.20 0.50 14.0 25 | 350
0.05 0.25 0.20 0. 50 14.2 35 | 407
0.10 0.15 0.20 0. 50 12.0 71 | 852

It will be noted that for small additions of BeO
to replace some of the CdO, the permeability
rises and so does the Q value. When the amount
of BeO is increased, the permeability drops but
the Q value rises so rapidly that the xQ product
is greatly improved.

Table VI contains examples within the system
Be0:CdO:MnO:Fe203. Crystallization was at
1200° C. in an oxygen atmosphere.
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Table VI corporation of BeO.to be useful.  Perhaps the
greatest : improvements; . on: ineorporating BeQ,.
N - T R occur in those compositions having Curie tem-
BeQ | CdO | MnO? | FerOp'| merr. | Q.| #Q peratures near room.temperature. As shown in
. g the above tables, the incorporation of BeO bene-
WL oz 02 ) 0507 180 A LA ficially raises the Curie temperature, as well as
0.10 | 0.15 | 0.25 | 0.50 | 10.6° | 65 | 68¢ the product xQ. This useful effect of BeO ex-
S SR A . S . tends the range of useful compositions which are
s : . usable-at a given temperature.
5 ese compostions, marked Improvement n 1, " Tne improvement i the prodct 4 brought
basic ternary system about by the inclusion: of Beo in the ferrite sys-
T : s . tems is illustrated graphically in the figure. The
able VII shows the effects of adding BeO to f :
gure shows the extent of improvement that it
the system MnO:Zn0O:CdO:Fez0s3 to form a pen- is. possible to obtain by adding an optimum
tanary system including BeO. The Q. value of po i o .g by
y system . . - 15 amount - of BeO ' :to ferrites -of the - system
the materials is raised considerably. Crystalliza- ™ y65.71n0:Fe;05  The examples given are those
tion was at 1200° C. in an oxygen atmosphere. in which an amount of BeO is. added such that
Table VII ) the maximum increase in value of x4Q is obtained.
— — It will. be noted that a composition made up of
BeO | 7ZnO | ©dO j MnO: | FeOs | potr. | @ | wQ | 202 mixture of 50 mole percent Fe=0s3,.15 mole per-
S ; i - . cent NiO, and 35 mole percent ZnO can have its
0 0.125 1 0.125| 0.25 6.5 1 154 | 29 447 #Q product increased by about 530 units when
0.05 | 0.10 | 0.10 | 0.25 0.5 | 143 )72 | 1030 an optimum amount of BeOQ. is included in the
composition before crystallization. It will be not-
In all of the above systems, the beryllium oxide 9§ ed further that, when the compositions contain
was added to the mixture before the mixture was about 30 mole percent Fe:Os, the maximum pos-
compressed and crystallization carried out. In sible improvement: is very small, while, for com-
general, it has been found: that the addition of positions containing above about 70 mole percent
abhout 0.2 to about 36 mole percent of co-crystal- Fez03, the addition of BeO may lower the uQ
lized BeO improves the product xQ (“figure of _ . product; no matter what amount is added. The
merit”) of the ferrite solid, and somewhat higher 50 figure also illustrates the relative improvement
values. (e. g., up-to about 50 mole-percent BeQ). possible to bring about by adding BeO since the
may be used to obtain. improved Q values, al- increase in value sometimes amounts to several
though the product xQ may not be improved hundred percent. ’
when the highest percentages of BeO are used. Although the greatest improvement in mag-
When a composition of the three ingredients, 35 netic propeérties has been found when BeO is in-
without beryllium oxide, is selected, which is cluded in a guaternary system type ferrite, it has
near the optimum for maximum g, it has been also been found that compositions having use-
found that the optimum proportion of co-crystal- fully improved magnetic properties can be ob-
lized BeO is about 3 to about 15 mole percent. tained by utilizing varying percentages of BeO in
When the ternary-system composition is high in 49 5 ternary system. Data illustrating examples of
iron oxide, the addition of BeO may lower the various ternary system ferrites; including BeO,
product xQ; hence, the improved materials are given in Table VIII. It will be noted that
should preferably comprise no more than about some significant improvement is obtained in.al-
70 mole-percent of iron oxide. Furthermore, most all instances by the addition of BeO al-
compositions which have less than about 30 mole- 45 though the percentage.of improvement is not as
percent of FeaO3 have poor characteristics which great, in general, as when the BeQ is added or
are generally not improved sufficiently by the in- substituted to form a quaternary system.
Table VIII
. Fe:01 | MnOz{ ZnO.| MgO |  NiO | CuO: | BeO | pete. | Q | sQ
045 | 085 oo | oo | oo | e} .. ] 1L9 85 | 1012 |:
0.45 | 063 | - ) o b o1 oo )00z 1.8 20 | 236
0.45 | 0.45 | - | | oo Dl oo | 12 53 | 504
0.5 0.5 errm | emie | eeee | emee ] oaeee | 1300 36| 405
0.5 ] 045 | D0 Db L] oo | 0005 | 1L6 75| 81
0.55 1 0.45 oo | oo ] e ] e bl | 121 51 61
0.55 | 043 | .- | -0 | oo | —ooo {002 9.1 8L | 737
0.55 | 040 | o | .o | oo ) 2 | 005 7.7 66 | 508
0.45 | oo | men | oeea ] o055 | il | i 3.5 6L | 214
0.45 | oo | ool oo 150 | .- | 005 4.0-| 115 | ‘460
0.50 | coee | oaioi oo 08O | cen | aaos 4.3 75 | 3923
0.80 | oo | coon Lol 1 045 | ZI0 | 0.0B 4.4 90 | 396
0.50 | - | 2 | .- 040 | .o} 010 4.0 | 108 | 424
060 [ oo | oo [eeaf 040 | oo b ... 6.1 o4 | 573
060 | ... | ... ...} 03 | ... | 010 3.5 | 127 445
070 | wewe | eee | emee | 0.95 | ..o | 0.0B 3.6 | 115 | 414
040 | ceee | oaeen ] 0,80 | ool aien | e 5.3 43 | 228
040 | 0| o Loas | Tl .| 015 6.5 63| 410
0.50: 7 oo | eeee 0080 | oo b o Lo 6.7 55 | 369
0804 .o | - lodo | 01 Sl ] 010 4.2 75| 315
c 080 e | een 1040 il | el | e 3.5 90 | 315
080 | oo | oecn ] 030 | oo .. | 0.10 2.8 | 100 | 280
045 4 eece | acee | eeni | emew | 085 | .. 7.4 | 25| 185
0 4 e e b ees e 1 0,45 | 020 |64 01 2%
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Table VIII—Continued g
FesO3 | MnOs | ZnO. | MgO | NiO | CuO | BeO Heff, Q »Q
D080 | e | co | e e f 040 | 010 | 64 | 43] 275
060 | one | woe | oeee ] oeem | 040 | .. | 10.8 48 | 518
060 | o | Tl TP Dl oso | o310 | 10.4 80 | 832
0.65 | oo wee | oo | oo | 030 | 0.05 | 10.8 67| 734
0.5 ——— 0.26 - ———— - 0.26 b. 2 60 | 312
0.8 ——— 0.35 ——— ———— ——— 0.05 10, 27 204 |
0.65 | .- | 03 | o -0 | | 008 9 4 42| 305
All of the above values were obtained by add- 215 inches. The tube was wound with a sole-

mg BeO to the various oxide mixtures and then
‘forming compressed bodies and heating in an oxi-
.dizing atmosphere. The heating temperature
was 1200° C. except that those compositions con-
taining NiO were heated at 1400° C., those con-
taining MgO were heated at 1300° C. and those
.containing ZnO were heated at 1400° C..

From the data given in the above table, it can
be seen that, in some cases, the addition of BeO
.to a binary system ferrite does not improve the
.magnetic properties as much as by adding it to
a ternary system and in a few cases a slight de-
.crease is noted. However, the proper standard
of comparison is a similar body made of powdered
iron which was formerly the best material known
for high magnetic permeability. In all cases, the
.materials composed of the ternary system fer-
rites, including BeO, evidenced improved proper-
ties when compared to similar bodies made of
powdered iron compressed with a binder.. More-
.over, for special uses, ternary system products,
“including BeO, have been found best since the
Q values are usually high and the x@Q product is
also sufficiently high to be useful.

Of all of the above systems which form a part
of the present invention, a quaternary system is
preferred in which BeO and ZnO are both pres-
_ent. These compositions have proved best as to
stability, permeability and Q value. The addi-
tion of BeO, and to a lesser extent MgO, has
been found to be the only factor which can be
added to the ferrite systems in order to improve
the product uQ Wlthout any loss (or undue loss)
of p.

Addition of many other ox1des has been tried.
The addition of CaO, BaO, TiOz, and ZrOz2 usu-
ally lowers both effective permeability, ¢, and xQ.

_Addition of any of ThOz2, Sb203, Al203, SiOz, SnO,
_B203 or Cr:03 sometimes gives compositions hav-
ing moderately improved xQ but the effective per-
meability is usually undesirably lowered.

Although it it is not desired to be restricted to~

the following theory, it is believed that the bene-
ficial effects of adding BeO (or MgO) to the fer-
rite compositions may be related to the higher
rpolarizing power of the Bet* (or Mgt+) -ions
and the higher melting points of the BeO (or
MgO). 'The -polarizing power, . for example, is
proportional fo a/r, where ¢ is the valence charge
and r the ionic radius.’ Be++ exhibits an out-
-standingly high ratio of q/r.
Another interesting and important property of
compressed bodies made up of compositions fall-
_ing within the present invention is that of mag-
netostriction. Magnetostriction is evidenced by
the ability of a body to lengthen in one dimen-
_sion and contract in another direction when sub-
- jected to a magnetic field. Measurements were
“made on compressed cores of the materials. in-
serted within a hollow tube 1% inches long and
“having ¥ inch qutside diameter. The cores were
rectangular ih cross section and had a length of
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noid of 990 turns of No. 30 copper wire. Meas-
urements were taken using -two different field
strengths, namely; 49.0 oersteds (Mi1) and 150.5
oersteds. (Mz2)... The former was obtained by ap-
plying a.battery current. of 0.15 ampere at 1.5
volts-and the later field was obtained by apply-
ing a battery. current. of 0.46.ampere at 6 volts
to the solenoid.. .

"~ Some of the core bodles exhlblted only positive
magnetostriction, as evidenced by increase in
length, and others only negative, while some ex-
hibited positive at one field strength and nega-
tive at another. .In the following table (Table.
IX) some examples of typical resulfs are given,
the positive values; that is lengthening, being
designated —P-— and negative values, that is
shortening, being designated —N—. All values
are relative, a bar.of nickel of similar dimen-
sions being taken as a standard and assigned the
value 4N when subjected to a field of 49-oersteds.
A system of levers- was used to magnify. the
amount of dimensional change and the amount
of the change: was- measured. by observing the
movement. of a knife edge connected to the lever -
system. The units expressed in the table are

simply taken-in-terms of the gradations of the
scale of the observmg scope.
o Table IX
N e 19 | 1505
BeO Zn0 | MnO;z-| Fe:03 oerﬁ:eds oersteds
. 1 2
0.025 | 0.225! 0.95 0.5 0.7N 1.3N
0.075 | 0.175 | 0.25 0.5 1.7P 1.0N
0.125 | . 0.125.} 0.25 0.5 |- 2.0P 0.4N
BeO | ‘ZnO NiO | Fe:0s | M M
0 0.35 "] 015 0.5 | 0.5N [0.8N
0.02 0.33 0.15 0.5 | 1.3N | 16N
0.125 | 0.225 0.15 0.5 | L8N [1.8N
0.2 0.15 0.15 0.5 | 1.3P | 0.7P
0.3 0.05. |- 015 | 0.5 | 0.3P | 0.6P
BeO Zno MgO Fes0s M M3
0 025 1025 | 0.5 | 0.5N | 07N
0.02 0.23 0.25 | 0.5 | L5P | ...
0.1 0.15 0.25 0.5 | 0.75P | 0.8P
0.2 |--0.05 | -0.25 0.5 | LOP | L8P
0.1 0.2 0.2 0.5 | 0.7N | 0.8N
0.15°] 015 | 0.2 { 0.5 | 0.6N | LoN
0.3 0 0.2 0.5 | 0.25P | 0.1P

From the figures in Table IX, it can be seen
that, if a body having a certain magnetostriction
is desired, it is simply necessary to select the
proper composition and prepare a crystalline
ferrite body in the manner described herein.

The above examples contained in the several
tables are not to be construed as limiting the
invention to the ‘“specific compositions listed

“therein. These have been chosen for purposes
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of illustration only and have been selected from
a larger mass of data. The approximate limits

of practical operation have been pointed out

elsewhere above and it is these limits as well as
those found in the appended claims which it is
desired to encompass within the present inven-
tion.

In general, the present invention constitutes
the discovery that the addition of beryllium -oxide
to crystalline ferrite materials containing -atleast
one other oxide of & certain group of -oxides
results in the formation of materials having

" improved magnetic properties, especially if com-
pared with the best previously known materials
formerly used for ‘the same purposes, such ' as
powdered iron. The group of ather oxides from
which one or more may be selected for-inclusion
in the compositions is MnO, ZnO, Cu0O, ‘Cd0O,
‘NiO and Mg0O. 'These may be presentin the form
of equivalent comuounds in the originsgl mixture
but must be readily changed to the above oxide
form during the heating operation reguired to
hring abont the crystal formation. ,

Esnecially zood- results are obtained by select-
ing two of ‘the -above group of oxides ‘together
with BeO and exveriments indicate that three or

© more mav also be used although, apparently, no

additional gdvantage is gained by so doing.
The improvement in results obtained through
use of the present compositions may be in any
one or more of several categories; hence, whether
or not a certain material constitutes animproved
product compared with ‘prior art materials ean-
not be judged by any one test. Certain of the

comuositions exhibit exceptionally high values of -

magnetic vermeability, others have -exceptionally
low loss factor (high QY, some have 5 desirably
high product -of ‘these two wvalues, others have
desirable magnetostrictive properties and  still
others have great stability although their perme-
ability or Q values may not be as high as any
one of a number of other possible compositions.
In some cases, a composition may have excep-
tionally high Curie temperature and thus be use-
ful for certain applications.

We claim as our invention:

1. A composition of matter ecomprising the re-
action product produced by heating together
in a non-reducing atmosphere at temperatures of
900° C. to 1500° C. for .1 minute to 5 hours an
intimate mixture -of from 30 to 70 mole percent
Fes0s, 0.2 to 50 mole percent BeO, and the re~
maiinder comprising at least 20 mole :percent one
other oxide from the class consisting of the oxides
of manganese, zinc, magnesium, nickel, cadmium
and copper.

2. A composition, according to eclaim -1, in
which the amount of BeO is from about 0.2 to
about 30 mole percent.

3. A composition, ‘according to claim 1, in
which the amount of BeO:is about 3 to. about 15
mole percent.:

4. A composition. of matter comprising the re-
action product produced by heating together in

a non-reducing atmosphere at temperatures of .

900° C. to 1500° €. for 1 minute to 5 hours an
intimate mixture of about.30 to 70 mole percent
Fe:0s, about 0.2 to about 50 mole percent BeO,
and the remainder comprising at least 20 mole
percent of one oxide from the class .consisting of
MnQz2, ZnQ, Mg0, NiQ, Cu0 and CdO. _

5. A composition of matter comprising the re-~
action ‘product produced by heating together in
‘a non-reducing atmosphere at temperatures:of
900° C. to 1500° C. for 1 minute to. 5 hours an
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intimate mixture of .abouf. 30 to about 70 mole
percent Fe203, about 0.2 to 50 mole percent BeO,
and the remainder comprising at least 20 mole
pércent of two oxides of different metals from
the class consisting of -oxides of manganese, zine,
magnesium, nickel, copper and cadmium. '

6. A composition -of matter eomprising the re-

‘action product produced by heating together in

a' non-reducing atmosphere for 1 minute to 5

-hours-at temperatures of 900°-C. to 1500° C. an

intimate mixture -of about 30 to about 70 mole
percent Fe203, about 0.2 to about 50 mole percent
BeO, and the remainder comprising at least 20
mole percent of ZnO and at least one:oxide from
the class consisting -of the oxides of manganese,

, magnesium, nickel, copper-and cadmium.

7. An article of manufacture characterized by

‘having improved magnetic properties conmprising

a compressed body of material-of predetermined

‘shape, said material comprising a reaction prod-

uct produced by heating together in a non-reduc-

ing atmosphere at a temperature of 900° C. fo

1500° C. for 1 minute to 5 hours an intimate mix-
ture of 30 to 70 mole percent FezOs, 02 to 50
mole percent BeQ and at least 20 mole percent of
an oxide from the class consisting of fhe oxides
of manganese, zine, magnesium, nickel, copper
and cadmium. )

8. An article of manufacture characterized by
having improved magnetic properties comprising
a compressed body of material of predetermined
, said material comprising a reaction prod-
uct produced by -‘heating together in a non-
reducing atmosphere at'a temperature of 900° C.
to 1560° C. for 1 minute fo 5 hours an intimate
mixture of 30 'to 70 maole percent Fe:03, 0.2 1o
50 mole percent BeO, the remainder comprising
at least 25 mole percent ZnO and at least one
other oxide: from “the ¢lass consisting of the
oxides of manganese, magnesium, nickel, copper
and cadmium,. .

9. A methed of forming a core body character-
ized by having improved magnetic properiies com-

“prising preparing an intimate mixture of 30 to 70

mole percent Fe2Qs, 0.2 to 50 mole percent BeO
and at least 20 mole percent of an oxide from the
class consisting of MnOz, Zn0O, MgO, NiO, CuO
and CdO, compressing said mixture to forma. co-
herent molded hody of predetermined shape,
subjecting said.molded body to a temperature of
900° C. to 1506° C. in . a non-refiucing atmosphere
for 1 minute to 5 hours to form a crystalline -
substance having a .definite chemical composi-
tion, and cooling said crystalline substance.
HUMBOLDT W. LEVERENZ.
IMRE J. HEGYIL
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