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This invention relates to materials having im 

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. v 
The present improvement is especially related 

to the use of beryllium oxide, BeO, either sub 
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 properties 
and also high Curie temperatures. P 

· Another 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 desirabie 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 
figure is a graphical representation of the im-. 

by addi provement in the product uQ obtained 
tion of BeO in a Ni-Zn ferrite. 

9 Claims. (Cl. 252-62.5) 
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u 2. 
Although the compositions, which are a part 

of the present invention, are diferent 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 possible 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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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, 
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 · 

º 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 
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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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 take place in a non 
reducing atmosphere, preferably at atmospheric 
O? higher pressures. • v 

Instead of starting with the oxides themselves, 
, it 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 Fe2O3, 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 atmosphere is 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 neutral atmosphere. 
Certain of the present compositions also utilize 
oxides of manganese. This is preferably present 
as MnO2 in the imitial mixture but changes to 
MnO in the reaction product. This change oc 
curs even thöugh a? oxidizing atmosphere be 
used, provi?ding the oxidization properties of the 
atmosphere are not strong enough to prevent the 
reduction of the higher valent oxide to the lower 
divalent form. Likewise, other oxides of man 
ganese can be used in the starting mixture since 
these will revert to MnO When heated in the oxi 
dizing atmosphere. Similarly, it is possible to use 
oxide of copper o? nickel since there also wili 
change to the desired form when heated under 
the oxidizing conditions preferred. 
Becäuše of the brittlenessöf the reaction prod 

ucts, compressed bodies of the reactants may be 
formed at pressü?és of, say, 20,000 pounds per 
square inch and these compressed bodies are 
treated at elèvatéd temperatures in order to im 
part the desired properties of increased perme 
ability, low loss, etc., desired in the end product. 
TheSe compressed bodies may alsö be fo?med by 
extrusion molding processes at much lower pres 
sures. The fact that shaped bodies of the com 
pressed material can be formed without the pres 
ence of a permanent binder adds much to their 
improvément over materiáls. previouslý known, 
such as pöwdered irón, which requires, the use of 
a permanent binder, since the binder introduces 
a multitúde of gaps of considerable size between 
the particles, and the gaps, themselves, are re 
sponsible for much of the lower permeability 
hitherto present in materials of this nature. 
When the materialis made in the form of com 
pressed bodies, the pressure of forming may vary 
widely. Pressures of 2,000 poundsper square inch. 
have been found to produce the same improved 
results as thoše ten times as great and extrusion. 
molding techniques.have been úsed with excellent 
results. For example, the ingredient oxides may 
be pre-heated, mixed with a temporary binder 
and extrusion molded and heat treated. In 
general, it maybe said that the pressure of form 
ing should be suficient to form a closely coherent. 
body and the pressures used should simply be 
those necessary to obtain this result. 

After the heat treatment has been accom 
plished as deseribed, the reaction productis pref 
erably, although not necessarily, cooled very 
rapidly, as by subjecting it to a blast of air or 
quenching in Water. Rapid cooling generally in 
creases the permeability and low loss qualities 
above those values obtained when slow cooling is 
uSed. 
The reaction mixture may be compressed into 
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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 preferred lubricants are thosé which are 
completely burned of during the heat treatment 
process. Suitable examples are Stearic acid and 
microcrystalline · WaXes, Such aS CarbowaX. 
Other improvements in molding technique are 

described in the previously mentioned co-pending 
application, such astreleasing pressure uniformly 
from thé mold piston after compressing the oxide 

Asi 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 addition of beryllium oxide produces de 
sirable improvements not obtainable when mix 
tures of oxides, not including beryllium oxide, 
are used: n , 
One of theºnew systems, according to the pres 

ent invention, is"a"quaternary system comprising 
BeO; MnO, ZnO and Fe2O3. In Table I below, 
are given examples of various compositions of 
these four ingredients“ expressed in mole parts. 
First, there is given a composition 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 proportions of the other 
two ingredients remaining constant for purposes 
of comparison: In ·each case, in all of the tables 
which“ follow; the values of several magnetic prop 
erties are given: -i. é; effective permeability uefr:, 
the reciprocal-of the less value Q, the product uQ, 
and, in a few instanees, the Curie temperature. 
Since the · Curie temperature-is a temperature at 
which a marked" change of properties occurs, 
probably due to crystalline reorganization, it is 
desirable to have the Curie temperature of a com 
position as:far-above operating temperatures asis 
convenientº sinee, ·if thé-Curie temperáture falls 
within the ºrange of operating temperatures, the · 

s magnetie-properties: may vary: quite widely when 
the material is in use. The Values in Tabie IE 
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were obtairied: bý· ??ýstalizing the materials" a 
1200°in?anoxygen atmosphère. · 

50 

Zn0 

0:25 - | · 0:25 55 * | | 636 | 115 
:025 | Q:225 |: 0:25 | Q; 5: : i:: 880: | 124 : 
075 | 0. 175 | 0.25 | · · 1533 | 200 | 

0, 125 | · 0, 25: * 1498 j· 

In the above syste?, is has beén found that the 
physical nature (e.g., density, particle Size, degree 
of aggregation) óf the manga?eše, dioxide in 

- - - - - m n. ae?náximüm u and Q and the rate of 
of thémaximump and Q. Dense par 

iodérate size, súch, as 1 to 10 microns, 
mal parti?les (e. g., less 

than 0.1 micron). The degree of purity of the 
MnO2 and otheringredi?nts is also an important 
factor, high puritý being desirable. Düring the 
crystalization pro?ess, brought. about by the heat 
treatiment, the MnO2 decompošeš to afford MnO. 
IBeO was also substituted for part of the MnO2. 

in preparing materials falling within the 
BeO:ZnO:MnO:Fe2O3 system with results shown 
by the exampleš lišted in Table:IA. It will be seen. 

?s that here, also, the uše ôf BeO resulted in com 
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positions having improved magnetic properties. 
Crystalization was carried out at 1200° C. in 
oxygen. . r * : : 

. Table IA 

i 10 

K Keeping the Zno and MnO2 content constant, 
Beo was also substituted for part of the Fe2O3 in 5 preparing materials within the system 

v Beo:zno:MnO2 Fe2O3 

With reSultS illustrated in Table IB, Crystaliza 
tion was carried out at 1200° C. in oxygen. · 20 

· Table IB. • * . 

BeO | ZnO ·j MnO2 | Fe2O3 : ustu. Q | uQ. 
–|–|–|–|–|–|– 25 
0.02 | 0,75 | 0.25 | 0,48 | 15.8 | 37 | 585 
0.05 | 0.25 | 0.25 | 0.45 | 15.2 | 27 | 410 

· Another modification in the method of prepar- so 
ing crystalline materials within the system 

BeO:ZnC):MnO2:Fe2O3 
was carried out by adding BeO with molecular 
proportions of all of the other ingredients re 
maining constant. Crystalization was carried 35 
out at 1200° C. in oxygen. Data are shown in 
Table IC, 

Table IC 

40 

45 

In Table II below, values are given for a crys 
talline System comprising 

BeO:ZnO:NiO:Fe2O3 50 
The values in this table Were obtained by crystal- . 
lization of thé materials at 1400° C. in an oxygen 
atmosphere. 

Table II 
T 55 

H - • Curiel - “ BeO ZnO NiO | Fe2O3 | ueff.. | Q juQ Temp, 

- - o C. 
0 0.35 0, 1:5 0.5 | 15.2 | 39 | · 593 | 80 
0. 02 0.33 0.15 | 0.5 | 15.2 | 72 | 1090 | 130 | 60 
(). 125 (). 225 0. 15 | 0.5 | 14. 4 : 82 | 1180 | 276 
0.2 0. 15 0. 15 0. 5 8. 4 | 76 | 638 | - -- 
0.3 (). 05 0. 15 0.5 | 3.3 | 102 337 M H. 
0 0.25 0.25 | 0.5 | 12.5 | 54 | 675 | - •m 
0,05 (). 2 0, 25 0.5 | 12. 2 | 85 | 1037 | - 
(0, 125 0, 1:25 0, 25 (). 5 9, 2 95 874 na a v 

0: 2: 1 : 1 : | : | 3 | : -- | 65 0, 02 (). 305 0.175 | 0.5 | 14.3 | 77 | 1101 | - O 
0. 1 0, 225 0, 175 0.5 12. 6 86 | 1084 H MP n 
0 · 0.35 (3. l. 0.55 | 13.3 | 30 | 399 | -- 
0. (85 0.3 0, 1 0, 55 | 13.2 63 832 m M. 
0 0.4 0. 05 0, 55 2.6 11 29 a m 
0. 65 0, 35 0, 05 0. 55 | 13.2 31 409 m H 
0 (). 35 0.35 (). 3 4.0 | 38 | 152 | . 
0: i (). 25 0.35 0.3 4. 1 | 48 | 197 | - | 70 
0 (0. 6 0. 1 0,3 7.3 | 18 | 131 | - | 
0. i. 0. 5 0. 1 0.3 6. 0 30 180 a 
0 0. i.5 0.15 | 0.7 | 7.3.j. 111 | 810 | - 
(). O25 (). 25 0. 15 | 0.7 | 6.5 | 77 | 501 | - m vr. 
0 (). 1 0, 1 (), 8 4.4 83 365 | - | “ 
0.025 | · 0.075 | 0. 1 0.8 | 3. 5 | 75 | 262 | - 

's- . - · M m. -f5 

6 
In the above table, it will be noted that data 

are given for compositions in which various per 
centages of ferric oxide are used and also in 
whichthe nickel oxide and zinc oxide are varied 
Widely. • r. 

In Table III, values are given for a system com 
prising BeO:ZnO:MgO:Fe2O3. These values 
were obtained by crystalization at 1300° C. in an 
oxygen atmosphere. 

Table III 

1 Curie Be() Zno MgO | Fe2O3 | uett. | Q A“Q :|Temp 

• • • · | o C. 

0 (). 25 0.25 0, 5 15. 1 | 44 664 | 115 
0, 02 0.25 0.25 0. 5 13. 2 | 57 752 356 
0. 1 (). 15 0. 25 0.5 10.3 | 65 670 u m. 
0. 125 0. 125 0. 25 0. 5 9. 2 | 60 552 m u 
:0, 2 (). (85 (), 25 O. 5 4.4 | 75 330 .m. H 
0 0, 35 0, 15 (). 5 1. 2 | 27 32 a m " 
0,05 0.3 0. 15 · 0. 5 8. 3 | 30 249 a m 
0 0.3 0,3 0.4 10. 0 | 23 230 -* " 
0, 02 0.28. 0.3 0.4 11. 8 | 18 212 a H 
(). 05 0, 25 O. 3 0.4 . 9. 5 | 37 352 v K na 
0 0.35 0.35 0.3 5. 0 8 40 ·a H 
0. 05 0.3 0.35 0.3 6.0 | 22 132 a a 
0 0.2 (). 2 0. 6 9. 2 | 70 644 na u 
(). 02 . 0. 18 · {), 2 0. 6 9. 7 | 65 63i H H 
(). 05 0. j5 0.2 0. 6 8. 2 | 75 615 - m a 
0 0.225 º 0. 225 0. 55 | 12. i | 65 786. 5 -- 

· 0.05 0. 175 (). 225 0. 55 | 10. 5 | 75 788 m n. 
() 0, 3 0, 05 0, 65 | 10. 9 50 545 * • • " 
0, 02 (). 28 (). 05 (). 65 8. 6 | 95 817 - -- 

Table IV contains values obtained for a sys 
tem comprising BeO:ZnO:CuO:Fe2O3. The val 
ues were measured for materials crystallized a 
1200° C. in anoxygen atmosphere. 

Table IV · 
| 1 | I , * 

· Beo | Zno | CuO | Fe2O3 | uett. Q puQ. f: 

V u · † . 

() 0.3 0.2 0. 5 14, 2 | 20 284 
0. 02 | 0.28 | 0.2 0. 5 14. 2 : 30 428 
0.07 | 0, 23 : 0.2 0.5 | 15.2 | 59 897 
0. 1 0. 2 0.2 0. 5 14. 4 · 73 | 1,051 
(). 15 | 0, 15 | (), 2 0, 5 12. 5 | 72 900 
() . (). 35 | 0. 15 | 0. 5 1, 04 : 53 55 
0.05 : 0.3 , 0. 15 | 0.5 | 4.0 | 20 | 80 
() 0.4 0. 1 0.5 1.2 | 29 35 
(). O2 : : 0, 38 | 0. i 0, 5 1. 2 : 35 42 
0. 05 | (). 35 | 0. 1 0. 5 1, 02 | 57 58 --. 
0 · 0.35 | 0.2 | 0.45 1.06 | 50 53 --:- 

· 0.05 | 0.3 | - 0.2 - | 0. 45 1.8 | 20 | | 38 | --- | 
() 0. 25 | 0.2 0. 55 † 15. 7 | 42 659 | --. | 
(). 05 | 0, 2 (), 2 (0, 55 | 14. 9 | 60 894 | --- | 

. Table V contains values for a few examples of 
compositions within the system 

Crystalization was at 1200° C. in an Oxygen at 
mosphere. 

Table V 

CdO | CuO | Fe2O3 

It Will be nOted that for Small additions Of BeO 
to replace some of the CdO, the permeability 
risés 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 uQ product 
is greatly improved. 
Table VI contains examples Within the System 

BeO:CdO:MnO:Fe2O3. Crystalization was at 
1200° C. in anoxygen atmosphere. 
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Table Vl 

v v alv - - | j“ - . 

, Be(O | CdO | MnO3 | Fe2O3 ·| usif Q p9: · 

0, 10 0.25 (), 25 (). 50 15. 6. 26 | 406 - 
?). 05 (). 20 {): 25 (). 50 13. ? 60 · : 823. 
(). 10 (). 15 0.25 (). 5) 10, 6: 65 689 

In these compositions, marked improvement in 
Q value is evidenced when BeO is added to the 
basic termary system. - 
Table VII ShowS the efects of adding BeO to 

the system MnO:ZnO:CdO:Fe2O3 to form a pen 
tanary system including BeO. The Q. value of 
the materials is raised considerably, Crystaliza 
tion: Was at 1200° C, in am oxygen atmosphere. 

Table VII 

BeO | Zn O | CdO |Mno. Fe20. preff. i Q. | juQ. 
-r-sr-sr- v "u 7n. n-t j : - * M. M 

j 

() (). 125|| 0.125 | 0.25 | 0.5 | 15. 4 | 29 š4:7 
(), (35 0, 10 | 0. 10 0, 25 | (). 5 14. 3 72 1030 

| 

In all of the above systems, the beryllium oxide 
WaS added to the mixture before the mixture waS 
compressed and crystalization carried Out. In 
general, it has been found: that the addition of 
about 0.2 to about 30 mole percent Of co-CryStal 
lized BeO improves the product uQ (“figure of 
merit") of the ferrite solid, andsomewhat higher 
values. (e. g., up.to about 50 mole-percent. BeO). 
may be used to obtain improved Q values, al 
though the product uQ may not be improved 
when the highest percentages of BeO are used. 
When a composition of the three ingredientS, 
without beryllium oxide, is selected, which is 
near the optimum for maximum ju, it has been 
found that the optimum proportion of co-crystal 
lized BeO is about 3 to about 15 mole percent. 
When the ternary-SyStem COmpoSition iS high in 
iron oxide, the addition of BeO may lower the 
product uQ; hence, the improved materials 
should preferably comprise no more than about 
70 mole-percent of iron OXide. Furthermore, 
compositions which have less than about 30 mole 
percent of Fe2O3 have poor characteristics which 
are generally not improved Sufficiently by the in 
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8 
corporation of BeO to be useful. Perhaps: the 
greatest º improvements, on: incorporating BeO, . 
occur in those compositions having Curie, tems. 
peratures near room temperature. AS Shown in 

· the above tables, the incorporation of BeO bene 
ficially raises the Curie temperature, as well as 
the product uQ. This useful effect of BeO ex 
tends the range of useful compositions which are 
uSable at a given temperature. 
The improvement in the product uQ brought 

about by the inclusion of BeO in the ferrite sys 
tems is illustrated graphically in the figure. The 
figure shows the extent of improvement that it 
is possible to obtain · by adding an optimum 
amount of BeO to ferrites of the System · 
NiO:ZnO:Fe2O3. · The examples given are those 
in which an amount of BeO is. added Such that 
the maximum increase in value of uQ is obtained. 
It will be noted that a composition made up of 
a mixture of 50 mole percent Fe2O3, 15 mole per 
cent NiO, and 35 mole percent ZnO can have its 
puQ product increased by about 530 unitS when 
an optimum amount of BeO is included in the 
composition before crystalliZation. It Will be not 
ed further that, when the compositions contain 
about 30 mole percent. Fe2O3, the maximum poS 
sible improvement is very Small, while, for com 
positions containing above about 70 mole percent 
Fe2O3, the addition of BeO may lower the uQ 
product, no matter what amount is added. The 
figure also illustrates the relative improvement 
possible to bring about by adding BeO since the 
increase in value sometimes amounts to several 
hundred percent. : 
Although the greatest improvement in mag 

netic properties has been found when BeO is in 
cluded in a quaternary system type ferrite, it has 
also been found that compositions having use 
fully improved magnetic properties can be ob 
tained by utilizing Varying percentages Of BeO im. 
a ternary system. Data illustrating examples of 
various termary System ferrites, including BeO, 
are given in Table VIII. It will be noted that 
Some significant. improvement is obtained in al 
most all instances by the addition of BeO al 
though the percentage of improvement is not as 
great, in general, as when the BeO is added or 
substituted to form a quaternarysystem. 

Table VIII 

0, 02 
0, 10 

vy - «» a m a ma- m n. MB Mur to a m m vu un M. H 

0. 05 

a a m m i 

0, 02 
0.05 

(). 55 
0. 50 

0, 50 
0.45, 
0.40 

0.40 
(), 30 

0,25 

0.05 

0.05 
0,10 

0, 10 

0. 05 

127 

115 

43 
63 

55 
75 

(). 80 
0.45 

0. 50 
0.40 

0, 40 
0, 30 

(). 15 

0, 10 

0, 10 100 

25 
40 

(), 55 
0,45 0, 10 
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puQ 

43 | 275 

48 | 518 
80 | 832 

67 | 734 

60 | 312 
27 | 294 fº 
42 | 395 

Table VIII-Continued 

Fe2O3 | MnO2 | ZnO | MgO | NiO | CuO | BeO Rieff 

0.50 ! ---- | ---- | ---. ---- ! 0.40 | 0.10 | 6.4 

0.60 | ---- | ---- | ---- | ---- | 0.40 | ---- | 1ô.8 
0. 60 | ---- | ---- ---- | ---- | 0.30 | 0. 10 | 10.4 

0. 65 | - ...- | ---- | ---- ---- | 0,30 | 0,05 | 10.8 

0. 5 ---- 1 0.25 | ---- | ---- | ---- ! 0.25 5.2 
0.6 ---- ! 0.35 | ---- | ---- i ---- 1 0.05 | 10.9 
0.65 | ---- | 0.30 | ---- | ---- | ---- | 0.05 9, 4 

All of the above values were obtained by add 
ing 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 comparisom 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 uQ product is 
alSO Suficiently 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 

s 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 without any loss (or undue loss) 
of pu. · · T 
Addition Of many Other Oxides haS been tried. 

The addition of CaO, BaO, TiO2, and ZrO2 uSu 
ally lowers both effective permeability, u, and uQ. 

. Addition of any of ThO2, Sb2O3, Al2O3, SiO2, SnO, 
- B2O3 or Cr2O3 sometimes gives compositions hav 
ing moderately improved uQ 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 

i polarizing power of the Be++ (or Mg++) ions 
and the higher melting points of the BeO (or 
MgO). The ·polarizing power, for example, is 
proportional to d/r, wherè g is the valence charge 
and r the ionic radius. Be++ exhibits an out 

º standingly high ratio of q/r. 
· · Another interesting and important property of 
compressed bodies made up of compositions fall 
ling within the present invention is that of mag 
netostriction. Magnetostriction is evidenced by 
the ability of a body to lengthen in One dimen 

i sion and contract in another direction when sub 
:jected to a magnetic field. Measurements were 
º made on compressed cores of the materials. in 
serted within a hollow tube 1% inches long and 
ºhaving % inch outside diameter. The cores were 
rectangularin cross section and had a length of 
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2% inches. The tube was wound with a Sole 
noid of 990 turns of No. 30.copper wire. Meas 
urements were taken using two different field 
strengths, namely, 49.0 oersteds (M1) and 150.5 
oersteds (M2). 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.046 ampere at 6 volts 
to the solenoid. . . - - • r 

· Some of the core bodies exhibited only positive 
magnetostriction, as evidenced by increase in 
length, and others only negative, while some ex 
hibited positive at one field strength and mega 
tive at another. In the following table (Table 
IX) some examples of typical results 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 observing scope. · 1 

· Table IX 

º 49 
OerStedS 
Mi 

150,5 
Oersteds 
Ma 

Zno | Mno | Fe30. 

() · 0.25 | 0.25 | 0.5 j. 0.5N | 0,7N 
0. 02 | 0.23 0.25 | 0.5 | 1. 5P | ...--- 
0. 1 0. 15 0.25 0.5 | 0, 75P | 0.8P 
0.2 - | ... (), (35 .0. 25. 0.5 | 1.0P | 1.8P 
0. 1 0.2 (). 2 0, 5 | 0, 7N | 0.8:N 
(). 15 | | {), 15 · i "0, 2 | 0,5 : 0. 6N | 1. QN 
(0.3 () (), 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 wéll aS 
those found in the appended claims which, it is 
desired to encompass within the present inven 
tion. M 

In general, the present invention constitutes 
the discovery that the addition of beryllium oxide 
to crystalline ferrite materialis containing at least 
one other oxide of a certain group of Oxides 
reSultS in the formation Of material S having 

º 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 other oxides from 
which one or more may be selected forinclusion 
in the compositions is MnO, ZnO, CuO, CdO, 
NiO and MgO. These maybe presentin theform 
of equivalent combounds in the original mixture 
but must be readily changed to the above oxide 
form during the heating operation required to 
bring aboTit the crystal formation. M 

Especially goodºresults are obtained by select 
ing two of the above group of · Oxidesºtogether 
with BeO and experimentSindicate that three Or 

º more mav also be used although, apparentily, no 
additional advantage 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 an improved 
product compared with prior art materials can 
not be judged by any oneºtest. Certain of the 
comnositions exhibit exceptionally high values of 
magnetic permeability, others have exceptionally 
low loss factor (high Q), some have a desirably 
high product of these two values, others have 
desirable magnetostrictive properties and still 
others have great stability although their perme 
ability or Q values mayº 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 comprising the re 

action product produced by heating together 
in a non-reducing atmosphere at temperatures of 
900° C. to 1500° C. for 1. minuite to 5 hourS an 
intinate mixture of from 30 to 70 mole percent 
Fe2O3, 0,2 to 50 mole percent BeO, and the re 
mainder 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 claim · 1, in 
Which the am0unt Of BeO iS frOm abOut: 0.2 to 
about 30 mole º 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 1:500° C, fOr 1 minute tO 5 hOurS an 
intimate mixture Of about 30 to 70 mole percent 
Fe2O3, about 0.2 to about 50 mole percent BeO, 
and the remainder. comprising at least 20 mole 
percent of 0ne oxide from the class consisting of 
MnO2, ZnO, MgO, NiO, CuO 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 i minute to 5 hours an 

10 

15 

20) 

2 5 

30 

40 

45 

50 

· 55 

70 

75 

1:2 
intimate mixture of about 30 to about 70 mole 
percent Fe2O3, about 0.2 to 50 mole percent BeO, 
and the remainder comprising at least 20 mole 
percent of two oxides of diferent metals from 
the class consisting of oxides of manganese, zinc, 
magnesium, nickel, copper and cadmium. • 

· 6. A composition of matter comprising 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 Fe2O3, about 0.2 to about 50 mole percent 
BeO, and the remainder comprising at least 20 
mole percent of ZnO and at least oneroxide from 
the class consisting of the oxides of manganese, 

| magnesium, nickel, copper and cadmium. 
7. An article of manufacture characterized by 

ºhaving improved magnetic properties comprising 
a compressed body of material of predetermined 
ºshape, said material comprising a reaction prod 
uct produced by heatingtogetherin a non-reduc 
ing atmosphere at a temperature of 900° C. to 
1500° C. for 1 minute to 5 hours an intimatemix 
ture of 30 to 70 mole percent Fe2O3, 0:2 to 50 
mole percent BeO and at least 20 mole percent of 
an OXide from the claSS consiSting of the OXideS 
of manganese, zinc, magnesium, nickel, copper 
and cadmium. . 

8. An article of manufacture characterized by 
having improved magnetic properties comprising 
a compressed body of material of predetermined 

I shape, said material comprising a reaction prod 
uct º produced by heating together irl a 11011 
reducing atmosphere at a temperature of 900° C. 
to 1500° C, for 1 minute to 5 hours an intimate 
mixture of 30 to 70 mole percent Fe2O3, 0:2 to 
50 mole percent. BeO, the remainder comprising 
at least 29 mole percent ZnO and at least one 
Other OXide º from the ?laSS con SiSting Of the 
oxides of manganese, magnesium, nickel, copper 
and cadmium. & 

9. A method of forning a core body character 
ized by having improved magnetic properties con 
"prising preparing an intimate mixture of 30 to 70 
mole percent Fe2O3, 0:2 to 50 mole percent BeO 
and at least 20 mole percent of an oxide from the 
class consisting of MnO2, ZnO, MgO, NiO, CuO 
and CdO, compressing said mixture to forma co 
herent molded body. Of predetermined shape, 
Subjecting said molded body to a temperature of 
900° C. to 1500° C. in a non-reducing 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. ELEVERENZ. 
IMIRIE: J. EEGY). 
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