PUBLISHED W, RATH Serial No.

MAY 11, 1943, ELECTRICAL INSULATING BODY 301,323
BY A. P. C. Filed Oct, 26, 1939 2 Sheets-Sheet 1
Fig.7
o 100 ' -

Q0

8

L I

60

50

40

ol

20. -

IO% J

a 1

10 20 30 40 S0 60 70 80 % 0%

Inventor
WERNER FRATH

" s it

Attorney



PUBLISHED W, RATH Serial No.

MAY 11, 1943. ELEGTRICAL INSULATING BODY 301,323
BY A. P. €, Filed Oct. R6, 1939 2 Sheets-Sheet 2
]'Iy 2
- L%
X x i aml ——
T Be -7 02
’f
,’
,nﬁ ":’-I ’l&_.;! :?eg‘l Lava :u.i:rials
;. Heroero: |
-600} r ! Z
I:' ; 7,
-500] V4 / 4
7
! '/ . lﬂz -ﬁa‘
v’ o“‘ -/
I’ s /
-3001 ,l .“- .,/
e
/ / ]
_m ! y. 1’
1
[ /AN
. 17 |
zo 'x 1
/ krg0-lits
\
o B
\
\Y
+2001 .
= 50 2 /] 0 70 80 90 70 70DC

/nventor
WERNER RATH

Altornev



Published May 11, 1943

Serial No. 301,323

ALIEN PROPERTY CUSTODIAN

ELECTRICAL INSULATING BODY

Werner Rath, Bad Klosterlausnitz, Germany;
vested in the Alien Property Custodlan

Application filed October 26, 1939

My inventlon relates to an electrical lnsulat-
ing body of a titanium containing material, to
electrieal elements conslsting of such materials
and to the manufacture of the material and of
sald element.

It is common practice to use ceramic material
containing titanium dioxide for the manufacture
of Insulating bodies more particularly of con-
densers, as titanium dloxide Is characterlzed by
a high dielectric constant. For the use of ceramlc
insulating bedies for high frequency purposes it
is also desirable that the materlals should have
a low dielectric loss. Another requirement of in-
creasing importance Is that the dlelectrical ma-
terlal should have a dielectric coefliclent varying
as lttle as possible with the change of the tem-
perature. This is important for the production
of oscillating circults independent of the tem-
perature. Numerous ceramic materials contain-
Ing titanium dioxlde have been developed for
these purposes having qualities meeting the re-
quirements of any particular use.

Sometimes certain qualities of a broduct of a
desirable nature, for Instance: independehce of
the dielectrie coefficlent of changes In tempera-
ture, must be purchased at the price of other
qualities of an undesirable nature, for instance
at the price of only mode dielectrlc constant.
The oblect of the Invention Is the manufacture
of electrical insulating bodies which are apt to be
used as a condenser dielectric and ln which the
desirable properties are incorporated to an ex-
tent surpassing any limits attalnable heretofore.
A more particular object of my invention Is the
manufacture of a ceramic material comprising
8 densely sintered mixture of titanlum dioxide
and oxldes of the so called three valent rare
eatrths particularly of lanthanlum oxide and/or
oxides of the rare earth elements accompany-
ing the lanthanium in the main lanthanium con-
talning minerals. Viewed from another aspect it
is an object of the Inventlon to create a new
possibility of utilizing certain vast materlals
which are produced in the oberation on minerals
of the rare earths and heretofore could not be
used econoinically.

As above explained, ceramic dielectrics have
been manufactured of materials contalning ti-
tenlum dioxide and having, due to the content
of titanium dioxide, a dielectric constant (DC)
which is large compared with other ceramic ma-
terlals so thaet the dimensions of condensers of
a glven capacity made of such dielectrics could
he considerably reduced. Thus materials have
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been produced, for instance, containing in addi-
tion to titaniwn dioxide substantlally china clay
(kaoline), soapstone or certain refractory oxides
such as magnesium oxide or berylllum oxlde and
having a high dielectric constant. In the high
frequency art, however, only a limited number
of such materials contalning tlianium dioxide
could be used, to wit such materials of this kind
which have low dielectric losses. Only a very
limited number of such materials were known.
Of the materials contalning magnesium oxide and
titanium dioxtde such known compounds having
an extremely low loss had always a comparatively
small DC. This is particularly undesirable as
the DC varles but very little in such compounds
with Increasing content of titanium dioxide in-
creasing for instance from 12 to 18, when the
content of titanlum dloxide rises from 18 per cent
to 79 per cent.

I have found that compounds of this kind ean
be considerably improved by the admixture to
the titanium dioxide of three valent rare earths,
e. g. of lanthanium and its natural sccompany-
ing rare earths and of yttriiun earths. 'The ad-
mixture to the titanium dioxide of oxides of these
earths results In ceramic materials having a high
DC and extremely low dlelectric loss. The crude
lanthanium oxide avallable on the market which
contains

Per cent
Lanthanlum oxide - o _.____ 50-70
Neodymium oxide (o ____ 2040
Praseodymium oxde . ________ 3-10

and small proportions of other rare earths when
added to titanlum dioxide results in a ceramic
material having any deslrable DC of from 106 to
100 depending on the ratio of mixture and hav-
ing a dielectrie loss angle varylng from 1 to 5
times 10—t The same result 1s obtained by the
mixture of tHtanium dioxide with the crude
yttrium oxlde avallable on the market which
contains 75 per cent yttrium oxide.

As lanthanjum oxide and the other rare earths
are a vast material obtained In the treatment
of monazite sand and as it was not possible be-
fore to use this vast material for any economical
purpose the present Invention will materially en-
hance the efficlency of the process of obtalnmg
rare earths from monhazite sand.

Of particular importance for the utility of t.he
ceramic materials manufactured from rare earths
and titanium oxide and for the adaptabllity to
various requirements arising in different cases
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Is the fact that the content of the rare earths
in the densely sintered mixture may attaln a
comparatively high proportion without in any
way adversely affecting the density of the sin-
tered product, as In the case for instahce with
mixtures of titanium dloxide and zirconium di-
oxide which likewise have a high DC and a low
ahgle of loss. In contradistinction to the mix-
tures containing three valent rare earths, zir-
conium containing mixtures will ordinarily re-
sult in a dense product and in a low angle of
loss only if the content of zirconium dioxide is
small and if the content of titaninm dioxide is
high, whereas a higher proportion of zi{rconium
will result in difficulties if It be attempted to
attain a materlal having a DC of 20 to 50, a
low angle of loss and a high density. If the
content of the zilrconium oxide exceeds 16 per
cent, the material will not result in a dense
product but will tend to form a coarse crystalline
structure of a limited strengih and of a porous
nature having s comparatively high angle of
loss. ‘These difficulties are not met with if three
valent rare earths are used In lieu of zirconium
oxide so :ithat, In this event, materials having
a DC from 20 fo 60 and a low angle of loss may
be produced., At the same titne such properties
of the mixture as are desirable for the ceramic
process may be Insured by the admixture of clay

and for soapstone as will be explained herelnafter .

by reference to specific examples.

I have mentioned hereinabove that for the
materials used in the high frequency art, for
Instance for the provision of electrical oscillat-

ing cireuits, it 15 often desirable that the fem- -

pereture epeffictent (TC) of the dielectrie con-
stant, and thereby the changes of the capacity
of a condenser having a dielectric formed by the
ceramic material occasioned by changes of the
temperature, can be controlled within wide limits
and that, if desired, the independency of the di-
electric constant from the temperature may be
more or less attained by a suitable cholee of the
constituents and the ratio of mixture of the same.
'This problem has led for instance to the devel-
opment of a series of materials having a content
of titanlum dloxide so proportioned that their
TC 1g either negative to a certain extent for the
compensation of variations produced by fluctua-
tlons of the temperature of the elements of an
oscillating circuit or may approach zero more
or less from the positive or the negative side for
producing thermal independency of the eircuit
element.

Let 1t be assumed, for example, that for such
puwrpose the TC of an electrical Insulating body
shall have a value of from —100.10-% to
+100.10-8. This means that the capacity of a
condetiser of this material shall Increase or de-
creage not more than 100.10-% when the tempera-
ture varies one centigrade. The prior ceramic
material meeting thls requirement have a DC
from 6 to 20. This applies, for instance, to the
ceramic materials available on the market under
the trade name “Tempa” and “Diakond” con-
taining titanium dioxide and applies equally to
other known materials contalning magnesium
oxide and titanium dioxide and to materials con-
taintng beryliium oxide. Hence, it will be under-
stood that & more or less considerahle independ-
ehce of temperature can be obtalned oniy with
8 comparatively small dieleciric constant.

Compared with this prior art my improved
ceramic materials containing titanium dioxide
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siderable improvement as a TC varying between
+100.10-% and —100.10—% is combined with a con-
siderably higher dielectric constant such as a
constant of from 35 to 42 obtalnable with a mix-
ture of titanium dioxide and lanthaniutn and
the earths accompanying the same. OCwing to
the higher TC the dimensions of electrical ele-
ments produced therefrom may be considerably
reduced as will be readily understood. This ad-
vantage of the titanium containing masses pro-
duced with the aid of rare earths with regard to
the increased DC compared with known mate-
rials having the same TC extends far into the
region' of the negative TC for Instance up to
—b00.10-5, that is to say into the region in which
a high DC and a somewhat highcr negative TC
are desired, for instance for compensating pur-
poses in oscillating circuits. Also in this region
my improved materials are superlor to all other
known materials contalning titanium dioxide.
‘This superlority of my Improved materials over
those avallable on the market prior to my inven-
tion will become apparent from a consideration
of the fact that the prior materials having =
DC of a sufficient rate were Invariably charac-
terized by an excessive negative TC, whereas
my. improved materials having the same DC are
characterized by a TC much more approaching
the positive side or zero, respectively. Moreover,
the angle of the dlelectric loss of my improved
materials, when used as a dielectric in an elee-
trical high frequency field, is very low, in fact
as low as such titanium dloxide containing ce-
ramic masses only having an admixture of mag-
neslum titanate. These known materials, how-
ever, have a comparatively limited DC. From
the forezoing it wil! be understood that my im-
proved condenser material is a valuable advance
of the high frequency art as it results in con-
densers of a compact structure because of its
high DC and of constant capacity under variable
temperatures because of 1ts small TC, osclllating
circults Including these condensers having a high
selectivity and a low loss owing to the small di-
The most valuable me.-
terlals are belleved those having a DC of 32 to 45,
particularly of from 34 to 41 and TC of from
+100.10-9 to —150.10—¢ depending on the par-
tlcular composition and manufacture and having
an angle of dielectric loss of tan d of from 1.10—
to 2.104. However, those materlals having a
higher DC because of a small proportion of oxide
of lanthanium and/or said homologues may be
also serve a useful purpose because of thelr low
angle of loss in such cases where a higher nega-
tive TC Is permissible. In the manufacture of
ordinary ceramic materials the cost of the raw
material is negligible compared with the cost of
manufacture. That is different with my im-
proved materials as because of the finished prod-
uct depends largely on the cost of said rare
earths’ pxides. In the manufacture of high fre-
quency condensers, however, the use of expenstve
materials is economical for such purposes where

5 superlor quallities of the product are demanded.

As the ceramic industry is able to produce tubilar
condenser bodies for instance having a thick-
ness of but one centigsrade of an inch and as
the capacity of a condenser is inversely propor-
tonal to the thickness of the dielectrlc, the
ceramic work pieces for the manufacture of ron-
densers of a high capacity are small and have g
limited welght and, therefore, can be manuy-
factured at & low cost In mass production. In
the high frequency industry, a dielectric material
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characterized by a slightly negative or slightly
positive TC 13 urgently needed, as there 1s an
increasing demand for compensated condensers
and oscillating circuits adjusted for a predeter-
mined dependency on the temperature.

My invention is also applicable to larger con-
densers of an extremely high capaclty having
the shape of plates, cups, flanged cylinders,
receptacles or the like, as In these cases the use
of a substantially more expensive material than
used heretofore may be quite economical, for
instance because the higher DC of my improved
materials compared with that of magnesium
sillcate materials having a DC of 6,5 renders it
possible to substitute a single plate of my im-
proved material having a DC of abou{ 40 for 6
plates of the prior steatite materials. In many
cases the saving In space amounts to a substan-
tial advantage Justifying a higher cost of the
material.

It is an Important fact that a comparatively
inexpensive lanthanlum oxide of llmited purity
is available on the market for the present pur-

pose. This material contalns

Per ceni
NdaOs - e 26 to 30
Pra0s o e e e 5,5

whereas a lanthanium oxide having a purity of
90 per cent would be less useful as it Is less du-
rable. A high proportion of cerlum oxide in the
material 13 detrimental,

I may state that, particularly for the purpose
of making a dielectric having a DC substantially
independent of changes In temperature, the use
of lanthanium oxide results in a durable ma-
terial only if neodymium and praseodymium are
present at the same time in the above stated
proportions. Pure or substantially purer lan-
thanlum oxide i1s unsuitable because it 1s more
expensive to produce and because it Is not du-
rable, Lanthanlum oxide In itself results in du-
rable bodies only if other oxides reducing the di-
electric constant, such as magnesium oxide and
beryllium oxide, are present in sufficlent propor-
tions.

Similar considerations apply to the use of the
pure lanthgmium-homologues, for Instance of
neodymium oxide. The use of these materlals
is impractical compared with the use of lan-
thanium oxide not separated from its accom-
panying earths, since these other pure oxides are
not sufficlent available on the market and are so
expensive as to preclude an economlic use thereof.

The durability of the new product particularly
under the influence of water, has been extensively
tested and found to be satisfaetory. This ap-
plles particularly to materials contalning less
than 75 per cent of an oxlde marketed in Ger-
many by the Auer-Gesellschaft, Oranienburg,
under the trade name *Lanthanoxvd 1.” The
chemical, mechanical and dielectric properties
of the material jJustify the conclusion that the
sintered material contalns probably at least two
compounds to wit 3La30.2T1Oz and Laz034TiO2
and mixed crystals of these two compounds.

To the ceramic material I may add clay, MgO,
BeO and/or ZrO: and have found that these
additions have satisfactory results, particularly
with materials having a DC of from 20 to 45.
The addition of these materials facilitates the
manufartuie and is apt to [educe straying of the
TC and DC and to enhance the chemicel durabk’]l-
ity of the material. Straying of the above values
has been observed in my improved materials as
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well as in the prior condenser materials, The
materials containing these additions have a quite
satisfactory angle of loss and a TC which is more
negative or less positive than In the absence of
these additions.

Hereinafter I shall disclose a number of ma-
terials manufactured in accordance with my in-
vention stating their composition, the process of
their manufacture and their properties. The
Properties of the most Important materials con-
taining commercial lanthanium oxide including
didynium (neodymium and praseodymium) oxide,
will appear from the enclosed drawing in which
Fig. 1 1is a diagram illustrating the re-
lationship existing between the dielectric co-
efficient of the lanthanium material from the pro-
portion of titanlum dioxide thereof, while Fig. 2
1lustrates the relationship of the temperature co-
efficlent of these materials from their dielectric
coefflicient.

The diagram of Flg. 1 applies to materials con-
tailning in addition to titanium dioxide either the
material known on the market as “Lanthanoxyd
I" having the following composition:

Per cent
LaaOs o o e 64 to 68.50
CeOs o 0.47
NdaO3 oo e 26 to 30,
PraQ: e 5.50

or the materlal available on the German market
under the name “Lanthanoxyd roh” containing
8-12 parts cerium oxide per 100 parts lanthanium
oxide, or “Ceritoxyd” contalning about 40 parts
lanthanium oxide and accompanying earths per
680 parts cerlum oxide, or didymium oxide.

For a given proportion of titanlum dioxide, the
materials containing yttrilum oxide referred to
in the examples recited herelnbelow have a higher
DC than the materials represented by the dia-
gram of Fig. 1. I prefer for the manufacture of
these materials to use a commercial product con-
taining 75 per cent yttrium oxide. This product
is superior to one contalning 85 to 95 per cent
Less favorable values than those
of the diagram of Fig. 1 will be obtained with a
product avallable on the German market as
“Lanthenoxyd II”. This product contains the
smallest traces of CeOsz, of Nd203 and Pr:0; and
contains 90 per cent La20:.

Plg. 2 is a diagram illustrating the tempera-
ture coefficients of the DC values of the ma-
terials dealt with in Fig. 1. At the same time
PFig. 2 includes a dlagram showing the corre-
sponding data of seme other known titanium di-
oxide contalning madterials such as the materials
having an admixture of beryilium oxide, =zir-
conium oxide and magnesium oxide. Also the
data of some other commercial materials (except
magnesium titanates) are shown, Including the
materials available on the market under the trade
names ‘“Condensa F—C-—N", “Kerafar R—S—
T—U—V" and “Tempa N".

The above described new properties of my im-
proved ceramic material containing titanium di-
oxide and lanthanium oxide render my invention
particularly applicable to condensers and oscil-
lating circuits including the same in which the
capacity shall be either constant with fluctua-
tion of the temperature or shall vary wiith such
fluctuaticns in the cpposite sense thereof within
wide limits. The electrical date of a civeuit con-
taining a condenser having a pesitive TC may be
rendered constant by inclusion in the circuit of
one or more condensers made of my improved
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ceremic material having a negative dielectric
BC. By suitably combining condensers of the
improved type having a negative TC with con-
densers having .a positlve TC, any desired re-
sultant TC of the entlre arrangement may be
obtained. This resultant TC may be made nega-
tive if that is necessary for compensating a posi-
tive TC of other circuit elements such as in-
ductance coils. Thus obtaining a clreuit having
8 congtant frequency independent of variations
of the temperature.

My invention is of particular importance for
the manufacture of condensers having a neg-
ligible TC of from +-159.10~% to —150.10-¢. Con-
densers of this kind having a ceramlic dielectric
are not novel but the known dielectrics of this
kind had invariably a comparatively low dielec-
tric constant of from 6 to 18. The present in-
vention has made it pessible for the first time to
secure 8 DC exceeding 18 combined with an ex-
tremely small TC, the DC attaining considerable
amounts of from 20 to 45. Thig is extremely
favorable because it permits the dimensions of
condensers for high frequency purposes, par-
ticularly short wave purposes, to be considerably
reduced.

The technical advance attalned by my im-
proved materials is clearly illustrated by a com-
parison with the known titanate materials hav-
ing a similarly low angle of loss. These materials
have a much smaller DC, Moreover, it is possible
within very narrow limits only to arbltrarily ren-
der the DC negative or positive as desired, as a
functional connection consists between the DC
and the TC. My Improved materials, however,
may be so0 produced that by electing a sultable
proportion of the components of the mixture, the
TC may be rendered more or less negative or
slightly positive as desired. This applies to ma-
terials having a DC varying between wide limits,
the materials having a low dielectric loss,

The process of manufacture is the following:
The components are mixed and then ground In
wet condition from 25 to 30 hours within a rotary
ball drum of porcelain, the balls consisting of
flint. The mixture is then dried and moulded in
the manner customary in the ceramic lndustry,
for instance by the customary dry pressing proc-
ess. The bodies so produced are then burned in
the customary manner at a temperature of Seger
Cone (SC) 10 to 15. The period of time within
which the final temperature should be reached,
may be different depending on the bodies to be
produced. With bodies of small dimensions the
temperature may be raised to the final limit with-
in 1 to 10 hours. With bodies of larger dimen-
sions, however, this period is preferably chosen
from 20 to 25 hours. The final temperature is
maintained from 1 to 5 hours, the exact burning
time being determined in each case by simple eX-
periment as usual in the ceramic art. After the
bodies have been allowed to cocl, the opposite
faces thereof are—in a manner known per se—
coated with a liquid rare metal compound, for in-
stance burnishing silver and are subjected to &
burning temperature of from 500 to 800 centi-
grades. In this operation firmly adhering coat-
ings of metal are formed. The condensers so
produced are particularly adapted for use in elec-
trical oscillating circuits.

I shall now set forth a number of examples for
my Improved materials. In referring to
“Tanthanoxyd I" or “Lanthanoxyd II” I mean the
materials having the composition described here-
inabove:
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(1)

(2)

3

4)

(b)

(8)

D

Lanthanoxyd IT .. ..._
Titanium dloxide-._-_.

Burning temperature__

Dielectrie constant____.
Angle of losg_.. . —____.
Temperature coefficient

Lanthanoxyd I.______.
Titanium dioxide_-—____

Burning temperature__.

Dielectric constant-_....
Angle of loss.________
Temperature coeficient.

Lanthanoxyd I _.__._
Titanium dioxide. -~

Burning temperature._..

Dielectric constant-..-_.
Angle of loss_ . ___
Temperature coefiicient.

Lanthanoxyd I _____.
Titanium dioxide._-... .

Burning temperature._.

Dielectric constant__._.
Angle of 1085 _
Temperature coefficient.

Lanthanoxydhydrat I__.
Bentonite__ .o ______
Titanium oxide_________

Dielectric constant_____.
Temperature coefficient_

Angle of loss_ . _____
Lanthanoxydhydrat I.__

Wildsteiner Blauton___.
Bentonite ..o __

Magnesite______._______

Dielectrie constant.—._.
Temperature coefficient_

Angle of 1085 —eoe__

Yttrium oxide of 75
per cent content_.____
Titanium dioxide_.___..

Burning temperature.._.
Dieleectric constant______
Angleofloss . .. . ___.
Temperature coeficient_

18 per cent
82 per eent

100 per cent

SC 14 collapsed to
SC 14 bent

67

tan d=2.10—4

TC=—59).10—%

16.6 per cent
83.4 per cent

100 per cent

SC 13 collapsed to
SC 14 bent

82

tan d=9.10—1
=—815.10-%

41.3 per cent
58.7 per cent

100 per cent

SC 13 collapsed to

5C 14 bent
45
tan d=2.10—14
=-—275.10-8

62.2 per cent
37.8 per cent

100 per cent

8C 13 collapsed to

SC 14 bent
40
tan d=1-3.10—14
TC=0 to —50.10—%

55 per cent
2 per c¢ent
43 per cent

100 per cent

32-38
TC=-—110-
—160,10—¢
tan d=1-25.10—1
40 per cent

3 per cent
2 per cent,
40 per cent
13 per cent

100 per cent

25-28

TC=-+24~
+54.10-¢

tan d=3.5-7.5.10—+

54.8 per cent
45.4 per cent

100 per cent

8C 141

6470

tan d=3.5-6.5.10—4
TC=—600.10-¢
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(8) Yttrium oxide of 75

per cent confent.. ... 44.6 per cent
Titanlum dioxide_______ 55.4 per cent
100 per cent
Burning temperature___. 8C13-14
Dielectric constant..___. 7185

tan d=9-12.10—+
51.8 per cent

Angle of 1088 .

(9) Didymium oxide________

Titanium dioxide-______ 48.2 per cent
100 per cent

Burning temperature.__. SC 13-14

Dielectric constant__ . 3641

Angle of 1088 e tan d=3-4.10—¢
Temperature coeficlent_. TC=-—20.10—%

As stated heretofore, the lanthanium oxide is
preferably used together with the natural ac-
companylng earths containing in the Cerite- and
monazite minerals, for instance in form of the
raw or commerclally pure lanthanium oxide hav-
ing 60 to 90 per cent La203 obtained when mon-
azite sand iz worked up. The titanlum dioxide
must be a product free from alkall and iron in
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order to obtaln a low loss of angle. It may be
pure rufile or & material produced by precipita-
tion from a watery solution avallable on the Ger-
man market under the name “Titanwelss",

I may add sultable fluxes and plastifying media
as known for ceramic low-loss materials contain-
ing titanium dioxide. The proportion of these
additions must be found by tests.

The datae following hereinafter will clearly il-
lustrate the superiority of my Iimproved mate-
rials. These data glve the dielectric constants of
such materials which have dielectric properties
independent of temperature, i. e. TC=0 and the
dielectric constants of such materials where the

temperature coefficient 13 small but negative.
Dielectric constant for—
TC=0 TC=—100.10"¢
BeO—TiOr—materials..._.... ... DC=10-11 14-15
Z1r0—TiO0—matorlals. _._____ ... 13-15 18-21
Known materials of the commmerce 10-11 18-20
LasOy—TiOr—materlals. .. ______ 3441 36—41
T

WERNER RATH.



