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ABSTRACT

4dditional information releting to previcus FIAT end CI0S
reports on high dielectric constont insuletors and paramagnetic
ceramica has been recorded.
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Dr, Sennett 3. Ellefson T,1.I,D, (FIAT
M, Otto Guttmann T.1.1I.0, (FIAT

TABLE OF CONTENTS

L L) L)

Subject

Int.,oduction . . - ‘e
Filling ‘n -

Faring - .

Thin Ceramics
Ietullizing .. - . e
Low Loss and High Permittivity Ceramic Body Campositions .
Titanium Peroxide ond Titendum Oxides
X~Ray Analysis . .o
Darkening of Irradisted Titanium Bodies
Poramagnetic Ceremic Rodies .
Iiigh Frequency Radistion Absorption
Ceramic Loaded Plastic Pilms
Coefficient of Expenrion

Use of Zirconiu. Oxide
Use of Lanthanum Oxide
Use of Tin Oxide .

L) L)

- L] - - -
LI T -
A & = B B m & B w =
- L] - L 3 - - -
- - - - - - L]
L T S O T Y

Appendix 1, List of Germen Personnel Interviewsd
" 2, List of Targets Visited
! 3. Bibliogrsrhy

. ‘e ! .

ERRATA to FIAT FINAL REPCRT MO, 617

I'¥
b

[ o N I L B R L

s
a0

H O WD O GO DD D

-




INTRODUCT ICN

©oatdive:
LT A

The purpose of the investigation wes to obtain more detailed
cowrmation on the compositions and processes of manufacture of high
.. lTictric constent insulators end ceramic paremeznetic meterials,

oeiustion:

Some new data on the high dielectric constant insulators has
¢ :n obtained s a supplement to previous reports, Of special
irtirest is the additional information on thin ceramic processing,

siide to Reader:

Reference will heve to be mede to previous reports (as listed
in the Bibliorrarhy, in order to obtain & more comprehensive picture
ol the work done in the ficld of high dielectric constant insulators
und ceramic parameagnetic meterials, Supplementery information
furrished In this report will refer sgpecifically to these previous

cports. DNew material has been reported under each of the separate
topirs di. cussed bhelow,

MILLING
Reference:
Bibliography 1; Fages 8, 9,
" 2:; Pages 3, 8.
; 33 Page 24,

! L; Dage 82,




Additional Informetion:

The advantage of very finc grinding of the raw reteriels in
producing bodies of lower loss angle has veen proven. Grinding times !
of 144 hours and 2 mill speed of 1.5 to 2.0 reyolutions per sscond f
have beer used by Dr. Rother. This long time grinding intreduces mill
contaminetion and it is recommended that e porcelain mill be used.

Tt should have grinding balls msde fram & body compozition similar

to that used in the betch, ‘hen using flintstone balls in » Silex
Jined mill, the contemination car definitely be detected by an altera-
tion of the electricel properties of the seramic,

Reference:
Bibvliography 1; Page 5.
" 2; Fage 9.
" 3; TPage 24,

" Ly Page B2,

Additional Information:

. The dimensionsl shrinkege in the firing of titanisa bearing bodies

ig in the order of 10 to 20%. The majority of the shrinkage takes
plaoe at temperatures between 1000 end 1200°C, 4 normel achedule used

. . Por the firing of titenia bodies in the 0.5 cubic meter chember of
the 85 k.v.a, electric laboretory furnace is as follows:

Room temperature to KOO°C 5 hours
500°C to 1000°C 7 hours
1000°C to 1200°9C 7 hours
1200°C to 1320°C 2 hours
Hold at 1320°C¢ 3 to 5 hours
Cool to L00°C 15 hours




Mush of the dimensional shrinkage, ete,, the range of firing
1000°C to 1200°C cen be eliminated by vrefiring the titaniun oxides
at 1200°C before mixing with other components, This prefiring has
bzen found to be adventegeous from the standpoint of reducing the
failures in the press~forming operations,

THIN CERAIICS

Keference;
Bibliography 1; Page 70.

" 2; TPage 3,

+dditional Information:

A body designated by Dr. Rother ag Th-1 and consisting of

Rutile 81053 81%
Rutile S1403 10¢
Barium Cerbonete L%
Zircon Hydrate 5%

hes been used for making very thin plates and thin walled tubing,
Thig body has = dielectric constant of 95 to 100. In plates having
a2 thickpess of 0,6 mm., the loss factor at one megacycle is 4 to

8 x 107™; in 4.0 ni% diameter tubing with a 0,4 mm, wall the loss
factor is 5 x 107", Veriations in the loss faotor are introduced
by the different binders used. In meking the thin plates, 500 grems
of the milled, dried and sieved Ti-1 mess are mixed with 35 ee. of

2 one o one vater solution of sulfite waste (from paper making).
When dried this mixture is then pessed through an ASTH 25 mesh sieve
and preased into thin plates, In making the tubing, 1500 grems of
the milled, dried and sieved TA-1 mass is mixed with 500 ea, of &
5% solution of Tylose (& glue product), This mixture is extruded
vertically and before being handled pesses directly through the
chember of & smell electric furnace cperated at 900°C, Tubes 400
to 700 mm, in length, with diemeters of 4,0 to 8.0 mm. and & wall
thickness of 0.4 and 0.8 mm, respectively were exhibited by

Dr. Rother, Because of the deleteriocus effect of the sulfite waste
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bonding agent cn the electrical propertiss o the thin vlates, other
agents such »s sodium phosphate had been studied, These mixtures
had also been used for czsting and plates as thin os 0,1 mm, had teern
prepared,

Reference:
Biblicgraphy 1; Page 11,
" 2; Tage 9,
" 3: Page 2,

" L; Pege 82,

Additionel Information:

Because of the poor expansion match between the silver and the
céramic body, the metal-ceramic bend from the standpoint of tompera-
ture hes to be handled with ecmre, This helds for soldering asg well
as later uge, It has been fcund that a six hour firing at L0O0°C
following the burn~in et 810°C is helpful in eliminating some of the
fallures, In soldering it is recommended that the temperaturs not
exceed 200°C, The silversd wars is hented to 60° to 50° 2nd = solder
heving 2 mel¥ing point of 142°C and a composition o Sn 47, 04 LT+
and the balence Pb is used, -

10V LOSS AND HIGE FERMITTIVITY CFRAMIC 3007 SOMPOSITIONS

Reference:
Bibliography 1; Pages 12, 17,
; Tege €,

H 3; Pages 22, 23,



Hdditionnl Informztion:

L typographical error exists in Table 1, page 12 of Bibliography
Reference 1, Rutile 81043, should read Rutile S1403, 1In all cases
where Rutile is mentioned without any further dcsignation, i% means
that Rutile 31053 waos used,

TITANIVE, PFROXIDE 417 TITALNTULNY Q:IDES

Referencge:

Bibliography 1; DPnges 13, 14, 15,
s Pnge 7.
! 5; Pago 23,

" L; Tege 79,

Additionnl Information:

Titanium peroxide and the other titanium compounds were manu-
factured by I.G, Farverirdustrie 4,G, et their Leverkusen plant,
bfecording to information supplied in a letter to Dr, Rother from
Dr, F, Werther of I.G. Farben the titanium peroxide wasg produced
by neutralization of titanium sulphate and precipitetion with
hydrogen peroxide, Rutile 81053 conaists of Rutile orystals and
hes & specific gravity of 4.0 - 4,1, Its caleination temperature
was 950 - 960°C, Rutile S1403 consists of homogeneous rutile
crystals and hes a specific gravity of 4,2, Tt had been calcined
at 1050 - 1100°C. Rutiox consists of fine hamogeneous crystals
According to the letter this materiel hed been calcined at 930°C
and had & specific gravity of 4.9,

X-RAY ANALYSIS

Referenas:

Bibliography 1; Page 15.




Additional Information:

Fo report nad beer received by Jr., Rother on the X-ray aralysis
of the raw metericls and the bodies made from them, From vrecords
listing the meterizls on which exposures had been mede, cver on2
hundred X-ray powdcr diegrams were made, The H-rey equipment was
loaned tc Dr. Rother by Trofessor E. 3chiebold, Institute for
Roentgenology, "eipelz. lhss Pettinger and kiss Triger of
Frofessor Schiebold's department opersted the egquipment ot Tauf,
Pepnitz. The films were ot leipzig for anslysis at the conclusion
of the war and no furthsr contzct has been established,

DARVIEIIYG QF IRNLIATED TITHRTUr: BOCTES

Reference:

Bibliogrephy 1; Tage 18,

Additionel Informaticn:

Trcfessor llilsch at the University ol Ivlangen hos begun preli-
minary work on a fundamental investipation of this problem,

TLIRAVAGITITIC CELRSMIC BALIES

Reference:

Bibliogravhy 1; Pege 18,

" 2; Dage 3,
: 3, Page 2L
" 4y Page 79




Additional Information:

A zilicon carbide plate iz used to support these materials
during firing,

The scapstone used in the F11l body is a pure material from
Spain. Semples of F7 and P16 had been submitted to
Professor Palkenhagen, Technische Hochschule at Dresden, for
measurements on permeability and pemittivity. No data arc avail-
able on these measurements. The body compositions are:

F7 Body
Fe30h 784
Iron powder 5%
Ordinary Clay 74
Soapstone B%
F16 Body
Fez0,, 505%
Blue Clay
(Czechslovakia ) 7%
Soapstone 43%

Crude measurements made on a more recent prepaeration F130

(containing 55 copper oxide) indicates - pemcability value twice as
great as that for Fil.

Firing these pressed bodies to 800°C gives them enocugh strength
to allow machining. Final firing temperatures of 1400°C and higher
in a reducing atmosphere are required. The parsmagnetic properties
develop within a rather narrow temperature interval.



HIGH FRELUERCY BRADIATION ABSORFTICH

Reference:
Biblicgraphy 1; Tage 19.
" 2; DPoge 3.

" L; Page 83.

Additional Information:

Composition 524 consists of;
Futile 21053 90t
Cerium Carbonate  10%
This mixture was fired, powdered and then applied to metallic
surfaces with an o0il vehicle. 4t 30 om. thez reflection from such
surfaces had been dropped to 25% of the valuc of She uncoated

surface., Dr. Becker and Dr. Schmidt, Leipzig, contributed theore-
tical calculations on this problem.

CERAIC LCADED PLASTIC PILAS

Reference:
Bivliography 1; Fage 21.
" 2; Poge 4.

" 33 Page Bh.

Additionsal Infomaoticn:

Composition of body 508 is:

Rutiox he



Bentonite 2%
Cerium Carbonate 10%
Biznuth Carbonate b

Data reported by the Everswalde works of A.G. Schering indicate
scme interesting properties for the loaded £ilm, The unlosded pure
film (Triafol W) when heated to 80°C loses its moisture and the
dielectric c¢onstant decreasses. Uhen heated further to 130°C the film
shrinks and e ¢apacitor constructed from such a film shows an effec-
tive increase in capacity due to the dimensionel chanpe. When allowed
to stand a2t rooum temperature the capacity returns to its original
room tempernture value. & capacitor made from pigmented film has
higher absoclute values of capacity (dielectric constant of pure film
about 3 and pignented film about 20) but undergoes a similar cycle
of capacity changes on heating (505 increase in capacity at 130°C),
However it does not change from its high value at 130°C even though

held for as long as eight hours at room temperature in a 5L
relative humidity,

COEFFICIENT OF EXPANSION

Dr. Rother had made no measurements on the coefficient of
expansion of the various bodies prepared. In the discussion with
Dr. Schusterius at another target he stated that all of the
commercinlly feasible titania Tpodies that he had studied had pretty
much the same expansion characteristics. Titenia-zirconia amd
titania-lanthania.bgdies have coefflcients of expansion of the
order of 8-10 x 107° in the temperature ronge fram 20°-100°C. In

the same temperature r%nge the value for steatite bodies fall in
the range of 7-8 ¢ 107",

UsE OF ZIRCONIUM OXIDE

Reference;
Bibliography 1; Pages 12, 13,

n 2: Page 6.



Bibliography 3; Pages 21, 22,

" k; Pages 77, 104,

Additional Information:

Dr. Schusterius stated that his werk on zirconium~titnnium
oxide bodles was initiated in crder to determine what replacement
of the titanium ion (0.£4 ingstrom radius) by ths larger zirconium
ion (0,86 Angstrar radius) cculd be effected and what influence
such replacement would have on the electrical preperties. He
found & limited {15 to 20%) solubility at 1400~1500°C of the
zirconium oxide in the titenium oxide. Dr. Schusterius had as yet
not arrived at any completely satisfactory explonaticn for the changes
~ in electrical properties which such an introduction of zirconium
brings about. Bodies contalning sssentially pure TiOp heve a value
of dielectric constant of 80~100 and a large (800 x 107°) positive
temperature coefficient of dielectric constant. When Zr0, is intro-
duced to the limit of solubllity the dielectric censtant of the body
is about 25 and the temperature coefficient of dieloctric constant
becames highly negative (=300 ¢ 107%), Dr. Schusterius did menticn
that it 1s interesting to note that there is less tendency of =
zircordum-titanium oxide body to discolor on firing as compared
to a relatively pure titanium oxide body. He felt that cne might
reason that since the lattice was strained by the introducticn cf
the larger zirconium ion, it would be more reactive and hence have
a greater affinity for oxygen.

USE_OF LANTHANUM OXIDE

Referenoe:
Bibliography L; Pages 12, 13, 15, 20, 21,
n 2; DPages 6, 7.
" 3; Pages 21, 22, 23.

" L; Pages 77, 102.

-10 -




Additional Information:

The basls for the original studies by Dr. Schusterius on the
use of rare earths for the high dielectric msterials was an ettempt
to £find a commercial ocutlet for an excess by-product supply of rare
earths produced by Auergesellschaft.

When mixtures of lanthanum oxide and titanium oxide are fired,
a chemical compound is formed containing a one to one mol ratio of
the two oxides. Such a body (one to one mol ratic) has a dielectric
censtant of sboubt 385, almost zero tempernture coefficient of
dielectric constant and a very amall loss angle, High firing

temperatures (1400-1500°C) are necessary to bring sbout the sompound
formaticn.

USE OF TIN OXIDE

Reference:

Bibliography 4; Page 102,

Additional Infommaticn:

The basis for the studies by Dr., Schusterius on the +in ozide-
titanium oxide bodies was to detemine the effect of the substitution
of the tin ion (0.74 Angstrom radius) for the titardum ion (0,6l
Anstrom radiua). A complete solubility of one oxide in the other
in the fom oft a mixed crystal is possible in this system. With
increasing tin content the dielectric constant decreases and the
temperature coéfficient of dielectric constant deoreases. These
bodies have not been found to be of any particular commercial sig-
nificanee sincd the electrical characteristic oan be achieved by
other more feasible combinations.
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APPENDIX 1

List of Gemman Perscnnel Interviewed

Name Location sddress
Dr. Carl Schusterius Kaiser Wilhelm E¥nigshofen~Grozfeld
Inatitut fir Bavaria.
Silikatforschung
Dr. Frenz Rcther Lutz and Co, Lauf-Pegnitaz.
APPENDIX 2

List of Targets Visited

Name ' Lecation
Kaiser Wilhelm Institat Loewenkeller.
ftr Silikatforschung Kénigshofen-Grozfeld
Bavaria.
Lutz and Co. | Doebrich and Heckel
Bulildings
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APFENDIX 3

Bibliograggy

Related Reports Published by Allled Intelligenoce .\gencies:

1. CIOS Report, File No. X{IX-31
"Lutz and Company at Lauf, Pegnita
by F/Lt. 5. J. Bogars. '

2. CICS Report, File Neo. XXIX-48
"Ceramic Developments of Dr. Rother,
Lutz and Co."™ by Lt. Col. R. H. Ranger,
Sig. Corps.

3. CI0S Report, File No. XYXI=-22
"Refractories in Turbine Blades plus
Miccellaneous Applications" by Dr. S. S, Kistler.

L. FIAT Final Report No. 617, "The Electriocal
and Technical Ceramic Industry of Germany"
by Dr. Ralston Russell Jr., JIOA.

The following patent applications have been made by Lutz and Co.,
Lauf Pegnitz during the years 1941 to 1942 1 =

Verfahren zur Herstellung von keremischen Werkstoffen
mit sehr hoher Dielektrizit#tskonstante

10 Juni 1941 iktengzeichen: L 104567 VI 1/80b
Erfinder: Dr., Imnz Rother,

Verfahren zur Herstellung von kersmischen Kérper mit
hoher Dielekbrizitdtskonstente

9 Juli 1241 Aktenzeichen: 1 104827 VI b/80b
Erfinder: Dr, Franz Rother.

Keramischer Werkstoff fiir elektrische iAnwendungszweocke
21 Jull 1942 Aktenzeichen I, 10850L VT b/80b; 8/13
Erfinder: Dr. Pranz Rother.



Miech k¥rpen mit erhdhter Dielektrizitdtskenstante
10 M#rz 1943 itkenzeichen I 110 822 VIII b/21c
Erfinder: Dr. Franz Rcther.

Verfahren zur Steuerung cder zur Vernichtung
elektrischer Fnergie bezichungswelse clekstrischer
Felder

20 Nov. 1943 sktenzcichen L 113259 VIIT =2i/2h
Erfinder, Dr. Franz Rother.

Spervschlchtrelle auf keramiscner Grunidlage
27 Nov. 1943 ,ktenzoichen L 113210 VI b/30%
Erfirder: Dr. Franz Rother.

Glimnerrustavnschstolf
21 Dez. 1943 iktenzeichen T 113450 VIII b/2lc
Erfindcr: Dr. Franz Rouher.

Veyrahren zur Vernlchtung clostromagnetischer
Felder bezw. elekirischer Signaie

17 Jan. 19%. iktenzeicher I, 113524 VIII ~21/ak
Ex{inder: Dr. Franz Rother.

Verfalrea war Oroun:sabwehr
15 Liftrz 194L sktenzeichen I, 113985 XI 72g.

Verfahren zur Bextafung eindlicher tecnnischer
Koamfeinheiten, bholsvlelwelse feindlicher
Bomber=Geschiveder.

22 Hiai 1944 ~htenzeichen T 114520 XI 721
Erfindesr: Fricdrici Hayer, Dr. Franz Rether,
Dr. Nikcdizus lutz.

anordrung zur teilweiscen oder vollstindigen
Reflexicn clektrouagnetischer wellen

24 Juni 194k fiktersceichen 1L 114902 VIIT 221/ab
Erfinder: Dr. Frznz Rother, Dr. Hikclaus Lutz,
Dr. Friedrich liayer,

_lj_“_




Verfahren zur Erzeugung hochgespamnten Gleichstromes
el July 194k, iktenzeichen L 115145 VIIT d4/214 -
Erfinder: Dr, Franz Rother, Friedrich rayer,

LDr. IMikolaus Luts.

- Kerami schen Jerkstoff mit cxtremen elektrischen
Eigenschafts werten

-1 Sept. 1944 Lktenseichen I, 115457 VI b/ 80k
krfinder: Dr. Pranz Rother.

Elektriacher Wirmegerdt flir Heiz und Kochzwecke
3 Okt. 1944 [litenzeichen T 115775 VIII c/21h
Erfinder: Dr. Franz Rother, Dr. Nikolaus Lutz,
Friecrich liayer.

Verfchren zur Herstellung eines Pilmes mit hohen
Dielektrizitdtskonstante

19 Lug. 1941 Lktenzeichen L 110 833 VIII b/21c GR 2/30
anmelder und Erfinder: Dr. Pranz Rother.

Fomstdck f'dr clektrische Isclationszwecke mit
veridngertem Kriechweg

1 april 1942 iktenzeichen 1L 107316 VIII b/2lc
Erfinde o: Dr. Nikolaus Lutz, Dr. Pranz Rother.

Plattenliondensator mit erh8hter Kopazitat
2 Qxt. 1943 Lktenzeichen I 112780 VIII c/21g
Erfinaer; Dr, Nikolaus Lutz, Johenn Salomon.

Keranischer i.ehrschicht kondensator
25 wuzuct 104 actenzeichen L 115505 VIITI o/21g
Erfinder: Dr. F¥ikolaus Yutz, Dr. Franz Rother,

Wickelkondensiter f4r elektrische Zwecke
8 Hal 2243 Jktenzeichen I, 111 419 VIII q/21g
Erfinder; Dr. Tranz Rother.

Geformter Dielcktrischer.uischkﬁrper

19 Juli 1543 iktenzeichen 1, 111241 VIII b/21c
Erfinder: Dr. Nikolsus Lutz, Dr. Franz Rother,
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ERRATYL TO FILT FIMAL REPORT NO. €17

The copy of the merican report FL.T 617 which was reproduced
photographically in this country for szle by H.i.3.0. contained
over 200 mistakes. No attempt has been made to correct the numercus
typogrephical errors such as Carbide for Carbide and Frets for Frits
on page 2. The major cmissions of technical data are however listed
bhelow. It is regretted that the incorrect version was reproduced
for sale purposes. « copy of the report ccrrected personally by
Professor Ralston Russell Jr., the author, may be seen on applicetion
tc the B,I.0.8. Information Section, 37, Bryznston 3quere.

Po ? line 58 2“2. 5?0 CR.205-

P.23 line 8 INSERT -

(&) Zirconia, Thoria, Spinel: These materials
are ground and acid-~trested in the same
menner as alunina,

line 22 sfter "Xylol" insert "or rubber latex”.

P.4l line 21 INSERT :

(c) Fraction IIT: 30 Kg of alumina 2)b are
mixed with 18 liters of decanted wash
water from 4)a for about 2 hours in a
30 XKg mill., The slip is passed through
3600 mesh {ca.i,S.T.H. 150 mesh) and
then diluted with water to a viscosity
of 100cc/10sec.

P.47 line 23 99. 5% inly0s.
line 39 23.8% - Siletz Kaolin {calcined 1500%%).
P.51 1line 28 INSERT :

Injection Molding: The injection molding

equipment wos purchased fran Franz Braun A
A,G, Zerbstein. Weighed quantities of the
batoh are filled into the cylinder which is
heated to 118-123°C, The mass is injected
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through a special heed (pressure of 13000-
18000} into a water cooled mold (L0°C),

The molded parts are removed after being under
pressure 3 seconds, and the flash is removed
by high speed grinding.

P, 52 1line 1 Delete Be ingert "30° Re",
P, 70 l1ast line for example, 1500 amperes at 25 volts,
P, 78 line 37 after "in the campoisition” insert "The iden-

tification of this constituent as Titenium
peroxide is questicnable",

P. 85 line 2j For "1000-10000 uf" read "100-1000 uf end an
auxilisry unit with & range of 1000-10,000 uf",

P. 93 line 14 For "14% 1,0% -- Clay Substance {22% Plastic
Tlay) (75% Kaolin).

read "48% 1.0% -~ Clay Substence (22% Plastic
Clay) (78% Keolin).

P. 96 8. Specific Heat-Keel/Kgn®C 0.19-0,21 0O,19-0,21
Delete 12, Power Factor, 20°Q: '
50cy x 10° - 10fey,
Insert 12, Power Factor, 20°C
Eag' 50 cycleg.

I¢] 1{3-6 - 107 cyecles,
P.100 1ine 37 Eor Ca0.8i0z read CeQ,3103.
line 39 For {Ca0.Mg0.510p) read (Ca0.¥g0.2810p).
P,102 line 24 After "following renge of campositions
. 1) (90-99% - TiOp 2) 560-909% - T40,
( 1—10% - F&QO} IO-LO% - &102n
P,120 line 2 For "NbC," read "NAGC,",
P.121 line 15 For "NbC" and "WC3)" reed "NAC" and "W,C)".




P,122 line 18

P.123 1line 3
lines 27 & 28

Composition 31 is as follcws:
(also 82)
81.3 - Tungsten Carbide (WC}
18,27, ~ Titanium Carbide (TiC)
0.5 = Cobelt powder

100,07

Delete "80 Kg," ~ substitute "The'.

Delete two sentences nnd substitube "lined with
Hartmetalle, Weigged cherges and pressures

of about LO00 £/in® arc normally used.
llechanical presses fitted with multipls dies
hove been used satisfacborily”.

8657/950/8.47/P.S.C./27.59.2.
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