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Eeport on Telefunken Cesellschaft fur drshtlose
Telegraphie m., b, H: Berlin

Special materiels for raedio valves.

InVestigatof: E.R. Owen, Asst./Controller, Aircraf't Branch,
Control Commission for Germany (B.E.)

Object of Investigation: To cbtain information on
(i) The febrication of Thorium metal and
" its epplication in radio walwve
manufacture.

(i1) The use of zirconium in radio valves.
(1ii) Other speciel metals used in radic valves.

(iv) Special getters.

Sunmer

The Telefunken organization made from 30-40 per cent. of the
total production of radio valves in Germeny and occupied countries
during the war. Including the occupied countries Telefunken hed °
elght valve factories, the one in Berlin having the largest
production. At the Berlin factery the Company developed the
application in radio valves of certain gpecial metals, particularly
thorium, zirconium and alusinium-~ plated ivon. for elggirodes,
getters, etc. This report describes the fabrication and methods
of application of these special. metals.

Genersl Position.

During the war the Telefunken organization made from 30-40
per cent, of the total production of radio wvalves in Germany and
occcupied countries. It hed eight factories making valves; at -
Berlin, Erfurt, Neuhaus, Litzmsnnstadt, Pregue, Liegnitz,
Reicherbach and Ulm, the one in 3erlin having the largest output.
The peak output of the organization was in December 194l when,
expressed in terms of Reichsmarks, it amounted to 8 million per month,
Telefunken aimed at 10 million R.M. by June 1945. (A rate of
10 R.M. per velve will give spproximate figures for the corresponding
number of velves.)

The retes of production of valves in terms of R.M. per month
at the varicus Telefunken Tactories durihg 1943 and 1GhkL are shown
in Appendix I. In December, 1S4k, the cutput of the Berlin factory
was spproximately as follows:— .
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. Valves per month

Miniatures 160,000
Ordinary Receivers 5
Metal Envelopes ' 120,000
Glass ¥nvelopes 50,000
Transnd tting valves ' 15,000

felefunken started moking veives in the factory at
71 Bickingenstrasse, Berlin on lst July, 1939. Until that date
the premises were occupied by Osram Werk of the Osrem G. m. b. H.,
.Go who mede loaps there until 1937 and velves thereafter until
1939. COsron moved the lam-msking plent to See Strasse Berlin in
1937.

Durding the war Telefunken made radio valves of all kinds at
Sickingunstrasse, including receivers, transmitting types
ard ministures; olso couponents parts and materials such as
thorium sheet, wire, getters, lcads, eto. They had also one or
two smaller plants in Berlin making materials and components.

Tclefunkgn Gesellschaft far drchtloge Telegraphie m.b, H.
Berlin i

Location '# The present Telefunken faoctory is at Sickingenstrasse
71, Cherlottenburg, in buildings that were formerly
occupied by the Osrcm Werk of the Osrem G. m. b. H.,
KG. group. ~ It is in the British sector of the -
city ond within eosy distence of the H.Q. of
Militory Government and the Control Commission.

Map. . Reforenmee: Berlin Sheet 5 {(Cemtral) ¥.9.
NOTE: In the Koy on the back of the 3erlin maps
the prerdses at Sickingenstrasse 71
are still shown as occupied by Osram Werk
under the reference No. 324,

Visits; On Octobar 8th, 9th cnd 15th, 1945,

Personnzl Interviewed

Dr. Erich Weigond  ~  Director and Chief Engineer

Dr. Weth - Director :mnd Head of Valwve
Departient.

Dr. Statz - - Head of Experimental Dept.

Ir. Zuckermann - Assistent to Chief Engincer.

WMr. Stonge Metallurygi st,

-
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£1L the aforesnid persons were very co-oncrutive ond appeared
to be reliable. Dr. Statz was principully concerned with
development of materials for velves and was prepared to go to
any trouble to provide information., -

Condation of factory.

uwhilst the adudnistrative departnents had suffered very
sxtensive donoge by adr attadt, the bulk of the premizes vhere
valve production wos carried on, wos clmost completely intoot,
The plent in these premises, however, had neerly oli been teken
tway by the Russians. In lerge shops where there had been dozens
of valve mgking machinecs, there were only one or two valve stemming
machines, one or two machines for moking plags—to-metal seals, =and
some smoll machine tools.  The firm's cxpert glass mekers were
employed in mekdng small glass wore such ns coetail or Jigueur
glasses of simple desipgn. Some attenpt was also being made to
utilize stocks of scrap metal, such zs tin plate, to make sinple
domestic utensils such as tea strrdiners.

Effort was bein; mede to restort the menufacture of radio
vilves in 2o smell wey. In October they were moking the simple
Germon types R.E. 164 and R.G.W. 354 for civilisn sets; and
in November they hoped to moake o stort on types D.K.E. VY2 and

D.K.E. V.C.L.11

Metals used in Kodio Valves

The principal mstals used by Telefurken in the mumfoctwres of
radio velves cre shown in the schedule in Aprendiz 2 which gives
also the purposes for which the metuls were cpplied cnd the supplicrs
of the materials. Most of the metals listed are well known to
radio valve mckers everywherc, and in the limited time availsble
for the present investigotion cttention was devoted clmost
exclusively to specicl, less genarully used, moterinls chiefly
thorium, zirconium, one or two alloys and specicl gettors.

Thoriwa

Tulefunken bought Thorium metal powdur from Degussa
{Deutsche Gold und Silber Scheideanstalt) Frankfurt/isin sand Berlin.
This powder contained at least 97% Thorium izetal snd ucually
98-99.5% total Thoriwa., The chief iupurities were oxygen {(as ‘
Thoria) culeiuwsm, iron and sodium. Iron wes genersily shout 0.1/
sometimes 1t oxceeded this amcunt. If ivon exceeded 1 por cent.
the Thorium was used only for nmrking getters, and no attoupt
was mede to work ii into rod or sheet, Caleiwm ovide wuos less
desirable then iron and for consistently good resulis in working
the metal, the csleium content should not exceed C.05%.




Deguesa produced this Thorium powder by direct reduction of
thorium oxide (thoria) with celeium chippings and cseleium chloride.
A mixture of thoria (obtained from Auer Ceasellschaft A.G. Berlln)
celeium and caleium ehloride in the groportions..

Thoria 100 Kg.
geleivn chippings (Theoreticel welght + 10%)
Celciwm chlerids 25 kg

is rammed iAto a pot made of thin inen shest wnd hested in & gos

furnage to 1l CPC in vacuo. The resction tekes sbout 15-30 minutes
and when complete zrgon is introduced inte the pot and the contents
are sllowed to cool in this inert atmosphere. The contents are .

then emptied, crushed, milled, digested with weter’ while stirring,
and with hydrochlorie acid. The metal powdsr is 8ep aratsd out

on 2 shaiing teble and drisd. The production of *noriunxpowder
by Degussa was investigated thoroughly by & B.1.0.5. Team in
August, 1845, ‘

All tha Thoeium gpowder oroduced by Degussa during the wer was
supplied to Telefunken Beriin for use in radio valves. Degussa
produced the metal by & batch process and theilr ocutput devended
chiefly on the orders plzced by Telefunken. The guantities
zosorbed by the latter veried from sbhout 150 €z. to a maxinmn of
250 ¥ per gonth, Azcording to inforwetion furnished by Degussa
their tobzl cutput of Thorium powder during the wer was cbout
5 tons.

felefunken used the powder for working into sheets and rod and,
in powder forw for couamting valve parts ard as 2 constituent in
getters.

Q

L. Thorium Sheet

, Before pressing the powder was passed through & sieve with
meshss 057 x L0686 moan. - No rru¢1wan1r“ waehing trestiont was
applied,  -For rolling into sheet shout 500 grams of powder was
press=i into bars 150 x 25 x &b rm.m. us ing « steel mould and an
hydresulic press as conmonly used for proessing thﬂb*tun or molybdonu
povder. The applisd pressure was about 30300 Ke/ag. onm.

Qintering
At e o B

virst dried in & waouwn th¢¢@ furrnace

torad in veouo &t JbOu—'t‘: Joozf g” -135:{00)
CUGRINCT oy resistay vl
X thies dried b z
o carbon tuts inside o glass sovcainar Jiks & large
with e cormoection to a vacuum punap to evecuste the

oo, which was preferred,

& e sl e hanse furnace b

A%
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the furnace comprised a horizental porcelain tube (Bythegoras
porcelazin) closed at one end placsd inside a wider rrocelain tube
open at both ends and wound with arn clement of platinue ribben.
The outer tube was mounted in an ocuter stecl cas ing the spsce
betwsen tube and casing being packed with & cuitsble refrazctory
such as magneslia. The Thoriwm bars, up to three in nurber were
charged into the inner percelain rah~ and the open end of the
tube which projected well beyond the end of the outer perozslain
rube was closed with an airtight stopper. The atepper carried
an outlet tube which was comnectazd to a vasuum pup.

The bars were sintered for 3 hours in vecuo; they were
not presintered between the drylng and the sintering,

Belling-

After rounding the sdges the sintered bars were haumered
cold to a thickness of about 18 m.m., and 2 length of 180 m.m.
and cut into two lengths of 20 m.m. esch. The S0 m.m. bar
wes rolled cold across the length {to get the width) and when the
starting thickness was reduced by sbout 25-30 per cent, in about
L passes, ths bar wasg anneaxled in vacuc. To reduce the thickness
from 18 m.m. to 1 .m, the ber had to be annealed 9 times, ard’
for sbout 1 hour at 1600°K (1327°C) each time. Beyond lmm.,
sheet was frequently rolled down to .05 mim., reducing the thickness
in steges of 15-20 per cent in 3 or Ak pezsses and snnealing after
ths early stages. Armealing of sheet during rollipg was done by
rolling the sheet up and placing the roll of sheet in a crucible
furnace which could be evacuated.

Rolling was done cold, in 2 khigh mills with rolls 200 m.m.
diameter and 250-300 m.m. wide followed by finisking mills with rolls
the surface of which had a hardness of 30 as tested by the shore
scleroscope.

2. Thorium rod =nd wire

Red and wire wers made from sither the larger prassed bar
150 x 25 x 25 or & smaller bar 180 x 7 1. (wnlcn on sintering
was reduced to about 545 m,.m. section) according to the finsl dizmeter
required., The smellest diameter of wire made was 0.5 m.m. and
was mamufactured from the bar by swaging *hrruﬂkoat rod was not
drawvn down as in the case of tungsten or molybdenca

The stardard size of reod produced for the fabricaticn cof
valve parts was 4.5 mein. in diemeter. Swaging was done cold in rotaxry
machines with intermediele snneaiing es in the case of rolliing.
The number of amnsaiings however, depended e great uea} on the
quelity of the sterting metal. If the metal was particulerly free
Trom erbrittling impurities such as iron or llm&, one or two armneals
would suffice. The reduction cf dismeter per pass on swaging was

6.



sbout 8 por cent, down to 4.5 wm.m. diameter, ond & little
higher for diameters below L5 maitie

applicctions of Thoriuwa in Radio Veilves

1. Fowder

Thoriun powder wis used for coating =nodes snd other parts
of valves and as & censtitusnt of speclul typos of getter,
It was claimed that Thorium had o high gettering power and when
morts coated with thorium were introduced into o valve, o higher
vacmm inside the volve was pessible,

Proecsss for the cooting of valve parts with thorium

The process employed was the cataphoretic deposition of
thorium (i.e. deposition from & paste or solution containing
thorium in a colloidel state by mecans of :n electric Syrrent).
This process will be described under the following heads:-

(1) Preperaticn of worling aterial,

(ii) Preliminary treatment

(iii) Deposition of thorium. .
(v) Sintering.

(1) Preparation of working material

The material used was a paste made from thorium powder,
pure methonel, acetic oceid, ritric acid and alwninium nitrate
of the following spsoifications:-

Thorium powder = Iron lcss than 0.5%
Caleium less than O.lp

Methanol - pure (supplied by Schering A/G)

Acetic acid - 10% solution

Nitric acid = 15 solution. )

Auninium nitrate g Al (NO3)3. 9 HoO {pwre) - 7.5  grs. dissolved
solutien in 100 c.c. distilled

water.

To prepere the paste, thorium powder (after sieving) methanol and
acetic acid are charged lpte o poreeloin mill, capacity 5 litres,
in the following proportions:— '

Thorium 150 groos ‘
Mo thanol. 300 C.c. |
Loctic acid 3 CaCoa I

The mill contained balls each 20 m.m. dn diamcter ond welghing
. 1200 groms. The charge is ground for 48 hours and after grinding |
poured through a lorge glass funnel into o 3 litre flaosk,
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2100 e,cs of methanol is poured into the mill to wash ocut the
remainder of the paste into the 3 litre flask, into which a
further 15 e.c. of diluts acetic acid is wdded, The contents of
the flask zre well shaken. BRBefore use the contents of the flask
are sheken thoroughly and transferred in three cquel portions
-into 3 flasks, each 1 iitre caopacity, taking coare that no hard
paste sediment is left behind, The paste as it is filled into
eacn 1 litre flask is ghiken vigorously. - Foch of the porticns
in the 3 flasks then receives n wddition of 10 c.c. of the
aluminium nitrate solution and 10 c.c, of dilute nitric acid
(1%), The nitric eccid is necessary to prevent the. formation

of dimethyluomdne, (CH3) NH or Trimethylwmidne (GH3) N which would
cause the thorium paséo to coagulate, ¥ '

The above quantities of starting materials should yield
2500 c.cs of paste. When sieving the thorium powder the
operator should wear goggles to protect the syss. Alsc the
paste is inflommable and o fire proof hoed should be worn.

{(ii) preliminary treatment of parts.

In order to obtain a uniform coating of thorium, parts of
metal esge nickel, must first be annealed in a stream.of:hydrogen
to clean the surface. During amnezling ports must be szo supporied
ab to allow the hydrogen cecess to 211 parts of the surface,
Soldered parts should be wmeuled at 800°C, and welded parts ot
1000°C, for 10 minutes.

(1iii) Deposition of thorium

Generclly ths deposit of thorium must not exceed 2.5 mg, per
5qe om. 28 thicker layers tend to peel off on sintering,. in
excepilon tc this rule was snecdes mode of very thin sheet metal
gege the ancde of valve type RKVLZPZ000 which comprised two half
eircles made of thin ireon costed with zluminiun, The: Theriun
deposit on these thin pieces tends to be disploced relative
to the underlying metel snd o thinner coating is thereforce
- neecsssary.  The maximum thickness of the deporit in such cases
"~ is 1.3 mg. per sge cm, of surfoce.

Thorium was deposited on parts from the paste or sclution
deseribed above cither on a Getter Automatic Machine or o seporate
cutaphoresis cpparatus {(particulars of which were not availeble
ot the tine of the visit) the former being advantageous for the
treatment of parts with a sinple profile s they wllowed n higher
-rate of -handling, The cnodes made of iren or nickel were &5

neerly as possidbleo of the some profile ws the prats o be ]
trented which formed the cathodes in thoe baoth. No nard ani.fust
rule obtained as regsrds clectrode spucing; spots with p?rtlculaljy
short electrode spaeing should be avoided as the Thorium is

loosely held at such spots snd peels of f on sintering. In most
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types of parts a satisfactory deposit of thorium depends on
the development and use of the right ancde.

Direct current from & 200 volt supply was applisd,
usging a potential divider, resistance 850 ohmg and carrying
1.5 ziups. The potential divider is protected agsinst over-
loading by an automstic cut out axnd the cataphorstic
apparatus had z device for detecting shori circuits. A test
Por short circuits was made before each dsposition, The
devositicn potentials varied between 15 and 60 volts and the
time of “deposition between 5 and 20 seconds depending on the
thorium content of ths paste used., As thorium supblies

ecame scarcer, pastes peorsr in therium had to be used and
depceition potentisals end time of deposition had o be
irncreased with these pastes to give the standard thorium
deposit. The totential, however, had to be carefully '
contrelled; it could not be increased at will owing to the
avolution of gas which in the case of parts with an intricate
profile tended t¢ collect in cormers and recesses and prevent
the adhesicn of thorium. The potentials end time to dsposit
for various pastes are, however, &&sily determined., The
deposition of thorium on welded edges or rims of valve ancdes
can beé prevented by covering up the edges or rims. If this is
net feesibles the thorium can be scraped off after sintering.
Por some velve types with large electrode currents, it is
essential to keep the immer surfaces entirely free from
theorium, and in such cases traces of thorium on ths inner
surfaces were removed by means of a revelving tungsten-wire
Lrush.

After deposition the parts wsre subjecisd to a blast
of nect gir in order to spread any adhering paste from the bath
evenly over the surface and so dry the deposit. Drying had to
be done cerefully especielly in the case of iren parts which
rust very readily.

The quantity of thorium deposited was checkad by
weighing in the case of anodes and by measuring the thickness
of the deposit in the case of other parts. It was found that by
keeping strictly o the limits stated gbove (2.5 mg/sqe.cm. or
1.3 mg/sg.cm. ) for the deposit only a small guantity of
thorium was wasted through peeling off the deposit. Care had to
be teken during the coating process that the anodes of the bath
were continually kept free from adhering thorium. Also in the
clemping of the metsl parts all contact surfaces had to be kept
bright to keep down the electrical resistance.

The pastes used for the cataphoretic bath are
inflammable and the presence of conbustible thorium powder mixed
with methanol increases the danger of fire. The dzposition was
carried out in glass containers placed inside & tin box, and
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gach container was fitted on its upper flange with a circular
tube with several holes in the circumference and connected to

& carvon dioxide bomb. By means of this tube the bath could,
in case of fire, be immediately enveloped in & screan of

carbon dioxide. 1In clesening the bath anodes also care hed to
bz token that large quantities of loose dry thorium scrap did
not accumulate as thorium powder readily ignites mersly by
friction. The methanol vapours from the bath were drawn off by
efficient ventilation and thorium scrap waes not zllowed to
collect in the fume offtake where it could also start a fire.

(iv) sintering.

After deposition all parts were sintered in a vacuum
furnace; nickel or iron parts were subjected fto a o
terpsrature of 800-1000°C, ard carbon parts 150C-1600"C,

Thorium coating was applied to anodes and screens of
poewer valves, e.g. type R.,V.271, smaller valves Eegs type
R.V.12P2000 and transmitting velves. . It was particularly
suitable for anodes made from iron, nickel, molybdenum
and carbon. Thorium is a good getter and when used as a
coating on anodes helps to produce and maintain a higher
vocuum in the valve. Samples of thorium~coated parts ware
obtained. . N

Thorium powder wag also used in thé manufacture of”
special getters which are described under "Getters" belov,

2. Thorium Red and Sheet.

It was stated that thorium was used only in short wave
valves, Thorium rod machines very well like free~cutting brass
and parts with complicated profile can be produced accurately
from rod or bar, Thorium sheet was used extensivély in
magnetrons., '

Thoriated Tungsten Wire,

Telefunken also made their own thorinted tungsten from
pure tunstic oxide bought from Qsram and thoria from Auer
Gesellschaft Berlin. They found that 1.8% Thoria gave the best
results in wire for impulse tubes. Thoriated wire was used for
cathodss and springs particularly trensmitting types such as
L.3.180. ' '

The thoriated wire was made at a small plant put up during
the war at the Brock Brauerei Schwiebussa Strasse (opposite
Tempelhof Aerodrome) now in. the Russian sector. The mixed
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tunystic oxirlr ani thoris were pressed and centred into
bcrb 20 x W5 x .5 cm., swaged and drawm in the usuaJ. -
way. The cutpul was sbout .5 kg. per day of wire.

Zircondium.

Zirconium was applied to the surface of anodes scereens
snd grids in transmitoing valves particularly when these
parts were made of nickel, iron or carbon. The starting
material was Zirconium hydride which was made into a
patte and the latter was apolied to the parts either by
sOraying or cata..pnorcta.c deposition.

(1) Depos:tio

Y. paste was mede up from the following ingredients:-
Zirconium hydride (at least 80% Zr Hi)
Met‘m.nol (pure)
Aluminium Nitrate (AL(NGz)z:
free from Sulphur and .rx.l_}?:a

- 91, 0

To make the paste 150 grams of zirconiua hydride and 300 cc.
methanol were introduced into a porcelain mull, 5 litre
capacity, containing 1300 gram balls. The charge was ground
{for 24 hours. The mill rotafing at 70-80 revolutions per
minute, After grinding 2100 ce. methancl aaxd 45 cc. of
gluminiua nitrate solution (7.5 grams per 100 ce. of water)
were added. Thic yielded zbout 2400 cc. of paste,

The zirconium wesz deposited on the valve parts in the -
same way as described for Thorium.

(i1) Spraying.
The paste used for spraying was lnade from:-

Zircomium Hydride (at least 80% Zr Hbr)
Zyleve 0
Puraffin (Solid - MLP, 42-40 0)
Naphthalene (pure)

Methenol (pure)

A paraffin - naphthalene solution was first prepared by
dissolving 25 grams paraffin and 50 grams naphthalene in
2000 ¢c. Xylene and adding to this solution 100 ce. methancl.

©LO0 ee, of this sclution was then mixed with 200 grems
zircomium hyiride and the mixture wes ground for 10 hours in
a porcelain mill, 1 litre capacity and containing 175 grams
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porcelain balls, revolving at 72 r.p.me This mixture yielded
LO0 cc. pagte. To test the paste two lots of LD cc. from the
rill were mixed together in a litre powder bottle (widemouthed)
and o small sagple of the saste was zprayed on two anodes of any
straight forward type in production at the time.

Sintering,

After deposition eor spraying the parts were sintered in vacuo
at temperatures of 800-1000°C, in the case of iron or nickel parts
and 1500-1600°C. in the case of carbon.

NOTE: Valves fitted with zirconium coated anodes should not have
a deposit (mirtor) of magnesium ingside,

;ront

Owing to shortage of money and anode meterials such as nickel,
Telefunken used a great deal of specially prepared iron wire sheet.
ard strip for anodes of most types of valves.

"E® Irone This was 2 very pure iron containing less than .04% of
carbon, well "killed" with a trace of aluminium left behind in

the metal. GSheet and strip were supplied by Thyssen and wire by
V.D.M. Altena. Erupps also supplied a pure iron known as W W-iron,
F- and W W-iron were used for anodes, screens, leads and supports;
the ircn was sometimes pure, sometimes plated with nickel or coated
with special materials such as thorium,

"p21t _ Iron. The most extensively used composition was ircn plated
on votk sides with aluwminium, the plating being from 10 to a
meximun of 15 microna thick, When this material is heated in vacuo
to 680°C. the aluminium and iron alloy and the surface turns
black. In this condition it presents a surface with heat radiation
properties equal to 85% of the perfect black body. If the material
is heated sbove 900°C, the surface becomes bright again and looses
its black body characteristics. Telefunken claired that below
9OOOC. this sluminium coated iron is superior tc carbonised nickel,
and they used for anodes of strong receiver valves, medium
transmitting valves and lerge amplifiers where the anode load is

hi gh.

"PN" - Iron. Where the clearance between anode and grid is small
an alumirium coated surface camnot be used and in such cases
Telefunxen used iron plated on one sides with aluminium and on the
other with pure nickel. Anodes made of "ZN" iron had a nickel
plated surface on the inside and an aluminium plated surface on
the cutside.

Both "P2" and "PN" iron were supplied by Trierer Walzwerke
who turned out aluminium’plated" or "clad"iron in large quantities
for containers for food and other commodities. It transpired that

n .
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Telefunken discovered merely by accident thnt P2 hod useful
properties for valve parti.

In addition to the well known types of Getiers using barium -
magnesium - sluminium alley cembinations Telefurken used two
special types known as "Bato" and "Ceto" in whicn the basis Is

thoriun powder,

"Eato"Getters

For the "Bato" getter & meixture was first prepeared from the
following ingredientai-

Aluminium ~ barjum slloy powder 972 grams
(50% AL 50% Ba)

Thoriun metal powder 29472 "
Iron oxide (Fezoj) 116 "
4000 "

The aluminiwm-barium alloy was epplied by I.G. Farbenindustrie
and was in granules about .07 mm, diameter. The thorium powder
came from Degussa through the Auver Gesellschaft Berlin and the iron
oxide was prepared from iron oxalate (No.?15u4) by Schering A.G,

The ingredients were mixed together for two hours in a
mixing machine and filled into glass bottles with ground stoppers.
The mixture was used in lots as required ard pressed into tablets
which were assenbled on flags of nickel in an automatic getter
machine in the usual way.

"Bato" getters reguire a slightly higher temperature then
bariun-magnesium getters to flash; they were therefore used
chiefly in valves with herd gizss envelopes for example medium
trensmitting valves.

"Ceto" Powder,

The "Ceto" getter was used in the form of a paste which was
applied-to the suwrface of metal components, usually ancdes.

"Cete" powder was made from a mixturce of thorium metal powder

and an alloy of cerium-misch metal and aluminium, the thorium
forming 80% of the mixture.

(i) Preparation of misch~metal-sluminium ailoy.

Composition: Misch-metsl 72% )
Aluminium {99% pure) 28%
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The cerium-misch metal which wes supplied in the form of
blocks under paraffin oil was freed from oil by washing in
xylene or petrol and brushing with a steel wire brush until it
showed a matallic lustre, The misch metal blecks and a2luminium
blocks were charged in the ratio of 2.6 parts to 1 part by weight

espectively, in olternate layers into a hard porcelain crucibvle

(o" if not available an iron crucible) the quantity charged
dapending on the circumstances. The poreelain crucible was
placed inside a large iron crucible about 5C um. longer (owing to
danger of spurting of the charge). The crucibles were placed
inside & vertical vacuum furnace consisting of hard porcelain or .
iron tube closed st one end and wound with platinum ribbon.
The tube waz connected through a metal ground top to pumping
squipment end the top had a window through which the melt of the
crucible could be observed. After evacuating the furnace the
temnerature was ruﬁbad to the reaction temperature of the mixture

normally sbout 7507C. The reaction is indicated by an agitation
in the melt, a sudden rise of the tempersture to zbout $500°C, and

pasmodic ewvolution of gas. When the reaction subsides the
current can be switched of " 4t omce but the puming must continue
for 10 minutes furthsr or longer. The glass<hard regules was
allowzd to cool in vacuo and then transferred into a porcelain or
higher mortar for grinding to the fineness of gravel.

(ii) Pressing.

600 grems of the misch metal alloy snd 2400 greams of thorium
powder were mixed in & mixing machine for 30 minutes and pressed in
an tydroulic press under sbout 2 tons sg/cm. into rods 12 x 12 mm.
section. The length of the rods was determined by the dimensions
of ths hot zone of the furnace uzed to sinter them,

(iii) Sintering,
et ———r el N

The sintezrihg of the pressed bars was done in a vertical or
horizontal furnoce. In elther type the tube was used closed at
one end drd wound with resistance wire or tepe and heving at the
ether en alrtight closing device connecited to a vacuum pup. In
e vertical Pfurnzcs a tall crucible was used and in the horizontal
furnace teats were used, to contain the pressed bars. Crucibles,
telts end tabes nad o be nade of hard porecelain or quarts.

Furnace tubes of quarts particulsrly in the horizontal furnece

were spoilt il thsy came in contact with any fused"ceto" alloy.
Fusion of %he prssssd barz had to bz prevented by =xact centrol of
the teaperature not only to preserve the squipment but also because
Tuzsed alloy iz ductile und thersfore difficult to powder, More over
the ziloy in the sintersd condition has better gettering qualities.

Ivre sterbing to heat, the pressure in the furnace was
reduced 1o a poi rt not bigher than 0,001, Ths current irnput was
controliisd in such & way thet with the punp rurming continuously,

superature i the charge reached 10007 C. after about 3 hours.
";CT;LJP: was held st this level for 2 hours after which the
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current was switched off. Fifteen minutes later the pump wes
stopped and the charge was allowed to COOl‘ln a good vacuum for
‘at least 4 to 5 hours and preferably overnight.

(iv) "Ceto' Powder.

The rods tend to stick together during sintering ond had to
be parted carefuliy from cach other and brushed with a steelewire
Lrushe They were reduced to powder first by hand in o
porcelain mortar, toking not more than 50 grams "Sinterlings" at
a time and reducing them to & coarse powder which was sifted
through a silk fibre sieve No.25 (meshes 0.02 mm. x .02 mm.)

This sifting produced powder ready for use. The coarser material
on the sieve was moistened with methanol and ground in hard
porceleain ball mill in an atmosphere of nitrogen for 8 hours.

The ground product must be removed from the mill dried and sieved
agzin with the greatest care becsuse of the great risk of it
igniting.

(v) Storage.

"Ceto" powder is inflammsble and ignites readily with
friction or inpact; sometimes there is o tendercy to self-
ignition particularly if it contains much nitride or moisture
absorbed from the atmosphere, It muat therefore be stored in a
cool, dry fire-proof conteainer and protected from risk of friction
or impact (e.g. bottles with pround glass stospers are
unsuitable), The guantity of "Ceto" powder per container should
not exceszd 3 kg,

(vi) Precautions.

Becauze of the risk of ignition the eyes should be
‘protected when handling the powdsr; it should not be handled
near open fires or furnaces and supplies of sand for firew
‘extinguishing should be readily available ot 211 places where it
is handled.

Scraps containing the powder mist nct be placed in dugt-blns,
they should be dlSUOSOd .of safely elsewherc,

"Ceto" should be delivercd or shipped only. as sintered rod.

(vii) Application.

Lo alreody stated "Ceto" was used as a coating getter. A
puste was prepared consisting of 5 parts by weight_ of "Ceto"
powder and 1 part by weight of a 2,5 per cent collodion sclution,
The paste was applied to metel parts with soft hair brushes and
the parts were then SLntcred in vacuum, iron or nickel parts at
1100°C, and silver at 800° C.



Conclusions and REeccommerdations.

1e In conncction with the metals used during the war for the
production of radic valves at the Telefunken works, Berlin, whilst
there is now nothing left of the plant used for the manufecture
and sppiication of these matérials yet a great desl of useful
infermetion about manufscture and application gsn be obtained from
the firm's technical and administrative personnsl who are still
availeabls for interrogation in the British sector of Berlin.

2+ During the visits reported here the chief items of novelty, at
least from the point of view of British radiovalve technique, that
emerged, were thorium, zirconium and aluminium plated iron.

During the war zirconium coated parts were used in U.5.A. valve
practice but not by British valve mekers; apd as far as is known
nolther country used thorium or alwniniwn plated iron parts.

As comparcd with the expensive carbonised nmickel used largely by
Britich and American valve mekers, alundinium plated iron would be
considerably cheaper, (It is understood that the materisl is mede
by rolling iron between aluminium shests in a manner similar to
the rolling of "Alelad"),

S« Telefunken was the only firm in Germany (ard ss fer as is
known, in the world) that mede thorium powder into-sheets, rod,
end wire. In view of the adventages claimed for this metal over
melybdenum (namely that it is "cleaner" and helps to maintain a
vacuum better in the valve) further invesiigation of the
opplication of the metal to radiovalve production by manufacturers
might be worth while.



,AEEendix 2

o

Frincipal metels used in Radio Valves i

et a]-

Cotposition snd
Form

Supplier of
Metal

*EY Iron

"EA"Y Iron

1" P21| Iron

HENH Ian

Nickel-

plated Iron

Chrome-Iron

Nickel-Iron

Pure ingot iron;
wire, tape and
sheet.

Selected "E" Iron
with superior
*"Vacuun" properties;
L05% A1, [metallic)
snd ,05% C. '
deep drewn aheel
end tape.

Special iron
plated on both
sides with _
aluminium alloy
heat

Special iron,
plated on one side
with aluminium
alloy and on the
other with Nickel.
Sheet

Pure ingot iron
wire plated with
nickel, Ni-plate
10-15% of dihmeter.

75% Ironm, 25%
Chromium elloy
wire.

549 Iron, 46%
Nickel wire and
tape

Supports, Leads
Ancdes, Screens

Anodes

Ancdes

Anodes

Grid wire

Pin—leéds
through soft
glass,

Lesds o
cathodes and
heaters where
low thermal
conductivity
is involved.

1.

Wire: V.D.M.
Altena, Tape snd
Sheet: Thyssen

Thyssen

Trierer Walzwerk

Trierer Kalzwerk

V.D.N. Schwerte

Herasusg Vacuuli-
schmelze.

Krupp 4.G.



Metal

Composition and
Form

Uses

Supplier of
Metal

1 Iﬂink'll
Wire -

"E" Nickel

Cathode~

Nukdﬁmw

Cathode~
Nickel "C"

Mangenese-
Nickel

Coppsr

Manganese-
Copper

Nickelw
Copper

Nickel-iron core,
clad with copper
(Copper—cisd wire)

99% Nickel

centaining magnesium.
Free from volatile
metals e.g. zine,
cadmium, leed.

Tested for impurities
during melting, Wire
strip and sheet.

99.8% Nickel with
.025-_065% Mg,
Tubing

99, 6% Nickel with
0065—015‘% Mgo
Tubing. '

"E" Nickel
containing 1-2%
Manganesse Wire

Electirdlytic
exygen~free wire
end strip.
Commercial grades
low in oxide and
other impurities
e.g. 7Zinc

Copper corntaining
0.5-1% Manganese
Vecuum - melted,

55% Copper, 45%
nickel, wire

strip and sheet
{Not identical
with Constantan;
mist be free from
impurities such as
manganese, zinc,

ete.

Lead wire for
soft glass

Supports, leads,
anodes, etc.

Cathode tubes for
indirectly-heated
cathodes

Cathode tubes for
indirectly-heated
cathodes with !
speclally geod
ermissicn.

Supports with
higher mechanical
strength.

For parts inzide
the valve.

¥or partg outside
the envelope.

Bases and sockets

Leads and various
parts.

Non-magnetic parts
for television tubes

2.

Osram, Berlin

V.D.N. Schwerte

V.DN. Schwerte

Krupp A«G. or
Schoeller,

. Hellental

(Eifel)

V.D.N., Schwerte

Siemenz-~
Metallwerk

Herasus Vacuum
Schmelze

V.D.N. Schwerte




Metal

Composition and
form

Uses

Supplier of
metal

Rolled
Bronze

Nickel-
clad copper

B.207

Kover

Tungsten

Ge7s

Thoriated
Tungsten

B.SIDI
Tungsten

54% Copper, 6%
Tin, wire, strip
and sheet., :

Electrolytic
copper wire low

in oxide content,
clad with nickel
fres from zinc.
Copper wire plated
with mickel to &
thickness of

10% of diemeter.

Iren with 18%
chromium, 1%
Molybdenum.
Wire and strip

53% Iroh, 27%
Nickel, 19%

Cobalt, O.4%

Mangensse

‘Pure tungsten

wire and rod

Thoriated

tungsten (.75%
Thorie) wire

Tungsten containing
1.2-1.8% Thoria
Wire

Tungsten conteining
traces of sluminium
silicete and al.
oxide. Wire

Non-magnetic parts
in valves and
television tubeas.

Grid side rods

Leads and pins for
sealing to glass,
and caps for
metal valves.

. Leads and pins

for sealing to
glass. '

lLeads and supports.
Ground and etched
for sealing-~in.

Filaments for
directly heated
cathodes,

(emission or paste)

Filaments for

. directly heatcd

cathodes with
Thorium erission.

Heaters in
indirectly heated
cathodes and
cathodes with
pure tungsten

eIl s 8101,

Sundwigen
Metallwerke.

D-E I“’l

Harekort
Eicken

Heraeus

VacuumschmﬂZe.

Osram.

Oaram,

Telefunxen

Osream.



Metal Cormposition and Uses Supplier of
Form Metal

N.S. Tungsten with Heaters in Csram

Tungsten traces of indirectly heated '
aluminium silicate.] cathodes and
Wire. cathodes with

pure Tungsten
emission.

Molybdenum | Pure molybdenum Supports, side Osram or
wire, rod, and rods, for grids; D.E.JW.
sheet. grid-winding.

Plain or nickel- Anodes for

plated. transmtting
valves working
at high
temperatures.

Tantalum Pure tentalum wire | Grids. Anodes Siemens and
strip and sheet. end cathodes in Halske

transmitting
valves.
Special supporis.

Fiobium Pure nicbium strip | A&nodes, cothodes. Siemsris and
and shest. Halske.

Thorium 97% Trorium with Electrodes in Legusssa,

metel remainder mainly magnetrons. Prarts Frarkfurt Men
oXygen. of short wave {Powder)
Sheet, rod, wire, valves. Tzlefunken
powder, Powder for coating {wire, rod
carben and metal and sheet)
anodes. Getters.,
Zirconium Pure zirconium CZoating on Degusss

powder reduced
from zirconium
hydride paste.

anodes and grids.

{powder).
Ed
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