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TARGETS
S.A.F. Plante at Nirnberg and Weissenberg
Prof, R., Brill, Inst. for Anorganische und
Physikalische Chemle, Darmstadt,

PHYSICAL CONDITION OF TARGET

fhe main SAF plant at Nurnberg had been repeatedl
bombed and was perhape 40% in condition. The branch a
Weissenberg was undamaged.

Prof. Brill was seen at Heldelberg st his home; he
stated that the Darmstadt Institute had been badly looted,
but otherwise not particularly damaged.

PERSONNEL
Those interviewed were
Herr Stegman, Manager SAF Nirnberg
Dr. Lauokner, Laboratories Weissenberg
Dr. Sohweiockert
Dr. Jessberger n "
Prof. Brill, Inst. for An. and Phys. Chemie, Darmstadt

RESUME OF INTELLIGENCE GAINED BY INVESTIGATION

Selenium Rectifiers were such an important part of all
eleotrioc equipment for the German wer and civil economy,
that great pressure was brought to bear to improve tre
quality and quantity of their manmufacture.

It finally worked out that SAW at Welssenberg was the
sole non-bombed source of these, and they were ordered
to stop making exposure meters and concentrate entirely
on the rectifiers.

The initisl production 4ifficulties of 1940 were pretty
well iromed out by 1942,

Professor Brill was asked to investigate the theory of
the cell with his X-Ray anslysis facilities. This hLad
not resulted in definite production assistance as yet.

RECOMLENDALIONS

It is believed that the basis for this manufacture has

been pretty well explained by these pecple; but inasmuoch

a8 the Welssenberg plant is in perfect shape, it is suggest-
ed that pillot runs be initiated therc, with the opportunity

-3 -



1
for direot observation by ooncerned Allied manufactur-

ing representatives.

MANUFACTUE ING SELENTUM JRECTIFILRS, SAF

1. The business of making selenium reotifier discs up

to three million a month continued right up to the end o
the war at the Lorenz factories in lMirnberg amd its braneh
at Weiseenterg, fifty kilometers south,

2. The AEG, Telefunken gnd other rectifier concerns were
practically bombed out of existence, and the S A F {Sud-
deutsoche Apparate ¥abrik) was turice bombed sevorely in
Nurnberg, but the Weissenberg factory wes undamged,

3. The mannfacture has been a troublesome one, ever
2inoe the inveuntion of the device by Dr. Presser then
of TKD in 1931,

4, Production has often had to be stopped in the various
factorics of the SAF (now = Lorenz concern) due to the
tremendous rejections in the fiaml inscections, This has
vappeled in 2ll couutries,

5 Due to the extreme necessity of these discs in all
sorvs of equipments, tue German command restricted the
S4aF to thelr manufacture exclusively., ZPreviousliy the
company had also uacde expmure meters, some telephone
e uipnent a.d selenium pholo celis {or miscellaneous
LUYpOSes.,

6. Extensive resezrch on the reotifier disc uanufacture
vas conductcd at the separate SAF laboratory in Weissen-
berg., Leaders in this were Dres., lauokner, Schweiokert
and Jeschberger,

7. The reotifier diso consists essentially of an iron
tase 1n the form of atelephone disphragm in sizes from
18, ocan be wt suall &8 4 mm, to 112 mm diasmeter. This
base 15 sandblasted, then nickel plated. Then one side
is painted with hot selenium; whick then has to he heat
treated to form the proper orystalline structure., fThen
tke selenium is sprayed with a special metul alloy which
18 to form one clectrode to the dise, The unccutcd side
of the disc is the other electrode.

8. The diso tLen undergoes an eleotro forming proocess
which produces the uni-direotional layer in the selenium
coeating immediately under tle sprayed alloy.

9. It is the formation of thies layer which has been
uncertaein.
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10, Jodine in small proportion was added to the
selenium, and this promoted the formation of the layer.

11, Originslly thie layer was obtained by adding Cerium
Iodide to the selenium. Due to heat difficulties, this
mixing of the iodide with the selenium had tc be carried
out in very small quantities.

12, In 1941, it wag determined in the SAF laboratory
that straight iodine oould be used equally effectively.
To this end, it is now possible to mix 1.5 kilogrems of
seleniuwm in the appropriute sized retort of porcelain
to a temperature of 450° C,

13, Previously a batch of 300 milligrams of Jodine hLas
beon mixed with 100 grame of selenium, and this is then
added to the large batch of selenium,

14, Due to evaporation of the selenium, the net result
i a mix in whioh the proportion of iodine to selenium
is approximately 20 milligrams to 100 grams,

15, Considerable research on the function of the selenium
with jodine mixture has been made not only at Welssenberg,
dut also by Dr. Rudolph Brill now at Maltkeet, Heidelberg.

16, It seems that X-Ray investigations indicate that
trtere is a correclation between +the length of the selenium
orysteis and the rectifying properties, and the iodine
limite the length of these orystals,

17. No particular function seems to have been exerted by
the cerjum in the .former cerium iodide sdmixture, a&s the
discs made without it now seem equally effeotive.

18, The alloy used as the top electrode consists of 26%
Tin 537 Bismubh 21% Cadmium.

19, It has now been detormined that the addition of a
small amount of thalium has a veryppronounced effect on
the formation of the reotifylng layer.

20, The inclusion im the alloy of thalium from .003 to
.006% Bcems Just right. Below, .003 it takes too long Or
may even be ssible to form the rectifying layer. If
more than .0006% is used, there is danger of overheating
and ruining the orystalline struocture of the selenium.

21, Investigations are continuing, and ilere scems to be
promise in the introdmotion of manganese into the process.
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22. One method coneists in dippring the selenium coateq
disc before alloy spraying, into a 1:100 sclution of
KXnO4 in aocetone.

£3. Other possibilities are lln02, K23e0z3 and Selp.

24, Threc methods of making the first coating of selen.
ium on the disc sre now in use,

2b. The first is the original which consisted of paint.
ing the disc manually after the proper amcunt has been
placed on the heated disc in the form of pelilets.

26, This then reguired stacking the disces 1in jigs under
considerable pressure with separators originally of mica
and tlren aluminum. These stacks were then treated in
ovYenB,

27. This time consuming process has now been eliminated
by a hot press method.

28. The disos sre first 1lightly coated with Bismuth
VEpOoT.

29, Trey sre then placed on heated plates at 1109 to
gut the discs ducted with the selenium powder siited

hrough a .2 min mesh screen under & pressure 25 kgm for
a 112 mm disc.

80, This prescure is applied for sbout thirty seconds
and then the discs proceed into the tempering cvem at
£18° for about 30 minutes.

31. Ir order to promote the adhesion of the selenium
dust to the disce, a very l1light painted coat of selenium
may be applied by spatula to the dises,

2. After the tempering, the discs are held, coated
side down, over the fumes of hested 5e0p for 3 to 5
secgonds.

3%« The spraying of the alloy to form the cther elsotrode
is then done at a pressure of approximately two atmospheres,

34, The allcy for spraying is maintalned at a heat of
240°. The melting point is 103°.

6. It bas now been possible to make all these operations
automatie, in a continuous machine about thirty feet long.

36. A further method of coating the disos has bcen
developed by AEG. This consists in vacuum evaporation of
the selenium onto the disos,.
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37. It is stated that good results are obtained by
thie process, bul no details as to efficiency and outpat
are available, and the plant and personnel cannot be
sesn, But the sample discs available are excellent.

38. Autgmatio eleotroplating equipment has been developed
al SAF Nurnberg for the nickelling of the sheet iron discs.

39, It is neocessary to keep any traces of irom out of
the selenium; this is aoccompllished by weing porcelain
recoptacles instead of iron and gemsral extreme caution.

40. 180 firms were customers for thess dises or recti-
fiers,

4l. Present production indieated 4% rejections for
mechanical reasons, and 16% for non-formation of the good
rectifier layer.

42, A patent agreement had recently been arranged between
SAP and AEG by means of which SAF could use the ARG evapora-
tion prooess.

43. Selenium was obtained from Sweden and was refined by
Riedel de Haen/bei Hanover and also by Sehuy in Nirnberg.

44, There is approximetely 5% impurity in the original
8elenium.,

45, The naterial is twice sublimated for purification.

46. Then a solution is made of two partes nitric acid to
one purt selenium and Selg results.

47. The Se0, is allowed to crystallize out at 400°.

48, Two vessele are then arranged in series to pase
Soithrough & water solution of the Se0g., For this
8olution, 6 Kgm of Se0, crystalleg are dissolved in 20
liters of distilled H50. The series arrangement gives
the 502 a double orance to work on tha Se0s.

43, Praotjcally, it takes 145 Kgm of SO, to work on 1CO
Kgm of SeOp; and the not deposit is abou% 73 Kgm of Se
Plus a little water,

5?. After adding the Iodine as previously Speacified, the
mix 18 cooled on marble slabs on Whioh it is poured out.,

°l. The finighed flakes are then ground in porcelain

rotaries to rass through a .3 mm mesh seive; then ready
for wse,
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XRAY ANALYSIS OF SELXKIITUM ¥XCHE PECTINIERS, '

1. Due to the irregularity in output of selenium rectif-
jers the Institute for "Anorganische und Physikalische
Cremie™ at Darmstadt was asked to make orystallographic
study of the selenium surfaces ysed 1in these.

2. Zirofessor R. Brill, Direotor, had Dr.Krebs undertake
tris auslysis. Dr.Krebe cannot be loozted st present.

S« Frof, Brill stated at his hLome in Heidelberg, &oltkestr,
8, that definite counclusions had not been reached as yet,
but that <certain relstions had been determimed.

4, The selenlum crystals appear to be built up with the
hexagonel croes ceotion in the plane of the metal being

coated; and that they built up as long needles perpendi-
oular to the metal.

5, The grid of the cryetals is more uniform 4in the ProO=
gressive bulld up, the higher the temperature during
fcrmation; up to the point where tle crystals might melt.,

€. The more uniform thre crystal structwe, the “igher the
r:=¢istance.

7« The larger the croscs section of the orystsls, the lower
the recistance.

8. A suell admixture of lodine, of the order of 1 part in
a thousand, appears to increase the okances of irregularity
in the grid build-up of tle crystal, with the consequent
lowering of tle resistanse,

9. ©Selenium has six outer eleotrons, whereas iodine has
seven. It is assumed the long build-up cf series of
celenium moleculcs, will be oompleted more perfeotly by
an iodine melecule with its seven cuter electrons.

10. It takes eight outer electrons to make a perfectly
stable moleculs, and 80 the sclenium molecules build on
sach other with a common twe c¢lectrons between each group
of two molecules; until finally an iodine moleonle comes
along sud ends the chain as there is only one electron
ti:en missing.

11, Por the rectification property, Bismuth Selenilde ism
bullt up at the tfirst juaneture on the plate with the biamuth
¢nating put on the sand blasted iron dise. 1No Buch seienide
ie built at tie other electrode which is the srrayed alloy
coating on the top of tie selenium.
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1., The AEG rectifiers which were made by high vacuun
evaroration were morve cunstantly of good quality,
altreugh the process itself is more invclved.

13. Dr. Xoch was responsible for the AEG developwent,
He wes last nown to be around Lausitz/Schlesingen.

14, Por the X-Ray snalysis, a new type equipuent hLas
been doveloped which frousee the rays by means of a
quartz ooncave mirror,

1%, The specimen is rotated in tke equipment at the same
time that a shutter 1s moved around the recordirng film,
which is formed &8 & half cylinder with the spccimen at
the center of the axis of the cyliuder.

16, This oconstitues & form of focal plane slit shutier;

and greater eifectiveness 18 obtained by means of which
amyle exposures are accomplished.
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S Cemeral View of Disc treatment =- MNurenberg
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35 Coating hood = Velssenberg Laboratory

6 Hot press method - TWeissenberg Laboratory



8 Forming Bench - Welssenberg Laboratory
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