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INTERRCGATION GFf

DR, LEC SCHLECHT OF BADISCHE ANILIN UND SODAFABRIK

(PORMERLY I.G. FARBEN, OFPPAL)

GZIERAL NOTES

PERSONAL, HISTOR:

Bern in 1897, Dr. Schlecht studied chemical enginsering at
the Technische Hochschule at Stuitgart, obtaining his degree of
pr, Ing, in 1922 after carrying ocut resear arch work on the electro-
chemical behavicur of chromium, e was 2 lecturer at the Technische
Hochachuls for six moniths after gra@ua‘!'lon snd subsequently Joined
1.G. Farben a% Cppau, where he has remained ever since, having been
abscrosd by the new crganisation which is now controlling the
works of L5, J_L&M.ecsbafen and 1.G, Cppau.
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2cht was initially engsged on examining the synthetic
*::huf’aﬂ* e cf petrol, and in 1923 .ut kad besn noted nhat iron
carbonyl had shomm proamising resulis as an anti=-knock, In 1924

4z deaigned a plant for the p“cdu»_‘ *ion of liquid iron carbonyl on a
production basis and later found thad iron powder produced freom its
decomeosition possessed specisl electro-magnetic properties.

Tr, Schlecht's experience with iron carbonyl, availability
&% Cprew of nigh pressure equipmsni, mechanics skilled with this
a.pparatus and suitable workshops, led him to investigate the
practicability of producing n:wk 1 carbenyl under pressure from
nickei~-copper matte,

In 1537 he wae appointed a "Prokurist" of 1.G, Farben,
which entails powers cof atborney with regard to metiers concerning
produciion and devel ogment of nickel and carbonyl iron 1 but

x::lud;nbs sales metiters, this appointment conferring signature
powers, The salary appropriats to this apno:.ntzrent was understood
o be of the same order as that of "Direktor", It wes stated

thet Dr. Schischt was offered the appointment of Hirekicr on

several ocoasions since 1537 but refused, feeling that his interesgts
lay in technical development rather than administration.

As, the leading German nickel produ.c'timt.'
Dr, Schlecht was employed in mobilising his cous
rescurces and refining capacity. He visited Pe.zand it

dy



srranging for the completion of mining and suelting equipment,

He negotiated the verious arrangements with several smelters and
refineries in Germany, Norway and Belgium, in order to bulld up
German production to 8860 metric toms of nickel from Petsame ore
during 1944. At the same time he remalined in charge of the Oppsu
nickel refinery and carbonyl iron profuction.

PRESENT APFOINTMENT

0 bt —

Following the splitting up of I.G. Ferben after the German
surrender, an crgenisation under the neme of Badische Anilin
i Sodefebrik took over ell the asseds, equimsent and sdministration
of the 1.0, Farben werks at Ludwickshefen and Oppau. The senior
persomnel of this orgenisation are mainly French officials with one
—rewar 1.3. Farben director. Iz, Schlecht has remined in charge cf
the metels {production and ressersh) depsriment of this new orgapisation
end has retained his appointment as Prekurist. The organisation and
persomel of this new company ars shown in the chart, Table L.
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NICKZL PRODUCTICON

INTRCOUCTION

The interest in nickel powder production at Cppeu followed
on the success*ul development, manufacture and marketing of iren
sarbonyl initiated as an "antluknock" for petrol, and subsequently
the carbonyl iron powder production, oving to its advantaseous
electroamagnetic properties,

During 1929, means of producing nickel carbonyl under
pressure from nickel sulphide were invegtigated, and, following on
furtner laboratory tests, it was established that it would be
produced directly from nickel matte without the necessity for
removing the major proportion of the copper by dividing into tops ard
bottoms. A plant was ready for commercial production in 1933,

This rapid evolution from laberatory to the production
stage was facilitated by the high pressure equipment of synthetic
apmonia and iron carbonyl, the avilability of workshops and
mechanics skilled in high pressure equipnent.

Initially, metallic uickel powder was produced from nickel
containing scrap and other nickel ceniaining products, which,
however, were available cn the market in only limited quantities,
I.G. attempted to arrange Tor a continuous supply of rew material
and initiated unsuvccessful negotiations in attempts to obtain
nickel containing ores from Tasmania, Evje in Norway, South Africa,
Brazil, Finland and Creec<., Attempts to use ore from the Black
Porest in Germany were also incorelusive owing to the small
quantities available and their low nickel content.

Eventually nickel matte was obtained from Canada, with the
result that the foilowing guantities of metallic nickel were refined

at Cppau.

1953 106 tons,
1534 454
15935 1452 "
1936 0 652 "
1337 3,8 ¢
1938 4,058
1539 L3170



Jther nickel production in Germany during 1933 is reported
t¢ have beer as follows:-

Krupp, Frankenstein spprox., 1000 tons ore from Gresce
Sachs Blaufarbenwerke
Oberscnlems " 8CC " nickel speiss from Burma
Nord Lieutzche Affinerie,
Hambury " 250 " nickel slag from the copper
refinery.
Vereingte Deutsche Metali- " 2100 % nickel oxide.

werke , Altena.

FRE=WAR POSITION

The total preduction of nickel in CGermany and Austria during
the periocd 1934=1939, including imporis, is reported tc have been
ez follows:=

Production and Imports of Nickel
Germany ané Ausiria

Approximate In Metric Tons

FProduction 1934 1935 1936 1537 1938 1939
I.G. Cppau 348 135 2642 3048 LO9E L2170
Krupp Frankenstein 1200 BCC  LOO LE5 400 500
S8,B.F.W, Cberschlema e5C 1200 1300 1ICC 1600 1500
Nord Deut, Affinerie 250 286 250 1c 106 100
Adtena 1L75 123 1036 1537 150C 1000
Misc. other sources 15”0 15¢ 18C 180 120 180
Total Production L3A73 5108 5808 e43C 7275 £850
Tamorts ~ Germany 3381 3eL7 2331 226 20CC 1000
- Austria 683 1011 13kl 2276 1000 -
B35 9766 GLEBO 10972 10275 7850

Tmports to Germany -~ Austria originated as follows:-

Prom inco 2801 3887 2375 3752

Prep Cliristisnsand 859 771 1257 750

.G




NICKEL IN GERMANY DURING THE WAR

. Dr, Schlecht was appointed to make all arrangements necessary
cn behalf of I.G. towards exploiting the nickel mines and smelting plant
at Petsamo, He visited Finland in July 1940, accompanied by an I.G,
mining expert (Herr Reddehaase) and a smelting expert (Dr. Schubart),
and obtained detailed information regarding the ore, the existing plant,
the designs of plant and plans for completing the installations. The
smelting plant was found to be only 7035 complete and damage caused by
the Russians in the first Finnish war had been confined msinly to the living
quarters. Work was put in hand imuediately to complete the eguipment
with the aid of the Finns, and I.G. spent some 30 million Reichmarks in
getting production under way. TFrreduction sitarted in 1542,

The output of the mine was substantially greater than that
which could be dealt with by the smelter. The richest grade of ore
containing 4/5% nickel was, therefore, sent to the liord Deutscher
Affinerie at Hamburg, Jome ore was also sent to the awelter at Evje,
near Christiansand, Norway.

Purther ore was taken from another deposit at Wivzla, 3.9,
of Petsamo., This was concentrated by flotation on site,by the
largest copper refining company in Finland and was then sold te
I.G, who sent it to the Lord Deutscher ifiinerie, Hamburg. The
matte produced at Hamburg from Petsamo end Nivela orss contained
nickel 50/55:, copper 35/405%.

Ore for smelting was alsc sent from Finland to:-

Sachsiegche Blaufzrbenwerie = Aus - saxony
Mansfeld A.G., Sopndra, near Kassel
Societe Metallurgique Hoboken, near Antwerp.

Hone of these three works however, produced nmatie on a
production basis., 4t Blaufarbermwerke, where there was zn
electrolytic refinery, attempts were made vo smelt 3000 fons of
ore, but without success, This works had eventually to depend
on supplies of matte from Hamburg for its nickel refinery, With
regard to Hoboken, the Belglang were apparently very slew in getting
under way and succeeded in obtaining several financial sdvances in
payment orf modificetions tc the plant stated 1o be neceszary and
eventually only amelted down a total of 5C0C tons of ore until
the end of the war, in lieu of producing the 2000 tons of nicskel

e



in matte per annum which had been planned for them, They

had been supplied with some 30,000 tons of ore in all, and

Dr. Schlecht is of the opinion that this was still held by them
at the end of the war,

The smelter at Mansfeld had only been intended for use
if the M,D.A. were put out of action by air attack or other causes.
. Only some 8C00 tons of ore in all were sent there, and smelting
operations were only initiated towards the end of the war,

ffith regard to Petsamo, production started in 1942
during the second Finnish war, when German troops moved in to aid
Finland. The nickel content of the ore which was processed in
1943 was about 2000 tons. This rose to 10,000 tons of nickel
" in matte in 1944,

Refining of matte produced from Petsamo ore, both
intended and achieved, is set out below in metric tons of
metallic nickel, as reported by Dr. Schiecht:-

Planned p.as Achieved in 194,
I.G Oppau 5000 metric tons. 2986 metric tons.
Blaufarbenwerke2,00 ? " " 1500 metric tons (eathodes)
Christiansand 2000 " R "
I.G. Frose 1500 " " 360 . " "
6846

It is understood that a further 120C tons of nickel per
annun were obtained frem the Frankenstein ores, mostly in the
form of nickel iron, rather than pure nickel, by the Renn process.
Smell amounts of ore of Greek origin were used with the
Frankenstein ores, but Dr. Schlecht had no idea of what quantltles
were involved, but stated that Greek ore was ertirely suitable
for use at that plant. It thereforc appears that at the peak of
German nickel productlon in 1944, the total metallic nickel
refined was of the order of 11, 000 metric tons,

NICKEL 3TQCKS I EURCEE, »aY 1945,

At the time of the Cerman surrender, appreciable stocks
of nickel contoining ore, matie, etc., were in transit or held
in different parts of the Continent, representing the pipeline
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of wartime supply from the mines in Finland through smelters
and refineries {o suppliers., Indications of the approximate
guantities and locations of these stocks are given in the

following table,

Stocks of Nickel Containing Ore, Mette etc, May 1945,

Figures received by I.G. after the ernd of the war

Nickel Contained

Ore
{Tons)

Ore

Kirkenes, Norway ' 6329
Hoboken 27802
Sondre (1) 50
Blaufarbenwerke 2926
Schoenebeck (Elbe) (2) . 1506
Hamburg Nil

Nickel Ore in Form of Sintered Apclomerates

Sintered Ore

Sondra 850

Nickel Cre/Matte Containing Iron

Sondra 150
Hettstett (Harz) 842
Nickel-Rich Converter Slag from Petsamo
{slag)
¥rose 76
Nickel Matte (Matte)
(a) from Petsamo smelter:— _
Christiansand 3 640
Hamburg L67
Schriescheim (near Heidelburg) 550
b} Frowm Hamburg smelter:-
Hamburg 226
Bremen (Nord Deutscher Hutte) (3) 123
Schoenebeck (¥1lbe) (4) L2
Blaufarbenwerke (at Oberschlema) 275
Frose 265
Schrieschaim . L9
Oppau (lost under debris) 109

ml]re

Ore/Matte

{ Tons)

220
970
1.5
122
66
Nil

51

18
100

27

320
357
275

98
60
255
119
128
220
50



Nickel Contained

Ore
{Tons) (Tons)

Metallic Nickel

Oppau Nil
Christiansand S i78
Frose i76

(1) I.G. records indicate that 5000 toms should be held at
Sondra, U.S, authorities have said plant is in badly
neglected condition,

(2; En route fto Sopdra,

This was for an experiment involving the direct addition
of rette to steel. Instructions issued by MHinistry at
Berlin., No succesa was achieved.

() Pertly for Frose and Blaufarbenwerke,

GERMAN WARTIME EFEPINING COSTS

Tne full control of and responsibility for the operations
involving the mining ard smelting, etc., of the Petsemo and
Nivala ores were, according to Dr, Schlecht, held by I.G. Farben.
The selling price of metallic nickel was fixed by the Germen
Government and maintained at the prewar price of 2.45 R.M, per
kilo, I.G. had to pey for production costs in advance and then
recover, after months of delay, %the exira cver-and-sbove prewar
costs from the German Government, None cof the other firms invelved
had deslings direct with Berlin; they all had agreements with L.G.

Throughout the war, 1.8, paid the féllewing prices:=-
2 P g B

For Petsamc ore = untreated 3.5 R.M./Kg. of nickel in ore
" Petgemo matie 4,0 " i “ matte
¥  Hamburg matite from Finnish ore 6,0 " L " "

PRECICUS METALS FROM FPLWMISHE OEES

Iuring the war, the precicus metal concznirates were sent
by I.G. to the MN.D,4;, at Hamburg. They were in the copper sulrhide,
after which the P.M, slimes were treated for the extraction of the
metals.

hecording to Dr, Schlecht, one ton of matte produced at
Petzamo, with a 5% nickel content, containec on &n average

=] Pee



3  gms. gold

150 n silver
4 " pletinum
L5 " palladiua
0.5 " other precious metals,

I.G. were allowed to keep sufficient of the precious metals
extracted for their own industrial needs {e.g. catalysts for ths
oxidation of ammonia, etc.); the remainder being sold %o the
Precious Metal Depariment of the Siate which issued them to
Heraeus, Siebert, etc. for working up,

DEVELOPHLLT OF KICKEL FOWOER

USES FPOR NICIEL I'T#/DER

Introduction

Only verylimited development and research work hed been
carried out since 1933 when Oppau initiated refining nickel, owing
to the severe restrictions on the use of nickel brought into force
in Germeny under the new Nazi economy. The most notewor thy
development was the production and sintering of nickel powder for
the production of sintered nickel alkaline accumilator plates,
described later,

Investigations st Oppau were otherwise carried out on the
following subjects: - production end use of porous nickel filteras
for concentrated elkali; porous nickel bearings; production and
utilisation of non~porous sintered nickel powder; radio valves,
nozzles for artificial silk manufscture, nickel clad steel,
ancdes for nickel plating, nickel-iron alloys with special
magnetic properties, nickel welding wires and coavings for arce
welding electrodes,

NICKAL FOR _THE GERVAN STEAL INOUSTRY

Approxiretely 987 of the nickel powder produced by I.G. .
Ferben was supplied to the Cermen iron and steel industry; the
analysis of this powder conformed te the Tollowing
¢ 3 s
0,25 max 0.7 max C.01

'
5
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It was packed into 100 or 150 Kg. steel drums, both container and
powder being dropped into the furnace,

The use of carbonyl nickel powder in the melting practice
of the German iron and steel industry has been published in Stahl
uné Eisen 1940, IX, pages 226-227, Dr, 3chlecht had no information
tc add to this paper, written by his colleagus ¥. Assmann, and
himself.

NON~FERRCUS METALS INDUSTRY.

Only a small proportion of the nickel produced by
I.G. Farben was used in the non=ferrcus metals industry owing to the
strict German nickel conservancy measures. An article hy Assmann
and Schlecht on "Cerbonyl lilckel Fowder in the }elting Practice
of the German Non-Ferrous lMetal Irndustry", published in
Metallwirtschaf't, 1939, XVIII, peges 467-4568, summarises
Dr, Schlecht's views on the matter. Dr, Schlecht was not aware
of any new developments which had been inmtroduced into Germany
during the war. The main purpose of his paper was to show that
carbonyl nickel powder is as satisfactory for use in non~ferrous
metal melting as any other commercial nickel awvailable,

The nickel normelly provided to ths non-ferrous metal
industry was similar to that described above and supplied to the
steel induatry. Where very special alloys were required to be
made, a better quelity = made by using NiCO, of low iron content -
was supplied, with analysis spproximately as follows:-

c_ Fe 3

0.1 0.68 0,001

SINTERED NICKEL FOR NICKLL CLAD PLATES

Sintering of slabs for nickel clad steel was developed
as an altermative in order to obviate the melting and rolling
in normal practice, Few advantages for this method of
msnufacture were claired, except Dr. Schlecht stated that
slabs up to 1600 Kg, in weight could be produced by this means
ageinst the considerably speller ingots which could ctherwise
be preoduced in Germany.

Details of the use of carbonyl nickel powder in this
f£ield are given in a publication by Dr. Schlecht and his colleague
G. Trageser, which appeared in Metallwirtschaft, 1940, XIX, No.4.
pages L=6., Dr, Schlecht had nothing to =dd to the information
contained in tbls paper,



SINTERED NICKEL PILTERS FOR CONCEMIRATED ATK/LI

A publication by Dr. Schlecht and Dr. G. Trageser on
"Sintered Nickel Filters for Cleaning Concentrated Alkali" was
published in Die Chemiache Fabrik, 1939, XIT, pages 243-244,
This erticle describes the adventages of thege filters.

A limited number of filters have been suprlied mainly to
the I.G. factory at Hoechst for filtering alkaline liguids,
The filters were made by tamping 3-5 micron powder of 1,0-2,0
packing density with or without a proportion of filler, into
moulds and sintering in hydrogen, first at low, and finally at
high temperatures, The filters were prepared in the form of
plates up to 30 am, square in area, tubes up to 15 cm, in
diamefer and about 45 cm, in length, and cones suitable for
welding to the ends of the tubes as closures.

Dr, Schlecht explained that optimum porosities and thicknesses
had not been investigated by him, but he had found that the
porosities of filters should be as lerge as possible in order to
avold clegging by the precipitant. It was considered that a coarse
powder (10 microns) would be specially suitable for the preparation
of filters, since

gag 1% would contract very little during sintering, and
b} the sintered product woull contain COurse pores,

There haed apparently been insufiicient time to develop a powder
of this type on a commercial seale at Oppau. Dr. Schleeht
explained however, that coarse pores could alsc be cbtained by
the introduction of a volatile or leachable filler of suitable
particle size (ammonium carbonate and ures had proved useful
experimentally),

EFFECT OF IMPURITIRS

No study had been made of the effect of cerbon centent on
nickel powders, I.G, considered it essential, however, that the
sulphur.content shoulad be extremely low since it was not practicable
on ecenomic grounds to desulphurise nickel, powder by prolonged
treatment with hydrogen during sintering, In Dr, Schlechi's view,
the importance of sulphur lay sclely in the fact that it could readily
cause brittleness in the sintered product,

It had been noticed, however, that irom hed an effect on the
shape of the particles, If the iron content of a nickel powger

w15~



exceeded about 1%, the particles were spherical and possessed
the onion-like structure asscciated with particles of irom,
whereas subatantially sulphur-free nickel consisted of
polygonal and multicrystalline particles,

SINTERED NICKEL AUKATINE ACCUMULATOR PLATES

GENERAL

Shortly after 1933 when Dr. Schlecht had initiated production
of nickel powder from Canadian matte, he coumenced research and
development work with a view to finding further fields in order
to increase nickel consumption, The most important result of
his development work was the preduction of sintered nickel accumilator
pletes with a high degree of porosity from powder of light packing
density. The information he was able to give was based on the
experimental work which he had carried out up to a stage when
Akcarmlatoren Fabrik Hanover A,G. (normally referred to as AJF.4.)
were sufficiently interested to acquire the sole rights of the I.G,
patents in Germany. A.F.a. subsequently undertook all further
development work, details of which they did not communicate to
Dr. S3chlecht.

The method of sintering described below is thus only based
on the laboratory tests by Dr. Schlecht, carried cut at Oppau
in 1538 when he discontinued development work. He does not
claim that his investigations were comprehensive, but merely that
they were sufficient %o create a novel market for his nickel
powder production, I% is of interest to note that his patents were
sold to A.F.A, on the payment of a lump sum of 300,000 R.M, and an
annua), royalty of a further 20,000 R.M.

in 1540, 1.G, Oppau was selling some three tons per month
of the special light packed powder to A.F.A., and this was the
normal supply throughout the war. Towsrds the end of 194 CUppau
was esked by AJF.A, if they could increase their monthly supply
%o twenty tons, but I.G. were mmable to conform because of bomb
damage, transport difficulties, etc., associated both with their
owm and the AJF.4, orpganistion. :



The sintered nickel acoumiator plates were used in the
main for starter betteries for German Air Forde ‘planes,
their main adventage being low internal electrical resistauce,
permitting a high rate of discharge under normal service
conditions. Dr. Schlscht iz of the opinion that nickel cadmium
alkaline batteries have no disadvantages which would prevent them
from being used for motor cars and other purposes, once sccumilator
manufacturersg are prepared to mske the necessary capital outlay
and convert their present production system,

PREPARATION OF THE NICKEL POWDER,

Decomposer. During the course of experimental work at Oppeu,

it had been found that powder of very low packing denaity could
be obtained by increasiung the through put in the standard
decomposer and without unduly clogging the extraction apparatus, |

The Particle Size of powder formed under normel conditions was of
the order of 3-5 microns, but at the higher rate of production a
proportion of the particles coalesced to form groups as large as
50-100 microns in dimension., After removel of this powder from the
decamposer, it was screened by brushing it mechenically through a
stationary coarse sieve, provided with holes of sbout 1 mm, diameter
(the screens emplcyed for sereening normal nickel or iron powders
contain about 180 mesh per inch),

The Packing Denaity of the powder as produced was 0,7 gram/c.cm.
The density increased during transport by rail te 0.8 gram/c.cm,
_which was the minimum specified by A.F.A. HMotor fwansport vas
stated to break dwwmn the aglomerates, causing ah excessive increase
in packing density, and was thus never used,

The packing density value of 0.8 was apparenfly of no special
significance, but was sufficient to provide a Teasonably high
porosity in the sintered product. It was hoped at one time to
incresse the poresity by producing an even lighter powder by
increasing the temperature of decomposition, but it wa s found that,
as in the case of unaglomerated powders of small particle size,
the product was very bulky and could not be handled conveniently
by the normal worm gearing by which it was removed fron the
decomposer, Conversion of the outlet at the bottom of a deconposer
was planned and commenced, but this wes not completed before
production ceased.

¥ith the excepiion of a few tons of a Tiner powder sent to
A.F.a. eerly in 1938, all supplies were of the type with 0.8 grem/c.om.
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packing density described above, and as far as Dr. Schlecht
was aware, A.F.A. employed only this standard powder in their
manufacture of accumlator plates.

Control Tests. The product was controlled by periodical batch
analysis and determirations of the packing densities. No other
tests were applied.

FRODUCTICN OF 16 PCSTHIVE DPLATES

Filling the Former. The procedure adopted in the Cppen laboratories
for the produstion of plates was as follows. The powder was fed

by sieving, or by gently pouring, without any heat treatment, into
an iron or steel former resting on an iron plate, and the excess
was scraped away by a knife edge (without any special precautions
being taken in regard to the angle of incidence of the knife blade),
If desired, = wire mesh grid cculd be introduced, The plate and
former were tapped liphtly in order to smooth and slightly
consclidate the powder,

A steel plate which differed in thickness in various
experiments fram about 1 mm, to 5 mm., was placed on the powder
and lightly pressed down by hand (the weight applied being less
than 1 Kg.), The dimensions of the iron plate were such that
a ridge of powder approximately 1 mm, in width, remained
uncompressed and slightly "proud" arcund the edge of the plate, The
ridge served to lock the edges of the compact during sintering, thus
preventing contraction in a direction parallel to the faces of the
sintered plate, all contraction taking place in = vertical direction.
Adhesion between the compact and the iron plates and forrmer was
rrevented by painting the latter with a siurry of magnesia before use.

Sintering The cemplete assembly of upper and lower plates, former
and powder, was introduced into a steel box in a furrace into which
was passed an atmosphere of purified hydrogen. Sinterang was )
effected by raising the temperature of the box to 1100 ¢ in & pericd
cf twelve hours, maintaining that temperature for twe hours and
allowing the box to cool during a subsequent period of ten hours,
thus completing o twenty=four hour cycle. .

The Density of the nickel was, however, admitied to increase

from 0,8 mma./com, 0 1,8-2.0 gms,/com, during the preparation

of the plate, This would indicate that the linear contraction, if
it took place only in a vertical direction, would be 56,5, and if it
vere assuned that 1t took place equally in all directions it would be
ebout 17... These figures are thought tc be remariably hich in view
of the reported absence of cracks,
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The Yoroasity «f the plates produceld exverimentally by I.G,
Oppau was between 80 and 845, Dr, Schlecht considered that

it might well be poasible to increase the porosity even to
90%5. He had prepared specimens of S4~95) porosity by the use
of fillers, but admitted that thege plates were easily indented
and that they were mechanically weak, The view was expressed
that in order to extend the fieid of sintered accumulator
plates, it is highly desirable on ecconomic zrounds o reduce
the weight of metallic nickel in the plates by increasing the
porosity to the maosimum obtainable; this would alse have the
effect of increasing the ratic of the weight of acitive mass to
nickel.

Flakina HNo troubles due to short circuiting of cells by
particles or layers fleking from the surface of the plates

had been encountered, according teo Ir. Schlecht,

PRODUCTICN OF THE 1FGATIVE FIATES

Negative plates were {irst prepared by I1.G, on an
experimental basis from sintered iron, but these were found to
disintegrate rapidly by electrical action during service.
Patents for the production of nickel iror alloy plates or {or
the formation of nickel iron grids on iron plates, were desigred,
but did not prove succeasful in overcoming this trouble.

ir. 3chlecht did not know whether ALF,A, had introduced
copper into their plates, 4 pure nickel plate, in his view,
would have been too expensive, and in any case would not
have been permitted in Germany owing to the strict nickel
conservancy policy. As far as he knew, copper offered no
advantage from the electrical standpoint,

TESTING

Particle size measurements were not regularly carried out on
nickel powders, The Klectron microscope had not been employed,
nor had micro-hardness measurenents been made. '

The strength of the sintered plates was only judged by bending
them manuelly. The porosity wes determined from the apparent deusity
and there was no atbeipt to measure the permeability. Attention was
meinly given to the electrical capacity of tie finished plates.



CARBONYL,  TRON PCWDER

Introducticn

According to Dr. 3chlecht, research work on iren carbonyl had
been initiated at I.G. Opmau, in connection with their work on the
synthesis of motor fuels, when it was found that Fe (#e(C0). diminished
the knocking tendencles of petrol. Universal use of lead tgﬁra ethyl
in 1926 checked the use of Fe(CO)5 for this purpose, and I.G, Oppau
therefore decided to produce carbonyl iren powder which had been found
meantime to posseas favourable electro-magnetic properties.

VYery gradually this powder gained favour in the telephone
and wireless industries, as will be seen from the annval sales figures.

Sales frem Oppay of Iron Powder
(§hort tong

1927 53 1937 540
1928 86 1938 707
1929 1.9 1939 1062
1930 172 1940 987
1931 105 1541 1634
1932 51 1942 1506
1933 L6 1943 952
1934 256 194 966
- 1935 365 1945 -
1936 LB 1946% 150

# 1C meonths.

Method of Production.

Iron earbonyl is produced through treating iron ore or iron
serap containing 1.5 sulphur with carbon monoxide under a pressure
of 200 atmospheres, the temperature being maintained at 24000, Ths
iren carbonyl thus formed is separated fram the surplus CO dwring
cooling to normal temperatures, and is cbtained in liquid form,

The iron carbonyl whose boiling point is 103% is then
evaporated under normal pressure and decomposed into metallic igon
powder and carbon monoxide in cylindrical containers at 200=-250"C.
The carbon monoxide returns inte the circulit to form further iron
carbonyl.

. Flow diagrams of the high pressure apparatus, the pressure
reducing plant, are available at the B.0,T. See p.33e
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Rew Materiai: The raw material mostly used at I.G. Cppau for
carbonyl production was iron scrap conteining 17 of added sulphur
as FeS,.  This was produced at Duisberg by melting at 1200-1300°C
and shotting in water.

When production at Duisberg was held up, L.G. Oppau vroduced
J7 sulphur slabs about 2" thick, and broke these down to hazel nut
slze in Jaw crushers, &Bfforts were made to use scrap iron free from
chromium, molybdenun, etc. as these lowered the rate of iron
carbonyl formation,

The Procedure for Iron Powdsr Production is as Pollows., The filtered
carbonyl is fed ihtc the vaporiser so that it meets a tangentiszl stream
of NH3 et the point of entry into the decomposer. The aecgmposer
temperature at top, middle and bottom (exi[g is 260%C, 280% gpg 290°C
respectively.o The temperature of the heating gases in this same order
is 4O, 4607C and 3609 (exit),

The high pressure part of the plant, in which the carbonyl is
formed, is mede up of high pressure furnaces, preheaters for heating
up the circuit CC, a heat exchanger, a oircuit pump, a cooler and
twe vessels for the collection of liquid carbonyl. €O is supplied to
the high pressure plant in a compressed state by the CO COMPressors,

The low pressure plant, in which the thermal decorpesition of the
iron carbonyl takes place, consists of decomposers powder removers,
filters to clear the CO from the gas borne powder snd G0 blowers.

The decomposers are operated to produce cnly one quality of powder,
ie, Grade ¥, from which all other powders are produced by cyclone
classifiers and/or decarburisation., The powder from the decomposer
is sieved through a rotary sieve having 4900 holes PEr Sq. Cg

Ball ¥illing. Certain of the powder grades ave obtained by ball miliing
the standard Grade E powder which emerges from the decomposer, killed
E powder is termed EN, the suffix N or NN indicating ball milling.

For the milling opsration, 1100 Kg of iron powder is ground by 1100
Kg of triple sized balls, Milling is, for safety reasons, carried out
in a nitrogen atmosphere., Although I.G, Oppau had not suffered any
explosions during grinding in air, Dr, Schlecht would not risk this
process, The sale of unmilled powder nas been discouraged during and
since the war. The prices of these were frozen in 1935 and it has proved
unprofitable to market them,



Decarburisation: Powder Grades C Normal and C Stabil are

produced by the hydrogen decarburisation of Grade E powder,
Grade C Stabil also receiving a pre-~heating in nitrogen for
two hours at 450°C,

The furnaces used for decarburisation or preheating in
nitrogen are resisfance heated, the furnace teing divided along
its length to permit its being pulled away froi the decarburisation

chamber in order to facilitate cooling., The decarburisation chamber
is 10' long x 4' wide x 5" deep,

The charge is spread on trays with rollers to permit free
movement, The furnace is held at 430°C, the temperature being
measured by means of six thermo~couples evenly spaced along the
furnace., Hydrogen is passed for the requisite period, then the

heat is cut off and the furnace bodies are pulled away from
the chamber,

The powder es remcved from the decarburisation chamber ig
lightly sintered, but it is readily disintegrated in jaw
crushers. It is then ball milled for 20 hours {1100 kg,
powder and 1100 Kg., balls) in a nitrogen atmosphere, and then
passed through the rotary screen, The finished powder should
contain between 0,02 and C,04: carbon,

Preheating in Nitrogen: TFor C Stabil powder the procedure
ig generally similar to the process aforementioned, except
that nitrogen is passed over the powder at L90YC, followed
by hydrogen. The time of decarburisation is thirty hours
and thereafter the treatment is as stated above for C
Normal powder, namely, cooling, Jaw crushing, ball milling,
acreening and mixing.
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Cyclone Classification: This was carried out mainly in a
double separator., The powder in a nitrogen atmosphere is

fed into the top of the first chamber where it falls through
the blades of a fan which acts to agitate the powder and
distribute it well in the gas. A relatively slow gas

current is maintained and the heaviest particles fall direct
to the bottom of the first chamber, whilst the lighter part
is bled off with the gas into a cyclone separator, The
rmaterial separating from the cyclone is the noruwal production,

Gredes of Carbonyl lron Fowder

A list of the powders produced, together with their
lectro-maghetic characteristics as determined under siandard
.G. test procedures (see later), are given in Table 2, Many

of these powders were produced only in very =mall quantities
and the production of certain of them was discontinued. The
main powders produced were Grades E, EN, C Normal, C. Stabil,
and H, OSmall guantities of Grade Ferr, Red. B, and C, were
produced and scold for pharmaceutical purposes,

Approximately 80% of total production was in Grades C
Normal and B (or EN), these being produced in equal
proportions, G Stabil was the powder next in importance
regarding gquantities, and then H, Grade EN powder was
identical to Grade E, except that it had been ball milled,
the milling being denoted by adding N (or HN) to the
© grade letter,



Grgde A Fowder

By means of the normal carbonyl process a crude iron powder
called Grade A was preduced, There was in Germany no large scale
application for the powdsr in this state although a few
experimental lots were supplied for catalytic purposes,

Grade C Powder.

The principle users of this grade were Siemens and Halske
and AE.G,, who used it for low frequency cores for telsphone
work, This applied both 4o the dsvelopment and maintenance of
nermal telephope circuits in Germany and to low frequercy
service requirementa, U Stabil was stated to have the same
applications as the U Normsl pewder, but owing to its higher
magnetic stebility it had certain advantages in the
neighbourhood of elecirified cables,

After 72 hours the C Normal powder lost 20 of its
vrermeability, C Stabil lost 0.5% after 5 minutes but then
sugtained nc furither less,.

Grade ¥ Fowder.

o

Ths use of this powder was well osiablished before the
war for nigh frequency appiications, particularly in copjunction
with radio work, Large quantities of the E Grade powder were
consumed in radic equipment for the Luftwaffe, and it is
understood that it made the btulk of the higher frequency (radio
frequency) applications, It has already beer explained that
Grade EN powder is ncrmal E pewdsr ball milled,

This powder is milled in cemsnt type ball mills using
balls of three sizes 75", 50 & 25 m,m, diz,) for 24-48 hours at
5=~10 turns per minute, The charge consists of 100 dgs of Powder
and 1100 Kgs. of balls, The wills age lined with tungsten
manganese steel and milling is carried out in a r.itrogen
atmesphere. This preocess breaks duwn the aggregatess The EN
Fowder contains more fines than the Crade 1 powder and has a
maximum partisle size of &8 /“, It is not necessary 4o anneal
this peowder befors use,

Grade H Powder

A very limited quantity of this grade was used in
Germany as in this country, for highest frequency applications,
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particularly in conjunction with Rader., Details of this grade
are given in the table, and it represented the highest quality
powder produced. It was obtained from that portion of the E
powder which was caught in the Beth filter,

Grade P, Powder:

This powder which was used for Pepin loading of submarine
cables was made from Grade 4 Powder in the same manner as C
Normal powder was mede from Grade & Powder, If it was desired
to reduce the oxygen ¢mtent of this powder the treatment in
wet hydrogen was followed by a similer treatment with dry gas
{about 10 hours in each) .

Grade 5 Powder:

This powder consisted of the larger fractions of Jrade E,
le.e. the residues after Grade H, powdsr has been removed. It was
used for loading coils for local circuits and for radio direction
finding loecps,.

Grade ¥R Powder:

Only very small gquantities of this powder were produced, its
properilies being equal to 4rade 4, t was stated to be particulariy
suitable for elsctro-magretic testing for cracks in stesl and
walded Joints,

Grade FPerr, Red, Powder:

These powders are only those which fail to comply with the
electro-maghetic specifications, and as shown in the table, wers uged
for the preparation of pure salts and catalysts, and for pharmaceutical
purposes,



Electro=tiametic Tegting of Carbonyl Iron Powders

It is evident that routine tests carried ocut at Oppan.
are very comprehensive and that a considerable amount of e%ulnnent
ig involved, Detailed information of the testing procedure,
including preparation of powders and ceres, is contained im a report
prepared by Dr, Schlecht and his colleagues.

The position may be summarised as follows:-
The quantities measired are:-

(a Permeability

b} Eddy-~current loss factar

Ec Hysteresis * "

d) Residual n "

Ee Stability = " "

f) Damping (the inverse of '0')

The main equipment cosists of:-

(1) Insulation mixing machine

(2) Press (300 tons) for toroidal and ‘B!
test cores

23; Toroidal winding machine

4 Audic frequency measuring bridge with
oscillator, amplifier, filters, etc.,
for (a) (b) m%c) and (Q)

E 5) Special bridge for hysteresis of ¥ pomder

6) Magnetising equipment for (e)
(7) Q meter (0,1 to 10 }C) for (£)

This equipment takes wp a considerable amount of space and a
qualified electirical engineer is necessary to supervise testing
and meintenance,

A certain amount of variation in quelity is met with
in production; to overcome this, stocks were held consisting of
individual batches with measured properties., When an order was
received requirements were usually specified in detail and a
suitable batch chozen, or sometimes a mixture of batches was made.
Test results were submitted to the purchaser and also a sample;
the latter was tested by the purchaser and if results agreed and
were satisfactory, delivery of the batch was proceeded witha
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It should be borne in mind that the most exacting
requirements were for grades for loading coils and carrier
frequency requirements, e,g, C liermal, C Stabil and H, These
uses accounted for roughly 50#% of the total cutput, the mmin
consumer being 3iemens and Ialske,.

For radio manufacturers it was only sonsidered necessary
to comply with a specification for overall loss measurement
(dauping or alternatively 'Q' factor) and effective permeability.
The larger 'B!' type test core as used by 1.G., however, is
more sensitive to quality wvariationa. Detalled routine tests
were nade on all powders, but these were not, in general,
subritied to radio manufacturers,

bDetails of the various core grades, together with their
permeabilities, insulation, percentages, nressures and loss
specifications, are given below:-

TARIE 3
Powder Insulation Pressyre 4 S?anil- Qéaginﬁ
% Kg/ L w He n o ity &,
C Normal  0.B 15000 5% 0,755 & 2% -
C Stabil 0.8 15000 L8 0,742 6 S -
B & 15000 16 0.7 5 1.5
3000 0.33
BN | 4 15000 15 047 & 15
3000 0,30
H i 15000 W 0.7 21
3000 0,28
/2 = Permeability; w = LEddy-~current loss;
He = Coercivity n = Initial factor;

Stability is a special test applied to lozding coils,
Percentage damping corresponds really to the inverse of (Q)
factor,

With regard to the values given for w, it is suspected
that these are not true values and that large corpections for
winding loss should be added; ., this might account for'on%y a
single very high value being given for each powder, and, in
actual fact, it would be expected that the values of w vary
considerably for the different grades.
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Carbonyl Iron Powder - German Prices

The prices of the verious grades of iron powder produced
at Oppau were frozen by order of the German State in 1939,
and present production is being sold at these same prices by
order: of the French conirol authorities. Details of the prices
of the various grades are shown in Table 3, but it should be
noted that only the following are at present in production
and represent the more important commercial grades: As, EN,
CliH, CN S5tabil, (NS and K.

TARLE 3

German ¥rices, Carbonyl Iron Fuwders

AS L R.M, Kg,
EN I+ 1t
CRGT 5 "
CN Stabil 5 "
CN3 LD "
H ' LI'Q5 . u

Oppau Iron Powder Sales

No specific information was obiained on this point, The
I.G. Farben Sales Organisation (M Divisicn) was normally located
in Berlin and was subsequently moved to Kothen-Anhalt, near
Magdeburg, end the main records were kept there,

fa

Applications of Carbonyl Iron Fowder

No applications for carbonyl iren powder were introduced in
Germany during the wer, other than for eiectrical purposes,.
and nothing very novel was learnt with regard to electrical
spplications,

Grade E or EN powder was mainly used for high freguency
purposes, radic receivers and transmitters, low hysterisis
induction coils, loading coils, etc, Grade O powder was used
for sudio fregquency loading coils, filter coils, choke coils,
etc. Grade H was used for purposes similar to those of £ or &N,

but was especially suitable for carrier wave frequencies and
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and more particularly for uses over 100 KC/second,

Dr, Schlecht admitted that several nickel-iron moterials would
have been more cconomic to use for certain telephone and radio
purposes than carbonyl iron powder, but the use of tha latter was
enforced under the stress of Nazi wer sconomy owing to the nickel
conservancy policy. He felt very streongly that there is a field
for carbonyl iron, although this may be more limited than that
available in wartime Germany and that it has definite advautages
in speciael gpplications such as loading coils for mlti bend telephone
cables,

& further field of commercial application is in the manufacture
of carbide tipping bools where carbonyl iron has been found entirely
svitable in conjunction with titanium carbide., At the present time
aprroximately 4 tona per month is being delivered to the British
wontrol Zone of Germany, especially Krupp, Widia Department,

Although the universal use of lead tetra-ethyl checked the
use of Fe(CO)5 as an antieknock for petrol, Dr, 3Schlecht believes that
it is likely to return to favour in view of its less harmful effects in
city atmospheres, e sgtated that the main disadvantage found st the
time was the deposition of red powder on the sparking plugs, but he
has heard that Pe{C0)s is nov being introduced into the U,5,i, end
belisves that somes me%hod for avolding this cdeposition must have been
evolved meantine,
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MISCELLANECUS

CODALT

Cobalt production in the I.G, organisation was at Bielefeld,
the raw raterisl being an impure cobalt oxide obtained from Duisberg
Kuppenhutte, in which I.G. held about 907 interesat.

The impure cvbalt oxide was produced at Dulsberg from copper
containing roasted pyrites vhich were received from sulphuric acid
plants where Rio Tints pyrites had boen treated. The copper produciion
ammountéd to sbouir 10,000 tons per annum, and in good years sore 80/100
tons of cobalt (in oxids) was extracted,

Briefly, the treatiment of the roasted pyrites comprised:-

1 Roast with potassium chleride
(2 Leach with dilute sulphuric acid
(3 Precivitates copper from the mized cooper

crloride and sulphate solution with dron scrap.
(1) Precipitate from the solution from (3),
by means of lime, a cobalt slime containing
alse copper, manganese and iron
(5) The cobalt containing slime was then treated
chemically to separate ihe various metals,
and the cobalt was recovered as an impure
oxide which was sent to Bielefeld,

Before Bielefeld undertook the production of pure cobalt powmler,
Duisberg supplied crude ccbalt concentrates to the market, but this
practice was abanfdoned when Bielefeld started maliing, since a much
better profit could be cobtained with the pure metal,

At Bielefeld the oxide was purified by chemical seans,
the impurities being precipitated outs The pure oxide thus produced
waz reduced in hydrogen to give pure ccobalt metal,

No cobalt salts were made at Bielefeld., The pure metal
was 20ld; almost entirely, for carbide tool tip manufacture, Krupp
being the largest buyer for their Widia production, LA small quantity
also went to Deutsche tdelstalwerke for the same purpose,

Originally Bielefeld nade molvbdenum and tungsten powders,
tungsten carbide, vitapium carbide, ete.,, and it was because of
their activities in these fields that they found the need for 2 pure
cobalt metal, This led to their entering the business.

~30m



Cobalt Production

An I.G, plant at Griesheim (near Frankfurt), which had been
mich Jonger established than that at Bielefeld, produced the other
ccbtzlt products in which I,6. were interested, The raw material
corprised miscellaneous parcels which came on the market chiefly from
Katanga (Hoboken), etc. The main products were ccbalt acetate and
cobalt fermate used for paint driers and in linoleum manufacture,

Dr, Schlecht said that no other products were manufactured and
sointed out that cobalt containing raw materials wers always in very
short supply in Germany. ‘hen the Petsamo mines became available,
Dre Sehlecht started some experimental work with a wiew to extracting
the cobalt. He estimated that some 200 tons cobalt could be cbiained
along with the 10,000 toas nickel expected per anmm from the Petsamo
OTE

Dr. Schlecht was not aware of any I.Z. production of cobalt
oxide or hydrate for ihe market, Cobalt oxide micht have been supplied
in small quantities from Criesheim. I the hydrate was made hy I,G,
it could onily have been in limited amounts azcording to Schlect because
he had nover heard this product discusssd at the half yearly I,G,

"mebal interests” meeting,

Solicen Lriers

Dr. Schlecht said that soligen Driers were made at Griesheim by
the oxidaticn of paraffin either by {a) nitric asid or (b) air or
cyrgen. At the present ftime one or both of these methods sre being
eployed in plant at Cppau. This plant ig in olose woximity 4o the
iron carbonyl plants for which 3chlecht himself is responsible, bt

he had no detailed information on the process.

He beligved that oxidation with oxygen or with air emriched
with oXyzen is the probable method used, because there is a surplus
of oxygen from the fertiliser planis., The plant had been destroyed
by bombing, but was now repaired cnd in oneration. Uhe product is
used mainly for soap manufasture, althoush he beolieves atterpts have
neen made to use it for producing edible fats, In connsction with
the latter, Dr. @chlscht was unable to say whal catalysts had been
employed,



NICKBL IRCYN TUWLERS

o

Because of the practical ca
pcrvders can be mived and thermally

s with which nickel and iron
3 if
Dr, Schlecht had given litils atd

o

fused into .l’f‘v

tention tc tihe predustion of
nickel-iron pow cie“c from nived arbonyls. Small quantities of
50/50 and 78/22 nickel-iron had, however, been made, The mixed
carbonyls were fed into the origer vhi ch was kept dry to prevent
selective evaporation, and the decommoser was operwed in the rc"mw
Lol T

marrer, The res_:l‘uwrt powde:
by further treatuent, Dr. 3
eleciro-magnetic nrowp 3 Rese nickel-iron *c&ﬁ‘m"e, t‘ﬂ use
of nickel being 'oruhl‘u.*ﬁa i‘:z Germeny for these purvosss 1ittle
development work was accor sy carrie

2Jloyed, bus could be alloysd
21 lit tie lmowiedze of +he

o

SOBALT CARBONTL

Only experimnental antities of this had heen made, a.ltnoub;-
some had been rgcover r he disgtilliation of crude nicke
carbenyl,. It was cbtained by the well lmc:r\rm method, i.e. trv;-tmen‘;

of reduced cxide with €O at 130-20C atms, pressure and atl 0%,

1t-nitrose carbonyl had been mede experimentally by

Dr, Schlschit at 1C atms. pressure by passing 90% C0, 10, NC mixture
over reduced cobalt oxide, The comprezssed ges mixtwre, however,
exploded spontanecusly, and the experiment was abandeoned. i, -':‘ﬁllis
beliecves that possibly cobalt might be extracted economically as
pitroso=carbonyl from ccbalt rezidues, etc,

MOLYEUENIY CARBCNYL

his wes produced only in laborstory quantities, i.e. one
or two pouno ., and by acting upon molybdenum—ccs)ger mixtures with
GO at 200 atms. and 430%. The reaction gases were coolel in
liquid nitrogen to obiain a maximm yield of Mo(CO)g. The
molybdenum-copper mixture was made from the cr.lov'ldes by 1
TTBClTJ.uatlm" foll owed hv H. reduction at 50(,-550 +« Dr, Schlecht

Z -
excressed the view that this“methed of production is not economical
coupared with present normal methods,

TUNGITEN CARBONYTL.

A few grams of this were made under the same conditieons
as Mol(C0) e



PATENTS

Dr, Schlecht had net brought any copies of the various
recent L.G. Farben patents with him on his vizii to the UK.,
but he referred briefly to the following subjects which he
recailed as having been covered by patents,

& process of producing nickel carbonyl from complex
nickel compounds by injecting chlorine throuzh a solution of
nickel seits in water., (b) A trestuent of nickel copper sulphide
matte by which it is roasted to remove sulphur and subsequently
reduced, (¢) Granulating niciel matte. (d) Desulphurisation
of nickel matte by blowing air into the converter followed by
reduction,

The dilution of carbonyl vapours vy means of 50 before
entering the decomposer or by »educing the pressure in the
decompuser below atmospheric pressurs. {(f). A process for the
manufacture of sintered materials which are psrmeable $o liquids
with a specific application to fountszin pen nihs, (g) A prosess
tor producing aluminium nickel irom for example, by first making
an alloy of aluminium and nickel and subsacuently sintering this
with nickel and iron powders. (h) Desulphurisation of nicksl
powder by treating in hydrogen end stear for a fairly long period
of time with a view to improving workabilitv. (i) Removel of carbon
from iron powder by adding correct amount of ivon oxide and heating.
{(3) A process for the manufacture of magnetic cores from meta
powders,

The diagrams to which reference is made on p.20 have heer
lodged with:-

The Board of Trade
Germsn Division EDocuments Unit),
Lansdorme House,
Berkeley Squars, W,1.

Telephone: Grosvenor 4060, Ext,2923,

For permission to inspsct these documsnts please quote
BICS/D005/11L/3017 .
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