BLOS.~-FINAL REPORT No, 467 . '
CITEM Nes. i2,31 0L
TR

- GERMAN SECONDARY BATTERY

'INDUSTRY

~

This report is issued with the warning that, if the subject matter should be protected
by British Patents or Patent applications, this publication cannot be held to give any

protection against action for infringement.

BRITISH INTELLIGENCE OBJECTIVES

SUB-COMMITTEE

LONDON—H.M. STATIONERY OFFICE



GEHEMAN SECONDARY BATIERY

INDUSTRY

Reported by

I#. D.H. Collins, R.N.V.R.

BTO3 TARGET WERS
12/166, C31/737, Cl2/265, C31/1255, C31/105,

c12/273, 12/168, C31/1038, C12/274, C31/2525,.
12/167, C31/ih _

BRITISH INTELLIGENCE CBJECTIVES SUB-COMMITTEE
32 Bryanston Square, Lonion, W.l,

M



TABIE -OF CONTENTS

SUBJECT Page No.,
Object of trip 2
Summary 2

' AJF.A. Accumulator Factory, Hagen 2

,/ Torpedo Batteries
Submarine Batteries
Lead Acid Batteries - General
Alkaline Batteries

£ AJF.A. Accumulator Factory, Hanover
Carl Zoeller Accumulator Factory, Hoppecke
W. Seippel G.m.B.H. Bochum |
Wilhelm Hagen Accumulator Factory Soest

Gottfried Hagen Aktiengesellschaft Koln-Kalk

@ ~N o o o W PP\ W

Genersl

Curves of Torpedo cell characteristics
Curves of Torpedo cell characteristics (addition of acid)

4
\\ Curveas of Submarine cell characteristics

M ‘ Ua)

1 f'm, Giag AR PO 3GH[S andesh v than B YFed?

£y

Cadn bl TOUAAL  NWRREN CATMIUM B AITIEAY,
dus R for (8w mr] ‘I’z’" b (Abdrcbiny  doun .«4.1.,'/:««: o .wé-’:
' oo J¥N (0 Th R *} ".}a«lmmx "f}a-ﬂ-éw Fleelin I *"“MJ‘” Dot ol e
) : feptnuben, aJ fffta i f;] [ .-..f.-',- "ﬁfimf et TAT
e ,Jf" cl =

-

:- . H” (3 Te ':"'*) l,(u,,,__,,r;, IPYFRISTSIRNY 4 JEN 2 WA b-«’»fu-r‘..._;

3 - . A
At it '!ﬁlﬂyég—}ll- Dleinganativn Aonk




Object of Trip

The object of this frip was to investigate the activities of the
various German Secondary Battery Factories during the war and in
particular to find out any technical advances in the way of new
batteries, new types of known batteries and new methods of con-
struction developed during the war years, Special atteniion was
paid to batteries for Naval use, :

The following factories were visited:~

A4, Accumulator Factory at [agen 12/166, ©31/737
AWF.A, Accumulstor Pactory at 3% ocken, Hanover C12/265, ©31/1255
Accumulstor Factory, Wilhelm Hagen, Soest 031/105, C©12/273
Accumulator Torks of Carl Zoeller, ﬁoppecke 12/168, ©31/1038
Y. Seippel G.m.b,H., Bochum c12/27k, C31/2525

Gottfried Hagen sktiengesellschaf. Koln-Kalk 12/167, C31/104

Surmary

Of these factories the first named is by far the most important
from the technical point of view, most of the research and develop-
ment work was done here, it has been about 50% damaged by air attack
and most of the technical records have been destroyed. The AJF.A.
Factory at Hanover is the most interesting from the production angle,
although the dispersal of the bullalngs prevented the use of cone
tinuous flow nmethods,

In the lead acid secondary battery field the Germans show no
techmical advances over current British practice. The problems of
suitable alloys for the grids (antimony being in short supply) and
of separators for large cells remain virtuslly unsolved,

The use of alkzline secondary batteries was limited during
the war years by the shortage of nickel, but the development of a
light weight batiery using sintered plates and so dispensing with
the usual heavy metal grids represents an advance not known in
fireat Britain,

This latter subject has been adequately covered by Mr., Follett
of MeA.P. and is not tresied in detail in this report.

AJF,A, Accumulator Factory Hagen

This was the nerve centre of the German secondary battery
industry prior to and during The war, The fzctory has been con-
siderably damaged during ihree air attaciks and although still
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capable of producing lead acid batteries the nickel plating plant
and the plant for the production of mickel oxide for alikaline
batteries has been completely destroyed. A new plant for the
production of alkaline batteries is under construction at Letmathe
g few miles away but this is not yet complete,

The laborstary buildings were destvoyed oy alr atiack
together with most of the records, although: some work was still
sarried on in two basements. DProf., Baas is available and can give
information on most technical matters.

During the war it appears that none of the service departments
made specific requests for any type of special battery. In general
batteries for naval purposes were required to have a low hydrogen
evolution on open circuit, but this point was not sowvered by any
specification test and any tests that were made were purely
laboratary tests, the firm has, however, apparently made no pro-
gress in this matter during the past #0 years,

Torpedo Batteries

The or1g1na1 design of forpedo battery was kept to throughout
the war, but the naval staff were conmtinually asking for inereased
duration of discharge and this was eventually met by producing a
larger cell with an increased number of plates, Typical performe
ance ¢mrves are attached to this report,

In an atiempt %0 increase the capacity still further experiments
were made in which concentrated acid was added to the cells during
the run. The attached curves show the experimental results obtained
with the original torpedo cell (137 210, 13 positive plates) and with
the larger cell {477210, 17 positive plates) from which it will be
seen that considerable increases in capacity could be obtained by this
means. Bxperimental batteries were made to employ this msthod of
obtaining increassed capacity. .  Concentrated sulphuric acid for-
mic acid were held in separate containers and were brought into
sontact after a pre determined time by the explosion of a car-
tridge which broke membranes in the walls of the acid containers,
the mixing of these acids generated z gas presswe which forced
the sulphuric acid through a systém of mipolam pipes to receptacles
on top of the cells, these receptacles were fitted with = float
valve which closed the supply pipe when the receptacles were full,

All the batteries etc, at the accumulator factory were destroyed,
but some batteries were delivered to the Torpedo BExperimental
Establishment at Bckenforde.

Bubmarine Batieries

- For submerine batteries the emphasis was placed on high rates
of discherge for short periods of time and this was wet as far as
possible by using the thinnest possible platss and separators. But
no new developments were apparent., Typical performance curves are
attached to this report. ‘
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Jead Acid Batteries - General

Little research has been carried out during the wer years, the
general demand has been for increased production of batteries and
all alterations and improvements have been made with the minimum
disturbance to existing designs., No attempis were made to produce
gpecinl batteries for high or low temperature work,

Two problems %o which considerable attention has been given are
the elimination of entimony from the lead alloy used for casting the
grids and the production of satisfactory separators.

The first problem arose from the shortage of antimony in
Germany, other alluys had been tried in pre war years and found un-
satisfactory, with the result that during the war apart from some
minor work on lead calcium alloys, efforts were concentrated on
progressive reduction of the antimony content of the allgy. Dwring
the latter period of the war the percentage of antimony had dropped
to 5-67); except for the torpedo batteries where 8% was still used,
It was stated thet this 5-6% antimony alloy was quite eagy to cast
by hand, but that it was not satisfactory for automatic casting.
Methods of casting followed normal practice,

The production of sultable separators, followed from the
exhaustion of supplies ¢f Port Orford Cedar from America,  Verious
woods were tried of which white wood, poplar, pine and beech were.
the best. But the wastege in slicing these woods was very large
and the thinnest corrugeted sepsrators were ususlly 0.2 mm, ’
thicker in these woods than in Port Orford Cedar.

Microporous rubber had also been used very satisfactorily, but
the use of this materisl ceased owing to shortage of supplies, and no
satisfactory meterial cculd be produced from Buna., Microporous '
polyvinvl chloride was unknown. *

It is noteworthy that very little use was made of glass wool in
any of the large cells. The usual procedure was to use a thin veneer
of white wood or pine in cenjunction with a perforated corrugated
separator of Buna or pelyvinyl chloride,

Paste formulae methods of pasting and formation did not differ
from normsl British practice, Lerge Harding mills were used for
the production of grey oxide for the negative paste, for the positive
paste there was & preference for grey oxide made in smell mills,

Alkaline Batteries

Alksline bstteries of both the Edison and Ni Fe iype were manu-
factured by this firm until the plant for the production of nickel
oxide was destroyed by sir asttack, The geperal menufactwing pro-
cesses have not altered since ariginally 1ntroduced " The only ‘
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point of interest is that to economise in nickel, tqe conteiners
for =mall slkaline cells were made of plastic materlal (1ipolam or
Trolitol) and although the larger cells were in the standard

steel containers, the exteriors of these containers were not nickel
plated, but peinted with a synthetic lacquer of the chlorinated
rubber tyve, A small 1Ah cell in a plastic container fo use in
controlling torpedoes and mines was of interest as a2 neat production
Job, but otherwise there was no battery of particular interest,

The outstanding development in alkaline batteries, is the
light weight cell with sintered plates. This was developed at Hagen
although manufactured at Hanover, This battery has already been
reported on by Mr, Pollett of M, A.P. but the details are briefly as
follows;-

Pieces of iron gauze are cut to the size of the plates required
and are edged with steel tape, this is then thinly nickel '
plated, The nlates are then gently pressed into ndickel carbonyl
powder (positives) or copper nickel (23%;) powder {negatives)
weighed and then sintered into a compact porous mass in a
reducing atmosphere at 900-960°C. The porous plates are then
vacuum impregnated in a solution of nickel nitrate for the
positive plates or cadmium chloride for the negative plates,
and then electrolytically developed to nickel oxide or

cadmium sponge, this process is repeated until the plates

have attained a certain weight, when they are assembled to-
gether as cells in Trolitol containers, with 1 mm. diameter
Trolitol threads between the plates as separators, and

given three or four forming charges and discharges. The
electrolyte consists of caustic potash solution of specific
gravity 124-125 with the addition of & grams of Lithium
bydroxide per litre.

This battery is undoubtedly the greatest and only advance made
by the German secondary battery industry during recent years, but
it is felt that even so it is not yet perfect and has been rushed
into preoduction to meet a particular military requirement. One
present weakness is the possible disintegration of the positive
plate and loss of capacity of. the nepgative nlate,

AP A, Accumulator Pactory Stocken near Hanover

Thieg factory which is probably the most modern secondary
battery factory in Germeny, has only suffered slight damage, only
the lead refining nlant and one formation room have been damaged.

Technically this plant is of 1ittle interest, being designed
purely for the large scale production of batteries. It is not,
~ however, a narticularly well plamned factory, The different buildings
are about 100 metres apart and inside the buildings there is no
attempt at obtaining a smooth flow from raw materials to finished
batteries. The plant is quite modern but most of the casting and
vasting is carried out by hand,
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The main point of interest in this factory is the production
of the light weight sintered plate alkaline battery. This is quite
a small plant but it is well designed for continuous flow product-
ion, Herr Desenis is in charge of this plant and has apparently
been responsible for the erection of most of the recent alkaline
battery plants in Europe.

Carl Zoeller Accumulator Factory Hoppecke

This factory is well away from most German indusirial dis-
tricts and is completely undamaged. It is, however, of little
interest from the Servieces noint of view, A4 few small batteries
foar radio purposes were made., But this firm was chief'ly engaged
in the production of large stationary batteries, electrical vehicle
batteries, starter batteries and portable batteries for radio and
hand lamps, Batteries of this latter type were the only ones
supplied for Naval use,

The construction of all these batteries was perfectly normal
and there were no points of ocutstanding interest.

This firm in common with all other firms had reduced the an-
timony conitent of their grids to 5 or 6%. They had also experimented
with lead calcium alloys in co-operation with Metallgesellschaft
A.G., at Frarkfurt, the effects of adding traces of"copper, nickel,
manganese and tin to the lead calcium alloys had also been tried,
these experiments were not completed and the results were not
immediately available, But further information is being obtained
on this subjeet, although it is not considered to be one of any
importance.

H. Seivpel G.m.b.H. Bochum

This firm was reputed to make batteries but on investigation
it was found that although they had at one time made lead acid
batteries, for some years past they had only assembled siarter
batteries, and alkaline batteries for miners hand lamps. ‘

Wilheln Hagen Accumulator Factery 3oest

- This firm had two fectories in the town, the more modern
factory had been completely destroyed by alr attack whilst the
second factory was very severely damaged.,

The peacetime production -vas devoted entirely to the pro-
duction of traction, starter and stationary batteries, during the
war this was supplemented by radio and tank starter batt-ries and

ater the more modern factory went into production of torpedo pro-
pulsion batteries, but only 20 of these were produced before the
factory was destroyed.

This factory carried out no development work on its own account,
and the torpedo batieries were produced to a detailed menufacturing
specification supplied by the A.F.A. factory at Eagen,'wh;ch also
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supplied certsin ingredients for the paste, Consequently this firm
is of little technical interest., Due to the severe damage ‘to both
factories most records have been lost.

Here as at all other factories there has been a progressivs
reduction on the antimony content of the lead alloy grids from 8%
to 5 or 6%.

Gottfriaed Hagen Aktiengesellschaft Koln-Kalk

This firm manufactured alkaeline and lead acid batteries, but
the alksline plant was completely destroyed in 1943 and later the
lead acid battery plant was severely damaged and had been put oul
of production for some months prior to the end of the war. The
only batteries supplied by this firm for naval use were normal type
stationary batteries and electric truck batteries,

The main work of this firm was the prodiction of -electric
vehicle batteries and train lighting batteries,

It was stated that they had refused all contracts of a military
nature at first as the profits were too small, but later in order
tc obtsin supplies of raw materisls they had been forced to abandon
this attitude and began to produce aircraft batteries and tank starter
batteries, but their main production was still large stat:.onary and
traction batteries,

Production methods followed normal practice and as far as the
batteries were concermed there was no originality either from a
technical or & production angle,

There was little to be seen relating to the production of
alkaline batteries, but here too no novelty was apparent, Both
Edison and NiFe types were produced and all the raw materials,
except the nickel flake, which was obtained from AF.A. at Hagen,
were manufactured locally.

4 point of considerable interest was the contairers for the
Lead acid batteries, these were made of mipolam. TFor small cells the
meterial was yellow in colour and guite flexible rather like cellu-
lodid, whilst ior larger cslls it was black and hard more like ebonite.
dcints were made either by hot air welding with sticks of mipolam
or by cement,

Thig firm also carried on quite 2 large business in coating large
metal articles with protective finishes of rubber and similar mater-
ials, and in the fabrication of large articles for chemical plant
from mipclam.
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Genaral

This survey of the German secondary battery factories showed
little or nothing in the way of technical developmenis, apari from the
light weight alkaline ecell with sintered plates,

Ho particular requirements for special batteries appear to have
arisen, alithough in the realm of small special duty batteries it is
possible that information mdght be obisined from the A.F.A. factory
at Oberschonyeide, Berlin, as it is known that reserve batteries of
the zinc/sulphuric acid/lead peroxide type were manufactured at
this factory flor use in radio sonde apparatus,

The concentration of Naval production in two factories only,
AF.A. at Hagen and Hanover, is rather surprising (the production of
Wilhelm Hagen Factory, Soest only came about after the A.F.,A. Hagen

works had been damaged), but it is believed that there was at least
' one other factory in Polant (Posnan?)} which was also engaged in the
production of naval type batteries.

The production of stationary batteries was unexpectedly high
and remains unexplained.

‘The production of traction batteries was also high, but this
was *apparently the result of the large number of electric vehicles
run on local Jjourneys to save petrol.

It was noteworthy that practiecally every factory was self
contained as regards production of plate groups, containers and
separators. Bven the AJP.A, factory at Hanover, which ajoins the
Continental Gummiwerke A.G. where containers are produced, has its
own plant for the production of containers.

The onLy'exceptions ares: -

Wilhelm Hagen Factory at Soest no production of containers
Gottfried Hagen A.b., Koln-Kalk no production of separators

1%t had been hoped to include a survey of the primary battery
industry in this report, but as most of the factories were in the
Berlin area of Polish or Russian territery this has not been

possible,
(8



b / -~
EF’FECT gr {EMPERATL RE omE/cLTarrz AL G AFALLTY oF TVFE 1T TR0 LLS,
31rd Discyarce ar 930 amee

90 Byerace Csu. Voetac e

—_—
e
e
159 2oec Gaec PO

fo
g
o
136 Acip PDevtary 1246
=1a% AT oo
f - 3 4 g b 1 % q
Tive Minvyres
Vauts
A-puﬂs'

44

i3

(20

CAPMGITY 1o 159
Vortaes Dgor

e

ieg

%o

80

7o

to

=76 = — %o 30 ' 4o
Temrean TURE "¢



le
.
EFF.EcroF RATE -ersc“m:e on C APAQITY ALD Vacrace

oF TYPE ry TR0 (Fees

. 3ge Disciarse ar 29

Ahp th.

o

i&e |-

CAPAcITY o 15Y0 Veitace FaLL

i3

lio

HO

foe

T T T 7 T T
Lom 7.3 bop 9w i Liga [P

Discarncs Curacwr AMes
/qe
I'€a

17

o

i-5e

Firgs, [ ThAc

T : A [ T T T T
oo ‘T ] qop toog HE 1o

Disciasces Cvagear Ames:



oty

oty

[3 & $7

° \—i{ 2 mtq\vu U..QTQQH q

L] o &y aoy ow soh R
QT 2 ., adf i)

201 . .

001

M, 0f 1Y FRVEN 5] Tm

Q v L 7 anb Al e JO b EL ] Yy de Ld334 _
I'4 € & [:] b1} u VHIS 3L
77 ) _ 3 L \J b Y4 ¥ Y _Q M
k) =

ohg

o5

oL

ah

e

ol
ol
ot
LN
o}
L]
oL

Ll

i

W%t cyy duy



13

Eprgr_r or TEMPERATURE on VoLTace awplaracizy of Tyez [>T 210
Ceets, 3 Discunncr ar §304k0s

Avegacs Cair Vertace

1%
[ L]
" \\
f-ga X \ 3an A‘Gw
ety LKL
Lo \ 1o%
30 N, o Acw D Eusity 1360
e AT 3%
Tiveg Mvvres
VeLts
1R 1] )
INTIRL
iJ0 W
Ibe /
- / FivaL VouTALE
i'o
Ank s
g0 |30
I CAraciTY b 5%
Vertace DRer
‘e
r-
Lo
ge /
ko

~lo 4] {o X0 38 4o
Teureparids €



a
Imfuu.. TEMPERATURE 30 C.

3. ,DI'SGKA»QGE oF T. CELLS

AT DIFFEAENT TimEs VARYING Amaunvh of Concewrnres Suemsaic fern (1780 sesfLiTre , TemasAa7aRe 25“0)

Tvee 11 T2r0

Dicerarce Cuyrrent §30 ames,

Wege ADDED,

20 ASID LEvEL ABTUETED AFfs@ PRACRDING CHARGE Pop| A0 LfYEL ADTeTLP To L“‘LA of _EPRay ARRESTOR
To 25 mms Amgve SPRAY ARRksToR K
P S N
o & . -"'“‘n ¢ N 190 ol
[ R aS sopem? b a
- g
s P T .
S ‘_} 200 en®
8 o E a
2
o b oap o+ Ah
foo ¢ 160
150 ¢ 50
. 3 Apned  AFTER A 3 Appen  AFTER
o .r} O cm , B o } O em . .
o k- [ & rures P » b B Musres
Typre IS T 210  Discrange Corasmr % 130 = 710 Amrs.
Acio LEvEL ADTUSTED arTen PREcEpimd CRARGE Asio Level AprusTen o LeveEr or SPRAY ARResTor
To A mns abeve SPRaY ARResTOR
7o
. I r .
Iy
4 ' 2 & * 3
A S
o s .- - 3o0cy
e SRR a
. A ~ |
5o RN . 10 ,a
K & 2300 en K 4
A’, 7’
rs ’
/’ s
. ’
(= S R 150 L
/’ ’
b .
d o -
4 2 a ' °
o - 09 M }, 3
ma 1 - ma %o I el Caeiis
P a . e
- .
- © -
4 - - I’
L.~ l/,
130 [V I
L
I .
. P
[ e - -..},roo:ng
b e X
{20 ~ ~ o g--
N ~
~
-~ .
~. Liooen®
o fio AF A Ligcr B
X
0 o tm! Arced 4. 182 4
= (R I A .95
AbBep -AFTER f Abnen AFTER
oo : . ‘ too : :
o .3 I 8 Mimutes o i &

8 mmares

&



.Z_...Q. Q‘J-ﬁ\
Ky
.A\E( whawﬂﬂﬂu I Wy Q htrs

A< £
] a.f 1
=ng
»yy
=k s
@apte
b co0f 4
2
L.
- - a09r
§.14
0y
il
1.
2L 2oy
L oonh -
o005
. Sl geaqd 7/
€ ﬂ\%\a L \ﬁ € JdAL

"Lfae rhkkwﬂ Q,u(qat w.u.c,.qo\d s.tvtme.u
3uuw.e_m¢£m;m.<m ( ]

.....x ._.t.q

4



ed by lN3¥un ) uézqfaﬁ

f;amQ. a:w

T

4
1K)
295 o1
opY 205 s..nu_ s
- Am et GJM.1 A !
iy
. [}
= 025/ o
J.: —_ |
r/gwﬂﬂ.d< ; -
._._; Sear
8-/ WPI’Z L oo 4
——,
i wQﬁjﬁ\i/ ,.
f cao 4
o
) L oxg
w.u(h...u\— JW/
TR —
T B
[fw#.flr |
b o)
|- 00 A
b a0 A
e waa'eyd
aiy dw
qqm\mm Py bitop 4LIVY D jduy
Wyl e >.:§.uQ 9#\ quy 29
:Smu uzé...r_mam <h‘ ¢



[Z51]

w5

Sdwy JH3INyn) IO rm.un_a.
wapt ansg voa¢ wse sa0 0605:

am |

+l

ALlreans

13

J

1k -
uﬁw:e_ Yy

refafom fan 341y v aouiron
a 5
kD) INTYVIN wzm. .Q.m._\.t .C:ama n:u(

.:_....._&-.U

[

\

9



SdWly d43buny Iovvirey

harsas@ any

<
1. €
@f
0% oast oo
soo e oos Y [+ T34 A N L
ﬂ-m_.». M -
|- voof

%
L PN iz o]
Bofl hey

e
by
" RULE
131
AL

,:.gu mé_zctn:m

015 [ w4y Fang ,
e dralyoev 39vLTop T:uci\u
4 TR .f:tuQ. T

 oug
L a2
L a0/
b 000 G

- aw b

L] r
.h..-‘.__ du v

Ly



AW Y hamwz:u TIYVHISI(]

ook HIE g sy oont 208, LT.17] %05

o+

%hﬁﬂlug‘qu

L

vf

o) /e JdAL w
AEDELINETIE:-RENE 2P BV _..:aamgasr\a: IIVLTOA ALIaVdyy

REITIR

Wt aatS o

f oanng

L aog

- assh

Fasoiord

- ooo ')

- 2o0'y1

L] m£<

<y

&)

49098

4 5 4

/1250 S5 P& Co. i



