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_ IARGET

: “The: Leverkusen Works of I. G. Farben ClOS Black
List Target 22/2.. :

TEAM o o
Leader - E T, Handley k U, 8. Civilian
~ Robert Juve . oo .-U. 8, Civilian
'-‘ B. 8. Garvey U, 8. Civilian e

N R. Rdwzee : -,Canadian Civilian
ITINERARY OF TEAM

The ‘team was. notified on April 23 by Major Hardi—v
man the CAFT leader that the target was ready for in-
vestigation. The team was part of the team that had

- Just finished investigating the synthetic plant at
Huls which is-located less than 75 miles from Lever-
“kusens——The-teamproceeded to=Lieverkusen on T the™ morn="
ing of April 24 arriving there around noon. The in=
vestigation required two and one-half days and the
team started back to Paris on the evening of April
26, They arrived in London on April 30 after 8 etop-
over 1n Paris haiting for transportation. .

PLANT PERSONNEL /
The team was only interested in the Central Re—
‘search Laboratory and Buna "N" production items of :
‘the I.G. Leverkusen plant and found the key personnel .

_of their departments on hand and cooperative. Dr. :
“Konrad, the General Manager, Dr.:Stocklin, the Techni-‘
.cal Service Manager, werecmost helpful.;:; ‘

v

DOGUMENTS )
; No papers or documents had . apparently been PO
moved: from the plant but most of the records: were
stored 'in the basement to protect them from bombing.
Two bags of ‘documents were selected and sent back to
London to be:studied and the more important ones will
be recorded. on miero film for future: reference. A
list: of the(documents removed is attached to this re-’

port. U

In addition tovtne above mentioned documents the

”;sm!,
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tezam brought back. with them specleally prepared re=~
ports made by Dr. Konrad and members of his organiza-
‘tlon. A list of these appears as. exnibite in the
preliminary report dated May 2, 1945, copy of which
is attached, S C

GENERAL DESCRIPTION OF THE PLANT

‘The Central Research Laboratory for Rubber (Target
22/2) was completed in 1939 at a cost of 10,000,000
Marks. It i1s probably the largest, best equlpped and
most modern plant of its kind in the world. .

: In addition to having pilot plant facilities for
‘making synthetic rubbers, extensive physical and .
chemical laboratories, and' technicaliservice labora-
torles, 1%t has facilities for building tires, tubes,
hose and boots, snd shoes; also testing equipment
for evaluating these finished products,- o -

© The annual budget for operation was-around 4,000,
000 Marks. Exhibit #2 appended to.our. preliminary
report dated May 2, 1945, gives the floor plans of
‘the plant and Exhibit #1 gives the names of the . .-
thirty-five doctors employed. - In addition some five
hundred people were required to staff the plant.

- The Leverkusen plant of I.G. Farben in addition :
to being the location of Central Research Laboratory
for Rubber, which was our target, made many other

chemical products.. Some of the products made at: the.
Leverkusen plant weres:. lithopone, -titanium dioxide,

fluorides; active charcoal, guanidine nitrate.
,Beanl}_tolﬁgii;hitrobéﬁzbi,;d;nitrbhenzol, nitfqé
nephthalene, diamino toluene, chlor benzene; phenol, -
‘salicylic. acid. '’ S TR
'A';Acrylonitfiie;_syﬁ%ﬁetfé%bils,?ahfhrS uinbhé,f;
rdyestuff, intermediates, .pharmaceuticals (acetanilide,
.atebrin, sulphonamide, elladione), DDT (100 tons per
month), ‘photographic paper, . ni oo o0
. While other parts,of the works 4t Leverkusen had
7 'een badly damaged by bombe’and shell fire, the Rub- .
,nerwRéseargh.Laboratoryohgdﬁsuffergdmonlygbroyen-win—:

dows andfmlﬁqr equipment damgge;§



The various memb. ens_gﬁ_the_ taamq.nvaeiugat ed var-
~ dous phases of the Leverkusen plant and their reports
are attached, - v ‘

E. T. Handley



LIST OF DOCUMENTS OBTAINED AT LEVERKUSEN

Handbook - Gumml. Industry
Folder . - Kautchuckindustrie.

| Folder = Track Block Tests

.:Envellope of Photosv

:-Folder' - Pruf and Arbeitvorschiften
i2 Folders - Erfarungs - Austauach

lEnvellope of Research Reports of Doctors - Blomer,

Bachle, Stocklin, Noch," Fromandi, Demstedt

‘Envellope of Research Reports of. Doctors - Wolz

10.

11.

15
13,

14.

‘150'

Ecker, Becker _ A‘ - |

Envellope of. Research Reports of Doctors - Kon—
rad and Meisenberg ; SLee

-Enve1lope of Regéarch Reports of Doctors - Slnn,

Rohm, Rathljen, Muhlbausen, Garten, Logeman,
Graulich , i .

'Envellope of Technical Conmittee Meeting Reportsv

File of Reports of V'ariouq Authors

AFile on Igetex

File on Regenerat

‘File' on Weichmacher



. A study or a report’or Dr. Konrad's dated January
‘3, 1944 discloses some interesting information on the
,consumption of thé various rubbers from 1938 through
1943, A summary or this 1nrormatlon will be round be-
lOW. !

. A
_ CONBUMPTION OF CRUDE RUBBER
_FECTATM AND BURA 1N GERMANY
== IN 1,000 TONS

1958° 1939 1940 1941 1942 1043

, 8
Crude ~  ° 97.0 61.0 27,0 © 22,0 26.6 - 4
Reclaim 29,0 34,0 - 46,0 . 46.0 40,0 - B0
Buna | . 5.0 14.0 40.5 Bl 51,6 70,0 _ 90
Total- . ..131.0 109, o‘ 115;5 129. 5 136.5_. . 144.0.

'.,'T.f AVERAGE MONTHLY CONSUMPTION G
' IN 1943 OF RUBBERS WAS 11,500 TONS
TﬁE§7Er7ﬁﬁTﬁBﬁEﬁﬁE?TEﬁﬁﬁﬁEﬁ‘iﬁ", -
','“‘TﬁE’?BEEEWTKETEEE“iﬁbﬁﬁaiﬁ"‘
TONS

TIRES. . T T e10c
Bicycle tires and ‘tubes - 3200
Motorcycle tires. . .. .- S4B
‘Passenger tires D 230
8mall truck tires = . ' 3065
Truck and bus ties .- s 5,025
-Truck tubes .- SR toen L 370
.Airplane tires: = - S 260
Airplane tubes . LT ﬂ 50
Bogles and ‘track blocks o 1,026
Gilant tires oo BB
" Airbags, . ’ 40
Repair materials and camelback 390

TEGHNIGAL GOODS R “;_ ' ],"_ ‘ m'g,-v + 5400

'.fDIP 'dB:']__ : L. 830 -
N go_ I eI 420
- Jar rings'- bottle caps S 120
jIndustrial boots - Overshoes . 380

»1,27



‘TECHNICAL GOODS - (Continued)

TOTAL

Soles and heels
Surgical goods
Coated fabrics _
Wire and cable :
Hard rubber products

360

11.500



',RUBBER '_LAB'ORATORY:, AT LEVERKUSEN -

Ieverkusen as headquarters of the I.G. Farben resesroh
and dévelopment program on synthetic rubbér had an~ - -
exceptioraldly,: fine laboratory devoted exclusively to ~
synthetic rubber work. This laboratory was considerably
lariger than those recently built by Goodysar and Firestone
in Akron,

The laboratory at Leverkusen consisted of a large

U- shaped bullding with a. basement, .ground  floor and. four
upper storles. It was completed in 1939 at a cost of nine"

to ten milliom marks,  The director of the synthegic rubber
.'part of the I.G. Farben Works at Leverkusen was o ‘Eo Konrad
-who stated that the annual operating budget was .four million
marks. It was by far the most complete and finest synthetic

rubber laboratory the writer has/seen. v

~~%~*wahemtotal personnel required“to operate the laboratory
was approximately 500. There were about 35 doctors who

" directed the work and carried out the ma jor research -
‘projects. " There weré approximately 150 trained technical
‘personnel,and the remainder were ordinary workmen. IR

The key personnel under Dr. Konrad were _;J

Dr. V. Becker L - Director “on Chemical Development Depta

Dr. Stdcklin e Director - Technical Service.
s o ,
Dr. Ecker L . Technical bervice - Testing._n -
Dre BHchle " w .- = Latex and Fabrice
;Dr._Pohle I “;~: ",.._- ‘PFlllers, Accele-
B T S I -7 - rators, and Anti-
: e : oxidants. S
_Dr. Loblein i'b‘Directorxa Technicsl Servicé: on
N wie e . . Special- Products.
_Dr. Gartnerj - Director;- Compoundinge.
Dro. Osttner = = Director-~ Tire Building & End
R 8 R productso
;Dr.‘Roeligv S Director - Synthetic Rubber B
o ; ~1£‘ , ,'1’” ‘..;;=- Utilization.

. In the basement of the laboratory ouilding were & .
coating and’ spreading room, - welghing room for.: experimental
qrubber_laboratory, air raid shelters, and general storage -

o “on-the- ground floor wes - the experimental rubber Ft
‘laborammry where~tnere was ‘a complete setup Lar mixing,
. _g‘_ .



~compounding; calendering;extruding tubes and treads,
dipping of fabric, bullding of tires, curing of tires
-and tubes, heat treatment of synthetic rubber, and the
necessary control laboratories, -~ - S

© - The mezzanine floor was split between the experimental
rubber laboratory and laboratories devoted to testing .-

. connected with the technical utilization of synthetic
‘rubber, The former consisted -of equipment for the » :
fabrication of wire and cable products, rubber’' footwear,
hose, rubber belting and other mechanical goods especlally
surgicales The latter consisted of large rooms for: dynamic
testing and electrical testing and a small room for high

potential electrical testing,
A The first floor was devoted entirelytto,the'tgsting-_
and customer service. department. Some of- the principal
sections were & room for the mixing and preparation of ' -
_white and colored stocks, a similar room for_ black mixing,

a calender room, & section of vulcanizing presses, vessels
for steam curing, vessels for thermal softening of synthetic,
equipment for preparing cements,. spreading cements, Lo
dipping and- drying of fabriecs, a laboratory’ for optical .. -
work, a laboratory for. testing .of compounding- ingredients,

a4 very complete laboratory- for compounding and testing |
rubber, a reception.room, a laboratory for the technical: men
handling. customer service, and offices for the. same mens

-+ . It was learned that for service purposes Germany and
~ocgupled Europe were divided into-specific areas, The -
tgégnicalzservicelmenyrespOnsibleffbr]thesa~areasweachwhad-
offices in the customer service section of the laboratory .
bullding. Complaints end requests .for information and -
assistance .wero ‘handled by-these men who were. responsible -
for séeins‘that-theqnecessaryﬂlhbpratOry,work!Was*btarted’
promptlys - The results .of such work was transmitted to the
users of the rubber. by the men responsible for the various.

areas. . The customer service men were held responsible for

the proper utilizétibnng;rubber,and*disbéminat;on;offg:4m

-+, The setond floor of the laboratory bullding consisted
of general ~chemical research laboratories, general testing
-énd development.laboratories, executive offices; and: <
-library, . The principal laboratories were a laboratory for -
'phyplca;rchem;cal;mausurGMenﬁs,mglassplowing?boam,;anqralﬁ
1organicAandAphysicgl‘chgm;cal;1abprgtpries3jatﬁextgle;g»i

laboratory, a latex laboratory, and & well equipped pilot-

plant,




m

The—piteot—plant was fs«i‘t—tcr'be‘ofj)articular

Interest,

Following is a reasonably conplete list of

its equipment°—’

16 - 20 liter reactors -‘jacketedv’*~ .
12 - 50 " ‘ o L
4 - 150 " .o ..',LM ioom

o2& 500 N . n.,ooo o

Most of the above were stainless steel or chrome'
plated'-all had variable speed pulley drives..

]_-

Continuous tube reactor (described in detail in

separate section) -

5 -

A

bottle polymerizers with space fbr 100 bottles eachc

(It was estimated the t ‘they were for vottles up to

16- 0z, Each bottle fits into a perforated_metallmi;

container which served as a shield in case of

breakage., The bottles were rotated in. an air bsath,
Each unit was equipped with a variable speed drive.

bottle polymerizer for\larger bottles of e

'approximately 1 liter capaclty.

-
1

I

-
(0

1=

'Miscellaneous small stills. :,.'

‘.large tray driers’ - heated by circulating hot air

from steam coils.

'small tray drier ;'neated bJ circulating hot air
_from steam coils.ﬂ :

1small vacuum drying oven.7
6 x 12 mill. 2 _
6 x 12 washing mill.;—"

Laboratory model fourdriniere.

A room designed especially for high pressure
,polymerizatien. e E P

'Miscellaneous glass lined and earthenware vesselsgfor_

“coagulationo



-Thé third floor of the laboratory building consisted -

entirely of storage space and locker rooms, washrooms)’
restrooms, and lunchrooms for men and women,



*GGKEINHOUS*THBE—P6E¥MERﬁﬁVEﬂﬁf§§ffEVERKUSEN )

. In the pilot plant of the Leverkusen synthetic rubber
laboratory was a continuous.tube polymérizer in which it
was_claimed that reactions had been.. carried out to Goy‘in
as little as 15 minutes. o

The writeup obtained at Leverkusen stated that’ fdr
‘proper polymerization in the continuous tube. reactor, the
flow rate had to be rapid otherwlse separation occurred and
the polymerization did not proceed smoothlye A long i
polymerization time required a proportionnally long reactor.
Continuous- tube reactions at the normal Buna 8 reaction’
times were felt to be technlically unsound. On this basis
fast reaction mixtures were studied. Two..methods of -
.obtaining rapid reactions were found. They were the use oP
higher emulslifier concentratlions and the use of-a .
_combination of. oxidizing_and neducing_oatalysts,mi‘wwmww ,,,,,

~-The physical setup of the continuous tube system was
" as follows. :The letters used apply to the' schematio_y :
diagram Obtained at Leverkusen. _ :

A & B. Two 150 1. mixing vessels used for the ‘maken A

- and feed of the -essential Ingredients to the

. continuous tube reactor. In one, a: hydro-.
“carbon. mixture in the proper proportions was
prepared; in the other, the emulsifier
sQlution plus any other ‘desirable water -
soluble . ingredients was made up, - These
vessels: were jacketed: and equipped with

 variableé .speed agitdtion., They ha the-normal
- complement of valves, - Each had a dip leg and
& sight glass. :

'C§~ _V'mTwo metering pumps, ‘one for the hydrocarbon
L 'ﬁ:~«m1xture and .one for the ‘water soluble phase.

‘Da- ) o ‘A chromeplated pr pixer equipped with high
. ... . speed agltation. - It had-a- capacity of 20 le
L and e was equipped with the" usual valves, a dip
"»leg, and a sight glass. L . ,

7Fop | Safety gauge which registered pressure and

.shut off pump. motors if pressure . -rose’ to
abnormal_levels. ’

”313“'



Ge . Reactor made.up of 1 A—tubes- 2,5 me—4n———
- length and having an.inSide dismeter of 25 mms
The tubes were connected In series coupled with
olbows rand were slightly ‘inclined in lattice
form, number one tube being at ‘the top of the
frameworke. 'The total lenpgth was 44 me, total -
volume 22 l. The tubes were- jacketed for
purposes of heating ‘or cooling. There were
four separate sources of heating or eoolling
watero . 'At the time of our visit the water was
added at tubes Nos, 1, 5, 9 & 15 and exhausted
from tubes Nos. 4, 8, 12 & 16, ‘The setup was .
very flexible and was so arranged that water
could be added. to or exhausted from any tube
within the limitations imposed by four- sources
of ‘water, The reactor was equipped with four
proportionning pumps which were used for
addition'of catalyst, antioxidant, and other
ingredients as needed., These pumps had micro-.
——meter-settings-and-feed rates oS 0 =5 I, F6T Iirs

The procedure followed in operating the continuous tube
‘reactor was to make up the hydrocarbon mixture and the o ,
emulsifier solution in the 150 l, vessels, -The flow. from
these two vessels was controlled by metering pumps and in

the premlxer the two streams were well emulsified. ' It should
be noted that prior td use the entire system was swept to -
‘nitrogen and during use: it was. kept under nitrogen pressurs. .
The emulsion on leaving the premixer flowed to tube number =
one of the reactor where it was heated to the desired . ~i—
temperature and maintained as close to that temperature as .
hand“control“penﬁitteda“ﬂThe“latex'waS]diSdhéﬁgea-frbm'tha-{
reactor. thru control valves., - The antioxidant PBNA was
added by proportionning pump and the latex flowed to a - :
vessel under a fume hood. The. writeup and diagram made no-
mention of stripping the latex of residual butadiens and .
Styrene. Thls was usually done -in a’ batch st11Y in the -~ -
laboratory. The latex was coagulated with salt and acid.
Catalyst was added in any ‘one of several ‘places; 'in the
lso_l;fcontaining‘the'Watenfsoluble;phase,'in the premixer,:.
in ‘the line ‘leading from the premixer to the first reaction -

tube, or in one.or more.of -the reactlon tubes., - ..

© . In the operation of the continuous tube reactor, there
was no agltation in the tubess - Baffles had been tried but -
they were removed when it was found they caused precoagu-
lation:~VItﬁwas‘stated:ﬁhat#thq:tubbﬂreactorﬁhadfbeén“funjas
long as 14 daysTwithout,shutdqwn.~.The,deposit;qucpggulum'
on the tubes after that perlod.was not serious and was easily
removed using a brush dipped in solvents, It was felt that



-&—str&igh%~tube~o;~equ;valent length would be’ preferable
'to several short lengths in series particularly from the
standpoint:of short circuiting and coagulum buildup on
the tubes. - )

. It was felt ﬁhat the temperature control of the
reaction was not of the best, ' Automatic temperature..
control was needed and possibly separate temperature
control over the jacket water for each tube. It was
stated that_e:nerimentation with the continuous  tube e
reaction had not been tried in a setup larger than the ' .
one described above and that work on it was still in the

, early ‘3tages.: . .

Typical formulas and results'folldw:f-

: Formula No. l_

| 75:vButadiene'x

20 Styrene

5 NIitrile -

.6 "Nekal

2 -Paraffin fatty acid
180 Water —

" Qe5 Ammonium(persulfate
6.66 Sodium.hydroxide ;

Temperature 1_, [ Conversionoii.' © . Time,
.of Reaction. T ST e
700 c,,u.—l_"- RS 607 60 mine

B0 Ce . - . 0 60% . 4 -5 his.

! e

75 Butadiene -
25 “St ‘one '(,' ye
4.5 Me olat CqoHS SO Na

144 ‘Water . 2 25 5 "
0.5 ‘Sodium pyrophosphate S
0+25 'Sece potassium: phosphate
0,25~ Potassium ferrocyanide =
0.05 Ammonium‘persulfate

Formula No. 2 .

. At 70°C.,_a conversion to 607'was obtained in
50 minu:bes. L ‘ D

”~Fvat was:stated that the rubber produced;in the,Q”j T
contirnuous tube at 70°C. was inferior to ‘the normal Buna S
but . that: that ‘produced : at 50°C_;was eaual to. the “Standard.-




It was mentioned that reactlions had been—carried—out
in as little as 15 mine. at 50°Ce using the combination
oxldizing and reducing catalyst with the introduction of .

.. & feature the exact limitations of -which had not yet been '
determined. . The feature was the boiling of the water used
'in the reaction to expel Oxygen. It was ¢laimed that the
secret of ultra-fast reactions was found in the use of -
water having a very low Oxygen content, Experimental
work had established that high oxygen concentrations in.
the reactlion mixture and no oxygen whatever resulted - in
very slow reactlions. It was admitted that optimune C

- oxygen. concentration in the reaction mixture had not been
determined as yet. It was because of the critical nature

- of the oxyyen concentration that the entire system was -
swep% ‘with niltrogen before uses

16
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—PRGBUGT%GN—GF—BUNA-N*TYPE‘RUBBER"KT_IEVERKUSENW
IN M'ETRIC TONS

1939 ssojf' e 69
1940 1692. - ,;_'t<; 77114-  S eg
1941 2435 w2 136
1942 2585 . . 49 T 230
1943 8841 - 93 T pep
1944 | ‘

oeso 98 . " ' pma.

Igetex NN was- produced e.t the rate of only one to\ two -
tons 'per month.




ferbunan Mprufacture

Infamation donta:.néd .he‘rein'waa obtaiixéd frém
Dr.Holzrichter who was in charge of Perbunan
groduotion at Leverkusen. . ... . .

l‘ B
Perbuz_:an- S regular solvent resis'bant rubber
- for fuel cells eto.

Per'bunan 8pe . = regular Porbunan latex usad for g
: fabrio 1mpregnation, eto. o

Perbunan\ extra - greater \solvent resistanoe 'l:.han
" regular Perbunan by virtue- of v
higher aorylonitrile content,

Igatex M - latex” of E57 80lids, used for -
o L L h:.gh film strength dipped goods. N

ildinga T ' ' s - »
Polymerlza\tlon and str:.pp;ng operatx ons_oocour in one
‘building; and the latex is pumped to an adjacent bulld:.ng for ..
coagulation, washing, ‘and’ dryJ.ng. The buildings are both quito :
large because “other spec:.allty ‘types of Buna'S are made-in the same
'bu:.lchngs. ‘The old reactors used during the last war for Methyl .
Rubber ‘are ‘also. located 'in the polymeérization buzlding. These - old

-reactors have.been used.recently in making a- Thiokol-type polymer
‘.and An maklng plast:.o:.zers, etc. -

1

e Lo The plant oontains two 10 cu’bic meter reaotors and two
‘20 oub:.o meter blown-down tanks. for pllot-plant work as'well &s 87 .
reaotors of.20° cubic meters amd: 3 ‘blown~down tanks: of 30 oubic R
{"maters wh:.ch are used for m::.scellaneous reaotions. o
i The other bu:.ldlng oontams two fonrdr:.mers 1 meter w:.de' '
‘end one. fourdrin:.er .2 metars w::.de, each being followed by driers,

- In-addition, an: old dr:.er is: present wh:.oh is used for experimental =
jbatohes.g“», L TN S SR s :

The total anployment inw the two bL:.ldings is as followsz-‘
% Polymerizetions ai

Cb,é.w'g ‘ulation, etc .



Perbunan Manufacture 3

. Perbunan is polymerized continuously by preblending
butadiene and acrylonitrileé in two 20 cubio meter tanks and preparing
emulsifier solution in two 15 cubic meter tanks end running the two -
phases together in a turbo’ mixer at the head of the.line of reactors.
All butadiene is obtained fram Hlls. Part of the acrylonitrile comes
from Ludwigshafen; the remalnder is made at Leverkusen. The charging
of the mixed monamers is controlled by ‘taking hourly readings on the
sight glasses on the preblend tanks eand making eppropriate adjustments
_on the piston pump which feeds to the turbo mixer, .The emulsifier:
‘solution, contain:.ng Nekal, NahPaol, ‘and NaOH is fed smlurly to the
tur'bo mixer. . '
: KgSzOe is d:.sso]madb in water ina 3 oubie meter rubber-lined
tanks A small piston pump feeds:the KpSp0g solution into the amulsi- :
fied water-monomer line as’ it comes out of the. turbo mxer.-

The :1ine of reaotora consists of 6 vessels of 10. eubio meter

oapaorlw, made of VoA metal. “Only 5 of the vessels are used at a
_time, the 6th being down -for cleaning or repairs. - Diproxid dissolved
in acylonitrile is added in three equal parts to the latex at 0,20, .
and L5% conversion by means of piston pumps cheoked with sight glasses
‘on the Diproxid holding “tanks. - With normal reaotzon rate, the -
Diproxid is added to the first, second end" i‘ourth reactors s but’
ocoaszoml]y 1t is added to ‘bhe flrst th:.rd and. fourth. R

- “The - reaotors are. completely f:.l,led wi.th latex dur:.ng L
operation. ‘Each reaotor has an independent oooling water system.The
reactor ag;:.tatlon is supplied by seven flat- paddles mounted on the
. shaft alternately at, nght angles . tp. each other,. . ‘fhe shaft rotates.
.at approximately 35 RPM. i Reaotors ere: operated for approximately
-Wm months w1thout oleam.ng. : : , s R

e

: At the disoharge i‘ram the last reaotor the latex is a'b 75“4 ‘
' conversmn. - After "the-latex :has gone through a f:.lter, ‘a suspension .
_of phonyl-beta-naphthylamine (PBN) is fed into the Iatex ‘line g
- continuouslye- The PBN is in a 12% dlspersion, stabxlized with Nekal..
AThree peroent PBN on dry ru’bber bas:.s, :.s added. S i

ST "”‘“——Follov?ing theﬁPBN adiitlﬂn—the—latex—is—strippadwﬁuna
‘reacted monomers by means of - a. vacuum' dlstlllat:.on with: steam. " -
Recovered butad:.ene is oomprassed ‘cooled; and. returnad -to a. storage
“tank; to be Treuseds A separat:.on of: aorylomtnle‘ and: water i o
‘accomplished. by. fractmnat:.on. nal: re
t-'coni;t:s:l.lrn.ng 14-5% of: water, - :.s reused 1n.‘batch




holding tenk by means of a centrlfugal pump.- From the holding
tank it is piped- to the adjacent building where coaguletion is
aooomphshed with a'25% NaCl solution (150 kg of NaCl solution.
- pr 100 kg dry polymer) in a glass tube of the same ‘type used
for Buna S coaguletion. Later flow is regulated with a
‘monometer and coagulant flow 3is checked with a rotometer. The
particle size is osrefully controlleu so that & uniform band is
_farmed on the fourdrinier mechineg, . The band is washed on the
4fourdrinier' end the water conte1t is then raduoed to -approxi- |
mately 50% before it is introduoed into the drier. ' The drier
is a typi.cal continuous ciroulating air oven whioh contains 17
-pasgese In.the first zdme. the temperature is 1259C and gradually
lowers until, finally, it is- -approximately 90°C in the last
zone. The band coming out:of the drier is \powdered with talown
and wound into 100 kg rolls for shipment to oonsumers.

The polymerization reoipe is as followsz-'v S

e parts'by weight

Butadlenﬂ oo. Col oe e ) _ 7h

Acrylonitrn.le S e . 26

ko-\o(iu\sa.‘l_e .—ua.'tek .. e 150

"‘Nekal ;> S SO e o 346 (oaloulated .
‘ . ~ - R : 'on basis of
L v 100% solids)

VPO lge e 03

WCH . el e e 0.05 o 0.1

P The overall react:.on t:une anmunts to 25-30 hours.‘ _The :
. \resultzng produot has a Defo’ value'rof_ 21400-2800, and the nitrogen
'''' _lysis ve.ries from 6.2 to 6.5% sl ' '

: “Nekal Bxf oon’beu.na 70% sol:.ds. :

';**D:.isopropyl Xnnthogen d:.sulf:.de.
a2



Mamfaoture of Perbunan E:xtra

"Perbunan Extra is made by batoh-wzae 'polymerization :ln 8
2q oubic meter reactor. _ o

The polymerization fomula followss~

. Parts by weight

Butadiene .- .. e e 0

‘Aorylonttrile .. = ... ' ho- -
Condensate water - ., L 200
*Nekal BX, w0 .\ o0 . .-3.6 (oaloulated
‘ R " . .on basig of
_ 100% solids)
NQOH ‘ . 3 ."‘ - . ow . e 0.1
K S » e .“.Voc' | —- . . 02
Diproxid -\ I:. ) \o’o ,‘ - ) : A .2-7

The reaotion requires 60 hours at 21;00 the lower tanperature

"being, neoessary beoause of 't'he heat transi‘er problem i.n ﬂns '

i

: 1arge reactors:

S . The. latex is transfarred to a. 30 cubio meter blown-down \
"tank where 3% PBN. :ls addad. Coagulation is the same as used for
_regule.r Perbunan. o L ; _ G T

The product oontains 36,4 aorylonitr:i.le by analysis. "f

T

et ‘ f.__Preparat:.on oi‘ Eatex NN -

: . -ﬂ In. fhe manufacturq of Igatex NN latex, temparature control
: is d:.fi‘ioult. ‘At 5 to 77 convers;on the raaotion starts off: ‘very .

.'»ft.'gka‘l- »-coxlf?a.iink";'_]‘o% solids :fj

z2



T 7T fast. Polymerlzatlon is conduoted batch-fw:Lse, in 10 cubic
_m-=+er4r£actqrs,~aocording o "the following recipes~

Parts by wWeignt
Butadiene: e , 65
Aorylonitrile .. . . 35
T . 1
Condensate water = . = 57 | \

;Mepasinsulfonate E - 375

Na'P O. » e o T .‘o.,d
ah2 . __ \»3

Kesaos R L 0i05

Dipro'xid-_—' L e 0.39 o

The reaction is carrledt) 05"’ oonversion at 25°C :m approxl-
mately 30 hours. As stopping sgent end antioxident, 7
"_hydroquinone and 2% oxyoresyl osmphan are added. After ‘

o ‘stripping of unreacted. moncmers . the latex has a sohds cohbent -

of h5/. . Tne product contai ns 3670 acrylomtrlle.

* ls'i;ated'- to. 'bej,_m’.ad'é _i'as ‘i'tj)l'l“ows =
| CppHASOCl, ultra viglet Gy cs0; o1+ 501

HE I

¢ H 50 Cl42NeCH-»C. H SO Nad NaGL+H O .
TizegT 2 T TR T Miggnhy NAHIRGIYE,

tin
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. Cost Calculat;ops

(Based on butadiene and aorylohitrzle costs in the
second. quarter of. 191414) _

Perbunsn latex

Cost of thé

, - Paft_s per " Marks per
. | 100 parts Qutgoing 100 kg.
' . Polymer Product’ Polymer
‘Butadiene '80e2 . 221.50 177460
Acrylonitrile from. ‘ L o
Lugwigshafen’' ' - 13 292.20 7 39.13
Aorylonitrile fram - - L
Leverkusen ' A7.7 50Q 60 53466
PBY . 28 11505 3426
Nekal BXG . he2 82,05 36 .
Nekal BX (dry) L Rb o 6BJ5. 1,97
Diproxid’ (pure)  Oal " 321.65 © 1,28
Na P O Os 88450 . 0,22
h 2 7 , o o 3 i . AC, B ‘ 3
K252°8 S -°°-§[ ‘ : e1-50° 0-2L
NaCH (1oo"7)" S0l 1062 Q.01
Interest and tax onraw - . L L
material IR - ‘ - S - © 0e88
l - j"Matefial"é'oé'b R “281“.).19
’ Manufacturing Expenses’v 23,04
LT .- fotalcost - Cee T L304053
F:mshe‘d Dry - Perbunan: ' E S
~Perbumen Latex 2100 : 301;.53 304453
Kacl - - 155 7 _' = T 2455 .
Talcum 33 : 8020 E ‘ 0.11, »
' Mater:.al oost L e 30].19:
Expenses of mfg.xvg. ¢;  19,15
Total oost S, 526.31-('



Hanufec ture of thcellaneous
Buna § = Type Polymers at Leverkusen

Dr.Ho iz riohtar, who was in charge of productlon
‘polymerization at .L,averlcusen, supplied the 1nformat10n gon-
tained 1n this report. ‘

Typess : ‘
o - The following copolymers were: manufaotured at Leverkusen
on a production basiss- : ‘ :

Buna SS - described ln Hals report Lo a4

.Buna .SSE (B for ‘E:.sen) -~ same as Buna SS, exoept
that iron-free weter is used. in the
pol _eri.zaﬁ on charge and’ oxyoresyl -
han-is used as antioxidant, The
prodnot is used for pharmaceutioal goods
8UCh..88 stOPPErs- for-medicine-bottles.—
' Leverkusen was the only plant which
fabriocated artioles from Buna SSE.

Bum SSGF (GF for Geruoh-und Geschmack-frei) - same

: as Buna SS but better degassing and better
washing tq remove odors. Product is used’
for milk, llquor ard other typas of bottle
] CapSo . . ; ;

Buna SW (W for weioh) - 90/10 butadiene/styrene
, o oopolymex' with low Defo value. :Said to
: be made for csble insulation- requirlng
low - tempera’cure flexib:.lii:y’.

'Produoﬁ. on Prooedure: ‘

SR The manuraoture of speo:.ahty Buna S-type synthet:.o '
rubbers is oonduoted in the same two buildings used for . . .
Perbunan - -production. Usually the ‘polymerizations are batch-wise
operat:.ons conducted in 20 oubic ‘meter vessels with 30 oub:.c

~meter blown-down tanks in‘whic’h' ant:.ox:.dant is-addeds - .
'Oooasiomlly, however, ‘Buna SSGF was: prepared 'in the 0ld small ’
experimsntal contlnuous unit which’ had ‘been used formerly to
_pilot-plant the . 1arge production cont:.nuous prooadure. . This .
smell contimuous unit consisted of five: long ‘oylinderiosal’ vessels_'
agitated by wing shaped paddlas wh:.ch extended up along the ' . =
wells of thé vessels. . The latex preparea batch-wise is ac=. - -
oumuhted Ain ]arge holding tanks after degessing, and is then

3



transferred to the adjacent builaing where it is coagulated,
washed,. and dried oontinuoualy. The same type of glass tube for
coagulation, fourdrinier for- wash:l.ng, and’ oven for drying is
used as is used for Buna S and  Perbunan, -

Polymerizat:.on Formulaes

. Bim'g' SSE 7’ o Pak:rts‘tby welght
Butgdiéne_ Ceee } .1.,-" .. 50 o
-styrm : ees  ees .50
Treated Water (Iron-free) e . iho ,
“‘Nekal BX eee . oees o 342 (oalot‘xlia‘fed: on
v B ©. " basis of 100’
__ ‘ o , . solids)
,,,Liﬁqieio:..acidfm.; S '2:6 R

2°2'8

o The reaction is carr:xed to 627 convarsion in appron-
- mately 30 hours at L0-45°C; 3% axyoresyl camphan ‘is’ a;lded as
antioxodant, and cosgulation is done after degassing. . The
oxyoresyl oamphan is ‘a non~staining antioxidant which pemita
heat softemng of the .polymer. . It is not.as good an age-resister
as is phenyl—beta-naphthylam:.ne. Coagulat:.on is aooompl:.shed as
,follows, us:.ng iron-i‘ree water for coagulation and 1vaash1ngnr

An 18% NaCl solutlon is added flrst at the rate
of Lo’ 060 kg of: .NaCl per 100 kg of dry polymer.
‘Then & stresm of 10% aootic ‘acid is-runm in at the
~ rate of 10 liters. of glaoial aceti& per 100 kg df
‘; dry rubber. . _
: - Appronmately 5 to 10 tons of Buna SSE heve been
produoed per month w:rhh a’ Defo value of - appro:dmately 3500,

*Nekal BX oonted ning €5% solids.
Len



Buna SSGF © "7 Parts by wei@ﬁ' :

. Butadiene . ‘» L X4 . LX) 'V . -A: 5_0
Styrene_ R ee . s . 50. v
Condensate water  es - 1o
*Nekel BX o oo 3,2 (oaloulated on
: ' ‘ ' basgis of 100%
‘ s0lids)
Paraffin fatty aéid o = 0.5
Naoﬁ N .7 V e e .:o' . 0.2
V K S o\ : L] .o . 0025
228 ’ : » -
‘.,*#D'"i‘pro:‘dd ‘ S EEBCRNIN Y - -

7\\ oo

At reaction temperature of 140-1;5°C, the pol;unerization
requires appronmately 30 hours, When 62% oconversion is reached, '
the latex is blown down to the reoeiver tank whare 3% ;imyl—beta--
naphthylam:.ne is added. ' _ ,

). 'Extra oare is exerted to remove all unreaoted monomers.' .
'CaCla is used for ooagulat:.on in a 3 to 5% solution at the rate. ,
of 5 kg of dry CaClp per 100 kg .of dry polymer,- At times,’ however,
NeCl and acetio acid-have been used in ‘the same proportioms and . -
smounts used for Buna SSE. - A thimmer band ig formed)ont the =
fourdrinier machine so that the polymer ‘oan. be washed more
thoroughly A T : ;

R

Lol Bum SSGF is produced in the quantitiea of 50 to 60 tons .
per ‘month when the need requires i.t. The produot has ‘& Defo
value of approxmately 5000. . ,

: Buna S&F SRR " it v».Par'bs‘ Bx w’e:lﬂ' t

'COndensate water T P - 140

. Nekal B (Dry)  ,’4°°'.'

*Nakal BX oonta:.ning 65% solids. * SR
**D:Lproxid is diisopropyl xanthogen disulﬁda. :



BUNA. BUNA 5% (oont'd) o “ Parts by weight

NaOH, - .. Y-
K2$208 B .v. . T ee | .‘ . ‘ 0.2 v
» *Diproxid L ew .—" B L | ’ o. 33 J

[

Diprond is added in three equal oharges at the start, at- 20%
and L;.S/ conversion. : : .

" The polymerization requires: approximately 60 or 70 -
hours to reach 60% oomrersion._ The latex is trensferred to :
receiver tank- whex'e 3% phenyl-beta-naphthylama.ne is added. Ai'ter
monomer recovery, ‘the latex is codgulated with a, 5% solutz.on
of CaC12 usmg 10 kg of dry Cacl2 per 100 kg of dry polymer.

" Buna SG has a. Defo Jmlue of 600-800 as it ccmes out
-of—d:he drier. :

o PrOdﬁoti»on'Da-i:a" in Tons S
1939 19k 191 10k2 193 191;1; (t0 26

SR ST T Oete)
Buma ss o5 93 6 1 33l . Noms
Buma SSE < = - 39:2 32 18 So
_Bum SSGF SR B N 29537288

} ’191;.1, Buna.- 88 producrt:.on was started at Hﬂ.s,v-;
explalm.ng the reductlon 1n—product10n at Leverkusen. g Hﬁls '
~p=duction was hampered by bomblng in 19)4.3, ‘80 Leverk:usen »

started produo:.ng aga:.n. T

Lt it
AR T N

*Diproxid is diisopropyl xanthogen disulfide.
o Ca29



Lon@'dn, My &1&,'\191;.5\

" This is a prehnn.nary report on the 1nvest1gat10n of Ta:rget
No. 22/2. looa.ted at Leverkusen. , . -

The investlgatlon was made on Aprll 2th, 25th and 26th 195,
The team leader was _E.T.Handley and the team members weres.

D.S. Garvey .
R.D, Juve .
~ N. R Rowzee -

. Dr, Monrad and J.E. Troya.n Jjoined Mr. Fennebresque for an .
investigation of Target 22/82 located. at Schkopau on April 214.1:11
.80 were not members of the team 1nvest1ga.t1ng Leverkusen.

Except for minor bomb da.mage " the central Research La'boratory
.for Rubber was_in good condition. .. The_ small tire factory.(150._ .
‘tires per day) was also in good condition,  The Buna e pla.nt
- was not so fortmate but- ‘was 'not badly wrecked. ,

: Dr. Konrad Ma.na.ger of the Central Research Laboratory was on
hand and very co-operative. . Also most of his staff was available
and as Exhibit No.1 we- are attach::.ng a ]:Lst of these people. ,

:Lnfonna.‘tlon should be prepared. for us a.nd we are a.ttach:.ng coples.‘
In addition, we went over their files'and selected 2. = C.I.0.S.
‘bags of files, mostly recent research reports. . We were ablée to
‘bring these as far as Paris and- 'should have them in Lomion this '
woek, Our ﬁnal report vull 1nclude th:.s 1nforma’m.on. s

We are Jistn.ng below the va.rious reports we J)rought ba.ck w:.th\
uss
Exhlb:.t No. 2. ' "Ze:.chenerklarung des La.gephnes" ; S
3. ~"Zusammensetzung und Bigenschaften der :Lm
. .~ Mandel befindlichen Buna=Arten" ' .
l;.. "Merkb]att - Buna S Type III" ‘
" 'Btm SR" . - :
. Michtlinien zZur anmg von Polymensaten"
8¢ "Pive Specs® .- :
96 "Dieme" . ... .
40, " "Merk‘blatt fur Desmodur R"
11.~*"Plas‘h.lcator Do"- - 5

A
L s




Exhibit No, 15.
16,
17.
18.
19.
20,
21,
22.

23,
2.
25.,

26.
27,

.28,

29,

30.

3

"Plastikator 88"

- "Plastikator 89"
. "Plastikator III"

"Renaci t"

"Renacit I"

"Renacit II™

'"Renacit IT"

M"Renacit ITI"

"Renacit als Regenenenm.ttel" i

MProdukt LSIT"

"Sonderdruck aus Gtmm.-Ze:.tmg und
" Kautschuk®

“"Sonderdruck aus der Zeitsohrift Kautschuk":

"Preise der. wichtigsten Hllfsprodukte _
fur die Reifenherstellung"

"Polymerisation im Strommgarchr®

"Fabrikation von Bunareifen®

"Desmodur-R"

"Desmodur-R"

32 .—-“Desmodur-R“-

E, T.HANDLEY

8L



‘TYEES OF ' BUNA PQLYMERS . LEVERKUS:.N.

From inrormation supplied by Dr.Holzrichter at
Levegkusen, and from miscelléneous documents obteined
at Huls, Schkdpau and Ludwigshafen as well, 1t was
ascertalned that the following synthetic rubbers were
prepared in Germany.

: Buna S1 <~ Butadiene-styrene (70/30 charge,
ratio by welght) copolymer containing 24 linoleic mcig;
.conversion about 60%. Qriginally\prepared at. Schkopau.
Defo number about 4300.‘ '

Bune 82 - Same as Buna Sl “but carried to about”
So% conversion. Mlade at Huls the- difrerence between S1
and S2 was relatively smell, and was expected to dis-
eppear in time. S1 was a "bulkier, heavier" produect .
then S2, and showed better fusion during vulcanization.-

)

. Buna S3 T~ Butadiene—styrene (68/32) copolymer,
conteining 0.5% paraffinic tatty acid, 0.1% Diﬁroxid,
conversion .about 58%. Defo number approximetely 3000.
.This polymer is softer then the original Sl and -S2 .
type, end- results in a large improvement in compounding

-operations. ' Better mixlng, lower power requirements,
and superior tack end adhesion are awong its advantages.
Vulcanlzed. polymsr shows essentially same physical pro-
perties as the Buna S1 and S2. '

f

Buna SS -~ Buta&iene-styrene (46/54) copolymer._
Contains 3% ITnoleic acld; conversion 55%. Hes better.
processability (smoother ‘'extrusion for tubes ‘and cable)
then the S Bunas; and higher—tensiles in gum ‘stocks.
Elongatign and cold resistance are inferior beceuse of
high styrene content. Defo number ebout 3700.» .

" Bun&~oSGE Butediene-styrene (50/50) copolymer,
contains 0.09% Diproxid and 'no fatty acids,-conversion :
60%. ~ Defo number is 3300. Product 1s washed thoroughly
for taste-free and odor-rree applications, especially
in food industry. S S

R Buna SS'E - Butediene—styrene (55/45) eopo-;'f
lymer contEIEIng 2.0% linolelc .acid,;0.01% Diproxid;
convereion 90%. Defo about 2400C.. Mhde free of iron by
‘careful treatment of ‘wetér. - Stabllized with- non—stsin-~
ing entioxident, oxyeresyl comphen used for ‘pharme-.
‘ceutical applications and certain cements,

o



. Buna S .. -~Butadiene—styrene (90/10)
copolymer, contalming O. 33% Diproxid; conversion 60%. -
Defo'is 650, so polymer requires no -heat treatment,-
Beceuse of high butadiene content, has better cold
resl stance then uswl Buna S. A’ repcrt by Dr.Konrad
at Leverkusen indicated that 0.5% pareffinic fetty
acld was included in the recipe, which is in 4i sagree-
ment with the ‘actual production formula by Dr.Holzrich—
ter.

o o Buria bR Blend (50/50 by weight) of Bune
3 and Buna R. Latter type is Bune S carried to 96@
.conversion by reacting beyond 50% conversion at 80° C.
Better procéssability . (mlxing,milling and .tubing) then
‘Buna S or S3. Has fair cold resistencq 1ntermcdiate
betWeen SS. and S. hade at Defo 3500. i v

' : Buna N. Butadiene-acrylonitrite (74/26)
copolymer. Contalns 0. 2% peraffinic fetty eacid, O. 33%.
Dlproxzd, conversion 75%. Defo number about 2350 Oil
res1stant rubber Tor. usual applications..

' .- Bune NN Butadiene-acrylonitrite (65/55)
_coﬁ‘lymer, using liesapon N (in place of Nekal ER) agd
c. 39% Diproxid, conversion 70%. Defo number 3200.

D Buna 85 Potassiunr- catalyzed mass poly-

mer of butaqiena Defo 1400 used in meking hard rubber

~with greeater chemical ré31stance and higher heat stab-.

ilityo - ' . . . . - ; '
N S Buma_ 32 Sodlum - catalyzed mass. polymer
" of butadlene (¥oI. Wt. about 10,000). Sof tener fa

- Buna S which ‘adds some tackiness, also used in varnish-

ed‘(Perivinane) TR ST e e e ;4;

o ' ‘ gggg_ng ﬁxperimental butadiene - methya;f
crylic acid ester copolymer. Good plastic deformation
- and - age-resistence. g

55



RUBBER TESTING AT LEVERKUSEN

" The description of the building and organization
of the rubber laboratory are given in another section
of this report. This section deals only with rubber
testing and polymer evaluation., - ,

. Equipment was available for running practically
any type of rubber test which has had reasonably wide
acoeptance. Development work was-conducted on new:
tests, both theoretical and empirical. - Many types
of product tests were made. It was possible to make
almost any type of product from-bottle stoppers to
tires in the Research ILaboratory. =~ This was in
addition to the pilot plant which was capable of
producing about 300 tires per day.  All equipment

,,,,, was_the best that could be_obtained and was.set up.
:with adequate space for convenient operation.v :

"'f' 'The extent of this work is well illustrated
by the following outline of ‘space ‘and machinery.

Basement

A - Store -TOOm: ' '
B—;vWeighing room for rubber _

- maxufacturing research.
C - Alr. raid shelter.

Ground Floor - Rubber Manufadt‘fing Research

A - Mill Room. T .%+—~ﬂx
: Internal mixer . =~ .
' .- Refiner. R :
:"\‘Reolaiming Establishment C
. Preparation of hard rubber dust

- Storage for stocks .
-~ Calender room PR
~.Tubé machine room L
- Presses for-molded. goods and
. conveyor: belts v
=~ Laboratory -
= Production eontrol .
‘;iEstablishment for thermal
. breek down . | .
- Tire vulcanization

34
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Tire building - tire development
section -

Tire testing:

K =
. L - Spreading machines B
- Cord impregnetion machine -
. Mixer for rubber solutions :
¥ - Finished good storage and shipment
N - Electric switches and transformers
Mezzanine Floor - Rubber Production Research
A - Preparation of technical hose and
‘ . cable \
B - Built'up articles, rubber shoes :
C - Stamps, boring, cuttmg of: fi.nished
goods N
D - Fine machine workshop - '
E - Constant temperature and humidity

i __TOOM. (X1imaanlage) . o
P - Research room. for latex working

G - Sample Toom .

Technical Rubber UtiliZati‘dn .

F:Lrst Floor‘

Testig_g and Customer Service Section

O HHEHH

RO TR

- Room :for dynamic measurements

- Room for-electrical measurements
~ High tension establishment‘
Test standard : oo

'r’ LESN

A - Miﬂzl room for white and colored mixings,

B
5

/,izfi,ﬁ? i

laboratory tube machines and calenders.

Mill room for black mixings
,.'Preparation of mixings :f.‘or vulcanization

Curlng presses,. ¢
~Vessel ‘for mz.lcanization 1n hot air
and" steam . S

g rThermal breakdown

- Stamping room - o
‘Testing room: . - S
-Aging establishment Lo
,I.aboratory spreading machines internal

mixers and immersion apgaratus -
35



- —-—Laboratories—foroptrca%mvesm.gat:!:ons—

‘Testing of auxiliary materials, pigments-
and accelerators

- Laboratory of the test:.ng dlvismn

-~ Registrar:

Writing room ,

Laboratory for cus‘bomer service

Room for special work.

Ho= B
!

Second Floor

' v Chemical Laboratory

A - Iaboratories '

B.~ Room for special work

C - Room for physmal—-chemical measurements g
D - Glass_blowing room- :

E~--—-—‘I‘ecthniea.l-—resee.:c'chwroom~—~.—fw

P -~ Store room '

-G = Library and sitting room
H - Exhibition room ’

J - Offices of leaders

X - Secretariat

L - Offices\

Testlng and Developmen'b I)yrls:.on

M- La.bora.tories _
‘N - .Textile laboratory
0 = Latex 1aboratory
Th:.rd Floor e } o
- Restmg a.nd eat:.ng room
-~ Dressing. room for men :
- Bath for men. : :
—- Dressing room for women - .
- Rest room and ‘bath for ‘women
Reserved - temporarn.ly ‘store room
ngh pressure laboratory R

‘omwbowp.
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Discusslon of Tests

: Most of the operatlons and tests were
conducted by procedures which are well known and
fairly well standardized. It is obviously unde-
sirable to review these in-detail here. . They are
described in detall in the various documents. A
few have been selected for special comment. .

. Mills. There were several mills with the
rolls 1ndependent1y driven by variable speed motors.

. Durometers2 were set to be read with an
auromatlcally applied, dead weight load.' Some were‘
set up for use above and below room temperature. '

. Stress-Stra1n and Rebound weTe both run on
standard Schoppetr machines, some of which were set‘

up to be run above and below room temperamure._*

Structure or, Tear Test, The so-called
structure test was Teally & tear test. -Pive
standard cuts were made on the inside of opposite
sides of & Schopper rlng and the tensile, detennlned
on & Schopper machine in which the revolv1ng Adrus
were replaced by hooks. .. It was thought that & :
comparlson of this value. wlth the standard tensile

- value gave a measure of structure in the compound..

= Strlp Flex Test In thls test strips from,'
a tens1le sheet- -are- repeamedly bent double and =
;released. .

. . : . X '1\ |
‘ - Modlfled Torrance Flex Test In this teet'
‘strips cut from a temsile sheet| were mounted on. the
,perlphepy of a wheel. At each(revoluilon«they were
bent’ by rubbing’ on a. bar. ©.It was modified by :
molding & grooved test speclmen ‘and by replaclng
_the bar w1th & wheel. B S :

) Static Fatlggg, was detennlned elther at jf
constart_ load or constant elongation. ' A dumb bell

.test specimen: ﬂould be: ‘extended under a deadwelght
fload for 'an: indeflnlte period.’ Alternailvely it ‘



could be stretched to a definite elongation and held
“there: A third possibility was to extend by e
definite load and then hold at the elongation’
attained. ' C o o s

: Dynemic Fatigue = Rotating Rod. For this test
the specimen is & cylinder about one inch .in dismeter
and 'ten inches long. - The clamp at one end can be
driven to rotate this rod.: The clamp at the other
end can be swung around so that the rod is.bent back
.to form an angle of about 76°. By a system of
weights and pulleys this torque keeping the rod bent
is ‘meintained constant. Failure occurs at ‘the apex
of the angle.  The test was used in three ways: =
(1) as a''straight: fatigue test, (2) with a ¥nicked.

- specimen for cut growth, and (3) with a specimen
molded from two pieces so that the junction is in
the middle as a test for fusion during cure.. '

T TUStructure “SEEbility = Static.  In this test
a cylinder is compressed under constant load:and the
compression curve obtained. Then the load is..
released and the recovery curve obtained.  This test
could be run both at high and at low temperstures. -
Comparison of such. curves was used as one measure:of
the freezing point of the different rubbers.

' 4brasion Test.  While several of the staniard
abrasion. tests were used,the favorite was one in which
a small cylinder_was*pressed;againstﬂeméry:paper on a.
rotating drum.ur,VarigbleWICadS»could;be'put;on the
specimen. - During each revolution the specimen-was:.

lifted up and: then dropped on ‘the drum.

.- Dymamic Modulus and Hysteresis. Considerable
‘emphasis was placed on hysteresis under constant load
and on'dynamickmodulus;x‘.Suchjtestwaere“run at
-different temperatures and showed considerable varid— .
tlon with temperature. - o ed e T

- - Zlectrical Tests, 'were also rum -at different
~temperatures and again there was considerable variation
- with-temperature. . .o T T T TR

_ Plesticity.  The Defo machine was preferred
_;for;plasticitytmeaéﬁrgmeﬁt;nglt was:necessary to run:



1% svecimerns on each stock,. three ag unp*oxlmatlons

—and—%a¥ee—£e%—aeOﬁfa%e—vu;uc5.

Q”hOOg 5 Det*ltlon, was used extensively for
.'edcurlnq heat bulld ue and stab111tJ 1or tlre
rubbers. : -

' ‘Troduct ests.’ ‘LunV product beots were run,
such as those for Sthf moun+1ngu, cou171ngs, hose,
ﬂtlreu, etc. o _ _ \

o '.wolvmer uvaluatlon

, A Jdefinite procedure ;or tle evaluation of
rolyers had been estaplished.  -It reauired 2-3 kg.
cf polymer and they felt that this mach was needed.
‘The vrocedureée is surmarized herc and the d@talls are
leené*n Doeu“ent Ko

.. —ilaw Faterial Froperties. The nolvmpr wag™—
examined Tor condition,. co]or, swell, and velatlle‘
content.. ~ The Defo value was dete~m1ned at 30°C¢, -
“oltollltv znd viscosity were determined before anj.
aftcr milling., ytorace stability, as measured by
Defo and solubilitv waz measvred: after 4, 8, and

12 w*eks at room tempcrature and afterla,and_é.weeKS"
at 50 P . : o el T

'

oo dunee of Breakdo:n as determlned by mllllhg
“by thermal breakdown. = The change in Defo on-
,Loru‘e after breaxaown wus also meaoured
'Drenaratlon and’ iron tles of: hixtures.' Three
typesg of -compound were used:- tread, carcass, and pure
_EUm. Millgbility wag deternined on the tread stock
using index mumbers to indicate behaviour. of the ‘
rubber alone, after softéner addition, after black
adiaition, and the conditicen.of the sheet one hour
-aiter 1b wa cut from the mlll. - : _

Y

Batch ‘1ast1c1ty, was deteznlned at 8000.‘. 2

e uoln Quallty,Awas determlnei bv running the
.tread stoc;; through a small tube ma.ch:me with. a. small
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'tread'profile wi%ﬁfhead;fémperatures 50, 75 and
—ieeQGT———Appearanee-1eno%h—and—we&gh%—per—minuxeA
were observed. oo '

Calendering was done on a small calender
under carefully controlled conditions at different
temperatures. = Calender temperature, shrinkage
after.5 and 24 hours, and surface appearance after

- 24 hours were reported. N .

: : Tack was measured by pressing calendered
sheets Together under constent load and checking
.the adhesion by a hard pull. =~ An 1ndex of tack
was used.

Solubillt - of the carcass compound was
. determined in iso octane. ,

“Vulcanization and Ehxslcal Properties.f.

. Cure. Test: samples were cured 30, 60 and
90 _min. at, 110°C. -£6r scorch. = In addition the.
tread stock was run through a Marzettl plastometer
at high temperatures. - For quallty cures were Tun -
-at 20, 40, 60, . 80 and 100 min. at 133° C.

. Fu51on was . measured by the bent, revolving
rod method.. : o S

Mechanlcal Propertles. Tenslle moduﬂus at
- 300%, - and -elongation were determined: on Schopper
“hmachines. - The -Schopper tear’ (structure) test was
also used. Rebound was measured at 20° and 70°.
Hardness was . determlned on a Shore durometer w1th
'a dead we1ght._~ Lo R

o Static Elastic—Plastic.Properties; wereCQ-J‘
.determlned by applying &a.load to & cylinder at-

- different. temperatures.a» The: height of’ the- cyllnder
- was measured 1-'second and 1 hour after “the load was.
applled and 1 hour after’ it ‘wasg ‘released. . Dynamic:

: hysteres1s and modulus were also detezmlned. »'Tf'

!

- Aglng tests wére run in the Geer ‘oven at’ 100°CU
‘for 1, S.and 7 days.”a—Bomb ag1ng was used only 1n
special cases.,‘““ i

40"
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_ Swelling tests were run in benzené, iso-
octane, and water. e change: ]
properties after swelling was also measured.

: - Electrical Prop_erhiesi were meagured as a
special' compound pigmented with talc and’clay.
Specific resistivity, dielectric properties, and—
breakdown voltage were measured after drying ewer
PoO5 and after 24 hours in air saturated with

. water at 20°C. ' o v

. Special Tests such as low +temperature
_behaviour, ozone and weather resistance, gas
° permeability, heat conductivity and so.forth were
- run in special -cases only. For tire rubbers it
was necessary to include Schopper detrition, flex
‘ liieg and low temperature resistance. S

Fveluations had to be made by experienced -

“men on the basis of the above tests.

4Ly



_;;EolymerizationeReseareh—atfﬁeverkusen;
-, L
4n unsigned Leverkusen document deted 27 August,1942
presented the following description of the evolution ¢
Buna series of synthetic rubber. RERTEE ! o
v By 1926 - 1927 a grest deel of research had been
done in Germany concerning -the polymerization'of'butadiene
ena isoprene in- which the hydrocarbon was either mass N
polymerized or polymerized in letex emulsion. The letter
method of polymerizetion was discovered by Hofmen (D.R.P..
234672, 235129) " and used albumin, blood serum, sterch,
‘wilk, ete. as emulsifying.agents, .The mass polymerization
method wes discérded, however, since the yields were-low:
and the product unsatisfsctory., Frem the beginning in
1927, important. progress was mede in the emlsion ‘method
by using seline emulsifying agents such as soap. and Neksls
In the I.G.ierke Ludwi gshafen it'was.thoughn;xhaxﬁa;darina
“Ite-pE-was important; vhille "at "Leverkusen it wes thought
“thet a definite-weight of oxygen or.oxygen-producing
material (D.R.P.511145, 15 Jen. 1927). should. be used. The -
. latter remeins toaay as the>working,methbq. The new ' poly-.
merizatiop method was,developed'in:Leverkusen_by‘LeCher,‘v
Konrad, Bachle, Schwerdtel, Mbisenburg,;Denpstedt)and;_“
others. . With it a procedure was created to polymerize
‘the . hydrocaerbon to higher yields in-shorter “time without
the use of-heat, “The quelity of the butedlene and iso~-

prene polymers was deficient, end continued. work in this

-Qirection_alwaysvledf.tq»negativefrisultszt_ S

© .4 decided. turning-point in the developuent. of syn~
thetic rubber@occUrredjwhep study}wés,@irected*tdwards s
wyuICanizatibn.fThe;effort’to*duplidategthe naturel rubber
structure,in’pplymerizationihadwbéen}unsuccessful;MIt}waé»
»fOundg;however,]ﬁhat*éonsiderébly*morqfimprovement'ofi o

polymerizationjquality,resulted;with Synthetic'rubbér;{7;
when pigments were edded and &the-eco ound was .cured then
wes: the case wi t_ll,fna~fb§1ral‘ ?ub\ber}fi e ; )

. ,.oMork was Tirst sterted with 2,3 dimethyl ‘butadiene *
syntheﬁiq'rubber,;but*satiquctonygtgngiléjvaluesihad;]r N
neﬁer;béen;dbtéiné@;despité]tbe‘erfdrtsgof}aﬁyearflong;ggu-
 researchgin;vuldenizatiopg;BYTtheﬁIncoipp:atipn#or*pigmerms

fto“the“rubberftheftensileﬁaniﬁelongationfyalués“wereﬂvav_

feleed by 1004 end sometimes higher. This result mst)

,beiviewedbas;fullyérEW?Siqcé;withfnéturgljrubberﬁthe?

“quelity improvement is very smell and in general: with o .
‘cerbon .blacks an increase of th ensile follows only. at..
butadtens -

“the expense of elongetions




: s-well as-the lsoprens. eodrum polymer
was vulcenized in this wey, end a pertial improvement in.
~quelity was obtained. These results were orgaenized and

eannounced by the patent D.R.F. 578965, 11 June, 1927,
Brosader protection was taken on' the use of other plgments,
as lor example, zinc oxide, magnesia, etc. which were -
‘partially efficient although inferior to ‘gasblack. The
discovery of the quallty improvement vith carbon bleck
was of considereble precticel importance. Numerous blsck
Vulcanizates were prepered in December, 1927 with en -
isoprene~dimethyl butadiene ‘emulsion polymer of inferior
quality, which hed been polymerized with oxygen producing
agents, byvulcenization in e mixture with gas bléck. end
were_ compared to a gas black-free vulcenizete. The pro-.
duct with black had a 600-~800%" improvement in' tensile
. and elongatlon. It resulted in not only¥ an unusuel
incressé in tensile’ but also a noticeable improvenent in
the ‘elongetion, which had not been-ocbserved previously "
either with neturel rubber or:with_the . synxheticlrubberlm
A thorough lnvestlgatlon showed thet. this was dependent-
on ‘the copolymer structure and, for example, can be. :
_attalned with butaalene-dlmethyl butadiene in .equal
‘amounts end curing. the copolymer into a- vulceniz"te with-
£2s black., Thig wes basic new knowledge, since it was
established . ther»by “thet in a copolymer ‘no mixture of
nolyners of -the Individual components must-exist, “but

‘a new_ chemical indgividuel, This was ennournced in the
petent 'I733275 IV/39 of 20 Jan.1928 where the prepare-"
“tion method of this copolymlr wes described in combina-
tion vith the black vulcenizeti'on for. the. purpose. df
:maﬁlng -of ‘high quality . rubber: products,. especlally

tires. Leter this announcement had. been viithdrawn since
‘the genersl earlier enfounced bleck vulecsnization .
“method (D.R.P 57$965) could: not ‘be: clearly'enough AR
‘defined in regard to. the-prrt of the method dealing'with
-polymerlzatlon in: the eerlier peatent of LoGe: Farbenlndus--
“tries In:this ezrlier: synthetic . rubber research Hofman "
‘had™ not sufficiently ‘deseribed the method or.of the
" amounts of the three hydrocarbons (i, R.P.255679 of "
.hprll 910) Any. advantege in: ‘guality in contrast. to
: te 1y.polvu:rlzed rubb‘.-* s net estebllshed




copolymer resulted, Thi s knowledge had not “been present=
‘ed'1ln pstents at eny time previously, Today no doubt -
can exist that this research had introduced the beginning
of the new ‘epoch of syntheti ¢-rubber, o
= - -~ --The gpodium polymer of butadiene prepared

18 years ago by Harries wes not developed much further,
the work on whieh had been done by Kleiln of Leverkusen .
and other workerg of Ludwi gshafen and further: developed
by Zieser and Stocklin’ of-Leverkusen &s well as by
Schmidt and co-workers of Iudwigshafen by black wulcen- .
"ization. The best products of these polymerizations,

from which the current Buna 85 and 115 were preparped. S
finelly reached noteworthy quality and ‘led later to the .
emulsion polymerization. In TeGeWerke Ludwigshefen an™
~olelc acld-containing butediene emulsion polymer was' .-
prepared by Heuk which found interest in a short time .-
although it soan became replaced by a ‘genuine copolymer.,

- . . ‘The simllarlty of the "black effect® of -
sodium butadiene rubber with thet of the copolymers made )
1t plausible that both types ‘hed a similer structure.
~In 1911 Harries hed established that the sodium butadiene
Tubber could not be polymeri zed "normsl". He ad to con-
clude from the study of- ‘the ‘ozone: breakdown thet 1t con--
teined:a small amaﬁntﬂof-nonérubbgr‘constituentnghb S
superiority which the leather-like inelastic -dimethyl. .
butadiene polymer’ produced in rubber. mixtures brought -
about the thought, that fa‘tte’r-such‘,cOpqumér:s_, had been -
prepeared they, ¢ ontained not only. rubber hydrocarbon: but:
-8lso polymers waich were: tx‘zc};t;{r‘ubher;‘-_*]_:i‘ke‘;:-“’T-hi‘_‘s’?‘fc‘g;n}f be -
seen for exemple by the: polymers.of simple vinyl: COM=" 7
‘pounds which, 'polymerized by itself, yi elds artificiel .
-meterlel s of re sinous nature.. Thls led to the first =
research .on copolymerization of isoprene or butadlene .
with styrene “and: led soon . to “the ‘fixation of :the: prop er.
ratlo of the tWo' ingredients. The products.of isopren
or butadiene .?p‘di;ymsriz‘e‘dz.;;With-.?sstyre‘nj’ej!,;wqrg».‘_}‘s'up'er_:l?_b;s;;'t’
“the previously prepared s ‘ ‘Vulecan
“ized and produced a synthet 11
~Inferior-to:natura’ rubber
‘prepared and is prote ’c‘,}::e;df:;

;;:'anq. 032456, 0

synthetic rubber when
-rubber which w




copolymerization wiﬁh.butadiena. To this.work Konred,
Tschunkur*Maisenb&rgﬁ&leiner and others: at Lgverknsen
gdevoted themnelves. . i

‘ ' ’By the polymerfzation with the vinyl
component the properties of the products cen be. varied
S0 that the likelihood exists of producing a number of-
special types of buns, as. for example the gasoline-and
oll-resistent Buna N by the use of acrylonitrile (B.R.P.:
658172 of 26 April 1930) A ,

' , The development of e good synthetic
rubber ceme  about when the" original .striving for a-
duplicetion of netural rubber was discarded and an

_effort wes mede 'to creete. a synthetic rubber of special
structure to have unique properties when cured in a
‘¢comipound. Work which was taken up in'the. laborstory at.
I.G Werke, Leverkusen has already furnished some inform-
ation on the nature of the synthesis, but mich remains
to be done elong this line. Particularly, the reasnn-
should be found for the grest improvement in the propsr-
ties of copolymers by pigmentation. Also, the process-
1ing properties of Bune on the mlll and in extrusion
allow for much improvement. It was Koch at Leverkusen,
working with the rubber- factories, who- developed the
.thermal breakdown procedure whereby the product was
rendered more plastic. Much improvenent n this direct-
tbn can stlll be made,;however. A C e R,

i

o, ----_----g-—---—---«-----n--«—-- LI
T !

' - In-conversation with nr Stocklin at
.Leverkusen, it was _found that .no antioxident - superior~
.to . phenyl beta napthylamine as . enaid in heat: soften-~.
"ing end as an age-resistor had been discovered. Oxy- 5
“icresyl camphen is satisfactary for nonrstalning ‘Buna ,

but is: somewhat ‘inferior to phenyl bete napthylamine -
‘g8 ‘en_. age-resista ., It is the. be st non-staining anti-
'oxidant wnlch has been found.



. The following materials have been studied -at
Levarkusen for synthetic Tubber o

' "mmm.’» S
k\ (Polymerized EIone or. copolymerized with active
vinyl compounds). oo

Butadien 1,3 o

1 Methylbutadien 1, 3
-2 Methylbutadien 1,3
2,3 Dimethylbutadien
1,3 Dimethylbutadien:
1 1 Dimethylbutadienvz

1, s Dimethylbutadien

1 1%4 4 Tetramethylbutadien
4 Cyanbutadien 1, 3 C

1 Phenylbutadien ,5

2 Athoxybutadien«
.1 Athoxybutadien

1 Acetoxybutedien
_ & Acetoxybutadien

2 Phenoxybutadien

+ l'Chlorbutedien - ...~

" 2 Chlorbutedien -
2 Chlor, 3 Mbthylbutadien.
1,2 Dichlorbutadien v

" 2,3 Dichlorbutadien v
l Phenyl 2. Chlorbutadien

- YINYL CGMPOUNDS. R '
(00polymerlzed with dienes, espe ially with l 5 buta-
diene, 2 5 dimethylbutadiene and 2. chlorobutadiene )

 .APropy1en S
..... ‘Isobutylen & - .
o A_mylen .

‘Styrol '
Vinylnaphtalinf
Stilben -
‘a~Methylstyrol -
p-~FPhenylstyrol -
P-=Methylstyrol .
“p=Athylstyrol .
p=Chlorstyrol. .
-Dlehlorstyrol =
aomega-Methylstyrol
}Nitrostyroli-},v




—¥inyl Compounds——Continued.

Vinylpyridin
Vinylfy :

Vinylbromid .
2 Chlorpropylen -
AlYylchlorid .
Vinylidenc orid
1,1 Dichlorathen-
‘Trichlorathylen

ACyclopentadien
Inden

ﬁvinylacetetm~"
Vinyllsobupylather
vinylathylathari

Acrolei 2
.@=Methyl acrolein
a-Athylacrolein .
wa-Isopropylacrolein
-a-Hexyldcrolein :
a-Phenylacrolein o
Crotonaldehyde P

Vinylmethylketon
Vinylisopropyl&eton
Vinylphenylketon ”

Benzalaceton '

P—Mbthylbenzalaceton
peAthylbenzalaceton
' -Nitrobenzalaceton

\Acrylgaure LT
Zlmtsaure S
Acryisﬁurewethylester
Acrylsaureathylester
Acryls&urepropylester
fAcrylsgnreisobutylesteri
~Acrylsauredodecylester’
,Acrylsgur‘dekalolester




,Produets‘étudiedfoﬁ Piibtsylani‘Scalé - Contined....

,3 Dimethylbutadlen
-Isopren ,
12 5] Chlorbutadien

POI&NERIZATION MDDIFIERS.

‘ Di-isopropyl—xanthégendisulfid
Di-isobutyl-xenthogendisulfid
_-Diisoanyl—xanthogendisulfid

: Tolyldisulfid
'Hexylmerkaptan

Dodecylmerkaptean -
Nonylmerkeapten—

Athyl-thio-buten . .
Phenyl-thio-buten .
,Phenyl-thlo-chlorbuten

Phenylchlorbuten ; .
Nltrophenylchlorbuten

i;etrachlorkehlenstoff :
JChlorofcrm T
: Hexachlorathan v

”Phenyldlacotat
‘»Tolyldiacotat ,f

-Triisobuty phenol
jDodecylphenol

{fLeinolsaure SEEED AL
‘Ricinolsfure” }':);uhd.qeren‘E§tg;J

1Hblz&ls§ure o ~ )-,..

,fomega-Methylstyrol
gtomsga—Nitrostyrol

”w4Q 



’EE%hacrYlséuremethylester~1

thhacrylaaureisgbutylester
‘a-Isobutylacrylsauremethylester
a-Phenylacrquauremethylester
a-Chloracrylsauremethylester
a—Chloracryls&ureathylester

Acryls!urecyanathwlester v
4Acrylsgurecyanmethylestep

crotopsau;eathylester;
Aimtsaureathylester

: Fumarsgurediathylester
‘Fumers uredimethy;ester :
Fumsrssuredighlorathylester
Muconsaurediathylester TR

Acrylsgureamid : S
-Acrylsauremethylemid -

Acrylsfurediisobutylemid

Acrylsauremethylphenylamid

Methacnylsgureamid o
1mbthacrylsaurediisobutylamid

"Acrylsauregitril o
vMbthacrylsaurenitril

: Cyansorbinsquremsthylester
-.Cyansorblnsgureathylester“'
Cyansorbinsaurebutvieﬁfer

\
\

pRonﬁCTs STUDIED orr 'PII.OT-PI.A.NT SGALE

Butadiene copolymers w1th“"

-W¢v1ny1me%hylketon
S Isoprogenylmethylkqton
soherylss uremethylester = .
QAcrylsauregthylester g
sMbthac;ylsau;emethylester
- Fumersauredjethylester =
‘,cyansorbinsauremstgy;gster
,iAcrylsgurediisobuﬁylamid
- Methylecrolein = . -
‘=:Athyleerolein:
- Vinylnephtalin:
~ Vinylpyridin - -
s;p-Phenylstyro S ~49,




_ In addition to. the- general . foregoing :
_-information, more deteiled infarmation is evaellable
~in tle Leverkusen resesrch- documents, parti cularly
“in the following- o .

‘"Elastizitit und Chemische Kpnstitution Keut-
schukelesticher Stuffe" by, Dr P. Stocklin of Lever-
-kusen, ‘15 .Tuly 1943.

e—

P

. "Polymeris atJ.on Aand Polymeri sataufbau von
, menen“ - ungl gned Leverkusen document.

- "Stand der Auwen.dungstechnik euf dem Buna-
,\Geblet" by Dr.E.Konrad of Leverkusen, 1 March 1944. :

' "Stand ‘des Verfahrens. der Polymeris ation von
' Buna in Schkopau" by -Dr Wilhelm XKlein, 25 July, 1944.
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