ITEM No. 22
FILE No. XXII - 21

SYNTHETIC RUBBER PLANT
CHEMISCHE WERKE—HULS

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.

COMBINED INTELLIGENCE OBJECTIVES
SUB-COMMITTEE

LONDON - H.M. STATIONERY OFFICE



SYNTEETIC RUBBER PLANT
"
CHEMISCHE WERKE - HULS

Reported By

E.T.HANDLEY, T.I.I.C.
R.¥W.ROWZEE, Min. of. Sup.
J.D.PENNEBRESQUE, T.I.I.C.
B.S.GARVEY Jr., T.I.I.C.
R.D.JUVE, T7.I.1.C.
C.C.MONRAD, T.I.I.C.
J.E.TROYAN, T.I.I.C.

CIO8 Target Number 22/6
Miscellaneous Chemicals

COMBINED INTELLIGENCE OBJECTIVES. SUB-COMMITTEE
G-2 Division, SHAEF (Rear) APO X13



PART III - APPENITX
Swmary of Documents
Summery of Bomb Damage
Surmery of Production
(Butediene,Styrene,and Buna)
Summery of Ccsts
Summery of Ylields,1%44

German Planned Production of Synthetic
Rubber.

Totel Germsn Rubber Production




-f=
SUMMARY ,

Chemlsche Werke, Hﬂls represents the lastest sand
most modern design of Germen Buna S synthetie rubber
operatlons. The plant hes & rated cepaclty of 4000
tons per month of Buna S. Production at this rate wes ;
obtelned during the eerly part of 1944 when opersati ons f
were essentislly uninterrupted by wer conditions. [
During the lsst querter of 1944 and first quarter of E
1945, production wes redwed to epproximately 25% of 1
rated cepeclty because of severe bomb demege to the 5
nearby synthetic oil plents which supplied Huls with ;
its major requirements of hydrocsrbon geses for acety- [
lene manufecture, |

At the present time, the plent is in excellent :
condition with the exception of minor bomb demesge to '
several unlts sustained Just prior to eccupstion of
the ares by Allled Farces. It is estimasted thmt the
plent could be returned to full operation within two ;
to three months provided thet it were supplied with {
the necessary raw materials. ’

Huls 1s the only plsnt in Germeny which menufec-
tures acetylene by the electric arc creckiang of hydro-
carbon gases. Acetylene ls converted to acetaldehyde
end butadiene 1s produced from the latter by the so-
called aldol process. For styrene production, benzene
is obtained from coel ter plants in the Ruhr and ethyl-
ere ls produced at Huls. Butadiene end styrene are
polymerized continuously in emulsion to Buna S. Four {
types of Bune S have been produced et Huls: Buna S,
Buna 35, Buna SR, and Buna S3. Related orgenle
chemi cals including rubber softeners ere slso menu-
Tactured.

Detelils of the butediere, styrene, and polymer-
1zation processes were obteined.
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PART I GENERAL

Chemische Werke Hils @.M.B.E.
Hiils X52/A54 ; part of the
village of Marl, Krels Recklinghausen

CI08 Black liat target No. 22/6

2

. Handley, U.S.A., T.I1.I1I.C., Leader
. Monrad, UOS.A.’ T.Il.I.C.

. Garvey, U.S.A., T.I.I.C.

. Rowzee, Canada, Miniatry of Supply
. Juve, 6.S.A., ?.I.1.C.

J.E. Troyan, U.S.A., T.I1.1.C.

J.D. Fennebresque, UsS.A., T.I.I.C.

Itinerary of Team.

Messrs. Monrad, Rowzee, Juve, Iroyan, and Fenne-
bresque 1left London April 17, 1945, by speclal plane and
flew directly to Krefeld, Germany. The next morning,
April 18, they proceeded by truck to T Force Headguarters
at Herten (Xrels Recklinghsusen), and arrived at the
target the early afternoon of the same day. The palance
of that day was spent in obtalning an oversll view of the
plant operations.

Mr. Fennebresque, previously had spent the week of
April 1 to 7 at the target for the purpose of assessment
and preliminary investigation under the ausplces of
C.A.?®.T. He left this target the morning of April 20
to assess Leverkusen {22/2) on C.A.F.T. assignment.

Mr. Handley left from Parls b¥ truck, the morning of
April 17, arriving that evenling at Yerdun (IEth Army Group
Headquarters). Dr. Garvey arrived at Verdun the same
afternoon, having come from Frankfurt by truck. Measrs.
HandXy and Garvey then proceeded by truck from Verdun the
morninz of April 18, spending that night at Krefeld and
arriving at the target at noon of the next day (April 19).

The teem remained at the plant through April 23, at
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which time Mr. Fennebresque rejoined them. On the
morning of Aprll 24, they proceeded to Leverkusen (22/m)
YMegsras. Handley, Garvey, Rowzee, and Juve remained at
Leverkusen for Anvegtigation of that target, and Messrs.
Lonrad, Fennebresque and Troyan left on the morning of
April 25 for investigation of Schkopau (2g2/82).

Plant Personnel.

The two managing directors, Dr. Ulrich Hoffmann, and
Dr. Hans GuUnther had left the area Just prior to occupa-—
tion by American troops. Dr. Paul Bsumann, deputy mana-
ging director, had been left bPehind and had taken over all
managerlal dutles. Under the organizetion plan, he was
also dlrector of the technical dlvision which included
production, reaearch, and development. During 1930-1935,
Dr. Baumann had been in the United States as lialson ;
officer for I1.G. Farbenindustrle with Stsndard 01l Develop-|
ment Co. Consequently, he speaks English fluently.
Dr. Beckman, in charge of englneering, who is the fourth
director of the company, was also avallable. A complete |
organlzation plan for the company was found and included
in the documente removed.

P

The followlng key personnel were interrogated by
the lnvestigating team, in eddition to those previously
mentioned: Drs. Zobel, Haberl, and Welchert, acetylene
panufacture and gas separation; Drs. Bub, Haag, Frank, and
Saurwelin, aldolling, hydrogenation, and butadiene manu-
facture; Drs. Roh, Hlllemann, and Brunotte, ethylbenzene
and styrene manufacture; Drs. Meis, Knoche, Wollthan,
Hormuth, Rosenberg, and Schnelder, Bura operatiocns includ-
ing production, rubber testings, amd pilot plant.

Documents:

Apparently no important technical documents had been
removea from the plant prior to occupstion by American
troops. The mansging directors, Dre. Hoffmann and
GUnther, were known to have taken some secret data ana
files primarily of a financial nature with them at the timef
of thelr flight from the area.

The investigating team removed three CIOS bags of
documents from the plant and delivered tnem to T-Force
Headquarters for transmittal through proper channels to
the C.I1.0.8. Secretariat in London. These documents
include: process and research reports; production; cost
and ylela data; minutes of I.G. Farbenindustrie rubber

M bbb o rev 1 e
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technical committee meetings; englneering arawings of

- important equipment 1ltems; cdrawlings of plant layout,etc.
. In addition, the investigators requested Dr. Baumann and
pls staff to prepare process descriptlons and schematlic

. flow sheets of all operations relating to Buna production.

A complete list and explanation of all documents removed
cen be found in the appendix.

Two nhundred kilograms of catalyst used for dehydrogen-—

. ation of ethylbenzene to styrene was obtalned for testing
by the Allles in comparison with currently used materials.

General Description of Plant.

Chemlsche Werke Hiils is controlled and operated under
the direction of I.G. Farbenindustrie. The plant is valued
at 500,000,000 RM, It was primarily deslgned for the pro-
duction of Buns-3 type synthetic rubbers, having a rated
capacity of 4000 metric tons per month, making 1t the
second largest Buna plant in Germany. It 18 npelf-
aufficient from the standpolnt of producing its own require-
ments of Butadlene and styrene. Acetylene for the manu-
facture of butadiene by the well known aldol process 1is
produced by the electric arc cracking of hydrocarbon gases.
For styrene production, benzene la obtained from coal tar
plants in the Ruhr, ard ethylene is produced at Biils.
Related organic chemlcals including rubber softeners are
also manufactured.

Construction of thies plant was commenced in 1938 and
put into operation in August, 1940. The plant operated
until March 29, 1945, the day prior to occupation of the
area by troops of the U.S. 9th Army. The plant site
covers an area cf approximately & aquare mliles. The main
gate 1s at the south end and the manufacturing bulldings
are arranged in blocks running east and west, and north and
gouth, and numbered accordingly. The admlnistration
office is located on the right in the first dlock sfter
entering the south gate and 1s numbered 139. The main
research bullding, No. 141, is dlrectly west of the admin-
latration bullding. Rallroad switching yards are along
tne east side of the plant. A barge canal bhorders the
north side with dock unloading facilitles at the northeast

corner.

The power plant hae a rated capacity of 125,000 KW.,
and a maximum capaclty of 175,000 KW. It represents the
108t modern power plant design in Germany. High pressure
steani at 125 atmospheres 1s produced. Low pressure steam
from the primary turbines, and condensate from the second-
ary turbines are svallaple for chemical processing:
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Mercury arc rectiflers are used for converting to D.C.
current where required. The power plant 1ls tied into the
R.E.W. and V.E.W. systems for the north Ruhr area. The
mator coal requirements are supplled by the Zeche Auguste
Viktoria A.G., a cosl mine approximately two miles south
east of the plant. There 18 also a small colliery
adJacent to the plant on the east side.

For full operation, the plant required & total person-
nel of 7000 employees, of which 1000 were forelgn workers
during the laat three years. 2000 employees were
involved in maintenance and construction operations. 95
PiD. chemistes, and 150 mechanical engineers were employed.

The butadlene, styrene, and polymerization operations
» Huls represented improvements over the deslign of the
Schkopau plant which was the first Buna-5 type synthetic
vubver plant in Germany to be put into production. It is
evident that the Huls management was allowed considerably
more latltude in process research and improvements than at
Schkopau.

The bottleneck 1an increasing productlon of Buna was in
the equipment for acetylene manufacture and gss separation.
Consequently, plans were made and construction started in
1942 for the expansion of that part of the plant. Thie
work was subseguently helted because of inability to
obtain high pressure compressors required in gas separa-
tlon end purification.

Condition of Plant and Effect of Bombing.

The plunt 18 esgsentially in good operating condition.
Some milnor damage to facllities was done by fighter—
pomber attacks during the two weeks prinr to occupation of
the area. The unit for production of the catalyst for
butylene glycol dehydration was partially destroyed, but
1t was estimated by the plant management that 1t c¢ould be
repalred in two to three months. Other damcze 1is limited
to certain manufacturing units, warehouses, rallroad
sldings, and overhead process lines. A short review of
the damage to units involved in the Buna operetions 1is
includged in the appendlx. The power plant sufrered no
damage., If the plant were supplied with ite requirements
of raw hydrocaroon gases, Dbenzol and other migcellaneous
raw material chemicaleg, 1t 18 estimated that full product-
lon could be resumed in two to three months. There is on
hard a normal inventory of in-process intermedlates.

IThe only ma)or oompbing raid on the plant was a day-
light attack on June 22, 1943. This resulted in a direct
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hit on the maln acetylene gas holder which exploded and
did conslaerable damage, particularly to the facilities
for manufacturing acetylene. The plant was shut down
entlrely for two months. By that time repalrs had pro-
gressed so that partlal operations could be carried out by
having acetaldehyde shipped in from the Knapseck plant.
Repalrs were contlnued on that part of the plant fqr pro-
ducing acetylene, and six months after the rald, the plant
was returned to full c¢peration.

Production graduslly declined during the last two
guarters of 1944 and the firast quarter of 1945 because of
the effect of pombing on the two plants supplying the
major portion of the raw hydrocarbon geses - Gelsenberyg
Bergln A.G., at Gelsenkirchen, and the Hydrierwerk
Scholven A.G., at Scholven. Foliowing very heavy alr
ralds, these two plants were unable to deliver any gases
to Hils after October, 1944. Thereafter, the primary
source of gas was from the Bentheim natural gas wells,
which, however, was limlted %o approximately 35% of Huls
normal requirements. (Refer to Buna § production data in
appendix. )

Qutline of Operations.

Unlike the other synthetic rubber plents in Germany,
acetylene was produced at Hiils by the electric arc crack-
ing of hydrocarbon gases (methene and/or methane—ethane
mixtures). The primary sources of the gases were from

" the two nearby coal hydrogenation plants at Gelsenkirchen

and Scholven. The total gas requirement for capacity -
operation was 130,000 to 140,000 metric tons per yesar,
obtailned as follows:

Scholven ses see ++450,000 tons/yr.
Gelesenkirchen ses see 2.450,000 ¥ "
Zeche Auguste Viktoria ... ... ...15/2C,CO00 " =
Zweckel ces ees ..415/20,000 ¥ M

The gas from Auguste Viktoria is by-product from coke
oven operations. At Zweckel, there 1s a plant for manu-
facture of ethylene oxide. ﬁor thls operatlion, by-product
coke oven gases are cbtaibred from Scholven, the ethylene
is fractionated off and the remaining satursted hydrocarbon
gases are delivered to Hils.

Approximately two years ago, Huls contracted with the
Benthelm natural gas wells to deliver up to 50,000 tons per
years, Thls was contracted for in anticlpation of the
plant expansion referred to previcusly. No gas was
obtained from this source until CGelsenkirchen and Scholven
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SUMMAKY CF YIELD 1944 {100 kg output)

BUTADIENE PROCESS.

I.Acetaldehyde
Menufactwre. Input.

ALcetylene 64 .48
Nitrie ecid 1.52
Iron sulfate ©.80
96% Hy 504 0.65

NeOH 1.G0
Mercury .01
II.Aldold
Menufecture

Aceteldehyde B82.73
KOH (100%)  0.13
H,P04 (GBP805)0012
NEOH (100%) ~ 0.01

IIT.1,3 Butylene
Glycol manufacture.

Aldol (80%?5 98.83
Hydrogen (m°) 26.99
BBE cetalyst 0.05

Iv.1,3 Butylene
Glycol distillation,

Crude butol 146.00

Yield %
Qutput. of theary

Acetaldehyde 100.00 91.7%
Recycle acety-

lene. 0.11
Acetone trace

Aldol (80%) 100.00 99.1
Potasslum

phosphate 0.15
Sodium phos-
phete. 0.003

Crude butol 100.00 8.9
Hydrogen {m 3) .35

1,3 butylene 100.00 8l.9
glycol
Butenol (1004 5.56
Sec.butanol 0.20
Ethencl (Q00%) 7.29
Hexanol. 0.3¢9
Toppings. .01
Resldue 2.78
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TOTAL BRUBBER PRCDUCTION IN GERMANY (Metrie tons)

1937 1938 1929 1940 1941 1842 1943 1944
Buna S types
Schkopeu 2110 3994 20173 34899 40705 57313 €7703 45113
Huls - -~ 2045 2502C 36680 34693 35105
Ludwligshaefen - - - - - - 7181 119855
Leverkusen Xk AkA 403 193 164 173 g9 1320%
TOTAL BUNA S 2110 3994 20576 37137 65689 94166110569 97493
QEEE—E * 3k * % N
Leverkusen 400 640 1126 1898 2621 2624 3656 Bl29
Huls - - - - - - - 43
TOTAL BUNA N 400 64C 1126 1898 2631 2624 2656 3172
Numbered Bunes
Schkopeau 637 848 649 1431 1955 2721 3388 2590
GRAND TOTAL
SYNTHETICS 3147 5482 22351 40466 70475 98711117613103255

* To Oct 2644

** approximate.

**x Mot avallsble.
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