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B

S UMMARY,

Bune Werke, Schkopau, is the lergest Bune S
synthetie rubber plent in Germeny with & rated capacity
of 6000 tons per month., Production in 1943 was 68,000
tons, and for several months was slightly in excess of
the reted capaclity. After July of 1944, production
dropped off sharply because of low supplies of hydrogen
fromthe Lmnne synthetic oil plant which wes being bombed
heavily. By Jenuery 1945, production was reduced to
25% of cepacity. Aside from minor bomb demege, this
Plant 1s in good operating condition.

Acetylens for acetaldehyde and ethylene
manufacture is produced from calcium cervide. Butadidne
is made from acetaldehyde by the so-called aldol process
and ethylbenzene for styrene meaufscture is mede from
ethylene and benzene. Buna S and S-3 are polymerized
from butadiene and styrene continuously., Buna 32, Bune
85, and miscelleneocus orgenic chemicals sre also produced,

This Plant wes primerily concerned with mext-
mum prodyction, conditions permitting. Consequently,
unlike Huls, very little research and development work
was carried out.
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PART I - GENERAL

Target:
Buna Werke A.G.
(I.3. Farbenindustrie)
Schkopau, Krels lierseburg, Germany.
CIOS Black 1list target No. 25/82
Team;
J.D. Fennebresque, U.S.A., T.I1.I.C., Lesder
C-CC Monrad‘ UOS'AH’ TII.I.C.
J.E. Troyan, U.5.4A., T.I.1.C.
Introduction:

After 1nvestigation of the Chemische Werke at Hiils,
it was evident that the major technical details of buta-
dlene, styrene, and polymerlzation processes used by the
Germans had been obtailned at that target. However, the
opportunity arose to make a gquilck investigation of the
plant at Schkopau, by taking advantage of combining a CAPT
asseagsment of the overall operations with the CIOS invest-
igation of the synthetic rubber sections. Approval for
this combined opération was granted by 12th Army Group
Headguarters.

In the technical parts of this report, no attempt
will be made to discuss in detall the sections of the
synthetic rubver operastlons at Schkopau which are similar
to those at Hlils, but emphasis will be placed on discussing
those parts of the processes which differ.

Itinerary of Team:

After the team consisting of Messarsa. Handley, Monrsad,
Garvey, Rowzee, Troyan, Juve, and Fennebresque had campleted
the investigation of Huls (22/6), they proceeded to Lever—
kusen (22/2? on April 24, 1945. The morning of April 25,
Monrad, Troyan and Fennebresque left by truck for Schkopau
end the remainder stayed at Leverkusen for inveatigation of
that target.
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The Schkopau tean flrst travelled to Wiesbhaden to
ootaln clearance through 12th Army Group Advesnce Head-
quarters, arriving there the night of Aprili 25. The
morning of the P6th the team left by truck for Schkopau
aenc arrived et the target the evening of the same day.
Investigation of the target was carried out on the 27th
and 20th of April, durlng which time the team stayed at
the plant with the battery of ertillery assligned by the
U.Se First Army to guerd the premises.

On She moming of April 29, the team left Schkopau
Dy truck and spent that night at Wiesbaden, the next
nizht at Verdun, and arrived at Verssilles the afternoon
of lley 1. SHAEF then provided alr transportation %o
London the morning of May 2.

Flant Personnels

All of the key personnel were available at the plant
and were lInterviewed. These are as follows;

Dr. vwulff, Managing Director.
Dr. ioll, Technical Director.
Herr Biedenkopf, Chlef Engineer.
Dr. Ecarius, Perscnnel Director.
Dr. Bohring, Chief Accountant.
Dr. Klein, Technical Supervisor of Polymeriza-
tion.,
Dr. Kehlen, Technical Supervisor cof Aldol manu-
facture.
Dr. £trobele, Technlecal Supervisor of Butylene
glycol manufacture.
Dr. Jacobl, Technilcal Supervisor of Butylene
glycol distillstion.
Dr. Broich, Technical Supervisor of Butadiene
manufacture.
Dr. ghafer, Technlical Supervisor of Ethylbenzene
and styrene manufacture.
Dr. Emnmler, Interpreter and dye chemist.

Documents:

The greater part of the ilmportant technical and pro-
duction flles were removed in January, 1945, from the plant
to a mine shaft at the Wintershall A.G., Werk Bilsmarkshall
in Blschofferode, C. Blelcherode. These documents include
yleld and cost data, production performances, future oro—
duction progrems, process wrlte-ups, etc. ‘

k The followlng documents were removed from the plant
and cleared through proper military channels for dellvery
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to CIOS Secretariat at London:

19 -~ Looge leaf files of photographs of the plant.

2 - Ledgers of 1944 Production, Costs, and ylelds.

12 - Engineering files (primarily of maintenance
interest).

S8tyrene mfg.

Zashlen Buna (Buna 32 and 85)

Aldol mfg.

Acetsldelhyde mfg.

Aldol hydrogenation.

Ethylbenzene mfg.

Butadiene mfg.

Butylene glycol mfg.

Buna 5 mfg.

MMM D
U T T U A O T |

l - Plant layout drawing.
1 - Key to plant layout.

At the time of the investigation of the Ludwigs-~
hafen target (22/3) on liarch 21~3C, certsin documents
relating to the Schkopsau operations were obtasined. These
included 1943 production, cost and yield date, and five
reporte on distlillatlon practlice in various parts of the
butadiene and styrene procegses. A 1ist of these docu=
mente wlll be found in the Ludwigshafen report.

General description of Plant;

Buna Werke A.G. is owned and operasted by the I.G.
Farbenlindustrie. It was the first Buna S synthetic rubber
plant to be constructed in Germany. Design of the install-
atione was on the basls of the original research and pilot
plant work carried out at Leverkusen and Ludwigshafen.

With & rated capacity 6000 tons of Buna 8 per month, it is
the largest synthetic rubber plant in Germany. The plant
le self-sufficlient from the standpoint of producing 1its
own requirements of butadlene and styrene. Acetylene, for
the manufecture of butadiene by the aldol procese is oro—-
duced from carbide. For the production of styrene,
benzene is shipped in by reil and ethylene 1s produced at
the plant. Buna 32, Buna 85, vinyl chloride, dlglycol
and other related organic chemicals are also manufactured.

Construction of the plant was begun in 1937 and
completed in 1939 at which time it was put into cperation.
The plant operated up until occupation of the area by
troops of the U.S, First Army on Apriil 19, 1945. The
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plant site covers an area of approximately 1+ square miles.
The main entrarnce 1s at the east end. There 18 no main
administration building, but the communlty center bullding
No. Bl2 immedlately on the left on entering the main gate
has been serving that purpose. Plans had been drawn up
for the construction of an elaborate administration bulld-
ing. The directors of the company had their offices in a
small bullding C 37, in the middle of the area. The plant
1s divided up 1in blocks, anmd numbered alphabetically from
south to north, end numerically from east to west. Build-
ings and operating units are numbered accordingly. Rail-
road awllchlng yards are along the southeast end.

The power plant has a rated capacity of 120,000 KW.
For full operation of the plant there 1s required 243000 KW,
the addltional 120,000 KW belng supplied through the REW
system. Of the total, 160,000 KW are required for the
manufacture of celclium carblde for acetylene generation.

For capaclty operation, the plant required 15,0CC
employees, of which 4,500 were foreign workers during the
lagt several years.

From the synthetic rubber standpoint it was evident
that the Schkopau plant was primarily concerned wlth pro-
ductlon at a maxlimum level, conditions permitting. Yery
1ittle research and development work was carried out. This
1s in contrast to the condition found existing at the EHiils
plant.

Conditlon of Plant and Effect of Bombing.

The plant is generally in good condition. A small
eir rald in January, 1945, resulted in some damage to the
chlorine, Buna polymerization, polyvinyl chloride, and
phthalic enhydride unite. The damage to Buna polymeriz-
atlon facilitles was limited to one building B 39, effect—
ing a 20% reduction in total capacity, It wes estimated
py Dr. Wulfr thet repairs tc these wilts could be com-
pleted in two to three months. During the fourth quarter
of 1944, and the first quarter of 1945, production of Buna
5 was reduced to 26% of rated capaclty. This resulted
primerily vcecause of savere reduction in Lhydrogen from the
Leuna plant required for the manufacture of putylene glycol
from aldol, and shortage of benzene dellveries because of
oomo damage to reil facilities. During this period some
outylene glycol wes shipped in from Hiuls.



OQutline of Operations;:

Note: Operating capacitiesof the impatant cnits in
plent and production of Buns S by quarters for 1943
and 1944 are shown by tables in the appendix.

The primery hydrocarbon raw material, acetylene, 1s
produced from coke and lime through caleclum carbide by the
conventional process. Power requirement for the electric
furnace averaged 3300 KWH/ton carbide. Acetylene 1s con-
verted to acetaldehyde using mercury 1in presence of ferric
sulfate and sulfuric acid as catalyst. The concentration
of the mercury solution 1s higher than that used at Hiils
because the higher purity acetylens permits 1it. This
regults in somewhat higher yleld, which at Schkopau aver-
sged 95% of theory.

Butadiene 1s manufactured from acetaldehyde by the
aldol process similar to the Hiils operations. The hydroger
for the production of butylene glycol from aldol was
supplied by pipe line from the Leuna synthetilc oil plsant.
The overall Yield@ from acetaldehyde to butadiene averaged
65% of theory. No inhibitor is used in the purification
end storage of butadliene. Ethenol, butanol, hexantriol,
and crotonaldehyde are by-products recovered from the
butadiene process.

Ethylene for the manufecture of ethylbenzene 1s pro-
duced from acetylene by catalytic hydrogenation. Some
ethylene for ethylene oxide 1s produced by dehydration of
ethyl alcohol over Ca0 catalyst. The manufacture of
ethylbenzene using A1Clz catalyst end catalytic dehydrogen-
ation to styrene are sifiilar to the Hills and Ludwigshafen
operations, with the exceptlion of mingr operating detaile.

Butadlene and styrene are polyrerized in emulsion
continuously with each line consisting of ten or twelve
reasctore in sgerlesg. Bunag 38 was made exclusively until
the end of the gsecond quarter of 1944, at which time large
scale production of Buna S-3 commenced. The reason for
the change in formula was i1dentical with that at Hils -
critical shortage in Germany of linseed oil required for
the manufacture of linoleic acid, which was the polymerizae-
tlon regulator used in the Buna S recipe. Schkopau
never produced Buna 83 or Bune SR, but did make experimentsl
quantities, 1n recent months, of Buna S-4 (no fatty acid).
Nekal (Emulgator 1000), used as the emulsifying agent in
polymerization, is manufactured at the plant froa butancl
and naphthalene. When war conditions did not Interfere,
the rated capaclty of 6,000 tons of Buna S per month was
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me% and actually exceeded.

The two sodium polybutadienes, Buna 32, and Buna 85,
are produced by mess polymerization at this plant. Buna 85
1s polymerized continuously, the design detalls of which
were obtained. Buna 32 is polymerized batchwise, but plans
had been lsld out for continuous equipment. Buna 32 was
used primarily as a softener in Buna § tire manufacture, and
Buna 85 for hard rubber goods.

Ethylene oxide, for the manufacture of dlglycol 1s pro—
duced from ethylene through ethylene chlorhydrin. Ethylene
chloride equivalent to 1;% of the ethylene oxide is recov-
ered as by-product. Chlorine end by-product caustic soda
are made 1n mercury cells. The reaction of ethylene oxide
to diglycol and glycol is controlled to give primarily di-
glycol by recycling glycol and operating at the higher range
in pressure. Diglycol 1s shipped out for nitration to an
exploslve as substitute for nitro-glycerine.

The original pilot plant Tor the manufacture of tetra-—
hydrofuran from acetylene and formaldehyde by the Reppe Preo-
cess was constructed and operated at Schkopau. (Refer to
Ludwligshafen report for detalls of the masnufacture of tetra—
hydrofuran and butadlene by the Reppe Process.) The unit
contlnued to operste and the output was shipped to Ludwigs-
hafen for conversion to butadiene. lethanol from Leuna was
oxidized to formaldehyde (30% solutlon) in a amall unilt.

Phthallec anhydride is made by vapor phase oxldation of
naphthalene using Vo0 catalyst. Less than 0.5% of malelc
anhydride 1ls formed ih the reactlon. Hexantriol, a by-
sroduct from the butadlene process, 1s condensed with
phthallc anhydride to a resin for use 1n lacguer manufacture.

Vinyl chloride is produced from acetylene and HCl in
vapor phase using HgClo on activated charcoal as catalyst.
Approximately 25% of tﬁe vinyl chloride output is polymer-
tzed continuously in emulelon to polyvinyl chloride plastic.
There 1s also a amall unit for batchwilse polymerlzatlon of
styrene 1n emulsion. Ethylene 1s polymerized using AlCl
catalyst to a liguid polymer (Polyethylene) known as 88 oil
(lubricating oil).

Plans had been made and engineering designs completed
for the construction of a plant to produce 50 tons per month
of Koreslne, a rubber tacklfiler. The process is similar to
that used at Ludwigshafen, which 1s discussed in the report
for that target. Originally thls unit had been scheduled
to come into operation in January 1945, However, because
of delays in obtaining equipment, e tc., the construction was
never started. Apparently the need for this unit resulted



=11~
from bombing damage to the Ludwigshafen facilitles.

German Synthetic Rubber Plant Capacitiles:

Information was obtalned by discussion with Dr.Wulff
on his estimate of the ultimate rated capacities of the
Buna 8 synthetic rubber plants in Germany. These are as
follows:

Ludwigshafen ... ... ... 2000 tons/month
n

Hils cea s ewa oco ¢
Schkopau T 000 " t
Auschwitz ees  ces  sas 3000 M "

In general these data confirm those previously
obtained from other sources. It was also confirmed that
Auschwltz dld not come into operation on Buna §, but had
started production of acetylene (CaCp) to acetaldehyde at
the time that the plant was captured by the Russians.

Note: Dr. Wulff was a member of the central syntheti
rubb:r technical committee under Dr. Ter Meer, so that his
statement on the projlected capacity and state of operations
for the Auschwitz plant can probably be accepted as egsen-—
tlally correct.
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(ry Bldg J -6 -

=15 Electrode menufacture
=16 -

"'18 -

=21 Cerblde oven

-28 CO0 gesholder

=30 Gas - compressed elr
=32 Linde Plsnt.

(s8) Bldg -36 Hg gasholder
-39 Dorr Thickener
=40 Acetylene holder
-42 Oxygen gas holder
-45 Lime
-46 Waste lime
=54 Salt electrolysis
-72 Power house
~-75 Power control
~78 Return cooler

Bldg -76 Coal bunker

~-76a (Clsy bunker
~-79 Clay drier

RARR gy ejeyeegyey eoyeyeqeyayey

2951 - 6. Plant layout and key to puildings.
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RATED CAPACITIES.

Endproducts. Tons per month.
Buna 8§ 6,000
Buna 32 200
Buna 85 100
Vinyl chloride 2,500
Polyvinyl chloride 600
Polystyrene 50
Ethyl esleohol 800
Butanol 00
Acetic acld 700
Acetcne 200
Phthallc enhydride 540
Formaldehyde 8RO
Diglycol 700
SS oil (iubricating oil) 500
Tetrahydrofurene 300
Trichlor ethylene 400
Ethyl chloride 120
wWaste 1lime (Ca(UE)s) 14,000
(used as fertilizer)

Csustic sodsa 4,500
Alumlnium chloride 700
Intermediete products. Tons per month.
Ethylbenzene 1,800
Styrene 1,600
Calcium cerblde G ,00C
Lcetylene 1¢, 00C
Acetaldehyde 12,000
Aldol 11,00C
Butylene glycol 10,000
Butadiene 4,800

Chlorine ‘ 4,000




=36=

08673 gIT ' a% GTLET $¥3°9¢
LBY A% A ¥80% 9G% ' ¢
819 9¢8°9 12871 248t
8714 020 %T 2962 T94°TT
094 S¥e* LT 8VLY GG2* %I
e8¢ AT 26481 8THCS
eLE 898° 4T £T0G FECTT
¥98 LSE LT LTOS SCHYPT
648 832°9T 9GG¥ 80¢¢eT
A NA 8%2°9T 213% GIET
S8 + 3¢ svung g wung SuUalAng QuUaTpwaIng

"SNOL OYHLEW NI NOILONA0Hd

Je11enb U1y
Jaqxenb pag
I99J18Nb pugz

Jatasnb 18T
P61

J3qI8nd ULy
Isqaenb pag
Ioqxenb pug

Ioqxsnb 98T

E¥a8T
HVIX



—37

Y1 697 ¢i8 L1°¢9T 798 L49°29T 648 LY 68T Blé spung psIsquiny

00°TST 898°4T 9F°TST 4G68°4T TG 96T 632°9T  CI'SPT 6P3°9T g sung
6S°64 @I0‘S  4z'I8 LI0‘S  68°¥8  99S‘¥ 08°98  3IIZ‘YV eusaxfqg
60°48 T60‘9 904 L4 $0°6S  gBT'S G0'09  406‘% osuszued TAUAE
L6 0V 0%9‘y 6g° TP 84B‘GC OT'Iy 308°¢ BG*2F 968‘¢ T0Zusg
82°GTT %eS‘%T ¢8°4IT %Sv‘PT 69°I3T 90g'etl 49*9TT agT'el sueTpuing
' L¥  989°0C 48°LP  BHSTIC T6°4Y  T90°68  BESy  e8L'en TOoATH eueTAgng
8832 T94‘¥F 48 'z 0T0‘ev €80T L66'FF  T0°68  900°VWYP ToPTV
gE*4g  QIB‘ge TGLE  98Gf3e G99 606°08  B9°ce  IFLCIC epAqep v 190¥
1e°6% 906°0% ¢€O0°1S 84I1°9g ¥z°6% LIP'P3  G9°4¥  885°%2 eUusTA480V eangd
$9°%T ©986°08 ¢P°ST PS4 69°%T  TOS‘T4  G3°PT  420°04 9p1QIB) WOTOTBDH
*IY SUO L 3y SU0 I "3y SUO L 8y SUOL
00T/Id 001/Wd 00T /i 00T/M¥
4500 18090 350D 4800
HTIMYOA® HIP T avad aug T INvAT qQig YT INVAY IST TVIVE VN
oP8T HVIX

{ ISTUEINT % NOIIVZIIHOWV DNIGNTONI) SIsS00 MV NOILONGOHd i0 ZEVISIS
AVJ0NHDS




SUMMARY OF YIELDS (1944)
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CARBIDE.

Input.
Lime
Anthraci te
Coke

gutput.

Carbidg
& s (mY)

ACETYLENE.
Imput.
Carbide
NaOH (100%)
Chlorine

Gutput,
Acetylene

Lime
ACETALDEHYDE

Input.
hAcetylene
lercury
Iron sulfate
Ho 304
HNG~,

NaoH

Qutput
Acetaldehyde

Crotonaldehyde

ALDOL {80%)
Input
Acetaldeliyde

Phosphoriec acid

(as P20s)}

OutEut01

BUTADLENE,

I
Quarter

165,11
19.57
43.21

100.00
30.67

294,095
0.69
0.51

100.00
370.353

62 .98
0.07
0.49
C.1l4
Q.36
Q.53

100.00
0.22

94 .40
0.23

100.00

Potassium posphate 0.21

SCHKOPAU .
II III Iv

Quarter Quarter Quarter
103.63 108.15 107.8¢9
18.39 16.32 6470
43,50 47.53 56.55
100.00 100.00 100.0C
29.99 23.83 22.95
200.05 312.22 305.40
0.66 0.70 0.70
0.53 0.52 0.42
100,00 100.00 100.00
238.99 365.93 313.66
62.96 64.38 64 .26
0.07 0.08 c.11
0.54 0.7 1.15
0.25 0.37 0.60
0.52 0.79 0.80
0.57 0.63 0.66
100,00 100.00 100.00
0.19 0.23 0.10
86.51 87.86 87.29
C.23 0.186 0.18
100.00 100.00 100.00
0.23 0.08 0.08
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CRUDE BUTOL
Input.

Aldol

Eydrogen (m

Catalyst

%

Qutput.
Crude butol
Residue

BUTOL DISTILLATION

Input.

_—Lﬁc'e teldehyde
Crude butol
Recycle butol
Crotonaldehyde

Qutput.
,»3 butol

Ethanol

Butanol
Hexsanol

Resi due
Butanol P
Hexanol bottoms
Butolecetal
Butol-topplings

BUTADIENE MANURACTURE

Catalyst.

OQutput.
Butadiene
Butyraldehyde
Butedlienoil

”n H .

H K
Propylene
Carvoresin D
Butadiene 0il
Carboresin A
Residue
Solvent A48

OF YIELDS (1944) Contd... SCHKOPAU.
BUTADIENE.

I 1T I1T Iv
Quarter Qusarter Quarter Quarter
98.37 98.58 98.17 98.72
31.75 21.93 40.35 55.72

C.u7 0.08 G.10
100.0C 100.G0 100.00 100.G0

- 0004 - -

0-03 0-09 - 0-09
145.97 146.74 144,21 148.01
1.70 2.14 1.%4 2.19
0.24 0.21 C.1l4 Q.50
100.00 106.00 1606.00 100,00
7.82 8.02 8.12 9.70
7.43 7.30 6.96 2.08
0.35 0.14 0.72 -
6.07 6. 3€ 5.11 5.52
0.10 0.12 U.33 $.32
0.01 0.02 G.09 U.08
0.06 Q.19 - G.18
0.42 G.07 Q.23 -
208.33 207.35 205.18 208.16
12,39 14.75 14.30 16.02
160.G0 100.00 100.06 100.00

1.47 1.36 1.24 Q.70

G.67 1.18 2.05 2423

ll34 1004 0-65 -

4.78 2.95 1.64 0.80

D22 2.73 2.20 2.55

3.73 4,43 8.91 7.14

0.19 0e23 0.19 Q.27

0.11 0.28 - -

- 0.01 Q.01 0.01

- 0.35 - Q.15
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