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_COLFIDENTIAL

THSPECTION OF SYNLHITIC RUGBER PLANT OF
ST TSCHT TTERE HULS, TULS, GERMANY

:Déte‘orrlngpgotion:' April 11, 1945

Objlect: .. This target is nrimerily e synthetic rubber plant
usIng,fas one of tne prinecipal materiels, gcdetylene.manu-
factured from natural gas. The investigation of this terget
wes§ underteken by the 011l Team to obteln the informstion -
avelleble on the production of scetylene and other produots
~fromn natural ges.. R A R Sov :
‘Condition of the Terget: The plant wes found practically
“Tntact, the only demege being from shellfire at the time -
_the plent was captured, -end spparently hed not been bombed.,

MER " : S S —
" Acetylene Plant: “Thé ecetylene plent was desiguned to ope=-
.rate on a ges from the SohoLvenmhydro;enatiOn‘wbrke, con=-
taining 70% methane, 256 ethene.end propeane. -Due to._the
bormbing of'thejSoholvenfworks,‘natural ges containing190%vj
methene, 2% ethane, & nitrogen, with some.H,S end CO, wes
“substituted es feed stocks cee T T
© 7% The ges is purified to Temove H,S with Alkazid
sand. sodium hydroxide. The gas, under e few inches of ‘water
pressure, .is then passed ‘through an iron eTrc. The ges -from

the arc.hes the following composition: = . - K
"+ Garbon monoxide - B . 0.9%
Oxygen. - S ,.0%

Acetylene ;,_7'.7"4;,;]16;8ﬂ

Tthylene _ - TR S 1

Paraffins,-m 249 -
‘Hydrogen - -, 50,7
CNitrogen. Lt 2.5%

ostly Ci

"Thé‘gésﬂat=theydﬁtléﬁfQﬁ £héfarc isfdo6léd'td -

‘lSGOCQny'diréct’watérfinjectionﬁan@'pasSe$1toga.spequj-

water contacting tower. The .carbor black produced is re=

movedfby&cyclone-separatbrspahq\baé‘filters;ﬁiThe tar i
*polymers?areéneiiéiemdved*bj;an oil scrubber using & low
temperature ter oilj-the. HCN 'is removed by water washing
iaﬁdvthéfﬂgﬁ”ihénTrgpoved“b&wa luxmesse (Feg0 ) treatment..
The“g@s,iswtheﬁYStored'in,anas holder for cgapge:td,the*
‘acetylene 'separation planb. ' .- o o a



 —=The ges—mixture—Ls comoressed-to-i8-atme—Iin—four-
‘stages with interstage cooling to prevent excessive heat-
ing which would eause explasion difficulties, and then. ..
contacted with water. The acetylene is dissolved in the
weter under ‘these conditions, end then is flashed from .
the water in four steges. In the first stege, the water
1s flaphed to 2. atms pressure where a gas containing the
absorbed hydroocarbons and some acetylene is removed end
recyoled to the suction of the.compressors. In the ge=.
cond stage, the water 1s flashed to etmosnhéric pressure
end &-93% pure acetylene opteined. In the third &nd
fourth stages the water is flashed to 80% end 950 vacuum
respectively. The acetyleng mixture from the three final
steges contains 95-96% ecetylene, the remainder. being hy-
drogen, nitrogen. end ethene. L N : S
FE The unabsorbed gas from the water contactor con-
tains.55% hydrogen, 20-35% total hydrocerbon), including
B.5% of ethylene, and 8-10% nitrogen with e |small emount
of cerbon monoxide: -This ges is proocessed in two Lindé

-units-for the production of pure hydrogen end ethyleme. .
Tn the first Lipdé unit, the gas, under 17 atms. pressure,
is separated into:three streems: - ethane-ethylene, methane,
end hydrogen. --A temperature of 205°C, is obtained.for. -
the separation-.of the hydrogen from the methane by boil-
-ing pure nitrogen under vacuum. The hydrogern streem con-.
teining 0.0001% CO and 98-99% hydrogen:is used for the : . -
hydrogenation of acetylene to.ethylene as will bé explained

later.. The methane stream is returned to the arc unit.

The ethane;ethylene‘sgréamfis:gggrged“tOJafséCond Tindd ...

unit where pure ethylene is separated.;] The ‘ethane is Te
‘turned to the arc unit. o o [ e

T “’Theinétutal'gas,consumption’i$.120i000_tons~per:ﬁ}
year. Each lOO'kgs;]of*faw-ggs-prOducgs‘45'kg§1jgf acety-"
lene, 9.2 kgs.- of ethylene, 5.3 kgs. .of carbon black and .
.142.5 cu.ms.of pure hydrogen. N R A

) ' The, plant consists of 14 arcs with 12 arcs run-
‘ning at any one time. -One arc consumes 7000 kw.. end"
produces 700-800 kgs. of ‘acetylene per hour. The cost
of manufacturing acetylene by this process is reported
40 ble '25-30 pfennings per kg. of 95-96% -acetylene. - The,
ﬁfollow1ng#is'thefconsumptign}of;utilities"perﬁloo_kgs;“

of scetylene produced: - . .




(1) _Electric power: _

_(a) " Arc Unit 1008 Kw.
' (b) Separation Unit 220 Kw.
_ (¢) Low Voltage Users 7 Kw. -
() steam o

(a) Cpke-'-ove; gas (4800, Cal/ S

160 men per shift are employed to make 6.3 tons of acety-
Lene per hour. 3V men are employed in the arc bullding,:
50U men on ‘the .gas pur fication and ¢arbon black unlt, 40
men on the compressors -and scrubbers, and 40 men on the .
Lindé plant. . - . L S

~ The -plant started co’nstructibn in 1938 and was in
operation _-in-194_0.w~<'1‘h'e cost.of the entire plant was .
“80;0003000-maTks. The Linde plant cost 30,000,000 marks..
“the maintenance cost 1s not included in the 160-men :
mentioned above, ‘but was said to amount to about 24% per
year. of the investment cost. AT SO S

T ‘The ideal gas for charge to the arc units would be™
-pure ethene, but a gas .of about C1,5 is. the most practical
‘feed stock.  @ith the Scholven gas containing 70% methane,
about 800 kgs. ' of acetylene is produced per. arc, -while with
“the natural gas contalning 90% ‘methane;—about 700 kgs. of.
“acetylene is obtaimed.. - - . ST R

Nt

S A slié_tch of 'the' .‘g‘rq‘fie‘.",atﬁgghed’ as Figure ‘:‘l‘.'.; .

R '_,‘*-Th,ej_g'as enters: the upper section’ of ‘the arc through
a"_‘tangential_{_arr'angement to produce.a "swirling motion in
“the arc tube proper so that .the arc will not remain- at one
point for sufficlent. time to “burn through the tube. The -

.arc tube proper-is-an’ iron pipe of 90 mm.  inside—-diameter -
‘and 1 meter in length. A water ~Jacket is provided around
this tube to prevent excessive burning of the tube. The:
arc is struck by a starting mechanism ‘which:1is _1,mme‘dia’—t_ely ;
.withdrawn:- -The. iron arc :tube has:-a 14ife . of 150 hours and-

then is removed and discarded. . It is necessary to-shut—

-down the arc-every 1-3 ‘days:for’ cleaning out the carbon.

‘black. ‘' Two arcs are used in comnection with



_with one'ﬁatei-wéshing'system'in,ordef*that the arc:
~tube-cen—boc-clesned-or-changed-without materially-ef~-

‘fecting the outout of the plant.. .

- Ethylene Oxide Plant: Ethylene oxide is pro-
duced. by ‘Teaction of ethylene with hypochlorous acid
followed by trestment with lime.’ 1600 tons per month
of ethylene oxide is processed at 200°C, .and 20 atms.
with weter to produce ethylene glycol. Di-glycol is
‘produced by rTecycling the glycol through the same re-:
ectdr.. . - ‘ . SE

) Acetophenone Plant: Acetophenone is manufactured
. by the -diTect oxidation of ethyl benzene with air in the. -
..precence of a cobalt-copper catalyst at 60°C,  The reac- -
tion is carried out inm the liguid phese at aimospheric -
pressure using a théoreticel emount of air. The Tesction
is stopped at 30-50% conversion, the . ultimate corversion
being 70-80%. The acetophenone was to be shipped else-
where for chlorination to chloroacetophencne. - e
e - A GO YL en 0 - Hy droge : s.At BWls, the .
production of ethylene wes not suff clent for.a balanced
operation, ~and the hydrogenation of a part of the acety-
Jene. to" ethylene was carried out. The acétylene was hy--
drogenated using 504 excess hydrogen at estmespheric pres-
‘sure and 200°C, over a palladium'qnjsilica'gelicaﬁéint,
containing 0.01% Pd. The catalyst was arranged in three
beds of 3 meters diesmeter.and sbout 33 ‘cm..in - depth.per
bed.: 2 mols of steam were added-to 1 mol of totel gas
_at the inlet of the reactor, end water was introduced '
between the catalyst beds to control the tgmperature so
“as not to exceed. 200°C, ' The: catalyst 1life is.approxi-.
‘mately six months. The-catelyst is then removed from -
the reactorﬁandvregenerayeqiﬁy~nXidizing‘with’&ig at
500°C. Fach’'reactor produces 170 tons of ethylene per.
"month. Four reactors were mormally in operation, each
resctor containing 3.6 cu.m. of catalyst.  The. palledium .~
Z;Catalyst~is;Iqry“seIective for hydrogenation of scetylenes
40 doiible ‘bonds;. the efficiency being‘ss%fin the case of
- ethylene production, -the Temainder of the.product being
uetnane‘and-normalwbutahqﬁ-“' B T PRI e e

\“~“""  Ethylbenzene Prant: The piant. produced 1500-.-
2000 -tons of 9 pureﬁethylbepzane,perfmonth;;iThe=reac~'

“ticn is carried.¢ut“iﬁ~#hgfpgesep¢e‘of A1C1, as cetalyst,
g




using a temperature of 90”C rnd a retio of benzene to
ethylene of 2:1. - The sludge-fermed is drewn off st the
bottom of the resctor and recycled together with fresh
berizene' entering et the side of the enemel-lined reasctor,
while the ethylene is intmduced at ‘the bottom. - “Fresh
elurinum chloride is fed from the -top of the reector
ttrough & tuba, lerding ton the bottam of the resctor.

Tne product is taken off at the top end is fracticnated
to give unreacted benzene, ethylbenzene end higher ethyl-
henzeres., The ratio of mono to higher ethylbenzeneﬁ Pro-
duced is 2:1. Disthylbenzene is shipped to avietlion -
gasoline blendinz -stetions under the code neme of WKybol."
The eluminum chloride cnnsumption is 8% by weipht of the
"ethylbenzene Droduced ,

’ - Cor ment€° Since this nlant is- nrimarily a
Tubber ana cEemi sl target, no attempt was made to‘
‘obtein:’ deteiled informetion on the procecses since 1t~
was felt that such detailed informstion would be ob-
teined when the target was investigated by.the other
“groups. Semples of the various catelysts. used In the
_plent were obteined, however, for evaluation. No docu-

ments were "removed from the plant and a morse complete
renort on this plant will not be submitted by the 01l
Teem since such a report would _be .duplicstion of ‘effort
of the other teams.

Vladlmir Haensel
Ernest Cotton._‘
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_ ARC ARRANGEMENT -~  ARC ACETYLENE FROCESS

... FIGURE NO, 1 "






