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Chemischs werke, Huls represents the latest end-
most modern design of Germen Buna S synthetic rubber
operations. . The plant has & rated capacity of 4000
tons' per month of Buna S. Production at this rate wes
obteined during the early part of 1944 when operati ons
were essentially unlnterrupted by waer conditions.
Dnring the last quarter of 1944 and first quarter of
1945, production was reduced to approximately 35%- of
rated capaclity because of severe bomb damege to the _
nearby synthetic oll plents which supplied Huls with’
its major reguirements of hydrocarbon gases for acety-
lene manufacture. ~ o
- At the presenx tine the plant is in excellent
condition with the exception of minor bomb demage to
several units sustained just .prior to eccupation of.
the area by Allied Farces. It is estimated that the
“plant could be returned to Tull operation within two
to three months provided thet‘it~were supplied with
_the necessery raw materiels. . B,

- Huls is the only plent in Germeny which manufac-
tures acetylene by the electric arc- cracking of hydro-
_carbon geses., Acetylene ls conyerted to- acetaldehyde
and butadiene is produced from ‘the latter by the so-
called aldol process. For styrene ‘production, benzene.
‘is obteined from coe} tar plants in the Ruhr and ‘ethyl-
-ene’ 1is produced at Huls. Butadiene and" styrene are:
polymerized continuously -in: emulsion. ‘to Buna S.. “Four.
types. of Buna S have been produced &t huls.: Buna S,
Buna SS, Buna SR, .end Bun& S3. Related organiec .
'chemicals including rubber softeners are also menu-
~fectured— B :fﬂl.\ . S S

: Details of the butadiena, styrene, end polymer—
ization processes were obtalned.:
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PART I _GENERAL

Target: Ca . o

' Chemische Werke Hils GM:B.He.

Hiils K52/A54 ; part of the ~ .
village of Marl, Krels Recklinghausen

108 Black 11st target No. 22/6 . -

—_—

E.T. Handley, U.S.A., T.I1.I.C., Leader
. C;C. Monrad.’ U.S.A.’ T.I'I.G. o
"B.8. Garvey, UeSehe, T.I.I1.C0e - - -
N.R. Rowzee, Canada, Minlstry of Supply:
_R.D.»Juve, 'Uo’SoAi. T.IoIQC,r" \ s
J.Eo Troyan, 'UuSnAt ‘TcloIQC'. . .
—JvDeFennebresque;— 9Sehey~Telelelo-

.
ot .
. P

Itinerary of Team.

_ _yessrs.-mdnrad,iRowzee,‘Juve,iTroyan,'and Fenne- .
bresque left London April 17, 1945, by speclal plane .and
fléwidirectly:to*Krefeld,'Germany; “The.next morning,
Aprll'18,*theY*proceeded‘by'trudkrto.TvFOrce.Headquarters
at?Herten\(Kreis,Recklinghausen),'and arrived-at the. -
target the earlyjafternognjof'the”samepday. “The balance

of that day was spent’in~¢btainingfan_pverall,v;ew‘Qf the

‘AﬁfilFIZ;;arr;ving-thqt evenlng at .

IR

plant operations. L S
.o Mr. Fénhebréééue;-pféviouSiy hadfspenx'ﬁhg;@eekfdf
April 1 to [ at the target for the purpose of ‘assessment

‘and preliminary investigation under the auspices of = .

"C.ALF.T. ,-He'left{thisﬁtargetithe*morging_of April 20"
‘Ato‘aaseSS‘Leverkusenﬁ(aa/a)ronjC,AfF,T.‘ass;gnment;A -

S e : T T
* Mr. Handley 1left from;Parisjb% truck ﬂthe;iornigg:of
‘lerdun. (12th Army Group

1Headquarters);~”iDr.ﬁGarvey arrived at Verdun: the -same .’

- Hand¥y end Garvey then p truck
:ngrning“of'April-la;”spendingfphat'nigthax_Krefeld:and*-:
arriving et the: target at noon of -the next day (April-19).

.*afternbon;ehaving,cdme_frOm-Frankfurt.byitruck@_ Messrs.

rOceeded”by:truckiirom-Verdun'the

e

The' tean ‘Temained st

the plant through April 23, at"
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which time Mr. Fennebresque rejoined them. ~ On the
morning of April 24, they proceeded to Leverkusen'(22/R)
Messrs. Handley, Garvey, Rowzee, and Juve: remained at
Leverkusen for investigation of that target, and Messrs.
Monrad Fennebresque and Troyan left on the morning of
April 25 for investigation of Schkopau (22/ a)m”*ﬂﬁv***“

Plant Personnel- f‘

' The two managing directors, Dr. Ulrich Hoffmann, and
Dr. Hans Glinther had left the area Just prior to occupa-
‘tion by American, troops. - Dr. Paul Bsumann, deputy mana- -
ging director,’ had been left behind and had taken over all
managerlal dutles. .Under the organization plan, he was -
also director of the teohnical division'which included = =
production, research,-and’ development.___During 1930-1935,-
Dr. Baumann had been in the United States as lialson.

officer for I.G. Farbenindustrie with Stsndard | QillDevelopm

‘ment Co. Consequently, he . speaks English fluently. - ,

Dr. Beckman, in charge of englneering, who ‘i1s the fourth

“'director of the .company, was also avallable. A complete
‘organization plan for the company was found and included
in the documents removed. : s »

C The following key personnel were interrogated by
“the. investigating team, in addition to. those’ previously L
mentloned: * Drs. Zobel,; Haberl, \and Weichert, acetylene -
menufacture and gae separation- -Dra. Bub, Haag, Frank, and
Seurwein, aldoling, hydrogenation, and butadiene manu- :
'Paoture'~ -Dra .- Roh;. Hillemann, -and--Brunotte;: -ethylbenzene
and’ atyrene manufacture, ‘Drg.-Mels, Knoche, Wollthan,-
Hormuth, Rosenberg, eand Schneider, Buna operations includ-
ing production, ‘Tubber testings. and pilot plant. : o
Doouments. P .v -‘}: o f.' "'-,

e Apparently no-. important teohnical doouments had. been
removed from the plant prior to- oocupation by American R
troops.  .The managing directors, Drs. Hoffmann gnd- -

- @Glinther, were known. to have taken some decret data and - »
+files primarily of a’'financial nature with them at the- time_
:gof their rlight from the area.r. ST DETE S S T

?»documents erom. the plant and *"delivered’tnemb‘to
JHeadquarters for t :
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wtechnical committee meetinge- engineering darawings of

important equipment items; - drawings of plant- layout,etc:
In addition, the investigators requested -Dr. Baumann and
nis staff to prepare process descriptions and schematic
flow. sheets of all operations. relating to Buna production.
A complete 1ist and explanation of all documents removed
‘can be found in the appendix. :

- Two. hundred kilograms of catalyst used for dehydrogen=-
ation of ethylbenzene to styrene was obtalmed for testing
by the Allies in comparison with currently used materials.‘

t

General Deacription of Plant.¥5

'f Cnemische Werke Huls is cont"olled and Operated under
the direction of I. G. Farberiindustrie. . -The plant 1s: valued
at 500,000,000 RM, It was primarily designed for the pro-
duction of Buna—s type. synthetic rubbers, having & rated
capaclty of 4000 nmetric tons per -month, meking it the .
second~1argeet«Buna~plantwin~Germany~w»wItwiswself-w~+wvwﬁww
suffigient from the standpoint of producing its own require-
ments of Butadlene ‘and styrene. . Acetylene for the manu-
facture of butadiene by the well known aldol process iag-
produced by .the electric arc cracking of hydrocarbon gases.
For etyrene production, benzene 1s obtained from coal tar
‘plante in the Ruhr, amd ethylene 1s produced at: Huls.;.'
Related ‘organic chemicals‘including rubber softenere are.
also! manufactured. : R o M,“._f

’ : Construction of this plant was commenced in 1938 and
put into operation 4n August, 1940. - The plant operated :
until March 29, 1945, the’ day prior to' occupation of the
area by troops of the U.8. 9th Army.  The plant: site N
covers an srea of-approximately. - ‘square miles. . The main
‘gate:1s at the south end and the manufacturing huildinga
are. arranged ‘in’ blocks running east and west, and north .and
south, ‘and numbered accordingly.- The administration E
office ‘is located on: the right- in: the firet block ' after
‘entering. the “‘south . gate and is numbered’ 139, 'The 'main
‘research building, No. ‘141, 1s ‘directly west of the ‘admin-—
Astration . ‘building. - Railroad switching. yards are along
‘the ‘east ‘side of: the’ plant.zi A barge ‘canal horders the
north side with dock_unloading facilities at the northeaet

aximum capacity of 175 OOO KW, qf ; € g
_1ant~design in Germany. T High pressuref
Low preseure steamﬁ

:chemical processingag-d

ar_,ﬁurbin_xware available;$k
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‘Mercury arc- rectifiers are used for converting to-D.Ce——
current where required. The power plant is tied into the
R.E.W. and V.E.W. systems for the north Ruhr area. The -
major coal requi"ements are suppllied by the Zeche. Auguste
Viktoria A.G., & coal mine approximately two miles south
east of the plant.. There 1s also.a small colliery
adJacent to the plant on the east: side. ““*“, .

: For full operation, the plant required a total person-
nel of 7000 employees, of which 1000 were. foreign workers
during the last three years.' 2000 employees were '
involved in malntenance and construction. operations. 95
PhD. chemists, and 150 mechanical engineers were employed.

The butadiene, styrene, and polymerization operations
.at Hills' represented improvements over the design of the
Schkopau plant which was the first Buna-S type- synthetio
rubber plant in Germany to be put into production.. It is
‘evident that.the Hills management was allowed considerably
more latitude in prooeSS research and improvements than at
*Scnkopau. ' , T

- The bottleneck ia increasing production of Buna was in
the’ equipment for acetylene manufacture and gas separation.
Consequently, ‘plans-were made and construction started in
-1942 ‘for the expansion of that part of the plant. ‘This
work was subsequently halted because of inability to
obtain: high pressure compressors required in gas separa-\

-tion and purification.' T ) S :

.ﬂCondition of: Plant and Effect of Bombing.,p;,jmﬂ,;y S

The plant is essentially in good operating condition. B
"Some ‘minor damage'to facllitlies was' done by filghter- .
“bomber: attacks during the two: weeks prior to occupation of
~ the area. . The unit: for production o; the. catalyst for.
-1t was estimated by ‘the.’ plant management that it could be

repaired in two to three months,  ~Other damage is limited.
Lo certain manufacturing units, warehouses, railroad
_fsidings, and overhead process lines. A short review of
‘the -damage to units involved in the Buna operations A8
'included in:the appendix.‘, The power: plant suffered no .
. ~AIf the plant were supplied with its ‘requirements
, benzol and other miscellaneous
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hit on the main acetylene gas ho1déf‘WﬁIEh*eprG&edﬁapd—

' xe: : age,—particularly to-the-facilitles
for manufacturing acetylene. - The plant was. shut down
entirely for two months. - By that time repalirs had pro-
gressed so that partlal operations could be carried out by
having acetaldehyde shipped in from the Knapsack plant.
Repalrs were continued on that part of the plent for pro-
ducing acetylene, and six months after the raild, the plant
was_returned to full operation. ST

. Production gradually declined during the last two
‘quarters of 1944 and the first quarter of 1945 because of
fhe effect of bombing on the two plente supplying the '
"major portion of the raw hydrocarbon gases - Gelsenberg
Bergin A.G., at Gelsenkirchen, and the Hydrlerwerk o
‘Scholven A.G., at Scholven. “Following very heavy alr
raids, these two plante were unable to deliver any.-gases
to Hiuls after October, 1944. . Thereafter, the primary -
source of gas ‘was from the Benthelm natural ges wells, '
.whieh, however, was limlted to approximately;}5%'of‘Huls
normal requirements. (Refer to Buna S productfon data In
~appendix.). = Sl . , e

| -
-
e
i o : |

_Qutline of Operations:

-\ Unlike the other synthetic.rubber plants in Germeny,
“acetylene was produced at Hiils by the electric arc crack-
ing of 'drocarboﬁ’gQSes.(methane'and/or methane-~ethane .
~mixtures). - The primary sou:ces_Ofmtheﬂgasgs'weregfrom_.
the two nearby coal hydrogenation plents at Gelsenkirchen
- arid~Scholven. - ~The total geas requirement for capaclity .-
operation was 130,000 to 140,000 metric tons pelr year, =

'thained,as:folléws:' S

igeholven - eve dee +2450,000 tons/yr
‘Geleenkirchen = . tvi ses aee50,000 HI-
Zeohe Auguste VAKLOria ..o wes »+s15/20,000 1 1

.- ..The gas from Augu&\ite..,,, Viktoria is by-product from coke
vovenwppératibns._**Atfzﬁééﬁellﬁthere‘is;§”plénthorImanu9‘fﬁ
facture of ethylene oxide. ' “For this operation, by-product
‘goke.oven{gases~arepobtaihed{frOmfSchOlven5;theaethyleneﬂ'_‘
;gﬁﬁyacyibnated'6frfand‘the~reﬁé1n1ngbsaturat¢d,hydrqcarbon}

P

irchen and scholven
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fwere:unabietto?deitver:becauserof:bomb:damage;zziﬁhaﬂe-:

_aﬁjar,Aﬁhe4£ull;cgn$xaq§gquanﬁi;y_waa_zakén;‘

The n ﬂumbéffof the gases from Gelsenkirchen and
‘Scholven varled from l.1 to 1.5 (10% ethane to 50% ethane).
The n number for ‘the natural gas from Bentheim ves 295

(eseentially;lOO%'methane).f

There are 15 sets of arcs with mercury rectifiers.

Each set has 2 arcs, one being in operation at the time.
The arc operates at 1000 volts with a power consumption of
7000 -KWH for a ges input of 2800 cu.metres hr. ~The -
reaction tskes place in a 1 meter long, water cooled,
Jacketed steel tube. . The terminal temperature of the gas
in the tube is 1600°C, whici 1s cooled immediately to 15C°C
by a water spray. . The conversilon of the gas to scetylene
1s epproximately 50% per pass, with an oversll weight
yield of 45 to 50%. - Unreacted hydrocarbon gases are re='
cycled through the arc system after separation. . (Linde
plant). ‘The power re uirement of the arc per metric ton._
”of“ﬁéétyIEﬁETIE“975GU"ngI0,000’KWH, which is camparasble -

- to that required by the calclum carbide process.  The.
average cost of purified acetylene by the arc process was
30 RM per 100 kg. based on a power cost .of .Cl5 RM per i
KWH and. a gas cost from the coal hydrogenation plants of  °
1.5 RM per 1,000,000 B,T.U, Lo T 2

: From ‘the arc reaction there is pﬁbduceq badenfﬁ1égkff
'whicbjis'removedpfrom“the product. gases-by cyclones and
water scrubbers. . The yleld of carbon black 1s 5 to &%

which 1s equivelent to a monthly production of 500 ‘tons,"
end.1s. shipped to. tire manufacturers. = -Acetylene -1g--
‘removed from the reasction gases by absorption in water at
18 atmospheres and is then stripped off at 96-97% purity.
:Some ethylene 1s' also produced from the arc .reaction; the
‘yleld of ethylene increasing with an ‘increase ln the n.
number of the feed gases. .- Ethylene, hydrogen, and = - .
‘unreacted methane and ethane are separated from each other
by‘lbwgtemperatpre‘diétillation;(Linde’plant).{?*TheT,v», :
hydrogen required for:the hydrogenation of aldol to butyl-
,ene;glycblyinfthe;butadiene»‘idcess;tis_purifréd;by"lqw=;;M
-temperature-distillation (-180°C) using liquid nitrogen as .
1u "'ﬁByathiékaergtion,1tﬂisqusaib1e}tofobt&in.»‘_'13

reflux.

ceting 1s obtained by lique=--
oxygen was ‘shipped 'to the = .
‘for welding. ' During t

a the uran
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scurces ae‘follcws. y-product from the electrlc arc,
~hydrogenationeof~aeetylene——dehydratienvof—ethyl*alcohol—-
and coke oven gas separation at the Zeche Auguste Viktoria.
The major portion of ethylene, is produced by the hydrogen-—
ation of acetylene using palladium on-silica gel as cata-
‘1yst, a reaction temperature of 200°C, - and 100% excess :
hydrogen. ' Ethane and butane are by—products in small
quantity . (5 to 10%). 600 tons per month of -éthylene were
~produced by this process, and are used primarily foar
ethylation of benzene in the atyrene operations. . Large
quantities of e thylene are also manufactured by the de-
hydration of ethyl alcohol (potato) using Ca0 as catalyst.
However, because of lnadequate dletillation equipment for

' the removal of by-product. ethers, the ethylene could not
be used for benzene ethylation, but- was suitable ‘for the
manufacture of ethylene oxide.‘

Acetylene ie convected to acetaldehydeiby_passing the
gas up through a mercury-sulfuric. acid catalyst in the
presence.ofwferric aulfate-{. _ : ‘

Butadiene is manufactured from acetaldehyde using the
so—called aldel process. ~Acetaldehyde is condensed to -
aldol in the presence of KOH. . Aldol 18- hydrogenated to
butylene glycol at 300 and 700 atmospheres,over & chromium
‘actlvated copper catalyst. - Butylene glycol 1s dehydrated .
‘to butadiene at 280°C using a phosphate .catalyst. deposited
on: coke. - ~The yleld on the dehydration step is 82% of
theory. and .the yield from. acetaldehyde is 65%. Utilized
by—products from the-butadlene process are; crotonaldehyde
‘butanol, ethanvl, 2-ethyl hexanol, and hexantriol. The ™
-hexantriol was sold-to lacquer: manufacturers where 1t ig"™
congensed with phthalic anhydride for use ae a. glvptol type
resin.

The styrene process is 8. two step operation' -ethylene
and purified benzene are. reacted at 90°C in ‘the presence ‘of"
;Alclg catalyst-to form-. ethylbenzene, and ‘the latter is de="
‘hydrbdgenated in the presence. of steam to styrene at. 600°C
:using a zinc oxide base catalyst. ~ Some- -dlethylbenzene wae

‘shipped out for use in aviation gasoline stocks. = The
~8%111 bottom. residue, from the ethylbenzene distillation,"
‘boiling higher than hexsethylbenzene was sold as. Plastic—,”
;ator B.A., a eoftener uSed in tyre manufacture. y : o

"' f”Butadiene and styrene are polymerized in emulsion con—
ftinuously, ‘wlth ‘each line" congisting of ‘8ix reactors An
JSeriea.uq vnls was_the only synthetic rubber plant in :

- 1y.
“Buna '8 .was. origina butadiene-styrene ‘rubber-in: which
\,1inolein aci Was used ‘as-a, polymerization regulator.
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‘However, because—of-critical shortage of 1inseed o1l wnicn
developed during the early part of 1944, 1t was necessary
to switch to. the manufacture of Buna S-3 which used di-
1eopr6py1xanthagen'dlsulflde‘aS'the‘regulatE. Buna SR 1s
a 50-50 mixture of Buna S and Buna R, the latter belng a
high converslion Buna 8 carried out at high temperature
during the last stage of the polymerizatilon. ~Buna S8 1is
‘the high styrene content rubber used for extruded articles
because of its easy processing. . The production of Buna _, -
showing the breakdown by types 'is given in a teble in the
appendix. - - It will be noticed that durling the flrst quar-
‘ter of 1944, the plant produced at the rated capaclty of.
AQCO tonsg per month.. . . - Ve ' L ok

) Coagulation of the latex was. originally .done using
.orine and acetlc acid. However' in 1944, there developed
a shortage of acetic acid becatse of bomb -demage to the
Knapsack plant. - At thet time sodium bisulfite was sub-
stituted for acetic acid. - In late 1944, & unlt was in-
~gtatled~at—Hiils-for—the-manufacture-of—the~sodiun-bisulfite.
HoS obtalned.from scrubbing of the by-product ccke oven . -
gas 1s oxidized.to SO, and the latter 1s absorbed in NaOH
solution to. form Na‘H§O3' ' ' AR . T

. «_fvThe'éoaguiéﬁedirubbérFis formed'1ntbfshéet§*andfwashedv
on Fourdrinier machines. ~Drying of the rubber sheet ls done
continuously af 110°C. -~ - R IR

. The emulsifier for the polymerizatilon, Nekel, ‘which is
d1isobutyl sodium naphthalene sulfonate, ls manufactured at
the plant frombutanol, caustic, sulfurlc acid, and naphtha-
Toogh v SRR e PRy, BRI BRI LR
.~ ‘Several months ago, approximately 20 tons of Buna N -
was produced at Hiils because of bombing damage to the Buna N
polymerization unit at Leverkusen. - For the purpose, . .
scrylonitrile was shipped from Leverkusen. ~ Normally, Hils
supplied Leverkusen with its requirements of butadiene end-
also styrene for speclal experimental, types of polymers.
Leverkusen was rated at 800 tons per month of Buna, ' - -

. Ethylene o®ide 1s produced from ethylene through -

'athylene;chldrhydrin,;by-thegconVentionalwproceségﬁs»Thel

ethylene oxide unlt has a capacity ‘of 1600 tons per month.
Ethylene}chloridegisjajbyéproducty(approximately;ls%)]in‘
the ethylene oxide processs ' Chlorine-is produced by - = -
electrolysis of brine using mércury ¢€lls. ~Thé umit has a
rated capaclty. ‘mo f.‘chlorine -

“of 2500 tons per month-

jmﬁéffeéCfidﬁ’l

‘sheres pressure:— - The ‘ear efe %
‘primarily diglycol by operating.

trolled . to giv

¥ con=
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ang 11n,:ressure and recyEIiﬁg;giycoi7———Bigiyegilwas——f
shipped to the 1nterior of Germany lor Il Py _

ras used as an antifreezing agent. . The plant-normally -
operated t6 produce 1200 tons/month of diglycol and 600 tons
per month of glycol. A small amount of triglycol is a by-=-
product froq this process and was used as-a hydraullc flulde.

5 ~ Ethylbenzene is-oxidized in the 1iquid- phasc using-a
copper catalyst to acetophenone. It was originglly inten-.
ded to use the output of this unit for the production of '
chloracetophenone {(chlorine substituted on the-methyl’group)
for use as a .chemlcal warfare product said to be effective
An ‘clogging the active carbon in gass masks. . However, '
‘before the unlt came into operation the intended use was
.discarded, and theyeafter the output :was used for condensing
-with formaldehyde. * This 1s known as ‘Resin A.P. &and 18
used in- the manufecture of lacquers. Sodium benzoate 1s a
by~-product in the oxidation of ethylbenzene. . ..

o1 Distyrene (dimer) is produced by condensing styrene
in the presence of sulfurlc.acig.ﬂ "10. to 207tofg per month
.of this product was manufactured ' and sold as a rubber..soft—
ener in tire-manufacturings : EETE N o

. The most recent technical development at Hiilg was a
process. for the manufacture of Softener 111, which during
the last few months was one of the maln rubber gofteners’
used in tire manufacture.’ A unit -for producing 70 tons/
‘month was-put into operation in December 1944. - The ‘pro=—
cess 1e as-followe: ~Aldol is converted to crotonaldehyde
‘oy high temperature distillation and then. to crotonlc acid
by oxldation’at. 20°C using & copper-menganese catalyste. -
‘Some. crotonaldehyde is also obtained as a by-product in the
butadiene ‘operations, and is utilized in this process, .
The yield on' the-oxidation 1s approximateély 80 to 90%
crotonic. acid and 10-20% acetic acid.. ‘The mixture is = |
_estefified;withibutanolﬁWhibh~ISjilso.a“byeproduct'from the
outadiene procesg. . Butyl acetate is. separated by distill-
‘ation and sold as a solvént. - The butyl crotonate is =~ -
‘reacted with Hgs,_the.s;acting_as‘the“linkage-of‘twofmols .
of the ester a® the double bonds. . ' . . = = RGN R
. .7 The Hils plant spparently had been permltted to. -
carry on conslderable process research and .development . work.
~ThénejareﬂextensiveffacilitieSﬁfor~reéearch*in*glasé equlp-
ment-as well as & small pilot plant for polymerization and
‘high pressure reactions. - -A-.research program-had -been . . ..

-ingtitut ,ﬁdirectédltowardé%théRutilizétidnfpf by-=producte

A At

‘from the plant's operations.
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Thia "esulted 1n work hmané—beenfdone'on acetylene,'

research had been gtarted on the Lebedev process for'the
manufacture of butadiene from alcohol in one step.
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MONOLLR PREEARATION.~V

The main raw materials required for the produc-
tion of Bune S rubbers are butadiene and styrene. The .
butadiene 1s mede et Huls by the well-known sldol process
starting from acetyléne from arc cracking or hydrocarbons,
conversion of this to aceteldehyde, then to eldol, 1,3 '
butylene glycol.and butediene. The styrene is made by
alkyleting benzene and ethylene to form ethylbenzene and ‘
rdehydrogenating the latter to’ styrene. : _ .

‘ One of the most important ‘1tems to. consider ln
evaluating the processes used for manufacturing these .
materials is the yleld obteined on each step compared
with theory. Conslderation must also be given, of course
‘t0 the velue of any by-products mede parﬂsularly'where
‘these mey be recycled to improve yields. In genersal it
was found that the Germans obtained reesonably good '
yields on all steps except in.the' dehydration of 1,3 butyJ
lene— glycol*to“butadiene*w*In"this~step"up“to~10% ally-""“
cerbinnl is produced- which is recycled to the reactors
and -hence is not a net product. . waever, -the other by-
products which could not be converted to butadiene were
‘quite large. Considerable effort was: ‘mede to use ell
the by-products from the various steps for solvents,
ersatz plastics and plasticizing agents, etc._

S .7 The following tabulation shows a summary of
.yields on each step compared: with‘theory, és obtained
‘from discussions, and as derived from 1944 actual plant
records. oLt el o0l Tt

Styrene‘menufecture; ; From Discussions From 1944recurds

Ethylene to ethyl- SR ;r95$”?*

: - benzene - .. . o t94.5; %
;Benzene to .ethylbenzene 1g,~-ﬁ94% :

ﬁthylbenzene to styrene - 90% L . 90.2. % :

Overall benzene tostymuw ”1i85% f 85 .. M
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. .- From “From 1944

'Butadiene manufacture._:', .. Discussions . records.-
Acetylene to acetaldehyde‘._ .94 % v 91.7 %
Acetaldehyde to aldol 88 % 99.1%*%
Aldol to 1,3 butylene glycol. ‘94 % g 98, 9*%‘
Butylene glycol purification 98 % . . 81.9%%
Butylene glycol to butadiene 81 % : 80.6_%
Overall acetylene to butadiene = 62 % 60 %

verall acetaldehyde m:butediene 66 % .. 65 " %

* These figures are rPther meaningless except as a whole
'since the intermediate products ere not pure.
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__ ACETYLENE PRODUCTION 4ND PURIFICATION.

Summa !. A
Acetylene 1s produced at Huls by the electric arc.

crecking of hydrocaerbon gases. There are two primery
sources of hydrocarbons by product geses from hydrogena-
tion of coal consisting of methene- ethene mixtures, snd-
naturel ges from the Bentheim wells which is primerily
methane. The src operates at 1.5 atm, 100G volts, direct_
current, a reaction tube terminal tempersture’ gf 1600°¢, -
~and requires 7000 KW for-a ges input of 2800 m“/hr. Con-
version per pess is 50% and the ultimete yield is 45% acet-
ylene, 5 to 6% carbon bleck end '2 to 1C% ethylene depend-
ing on the feed. Production per -arc is epproximetely 15
tons of acetylene per dey._ ‘ . _

on leeving the reection tube, the gases are-
cquenched_with water, cerbon black is removed, and escefy-
lene  seperated out by water absorption under. pressure.
The acetylene is purified to 97 to 98% concentration.
Ethylene, hydrogen, methane, end ethane sare. separated by
low temperature distillation (Linde unit) ‘liethane ‘end-
”ethene are recycled to the arc. o N e

Acetylene Production. f‘ff”" S - %} f’

‘ : Acetylene is proouced by the electrlc arc ¢rack-
ing of hydrocarbon- gases using direct current at 7000
. volts. The instaellation has 15 reactor sets, esach set
consisting of -one mercury arc rectifier for converting
alternating to direct current, and two- arc-reaction tube
‘uni ts. - Cnly one arc-reaction tube unit is on streem at
~the time, the other being held as standby. For rated
’plant capecity, 12 to 14 reactor sets: were in continuoue
operation,‘ , - R
' o Fiéure 1 shows a cross sectionel view of the arc-
'reaction tube unit. The high voltage lead to the primary
electrode ‘enters- at the top (Hochspennungs~knechluss) '
‘Thi s electrode, made of copper, is Jjacketed for water .
jcooling during operetion, and insulated with porcelain.
-Feed gases-enter tangenti elly {Gas=Zugeng), circulet ng .
_around in 'an annular  space 'in the expended head section
of the unit, and pass through vertical slots to _the arc
;zone at the center and cown 1nto the reection tube.
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This proauces g high velocity swirllng actlon to the geses
end thereby elimineting burning out of the, electrode and
crrbon deposition. The second electrode consists of &
copper gasket at the head of the resction tube end is
grounded. (Erdung). ‘For startingz up the arc, tlere ;s-an :
auxiliary electrode (Zundsteb) which operstes by compress~
ed air. In sterting position, this electrode 1s up-ageinst
the primery electrode. On formeticn of the sperk, - the
sxpension of the geses throws the auxilisry electrodé back
into position es shown in the figure, engd. simulteneously
breeking 1ts electric contect. The reection tube is mgde
of mild cerborn steel, end-ls jecketed. for xeter coollng
'(Kuhlwasser-zZugeng snd . huhlwasser-hbgang) - It is 1 meter
long, 9.5 cm. inside diameter and has a wallthickness of
9.0 mm. The tube life is approximetely 240 hours, end

is repleced when burned out. A weter sprey (Einspritz- .
wWasser) enters into en. expanded section just below “the”
‘bottom of the resction tube end immedlately quenches the'
reaction 5eses.. v : =

,Ml;ss' The - epe. \111 operete with methene (Benthelm-
-naturel gas) or methene-ethene mixtures (by-product from
ceel hydrogenation) &s feed The feed to the erc con-
sists of approximately one ‘pert by volume of freshsgas o
‘end--one: pert recycle. Lach .erc unltzhendles 2800 .m /hr..
of feed which is expended 40 4200 .m°/hr - during reaction.
.Operetion of theé.arc is et 1.5 atmn absolute. The termin-
~al tempersztures. in the. reaction tube is.1600° C. The
resction gases are. then immedietely quenched. by a8 water.
spray (4'm /hr) to 150%:  The primary e 1ectrode Is Jacket
;coo%ed with 8 ) /hr of water end the reactlon tuoe ‘with

/hr..-- « R S

. : Pyplcal volumetrlc analyses for the are.
_1nlet and qutlet gases w1th both types of feed are shown‘
as’ follow ' S : : S S

“1%3;:; ffx’i *Ref1nery Gases - Natural Gas _
' Inlet Gas U bulet Ges ,,Infie-f‘tﬂ Gas ‘O_L;tlet Gas

E : .zi‘mf"ﬁ;gﬂcf;jf L 1% 0 -
ofe ins 3 Bw\f3c5*} ;IjQng&
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CUHON T T 1-3 T2=5 -
~ Nephthalene:. = 1-3° 0.12-2.C
“Benzol - 1-6. 1.5 =8.8
Diacetylene = i .~ 15-3C 15-30
H S -~ - trace . trece
Cérbon -block . 20-25 11

* By-product gases from coal hydrogenation for synthetic
.peyro;eum. ' e | o - ‘ o
o . conversion per paSs through the arc is -
approximetely 50%. Fig 2 shows™a typical meterial. P
belenee around the arc. system using by-product geses:from
coal ‘hydrogenation, and feeding one pert of fresh gas.and
one pert -of recycls. - For 100 kg of fresh ges there 1is.
obteined 45 kgac% ylene, 9.2 kg ethylene, 5.3 kg cerbon
black, and 143 m®-hydrogess—— T - ‘ .

X T RETerTing to the previous table; it-tscal-—
culatgd,thet for the sameévclume feed there is produced .~
,606_m3.acetylene}and161 %j ethylene from refinery geas, and
516 m° acetylene and 3. m “ethylene from natural ges. As. !

" the poWer”consumption,was-indiqated‘to-beTessentiallyf L
independent of the feed type at' constent volume throughput, -
;it’wouldﬂappearlthatwashghe_ngnumberpéf the féed gas increas-.
“es,. the net production of both acetylene end.ethylene o
?iﬁcrEaSeé”perJunit:power*consuggggon:‘“Thefn number of - the .-
.refinery gases.varied'fromflgl'tp_lgs,.and‘for‘naturaljgas_
avereged 0.95. - U o G
‘. '\ For agas feed t0 the arc of 2800 m®/hr end
a resultant output of 4200 m®/hr, the power requirement . =
avereged. 7000 K. ', Referring agein to the previous table, "
,itvisfpalculatgdvthatixhgfpqnéi‘consumpﬁionfin.the‘arc_"f
per kg of acetylene produced-is 9.93-KWH for-refinery gas
‘end 11.6 KWHfor naturel gas. This compares to 9.5 to. -
ll.OjKWH per;kg‘orfacetYlenégby"the'carbide;prbcess,using
a figure for~ppwérfcbnsumptibnfof43.13to?3;55KWH;per kg
‘of cerbide end a-carbide requirement of.&hOQ?tq‘szSJkgE:j,
.per. kg ‘of acetylene. .These data are for actual conversion
only end do not include euxilisry power for pumping,:/ - -
légmp;essipnwetc;[which,pbbbably‘ié‘hrgher for the arc:

Pprocess because of the involved purificetion system
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Material balance around electric arc using by-product
gases from coal hydrogenation.
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. T o After:quenchin§qthe exit gas from. the reactionm
tube to 150° ¢-(dew point 927), it is sent to two cyclones
in series in which 60 to 70% of the totel-cerbon black is .
knocked—down. The gas is sprayed with: water in s weash tower
to knock down most of the remaining blaeck, and then pesses
through bag filters to remove the residuel black. The bag -
filters are heeted To prevent condensation. lost of the

-water cerried in the ges is next removed by spray-cooling
with water at 20-25° bringing the tempersature of the gas .
‘below the dew point. = T : L

. X . o . . L : ' .
- . Higher boiling constituents 1n the ges are
removed by counter current washing with an aliphatic oil
in a series-of towers.  .The rich.oil is stripped under
60C mm vacuum and recirculated. The gas from the oil
‘washers is washéed with water to remove HCN, end then
' passed through iron oxide boxes 1o remove -sulfur. .

AR T ifter this preliminery purificetion;TtheTgas
.is compressed to 19 otmospheres and absorbed in water in
‘perforated plate towers. The non-absorbed geses consisting
primarily of methane ; ethane, ethylene, and hydrogen ‘are
" pessed to the Linde plent where ethylene and hydrogen.are
selarated‘out;and“the‘paraffins are returned to.the arc.
Acetylene is stripped from the water by four svege flash-.
ing .to a final pressure of .C5 atm absolute, As the gas

from the first stege is too. low in seetylene (45%), it -1s-
recompressed. and ‘recyecled through the absorber. The ‘gas-
from the 2nd,3rd,and 4th flashers is brought together as.
“erude -acetylene of -90% purity, end is further purified..-.
'Waterﬂfrpmcthe-last~flasher,is'blown with residue ges ’
from- the Iiﬁde‘plant_ﬁo'removeflastutraceS'of‘hydroCarbon

gases, which can .then be returned as feed to the arec,and

.the’water“isgseﬁﬁVto‘g;cooling~tqwer,.__

ER R ',;.Theférﬁdé aceﬁy1§he is brousht up.to 97%
‘concentration, with 1% CO: and 2% inerts ‘as impurities,.’

Lby;a;snaﬁgmnof.(l)glpw?ten@erature.ccndgnsetion;andJqvaq
_porationjusiﬁg}liquid‘ammonia; and (2) ‘serubbing with a-
petroleum distillate. This system removes.the liigher

acetylﬁnss?(mbﬁhylgacetylénégryinylfacetylene,*diacaty-‘;

leﬁe;hetc)a¢;60'Qis'rémOVe&Tby‘8qrubbipg-thenaCéty15ne
WithﬁEauStic_sqi i

wi wtion.giving & finel purity .of 97-98%..
‘This scetylene cen then: be used directly for ace taldehyde-
an@jemhylene.'»ﬂgﬁé@tﬁrég?ﬁ”v el e e T e e
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. Hul 8 1s equipped-with—e-complete—towtemper—
-ature separation system for gases. in order to prepare
recycles gas for the are ‘system,and seperate ethylene,
hydrogen, carbon monoxide, nitrogen and oxygen for use
in the plant. Air 1s compressed to 130 atmospheres
and separated 'into nitrogen and oxygen by low.tempera-
-ture fractionation. Non absorbed gases from the acety-
lene water absorber consisting of methene, ethane, hy-
drogen and ethylene, and by- proquct coke oven gas for
.use as feed to the arc, are sepsrated into their com~
ponefits in low temperasture distillation ‘equipment ‘using
liquid nitrogen-at-200 atm for cooling. ' lethene and
‘ethene separated as a single fraction are sent to the
-arc for cracking. Hydrogen and carbon monoxide arc
fractionated off and crude ethylene at a concentretion’
of 15-25% 1s compressed to 30 etmospheres and purified
to 95%, which ts then suiteble for ethylbenzene menufac~-
‘ture. . Ethylene from hydrogenation of acetylene is also
-puriPLed»inwthis—unitfvThemhydrogenationvofwtnemacety-~“~
lene is carried out at 200° ¢, using pslladium on sili—
ce gel as catalyst -end 100% excess hydrogen.
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 CHEMISCHE WERKE, HULS. -

A

‘Summary o
‘At HH#ls two grades of carbon black are produced
as by-products in the conversion of natural or
-refinery gas to -acetylene. 7. Russ is separated
dry from-the gas stream by cyclonmes and hes a volatile
‘content of 2-5%. N Russ is obtained by washing the
rest of the black from the stream with water, filter-
ing, and drying. - It has a volatile content of 9-18%.
~-Although not considered suitable for tire use the data
73hﬂibate“thatfthesefblack3wapprbabh*GKfsvin;qualixymM
and are fast curing. - T -

EERRE T T I R A

®

Outline of Operations:

.. ".The following diagrams show the essentiais of ~
the:operation. - More details of equipment and process
varekcontainedlin;DoctmentmNb,]Hﬂls.2925+104,g;w;;$3 o
""Betriebscheibung der Acetylenerzeugung einschliesslich
'Russfabriketion und Niederdruckgasreinigung" by .
;Dr.Weichert,g R R I ISR S

: I-‘;'Thé‘starting-product.may:be'eithérfnaturaligas,
_or refinery gas or a mixture.’ . With natyral gas the’
- ratio of T Russ to N Russ is - 60% to 40%: end with . .
refinery. gas 70% to 30%.. The yields from refinery
.gés are approximately 7.5 g of T Russ and 3.5 g of

"N Russ ver cubic meter of gas. . o
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‘gua 1it1'of'Black.

Accordihg to Drs. Beuman, Hormuth and neichert, neither
bleck has found use in tires. They are used in meghanical
goods end were sazd to give at:.ff stocks. ' .

"From Dr. Homutn s records the date inTable I canpari.ng
these two blacks with CK-3 bleck and with 1250 black. have .
been, selected &s typical. “These dete are averages rather. -
than specific ‘test results. The data were teken for the
cure of 60 min. at 274°F (134°G) on. compoundsuixed to the
folloving recipe * ’ : .

,' ‘Bune S ~ Softeie"d : ~ .10
to Defo of 900 .

‘Kemtsehol - - . = 95
Stearic Acid - 2
_Zipc Oxide - S
. Red Seal- R M
Sulfur : S TSR
Vulcacit Az - 0.8
‘Black o -_40.
SRR '153.8,":

: The scoroh tests and shorter oures show tbat T-Russ . .
s considera.bly faster curing than N—Russ ‘which in turn is
faster curing than CK-3. - A better comparison would be .-
- obtained. if the recipe were adjusted for rate of ctre. . -
However the flgures as - g:.ven indicate that both T-Russ end
N-Russ are good- blacks, epproaching- CK-3--in-quality. .. .The
herdness is exceptlonal;l.y h:.gh when compared to- the other
‘.prOperties.‘ L . , L

‘From the aize o£ the :msta.llatlon it is. apparent tha.t
' the I. G. felt thet’ theso blacks nhowed considera.ble SR
- promn.se. N
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£CETALDEHYLE PuGLUCTION D PURLFI CATION .

) |

TSunmery . - T o .

.. Aceteldehyde is produced by continuous hydration
of acetylene in the presence of acid mercury end-iron
sulphate solution over mete&llic mercury. Conversion per
pass is about 55% end the yield 93-95% of theory, the main
losses being to byproducts with asbout 10% of the losses
occurring in di stilletion. The product is recovered as @

i . .

7% solution of acetaldehyde and the latter purified by
distilletion to 99.95% purity. The mercury-iron sulfate .
solution is continuously renewed by oxidetion of the
ferrous iron to the ferrie with nitric acié and by
addition of rresh;msrcury.‘ The reactor systemnm, using 6
of+the avalleble 7 reectors will produce 360 T/day but the
four distilletion units limit cepacity to. 270 T/day. About.
‘0.45_=_0.7% acetone (based on aldehyde) is recovered but

giacetyl,jcrotonaldehyde-endlup t6. 2.C% sceticacidare™
wested to the sevier. Mercury usege 1s about 0.1% besed
on sceteldehyde. . . - ; SRR N PR

o

ACetéidehYdé’Productidh.v

7. The production . of: acetaldehyde takes place in seven
pgrallelﬂsy$temsgofgreactors.‘ These reactors are verticel
metel towers, lined with rubber, 1.2 m.in diameter and
about 15 m. high. Above}the.liquid‘withdrawal.point1thef
tower is 2.6 m in diareter end &t the bottom the -tower
become s & con ;~*-Aeetylene~fromethe:acetylene;generatign¢
system and conteining 97% Co 55 1% C0,, 2% No end hydro- -
carbons'ls mixed wighArecycie acetylené”q;QVSWVpurity'from _
'the re%ctdrsfat 8 pressure of about 1.3 dtm gaga;.Ahout,..
1500-m° of fresh acetylene, and 1300 m” of recycle per hour
18 ‘useu per reacto:'makingbaTtotal~feed_offzsoo_m?rper~honr;
'This1is*bubbledbiﬁto}thefbdttom{gfnﬁhe‘cOne,Qf_the#reactpf
efter mixing with 1.5 tons of stedm/hr end comes up through

‘about lton of mercury in the bése of the com . .-

. ' The acetylens. then bubbles through a mercury-iron .. -
snlfate_s01ution;maintained'at;a'cdmpbsition; per liter . -
‘of solution, 'of 0.5 gm Hg, 40 gm total iron.(of which:4 -
_is ferric), 200 .gm S04,,20d. remeinder-water. .. This-solu-
tion also conteins 20 em” .of NO.and -has & density o 1416.
e solution fllls %he “tower up to:the-base of the: expend-
.ed section end-is:cir ulsted thiough en outside pipe back
“up through the reactor and “portion withdrawn for oxida-
_tion of -the ferrous iron to 1 - id.
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. ._____.Thg bottom of. the reactor operates at 97°"
and the top at 94 . ‘The acetaldehyde, steam and unrescted-
acetylene separete from the liquidin the  expanded section
of the resctor et a pressure of 100-200 mm Hg above atmos-
pheric and enter a vertical cogler equipped with V4 &4 .
tubes. The.ges'is cooled to 85° in this cooler and most of .
the steam. condensed .and returned to the base of the reactor.
The vepors then pass to & eyclone separator to kmock out
mercury entrainment. This 1s also returned to the reactor.
From the ‘cyclone -the vapors pass to a lerge ges cooler -
. equipped with Vp A tubes and cooled to 60Y. This knocks.
down & solution of aldehyde in water, and some mErcury
which is seperated and returned to- the reactor.. - -

- . The vapors theu pass to & so-called acetic
scid tower which is a raschig ring packe d tower l.6-m in -
diemeter end lined with rubber. Solution from the aldehyde
washer (see’ below) is. pumped over this: tower counter- ..
-eurrent.-to.the vapors to serub out more aldehyde -from the
vapors. Lest traces of mercury are also knocked dovn,
seperated in the cone. of the ‘tower end sent back to the..
‘reactor. The solution 1s mixed with the condensate from
the gas cooler ena delivered as 7% aldehyde solutiom.

s s ' The washed vapor at about éoq‘is*then_sent .
to the aldehyde wesher which is a. steel disc and doughnut
~eolumn 1.8 m in diameter. Water from the distillation -~
system.éontqiningAsome‘acetylena1iswg§¢d'as reflux in this
column. This eclumn serves to pick up last traces oft .
aldehyde and also to degas,xhe‘sglutibn4Ofﬁacetylene;:Part
‘Qffthefprdduct“1iquid*at*309“isfused~infthe-aCeticvgc1dxua
“waster and pert is removed and mixed with the product . .
'acetaldehydg.’The-bff.gasesicpnsisting‘of-recycle_acety—
1epefare;sent”packvto“mix“With-rreshfacetylene.and,in.a~f~
xsmalléreamguntfare-bled“Off;forlrepurifigation of acety~ .
zlegg.' Thegtotgl;liquid:acetaldehyde productvis,aboutlzsg;
m * per hour per reactor: system, 1T is teken to slx coke
filters. to remove last traces of mercury and is-then''sent

Wt avelyer. Lo

Regenerstio

U vi,jfcatalySfssolutiénffxgm'thejacetalﬁehyde';
’reactarséis*cﬁntinuOuSly’beingnrédMCed;andfmnst be oxid--
gizéd;tbfmaintﬁinW99Q$$54t¥ferrxcgironchntent.«Agslip;,h-”
f‘streamidfﬁab9ﬁ§f2£5‘MJ;&?3r?ﬁbuf7P6ffIéE¢tér”iSZWithdrawn;'
ﬂtrbmfthéfbuféfdﬁ*119ﬁid?récir°ulati°n*1133;3nd5Sentft° a
“Tubbér-1ined. mercury seperator-and’then ‘to one. of two .

" degessimg. towers (rudber lined end filled with raschig

. rings) in perellel. The base of this tower 1s mated




_ﬁq;___
~with directsteamto106% andthe-acetylene—bolled out —
of the solution at atmospheric: pressure. The vapor from
the degasser goes to the primary acetaldehyde condenser,
and the degassed solution to *he catalyst regeneretion
vsystem. _ .

: In this system the solution is filtered

in a’ rubberized ‘filter press and then- is oxidized in .
‘two steps-tochange the ferrous irom to ferric using HNOgz.
The NO libvereted is then’ oxidized with air to NOy and. :
converted to HNOgz. The solution oxidizing systenm consists
~of slx preoxidizerSvand—threeeafteroxidizers. .

‘The filtered solution is preheated in a.

V4A preheater and measured into the preoxidizing vessels.,
Tn these the solution-is treated with 230% EHNOj at 90° and -
the solution~is_thsn_sent_1ijms_sfteroxidizers where the
reaction is completed at 95%  In the afteroxidizers sone
'unreacted"solutionmis«addedwto—ueewup~.hewlastwtraces of .
“HNO. The oxldized solution is stored in rubberized tanks
and- returned to the reactor system.

- The oxidizing system is operated slightly

under atmospneric préssure using a ventilating system '
made of VRA. The gases sre mixed ‘with eir and carried to -
the NO oxidation and absorption chambers which are ‘three .
“towers-in series- ‘each 1.6 m in diameter, made- of V2 A and
‘filled with raschig rings. The towers are. fed separately
~with HNOB solution which is recirculated over & cooler..

‘and. kept. at '30% concentration by addition of weter. New
HENO« is fed in at 60% concentration.' The 30%. ‘solution-is-
used far solution’ oxidation end the off geses thrown to f-
-the atmosphere. ‘ e L : S e
R The filter press cake is treated with caustic
soda and lime ‘to neutralizes ‘Tt is then‘hsated to a red
“heat in-a- furnece.; The gases. produced are cooled’ in one
%indirect ‘and - two- dilréct coolers and ;the. condensate separa-
fted to- recover the dlstilled mercpry. = o S

fPurifieetion of acetaldehyde. ,ffﬁfG*Vi

S : The 7% acetaldehyde so&dtion is purified‘by
:-d:L stillation. This is dons’ 4in four: perallel: plate columns
‘4referred to as: acetaldehyde columns.w Eachwcolumn is 2.8
meters in dieme ter &t the: base; but sma%l r. in.the '
‘‘section. The solution is: ‘heeted to 100" by, heauv




‘tower at a rate of 65 m Y/hx. The column contains.
iﬁrjﬂates—wtth—irhwters of reschig rings above the. .
16th trey snd is fed at the base with direct steem. .
Opgretion is at 2 atm gege, 135 base: temperature and .
60~ top temperature and the tower 1ls made of V2 A
except for the top 8 trays which are steel. .

Overheed is teken acetaldehyde which is
condensed;.cooled end refluxed at 1/3 reflux retio. .
The overhead is then sent to a mercury separator and -
to the top of a'degassifier tower. The latter is .8
m in dismeter and contains 18 plates.  Here the acet-
‘aldehyde is stripped of acetylene by Sperating the(
tovier at 2 atm gage and heating to 50 at ‘the base .
of the tower with a- steam.heated heat exchanger. The .
stripped aldehyde of about 99.9% purity is cooled and
sent. to starage. The gas goes to the'condenser of’

is then sent.to a washing tower where -the last traceel
~Tofaldehyde are*recovered*wfthfa“water*wash“”The“gas
'1s then sent to repurification of acetylens. The
“pottoms from the acetaldehyde tower- is about 0 l%
'acetic acid which is wested.

n ' A small side stream of 200 l/hr is teken
from above ‘the feed plate of the aldehyde column .to
trap out acetone, diacetyl, _erotonaldehyde, water and
-some: acetaldehyde.- This, is sent-to the middle of a
raschig ring fidled tower ‘made of V2 A operated at
‘atmospheric Dpressure and hested with direct steam. The
.overhead vepors.are removed at 30° after passing’ through
‘& water cooled partial condenser for- providing reflux
"end-are handled through the washing tower mentioned
above to- scrub-out acetdldelyde. The bottoms from the
column are,sent to. en acetone purification system to
)recover acetone. z,,‘ , S ) § :

' : The first tower in this system (called an
»acetone fore-column) “ig.a 0.5 m.diameter packed tower;
operateo at etmospheric pressure,. 420 top ‘temperature, .
,85 ‘base tempereture. and 4:1 reflux. ratio and equipped
.With. en: external steam heeted reboliler. ' From the top -
of! this ‘tower is teken acetone and acetaldehyde ‘and’ from=
?the ‘bottom. diacetyl and crotonaldehvderwhich are sent

I :

- The .o

s-'sent, to a second packed tower 0w 5 'mm inhdiameter
ﬁo erated with & pertial- condenser Tor: ref -end: with
-1 overhead condenserwfor prouuct -Direct steamiis::




used. Overhead &cetal - dwar.",:és_".condenaed,,,;
—andfs_eag-:_to_thuamuash toyer of the .aldehyde system.
‘The bottoms are removed at 65 and sent to ‘g pure—acetone—
‘tower. This column is of the seme size as the other two'
acetone columns and is equipped with a partial condenser
for reflux end en overhead product condenger. Reflux 1is
also added with the feed to the column. FPure acetone 1s
removed overhead at 559, condensed and sent to storage,
The water at ‘the base of the column is. discarded at 75 .
“This column. uses exn externelly heated reboller. Acetone
production 1s about 24 kg/br from the entire system.

‘A.cet.jrlene: repﬁrifi cation.’

SR In order to prevent bullding up of impurities
4in the recycle ‘geetylene ueed for aldehyde synthesis, &
-slip stream from the -recycled ges having & purity of 70-
75% is repurified by absorption to about '96%. The recycle

gas is compressed to 4 atm gage, separated from 1iquid,
and.-sent_first to @& 1.0 m dlameter steel pecke d tower
called & forewasher.. In tnfsﬁowarr;"ftraceerofwalgeh;ydamj
are removed from the ges ‘by water scrubbing. .- The -g&8
then goes to a mai;n\wash'e'r.zA m in diameter and construet-
‘ed with perforeted plates where it ls washed with 0.5% . - .
‘sodium hydroxide to remove COg and to absord the agetylene.
_The solution is then sent to & tower at a 1qweredjpresaurie
“to release the acetylene. from the caustic solution. The .
released gas 1s- acetylens of 96% purity. The ‘undl ssolved -
gas from the caustic washer containing 25% ‘acetylene is
compressed to 7.atm g28ge, -geparated from iiquid end - .
_serubbed with & lerge amount: of water in an afterwasher’
‘similer-to-the first washer. ~The. acetylene-water ‘solu~
tion is.returned to the aldehyde washer in the eldehyde -
reactor ‘system. The ‘of £ ges,. _containing;'z%‘ acetylene,is
discarded to fuels - - o .
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ALDOL PRODUCTION AND PURTFI CATION:

brimmeimeiincd B AAA et A RS S e

Summery. - - ‘ _ _ ‘
: ~_Aldol is madg by treetment of acetaldehyde with
dilute KOH at. 20 - 20° in a long heat exchanger-cooled
with water.. The convérsion is 46-47% per pass and the
ultimate yleld 88% of theory. The aldol is treated with
diluted,pholphoric‘acid;td precipitate potessium phosphate
vwhich is #epareted. The crude aldol is then separated .
from ungonverted acetaldehyde,by-distillatioq.,The total
capecity.of the system using 4 reactors is about 10,000 T/mo.
There are six reactara?availabla,qno_o: which is now part-
ly diemantled.  Two sets of three avei lable distillation '
units will hendle this quentity. ~ - - o o
Aldol :production. . o _ ‘
- - - - Pure acetaldehyde is mixed with about anfeq&al
’part*ofﬂrecyclowgléehydOMQndwpnmpadwxhxnughwxhq“gggiggg;"
of the tubes in a reactor made up as. a long horizontal™
tubular;heatse;chgnger;fcoqlod‘pn“the outside of the
tubes with water for about 1/3 of the surface. Each re-
actor has & volume inside the tubes of 10-26 m> and the
yerious sections are stacked one above the other. The re-
' aetdr;guhas,hrq'ot”iron?and;aboutvzormm in diameter. Bach-
freactgg_1sfmndefup‘otilz horizontel runs 6 meters long .-
-each;‘dividgdqinto-two@aactionauhorizoﬂtallyvgn@:six ver-
:tically;ymhere'arc‘gboutgloo fubes in a bundle which is
"held petween two.fixed tube sheets. -Each reector has 720-

: °f¢°°nn3 : qug_vr__age, o

=960 mY S

St The temperature in,the':eactorsisﬂmaintéiné&;at

:209%5509-;';Iromlopoz—pl%ﬂKOHabﬁaedfEﬁfaldehydo]iaﬂinject-
;deintoitheﬁ&ldqhydcﬁdpstrberore}theppixculatingfpumpwas;'
Jag'@4@1;11.2%9§blutipngdpppndingzon:theywaterﬂcontent'or

‘The aldehyde-aldol mixture is held 8t 46-47%
by controlling KOH concentration, withdrewal .
Repid recirculation through.the heat exchangers
amounting to_epproximately ‘20 times the fresh

~m./hrxffThbgayggggef@;mb;qt[g

s

hyds, 44.80% aldol



—frcm—theieircuiatingrsystgﬁ \a _ to :
‘holding 300 l.. ‘In this an 8.6-17.2% solution of
phosphoric acid is added and the liquid allowed to
stand for one houg in & vessel to permit the potassium
phosphate to form large enough crystals for centrifug-
ing. The solution is centrifuged to remove phosphate,
then sent to a leaf filter end finally to & mixer, .
before being purified by distillation. =~ - =
-, , The whole operation is conducted-with -
controlled conversion of 46% to keep from production -
‘of "too much crotonaldehyde, higher aldehydes, etc.
‘The caustic addition is mede so that the phosphate
crystals come out at pH 8.0-8.5, which is controlled
by Bromerescl purple indicator. .This ylelds finally an
aldol of pH 6.1.- Tha heat problem in the reactor iz ' .
not too lerge (300 K.cal/kg dcetaldehyde reacted) -so
" the eooling water is only used in pert of the reactor
_system.  However, if ths tempeurature exceeds 25° the
by-products rapidly inerease so thaet instead of using
114 kg @aldehyds/100 kg aldol, the requirement rises to
‘120 kg. Another difficulty is the fact.that aldehyde
‘hes a ‘density Of¢0;8_ﬁhsraas;q1401jisjl;0¥scvthat%theref
‘is_a shrinkege in volumeas the reaction proceeds. Care
‘must. therefore be taken to keep the resctor full of- - -

e

lquid at all.times. t - oo e ;

‘puriticstion of Aldoll ¢

S fﬁfheictﬂgﬁfgid°1:i$ iﬁmPéa?thIOﬁéﬁf%£f11€§i 
""" to three pure aldol distillation’towers-in-parallel.- . -

7Each"tower~conxainxﬂza2platésTandﬁtpagféQd‘Lszdnfthg» b
_thh*plateg;,Heyegatﬁatmpsphericﬁpressure,aldehyde3;s}{‘Q:
“taken overhead at 21°-25° and at e reflux retio of 1/5

“The. bottoms from the tower is sent to'a serles. of three
;heatfexphangers;th”tgd*wi;hfzgoiatmjgagd)Hg;egmﬁtO&héa r
the ‘aldol from 70° = 80° to 100°-110° end flash off . '
_surplus water, which returns to - the base of.the tower.:
The aldol is then quenched t A ‘an equal amount -
‘of finished cold aldol (to regetions) and -
“¢ooled in trickle cooling 357 It then
~goes to a_mixer "
iof 5.7; with




L L. =BQa
Overall yields.in the middle of 1944, based
on 46% conversion per.pass Were per 100 perts of-aldehyde
by weight:=- =~ : - -

Aldol - = . 88.0 perts
Acetaldehyde 5.61 "
Crotonaldehyde 2.42. ™.
Residue S 3.4 M

" Loss . . 0.83 "

~ BUTYLENE GLYCOL PRODUCTION AND PURLFICATION.
P . Butylene glycol is produced by the .
hydrogenation of aldol in continuous verticel reactors
at.300. atm and 50°- 150° over a catalyst made of 17-20%
Cu, 0.7 = 1.0% Cr on}caIEinedﬁﬁfIfEﬁgsIT”Theremaroﬁrourw
reactors operating at the above conditiens, one unit at.
700 atm, end one smaller unit is used for -crude butenol
hydrogenationa_-The:latteruoperation‘aerves,to‘hydrdgen#,
-~gte impurities in butanol end permi t.the!r separation.. -
 Each»fothe'fivevreaqtorﬁ”WIII’prbduce_lG‘O'T of butylene
“glycol per month. . The butol;isvpurgriedtby,diétillatibn :
“in two treins. B . = n S S

_ sgmﬁgrxw,'-

yeol produetion. - o ‘ S
”fgf'“m""%*jiSOwcalledp?pure-aldolﬂ,cgntdining,abbutwﬂ
vvz%:aldoijiSihydrogenated*in}fiveuvbntical‘continuous
reactors.,Thbaqvreqctcraaarg_18 mgbhigh,»o.s m,-in
diaméterfand‘have;gfvéluma=of-9”m».egch;‘The;veasgls;1'
-are constructed for high pressure (200 or 700 atm) of -
Cre = Mo. 8teel and q:e“ggpper«linedwon“thq¢insida,Tth s
'arpifilladiwith~§ym3*b:{BjB;E;éatalygg;mada]of,1-4'mm.i.h
grains produced by impregnating dried and heated sillcagel
iﬂiphgthegnitrqtesgqt*coppgryand1chromium1aoLas-to{hayev"
~17520%“cngandgo;7¢1;0$;cr..Qggﬁhgﬂfinishedncatalgst.fTho‘
'impregnated grenules are dried and heated to 4507 C. .

i :a,7:k.g;gIﬂqata:tingpupﬁoperatibns.the\‘e&ctdf*iaju
pressured W th&lOO“ﬁtm]Qf“N"Ff*ﬁbbﬁt?7000£m~/hr~°fvsaﬁ‘
is recirculated over .oe ~¢a§ y1yst-and the reactor .grad
ually:heat 4 from 65~ tc 200°. Hy 1s' then introduced -
‘so a8 to havafthsuréactprﬁqtfzoox,tm,anggcirculating;w

gas st 80% Hy end 20% Np. This is clrculated for about




. .-‘;6- . 0
-48-hours-until the catalyst ls reduced to the active metals.

The temperature is then reduced to-about 50°.

: ' The aldgl is heated in three parallelwpré- A
heating coils tq,509-70 and enters the top of the reactor.
at g rete of 4.1 m3/hr’pér»reaetorl_ H, iIs also pasged in

at 509-70° ‘and 300-700 etm end at a rafe of 13000 m/hr.per
recctor to remove reaction' heat. 0f this amount '11C0 m“ is
fresh hydrogen apd remainder recycle. The net Hp usege is
therefore 1100 m¥/ hr. —~Both reactents pass down over the-
catalyst bed.. The reactor is equipped with cone baffles. .
about every two feet for ligquor redistribution. The hydrogen:
is prehested by sendlngspart through.e steam preheeter and
mixing with cool:=Hs,. .-The mixed gas 1s thén partly sent
through & heet exchienger agalnst hot reactor products and -

mi xed egain to give the desired final temperature. - R

R “The reaction releeses considerable heat
.and_raises the temperature;509-,90° depending on the cata-
lyst ege. ' The outlef temperature &t the base, of the re-
actor: is therefore 90 -160 . When the cetalyst is new  _
the inlet is 507 end the ‘outlet 90° and when spent the .
inlet is 76° end the-outlet 160°. As the catalyst ages.
‘the side resctions incresse, particularly to butenol,. and -
when this becomes-excessive the catalyst ls. dumped and
“copper recovered or it is trensferred to. butanol hydrogen-
etion.  oOn the aéverage the catalyst llfe 1s 2-3 months end
there is a conversion of 193,000 kg pure. aldol to.butol - -
per 100 kg ‘catelyst. . The reaction is carried to complet~.~
ion in one pass (to 0.1% aldehyde content) at & yleld of -

. 93%“:012 “theOTY'.““ b e

S . The resction product pesses through heat. .
‘exchange (with incoming H, where:1t-1s cooled to 50°-120°. .
It then passes through #“cooler.where it is further .cooled

“and sent to a. liquid separator, @ slightly inclined hori-
ZOhﬁalzvgssel;:_Theygasaisrsepangtedjand}recygled.with~;g;,
1100 w’/hr of fresh Hy 97.8% pure, and the liquid products.
_:sent.to_severglvsepargtors_erratedqat_atm03ph6r1¢ pg§ss+'q
DD e R T e T e e T
The. "pure" aldol feed end the crude butol .

product have the following typical amalyses:- .

. pure aldol . . Sy




.. T -
geses, 88 noted ‘aboVe, most of which 1s Noa
“therefore necessary to bleed off 100-200 ﬁ” per hr-of -
recycle Hy to keep the concentration of ‘the recirculating
stream at_around 80% Hp content. '

: ‘The 700 etm. reactor will handle about " 50%
more production then a 300 atm. unit, but no conclusions '
ere yet avallable regerding the ‘best operating pressure..
Some work hes been -done. on nickel bearing catalysts,but
this requires Hp of: «001% CO or léss for good: operation.*
Reney nickel was elso’ studied but such an active cate~
lyst is not required.r. / - : _ ,

1

' e Crude butanol, produced as. 8 byprouuct of
-the butol .distillation is hydrogenated in the small :
(0.6 m. die) ‘Hydrogenetion reactor et 300.atm end 200-
2100 using spent butol cetelyst. The feed contains 0.4%
butyreldehyde, 4~10% butolacetal, 0.1% esters end 1-3%
-erotylalcohol es. impurities.. The butyraldehyde and ’
crotylalcohol are hydrogeneted to n-butanol end the
butolacetel to secondery butenol end 1,3 butylene glycol. .
The esters are saponified.

Purification of Butylene glycol. _
: Crude butylene glycol is purified in two
Jtrains of four distillation columns each. In addition
‘there. 1s a single “tower for the recovery of cride- .
-ethenol and- .crude butenol, and & set of towers for. the
recovery of pure butanol.A } . o
= L The crude butylene glycol is fed to the“.
:lzth plete of the first column et a rate of. 18 tons/hr. .
This tower is 1.6 m in diameter end in.one train is 32
m 'high énd conteins: 30 plates and in the other is 27 m
: gh and. contalns: 45 plates. ‘Here at 0.7 reflux ratio;
top -temperature, 117° base tempersture and atmos-
3pheric pressure ‘water; ‘alcohol ‘and butenol.eare removed ..
overhead ané.the butol, most o the water end residuejrf
~are withdrawn from the base. L i R

S ‘”The crude butol from the first column then’
‘enters. the 12th plate of the: second ‘tower which operates
Tet¥51 Iom . pressure“198 overhead: tempereture and 1579 o
‘ 5 'This column 18 2.6 m in: diameter,22. 5
30~plates in ‘the first train end S K- Sai
‘m: high and contains 30 plates in
Atﬁa rerlux ratio of 0 2 water 131f

Ythe sécond trein.



removed from the top of the column and toncentrated-—butol

from the beses , :
P " The butol is then fed to 12th plate of the
third column which gperates at 29 mm pressure, 120° top
tempersture and 174" base temperature. This column is |
3.0 m in diemeter 22.5 m high and contains 30 plates..
Gverheed is taken 12 tons per hour-of pure.butylene ‘
glycol of 98.5 - 99.5% purity end residue is withdrawn
‘from the bese. The reflux ratio 1s mainteined at 0.4.

S The residue from the third.column contelns
'30% butol which 1s recovered inthe fourth column. This
1is a reschig ring packed tower 0.6 m in diameter and -
12.6 m.high., The feed enters the middle of the column .
which operates et 4 mm pressure, 85° top temperature,
165° base temperature and & reflux ratio of 0.4. From
the top is teken recycle butol which is sent to & point’
below ‘the feed plate of the second column in-the trein.
—E‘rogx«—th_e~-bas&@ffthe«faunth*c,olumn,;;s- taken butenol = - -
residue. Se T . R

L  The pu;‘ified butol coptféins "ap"p'r'oxlma:tely'
the following impurities:- -~ .

Aldehyde . e 0.05%
“Acetal. - eee 0.10%
Esters . es. 0.14%
Unsaturetes  eee . 0.13%
Water. . —eee. 0.39% °
R - The crude ethanol-butancl-water mixture.
obteined overhead in the first column of the butol .
parification trein is sent to the ‘12th plate of & '
‘tower 2.6 m in.diameter, 27 m high end conteining 60:-
plates. 'This column operates at atmospherlc pressure,
789 overhead temperature, 950 ‘base temperature and 5
‘reflux ratio. - Overhead is produced -crude-ethenol: snd:
from' the base i's teken ‘erude butanol. :The crude . -
butenol is hydrogenated in ‘the small reactor of ithe . -
“hydrogenation system en

, nd is then- further purified. ..\
“The .compositions of the various ‘streams ere about as
follows:= T T g R



'Crudev7nr hydrbgenateq
; e—butenol -

Aldehyde  0.42% Butyreldehyde - O.
Acetal = 0.14% Acetal 4.
"Esters _ 0.02%  Esters . - Q.
Unsaturetes0.10%  Crotylalcohol 1l
Ethenol ~94.90% ithenol . . P
L

& 0.0
10 . 0.14
1 0.01 -
3 ' 0.05
6 3 T 2=3
4,42% .Hexanol = Zab -+ 3=5 |
. Sec.Butenol - - - - - 1.5=-6.
100.0G% 1,3 Butol . . - T 2.5=4
C - ijater . o 1e-21 . '18.0-21
o n-Butesnol ~ 57.5~71l.5 60.8«72.8"

Water

M i

© . 100.0- . | 1l00.C
,7——~——7Ehe—hydfpgenated‘crudefbutanol'is purlfied-in -
three continuous and two beateh stills.  The first column
%Ek€§7€ﬁﬁ€n617*acetar“an&"secon&arymbuteno&WOverheaé.j
The second,. fed with the. bottoms from column one tekes
off a constent boiling mixturé of 53% butanol and 47%
-water which separetes into a butanol-rich end a water- ')
rich.layer. _The butanol-rich layer is wed for reflux. -
.The bottoms from the second column are fed to the third
‘eolumn where pure butenol is removed overhead &nd residue
‘withdrewd. from .the bese. The-overheed from the first
‘column; the-water-rich layer and.-the: residue are.workKed
~up in two batch columns'to.produce‘hexaneyrethanol,'sec-
'butanol,»etpylbutanol-(hexanol),and_1,3/butol;fThe data -

_on.the verious.columns sre as follows:- TR T
D e " T Bateh U Bateh U
.Y coluiin I  golumn II'Column IIT Column I.ColumnII-
“plameter .~ 1.6 B . l.0m  l.0m - 2.0W . Z.6m.

“Pletes - . 45 - B0, © - B0, . 45 . 4B
Reflux Tatio 15-20 . . = - = g . B0 - RE
Top Temp.. - 859 94 . 12lg . = o S
Bot.Temp. ~ 92° - 98% 145" .= o wm
‘Pressure . .1 atm,]flﬁatm“'“y‘l=aﬁm__~'113gtmv;;glyatm

... hn spproximate meteriel belamee on the Butol
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£ BULBEENEPRODUCTION AND PURIFI GATEON+

Sumarly . '

Butadiene is made by the dehydration of l 3 buty-
lene glycol in the presence of steam over sodium phos~
phate on coke catalyst at 280° end 1 atm. The plent -
contains 18 reactors of somewhat varylng sizes each
having a capscity of 160-19C tons butediene per month. .
The. butadiene is purified.by distillation.- “The - conversion
per pass is 100% end the ultimate yield 81% of theory.

.Butadiene Production.

500-700": kg/hr of 1, 3 butylene glycol per reactor
‘is preheated with hot weter st 45 etm. pressure to 2109
—end_then mixed vith an equal quantity of steam at 400
and1l atm gage. The mixture then flows upward tgrough ‘
~a~dehydretion«reactor~hhich~is»mainteined—atwaeeﬁmend—wm
'l atm pressure by memns of 65 atm. hot water where. _
reaction proceeds to. completion to. the-formation of" buta=
"diene.  The yield (counting distillation:loss) is about
81% of theory with most of the side reactions to: partial-
ly dehydrated butol products. . ,

. ‘The reactor 1s'a vertical cast iron cylinder Bm
in d%ameter by 5 m high- made in segments and containing
of catalyst (12 tons). The cylinder is made up of
a series of circular segments staecke d. one\abova the other
,and bolted together with, flanges and asbestos gaskets.
‘Eech segment is about 1 ft . high end between .each segment
is-a.pencake coil ‘made of steel and through whieh_ high-
" pressure hot ‘water is circulated-to meintein reaction .
" temperature. The center 1 ft- diameter of the resctor is
“fi1led with graphite plugs to prevent. bypassing. The 'Pg
outside ‘of ‘the reactors: are insulated with segmental ‘
. removeble ‘insuletion. Proper spacing ‘between-the* tubes'_
. in the pencsake coll is.allowed t 'permitvcatalyst to be
red down rrom the reactor top

L Ths catalyst is 5-8 mm: oke'granules—treated with~
! sodium phosphete, phosphoric ‘acld "and: butylamine phos- =

phste solution to maks & catalyst finally containing
B5=38 % sodium.phosphate, 345-3, 8%1H3 PO+ .This'is made:
.. DY impregnating the: coke 50 that' itvcontains .per. . 100,
parts of.. coke-56 parts ‘Neg H' P04 8.5 . parts: free- H,
: Tie: t.b pine- eutralize the . free i

;he ' phosphate active‘after‘f
: coke-after: treating with: the
n xwt the phosphate partly to
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(Ne P0s), end pertly to Na, PsOy but no
%merslz o H 2 v 22l ‘ o
glycol dehydration. The catalyst graduelly herdens,
clinkers end carbonizes so that in 25-28 days the
pressure drop hss increased so much and the catelyst
activity has decreased so much thet the .catelyst is
changed. This cen be done in 24 hrs by pulling off
the reactor top,. then removing each segment of the -
reactor and forcing out the catelyst between the
pancake coils. The 'catalyst 1s’'leathed to remove -
phosphate eand the phosphate eveporated esnd reused. The'
~coke 1s di'scerded.  Earlier, graphite was used as a
caerrier but only .coke 1s now used. Grephite and-coke-
_seem to give'identical performence. ’ RV

. Ce From the top of the reactor the product
ges (which is practically free of butol) 1s sent to & .
cooler to separate Hg_o_and‘qila,~The,average.composition
of the Cz and heavier products is 80% butediene, 2% . "
ﬁpropyiqgg;fz%ﬂbutyra&dehyd97mlq%»e&1ylcenbinol;wl%~v+@~w,
2-ethylhexanol, 4% heavier olls end 1% butenes, '

IR ~ The reactor ges leaves the cooler at 25.
.and goes to & compressor - where 1t is compressed to about
‘200 mm above atmospheric and.is fed to the base of a 1.3
m diemeter, 10 m high column conteining 25 plates, The
oil leaving. the cooler is separated from water and both
4latpr;purified;~mhejreactor!gaS*i”uscrubbed.withlzo?.;.“M
water in the column end the water joins. the water stresam -

‘leaving. the séparéto:’after}thé“pfimary‘cooler»

U7 The serubbed geseés then g6 to a gesholder
. and’' are- then compressed to 4.2 atm gege, and cooled to- -

25% in a'heat"exchahgér"Gas:iS-Separated*fromcthe‘liquid‘
- end cooled to - 25° to knock back comdensibles and 1s ..
@thényvéqteq;tpfth@jatmpsphefe,%fThe»liquidkfrom.ﬁhé—‘”;jT
“exchanger. is separated from Wwater, and then sent to &
:purific&tipnftrginﬁtb;pnrify;the;butaaienegisOn?the*Way’
‘methenol is added to separate last traces of water, - .-
,-Which“is~remowedffrdmjthq;hydrocgrboniStream{Q;Y;"f«

Fe——weonoi oo Theerude butadiene .is-fed first to a

. propylene. tower which is 13 m in dlemeter, 10 m high

"and&thChgco”taiﬁ”“SOQplgtés This-column operates at
atm; - 462 top temperature, 0° base temperature and-:
at 5. take .overhead pure propylene end. 6.

pylene-free crude butediene. The . -

pressed to:6.l atm gege, used for

in the column reboiler en




to storage. ~Pert of the propylene is returned to the
’"_c’olumn*‘toP'a-s‘reflux<ai‘_ter*golng:~tnrough¢a—rhe.aitf_..vm.'ww
exchenger. ' TS s ' S

- The depropani zed butediene is sent finally
to & pure butediene column to remove -about 1% heavier
meterials. This tower is 1.6 m in diemeter, 10 m high

eand conteins 30 plates. It operates at 1 atm., - 1°
overhead temperature, 35~ base tempereture and at 0.2

—reflux ratio. Butadiene of 99.5% purity is teken .-

overhead end butadiene residue withdreswn from the bese.
This is mixed with other olls from the process for -
further-recovery of useful by-products..No indicetion -
of butadiene polymer formetion has been found in these.
towers except for & 1ittle popcorn mdymer in dead spots.

- . The oll sepereted from the primary coolerk
is sent to, a packed column_operated at 3 atm gege, 150°
base temperature andTSOP top - temperature to remove gases .
from the oll, Tné“gases“arefreturned?to*the+suetronaoi;wa
the blower feeding the water-wash column. The water :
‘streans from_theAseparatoriandfwateréwash,cbiumns, con~
teining 5% oll in solution, ere fed to 8 L2 m diemeter

tower pecked with reschig rings. Steamis blown into

“the bése of this column.eand overhead at 93% ts teken -

. meter end conteins 45 pletées, Th

o1l which.is sent to the first packed column used &s a
oil degassifier. - R L EET S
S . 211 of the o0il from the first column is .
fed to & batch tower togethér‘with;residue-from;the "
5puré'butadiene;still,;;Tth;tQW§:;is,; 2. m. indlas . -
e o0ll is beteh distill-
‘erude butyrelde-

ed at.atmosphErid'pressurejtpgpngdud

ﬁhydg;.apsofllog;fraction*and”a-crﬁuéféllleéfbinoI;The~

fresidueeis“furthEr;batch;dfstilleqiqyjsgmm_ppessure to '
“produce’ two overhead frections end residue referred to -

feed. "

‘Buiediene smelysis.

U

as hexentriol is:

: : *séd}in;phgym&nﬁﬁéb&ﬂie;qﬁga’lacquerg¢.
‘suts tltute. The allylearbinol is.reeyel

to the: reactor

?prpdg_éd;atﬁﬁg;s}isuasgﬁ:llQWs:é;,'”'




. Percent by weight.

xpical. S Specification

Butadiene . : 98.5-99. 5% A 98.0%111:!11
Active oxygen - . ' 0.0005.0.001% - =~ 0 .001% max
Acetaldehyde - - 0.002-0. 0ud% - " .0:005% max
‘Water : . Q.0l.- 0.03% = 0.,05% max
"Nesslere reagent -Colorless to © yellow _ -
o _ yellow. ' ‘ o ‘ .
Glear to i‘aint . slight tur-~
S “turbliditys . bidlty
Jlosvey reegent, colorless clear - falnt roae )
Turbidlty in - ' L color

methanol"'.‘ L - Mo turbi‘dity

(a) initial E— .OO-O 04
(b) at‘ter 20hrs n-o 7-0 .9

I. Butadiene determination.

_ - Butadiene is datermined either by the volume~
,tric maleic anhydride method or. gravimetrically. The gravi-'
metric bromination method is as " follows' :

S - ‘Butadiene ges (50-250 mg or 20-100 cc) is
Acondensed in’ en evacuated,..wei ghed weighing tube, .This" is :
‘sesled,reweighed and put’ into-a. 250 cc ‘brominetion .flask:
~which is stoppered wlith-a: ground - Joint and a-colar attach-
"ment . This is weiglied and, evacuated. Through the color .
funnel 1 ¢c_of bromine.: and 5.ceof "‘eliloroform is’ ‘edded”
“without allowing air to enter ‘and the seal ‘broken. The :
‘flask 1581l ghtly agitated end’ rortated and allowed.to \s‘band
5-6 hrs or overnight. 'After this time most .of the excess
‘bromine e&nd chloroform is di stilled off carefully st a. -
‘slight vecuum. The' remainder is removed under high: vacuum,
‘heeting slowly: with' warm weter' et 40°, The flask is then -
"allowed to stend 1/2 Hr- at room temperature ‘under hlgx
yacuum, If the solution is not clear and ‘colorless fhe
_material 1s dissolved in 10.ce of. chléroform and eveporated
at body temperature.- In this way the ‘colored. impurities
ere: lergely . removed and at the  same time the ‘butaai efg= i
tetrabromide is: not volatilized by these mild conditions.
‘The test 18’ continued under high vecuum until- the welght .
‘{s constent. The. flask Is weighed and the” butadlene con-'_,
.ftent calculated allowing for bl.ank errocrs. S \_ L

Sy The":f- blanl_: errors: ctt’ the method are. about
2 'mg or Q. “butediene. In order- to: minimize this: both-*
;".st0pper andj-:., stopcock grease must’ not be- made of fats.
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._To hold vacuum phosphoric acid is used as»a‘stopcock

greese. It is elso necessary- fo-make sure the_vecuum—
- 1is not too suddenly released or- there will be losses.
due to spltting end etomlzation. If e 1s the original
welght end & the final weight and b tﬁe blind errar the
' % butadiene is calculeted as: . ‘

C Gy butediene by weight'(a-b)54 05 x 100
, . o /X8 -

CIT Acetaldehyde and active oxYSen deterninations._

Details of these methods were obtained
but it does not eppear necessary to reproduce these in
this renort. _ . _



BENZENE PURLFICATION AND DLSTLLLATION.

Summery. .
-, - Benzene is obtained es a crude product from.
:various coal j;ar".plants'iin the Ruhr aree and is:

purified at Huls to meke it-suitable for conversion

to ethylbenzene end styrene. It is first washed with

‘Hp.S04, NaOH end weter -and then distilled 't0 remove

C S5, aliphatics end other aromatics such as toluene.

. Benzene Purification. oS
~ © " '7The erude benzol is teken from storage end ' -
“first treated in two countercurrent continuous washers
with sulfuric acid. This system c onsists of two . -
‘separeting vessels end two mixing systems, the letter
made up of & series of flfteen obstructions gimilar to .
- tfsmb'drfe*'c'doi:erqufg*—jdiﬂsc-*and-fdou;ghnutvmifxer-—w:Enathe_w'm
first-mixer 3% of 80% Hp SO4 is contacted with bénzene - ’
at a temperature of 25° - 280 end a pressure. of 2.5 - .
3.0 atm, gage.  The separated liquid benzene 1s removed
.and sent to the next mixer and seperetor at 1.5 atm gage
where it is mixed with 3% of 96% Hp S04+ Some of the -
spent ‘acid from this separator is 8sent to the first one. -
to meintein acld stremgth. The rest 1s recirculeted
“through’ the mlxers and then discerded to.the sewer.

. ‘The next step is a similer treatment 1nitwe
.mixers end one separator with five percent .Of 4% NeOH -
" solution at 0.8 etm gage.: The last step is washing "=
with 5% of celcium free water, which is then separated. -
“from hydrocarbon traces in & sewer :seperator. ‘The washed’
.behzene is refined further by distillatign. -Eech of -the
“above mixers '_has,éa"valume_ofa about 0.8 m°.end the « .7
‘separators 4.5 m”. The. normel -throughput to: the 'system
‘i's 3,500 kg/br of crude benzene.end there is & circula-
“tion. of 3000 kg/br of sulfuric acid in each mixer end:. .-
‘2000 kg/hr of NeOH'solution. The crude end washed benzene

e Tl Grude ‘benzene . . . Weshed benzene, -
< Indtial ‘BJP oo 79 T e g0
.95% off at.min : o
Density:-at 15- min
Hg 504 No.max:. .-
--Bromine " "

. Melting pol




_ngzénzfnistillation._ -

. : The. benzol 1
three treins of two colu
have a cepaclity of 200
Tt is preheeted first by

mns eeach
o1/

d to pure .benzol in
in-serles. Two!systems
mo end the third of 4000 T.
heat exchange ageinst benzene

s refine

condensate from the second ©
lath plete of a 30 plate tow

ower and flows to the 9th-
er. This tower 1is mede in

two sections, the top onme of 15 p

lates being 0.6 min

diameter and the bo

ttom section of 15 pl

ates 0.8 m in -

diameter. The plates.ere
tower operates et atmosph
ature and 83° bottom temp

‘50;'vabut‘zgzo'kS/hrlis’fed(to,a tower’
teken 29 kg/hr conslisting of 30_40%

"some benzol. The .conde

‘ ns
.as a dephegmator.- :

spaced 250 mm apagt..This :
eric pressure, 45 top temper-
erature at a reflux ratlo of -
andApverhead is
. CS,, aliphatics end.
er 8t the column top is operated

1

urT
8-

operates at 1 atm press
bottom temperature and
is teken 2770 kg/hr o
of crude toluene. -

... ..., .- One set of ‘b
mittently "

‘benzene” and. 10%-20% heavi
-ig-used for solvents. The
are in-condition to opera
slightly demeged. . - i

S T The ‘analyses
Boinngrang

. 'The benzol from the base
*columnf¢54£ed_toitheJ1acn?zsth”tray*o
1.0 m in diemeter and containin

f pure benzene

to ‘separate ‘benzens,
continuously from ‘the crude tolu
avier than

4foHQ§l“g'

. N+
yelting point
Jenslty a6 15

ofthe first” ,
f-a—-second-tower——
65 .pletes. This- toweg.
top temperature, 120
0 LA Gverh'e‘ad
ow 702 kg/hr

g

(=Y a79° )
reflux ratio of 1.
énd bel
anzene_towers;is‘ugedwinter—“”
.toluene;andmresidue,ﬁ;'W
ol which contains 10% -
“toluene. The residue -
“two smaller benzene treins
te»but«thevlargergbﬁéfhésmbéén”

"of the pure benzene 1s as

0.2% - 04a”
-0.15 8vg 030 maX.
©0.15 ave 0.30. max. -
h 5050

+883-"

e

°c
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ETHYLBENZENE PRODUGTION AND PURLFICATION=
Ssummery. Cat

'

- Ethylbenzene 1s mede by the continuous alkylation .
of benzene and ethylene in verticel, Jacketed enamel-lined
reactors with AlCls catelyst. Dealkylation of polyethyl-
benzenes slso tekes place at the same time. The AlCl
usage is about 2.5 Kg/loo-Kg ethylbenzene. ' The reactgr-
product contains 45% benzene, 38% ethylbenzene and 17%
polyethyls,‘which~is.separated.infa disyillgtion train
‘and the benzene andlpolyethylsyreturnedufor"further ,
reaction.: The systemconsists of' 8 reactors each having
a capacity of 800 T/month ethylbenzene, but total produc-
tion is limited to 2000-3000 T/month by distillation . °
‘capacity. . .. , o o R ‘

5Ethylbéﬁzene'production.'\

””*“?"“Tﬁa"ethyibenzenewﬁiéﬁt~eons&ﬁtsaoﬁfewreactonsml,4_an
in diemeter and 12 m high vwhich are enamel-lined . (Pfaudler)
These reactors are split into .four. seperately cast steel -

sections, bolted together with flanges using asbestos-.
rubber gaskets, and each baving & separate cooling Jjacket.

The reactors are also equipped with a:dome anda bottom
‘with suitable epxrances‘at;the'bottom‘for.ethylene,~ o
ethylbenzene, polyethyls and recycle catalyst complex,
iThe“top:issprovided~withtanuaﬁ1pipeffox:thejinjection.OI
fglcl3;~agvaporrlineileading to a condenser and a retwrn
line for condensaﬁe},fThare;are'two'enamelled-watef cool-
ing coils in the vapor space of the reactor. . . REER

!

... FEthylene at 200 mm weter pressure is teken from-a.
'gasometeriénd‘éom@reséed_tO‘ZIatm;xin en Elmo pump '

< (similar to a‘Nashdﬂyﬁgr);using,polyethyls‘as_liquia‘

- medium. It 1s injected ngar the base of the reactor .
- through a pipe-pﬁinting"dOanardvtowqrd»the-benzenerinlet;
Benzol énd polyethyls are introduced at the center of the

-<BasejoﬁAthe‘reacto:;_*Gomplex‘is'introdueéd'alsa_near-the

‘bottom. 'The mixture of ethyleme), benzol, polyethyls and.
‘complex flows upwerd to a“level.infthe;reactOr:IO:mffrom

the.hQSeﬁthﬁS’hdving‘autot&liliquid%space%dfflﬁ.sﬂm. It -
, thenﬁ'végﬁléwsatofg:Jacketed,:cbpled separator, where the
;alkylated;liqpidﬁis;deeanted,ofﬂ‘and”theacomﬁiexmreturped'
;byigrdﬁityitofthegbase[ofﬁthe,éeactOr.'TﬁejSeparatqr‘hasf

30° bottom temperature -
in the jackets. -The .
__uﬁgptg;tfis@neéessa:y\
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to heat the base of the redctor since the reaction does

not proceed byAitééif*untfifthg;tenperaﬁure—is—in;the_zangeﬂ
of 90 . The reaction is exothermic (27 K cal/gm mol) end
hence cooling in the Jackets is required after the reection
starts. : : s : :

- : ‘ The,vapors\leaving_the»top of the resactor .
(consisting largely of benzene) are condensed by & total
-condenser and refluxed back to. the colum top. The off
gases containing largely ethane, inerts and traces of. "
.unreacted ethyleneﬂare'rejected from the condenser after
scrubblng out HCl. with water end pessing through en HoSO4
seal to preent moi sture lesking back to the regctorfsystam.

e ' ,Tha’Ai‘di5 is,addedlﬁo the reéctor top by mesns
of an 8" dia pipe which extends below the liquid level.
-This has a»quick-opening.seal~at'the top into which Al Clz

is added by means of & small hend scoop several timqs\an

hour &t a;predetermined"rate:f-V;,]»

.- .7 The benzene and recycle polyethyls ere dried
_over solid caustic soda prior‘tdTinxroduction_into the
.reactor. The ethylene comestfromfvaribus'Sources’and‘is,f
water free and about 95% pure. It conteins lergely mesthane,

ethane end about 1% acetylene as impurities. .

LT The -1iquid product’from.the~separating cooler

~i1s treated with soft water in an acid-brick 1ined washex,.

separated ‘and then-weshed with 20% NaGH and again separated.
It,thén-gbes‘through'a:waperrwash“to‘a'receiving.ténk and . .
a solld caustic drier before'beiggﬁsent‘tp-distiLlatiOn;i ‘

The drler is'ébﬁsWShéﬁedfatfthe”baﬁe“tOjremove~liquid.i@mgiﬁ

‘caustic;.and*fitﬁed-with a:toplto_permitﬂadditionjof sollid
Ceaustic. e R ATAEEI E W

R "v;,-_Abbutuso-ss%;qrjthe,benzolris.glkylated.perQQa.;
“pess _eand -the average throughput ?ei'reactoy;iS‘aS':p;;qws:

' 2000 Ke/br bemzol, .o
35 Kg/hriAlClg oo

A8 noted above this gives about 800 T/mo of
‘~P9r‘r§@ﬁtﬂri:.Thﬂ‘rGQCtOI‘product»hasj n
~eomposition: .. .. Lol
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. garlier in the .development e continuous
screw conveyor was-used»vb;tnject~kicl~~but~this_maa___
later ebandoned at Huls. Acid brick ?inings end - -
Raschlig ringS'were,also‘used in the reactors toO ensurs
distribution, but this wes found unnecessary, end in -
fact harmful to the enemel. . Currently all lines in
contact with reactor product are coated with a phenol
formaldehyde resin called phenytal which is made at
Huls. Plug cocks are used throughout the system.. _
COnsiderable;troublewhaSgbeen‘found in meinteining
‘tight}séals:between'the reactor sections. (due to werping
Of‘the.:langes).' It is now expected that reactors will
last 1=2 yeers before the enamel gives trouble although: -

the Germens have not been able to obteln new enemelled

sections in recent;monthS'andahave»had-to'rebort to -

acld briek linings. Troubles with pinholes, etc. in. the

enemel have not been importent. . R
R Theidvbrall;yiﬁid on ﬁehZéne’hés,avefaged»

»94%vof‘theory'apn,onfetﬁylene+9S%Fofwtheory;including%;

distillation losses. -The -overall AlCl usege 1s about
5.5 Kg/100 Kg net ethylbenzene and tnifi-ls stated ‘to be
mudmm@mAsﬁﬂMMﬁ ‘ L S o

m i‘(A1K?iatibn)f,J"fII (Doalkylation) .

— w7 c 600 1%tersuﬁéﬁiéne'.f 200 1liters -benzene
Coee 0000100 mY ethylene- 100 1iters polyethyls
, &quAun3'~“.-_waxgaunﬁ,,vi_J
“L-»»:v-L».».wFrom%timgwﬁO;p;meQfairly;large‘quantitiesf
of dlethylbenzene have beenrrémoved;and”used;as'an; S
{ngredient of aviation gaSQline“underathe.nama;of.Kybol.

;thYIBEﬁZenefﬁurﬁiéétton{7;f o _ e
T ”'xi_‘*gféfﬁﬂéféih&iﬁéhZeﬁe}}aftér:washfﬁégf13x  -
_fiTStﬁpartialIy;purified_bykdistillatton at atmospheric .

ppressure&inﬁﬁneﬁof;three;two*columnitrain5¢_Qf the ‘three,

thq}havgfaﬁ@apﬁcitjﬁéf?ZOOOfT;ethylbenzene-per'mpnthieach
;gndethezothg;‘4oa’LT/mQ;L*The;tWQ smaller units.are -
" generally use L e T el

g'g;:‘wafijbopt;7585%Kgjhrﬂare_fedfto}the;IZthrto'19th,
,plgte”¢f,;hggfﬁrstxtgwep,w\ithisglgahm'in;diametgr,fls.*
~m-high-andcont ‘s«&5ipléteSB;Wi$h'55Q;mp,$P&Ciﬂg'xl‘ 

: eflux ratio of 2.5 is usgds Fure -
ot over 0.25% ethylbenzene and heviig
5ea°tisftakenuoverhéadaat.an°c;r




and returned for alkylation?éThis quantity is 2320 Kg/hT.
: . . From the bsase of the first tower at 156°
the resldue is sent to the second column which is 1.1 m
diameter, 16 m high and which contains 57 pletes spaced
300 mm epert. This tower operates at 1.0 reflux'rgtio,
atmospheric pressure, 136° top temperature end 196" -
bot ton tempereture. Overhsad from this tower is teken:
2780 Kg/hr of pure .ethylbenzol (0.3°C boiling range,
132204 number 0.l5, Bromine number 0.10-0.15). Feed to.
“tHe pecond tower is sent to tbhe 5th-21st plate (normelly
the 17th). - ST SRR

e  The residue from the second column in the
Pirst distillation trein is sent to a set of three two-
column trains operated -at & top pressure.of 10 mm. The
feed enters the 15th tray of the first column which is
1.4 m diemeter, 16 ft high end which contains 38 plates.
The top pressure 1s 10 mm, the bottom 70 mm and the:
—refiux-retto-is—te6e— From-the-top-of-this.colum abt
60° 1s teken 840 Kg/hr of diethylbenzene heving a
‘bolling renge of 170-185° (usually 173-180°) .end poly-
ethyls end residue are removed from the base. of the.
column at, 145°. . - o s

S ' The lest column is 0.8 m. in diameter and -
‘8l high, end i1s filled with '1"-Rasshig rings.: ¥t - .
operates at 10 mm top pressure, 110 “top temperature,

end 180° bottom temperature end without reflux. -gverhead .
1s teken 260 Kg/hr of higher alkyleted benzene which are

gent back for dealkylation gn‘d-' the residue from 8ll treins

‘flash pot. This pot is '~

"is withdrewn to-a.single lm » ,
heated to 200° with & steam jecket and overhsad is teken -
50 Kg/hr of higher alkylated products.. The residue of: ..~
about 100 Kg/hr end heving a graviiy of 1.0 1is removed -
_end used @s plasticator or for diluting styrene. pottoms.

. The pot operates at 10 mm pressure and about 120" vepor
femperatuTe. .. oo L oo a o ml

o AL towers are equipped with outside ', -

“yertligal the rmo-syphon reboilers. Vacuum 1s produced
by direct mixing of vepors ‘with water or by cooling “the.
~yepors by means iof a heat exchanger. In.elther cese a:
. steam Jet and & baromstric leg is used. Benzene;' . . .
"dlethylbenzene and the. two streams of polyethyls are ..
~recycled to the - alkylators “for ' conversion to ethylben-

. zene... ‘
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wSIX_RENE PRODUCTION AND PURIFICATION.

Sumnary . . \
... Styrene is msde at Huls, &s et all other
German synthetlc rubber plents, by the. catalytic o
dehydrgenation of athylbenzehe-in.tubular reactors,
heeted with flue gas. The best_monthly.production‘to‘
‘date bas Reen 1800 T/mo.  The process operates 8t
"about 600 'C and l~&tmosphere-pressure-and.with 1.25:
1.0 to 1.5: 1.0 steam to hydrocarbon feed ratio by
welght. The tubes are made of Voh metal (18 Cr.-

8 Ni) lined with 1 mm of copper mengenese (98% Cu."
2%- Mn.) to prevent thermal cracking effectss -The -
catalyst is extruded and is made of 85% Zn0, 3% Als
05,5% Ca0, 2% K, 504, 3% K, Or 04 and 29 KGH.: The'
E%ﬁ?éf?féﬁ‘perﬁﬁassfts—abo&t 40%, the ultimate yleld
90%_or better, including ‘distillation losses. No
regeneration of catalysi s required and the—catelyst
life is about nine months. . Purification is carried
-out ‘by fractional dist?llatibnjunder vacuum., - '

;Sty:ene’PrOduction‘;'f IR

1

L Thg“Hnls plantAcontains 18 reasctor systems.
‘of which twelve eare in one building end six in another.
In. addition two more reactors ere partly completed and ..
there '1s space for four more. ' Each reactor system
-consists of 'a vaporizer, ‘' two heat exchengers, & reactor,
: mprecooler;-a«condenserﬂand e _seperator. . One reactor
system waes demeged. B Sl S

..+ -Ethylbenzene and recycle ethylbenzene and
.'steam ere mixed in. the ratio of 1.257 1.0 to 1.50: 1.0 .
‘steam;tozethylbenzene;pxaweight. ..~ About 450 Kg. of
! ethylbenzene per hour 18 used per re&actor per- hour. which:
‘1s sufficient to produce 100 = 120 T« tyrene per month.
vThe;hyd;ocaernrsteamfmixmuge;passeé_thfough-a-vaporizer;
and -two hest exchengers before entering the reactor at ..
,abaut?595°6vawThefvaporizéfinaises:xhs»tamperagure“rrog

/

zoqwtqflvsg,Wthegfirgtﬁheatwéxchanger from 175 to 400
‘and the seeond heatxexchanger#rrOm.400°-t03575°1ﬁeating

1s accomplished by pessing hot flue gases from the -
:qggﬁbrs;phrqughVthe_secondjheatfexchanger;ﬁhot reactor’ .

the second heat exchenger through the vapgrizer. The

‘reactor product. gases are co oled from 590" 1_1;'9--:530? ‘f':bef'c'xf e

,'qing}¢o;§hejp;ecgglerfand:condénseréj-



_ A The preheated feed enters the top of the
reactor and flows down through & numberof—4"———87-tubeg, -
5 meters long, in which catalyst is pleced. The tubés
are heated on the outsice by flue gas produced by bhurn-
ing coal ges. _The flue gases leaving the resctor then
pess in heat exchenge d8 indicated above and return to-
the combustion spece for recirculation, & portion being
rejected to the atmosphere to meke up for new flue ges '
production. Pl : o o

.t The reactors_bge mede in several sizes, all.
of which contain about 2 m of cetalyst. The everage.
diemeter is 2.2"m. Each reactor is & vertical metal
cylinder lined with brick and with a dome and bottom. -
The shell is divided by & central metel vertical baffle
and & number of horizontal baffles are also used to. °
improve heat tresnsfer. Tubes 4" - 8" dlemeter and 2 _
me ters long made of VoA end lined with & 1 mm. Cu-Mn
1iper (98% Cu, 2% kn) are pleced verticelly between

"uyper*and*&ower_$ube;sheets.mvmhemdome,;bpxpgm,gngmgggg;
sheets sre all lined with 1 mm of-Cu-}n and weep holes
are extended out through the»fléﬁgps\at,theudome“and '

‘base to prevent-buckling'ofsthefliner. The liner is

YInserted loosely.  Each reactor hes 22, 26 or 92 tubes .
depending on- the .tube size. The outside of the reactor
is insulated.: o S RN IR AR
. . . The flue gas for masinteining temperature
in the.reactor tubes 1s produced in two combustion
echembers on opposite sides of the reactor (one for each
side of the reactor). - Bach chamber has three burners
which use cogél gas &s fuel. 'In one type of resctor elr
is hlown in under pressure, using one blower for. each- .
three Teactors. - In-the othErgtype;the-circulatiOnlis.

at ébout'atmospheric.pressuﬁe~anﬂ.no high pressure &ir
bloweré'aré;reqpired;,;The“fluq;éas,is;cirgulated.V;
grdund}the,tubes.in‘théjréaétqrﬂnea:}the,topgandﬂthen
withdrawn neer the base of .the- reactor, used as indl-
csted-above%for'heat;eXQ*ange;and:fecycle@hwijhra?.j
blogar.=The4flue gasgent\rs-at:QOOQ,yleanS’ateabout
'640.,xdropsﬁto-525°fin-thdvheat_ekéhgngﬁr,Tand,pneqw
np.3809:in-théaVapo:Lzer;.*It“isﬁthenzdrawn‘to,thej

recycle flue. gas bl wer where ‘it is:sent. back to the
‘combustion chamber at.360%. |



. =97~ .

, . ;_~vThégcétalystfusedftn*this-processwcontainsq
85% zn0, 3%4l, 0 5% LCao, ‘2% Ky S04, 3% Ko Cr0, &nd .
8% KOHe It is ma&é by mixing the three oxi&es and .
wetting the mix with solutions of the potassium selts.-
‘The product is extruded, dried and caleined at 450 .
The Zno must be of good quelity and all reagents. must
be free from chlorides.. . The cetalyst originally was
made without potassium or chrome, but the yleld was
poor (75% versus 90 - 96% with present catalyst).

Tests have: been made at verious staam:'hydrocarbdn~ratios
and operation below 1.25 ratio results in coke accumule-
tion. Higher ratios help ultimate yield by & very small
smount. = Converslon pér*pESSfIs—maintainedﬁat‘38—40% S
by control of reactor temperatures and this range appesers
‘optimum. TUnder these conditions no regeneretion 1s ‘
required angd catalyst life is about nine months, The . .
catelyst was originally made 3 mm diemeter and 1 cm.long,
but the diemeter has been increased to 5-7+.5 mm in order
‘to deereasse pressure. drop. The larger perticles are
epperently setisfectory. S T

Lo - 'The redctor base end tubes are filled with
porcelain;raschig_rings for about 6" up the tubes and -
another 6" leyer is added at the top of the-tubes’ The -
freactbrs‘arerequipped-with~thermoconples inserted .
through the top in~order}to,mgasure_reaction temperature
end vepor distribution. The reactors are dumped by . =
liftingaqff,tha;jop;;pulling;cut the rest of the metal
part of the reactor, including tubes, headers, baffle. -
pletes and bese. ‘'The base is then removed -and catalyst
removed. P S e IR

; S . ' The reactor products after being cooled in
heat exchenge to 320° ere sent to a precooler and con- - -
,denSerffrqmwwhich’theqcondensate_leaves at 40%.: The = . -
‘,gasfis?further:cooled,.first with water end then brine -
10 29“td4knock‘dﬁt}condensibles;\‘Thafliquid.condenséte~
from.the condenser goes to & separator to remove water
. and then to a smell stirred vessel where. 0.005-0.01%.
' hydroquinpne-is,added.;xThe_condenSate from the water -
:,hnd‘brineﬁaftechQlers”is!addsdlto the crude styrene:
i;atxthiSEPOiﬁt,a;;InGWinter_anrier;isgi serted to . -
: prevent~iceéformatipn.ﬁd; About-40—501m of gas is-:

:prqduéedrper_100jkg.styrenéaangﬂthe;average*analysis,f
-1s 80-85% ‘JVlO?lZ%SCO‘;7173%’Gzﬂ4sﬁ1;2%10341'0-571%r
G0, 0.5. -1 faincer M.

% 0p nd re
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T 'j“‘”“The"initial'purification3of~styrenemtakes~f
place in five sepsrete perellel treins for the prepsra-
tion of crude styrene, each of which consists of two
bubble towers in series. 'The crude styrene is then
purified in three pure styrene columns in parellel

two of which are pecked towers end one of which is a
bubble tower. ~Cne further plate column is used for the
distilletion of condensate from brine coolers,and thora
are twonflashers'for'the;working up of residues from
the pure stjrene stills.  Bach of the five crude . \
rstyreneﬁtrafns—hes~acapaei%yAei‘ﬂo0~$45tyrene;pen.month,
and éech of the three siyrene stills has a capacity of:
2,000 T/Mo. Provision for a-sixth distillation train
for c¢rude Styrene had been made, but no equipment was-
on hend. SRR : S S L

plates and 1s 2.0m. in ‘diasmeter. The feed from the
”reactcns,_contﬁfﬂﬁng*ﬁS%*Styrene"anﬁﬂivifza-mz%mbenzenef
end toluene .enters on the 9th to the 21st plate from .
the bottom. . The tower operetes at 25-30 m top v
pressure, 175-185 mm bottom pressure; 40-45° top temper-
ature, 95 - 105° bottom temperature end:3-5 reflux ratio.
From the top cf the column is taken ethylbenzene contain-
ing 0 - 2% styrene which is condensed’ and returned to
dehydrogenation. fFrom:the.bQSé,qf.the column ‘1s taken-
a stream of 80% styrene, 209 sthylbenzene, which is fed
.tQ»the-secqnd_crude styrene. tower. o o e

L. = The five second crude styrene towers consist
of three of 24 plates each end two of 28 plateseach.The .
bottons from the first crude §ty:ene<tower-isxsent'to"
the 1lth - 2lst plate Of the second tower, which is -2.0m:
in- di emeter and which operates at.8 : 1 reflux ratio. -
The top pressurs 18 15 - 20 mm, -and the temperature.
35 -~ 40 . ‘:The.ppttom;prgssure,is,70.h“75.mm'and'thel‘
temperature g0 -85°., ‘From the top-of this colum is-
teken a stream of 4o%ls$yrene,>GQ%vethylbenzens;‘which
is returned near or et the.feed plate of the first = =
column. From the base of the second column.is taken
&;cfudéﬁstyrene”for)feed\ththe;purefstyréneastills;a
Thi's has.an'indiéated;con¢entration‘of'lOZ%“Styrene5i
besed on refractometer tests.. - Lo g
brifie ‘cooler where the temperature.ls dropped tQq 5%
The condensate, containing 75% ethylbenzene and 25%. "
benzene-toluene is teken to & batch bubble column 1.0 m
in diemeter - _‘jcéﬁtéinihgfsoﬁplaﬁesiwherethE%material
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“is distilled at atmospheric geS§nréjtZT1—refiux—ra%%e;
*1009~topAtemperatqréfand—l4o;;bo;iomﬁiempetajnrg_mgvg;
remove benzene-toluene overhead and recycle ethylben-
zene from the bottom. The benzene-toluene is sent to
enother plent for purificetion. . R S

Co The geses from the secod crude styrene . -
column go to e separate brine cooler end the condensete.
is returned to the feed plate of the first colurm elong -
Wlith the overhead from the second colum. It 1s emphe-
sized that the two columns were used in order %o prevent
too high bottom pressures and corresponding bottom. ‘
temperatures which would cause styrene polymerization. - -
if only one tover were used. By_using_c.ol%ﬂhydroquin-
one in.the feed, keeping the temperstures . low, and by
heving a very smell liquid level ¥n the towers polymer
formetion is prevented. . S S o

‘ . The crude styrene from the ﬂ‘ve-seﬁs'6r 
“gWo-colums-each is then sent to three peral lel pure

styrene stills. One of these is 1.6 m diameter and

_contalns 20 plates;. “the other two. are .the -seme size,
but'packed’with raschig rings. The crude styrene is -
—fed to the 7th - 15thplate, snd by operating at 0.3 -
-o.S.reflux’ratiog'lem top pressure, 45-50 mm bottom
pressure;-559 top temperature and580585°'bottom temper-
ature 8 99.5 - 99.7% styrene is produced overhead. The.
. gases from the top of .the. column go to a brine cooler
.-and the condensate 'is returned to“the‘feed,prthe,first

" towers in the crude styrene train. ..
coomTre 0 The residue from the pure styrene  stills
“is sent. to two strippers in parallel. The feed is
gabgut*50%ﬂstyrene_aﬁd‘50% resi due containing stilbene,.
diphenyl compounds, etc. . The strippers are 1.0 m. in
alaméter. .. The overhead from the stripper is styrene
which is returned to the:feedgofuthejpure_Styrgne s
‘¢columns. - The residue is sent:to tWO;storedrvessels_g
. l¢4 m in diameter where residne‘from'thejéthylbenzene-

stills is added 't 'make'the;materiarifluid;’1Tha:mixture
.is then removed 'and Wworked up into a rubber extender. -

ST asize o very high purity
of ethylbenzene must be used in:this process, free from
'-diéthyls,ngr*diviﬁylﬁcompounds:are,férmedfwhich{accel:;'

_orete polymenizetion due o cross-polymenization in the
.'tOWers;bfThegstyrenentow ‘dre also tinned on:the in--

f'*it:wésnegphééized'thatfafvéry>

}ﬁside{anq;thegthersﬁwaShe&#éveryftwpvmgntnsw;g,remDVg‘
ﬁ‘salﬁﬁagqumnlatignsﬁt* T S :



_ - -6u-
The towers é&re o} =
—beﬁreadilynremoxed,iiiLnecessaryl_iilj_isiclaimed
however, thet polymer deposition has been negligible.

) The oversll yield of styrene from the
process is stated to be 90% of theory. In adaition
‘there 1's produced 3-4% benzene-toluene end 1.1/2%
residue. . The reec¢tors themselves give a yleld of
90 - 96% end the distillation losses- amount to about
»'2%0
c The ‘side reactions in the process are

due largely to the formation of stilbene, toluene,
methene, etc. by thermsl cracking. Styrene also will
split off CH,, form stilbene and the CH, reacts with
H.. to form Eﬁthane. Diphenyl is formeﬁ .from benzene =

d verious ‘alkylated diphenyl compounds are also .pro-
duced. - Care in using pure ethylbenzol,-using .Cu- Mn
lined tubes end meinteining a uniform. catalyst temper-
~ature. iswnecessery;iniordenlto btainlhigh yiel PN

Analysis of Styrene.

R The following tabulation shows typical
analyses and. specificapions for styrene for use in buna
manufacture. S R o P :

Typical fi,j’ Specification.

‘% styrene by bromine method 99 . 5-100% o 99 0% min
G " refractometer 99 4-99.8% '
% p- divinylbenzol e 00001% : 0.005% min.

% hydroquinone gq.d-v'. 0 +01% * o
“ *. only for styrene shipped out.-'

T Bromine method for styrene determination.":p:’*”‘

A o.l normal bromine solution is prepered>
by saturating%Z‘liters of methenel with.dry ‘sodium bro="
‘mide and reacting this with 79. 93 gms of bromine The - .
solution is checked deily. ;'; o L _ -“y;jp
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100 cc .of H20 and 25 cc of methanol end potassium iodide
Solutions u. _ : —

, If & is the ‘grems of styrene, a the c. c'of
“thiosulfete used for titration of the semplq and b the
ce of. thiosulfate used for standaraiaation the % styrene-
1s given by : . :

% styrene = (b-a) % 5.203 \

ll;\ Refractometer nethoo ;or stwrene oetermination.

This- method is to determine the p styrene
by ae%ermlning the refrective badex at 20° and compering
with the index 58 styrene (n ' = 1.54669) and for pure
ethylbenzol (ng°~ = 1.49596) , assuming the impurlty to-be
-ethylbenzenewand*urawxngwa”sxraightmline relationehip of
refractive. inoex rersus K styrene.

Determlnation of hydroquinone.

. lo cc.of st\rene is ecltated for one mlnutee
w1th 20 ce of 10% ammonia solution. ~fter settllng ‘the -
red colored layer is studied in & fulfrich step- photo-
.meter. using & 35C. filter in a 30 nm cell. The extlnctlon
is'a meesurce oi the hyqroqulnone content.
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~FHODUCTION OF BUNA POLYMERS ~
AT THE HULS CHEMISCHE ‘WERKE

'T. fSinlilarx.
' Four types of Buna rubber were made at the Hﬂls
Chemische Werke - namely Buna 5, S8, SR and 5 3. Total
rated capacity for the productn.on of these polymers was

abo'ut 50 000 long tons per yesar. e

. Polymer:.zat:.on was carrled out cont:.nuously 1n
eight lines.of six reactors each. .latex finishing opere.t:\.one, '
:mcludmg coagulatlon, filtration, drying, . etc. were conducted
in nine limes; six in Bldg.259 and three in Bldg.184. - The
‘lines "in Bldg. 184 were put out of operatlon by bomb damage
theweek—ef—k&arcn , ,1945.

. The “Bung” polymerizat’:.on proc ees*employed:at ﬁdls .
is descrl‘bed briefly belom
L Fresh 'butadiene and styrene were premlaced and then

emulsified with Emulgator. solution conta:.nmg Nekal EX S
(sodium" salt of di-isobutyl naphthe.lene sulphon:,c acid), caust:.c
soda and linoleic scid (for Buna S, SS and SR) or paraffin. -
fatty acid (for Buna S 3)  The mixture wasopumped cont inuously
through five of the six rea.ctors at about 45°C. ‘Potassium . o
persu.]fate was added as reaction. act:.vator ‘to. the first vessel.
Di-isopropyl xenthogen disulfide (only in the case of--S-3) was
“alsp-pumpedito -the- lst, 3rd and: Sth yvegsels, .The. reaotn.on
‘was ‘carried to 57-60f conversion,. phenyl-beta—naphthylamine '
being added to the latex leaving the fifth reactor: . Charge
recipes for all types of rubber are given . later.in th:.s :

K repor,t.;-. React:.on t::.mes were abou:b 30 hrs.‘_ rol

. , THe 1atex was then stea.m strlpped cou.nter-ourrently

) ,under “vecuuli in two’ stepsto remove unreacted MONOMETS «>.

. Styrene and. steam’ vapors leaving the unit were condensed and
the styrene. was" ‘separated by decantation. - “‘Butadiens: gas was

- compressed and. then liquefied by cooling ‘Both hydrocarbons -
_'were redn.et:.lled prlor 1o re-u.ee m the oolymer:.zat;ion process .j‘

Strn.pped .le.tex i‘rom the recovery. unit was blended
dn large‘banks from wh:.ch lt'was eventually ‘pumpéd to-the
‘_.fmlsnmg puildings- “Here it wed. creamed with. ‘brine in: one
pipe tee and coagnl&ted ‘with sodium’ b:mulfa.te golution in -
‘another tee whloh followe' m}_the line As ;
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FeS04 solution was also added: to Bura § 3 latex during coagulation
“Ferrous ions in the polymer were said to ca.talyze subaequent
themal breakdom :

'rhe fi.ne crumb which was’ o'btained by coagula.tion was
filtered from serum on a paper-machine screen : (Fourdrinier type).
The resulting. blankeét was washed, Sgueesed and ‘then dried at

_about 110-130°C. The: sheet was dusted” with talc’ s.nd rolled
mto 100 Kg. bundles for sh:.pment. » : ,

: .Some Buna 'le.tex (Igetex) wes concentrated to about 50%’

: ru'bber content at Hllls for use in cord dipping and cloth.
imprégnation. = The method involved (1) beating the latex to. -
foam by spec:.a.l yigorous agitation; and (2) s:unultaneously )
cooling’ this foam. to the "Stockpunkt® ‘or’ thlokening temperature.
Mcm was usua.lly added to tha latex to raise the
Stockyunkt and improve-the tha.ckenlng ac1;10n. —During—the
wfoamngnand.&onh.ng,,s;bages, latex particles agglomerated, and
on’ ata.nding, separated from substantlally ¢lear serum.as &
layer of comentrated latex.

et

B Polm im:.om of - Buns Ru‘b'bers. ;

| :-‘a.' : Raw llaterials- | S .

' : Bute.d:.ene. Bu:ha.d:.ene is pumped from the -
‘-‘me.mxfacturmg plant to u.nderground storage tanks outside of
‘_the po'iymer:.zat:.on buildings. The-purdity: usually runs about
98.5-99%- " "No- -inhibitor-is added to the butadiens,. ‘but.a.
1ayer’ of NeOH: solution is meintained in the tanks to destroy
.polybuta.diena perox:.des ‘which settle out as- fine, oily . :
_droplets But.adiene is: gum;:ed from the storage tank’ through
Ja d:.p 1eg so that it is no contaminated w1th caust;c. :

‘ buta.d.iene 18 pumpad to'a 50 cub:.o meter
5 nk and. mixed ‘with the. proper qmnt:.ty of: styrene.
‘:.;The vo]nme ¢ hargad to" (the ‘blend. is’ metered and also gauged. by
gos ‘in’thé ta.pks mvolved._,, ‘Four such blend ta.nka

yrens of: 99.5% 0 hlgher"pur:.ty
u.i‘acturing 1ant without.any.
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desn.red blend. - Final mixtures ure u.sually o.nalyzed, and
corrected if- necessary to within I of the desired concentra-
~tion. . Hixing is effected by recirculuiion’ “hrough'a head-
ank,:which provlues constunt .Lnley pLeSbure T, L1l rea.ctor
charge pumy. .

3.1 Recxcla Hydrocarbous . Unreacl.ed monomers
recoversd from latex &re redistilled and blended with fresh
malerial as required. Anywhere from 5- 30/ by weight of
95, purity recovered butadiene, for example, may be mixed

wila fresh butadlene for use in poly'nerlzavlon. ~Average

: ourlty of this butediene feed is about 98.. Fresh styrene

‘is mixed m. ‘h 94-96 purity recovered styrene in a s:unilar
*na.nner. : . : , .

ot

4. . Emulsnfler Solut:.on. Nekal BX, .h:Lch is used
" for emu]s:Lfylug the. hydrocarbon phade, -is said 20 be a m:.xed
dl-lsobutyl naphtnalene sodium sulphonate made up as &' -
30;i solution in vater.. ~The solid Nekal itself is 65/, soluble
—im ether“facnve"mgredtem) +the-remainder-consisting-of-NaCl-
&nd Na2SO " The water solution is called Emulgator 1000 and
is: prepared in one of four 50 m3, vlle-llned, :.nsub.ted ,anks.

"o thls solutlon dg added either (1) ldmole:.c acid
(for Bina S, SS-and SR), or (2) paraffinic fat ty-acid (for
- Bune;'S. 3), plus caust:Lc soda for saponificztion.” Usually
an’ excess of NaQH is: added so.that the pH of the reactor ‘
emuls:.on is-10-12. \.Softened. bo:.ler feed L.e.ter is used fm

d11u :ion of bhe Nekal. oo : ; P _. , T

. Contents of che emulgator uank are. m:Lxed by c:.rculating
witld & cenurli‘ugal pump. A heamd taik located in ithe "
c:.rculanlon line g:l.ves consta.nt feed pressure ‘on the’ cnarg:.ng
pump ., The - mlxture is ‘heated by l:l.ve steam, so 'Lh&" the T

ema..Ls:.fJ.er may be c.harged hot. R B ,

. 5 Fattx AOldS. ¥ ﬁ'hen l:molelc aclds grew scarce
Lin 1944, itivas necesso.ry to ma.nu;facture &’ modlf:.ed polymer,
nm, termed: Buna S5 3.;: Since ln.nole:.c a.c:.d was bel:.eVed to act
‘ag a regular.or during: polymerizaulon of: t.he orlgmal Buna S,
B.nd'u.c-;s‘.a;:s'i;abiliz _ : a‘t'ph's ' .
"inBung 8’ 3-‘to obtain s osult
Th:.sj is’ accompllshed v :.“nclu.d:mg §9.)
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provide the stabll:.z:mg actlon during heat -softening. The"
‘resulting polymer is ‘considered by the Hils manage.qent to
be better then tne or:LgJ.nal Buna S.

Parafflnlc fatty acid is. prepared 'by ihe I 1tten
-Fettsaﬁrewerke through oxidaiion of paraffin oils obtainea
from ’Flscher-'r'ropsch pla,nts. Tt cousists oi‘ a wmge of
ClO - 015 fatty e.clds. : . . .

4 -+ 6. Catelyst Solutlon. Bu.na poly'mer:.ze.t:.ons ‘at
Hils are. catelyzed‘by 'potassium persulfate (K;S,Q). - The-
catalyst is pumped continuously as a 3'4/n solution-to-the

. hydrocarbon emulsieon line entermg the first reactor. VoA
alloy (18-8 Cr-Ni) is used for pipé lines, the pump being"

' VA metal.  Solutions are prepared in g rubber -lmed(Bu.na '8).
-vessel, and. etored in plas‘t:.c-coated feed te.nks.

: 7 ‘Modifier. ' D:.-leopropyi xanthogen dlsulfa.de
is used to modify or regu.late the molecular Structure of

polymer in the Bune 8”37 process. Lt is called Diproxid by
the Germans. - The average consumption is 0. 1% per 100 parts
of hydrocarbons, which’ represents about the most that cen
‘be used to obtain’ desired tackiness and softness, without =
sacrlf:.c:.ng the- overall polymer quality. . Greater concentra.-
tions of D:Lprox:.d tend to- -retard the polymerlzatlon, dn-
addlulonﬂto g:.v:.ng a less” des:.re.ble product. _',,; - _
. Lo
In other Bunae, “aE already menL:Loned, llnolelc acld:
apparently prmr:.des the necessary modlflce.t:.on e.nd stab:.lues
the polymer durmg subsequent heat treatment.. S S

D:Lprox:.d iy made up as a 5-]0;7 solutlon in.
styrene in an’ e.g:.tated vessel. From’ here it-ds: blown
with- m.trogen to several groups of" callbre:bed ‘feed- tanks. ;
=About 0,03/. per 100 narts 'of hydrocarhons ise charged by -
'pos:.ulve dlsplacement ‘pump ~eza.ch of the lst, “3rd and. 5th
reactorss, ""Plp:.ng is 80 arranged that the: mod:l_fler ca:a be .
vpumped to any comblnatmn or. to: all of" the reae.,Ors. It
was ‘stated ‘that the polymer:.zatlon ‘tended 50 ‘be. reta.z-ded :Lf
all of- uhe mod:.f:l.er vere ‘added to-the: f:.rst "reacg.or"ﬁ ;The»
}-D:Lprox:.d feed rate is- hand regulated e.nd checked by;.flow
from the} ce.l“ re.t ‘d feed tanks .
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B. . Polggerizatiog ggeration.

- l. ggerge Formulas. Charge formulas for the various
types of rubber manufactured at Hﬂle are given in the table
below:

Meterial =~ _Buna S 3R’ SS s 3

S e (Parts/100 parts of Monomera)
_Butadiene . ‘ - 68 68 47 68
Styrene o 32 32 53 . 32
Emulgator (Nekal) 2.85 . 2.85 3.2 3.1
Linoleic Acid. 2 2 2.5. -
‘Paraffinic. Fauty A01d - - = 0.5
NelOH  0.44  0.44.. 0.55  0.32
Dlproxld oo = “-‘ = 0.09
vater 120 - 120 183 105

All polymers descrlbed above are prenared at 45 50 C.
excepl Buns SR.\ This tyve is composed of a SQ/SO mixture ‘of
"Buna S and’'Buna R (ranld;, which laiter type is reacted in
Lhe. followlng manner:  Buna S.recipe and. conditions are .
malntalned through four successive ‘reactors;: bub bemperauure
in the fifth reactor is held ai 80-90°C. Conversmon of
Buna R reaohee 96 under these*condlulons. - L

2._ Lgulgmenh.v Pglymars are produced conu1nnusly
1n elgnt lings of six 20 m° reactors.: Only five vessels of
-each liné ‘are’ used for resction, the sixth being " con51ae,ed ‘
°tand-by 50 ~that wepalrs or-cleaning-cen-be made hluhouu e
interrupting producuion. . . Reactors in 3ldg. 241 are.
conSuructed as-followgs: - three lines: are lead-llned steel,
iwo-are chromlum-plated steel; ‘one is VoA steel.. Reactors
in_both lines in Bldg. 188 are also'made .of V2A .. "Enamel or
glass linings were not. used because of 10m heat transfer o

coeff:clents.,~

e Reactors are agmtated slth VA me al. smlrrers,f},‘*'
con51st1ng ‘of--three. horlzontal paddles mounted at’. uhe top,
‘middle and bottom of. che shafi, - Agltators are rui at _[_
30 RPH by 8 amp., . 500, volt motors. ., - tirrer stufflng
box ‘is. lubrlcated v1th “Auuoco grea .hlcn s 51m11ar to.
Lerco-Nbrdstrom valve lubrlcant. hoeleakage of ths

Jlnbo reactors was;ﬁenorted.
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désign operating pressure-of 15 atm., but are ‘usually run-
et 8 atm. They operate full'of'licuid, pressure on the
units ‘being hand-conurolled by a valve in the outlet lauex
line. , : :
-7 Although the flow of" hydrocarbons and Emulgauor to
the reactors. is manually controlled in most of the German
-polymerlxutlon plants, special design, recordlng flow
caontrollers are installed oh the two reactor groups in
Bldg. 188. “This auxomatlc control equlpment operates as-
descrlbed below. . : . ; oo

: ) Standard nntatlng-diso dlsplacement meters
(Taumelschelben gthler) are located in +‘he feed lines in:
the conventlonal menner. , .However, in place of the simple
mechanical counter, there is installed a combination counter-
tachometer - génerator: assembly.  As usual, the counter - '
.regisiers toiaLcmbn.c,.metena,.hmdl.ed‘mm;h&_tachmeter_—needle
‘indicates tantanecus flow rate 'on a round dial graduated
from 0-12 ;?jhanuta. Current- delivered by the gemerator is
conveyed %0 the new recoraing~controlling instrument on the
mein panel board. . This 1nstrumen* ‘operates as followst _9*
‘Flow rate- -through the meter is recorded on & 'strip chart by
‘a pen-.connected’ to.&. galvanometer, activated. by current: from
fuhe mater .generator. - On a ceniral pointer, which can" be set’

6 the d351red rate, . is mounued a small ‘hot' wire.. .. Thls is.
heated by a constént 20 m.a., .6 V current. On the recording
‘penarm igeffixed a black. vene,. which “iravels in a plane .
_narallel to the hot wire.. ' As ihe recording pen sterts to
‘coincide with or pess the conirol’ set pointer" (and: the ot
“wlre), heat 1s.absorbad by- the-black veney ceusing" the mlre
to contract. Expan51on -end contractlan of the wire =~ .
-operates a small air valve which varies pressure. on- a0
.control dlaphragm. " This in: turn governs the air pressure
on ‘the -diaphregm: operatlﬁg‘the reactor feed ‘motor valve.v g
'Control accuracy is: con81dered to be t.lp. ~"'. ,3 S

[l
pERE

vtwo-étag  condens, g vacuum Jets
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G. Procedure. .The Bnulgatzor solution and hydrocarbon

blend ere. pumped contimously in the desired ratio into 200
gal. turbo-mlxed emulsifying vessels, located at the head of
each line of reactors. In Bldg. 241, proporulonlng (piston)
charge pumps_are used, flow rates being contimiously indicaiea.

' by metins of the nuteting-iype meters. ‘. Correct rates are .

maintained by hand control._

_In Bldg.188, centrlfugal charge pumps (Slemen & Hlnsch)

"ere: employed. Flow rates are metered as well as autometically

conirolled by a special insirument, vhich. has ‘been dlscussed

in the precedlng sectlon on" equlpment.
i

As nrev1ously desorlbed the caualyst is pumped into
the flrst reactor to initiate polymerizaiion. In-Buna S 3
preparation, DlprOde is also charged into three of the veseels
.(18u, 3rd and 5th) 'by means of small pis.on pumps. . .

Annxoxlmauely 1‘00 kg. of hyarocarbons and 1800 kg. of .
aoueous phese ars ch&rged ‘each hour for the production of -
Buna 8. Based on this'feed rate and the volume of five
vessels (100 m3), a’ hold—up or reaction time of 30 hours” is
1ndlcaued. ‘Because more- water is . 1nc1uded in.the Buna S8
recipe; the nourly feed rate of’ hydrocarbon phese must be .
reduced somewhat. 4hereas_the polymer yield rate of Bunse 3

“at: 605 co m§r81on 18 9 ‘ke/ /hr., for Bund 85 it -is tnerefore
only 8 kg

/hr. . On the besis of the latter production rate,
+he’ reactlon time for Buna 53 is. calculated to.be about’ 27"

“hours . - Rezction. tlmes reporteu by Hils: personnel (25 -30

‘hours) are in gopd agreemenu wliu the values estlmated above

“for” Bune S and B9 ‘“;_ : L«‘ 3 ~n¢.. -aqfﬂ‘”_...:

: Reactor tempera»uxes are recorded conblnuously, but '
must be regulated by hand cont ol of the: Jacket coollng water..

nPolymerlzatlons of most Buna types &ere. ‘ordinarily conducted at

45-50°C. . Buna Ry: however, is reacted mt about, 45 ¢ in ‘the ©

“first four vesselss aﬁd is allowed to: polymerlze '8t 80-90C

in the 1ast stage. ThlS temperauure is: reached ‘and- malntalned,

' 31nce no cool;ng vater is anplled $o the’ flnal reactor. ’
. Comversion progresses at ‘this p01nt to about 96p, vhereas L

57-60% final conversion-is normal-for: Buna'S, . SS ‘and. S 3+

"Buna SR is & 5Q/50 mlxture of Buna s and Buna R, blended 1n

.the latex state. .

' 3 -e last quarter of 1944, Bune. R m‘
'wade~by by-pa331ng “”flasm~reacto‘, cumtlng off 1ts




-659-
»cooh.nngater-and-allo_m;% it"to operate “eicawise 1o
essent 1ally gompleie_c_onxe:smx,_—wupemmu e roge—to—-
80-100° “in the" course of ebout fodr howrs' adiiiioual-
nolymerizeat.on. _ The present method of coulinasus
oneraiion glves better control and lore mlforn quull y.

The follov.lng table shovs anoroxmate cor‘vvrs.Lons
by reactors in the contlnaous productlon of Bina polymers
at Hils L ) : ,

) . _ ) /_ Cjom}'ersion in Reactors

S BamTyee . 0.1 2 3 4 5
- : o 200 . 35. 44 52 ' 57
' ' 207 36 45 54 60
: A 15 25.%32 40. 96
S 20 35 44 52 57

_S_mce_iaheﬁnee.gm.on_naje oﬂ_Bmm_R_was,gnea.u,y_aee.eg;efuted

by high temperature in the last reactior, .it was apparently .

mwgm

~00381ble~t0wopererte ~he line~at e greater. ‘chroughpu‘f than
normal.. . l'his would explain the lower conversion va.laes :
s‘xown in“the flrst four ree.ctors. : . -
\ Polymer:.zatlons are: follo\,ed by a coagulat:.on
control test which indicates hydrocarbon: co.version. - In
brief, - 50 g.. samples of latex. are coagulated with 300 cc.
of” & methe.nol~ce.012-acetlc sanu::.en. . .Conversions are.
’»calculated from ‘the weight of washeg and dried” coagule.ted ’
_ polymer (corrected for nonhydrocarbon constltuents) It
wes reported that each reactor in a ‘line-was checked ‘in
. this menner every four hours. . . The. combm:.ng ratio of -
bute.diene/styrene is determ:.ued -as des:.red by stea.m -
dist:l]ntlon of 50 g. of latex. C .
. Reactors are usually opened every uhree 0o six .-
: '_montha for: removal -of - polymer f:.lm. “Yhen & ‘vessel is-
ready 1o 'be cleaned, it is by-paseed, the: rea.ctlon is.
“allowed to complete batchv,lse, “andthen latex is blow
out with nitrogen. : . Convent:.one.l cleanlng procedupe is . ,‘ :
used. ' Film" build-up in the VA resctors vas. stated to be
,considerably 1ess the.n m 1ead-11ned equlpment.- o .

: ~~I.e.tex from the last reactor is flltered to remove :
’.precoagulum. : Fllters are cleaned ueekly.‘ ,"The 1atex 1s

* 900 e of CH3OH, 50 cc.icone. . Ce.clz-ifu'ic 1{2'0',“5'
3 ..c. conc. ecet:.c ac:.d; s AT
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then stabilized by additlon of 35 phenyl-beta-naphthylamine,

—based~on—che—ru~bber4~—vﬁl— Januery-1945; the powdered—

' PBNA was made up es a 207 dispersion in aqueous Nekal.
Because of considerablse dlfficulty with plugging of <the
latex feed line to.the recovery unit, which was caused by
precipitation of the PBNA, recent: praotlce has celled for
the addiiion of the stebilizer as & 17p solu ion 1n styrene.

e

III. Monomer Recoverz.

A. r:.pping Operatlon._ Unreacted butadn.ene and
styrane are recovered from laiex by steam siripping under
vacuum in two 'steps. tex is fed to the top ‘of a short
tower (step 1), where steam coming from the second stage
_(descrlbed la.ter) is also introduced. The mixture passes
downverd over & Series of baffle plates, vhere the monomers
are vaporized. \Considerable foaming occurs at: this point.
—!Phe——feemy—}:a%eﬁ—w—élscharged through- a-con,stp;c:ted—openmg
at the bottom of the column into a large flash chamber.. .
"Because of “its velatively” hlgh"velocrty—through“‘bhl e
opening, the foam is broken down. : . ‘ o

: Butadlene e.nd etyrene vapors separate from tne
lstex at this point and pass.ihrough an entran.nmenu~t.ran
-for removal of latex. uarry-over. ‘The trap was said to be
filled with 1" x " iron’ strlps in order to.obtain & -
'ma.ximum of surface.- : _ .

late" from ‘the first sten is r.ransxerred to tne 1.op
of & second smaller tower by means oi‘ & simple steam-1ift -
("Memmut. -Pumpe™).  Fresh-low pressure steam is also
injected at the top of | this tower. to strlp ofi‘ the :
reme.n.m.z;g styrene to'a concentratn.on of 0.1 by w e:.ght.
Stripped la'hex i8 separa’ced from the vanors insa flash
“tahk situated at. the bo.tom" of the column.. J.he overhead
:stee.m, which contains some styrene, is: used7 for str:mpmg
latex: in: the’ :mlt:.al flashlng step’ prenously described.”
The: wnole nit: operates at 100-120 mm. Hg. pressure.. . ..
Vacunm is obtamed by a blemen E]mo (\vater sealed) _pump. B

!L

Stnpped le.tex runs from the second flas: 'uank"'to
a be.rometrlc-seal vessel,\ and then to” four 20 m
'med:.a.te storage tanks.
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IV Fin 1shg._ng Eere.tions. ,.

Al aolutlon Pregaratmn. Bune latex is: ‘trensferred
from storage tenks at the polymerigation building to four
150 m3 Jacketed, agitated blend tanks at the finishing
building. {In the discussion follow:m , references are
mede to the equipment in Bldg. 259). . It is circulaied
‘through 8 m® constent head tanks prov:.ded for esch coagula--
tion line by means of "Kenalrad" pumps (two-bladed impeller:
centrifugals): A filter: screen 'in ohU circulal.zon 1line

’ removes dirt or precoagulum. - :

. . " On the same level as the constant head 1stex tanks
ere. located the following solution ta.nks, which. serve eix
..oagulaiion liness . L i :

- 1o'm3 for 11,4 ‘or:.ne.

- 10 for 407 sodium bisulfite.
-8 _for- 0.34{.Mferﬂrous_.su1£c.te.
= 20 wauer storage.

|..a LJ&H‘

_"‘a.nks for the. f:u'st \three so]ntlons are rub'ber-h.ned._

. = Br:x.ne is prepared from rock salt as a saturated :
»solut:.on in p:.ts next to ‘the. funshmg building .lnsoluble
‘residus in. the brine .is reduced to less than 1, [by: ;1lter:l.ng‘,r
““through-a-30-cm. layer.of; sand. supported on 8 coke filter .
-plate.” Recently a naimral brine obtained from the Auguste
'V:.ktor:.a mine at Hills has been used 4in place of rock salt..‘_ -
oIts composi*n:.on J.e approx:.mabely 1 “NeCl - 120.ta 128 g/l-

Llz-15- ;18 g,l, MgClz ks to 6"g/l, a.nd 3a012- 0to~

: Sod:.um b:Lsul;t‘J.te is d:.ssolved m two 50 m3 tenks, and’

' the resultmg solutlon is pressured into the 10 m3 vessels

“ sted .avove. - ""Analysls of the" solu.t:.on ghows? NaHS03-

1’40465 " 80g = 0.5%3:" Na 303 -'none;. pH = 4 t0.4.5 (10

of ‘solution consume 15, 9 g of N&OH) - and Fe = 10 to 1505“

merly, acetic acld was, employed for coagu]ation,
'.was necessary to use. Na.H&O3

S, v’e' corrosion _t‘roubles.




— B. | Goppulation. Latax, ooagula.nts and” dilution water
flow by gravity to a 24" glass coagulation pipe containing
. two special tees. latex flow is hand-comirolled and is
measured by & calibrated .Venturi (silvered-throat) flow-
“metor. ~ Temperature of the latex is held at 30-40°C, since
the higher the temperature, the more "curdy and difficult -
10 dpy will be the rubber particles. - Flow of ‘brine,
bisulfite and water is metered by rotameters. The
ooagula.tion unit is designed so that both coagulant -
streams may be dilntad ‘by meggured. amounts of wa.ter. o

~
i

Iatox enters the first tee, ‘where 11; is g].ven a
twirling or spiral motion by an internsl nozzle.™ . Brine
runs into the side of the same iee, d:Lrectly opnos:.ta ‘the
tip of the nozzle, gnd cresms the latex. ' The creamed
latex travels about 24 inches and enters. the second tee,
whioch is. exactly the-same as the. first. Here, NeHS0
soluiion is injected and coagulat:.on to. fine’ part:.oleg
-oceurss——The resulting ~glurry -is-dilute rrmth*recyo le~gerum-
a.nd/or water -just before it enters the botfom of a distribu-
tion box feeding the filter. Buna SS is. diluted more than-
the oiher types during cOagula.t:.on (to 15,» sol:.ds) An order’
to obl.ain proper -crumb size. _ o ; :

L Although specif:.c data concermng Lhe use of Ga.clz in
‘oresming Buna $§ 3 latex were not obtained, it wes reported
that both (aGly and -NaCl were:added during Buna § 3 - ‘
Qoagula.tlon. 53 latex was said to be more, stable and
“therefore- reg_uhred the divalent calcium ions to: ensure -
‘flocculation to the proper. part:.cle size. . Product:.on N
data given in: Sectlon V A show a usage. of 10.1 kg, S
Cac12/100 kg. of ‘Buna . § 3 in eddition to 38.4 kg of NaCl _
: In ‘the: production of Bma 8 3,, FeSO solut;.on is also
added during the coagula.txon step. . Fe.¥X dons eare’ L
.claimed to catalyze thermal breakdown of this nart:.cular )
rubber, ‘so_FeS0, is ‘added in &n’ a.mount_ equ:.valent 10 130 g. :
“of Fe 3 per 1000 kgs. of Buna S 3. | This is roughly -
equ-].valent to 0.07 kg. FeSO4"I H20/100 kg. Bmta S 3. -

Flltratz.on.i Rubber pa.ru.cles “ar



Because of ‘8- nickel shzgtage, screens at Hils were
fabricated from V,A ("Silveteep*). - The resuliing
‘sheei is washed and pressed by Tolls to- about’ 55
moisture contvent. It is importent that a fine floc be
formed during coagulation so that good weshing and - -
thorough drying will be posaible., - It was stated that
of all thi.nga, it is very esseniial that the Nekal be.
vashed out. :In this connection, not more than 0.15:_
sulfur ought to be in the. dry band.  ‘Both aah and:
moisiure shou,ld ‘be under iji: ‘ J L

Du.ring nonnal opera:t:ion, a 3-4ﬁ. loss of Buna
occurs in the filtration and drying steps. This "clean-
up" materinl ia reduced to crumb fom and is squeeged to
an e.vera.gs moisture content of 17-185 in a ‘Krupp: preas.
The resulting crum‘b is dried on a hot plate a.nd is )
\packed in sacks for shipment. c Ty .

'xgg and Roll__igg .- The .sheet or ‘band of
rub‘ber from the- Fourdrinier is dried conuinuously ina .-
c:.rcula.ting air dryer. - The sheet averages about 2.5 mm.
‘in thickness and travels at- 6.5 meters per minute.« In
- Bldge 259, -the dryers contain 15 hea.tlng paases and twe
passes for atmospher:.b cooling.’ Pasaeg__are 17 meters ' -
long‘ ’rhe heating section of.the dryers is.divided into
-three zones which ere maintained at successitely Jdower
- temperatures,lying between 100-130°C. - The. dryers in, .

. Bldg. 184 cohtain 17 - 20 meter passes for diying, and’

two for ‘cooling, .permi ting h:.gher operating rates.

The rubber sheer. from tne dryer is powdereu with ‘
‘ ~l;a.lc, and -is -rolled -into-100:kg. ‘bundles. -- -Two -separate:
o ta.lcing—roller mechaxusms mounted on. scales are. prav:Ldod
i for ea.ch hne. B e : ‘ PNt

Finlsh__l__ng gates. As a.n example of typ:.eal Buna.
S coagula.l;lon and drying operat:.ons, ‘the following data :
< from:a: report of Apr'l”f 3, 19‘5 by Dr. Knoche are..’ "
rpresented: wnal, o : :

“:3"1000"kg/hr | .:
3500 '/hr (approx.)

& _;-'2000 1 /hr (dilutzon)



alDdew — "
Biaulfite (40") o 100 1./hr~
Water . . - " 3000 -1./Hr (dilu*inn)
Vash Mater -, 1500 l-/hr oo
Dryer tenmeraturesx 1st’ zone 130"0
.. 2nd-zone 121°%
' oo 3rd gone 1179%C
Talo T 7.0. k."‘/hr '

_ Previous verbal information obtained from: Dr.Be.mnn
indicated that for -1000 kg/hr of Buna S ‘(about 3500 ],/hr litew),
tHe follow: :ing amouncs of me.terials were necessary for
coegulutiom . . .

- . Brine (23,.) < 20001/

Vater - - 2800 ]/hr (di]ntn.en)
Ne.HSO3(35°BO) 60 Y/hr | -

‘Water = . 6000 1/hr (di]nt:mn}
“Dilution Water 6000 1/nr _ .
Wash Water R —8300 ],/hr. S

It is ev:.den.. that the two sete of data are not ent;u-ely
consistent. Hm..ever, since the 1atber figuree wvere. fobt,ained
by interrOgation, it is believed that the fomer \eumme.ry :.s
the more dependa.ble. . S -

. ru.rther de.ta related to the Bma finiehmg operatn.ons
vere: found on a:rough f£iow Sheet. prepared by Dr. Meis.. s
'Figu.ree are given be‘.low: EREE o

Buna Productmn St Wash We.ter g Steem " Pmer
'Sept. 1944 = 2980 toms 284,000 w3 7440 %ons B 250,000 Kue
Oct. ' 1944 - 2500 toms 241,000 7460 ‘a2 250,000 Kus

_ F. Preduct centrol. s Bu.ne rubber commg from the ';vi‘ :
produotion lines &t HHls “is sampled about “once’ every two.
“hours. Semplee are: eubjected %0 foutine physical tests
‘which 'will be described in &~ eepara‘te report.. One. of; \the
pr:.nc:.pal tests con.ducted .on..the raw polymer mvolvee T
_determination ‘of: the Defo: Numbsr. . This test indicates -
‘the plasticity or softuess of- ihe stock. _..-Defo: Numbere on
_the.average fall within 107 of the: following values: 3 ‘
‘Buna 'S’ -'5,000, Buna SS .- 4500 and Buna 8 3= 3000. Since
::the"Defo canbe" adjueted 19, the desn.red ra.nge su‘lseq_uent
heat . trea‘hnen‘b, ‘no: ef.fort is. made . f-‘.cozrtrol th rem Defo

rlg:.dly‘ i




Norml—ra.nges of—anaiysg—for —Buna— S and B.mrSS'ara
tabulated bo:loa Ll o o I —

DS s
Total. hydrooarbcn : 894 - ® 93
Butadiene®* . 80-17.5 60-57.5
Styrene™® - 1 20-22+5 40-42.5
Ash ‘ L 0.3-0.8 . 0.3-0,8"
lblystyrene o . o 0.]_."0 o“ / _0‘04-1l°
Teom - 0002012 0.002-.015

. X Total: hydrocarbon in S 3 io about 96% SR
- xx Ga.lculated on the ash free sample. o

\ - It was reportad tha.t the combining rat:.o of bu.'tadiene to
styrone in the polymer was calculated from detomination of the

double-bond content’ .

IR

i

2 g:?acoiia.hooﬁs; o S o »

Eruxmnarized quantities of raw materlails consumed 4n uhe
_ma.nu.fe.cture oi‘ Bu.na rubbers at Hﬁ.’lm ’ SRR

golmerization o

-Butadiemk _;-fﬁ-_‘.g.73‘j.'9- L 052467 7430 72.8
Styrene - '5'26,1." 874 25,6 '-".21.2
{‘I.d:nole:l.o Aoid 3o v 3.8 30 mE
Ko8208. o 0.8 0.7 65
‘Bmlgator WL .s,4:-3',f Sk 3 0L 53
,Paraffinic l‘atty T et o 8




— Finishing - }
Parts/100 partis_of Polymei-a~_

Materiel  BMA-S __ -58 - -5 3P
NaHS03 , 69 - 7.3 6.9 _ . 11.4
qac e = - 0.
FeS0y R s « 15 §

Tale - L 08 .0.8 - 0.8 1.0

a ‘, Average for 1944.

SRR S A
_b__Data for third quarter 1944 only.

: meg to changes in operatlon dictated by bomb damage
_end ‘the usuel process developments, the rew materisls usages
.given asbove perhaps do not give.an exact picture of operations.
For that reason, more: detailed date are g:wen by guarters m
_the -La‘oles on the following pages. L .
STt 15 ev1dant tha.t appreciable changes took place S
' .during 1944 especially in the reeu:u-ements for Buna-S-3,-the -
~newest polymer.. -The: coagulatlon picture.of Buna S 3dis -
especially confusing, which. probably indicates that the ,‘ _
.’process was’ be:mg cont:.nually :unproved s:l_nce 1ts adoptmn '
'early in- 1944, : : v ‘

: ‘ Utll:.t.ies raqu:.rementa for Buna S a.nd Buna SS were
..obta‘.med from Dr. Baumsnn dur:mg mterrogatlon‘a.. Huls. :
' Based on ‘proguction of 1700 tons. per monih of ‘Buna S and

1300 tons ' per mont.h of Bunn aS, the followmg utll:.ties )
were: renu:hred = R
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: BINA S BUASS
Process - Water - 230 m3/ton 250 w3/ ton
Stema . . 3.3 t/ton- 3.5t /ton
Electricity - 145 kyh/tom - 165 Kyh/tonm
Niirogen .  — . 13 m’fton 16 m3§to*1 '
Adr - . 1.5 m-«/ton' B.S""m ton -
‘Treated Water " 1.8 m /ton - -2.0m /ton .

It v.as reported bj the 1{}l‘ns manage'nent that
productlon rates (for one line) of the Buna ru.bbers

.varled in. the folloving menner 3

600 tons/mo o

BUNA S .= 1000 kg/hr - :
ss - 8oo - 480 - " S
SR ‘- 850 e " - 510 . - . ‘. ..
s 3.'- 1500 v - 450 T

)

Operatlons are.} ‘pased on & 600 hour. month, the. remamlng '

time being consumed by repeirs and cleaning of equipment.

t was- reported that hourly production of‘Buna S 3 could

be raised from ‘the figure listed above.

AB. Concentratlon of Buna Ls.tex. .

l. Introduculon. o In the mvesta.gatlon of

sjnthetlc rubber product:.on at Hils, ‘a_procedure for -

concent. rz.tmg latex.to approxmately 50;( rubber. content

“by weight was d:.sclosed. 5 "’he method involves beutmg
7 1&tex to foam by v1gorous ag:.tat:.on while- s:unu.lbaneously

cooling it to the "stockpunkt" or thickening. pomt. The.
L"ntockpunkt" has . been defined by the Germens as the. tiem-

'-pera.tu.re at v;hlch ‘the “latex: dispers:.on 'becomes ‘80: r:.g:\.d ~

or. viscous: tha.t it does not further £low tunder the actlon'A“

ofigravity. - ~The._ method a.ppea.rs 1o be appllcable to most

" Buna latices, na:hural mbber latex, polystyrene emulsn.o_ns
“and’other, aqueous dlspersmns of hn.gh molecular nelgh* R
--}}sub tances._-. i : e ) i

Davelopment “of e_concantratmg'"eqlnpment has 'been }?i--
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~is-not-influenced;—(4)—it—is-appiisable-toall-types of -
aqueous disversions of high molecular weight materials;
and (5) the procedure seems to be unaffected by the-type
'of anulsifier or dispersing agent ueed.

2._Procedure o ";" S

‘A Eguiment. The concentration of Igetex ('tm.na.
1atex) at Hils - Bldg.188 - is carried out in two 10 cu.m.
vessels. Both vessels are ‘Jacketed to permit gooling'
by refrigerated brine. Specml vigorous egitation, or
more specifically 'bee.tmg, is obtained by two dlfferent
types of etirrere ueed in the two vessels.- : .

The older dee:.gn stlrrer in ongfessel consn.sts of,

. 17 -sets of 4-armed- paddles: which are mounted on a vertical .
© shaft-rumning at about 30 BPY, and whlch pass between 4 groups
of". horizZontal baffles mounted at 90° spacing on the sidss of
the. vessel. ‘More complete dettuls _are given_in the originel
_repart of December 15, 1944, by Dr. Scineider (I/256/Ep). The .
latest and. s:mpl:.fn.ed design used inthe ‘second vessel at Hills
‘consists of two w:.defaced anchor type’ inmellers mounied on the
vertical shaft at 90° angles to. each other -and perforated by

-rectangular ‘openings. Four narrow baffles are mounted
vvruically along the gides of ‘the .vessel’ to :.mprove turbulence
: end heat transfer at the vessel we.ll. s

N

Ogere:tlon. I.atex of 25-30% dry ru'bber content

is stlrred into foam, in the: doncentrating vessels deecrn.bed

" above while. bemg ‘cooled to'the thickening point. Sthmtlte.neouely
-about- 0,205 !l'a2003 ‘based -on'the latex weight is a.dded ‘as e
_'solu.tlon in order toTraisge the "stockpunkt® from 10- c 1o
about 15°C. ~The original latex liquid volume (4-5m3) -~
"increases. 3=5 timea when, it isg ‘beaten to foam.over. a peried

‘of 3-8 minutes. - The total time'of’ atlrring ihe ‘foan is
‘primam.ly dependent upon ‘the tirne required to: cool the 18.“561 .
“£q-the- "etockpunkt", or preferably a. few: degrees below. 'This .
'."ordmar:.ly ‘requires 1-1-5- hours.: : After the ‘desired: temperature v
-is: reached, et:.rr:mg is: contmued a:short time whereupon: t‘he
foam begins to. e.gglomerate ("Kornen") into small grammles.: . -
:Stirring is terminated and the foam ‘is ‘8llowed o break . into
- two phases ‘dur‘.g ‘a period of 4~5 hours “The-.is_‘ 'rum wh:n.ch
;i-separates_} 3 Lzally free o
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is heated a few doprees ‘und is then also drnined fron the

bo‘tom of fhe vessel inc steel drums..

) Since'xne th‘chaning noiau vnrlfs vit h he .ches anc
_types of latex, eaddition ageni sucn 95 uneﬂca soen Or,
"latekoll" are used for adjust ing it to the proner. lsvel.
Tt vds intimeled thai latekoll,uhich vos vsed freguently
i dils,vas & Hethactylnie type product. - The deslred
treatment for any batch of la.ex nes determined by -
,laboratdry tests and the necessary smount of a:i.dicion
agent’ wus "aced &t the start of the coucenurs.ion operabion.
A “stockpunks" of 12-14°C was considered desirable. It .as
s.ated that the thickening point of lated is louered
‘noticeably when ihe- emu151fler concentraulon is decreased
by dlluLlQn-v - e .

Concentrated latex prepared at Huls was shxpped to
vire plants in 475 kg (net weight) galvenised steel drums
where it was used for cord dipping and cloth’ 1mnféghau¢on.
‘latex was filiered prior to. drumming 1o remove & small T

amount of pre-coagulum whlch forued darlng concentradlon.‘

. " Ca Productlon. It w.as stated that since’ July 1944,
only Buna S. 3--wes. concentreted at Hils.  Houever,. vlant o
records indicated a production of 72, 507 K (as 100%. rubber)
of 457 solid IgptexSand 169,813 Kg. of 45p Igetex ss.
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J

: At Hfils, laboratory research polymerizations
were conducted in sealed glass test tubes. "The portion
of the research building in which these reactions were
conducted and the records relating to this work were
destroyed by bombing, 80 nofspecifiCLinfonnation was
obtainable. . S o BT .
R A large pilot-plent (Building 159) was located
adjacent to the research-building, half of which was
used for work on synthetic rubber and resins and the
other half of which was devoted to work on miscellaneous
chemicals.. Pilot-plant polymerizatiors were started .
in August, 1942. By far the largest emount of work

was done on Buna S type polymers, but when Perbunan
production was shifted temporarily to Hils a small"
development. program was undergone. o :

“Equipment:
::_1 . Four 12 liter pots made vaiidn‘wéré located in
“the building, but it was claimed that these were not used
because not enough polymer could be produced “in them to
,getithe.dgﬁ;re@‘physicalfteSting.‘ B Co e B

A

ST six 36 Titer lead~lined iron reamctors were used
_for;bamch-wise;polymerization."'fﬁhesefreactbrs;were'_',
'équipped'with“large'rectangularupaddles which rotated .
“at 90 RFM. ~ The-packing around the .agitator shaft was

“composed of leather;édaked*in;g1y¢eringg*.No:cdunierbyl‘

_pressure was used on the packing.” It was designed so .
‘that a packing nut could be adjusted :to put.pressure.on
the stuffing box. The maximum .pressure reached in.the

vessel was. .stated to-be 15 atmospheres, and it claimed

Tthgffthéjlgaﬁher—glyce?ﬁhé{packingffOIméd,a;verYZEOOdQQ

[§?314“vfEOTZlelpWing**héftemPefaiureydfftﬁeﬂ¢°nt??tsi“

?Tééﬁh;tésself¢6ﬁ$hingdaone;thérmometefgweiliandjdneﬁﬁﬁf,

themocouple. . In charging, sn emulsion of styreme. ..
eueous phase was sucked into the pots by

. and. the aque: AN as oS « —
‘vacuum. . Theé butadiene then wes. pressured in. . From'
er pots; approximately.

‘& batch in one of these 36 it
+12 'kg 'of polymer was: produced.
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‘ “—The pilot-plant continuous polymerization unit
1:one:'ceted—of—six—reectore—of—150—l:tters eachy mounted
in two rows of three reactors each with the whole unit,
enclosed in a large box with only the reéactor heads
_protruding. The reactors were equipped with the same -
fittings and agitation as used in the 36 1iter pots. :
For the continuous unit there was one 500 liter make~up
tank for aqueous phase and one 1500 1iter tank for
preblending the monomers. Steam condensate was used '
as water for .all pilot=plant polymerizations. Each of
the monomers were weighed out and then run into the -
blending tank.- - From the large blend tanl the monomers
were trans:ﬂerred to two calibrated measuring tanks used:
alternately. - Sight glasses permitted a reading of the :
amount beirig charged per hour. Two similar tanks were
used for charging the aqueous phase. Four emall piston
pumpe were used :for charging diproxid dissolved in styrene.

D “’"The‘latex c‘oming out of the cont:.nuous polymerlaa-
tion line was run through a filter and into a.6 cubic mete:
tile=1lined tank where phen,,rl—beta-naphthylemn.ne wasg added
and where the unreacted monomers were flashed off. When -
Buna S 3 was made, FeSO, was added to the statilized latex.
to improve the heat sof%ening properties of ‘thé polymer.
For 5.5 to 6 kg of polymer, 20 grams of Feso . 7TH20 was’
added. . Coagulation was aocompllshed in enamel-lined .
vessels under a hood.—-.—w - , , o

L A large experimental fourdrinier a.nd a. continous -
-:drier were located in the - pilot—plant but were- not used o
because they- were too large. R N o AN N

An exper:.mental u.nit :f;'or latex concentration was

.located on the balcony of the. pllot—plant. Tt consisted
of- a jacketed. 65 gal ‘drunm. agitated with a beater contain-
‘ing four flat square blades supported on a square frame. -
“The beater rotated at-130 RPM. - Cold: gacket water at ‘
40, 6% or 8°C lowered the temperature of the latex and
”.caused it to agglomerate to larger particles and. allowed
- cream:lng operatlon to occur.  This procedure has been
: describe:L,;i.n detall :m another report. Ny L

L A.‘Leo on the balcony of the pilot-plant was a
small production unit for. manui’acturing approxlmately‘
20 tons per month of Res:m ‘SAX: (Styrene-Acetophenone-;
{Xylol) for ‘the lacquer. industry. -
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—Informetion reported.herein was obtained from.
_Pr. Schneider, the man in charge of pilot-plant work
in the Buna Division ‘&t H#ls. Reference to. T
-Dr.. Schneider's files revealed that pilot-plent -
polymerizations at Htils had been confined primarily
to problems of production such as substitution of
‘HoS04 for acetic acld in coagulation when the -
latter became scarce. - Actually, very little work
of development nature had been conducted.
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~D.— BATCH PRODUCTION OF PERBUNAN-

 Because of bombing demage to the Leverkusen Perbunan -
plant,in October 1944, scme Buna N had to be produced at
. the Huls Chemische \ferke, ~About 43 tons were manufactured
. during December 1944, acrylonitrile being shipped in from
Leverkusen. The procedure and recipe are described below,

Parts by Weight

,\Bu.tadiene ) coe X ” v‘ . 74
Acrylonitrile ... eee o . 26
~ Water ' tes reew ' 200
- y Nekal (lom) . Ceee . see ’ i ' . & N _
- . NaCH (LO0%) . vee  6ee o T S 10,024
Kgszoa = C eee o0 e T o B 0.2 -
iethylamine ... oo Lot 00,025
Diproxid . . . .. .. o.28

(iided in three equal parts at 0%; 257 and 507~
'~ conversion) ' T g R

.Polymerization és. conducted in a 20 m3 VA reactor,
operated with:a 16 m charge. Aqueous phase and acrylo- . -
nitrile are placed in. the reactor and butadiene 1s measured.
in, . For st.opping the.reaction, a 10% water solution con-l
‘taining epproximately S5 Kg- of Nags 04 is added at 8o
conversion, The age-resistor; '3,~v~%on'<dry polymer) phenyl-
beta-naphthylamine in a 20Q% suspensionm, is placed in the
ad jacent vessel, -and the Perbunan latex is pumped “into the
tank .and agitabed.. . LT o o BRI

. For butadiene removal, a single-step  recovery unit .is -
used. Unreacted derylonitrile is. not -recovered. The latex
is coagulated and dried by the.following procedure: e

 -ppprox: 2.4 md/hr. of latex (24.8% solids) —
© T 4.5 md/hr. saturated NaCl solution plus - ,
B Y ¢ m3/hr. of water = o o g A A T
~+;,0.1 md/hr. NaOH solution plus 4.0 m®/hr. of water ..
.15, m%/hr. of water for the washing. e

7 Yfiztare of Nekal BXG_(76-76% alcohol SoTuble) and NekKal
#x (62% aloohol soluble) to give.an emulsifier of 70% active
‘ingredient. - ST o o

o



Drier tenrperature' _ _"'8'7-
- 1st zome = 123 - 140°C.

‘ 2nd zone - 130°C. \ ‘
Speed. of the fourdrinier - 5. ] m/minute.
Produ-ction - approx. 580 Kg/hr.

Band Tthvi‘c.kness - 1.5 mm. -

The product ought—'t:o contain 26” acrylonitrile by
nitrogen analysis. '
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—PESPING  LABORATORY —AT HULS:

Summery: -

it Fuls there vere eyten ive fdc1]ltles for
miylng and testing rubsveyr compounds.. - They seemed
excessive for purely control purposes and as fer as
we could determine were not used to good. advantage
for research and development purposes,  although a
certaln amount of evaluation work was done on
softeners and blacks.  Some of the smaller rubbe*
items used in the chemiceal plant were manufactured
in this plant and an 1rstﬂ11at10n was undexr way to.
make even the large items. [The reason given for !
‘this. type of production was that dellverles could
not be obtalned from normal sources, .. . .

Lqulpment-“ ) ,1 o .";:‘ co

. An essentlally ocmplete’ llst of equipment is
‘given in Appendix A.  Much of this equipment-is
standdrd but there are a few. 1tems whlcb deserve-‘
»sp901al comment : C

L“ii,fj The 1nternal mixer &nd most of the mllls
~'~'_cou1d Dbe. operated at two speeds.A.g .

_2;"‘One flfteen 1nch mlll was. speclally fltted
by replaclng the normal screw for setting -
‘the bite with & hydraulic plston. This .
permits a sllght fluctuation -in the- openlng~
during mllllng but malntazns ‘constant - ’
pressure on the rubber.. Dr.Hormuth sald
that this gave better and more unlform
results-on mastlcamlon tests than do
standard mills. ' This appears to be" an
excellent idea. -
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Tests; : -

. According to Dr. Hormuth only one:recipe 1is
used for testing all types of Buna although at times
‘they had to vary the softener becuuse of shortages. '

‘mhe same recipe was alsowed for eveluating the '

blacks rroduced at Huls. A standard procedure of

tésting was also followed. = This procedure is given
~in Appendix B. e I - : ’

A 1limited number of standard chemical tests
were also used. These are given in Appendix C.. -
For double bond determination the iodine trichloride
"detexmination is of doubtful velue-for synthetic.
“yubber because no provision is nade. for detemmining.
the .emount of substitution. The polystyrene test

is interesting as a test and also because it indicates

the presence of free polystyranejmiXed with the Buna.

X

“f"?f*”“*Extrusibanestvﬁwﬁﬁasma&la$ube;maehinemﬁ -
~extrusion test wasg _,extensively itsed and all samples
were photograpihied. The die -was-shaped so that the
-extruded sample- had the following eross section . .
T mermile and Structure Tests. - AlL tensile >
tests were run on standard Schopper machines. In -

the so-called “Structure Test", five nicks are cut on
opposite idiameters in the inside of Schopper rings
. by. a special jevice. .- The specimens are pulled on

i”a?$Chopp9rbmachlnejusing*hookSﬁinsteadiQferevblvingm»}jw’
drums.  Resylts-are reported as Kg/cem~. The difference
fbetweehwthe-tensile~Strength.obtaineduthis,way:and‘in
"theﬁstandard;schOPPerﬁtest'is considered an indication
;\Qfﬂstruéture,”gélﬁ‘is essentia11y“a”tear~téstyﬁ.”" o
0 Temperature  Stabilit -Test. - In this test-a
«;cylinder;of;standard;height;isfsubjectéd,to'aYCOnStanxﬂ

load. for periods of time ranging up to 24.or 48 hours
ffgndﬁthegt'_erheight.cuIVeTisgdraWn}g‘The;lgaduisgthen*w
“removed and the ‘curve extended. = Thus thefirst part ..
1§ofgtheﬁburv6“is.aQt‘”efcompressionfcurvejand.theiléstf“
.part, oné for time-recovery. - The best can be run-ab .
3 wide range of temperatures both sbove end below roo m




mQU-
temperature. From & series of such. curves the
‘freezing temperature*loe—mbber—iﬂe—*ueminedh

.. . Plasticit was always determined on the.
"Dpefo mach'i_ne whi % has been described in the —
literature. Six samples are used for each test,
three to get approximate weights and three for

accurate determination. SR

- General Comments . v‘

R The following general _comments were made—
vby Dr. Hormuths . , L v ,’ -

‘ ' When sulfuric acid wag’ used to replace
-~ acetic acid in coagulation, the usual . Defo values \
were obtained but mill- breakdown properbies were
found to be inferior. j

‘“"“““““A —the™ same"‘.uefo value”“ Buna S-—b‘ ,gave"some """"
‘what better extrusions-then Buna S, but Buna SR Was
much better than either of the others. :

- Buna SR was" about 10°C 1ower in freezing
.tha.n Buna SS by the stabllity test.

Buna SS is bad for hysteresls bu'b Buna SR
-is abou:b the ‘seme’ as .‘Buna 5-3.
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—APPEND1X~—A~

Labqrgtory Equipment at Hﬂls

One Werner—Pfleiderer Internal Mixer S
Capacity 2-3 Kg., two gpeed, Banbury type
bledes, cold water and steam. : _

'Three standard mlxing mills (40 cm)
- " pront speed 20 and 30(?)RPM, i’riction
ratio 1 1. 15, steam and cold water.

[One mill as- above with mill opening controlled- by
o hydraulic pressureJ

One 24 inch standard mill._
VOne 60 1nch standard mill.

Three variable speed tube machines, 40 mm., 80 mm.
% and 120 mm. diameter.
' Cold water and steam,

i

_Four’ 4 deck presses. PR
© . . -Steam heat,’ pressure to 200 atmospheres,
24 inches square.‘-- :

One small press.‘ '
’ Screw pressure,‘electrical heat.

;One small internalimixer for cement. -

Cne- small d1s1ntegrator fbr Buna sheet for cement -
'\ making C , o . ,

IThree vessels for thermal breakdown, -two 250 liter,
' capacity, and ‘one: 550 llter capacity. ’

‘One Sohopper Tens11e tester.:r«'?*
Two Schopper structure testers.,mf
'One Temperature stabllity Tester.

jThree Defo machines.'
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__Geex Ovens .

-”Bierer Bombs—

"Hot Air. Ovens.

Apperatus’ for belt flex tests.
Apperatus for"bending ro'd‘ fle':f “bests.'
'Four Schopper detrition machinee. |
One constant load hyste\resis ma"hine. .

A Brabender plastograph had been used for a. while and
: then abandoned.

In process of :Lnstallation were an 84 :anh mill,
~ ‘a large calender, and large presses. They
.hed been making packings and gaskets for use
-—~in-the—plant-and-planned-to-expand-thig———
operation to larger items, ‘probably linings
and pipes for corrosion resistance.
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__ APPENDIX B..

Physical Testing‘Précéaure at'Hﬂla
Tests ‘on. Raw Buna:. (Perbunan, Perbunan Extra, Buna S,
_ Buna S8, Buna S 3, and Buna SR) .
— Defo determinatlons (large shee£~)-
1. - Raw, unmilled (200 g) |
2. Raw, after milling 300.g. for 15 passes.

3. - Raw, agter 30 passes through the: colder,' :
_ ]tlghter“hlll No. 6. (mastication time noted)

__Ihernal_worklng at lﬁQ_c_&nd_E,ath‘pheres-'
-air p:reesure- L . -

‘Samples of the final Buna product are heated
for 30, 50, 70 and 100 minutes.  All- others
\are heated 50 minutes unless otherwise noted.

W'Small ‘Defo sheets are prepared and dusted’
»{lightly W1th 21nc stéarate.z

Qggpeugézgg |
Roll temperature 40°C..
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‘**4-*~Stocke—are-given—2—passes-through;a_$1ghir,
mill. .-

For determinatlon of Defo, 152 grams are cut—a
off and sheeted ont on the mill to approximaxely 1 mm.

~ , Vulkacit AZ is then added to the remainder of
the stock in the ibllowing amounts (2 minutes mllling)

Perbunan (ExtrA)A Buna s, etc. " Buna ss.
' 3. o g ﬂ”,",' 4.0 g.;<f 4, o -
.6 PHR 8 PR .8 PHR
The stocks are then’ given 3 passes through 8-

tight mill and sheeted out to 10 mm. gauge. Flnally,
the atock is weigpgg:__; , :

,_,Cnr‘hur- ‘.

I

. 2 sheets each at 30, 60, end 90 minutes at, 2. 1
aimospheres (extra sheets cured at 60 minutes)

L 2 sheets each at 15 50, and 45 minutes ‘at 1 0
‘ atmosphere.: .

iy

;_Extru81onr-*

A small tread sectlon is extruded._v

. hzsical testing gv-»‘7-{’"~ L ..Jx'Afff‘  5‘,mﬁ

»le Defo tests for raw, heat-treated, and plgmented
' , sheets. . . R “ TR
. - : 4. S - . .. - \A__‘ L \ AT A
2. JTenslle, modulus, and hardness ax 20°C on the
o .,60 minute cure.~ o = A el .
Lsgj.Rebound at 20, 70, and 1oo°c on the 60 minute
. eure. :
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AP?ENDIX c

chemioal Teats used at Hﬂls-

: Analxses of Bona s and Buna ss -

E Determination of the Butadiene Content by Determination
' .0of Double Bonds.

: : After additlon of phenyl—beta~naphthylamlne and
. approximately 2 cc. of glacialacetic acid, 30 cc..of

- latex are coagulated with approximately 1 liter of

: methagol and the coagulated rubber is dried.in vacuum
at 50°C. o T

To 0.4 grams of Buna Sor O. 5 grams of Buna SS

40 cc. of nitrobenzene are: added and the mess -is’ alloWed o
4o soak overnight. Thé sample is then boiled in a s

T nitrobenzene bath £oT 10-15*minuﬁéswat”210°C""stlrrlng T

" with a glass. rod and it is again cooled to room tempera- & . .
. ture. 15 cc. of a1l X iodine trichloride solution are T
‘;put 1n and 1t is allowed to. stand two hours in ice.”

‘In 8- L 1iter flask approxlmately 20 cc. of a Cml
1 N potassium iocdide solutlon ig added. The sample
' treated with dodine chloride is added elong with two
rinses with methanol agd the flask is: fllled half full
"with water..»ﬁ . oo _
' Nltratlon w1th N/lo Nagsgoo R T T
Indlcator L= Starch solutlon.,‘_' C] S

'Ca,lcula't;j_on- ) ‘ ' Lo

e cé; 1 N ICIa -;ec. N/lo fhlosulfate . f % butadiene
£.= 0. 75 for Buna. 8, or 0.60 i’or Buna 8.

‘/ ~fPo1vstyrene Determination.;v;f

: "1 gram of Buna is- dissolved in nitrobenzene at
1, o°c.: The ‘solution is cooled in- a 1 liter flask,. .. -
5 cc. of KOH (30%) and 500 cc. of KMn0O4 solutlon (70 g/l):ﬁrf
;;iskadded,m; The solution is shaked for 15 hours. The o




-97-

_rema.ining pema.nga.na.te is destroyed w:!.th 10% Na250

solution, nitrobenzene is steamdistilledocff.
'Mno remeining behind is dissolved in hot water),
end bisulfite. Free polystyrene is filtered.

012; 3nd dissolved in benzol; +this solution is. ,

- evaporated -1n a crystdallizing dish: on & water bath
end dried for one hour et 100°C end weighed. S

"..Calculation- o - » R L _
_(l_'..ﬁ.];O_Q._ = % free pcly.e'by.rene". PR

-
!

 Ltnoleio Acid end Pereffin Patty Acia Determination.‘ i

15 greams. of Buna are extracted in a soxhlet
. with 350 co. methendl for 2% hours. 50 ve. of the ;
extract is ghaken twice in a separatory funnel with T
-100 ¢c. ether plus 100 cc. water plus 10 cc. 1 N . '
”“‘“*'“““f’”" ~NeQH:—The agueous-phaseis-drawn-off-and- w-t'.itrta.’l;'ed ----- e
' against 1X sto4 (indice:tor phenolphtalein) S

.

*szalculation-

cclNNaOH-ccl_NHSO li‘

i where F for 1inoleic acid = 2’? 5
oo B for paraffin fatty .aeid = 20.5

__iNitrogen Determination.

‘ Phenyl—betaa-naphthylamine is detemined“by .
_jKaeldahl me'bhod for nitrogen a.na.lysis. TR A

o Ash Detemination. : _
R 1 gra.m of polymer is ashed over an open— AR
_i’lame in a porcelain crucible. T . -,

i ,;._Iron Determination. ‘ '

SR -h grams of Buna a:re ashed.. The residue is o s
~-;~._"decomposed with HoSO "Perhydrol" ~..Phe: iron‘ e
““content. is detemine% colorimetrically a:f.’ter 'hhe R B

‘-',a.ddition of 'bhiocya.nate solution. P
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LI . i

14 Butadiene production and research records._zl" .

T "Erfect of throughput on Buna S polymerizaticn" L

15 General research report on acetylene - July, 1937.5-f'
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SUMMARY OF BOMB DAMkGE.

7l.'Aoetylené Plantv- Damaged by June 22/43 rald. Gas holder
. . exploded All mein damage now repaired.

2. Styrene Plent - reector demeged. 2 pure styrene
e : _ stills badly demsged. ,

B Ethylbenzene tht 1 distillation train badly dameged.

4.«Buna Plant "d- 1 finishing building badly demeged.
5. Catalyst . R l
" -Menufacture ésDestroyed.

Bnldng o

6. Research Builddng Genter destroyed. Sl

'77"GGS"supply“w~“*w~wGes~from»Gelsenkirchenmendecholxen_
-~ cut off due to ‘bombing of these
S plents. This had most important

effect on plent operations. S e

8. Benzol Plent lé 1 distillation train slightly damaged.e

Signification and Storage badly
damaged. l e

9. Chlorine Plant

16. BnnadStorege. - Top floor bombed and destroyed by
e fire. ST :

:ll.:Piping;.ij'~r- : kiscelleneous steam end chemicel
L R header lines destroyed by bombs.

12, coolingftower:“' One bedly demaged.
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' SUMMARY OF . YIELD 1944 (100 kg output)
BUTADIENE PROCESS.

.I.hcetaldehyde L e - Yiéld%

' ‘Manufectwe. Input. utgut. - eftheay
" hcotylens  64.48  Acetsldehyae 100.00 91.7%
Nitric acid ~ 1.52 Recycle--acety--
Iron sulfate 0.80 ~lene. : Oall
. 96% Hyp 804 - 0.65 Acetone trece, -
T NeOH ° . 7 1.00 R : )
Mercury BN ¢ ) R
I Aldel |
Manufacture co T : ,
" Acetaldehyde 62. 5 ildol (so%) ~100. 00 - 99.1
KOB'”"('].OO%{“’ mO”lﬁ“'”**—Potassium S
H:P04 (asPgp 05)0.12 - ~phosphate ~ 0Oe 15
u?on (100%) 0.0L. < Sodlum phos-. -

__phate.v . .v,-os.o_o_z__

; ]II l 5 Butylene g
o Glycol manufacture.‘ ’

Aldol” (80%35 98,83 ’»—-»-—crude butol 100 00 98 9
= Hydrogen(m Y 2699, ° Hydrogen (m ) : .35..
‘ BBE eata]wat 0 05 - |

~ IV l 3 Butylene o ‘ pon ek
: Glxcol distillatd.on. " Tt ' o :
Crude butol 146 00 1, 3 butylene 100 00 8l.9
S glyeol o
) "Butanol (1007 5.56
' ‘See.butanol - 0.20
" . Athenol: (100%) 7 29
- Hexenol. - =~ 0.39:
‘ Toppings. © e 0e0L:
‘Residue L1378




_SUMMABY_GE_IIELD_laéé,{log gg gg;nutl g;d,,
v "BU'mDIENE PBOCESS.. '

|
! 1

V. Butadiene CoT L , ' . yleld 4
Menufacture. .. ,Ingut Outgut , o ) of theoary

Pure butol 206.68 - Butadiene -~ - 100.00 80.6
Cetalyst - 13,28 . Butadiene Cil V 5,34 " -
. Prolin- - .. 1l.61
Carboresin - H '1.56
“Butyreldehyde . 1.18
.Propylene . T 1.54
Fraction I = = 2.91
Fraction IT . . 'C.89
- Fractlon B - " 0.36.
011 0448
Fraction III . trace

N

STYREN“E PROCESS. -

I. Ethylbenzene e e e T 'Yie'laf

' Manufacture. = Input . Qutput F ofthe z
.Benzol ",1 j 774 75v_ﬂﬁthJ1benzene 100 00 94 5

Ethylene 28,10 " Residue “0.42 -

Al CY3- . . B.D7  P1asticatar RA 5.62 :

hanufacture.~ ‘ Wf'««:}:-;  R ','v" e
'j;:.thylbenzene 112 97 Styrens - 100.00 9,0’.2':,,1
-Catalyst e . Benzol-tolmol 3.66 \

;Hydrcquindneyg o 01 5Residue S e 1.60



EEERLE S
._GERMAN_ELANNED PRODUCTION OF .

SEETEMBER 1941* jThousands of metric tons)

| | 041 . 1942 ‘1 l
‘Quarter ,+ IV Totel I . . II . III ~ IV - _Totel

Schkopau. - o ’ e ‘ S '

Buna S ~.11.2 39.8 1345 15.0 15,0 18,0 58,5
Bune SS T
Numbered . ' - e . o g ’

Huls. o S A Lo C i
Buna S - : 6ed 13.05 B340 - 3.2 B.7 - 4,05 1395
Bane SS - 3.7 71260 840 840 = BB 746 2642

.Ludwigéhafen'

',Auschwitz C

1'Leverkuseng~y,:1‘ P ; "‘;v' =,v   L ~ 1._f_f B -
‘Buna’ - .48 .0.48 0.27 '0.27 0.27 0.27 - l.08
Buna N S 6 2 5 0.8 1.1 l.l 1.1 4.1 -

k,Total Buna SS glls,‘lz 48 B 27 6.27 6 87 7. 87' 27.28
~ Total Bupa 8 17.4 52,85 16 5 18 8 20 0 25.45 . 80.15
.:Total numbered

- Bunas 0'5 1 9 o 6 0.6 :,o.e-v*._z;aiv
s Total Buna N O. 6 z 5 ';o.s~ 1.1 1 1. iw74,1 ;
g GRAND TUTAL...ZZ.GB ‘9. vz 24,17 zs 17 za 57 55 oz 113 954

* Sogrce - Buna Vbrtrag Dr kmbros 6/11/41 3878617
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11!
‘IgiAL BUBBER PRODUCTIUN IN _GERMANY ‘Metrlc tous!

1937 19238 1959 1940 1841 1942 1943 1944
'xunastzoes : LA
Schkopeu 2110 3§94 20173 34599 40705 57315 67703 45113
pals R _° - 2045 25020 36680 34693 39105 -
‘Ludwigshefen = T - me 11955
Leverkusenv] CHkE wRR 403 "193~;*1s¢t 175:, 992 1320*
'“TOTAL BUNA s 2110 3994 zosvs 57137 65889 94166110559 97493
Buna N . ) — **’ : . .
Leverxusen 400 640 1126 1898 2531 2824 3656 5129
mls . - T T T T oA

TOTL BUEA N 400 s4o~f1125f 1808 2631 2824 3636

Numbered Bunas _

311_72

SScnkopan,:;" 637 848 e&gjf14zif'1955. 2721v}3sae< 2590
' GRAND TOT&L‘T.‘ o _:f; e e TN
'sgggggzxqs<-~3147'54ea,22551‘40456-70475,9571111751§;95255\

o To Oct 26/44
** Approximate .

*** Not available.
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