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~“rhe Ludwigshafen plant had a rated’ capacity of 30 000
tons per year of iwuna S-3 rubber, but this was never
attained. +Production in 1944 was limited to 12,00..
tons due to destruction of gas supply lines,. 1nterrup-
tion of raw material supplies and damage to installa-
tions for the manufacture of butadiene and styrene.
Damage to most parts of the plant was extensive..

_Butadlene was produced at Ludwigshafen by a new v
synthesis starting from formaldehyde and acetylene

"vrather ‘than from acetylene only as at ‘Huls, Schkopau ’

~and Auschwitz. Total coal requlrements are 17 tons

‘ \per ton Buna S.

3e

'Styrene was produced’ by continuous alkylation of
benzene and ethylene to ethylbenzene, followed by

“““*"catalytic“dehydrogenationfof”ethylbenzene.a

4.

Buna s-3 was made by reacting butadlene and styrene

»;in a ‘continuous reactor system and flnishing on a

o paper machine.f

5.
170,000 tons per. year, but productlon never exceeded
-,112 000 tons._ -

fe;f
yymﬁ
o

"*processes, productlon data and costs are covered
':in the maln report. uvzvy e T el .

9.

The total German Buna s capacity was: planned for

.m.

fﬁores1n, a tackifier for synthetic rubber, is o
gproduced from acetylene and 1sobutyl phenol. o

Cords for. alrcraft tires are made frcm Igamid BS,,-

: - nylon-llke polyamlde obtalned from amlno-caproic_
L acld."'ﬁ- : , : .

[ Lo
h_

7Cons1derab1e 1nformatlon relatlng to the above

*Although the ‘plant has. been badly"damaged and 1d1e

. since Decs 15; 1944, it could be. reconditioned:.

:"7~promptly to. produce at half‘capacit, by bring;nglln

T 1i%E)

‘styrene. £rom another. .source.. . .. iction..cogts, -
' 'y are ‘higher than‘the‘other 1ants.b.:m

vNo n rmatlon,on rubber goods"man acture;and verf;;
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, At 6 p.m. Malrch 21, 191..5 the followipg men of the C.I. 0 S. F:i.e;}.d
Team for Miscellaneous Chemicals which was selected by the Working -
Committee for Sectlon 22 Bla.ck Iist 'T‘a.rge‘bs received orders to 1eave
for Ludmgsha.fen. .

Russell Hopld.nson, U.S A., T.I.1, C. Leader. :
Lte Col. E.J.Phelps, Br., M.E.W,
.CoC.lionrad, U.S.Aey, ToI.I.C.

‘E. WoG’len, ch Ao, Ordnance, -

Major D.W.Scott, U.S.A., C.W.S.

J.IVI-Hams, Jr., U.S A.., C W S. . .

Lte Col, -P.D.Patterson, Bre, M.E.W.

Lto Col. W.G.uvey, Bre, MQOQSO
: S/Laro A C.Gr!me'berg, Br.’ MvoPo

- W.,Thes&mr@ome&mm the,.ether._ﬁeld._teamamassn.gned :bo these —
targets at the C,I.0.S, Secretariat London, at 930 a.me March 22, and
departed by bus for Biggin Hill airport. ‘Thence' they proceeded-by -
air to SHAEF Main, France, and left the next morn:l.ng Harch 23, at 8415
v_in a oonvoy of seven lorries vnth tra:Llers. » , ‘ i

Beoause of numerous delays and bad road condlt:,onsr espec:.ally as -
‘the front line was approached, their destlnat:r.on, T Force. Headquarters_
.for the 6th Army at Frankenthal, was not reached intil 945 aems " -
March 25. “After billets and. pa.sses had been-arranged they proceeded
to the I.G. plant at Ludwigshafen 7 'miles.away. The Test of the day .
was- spent in-a- preb.nﬁ.nary survey to deternn.ne 'bhe phys:.ca.l cond:.tion -
of the plan‘!;. ; _ : _ . B

1i‘or thié purpose the plémt area 1nclud;mg appronmtely 860
"bm.ld::.ngs was divided into eight. ‘sections and a teem ass:tgned to. each.'
‘The field +eam for section 22 was ass:l.gned to section k4, an area
extend:mg the full: depth of the' p]ant ‘east and west and lying: north
of ‘Buna Strasse-as far-as and :.nclud:mg the power houvse, carbide - .
‘plant and acetylene generators. Th:l.s ‘area was believed to and
‘actually. did include most of the bu:.ld:.ngs 1nvolved. in the manufaoture.
‘of synthet:.c ru'b‘ber an& plastios. ik , L : K

‘\'- We were» told that ght:mg had ceased in Ludmgshafen at on]y 5
‘Peme 0f the: previpus day and. that sm.pers -were still being rounded up,
‘Eb:e.mina.tlons of bui 1dz.ng ‘along the r:.ver ba.nk were vnade m‘bh:.n a few
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~The ﬁrst :anression of ¢ the section assigned to this team was
one" of oompleto wreckage and . destruction. Of the hmdred and thirty
odd buildings in this area hardly one was left intacts - Most had -
. co].lapsed in . large sections with steel beams twisted by intense heat
and reaction vessels, distillation colums and piping burst, torn
f‘rom their 'basos a.nd restlng in preoar:.ous pos:Lt:Lons and at all angles.,

~ The rail lines and overhead feeder pipe ]ines _were ]ikem.se up-
rooted, twisted and festooned over the roadways. ILarge shell craters

blocked many of  the factory streets, Others were impassable because
of overtumed and exploded looomot:.ves a.nd tank cars. ' .

Most of thn.s destructlon was old, pro‘ba‘bly from air ra.xds con-
ducted in ths- third quarter of 192414.. Produot:.on records venfy th:.s
conolus.uon. ﬂ ! S :

On subsequent days a closer exami.naﬁ.on of tb,e da.mage s made
which indicated that part of the Fabber plant at least could, with
_reasonable expense, be put into obera.‘ble oond:!.‘tion. Deta.:.ls of
this estimate appear under Bomb Dama.ge. S B A\ ‘

" A number of Russi.a:n workmem were encountered who expressed the:.r
.plea.sure at release from forced labor and the progpects of returning -
~homes = Later detailed information was'secured which gave the number

' of "foreigners", Russians,.Italians, Czechs, Gelicians employed:in
- the rubber. plant indicating that the Gernans were oummnbered.—'*
'Deta.:.ls are._ gl.ven under Personnel. S Lo .

g The next day, March 26 was devoted to J.ntememng the key '
operating personnel who had remained at the plant and sortlng ‘the
documents found in the offices mto ﬁ.elds of ‘.mterest for exaxm.nat-

] 1on by the proper Field '.I.‘eams. R AR o

"“'J.‘he follow::.ng Execut:.ves of part:r.cula.r___:_.gterest to the«'
' Lﬁ.soellaneous henn cals Group were all 1nterv1ewe<L o

Dr. Georg Niema.rm. . D:.reotor of Dlol ,Dw:s:.on ( cover.mg all
: R manufaetunng prooesses from carbide




TrTHFp‘s.,—_—*—kssistho— =
N S Po]yethylene andJi’o],yamide m:mfactm‘e.

Dr, Karl Prlamner. Direotor of Intemdiates Div:Lsion.

In*addition we wished to interview Dr, Oh]:l.nger, an. assistant
to Dr. Bulow who was in charge of Styrene manufacture, ror more j‘
detailed information, particularly as to catalyst, but he was not
in Iudwigshafen during our stay. He is however, in territory
occupied by the Al]ies a.nd was. expected shortly. B .
. ‘The first person interv:.ewed was Dr, Niema.nn, the lea.s'l: co-
operative of the group. Considerable- credit is due ‘our “interro-
gator, Major 'J.‘illey of the British Army, for his finesse in ‘hand-
ling the interviews as a result of which a large number of buried
documents giving details of the process were recovered, - These
proved our beést source of information and in general corroborated
the verbal info:mation received. . . . , SR

- The “rest of the plant mana.gers gave full infomtion freely
when questioned, frequent].y vo]:mteering adﬂitional da.ta of a
helpful chsrac'ber. SR . —

_ Afta: interro ting each manager in: the ms.in office a.nd '
receiving the infomation obte.ined two or more members of‘ the

process step by step filling in. sny previous]y omltted details '

T On March 27 a.nd 28 't:he teamwas dividsd in to special gmups
"to go over that part of the process for which each was best
‘equipped, = Mr, Harris and Major Scott visited target 22/8L, the
Raschig coal tar plant a.'b Oppau and made a report 'bhereon. e

A ‘on- the evening of Ma.rch 28 we weré fold that the la.rge zmmbw
"of investigators were' putting a strain ‘on-the resources of the T
Force, so feeling that we had acqm.rea considmble information of
value {and had only a fewmore details 'l:o acqu.ire we arranged to
leave the following da,y e ;

Messrs. Glen and. P:;terson, S/Idr "C{nme‘berg, Ms.jor Dick and
s / mene ,
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Due to tactical operations by combat -troops we -

were ‘unable_to make an’ investigation of the polyiso-
butylene plant. ’ . o _ _

. Dre. Ambros, the head of the synthetic rubber‘
development and production in Germany, had fled before
our. arrival._ . R L 7;; 3

A large number of documents were removed as per the
list in the appendix. These were studied and the most
important microfilimed so that a copy would be available
in the U.S.A. Kierofilms were sent to the 1TeIlel.Ce.
Sectetariat, Munitions Buildings, thhlngtOn, De. G.,‘ ‘the
documents were returned to M.I.R. S.,: : I

A number of documents related. to operatlons at.
Schkopau. These will be dlscussed in the report covering
the latter plent.
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uapacity vs Production

S rhis plant for the manufacture of Buna rubber wae
begun in January:1941.. It was designed to have a
capacity of 30,000 tons per. year, which rate it never .
achieved. Its highest output was 2, 000 per month which
it reached only in march 1944. _

- A study of the construction progress reports ShOWS
that the Polymerization and ¥inishing plants ‘were sub-
stantially ready for production around January 1, 1943.

- The production records available started as of march
1,i1943, _and showed" no finished, production until llarch 23.
-1he attached sheet jows-the production record from this
date-onward. Othe? records indicate that there was &
pilot plant in operation prior to this time wnich was.
capable of maklng 20,000 Kg- per month. S ‘

-—

It i§ worth noting that 15 days production was lost
in July 1943, - because of an eXPIOSlon and fire in the tank
farm area. e e i S
. Also 1t will be noted that after the- bombing ‘on July
31, 1944, production fell off rdpidly and that subsequent
bombings finally stopped production on December 15 1944._
mSee JBionthly production tablea‘aonﬁw,‘ - et '

C Ludwigshafen can produce only enough ethylbenzene ,
to make 500 tons of_styrene per month.. They can prodube
~another 500° tons of- ;tyrene by 1mport1ng 500 tons ethyl- s
;benzene from. Schk0pau.-i, g LY : I

Equipment for producing butadiene was never completed
- but present: capacity is: probably only sufficient for :
20 000 ) tons- Buna S5-3 per year. ”“,..___

o o ThesBuna S polymerization plant was laid out for 48
Teactors.in 6 lines of 8 eagh.  Of these only 40" ‘were
-installeds. - pf the . 1atter 16 were removed last. year ..1
probablyefor use- elsewhere and: also ‘because olymerizationf
capacity was - cOnsiderably t00‘1arge for the resf : :
- Using:the formule and reactor*rate,employed in-o
\m;he‘remaining 2;;arewample‘ ,prodnce 30,000 tons‘




-—annually;_leaxlng_4_reactors_alwayﬁ_in:zese o
__the American formule end rate, these reactors coul'“fWWjj
-produce 50,000 tons providing coollng area 1is adequate.i

-~ _The Buna ‘S finishing lines are estimated capable of
h&ndling 35,000 tons output. -~ 4 |

T “Metric Tons = _
Monthly Production 1943 : Mstric Tons
 Buda sIII sV sla TOTAL
: rst = (Off « hrade)VIS¢tap)‘
CQuality) .- . o -

Merch ... 155
April (No breekdowm) -~ . - 508

June._ : SRS _ i 824
July R S 430
Mugust R = . 806
Septe s C ' .~ b78
-o0cte o 524 Lo 82 - 85 . o 87l
NOVe. e 7907 o 0 109 0 135 0 1,181
Dece 1, 295-. 29 3 .1,325‘

Total A%z,qa4§» Dm0 a03 7,181
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"It was_found that all German ‘plants except- .
~Ludw1gshafen used the well-known aldol process for
butadiene manufacturee.. Ludwigshafenl however, based
its manufacture on the Reppe synthesis which involves
(1) the reaction of formaldehyde| and -acetylene to form
butindiol, . (2) hydrogenation of -this to form 1,4
butandiol, and (3) dehydration of the latter to
butadieéne. This process is not as economical asg the
‘aldol process betause it utilizes formaldehyde from
methanol. Individual_yields for each step, however,
are good. L o B ’ '

In the manufacture of styrepe, ethylbenzene is
formed. by the continuous alkylation of benzene with -
ethylene in the presepce of aluminum chloride. styrene‘
is made ty dehydrogenation of ethylbénzene over zinc
oxlde base catalyst ln the presence of steam.

B In the manufacture of . Buna the two hydrocarbons are.
mixed together in theé proportion of 70. parts butadiene
40 ‘30 parts styrene, are then emulsified using a sulfona-
ted naththalene 100 parts ‘of hydrocarbon to 106 parts of:
water. ?olymerlzation is continuous through T reactors
cornected in series to.give 62% conversion in 30 hours.--
Recovery losses are. high. . Goagulation is achieved with~
out theé use of tanks using sodium and calcium chloride '
vith-a-small-amount -of. -acetic. dcid.. .. The crumb 'is. formed.
into sheets on & fourdrinier. machine and dried in a 19
pass drier divided into three temperature zones. - The
final: packaged rubber consistsrof uncompressed rolls
weighing 100 Kgs. j’f e R IR o ,we.
5 Kores1n is made by reacting acetylene uuth 1sobutyl
phenol in the presence of zinc nephthenate,  Isobutyl
phenol is made by ‘continuous alkylation’ ofﬂphenol with

1sobutylene derlved from 1sobutyl alcohol'

, Details “of these processes w1ll be?foundiir,Part;II
Iof this report.f.- ;



fRaW'Mater1al~Requirementsvahd Process*YIeLas,
Ludwigghafen.‘a . L

'f_ From Document 1814-4d. N
Requirements for 30 000 Tons .per year (8766 hours)

_Material o  Yield % - - Requlred Required
, ~of theory - per 100 Kg - for 3422,.,3
B .~ Buna S-3. = - Kgs/hr-
I : Buna - S=3, . -

Styrene jf}v ,:'1  S 30;27&g 1084
Butediene loos ;>-;; 73.8 " 2528
Butandiol 98.3% 9 o~o%A : xss—fr4k¥——————~4yve—
Butanaiol crude’ [ 97.2% ; ,]143 gn ‘4908
—B&tin&io}—erude—- ~93}Q%>'}'“4,147.1 "1 ‘*?‘:f,§o4d

Formaldehyde 1006 92,@%”_  *£,111.°mn~> ‘  . 3820

Acstylens <  :J 7'1~ T;:;‘;t:::-_f; S S
purified 100% - 92.0% - 48.3." . 1855

,Acetylene ety -f;;w.tfﬂ;;;il;fﬁggm_w,.ZWW,Q”S_}..

crude 100% ‘;\;_:95,5%__.5’1,,50;6,ﬁ-.1,5‘N',l752
Carbide (283. ECRIEE *ffF“73ﬂ|;¢:3ip“;ﬁ;i 1
7 litrigf se.0% . les.o " . 570

 }};inCuQmafofgééet?lene éeﬁéréﬁéd;pggfton;%'

boal Reguiremants :
| Fif From Document 1814-23.v

; Totalfcbal requlrements are S&ld by Dr. Niemann
Mto be 17 tons per ton buna: ‘B=3e
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Location and _Condition of _Plant. ;ff

S Out of the 860 buildingsrcomposing the I. G. o
Chemical Works at Ludwigshafen and Oppau some 20 are
essential to the manufacture of synthetic rubber and
its raw meterials. . These buildings, with a descript-
"ion of their condition at the time of our visit, to-
“gether with. their IU number by which they can be '
located on any I G. plant plan, are as followe"’

LU No. ?',kDescriEtion . comdition .

»557_ lﬁ Power_Plant\‘ : 1 of 4'bo{1ers operable.

TR e T - - Adequate to operate plant
at 50% capacity.v ~

e

'43@f carblde Furnacee ‘]Half damaged, rest operable.

w,453mm..,Ace:t719ne s _ _ _ |
' &enerators ; LD Tw

izﬁfr Acetylene Scrubber 'Trhie': V"‘«_ R

186 “Fonmaldehyde Plent Lightly demaged.
’léé‘jf7aButindiol reactors I vr"ﬂféﬁltf

1134;9;Q¢Butandzol we ',Sixﬁout‘Offeiéht~deetroyed.f
158 wﬁq}Bhtin = emd- S g
RERREE J‘Butandlol columns JHalf damaged half operable.

165 -  Tenk storage ,tf-~f”Largely destroyed.rii

;16éf'f”d3utad1ene reactors ‘Half ' ‘dostroyed, helf operable
i S : -building badly damaged. :

"ljﬁe'ftad*‘ oTe columns““ One seb badly damaged, other
B S SN jToperable.ﬁzﬁ. (



LU _Nos:

193

195

117

114

614 ©. Styrenme reactors.

1 Intermediates .
. synthesis (Iso-

Description

'ﬁdﬁé polyﬁerizatioﬁ'

=

'Coagulation and

finishing

water purification

butyl- phenel)

’"Iightly damaged.

.ceﬁditionj

- Severely damageds’  Only
2 of 11 reactors reparableg

Lightly damaged, easily
reparable.

,Lfghtly damaged, easily
‘reparable. R

o Building damaged, eqnip-
- menticould be restored.

926

’Koresin reactors

”fOne of three destroyed,

. prest easily repaired.>,
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Menufeoturing Costs

i g S e 1 TR S

7 The following figures: were'gxtradted from Dodugggt
1814-44, dated 31 Jammery 1845: .

Ab Ludwisshafen S

__._——-/ ) L
Manufacturing costs for the o
best quarter (2nd quarter 1944) 229 42 Reichmarks
: : per~i60 Kg.

T
Lo

With full production of 30 000 B
tons/year under present con- : -
-ditionss o , aos 75 o

g

1

'

With present equlpment but _
‘unGer normal. peacetime con-" T
ditions.‘__l. - , ST 169.34 ¢
Most optimistic cost assuming———
contlnued progress. SLo 7w 109.00 M

. "\' ' T

At Sehk_pau

Present“manu;acturlng cost.;¥ijr¥j159500l}r”“”

Natural Rubber e "":.76309”f;'?j

% Sourbe of this information mot given.



Persomel Requirenents 17

e Iixec —eperatzng—PersonneILJuly 192;.2;..————_
N A R s =

. German - /-_-ﬂ Foi'eim”*_ “ :.' Total

: ,ﬂ_‘*.f,.-.j" mi . n o A‘_—____,J———v i

~Butadiene. HMen = Women = . Men Women 5‘ :

Carbide Plant. 70 6 . B3 - 36 )
“Acetyleme
‘Generator and RO ST R

.Punﬁcat:.on S 25 e 260 51
"Butma;ol : ', h.8 o8 104" - 15 81

~Buta.nd:n.o]v.‘ ol o I e SOt
‘Preparation - . - 36 L I L7 3 8

Butadlene o R o T ; . -

OPerators s o U SRR ‘ , 86
Catalyst cleaners B R e

AR R

'Buna Marmfacture L l\

\Polmneru.zat:.on o W5 A3 T 27 99

' '-I.ost Tire . :m Btma manufactm.n.g Dept.‘ '
- of ;botal man hours worked. o
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“In November 1942, a- planned program was set: up for
the production of puna in. Germany. .‘lhis is covered in
detail in Document 1814-12 which alsé shows the progress
made on the progrém in 1943. 1his jprogram required . = -
some addition to_each.of the plants, mostly removing
bottlenecks,: and an appreoiable increase of labor, which
was apparently a difficult problem.. ; _

“the follow1ng tabulation Shows the ex1sting pro- -
duction capacity at the end of 1942 and’mhe planned '
oapaclty -of the flnidhed program- : g

. e T
Tons/mo - Tonslmo;\' Estimated
Nbv.1942.2'aE1nished completion

:<L . s progrem - date

_éohkopau+~v~mww~mwmwwww—ﬁooow*wwmmmﬁooomwnmwcompletedmmm

Huls -~ . .- 3300 . 4150 . end of 1943
Ludwigdhafen Sl 0. . 2500 . ‘end of 1943
Zuschwitz i L 0 ‘2500 .. Spring 1944

Ferrara . (Italy) - 0 1000;1500 8pring 1944
Leverkusen (Buna N) 250-500 250-500 .
)

‘ The speed of completlng the program was. apparently
quite important due to urgent 1943 military requirements
‘and two sets of estimated productions in 1943 were pre-
.pared, one assuming normel installation rate emd the: other
‘an-emergency - program expedlted “““ to-the limite " “The ‘Buna S
production, excludlng ltallan, wes therefore set forth as
.follows for 1943 : . .

Produetion in Tons month

No:mai/Proggam o Schkopau ‘HulsL3 Ludwigshafen Totalﬂ

1st quarter 1943. 0 ' 3300 .. B00 . 8600
‘2nd. e 8300 . 900 . . 9200
Brd \v:‘;g_ 5000 - 3550 - 1500 . - 10050
‘4th -59“'¢?3;',.~,.4,f- /3800 szGDHI[T-”IOBQQJ
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'EMérgeﬁcz‘PfogéomfﬂVSohkopéd:' Huls Ludwigshafen .Total

1st quarter 1943.. 15000 . ,3550~ - . 300 8850
2nd - :5000 . . 3550 . -1650 - 10200
3rxd W v .. 5000 - 3800 . 2500 = - 11300
4th - - ?' " ff7' 5000 - 4050 ",J - 8500 '», 11550

: Now that we have obtained actualyproduotion figures
-from these three: plants, & comparison showing by what
amount they failed to meet this program is interesting.

R Actual Production in Tons[month

L _ | Schkopau Huls Ludwigdhafen Total ,
1st quarter 1945. - 5416 - 3754 "s1° os8l

~2nd- e 5409 — a4oswwm~»aeee - BHO6—
3rd LI »n_ - - 5752 - 845 . 603 - 7400

4thﬂ S AL ~5955 3339 1049 - 10394
Total production for 1943 was-

. Schkopau J;Q 67 705 tons
‘Huls = = . 34, 2933
Ludwig&hafen ‘ 7,177*_;!

Germean Buna Production 1944.»‘”
W .
\ !

On a map dated NOV..18 1944 found in Dr. Ambros'
office, ‘the following productlon forecast and plant\;,,
capacitles as of that date are given- S L fc

Plant :.7 ‘Estimated Production cqpacity of
R R -j’ _ tons_ er. month. L cquleted plaﬁt
;LudW1gShafen o 2,000 Ll 5
;SchkOpau -
anls ;




Swnmry of Process, Costs a.nd Yn.elds.

‘Tt was f'ound that ‘buta.d:.ene was manufa.otured at Ludm.gshafen
by an entirely new method called the Reppe process.  Briefly this'
‘synthesis consists of réacting two mols of formaldehyde with 1 mol
of acetylene to form butindiol, hydrogena.t:.ng this to 1,4 butandiol
and -dehydrating the latter to butadiene, . However the: details of
this process are qm.te involved and there asre many intermediates and.
byv-produots formed.. . It appears from the wvarious documents that
this process was difficult to get into operation and that the cost
of ‘butadiene, even under most favorable post war. conditions will.
not compete with' that made by the well-lcnovm a.ld.ol process used a.t
Huls, Scpkopa.u an&\Ausohwitz. L e __
W““No*actualvcostsm“obtaine&forﬁm&mgstnfmmomof
butadiene, but the following table is of :Lnterest as 'l:he est:.nate
ma.d.e in 1941 for tlns process- SR - , )
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of" theory Req'd for Teuwna ~* Oppau = in (‘b)

e 24,000- T methanol Methanol . except
C mea,/xr__‘_A Y oo vath -
= . . E ) ': ' : A '.‘- i . »"-.: : IR u . 1OWeI'ed

T 11,95 o .95 v
1,300 - lke?5 2.425 z..o.oo»-;,»v

35 11__“_ 52.45{,;*
6 i0.20°




Pghw I
TECHNICAL



| '*21*

... ‘The main steps in the process ma.y fbe stmnarisod by the follow-
ging ohenﬁ.ce.l reaotions S _ g

| mﬁ‘ ’ 0320+Hc=cm+ca -)cazoa GaC—CH20H+55Koal
. (ln5 atme, 100-120% oapbea: acetylide oate.]s'st) ‘

.381:92" V GH -C‘:C-m + A —iGH -QGOKOGJ.
S 2015300 a'lzn.,ng"c, gopper nzgk-ggzgzalys ) K

s .g I cﬁzort-cﬁz- CHp=CHy(H — CHp= CH-CH=CHpZH;0-2345 K oa.'!..
' (1 a.'hn., 280°¢,  sodium phospha.te oa.talyst) S

Aa -an intermed:;ate prod.uct of" dehydration tetra.}wﬂroﬁn'an is
‘-fozmed by the loss of one water from 1¢4. butandiol." This step
results in the release of 3.2 K cal./gme mol. .. Further dehydrat-
.-ionw.to_huta.diene"takes plaoemth*—t}w-absorpﬁ.onﬁofm26¢5~xwoalv/
Qnomlo e .{

: I'b 1s‘believed that’ this proceds was put in as a, war emergenoy
‘program’'in order to utilize available methanol from Leuna and to -
‘make tmneoessary a-large expension of ~carbide faou.ht:i.es ‘and the
‘corresponding power plant, . The process does not- look very .
interesting for butadiene manufacture s but may have :meortant
'app]ica.tz.ons in the product:.on of ‘other: ohgni.oals. B g

i of parh.oular :.nterest in a.ssay.n.ng-the Reppe process is the

. yield -of ‘desired material’ in-each-step-as-compared with theory.:
‘This process.is new and hence results: -obtained at Ludwigshafen are’
‘not- too reliable,: parh.oularly in view of heavy bombing effectss
,Th.e follovu.ng "‘babulat:.on shows several oompd.]a.tz.ons of a.va:l.lable '

kDoo. 1811,,-20
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theoret:.cal J:Leld on ea.ch step
(

Aug. -Sept Lab. nlotf’
198 194k 19241;- ‘scale plant’
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. future).

Pure acetylene

to butindiol | 90 - ‘92,0
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. DoGa" +1814~20

Took— G5 92 .

88.8 - 92k 97

S

90,7 95

ol ’9_6-0' S5 % 9

Buta.ndlol L 3 : o

pumf:v.ca.t:.on . L - 97«2
Butendiol to. |
1007 butad:.ene : 90 R
Butadn.ene pur:.ty

-4

'dveran '.yiel'a_f' o .-
acetylene to. ... ... ...
'butadlene '

Overall ya.eld o
'fomaldehygie to,
, 'butad:.ene FIS

.‘9,0’0.

o ﬁ,'_<_~9,8-f,°t>"(‘98'.-;1>,< i)

- 97e2 97.?& 97.2 98 98

_8{;'..'&_."-,7“83.1 84.7 95 ,.;",943.[




28

This early WOXK- -(a.bout_ia}?:) wa&~followad by a- reporm(mcH
: 181&.-2,.) -dated-6/9/40-discussing ‘particularly the butadiene . .
synthesis, ~ -On"Jan. 24, 1941, Dr. G.Niemann “reported. results on .
pilot plant work .on ‘this new process ‘at Ludwigshafen (D000181l}-20)
and described in general how the large ‘plant would be constructed
and the estimated costs and y:.elds. - on 12/ 5/&4 Dre Niemann made
an address before the inorganic colloguium desceribing-the actual
operations at Ludw:.gsha.fen and some of the future possibilities of
the Reppe synthesis-(Docs 1814~23). = These documents, together with
results of :.nterrogat:.on of Dr. Niemann and other documents found in
Dr. Niemann's files relut:.ng to actual. product:.ons, yields, costs,
etc, ’ g:.ve a mther comprehens:.ve pictu.re ‘of the ent:.rc process.

The first steps are tne prod.uct:.on of acetylene frorm calc:.um _
carbide and fonnaldehyde from methanol" brought in from Leuna, l'b :
wa.s pla.nned later to make methanol at Oppau in the ‘units now used
for ammonia syn{:hesa.s wh:.ch would reeduce somewha‘b the cogt of
‘butadiene. - The fozmldehyde ‘and -acetylene are ‘reacted in the .
-presence._ of' _COpper, acetyh.de catalyst to form butindiol. - This
after purification is hydrogenated at. h:.gh‘"pressure to 1,4= -
butandiol and ‘the. l.atter, after purification; is dehyarated over ‘
'ohosphate catalyst to produce. butadiene, .These ‘steps in general
go fa:.rly ‘well according to theoz'y, ‘but. 'bhere are apprec:.able :
‘mechanical’ a.nd separat:.on losses. Many ‘of the details of the
process s‘beps are’ shovm in the various documents 8o ‘attention here

will be paid to the more :.mportan'b phases of‘ the prooess ag a.ppl:.ed
at Ludvngshafen. ' .

Carba.de Isianufa.cture (Bldg l;.32) L ‘j = -. : 2 \"

. Ca.r‘bn.de is ma.nufactured by the usual three phase electnc
furnace methods ' There are two furnaces, each having a. oa.paca.ty
of 4000. T carbide per month,  The’ charge of lime, coke and coal:
-is.crushed and- fed con’c:.nuously into the top of the furnsces in: -
~the- des:.red proport:.ons. '.l.‘he ‘furnaces are rectangular with water=
‘cooled: electrodes and s:.des. .The ‘carbide is formed at: a.bout 2500°G
and:- ta.ppedfat 1800°G :Lnto a hom.zonta.l coohng pu.pe 2 T




;ﬂ,
It will be noted that the.production’is consideraoiy. 1ess tha.n
‘6apacity during this per.:.oa. as only one furnace was: oporated pa.rt
of the time. . The power oonsmuption an the carbide plant was
»f‘ound only for one month end was shown as 3,148 KWH/’.E carbide. .

Acetylene generati.on and wash:.g& (Bldg 22, 212 N

- Aoeﬂylazne is genemted by carbide in honzonte.l rotary drums
with the carbide flowing counter-current to water spray. There
are duplicate facilities for this as well as for acetylene wash:.ng.
The raw acetylene gas is removed. and the’almum hyﬂroud.de f:.nished
f'or fertv.hzer. : : L , : ,

'1.‘he gas :i.s ‘cooled and freed from dust 7 etc., _'by water wash:l.ng

and by washing with dilute HC1, = It still"® oontﬁ.ns ‘a trace of - :

ammonia, 380 mg/m3 of phosphorus and 1600 img/m3 of sulfw compounds
'which are removed in two sets of four washers 1.8,m: diameter and
~14~m——}&gtr~eaoh~ﬂwﬁze'almﬁnmshed'“out”v.d:th*'dilute"ﬂasoh"'rn
.the first tower and sulfur.and phosphorua removed by washing with
godium hypoohlor:.te or chlorine water in’'the next two towers, The
‘last tower is used for treatment with d:.lute NaOH. - The gas. then_
}goes to a ooke-f:.lled separator to remoye entraa.ned hqmds. S

' The raw aoetylene is: further ;mﬁed to remoxe tra.oes of‘
v_ sulf'w.' and halogen ‘compounds in. two_sets of three absorbers con-. .
taanin& activated carbon. = Two absorbers are 'used at a t:.me and
one is oui regenerat:.on with steam and heated aoetylene. : v

‘Fonmlde Wide' Ma.nufaoture : '31'

- Methanol f‘rom Leuna is d:.luted to 60}'6 a.n& vaponzed w:i.th low
pressure steam, . -Airis add.e -to.make a vapor of methanol, steam
‘and -air at 909 . .The vapor is then: heated £0.600° and passed over : o
‘a catalyst and oooled*stepm.se. It is then washed several times in .
bubble. towers with: condensate wabter: to i‘om 30% formaldehyde ‘.:solut:. n
. which is then stored- :m altmn.nmn-tanks" ; u.S. P ,
-,were"’notobta:n.ned. 2
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acetylens and copper- 'acetylide, The reaotors were equ'!.pped wi.th
aerveral -1iquid- red:stnbut:.on cones a‘t va.nous levels. b L

. In actual opera.tion, hovgwer, in order to obta:!_.g_c’qnplete
conversion of formaldehyde in one pass, and to. prevent too high .
temperature rise during the reaction it was found: ‘necessaty to use.
two reactors in series to keep the ‘formaldehyde solution dilute a.nd
to use at least four times the theoretical acetylene, Feed . :
temperatures were also kept fairly Low. Eventually two reactors
were taken out to act as water recovery units-for the reactor
produc‘l: gases and. ths other four ‘were: used as tW'o ‘sets of two ::.n

ser:.es for the react:.on. R

. A‘bout 1213 of fresh 30% fonnaldehyde solut:.on per hor was f
used for ‘the entire operation,  : This was diluted to 4O n m by (1)
‘addition of 4 m3 as dilute formaldehyde and propargylaléohol from -
the distillation train;. (2) 23 md by water pickup from the reactor
product gases, Thus a1 5% formaldehyde solution was: actually fea.
“with four times theoretical acetylene to the top of two of the
Area.ctors. ' Both'gas and liquid then passed down through these
reactors over the' oatalyst copper acetylide on silioca. carrier),.
‘where the raa.ctwn was carried.to the point. vhere the formaldehyde
concentration was 5%. . The flow was -thén down through the next two:
‘reactors where the’ fomaldehyde concentra.t:.on was reéduced to 1,5% ‘
‘or leéss’ (usual]y 0.5% ar "less). " Overall conversion ‘of fonnaldehvde.'
was: 95—98,’% in- the.one pass. through the. two. sets. of two.reactors. in
seriegs’ -The ult:.mte yield on formaldehyde was around 90% although,
’la.boratory aé.'ba. 1nd:.cater1 95-977 should 'be obtained. :

» “The %0 m3 of formaldehyde. ‘peed. per ‘hour was treated w:x.th sod:.umvm
bloarbomte to ma.mta:.n Ph 4=5 and was spl:.t :mto four s’creams of’
10 m3 each, S e : g

“the: reactor product ga.ses.
‘sepa.ra.tor a.nd the" separated ga.s sqrubbe
‘reactors ‘to remove a la.rge part of &
The- stmpped




a.cetylene was circulated per rea.otor set, The. e:.rculab ng pumps '

ag-well as-all other apparatus*nrthe—reactor?ystem—w'errdesn.gned
f‘or 100 atm. pressure. :

I-a'bora’cory data. :md:l.ca.ted tha.t about 1 Kg butlnd:.ol could be
produced per liter: cata.lystx volume per day at a velocity of 3 Kg
pure formaldehyde per square decimeter cross-sectional area per. .
hour, - Thus each: of the:four reactors prodwedabouHO*T’bﬁﬁﬁ:/
diol per day. The catalyst preparation is discussed below under.
catalysts, tut essentially the material is copper acetylide on
s:.]a.ea ca.n'ler, and the oatalyst life is a.bout two mcnths_ L

T ' The crude 'butn.nd::.ol wa.s punf:.ed in f'our fra.ctlonatlng columns.
In the first colum methénol, propa.rgylalcohol and unreacted formal-
de}w'de were taken overhead at 1.5 atm,, 1200 top- temperature and
1280" 'bottom temperature, - The 38-40f butindiol water solution was-
then sent to the hydrogenat:.on plant for conversion to butandiol.
The ovex?head from the first column was fed to a second’ column =
operatz.ng at’ atmosphem.c preéssure, 639 top temperature and 929 base -
‘temperature. This colum removed crude methanol overhead and pro-}
pargylalcohol and: fonna.ldehyde water solutions . (7% concentration: of,_,
each): from the bottom. The La.tter was recirculated ‘to-the form.l--

~307 propargyla.lcohol solut:l.on overhead and a’ fonnaldehyd,e solution

-beiow, ‘which was.- recn.rcula.ted. ' By sending part . of the. solutiom
from the . second colum: through the’ third -colum. propargylalcohol was.
‘continuously withdrawn from'the systems - The fourth cofmed’
.o purify: the crude methanol by batch' dlstz.l]atn.m a.t atmosphenc T
: pressure and 67° base tempera.ture. e e e

: It m.ll be noted that a small amount cf' propa.rgylalcohol is.
f;-produced as a by-produet in: th:l.s reactlon a.nd is due to the react:.on
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Tcai‘per—mor)—ﬂo—nnfe‘s—t}re’theoretﬁal_‘ﬁ?aroaen is ciroulatec a o
—througlrthe—rea;ctors'—req_utﬂng—a"m;roulaﬁon of - 75,000-m m ] Hpy per—
hour. The product liquid and gas are passed to a. ‘heat exchanger,
cooler, and separator where hydrogen is -geparated- for recirculation.f-
The liquid product contains 35-40% butandiol, 1,-2% butanol .and’ :
remainder water. - The butanol yield gradually increases as.the: -
catalyst gets older. The catalyst list if 1 to 3 months and. the
production is 4 Kg butand;x.ol per liter. cata.lyst per da,y The used
ca.talyst 1s sold for meta.l reoovery. .
L Two reactors are used to purify hydrogen wh::.ch is me.de at -
Oppau.  This gas contains 0,054 CO which is removed ca.talyt:.cally
at’ 280°c over nickel oatalyst to & €O’ content of 0.0017 o
The 'butand.lol solutlon is pur:.fH ed in 7 'bub'ble columns. 'The.
fiyst eolumn operates at gtmospheric pressure to remove. butanol
. overhead. ~ The second column: removes the larger. part of the water :
‘overhead leaving a concentra.ted buta.ndiol solution,: This is used
S1tHET For tetrahyarofuran MANULacture of 18 pun:t':.éa”th the remdn=
ing colums under reduced ‘pressure, “The: third column' operates )
under vacuum ‘to remove practieally all water overhead., . The fourth
column removes a:dilute butandiol overhead wh:f.ch goe. to 'the fifth
“tower to concentra.te the buta.nd:.ol. - The butandiol from the. ‘base
‘of  the fourth ¢ colum a.nd from the fn.fth column are Jo:med and d:x.s-
.,t:l.—lled overhead din: the sn.xth colimm, - The-last column is used -
ba.tohw:.se ‘to. remove traces of. buta.nd:l.ol from resldue. Cond:Lt:Lons
'.:m. ea.ch column a:t‘e as follows. S : o L s

. ' Operatlon K

Continuous




-butandiol- god s = _the £ 5
‘fact, at” Indwigehafe a- _plant to produce tetra-

hydrofuran from butandiol was installed (see below)using

e different process for the dehydration, in orderto tell

_whether:.it was desirable to dehydrate in one or in two
steps. - Since tetrshydrofuran is an intermediate product,
‘which is reedily formed, the materials actually under- -
going reaction. consist largely of this substance. It is

not clear whether an- equilibrium.mixture of -butendiol and

tetrahydrofuran actually is formed .or whether ,the reaetion
18 ahmost immediate and qnantitative to the furan.- s

' The heet absorption problem in this step is quite
difficult becesuse of the use. of: lerge granules of coke-
catalyst. The 12 reactors used at Ludwigshafen are
similar to the ones used for 1,3 butylene glycol at the
other plants end are vertical cast ‘tron eylinders,
insulated on the outside and containing 20 md of catalyst.

Themreagﬁgzs are., madewinweegmen33rmhidhmarersteckedmonptopw
of each.other, amnd joined by gaskdted flanges. ' Between
-each segment and .across the entire section of the reactor.:
‘(except near the center whers a graphite plug is 1nserted)
.18 placed a pancake coil to ‘heat- the catalyst bed” with 100
‘atm, steam. . This steam is produced by. flue .gas and. o
electrical resistance ‘heaters. ~ The. ‘segments of the re-. ’
actors are about 1 foot .apart. - . The reactioh is~carried
‘to 20% per -pass- and ‘the’ catalyst'life is about‘s weeks, :

*being 1im1ted by pressure drop increese._{

The butandiol is vaporized with steam.r, retrahydro-t
furan is also. separately vaporized and-mixed with butandiol
_vapor and steam in heat. exchange ‘against the hot i tor ..
‘products and ‘heated o 200°, The mixed. fee”*is"’furtherh
‘preheated to 3309 with’ : ‘ ‘ ’ : ‘af
- resistance superheater .Th
‘reactor at 3200 andV'he pan‘
ture at"'beu . 28009, B




—“lme-orude svream containing largely water, tetra--~
hydrgruran and butadiene is sent to:ome of two duplicate
distillation trains .after passing in Reat exchange .. .
against the :—'eed. - The first column removes water from
“the base and tetrshydrofuran is, trapped out from near the
top of the colummn. = From the tOp of this column is teken.
a mixture of butediene ‘and a little tetrahydrofuran which
is washed with . dilute caustic potash in a tower and taken
“through & 500" cu.m gasometer to compressors. . The gas is
compressed to 3-5 atm. and sent to a separator to rgove
gés. -~The liquid- butadiene-tetrahydrofuran mixture 1is
dried over solid ocaustic and theh-taken to the pure
“butadiene column to remove butadiene overhead and tetra-
hydrofuran fromithe base. The butadiene is condensed
with waters. The tetrahydrofuran recycles to the first
column for purirication and eventually returne to l:he
tetrahydrofuran vaporizer. R : .

R As an 1ntegral part of the Reppe process tetra-
‘hydrofuran is menufactured at Ludwigshafen from the 35-
40% crude -butendiol. ' This solution is freed from salts
and- neutralized ‘with Wofatik K (a hydrogenion exchanger)
which can then be. regenerated with HCl. The salt free .
‘solution is then brought to’ Pg 2.0 with 0.3% phosphoric:
‘acid;” preheated to 3000 ‘and sent - to four parallel re-
-actors-at: 100 atm. and :~2eo°c where it'is. ctmverted to.

: 3%
place ‘of . phc ephorio eci_d. -"I.‘he reactore are 1.0 m. dia.
‘and 15 m -J.ong ‘end"are mede of" VzA. The space v:,velocity E
REA R 14t o
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“the butadiene synthesis. _These documents,mere supple-
-mented by verbal. _statements by Dr. Niemenn. It is .-
believed that the following is a fair summary of these

‘methods:

/~_,‘ . Lo

(a) Catalyst for butindi roduction zxom acetylene
Lo and formaldeh

. This catalyst is apparently oopéer acetylide on an
inert sarrier (silica). ~ The active ingredient-is either
Cu-Cg or CugCp-Hp0-CgHge The cetalyst conteins -12.5% Cu,
3.5% Bi and remainder silj-a prepared as shown under {b) -
belew. The size is 2-6 n.n and the bulk density 0455. .
vhe calcined ‘silicae pellets are saturated with a solution
of copper eand . bismuth nitrates, then dried and heated in a
mffle to 500°, The catalyst is placed in the reactor -
and treated. with formaldehyde and acetylene at: a"tempera-_
ture—of 50=100 mf?0°"beetﬂwﬂmmﬂy*being~carefu&~towstturate~
the catalyst with formaldehyde solution first, adding =
‘acetylene slowly and bringing the. temperature up- slowly,
the catelyst is changed: to the dective acetylides = It. is.
then raised in temperature to reactlon temperature and
butindiol production begun. SRR e = .

The oatalyst is, of course, subject to detonation,
ae is acetylene itself. Specialﬁpxagautions are’ necessary-
to prevent explos;on which are-described in- various docu~ -
‘ments. . If the’ temperature is raised: aboveelao_ cuprene
is formedAWhidh coats the catalyst and rend' ‘
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being placed in the reactor 1s treated - for 24 hours at
320° and 50-100 atm. with Hs for reduction to the ective
nmetals. Some lesstng rings ‘of Cu and of Ni are also -
added apparently. The use of nickel instead of only

large formation of butanol, but requires a purer
hydrogen.‘ o

(c) Catalyst for the dehydration of butandlol to
butadiene..c

o This_gatalyst is baeically eodium.phosphate on a
‘¢oke carrier. ‘1he cetalyst wds stated: to contain 15%
‘mixed. sodium hydrogen phosphate, but this'is. apparently
incorrect as’ noted belomh It is made as rollews-‘

s Goke is broken into 8-15 m granules by crushing
~andwsizingwhydregen..phosphatemand__utylaminephOsphate.
solution. - The coke is sprayed in' & rotary ‘drum with
sodium, The water 1s then evaporated by direct con-
‘tact with flue gases. ' Ths.impregnated pdarticles are
dried and heated to. 2600 in a tunnel kiln to transform.
the Nag HPO4 first to Neg- ‘HpP2On and then finally to 80%..
(Na’ P05)a and 20% Nap HpPp0ye . -This catalyst . is.the seme: -
as for the dehydratlon of:1,3 butylehe glycol ‘to butadiene
except. that it is more completely converted to' (Na PO3) 2.
"It will be noted that the stated 15% concentretion on the.
catalyst is at. variance with the -45-p rts per: 100 parts '
‘catalyst indicated in*Document 1814-20; 1d “as shown &

i : G o Reference
should. ‘be - made to- the‘reports on“these plantSfforf‘ore
xact information ' _ . _
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to compare the Reppe butadiene process With the algol
process used.-at Huls, Schkopau and Answitsch plants. s

‘The overall yield of butadiene by. the aldol process
is 60% of\-theorybesged on acetylene ‘or 64% based on -
-acetaldehyde. - The Reppe process-at Iudwigshafen: .
‘ylelded 71% of theory (based on formaldehyde) in the
third quarter ‘of 1944, and earlier research indicated.
80-87%. . Dr. Niemann estimated normel-plant yield would
be about 75%, under peacetime operating conditions. It
may therefore, be concluded that the-Reppe process weu1d~
give somewhat better yields than the aldol process as:
«carried out in Germany, that it would 'save the necessity
‘of” installing large: blocks of powsr eqnipment, but that
the investment and operating 'costs are not likely to be
low. enough to permit production of butadiene:as. cheaply
-asJukihe”aldolwprocess.”wahlsmcannlusionrismshared“bxm.
the Huls and Schkopau operators.- :

g . s s

Production statistics

o No comprehensive reports were fbund relative to the
production of butadiene and intermediates except for: the’
.third quarter or 1944.:. These are. as follows',ulaiﬁ

ol e ?.‘Qi.x Aug. L B

“Ae ﬁ?iene } 899 ooo‘m3 1 ,'”f'

"B“tindiol.:“a*»» 2,167¢9 T = 896.0 T . 295.0 T
1tendiol . 12,0658 ‘I".-_ .828.2 r sl 9

antadiene = . 1 323.7 TIrU  394.

'Bgtadienefv o



smmmmmm REN TURE: =

‘Ethxlbenzene Production (Bldg 615) a. =

: . The productionor ethylbenzene at Ludwigshafen
;could not be studied very completely. because of. the -
generael-state of the equipment and the sbsence of .
adequate Germen technical personnel on this subject.

A brief study indicated, however, thet ethylene was
'produced from ethyl -alcohol by dehydretion over Ca0.
This, together with purified benzene was fed to two-?
~continuous’ parallel reactors,enamelled lined and 1 m. -
diameter -and 6 m. high.,Later information indicdtes that
the system used wes the seme: a8 that used et Schkopeu-

and essentially the sene &s 8t Huls, Original work on- )
‘this process was' carried-out at . Indwi gshafen. Referencev
should be mede to the reports on these targets for more
fprectSE“infunmation—onr%he~process.;:~ I

‘ B ) reactors are " vertical cylinders and .
1provided with 1n1ets at the bese for ethylene, benzene
‘and recyecle alumi num chloride complex., The mixture |
passes_upward_atfso__c_andﬁl‘atm ‘and overflows to a
--separator whare 'the complex is returned to the - reactor
:-and-the" alkylated Aiquia removed for. washing and’ distil-
~letion. " ‘Al Cly 1s-ddded-at the top by means of a screw
conveyor.. The. ‘reactors are . jacketed to. permit“cooling
_or'heating as ‘desired. -It was:stated that the Al Clgy
“use was’ 50-100 Kg/1G0C Kg ethylbenzene produced. The
_product from the reactor contained 40% eﬁhylbenzene,;a
- 10% polyethyls ‘and 50% benzen *gn@i he’ g .
. was stated to be 90%-of: theory.*
,, be\ .accept.e.d with;e.tz@_txation,-




’uce&—by~catalytic—dehyﬂro-~——
:genationfofsethylbenzene —in- thevpresence of gteam.= Theaf
~exact steem-usage weas not stated. definitely, but. data
from & process flow sheet indicaeted that 2 Ib of steam
was used per lb of ethylbenzene. The reection was -
carried out in vertiecal multitubular reactors with
tubes about 4" diameter., The composition of these tubes
was steted to be chrome-mangenese, but this appears: in
error in view of later data at the other plants._

'Styrene production at- Ludwigshafen (Bldg_§l4L____i_;_34

, -~ The. catalyst used in the- reaction was
‘stated to be mixed oxides of zinc, celcium and aluminum :
with added promotors, but it was not possible to obtein
the exact composition or method of manufacture since

‘the expert on this (Dr. chlenger) was absent from the_
lplant for several days. LT _

1 'The- ethylbenzene and. water are vaporized .
—andwpreheatedmto«neactidnntemperaturs—{about«socw%mbyv
meeans of heet éxchange ageinst the flue gases used .
pré?iously for hoating the reactor tubes. The mixture
filled with catalyst. Conversion takes place to the
extent of 40% .per pess and an ultimate yield of 90%.
‘of theory is.obteined..The reaction’ -proceeds continu-
ously, with - coke formation being removed by the water
"ges reegction, ‘s6° that no periodic regeneration is " &
‘required. The catalyst life was stated to -be .9-12
months. - The reactor tubes are-: heated by . burning gas’ .
“4in-air-end ‘cireculating the hot fl gases agound the
‘reactor. tubes to maintain approxi ately 6007, - o

‘*ﬂ‘”onl7ff The reactor product gas is sent to a
‘tundenser and cooler and the' gas separated from the
;liquid. Tne lignid‘condensate is: thsn_settled to




e~

under. 1 vacunm,hremoves pure styrene overhead and residuo
from the bese.-- The styrene 1s stated to be 99.7-100%
pure and is used directly without inhibiting unless -
it is stored for &  long time. In this event hydroquin-
one 1s added in smell emounts. It 1s suggested that:
since the process is quite similar at the' other. plents,
more details on this system can ‘be obtained from the -
Huls report. :

Polystyrene Production at Ludwigsharen (Bldg 615)

Styrene monomer 1s fed to the top of 8
vertical tower 25¢ high by ebout 24" diameter filled -
with spiral steam coils. The tower is operated full"
andothe contents are maintained at a temperature of .

180 C throughout. At the base polymerized styrene is ‘
extruded through & narrow horizontal slot about 1"~
-longmbymmildmpxassunemexenxenmbxwawhorizonzallxwﬁispos%d,
screw feed. Polymerization'time is reguleted by the rate’
of extrusion. Aversge time was stated to be 30 hours.
The extruded strip falls on a horlzontel travelling =
,steel belt- running over and under ‘cooled rollers. for -
d_distance .of about 20 ft.‘at ‘the ‘end of ‘which the -
.cooled. strip of polystyrene is. fed to a rotary knife
‘which reduces.it to particles about the .slze of rice
grains.'“" S : : S S o

' o . In this condition it féeds“by gravity o
1to.a snmier nill ‘Which reduces-it-to-e-coarse: pnmar 1n
;which: form it is packed in res:Ln treated bags for

‘bombing but’ ao'been rebuilt to proauoe about I00 ton  ;
“month out of - two set fog towers, cooling stripa'and
pulveri ers of: ©type. de: N},catalyst

N,chemicahs are used.ly.f



: synthet:.e rubber ma.nufae‘bm:'ed at I..udvn.gsha.fen wh::.ch meets’
their specifiocation’.(Defo hardness = 3000 & 10%) is called Buna
S=3. * It is produced as an mccmpressed thin sheet and :.s rolled
up on a central spd.nd.le to a‘bout 100 1b rolls. : a
Rub'ber faihng to meet spee:.ﬁ.cat:.on, :.f clean, is ola.ss:.ﬁ.ed'
‘as Buna 8.V, All sorap is classified as Buna S.A.- (ausschutz)
‘The latter is passed through a.d:.s:.ntegra.tor where it is shredded,
‘then washed, dried and packaged in crumb form. ‘ Buna S.V. and .
'.Ieven S—3 a.lso a.ppears occa.s:.onal]y 1n erumb form.~ R .

Monomer Stomg__

- "Monomers are stored (as of Septem‘ber 9, 19241;.) in ten storagef
%wksﬁoeate&—in«bhe%&nbfamwme*ofwfmc&rw(ﬂo -
' ouﬁ 'by a heavy bcmb pnor to Septem‘ber 9, 1944.

’I.'a.nk No.1 recycled styrene -
# .. % 2 reserve styrene tank -
‘"3 pure styrene

- L. pure butadiene.
5 recycled: ‘butad::.ene .
"'-""'6 hydrocar‘bon rm.xtures ST
' :9 reserve for hydrocar'bon il
m:.xttmes :
10 reserve: fqr recycle buta-

dzene e :

Vs oa'a _=5_=~i‘=

=
"’ i .3 3 2 B

recovery unit, ‘one: emt tol thel‘:'styren pump’, one. floa'l: 1eve1
~indicator (whmch reads in ou meters), thermometer )




: i ,ped dirootly fran the man,, :
. _pla.nts. A haﬂrocarbm mxtire is mads: up from pure and- rqoycledf
buta.diene and pure and recycled styreme, - The mixture, calculated
“on a 100% basis, is oomposed of 70/50 B/S by weighte The following
quantities of monamers expressed on a pure basis ("Kg 100%") are
representative of. regular operations: 10,465 Kg as fresh butadiens, .
© 5,635 Kg as recycled butadieme, 5,175 Kg as fresh styreme, and 1,725
-Kg vecycled styrene, Actual amounts of fresh and recycled monomers .
: é“Kg aff.") are calculated on the basis of fresh butadiene as 98%
£ 045%), recycled butadiene approximately 1% less, fresh styrene
ab. 100% {actua.].’l.y mostly 99.595 .and recyclt 1 styrene as 954 pm'.i.ty.
'Styrens purity is checked weekly by reframbometer, ‘and fluctuates
" olose to .95%, - The blend weights or "Kg.eff."-are converted to
volumes ("'L:.ter") uging specific gravities of “the indiv,id,ual came
ponents. This value is termed "Liter-Soll", ' From this quantity -
is deducted the a.mount of pure. styrene req\ﬂ.red for the preparation -
of. the. 10% Diproxide solution. . ‘Assuning that 0,08% Diproxide- oal-
oculated on the mrdrocarbons is to be oha.rged, this a.mounts to 185
hters of pure styrene _ Y

. The buta.dlene and styrene are’ mixed together outs:.de of the :
bu:.ld:.ng for ‘not less’ than 15 hour's, - : The blend is' then pumped by a
‘centﬁ.mgal pump. through a q.ow meter o a mixing tee where it meets . -
_a stream cons:.st:l,ng .of the: ezmﬂ.sify:mg 1ngredien'bs da.ssolved in water fed
byamuﬁlaromtnfugalpunp S _ e , :

. P,

: Two heated stlrred 16,500 ga].‘l.on ta.nk,a_a::e looated on the 1ower
__f,-floor for. emulsifz.er solution. make=up,---Condensate water is. charged
to.-the tank, followed’ 'by l:.qm.d or golid: Nekal, ca.us‘bio and fatty
acid, : The following reou.pe a.nd procedure is, used. . o

G 8,800M allons. = AT P,
=:40% less:than" ca.lcula'bed i
- to 12,760 gallms




_used_to,_omtml_nekal_nonc m, Hxing. s
dia.gra.m of refra.ota.on index v;.xg of Nekal s grepared

- - The solutions are beated. to a deﬁ.nite tempera.tm'e dmng make
up and are held at that temperature, Temperature is difficult to
ma.intain during oold weather because of outs:.de storage. :

Aotivator Solution L g
, 'l‘he 3 a.cti.va.tor solut:.on is made up in a 990 gallm tanke

In document 1814~=16 it i3 stated that this. tank is rubber-lined..
Condensate vater (880 gellons) and 163 Kg of KpSsOgare added, the
obarge being diluted to 946 gallons,  ~“After an hour's nme:l.ng a
_sample is taken, When the contents vary no more than % 0,1%, the
charge is run through a filter. 'If the solufion is: stored outside
-during the winter*there is danger that the solution. will orystall:.ze j
out,causing the-filters to clog. ~In th:.s :msta.nce, p:.pes must then
"bewannedupwithsteam. S A e -

~

mg-ond Solution N

In Documen'b 181Aa¢|.d :.t is stated that for the prepar:.ng of
J):.prond /Solution, 700 Xg . of: pure styrene are in‘broduoed into: a.—‘
220 gallon enamelled vessel equipped with an agitators - Ten grams'

-~of Diproxid per 100 oo of styrene are then added, —To remove wabter .

2'Kg of sodium sulfate are ‘addeds . After one hour's st:.mng, tho :
-solution-ig- drawn off over a- cloth ﬁ.lter. . Plows: to: a measunng.—.;-_
vessel at the head of each 1 row of reactors and runs into a. s'l:a.ndpd.pm ;

B wh:x.ch ocmtrols the _ feedy

,,Pc e

In the oenter of building L 193, ‘space is pry v:.ded for s:.x\l:.nes
‘of reaotors 5 e1gh+ o a. row, set. into the floor an -.Lproaeoting down-

"and a Fifth vow (from Ttaly) was also a.va:.lablé.»
-»ns::.‘b, hower\_ror only :‘thre‘ J:a.ne's £




= quanti trof*aqusonrphase-fed%o—t&em&sxfyxng—tee—i s-a.u'bsomtioallr
=pegulated by-a:flow-controller-at the:make-up.-tank, - The‘prqnmztlm
of hydrocarbon phase mixed with this emilsifier solution is cm- S
~trolled at the metering station preceding the Tee, Both .

carbon and water phases are metered by displacement instmn ts. ,
Weight recorders are installed im “both lines following the neters to’
‘maintain constant control im-case the meters have to be by~passeds
Auxiliary equipment’includes pressure manometers and thezmometers _
above and below the meters as well as two parallel operating filters
'in each line, - These. filters are rubber coated,  Pipingis e
arrenged so that ethylbenzene can be used as a pm:ge when the hydro-
carbon nn.rture is not beﬁ.ng charged. ' B

. The deroca.r’bon me‘ber is made of cast iron, -and the emuls:l.f:.er F
meter is ‘made of metal "VA",  Although the hydrocarbons as such are’
not corrosive, meter corrosion is: fr}q,uently caused by traoes of
. water a.na. water ﬂlus}n.ng. ; : .

S

w'_‘4»1';''~~-w»'--»I\kmm-].:l.;r,r--:l:he~~fe¢s¢i,-enfl;eraa_-1:h.e--f:i,z:a=si'.:x:ea.c:1:<>z'wtb.roughm:amﬁ»eJ..’uz'amf
line extending to. the bottom of the ‘reactor.’ This reactor dis- .
charges from the fop tl'n'.‘ough a -line to the bottom of the second re=~
aotor, and so on for all ei.ght reactorse Reactors are operated. full,
‘The piping is so ma.n,ged that any reactor can be by-passed, and the'

. cantents of any reactor cen be_xun ‘directly to the discharge line. -
.Normally only. seven: :rdadtors 1n eaoh l:Lne ‘are in use with the eighth
out for cleaning or” stand-by. N S A _ :

T ‘I'he ra.te of feed is controlled by a flow regulator of the L
d:c.aphrag;n type to between 3000 ‘and 4000 liters per hour, = Capacity
--of-the reactors-is-20,700-liters-each, --Total-reaction -time-was- said. -
. to-be 24 to.30: hours, : 'but thege: flgures would’ indicate a longer. pen.od. :
The water: jacket tanpera.ture of -the first. reaator is. ha.nd cont:rolled
80 that latex at exit: reaches 50°G i The rest of th ' reaotors are’ ',
held. at ',hi.],tempe ture. IR ORI S

:"ff‘:;.’,The'_‘progress of. the polymez'izat:.on is checlced by samp]ing latex
B '{I’ ) hn ;




The persulphate a.nd d:l.-isopropyl xa.nthogenate are a.dﬂed ocon=
tinuously in equal amounts to the second, fourth and" sixth’ reactor
by means of an adjustable. stroke chsplacement pump.. The preserice’
of a calibrated measaring tank indicated that the metering pump wag
not always relied upon., Sufficient modifier (WEX) is used to -
“allow the formation of such molecular linkage that the final Buna, . -
after heat softening of 50 nﬂ.nutes, possesses a Defo value of 5200
on the average. ' , ) ,

Ag.ta.tion in the reactors was the su.mplest possa.ble cons:Lst:.ng
of a vertical square shaft having four horizontal flat cross p:teces
“fixed on it at regular intervals and extending to within a few inches
_of the reactor walls, . The. agitator was dr:.van by an 8 kw motor to
g:.ve a speed of: 20-25 r.p.m. RSN _ , .

T All vessels for ha.ndli.ng hydrocarbons and: process water were .
WsmteLtombs”VMtedT(benmdvmham vamdimwstee]palloy),
Pj.pes a.nd ﬁttmgs were . said to-be pla:.n steel. e
React:.on vessels were said by—> plant m.nager + to requ:.re o
cleamng every six months a.nd l:.nes on:ly once & year. o .-’ o

SR In a discusmon w:.th Dr. Teupel a'b Ludmgshafen, Mr. Ha.ndlery
was g:Lvern the following recn.pe. L ,

R ,»___J_,,"ﬁ.. I

Styrene: . .
;Nekal (sodi.um dibu l naphthalene

: sulphona.te '. o R
i Sod:.um parafﬁnate SR ‘_ Sl
‘Sodium hydroxide: e
-Potassium. persulfa.te,. B
-"m-isopropyl xanthogenate




Nekal- mdded conti.nuously to- shortstop ‘the” reaction and to- stabu.lize
the finished Buna, - A ealoulated a.mpmt of 3% PEN based on the rubber
was. added, = - . . S : :

B When ground PBN is used, 2000 Kg of PEN is added gradually to
1760 gallons of condensate water, ' Fifteen Kg of Nekal and 7.5 Xg of
100% NaOH are then added to improve the dispersion. - The charge is’
‘then diluted to 2200 gallohs, - After four hours! agitation, a sample
is takem; and’ correction is made. -according to the solids content. =
Foam formation mekes it diffiocult to get-an accurate solids determina-
tion,  The contenis of thé vessel are aglta.ted cont:.nuouely to o
o‘rm.ate setthng. - .j_ . D

It wa.s reported that the PEN d:.spera:.on etSchkopau is prepared
by melting the PRN in a 1100 gallon kettle heated with steam at three
'ahnospheres. - The melt is then transferred to a turbomixer wheére it .
is mixed with. a dilute solution of emulsifier,.. It is then trans- .
wfemd»towawupee gaﬂmwvessehqmppedwmbmamtatwm-sm
persion is then pu.ped through Gy collo:.d mill. and run into e.nothew '

: tanke o . .

Recovery of' Unreaoted Moncmers —

. The la.teor. str:.ppu.ng and monomer recoveiir eqmpnent 15 1ooa1:ed a.'b 2
,‘v‘..the north end of the bm.lding. v - :

o Th:.s parb of the prooess is: no‘c well <1evelo;pf§d~ 10% of the ,
recovera:ple ‘butadiene is said to be lost and 25% of the recoverable -
styrenes . After stabilizing ‘with phenyl beta naphthylamine (no
hydroql@ntme is used) the latex is pumped directly to the topof a '
“vYacuum. ‘steam . stnppdng tower without previously: ﬂas’ﬁ.ng the’ buta.d:. ie
‘It was’ stated that recovered moromers were: .blended with, fresh stocks
‘until the purity of the butadiene ‘became. léss: than GWtw which .
"__it was rett;xned for ‘pm'if:.ca“bion. . No documen
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_are arra.ngef parallel to one a.nother along the- length of the- 'buildin.g.

The stripped 1a.tex is pumped to two 1a.rge tile-l:.ned 'blend:.ng
tanks of 150 ou.m, oapac:.ty loocated atsthe south end of building Iu -
195, :These tanks ere fitted with propeller agitators. ‘

' A ocnﬁ.nuous two step coagulation is oamea out m.thout the :
‘use- of' tanks, : , : :

...a.tex flows frmn one of the- 'blend:.ng tanks under gra.va.ty :
throi:gh a 3" pipe made of polyvinyl chlorides = It is mounted - on-a -
control: panel which is fitted for measuring rate of flow of 1atex a.nd
“the two streama of" ﬂocou.'lat:mg a.nd ooagulat:mg chemicals,. » .

’-v- The flrst coa,gulent ‘stream is inaeoted into- “the center of the
latex pipe at an elbow, through a nozzle. desugned to ga.ve it a sp:.ral
motion. The ra.te of flow e.t th:.s pod.nt 18‘ D T

mi.atex A 21;-00——1:.ters-per—onﬂ;nute

Ca Cly 36% solution‘__/ o250 ne e W
Ne. - CL saturated solut:.en 4000 - * w O ow
Weger -~ .~ .. 0 oy 3000 o Pl

('l'hese values e.ppea.r to be inconsistent mth reaetor flows
- ond will be. rechecked) - R _

About 15 f‘t. further a.long the la.tex pipe o ocagula’cmg stream
_consisting of 12 to 16,000 liters of water and 16 liters acetic acid
“is introduced through a seccna. m.xm.lar Jete ' A third -Jot is provided.
~for the"":mtroductlon of more water if: reqm.red. ~Final By is-between o
5 and 6. For each 100 kgs of rubber these. quantities are reqmred.

o N Calcd.wn chlozide— f : 5o0 kgs‘
é - . .10-2000“'." o
1000 ]J.‘bers




“24,%,  The rubber blanket is “ploked off s:é "the sor soreen ‘passes over
a la.rge terminal roller and is further compressed between a pair of-
"ribbed- ‘hard rubber-oovered rollers oh which pressure oa.n “be - ‘care= '; ,

fully adausted. S , .

: The blanket is then elevated: by means’ of an 1nclined travel]ing
belt to the top of-'a 19 pass dryer which=is divided hnr.’l.zontally*
into four compartments, in each of which air is circulated by means
of numerous fans,  The temperature in the first or top- compartmen‘b
was meinteined at 1259C by means of fimmed steam coils, in the
seoond 1159C, ‘the third 90 to 100°C and the fmzrth was at room
tempera.ture for cooling ‘the rub'ber. SRR ‘ :

. The blanket leaving: +he dryer is s]it dom the m.ddle and. eaoh
'half is rolled up to a measured weight on a 'ba,ke-off gimiler to &
calender ta.ke-off in. rolls welghz.ng about 50 kgs. These a;re_ pagkec_i-
inburlap bagse PP e TR

N

e F:Lnlshed ru'bber is storea in ad.eq_uate spa.ce rema::.mng a.t the
north ‘end ‘of ‘the building,



! T o T

Koresin is mad.e a.t Lu&m.gshaven by reaoting acetylene with para-

isobutyl phenol, . The’ latter is produced by a standard Friedel-Craft

reaction between’ iso'butylene of 95% purity obtained from the alcohol,
and ’henol as follows- AR R L

Isobutylene is introduced cont:muously into a poroelaa.n-l:.ned
Jacketed autochve,\f:.tted with a st:.rrer, and containing phenol./*A
temperature of 50°C and'5 atmospheres pressure is maintained,’ _
Anhydrous .aluminium chloride and phenol are added conﬂnuously mole

. Por mole, - .The product is withdrawmn oont:.nuously from the bottom, is
neutralized, washed and decanted continuouslys ‘The orude produce is
“batch- disﬂlled at atmospheric pressure, Phenol is recycled and the
fraction d:.stil]ing between 92 and 95°C is'the paraisobutyl: phenol of
,95% pur.i.ty used in. the next step. Bottoms are’ d:.scarded. SRR

In the next step UOO kgs. iso‘nutylgphenol and 70”kgs. Zne
,naphthenate are melted and nn.xed. in a jacketed stirred kettle at 90°0 _
and introdused. under nitrogen pressure into a heavy horizontal ™ .
: oyl:.ndm.oal autoclave of 145 ouom. capacity which has been prav:.ously '
~purged with m.trogen. - This autoclave is fitted with a stirrer con~
‘sist:.ng of a-horizental -shaft.: rotating at. 35 TePelle ‘having a numlbecr: _

- of straight projecting az'ms. It is surromdedﬁby ‘a high pressure

.' steam ;jacket. R X A A VAT AT i

The contents are heatea. to- 180°c by__,20 atmospheres steam presstn'e

. 4

| " Reaction tims is 8 hours,‘total‘cycle 12 hourss .. Theoretical
sumptxon of\aqetylm»is 165\cu.m. ‘but 'actual consunption as e




S _ 45

—A- semplewathe»ﬁm—naphthenat&employed—ms—ebtained—but—simoe—
1 this was not made at Ludwigshaven bub-at-— theJ:.Gt-pla.ntat Grieshedms-
am=Main no further information on it was available, ° The Ludwigshaven
installation for produstion of Koresin located in building N0e926 .~
consisted originally of three autoclaves of the type desoribed, but a’
bamb destroyed part of the squipment, Two'are now capable of opem-
ting when services and acetylene supply are restored, Maximum :
capacity is stated to be 50 tons monthly per reactor, With a 12
howr cycle on continuous productiocn it is obvious this eqm.pment
-shau].d be oapable of. elightly more output. o

Y l

- Ieobutyl phenol ie produned.‘s.n bmld:.ng No.1 14 in eq,tn.pnent .
-oapable of much larger output than needed for Koreain, ' The excess
is sold to res:.n manufaeturers for condense.tlon with- fozmaldehyde.

L Koreein was first prod:wed in 191.0 or 191;.1 in one autoole.ve a.t

vthe rate of 30 to L0 tons per month, - This was _gradually inoreased
to 100 tons per month average - production during“t%}. ‘Bombing in-
vabmmtomwi%mmmmmwmmhmsw
tored to- aperat:l.on by December, - Nevertheless the plant operators. .
‘stated that total production- since October has been about 100 tons

due to a conﬁ.nuous eenes of 1nten'upin.ons in su;opl:.es or semees.

- SO fa.r as the personnel intemewed lmow, no infonnat:.on con-
‘ceming Koresu.n has been fumished to the Japanese. S RN -

*'.'Personn,el intemewed on Kores:.n e

Dre Wolgeng Bulow. \_, ‘ D:.reotor of Solvents a.nd Pla.st:.cs D.Lv.

“Drre” Ernst” Keyssner. “‘Manager 'of Koresin Plant,

-Dr. Karl Prlamner. i Du.rector of Intermediate Ghemoa.ls
(Isobutyl phenol) e
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Dr. Hopf of the Ludwigshafen researoh laboratories
had the follounng to say about Igamid'

The types made are:
[Igamid A 1- Nylon duplicate.

Igamid-ﬁx - A nylon type material made from Amino-

e caproic acid. T R

Igamid BS. - A lower molecular w31ght B developed
L for tire cord. . _ .

;igamiavca-;- A.mixture of Igamid A end B 1nter- :
_ R polymerized. Soluble in alcohols.

: The production capacity at" Ludw1gshafen is 200 tons -
!per month of B or BS and 50 tons per month of. A or GAe_ -

;"ihere are no other plants producing Igamid in hermany.

'”he~development of Igamid BS was within the last 18
jmonths as it was developed after an 1nvest1gation of o
American airplane tires showed nylon was being used. ER

“?d Dr. Hopf claims his raW'material lgamid “B" special
gives a cord’ ‘of" better pr0pert1es than Nylom. ™ ‘Heelaims*-
the fibre is made in Berlin and twisted at: Ghemnitz.—gg<r

The Igamid factory was destroyed by a direct bomb hit
_followed by a-solvent fire. : The machinery and equipment
however, may be partially‘salvagedt - L




mM1814—19, ent:.tled “Research in Acetylens Ghenn.stry
at Ludwigshafen" by Dr. Reppe dated July 26, 1940 is a general
review of the progress made in acetylene chenn.stry. ‘This doou-
ment should be studied in detail as ai‘mdamental paper on new,
‘organic syntheses but a br:.ef out]ine of this paper appears

warra.nted here. - ’
‘ i e

In rief” Dy Reppe po:l.nts out that vinylation :.s now a

récogm.sed reaction similar to n:.tra.t:.on, -sulfonation, e‘bo. _

Vanous v:myl compounds may now be synthem.ze& such a.s"' \

(a.) V:.mrlethers for ‘resins, adhesive, leather, text:.le

- Pinisheg and poux poin'b depu:essants and rubber .
softeners. : _ . :

—(b}-Polycu:ystyrenesforﬂmbber"tachf‘rers*(i{oresnrmet
(o) ‘V:z.nylesters for d.rying o:.l su‘bstmtutes.

i(d) Vn.nyl sulfz.des - no use yet developed..

T

'(e) Vlnyl a.m:.nes. ,

}(f) Ethenyl compounds such as propa.rgyla.un.nes a.nd
v a:m.no-but:.nes. ERN Lo

’(g) Alk:.nols - partn.cularly bu‘bind:.ol for buta.d:.ene_

pl st:.cs. :

allyl alcohol, o‘a:cbo- .“'3

c?%




NO.. A conmvrs
1811_4-1 Daily Buna prodnct:.on and inventory from,

start of operations 10/3/42 to 15/12,/1.11.. :
‘This shows main use of chemicals in buna
finishing and productn.on 'by fini shlng :
mchanSQ o ) .

1844~2 Text: Book "Kmststoffe im technischen
' » " Korrosionsschutz Handbuch fur Vinidwr
.und Oppanol" by Walter Krannich - (3.7,
~Lehmanns .Verlsg 41943)."  This isa - .
wgmer&whandbookmm@olymw}mhloﬁaew
a.nd poLnsobutylene polymers.

18143 1 "Btma.prufstelle" 7 Nov'=-m'ber 1924.0 to 23
' ‘ May 41942, Misoellaneous test date coms
‘paring proauct:.on Buna. from Schkopau, o
‘Ludwigshafen ‘and Hulse . Also comments. on
a few experimental 'batohes. A descrip=
~tion is-given of the method of o‘bta:l.m.ng
‘defomat:.on tests. E . ,
“181)=la "“File ent:.tled "Btma-lager;?roduktl ons-
ORI Absatz-u Bestandmneldmg" .- Thigisa .-
RS : monthly summary of buna: product'-on by. -
T types and quantities as :well ‘as shipments
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'Der Chenﬂ.sch-’.!.’eo}mische und Wirbschaftliohe
Stand des Buna-1, 4~Verfahrens Ende 194" by
Dy Schor - Ludwigshafen~-31.1-&-5-,, o
Ma.nufacturing costs at Ludwigshafen are. come
pared with those at Scohkopau, A table is
given for anticipated over-all efficienaies

on raw materials, . An outline is proposed

for .the ocmp‘ lation of data related to Buna
production so that a handbook can: ‘be prepared,
Certain steps in the Buna polymerization plant
are described in detail on handwritten sheets, -
appa.rently the first step towards the prepara-'
tion of #he ha.ndbook. . ‘

P

E‘:.le entltlea. Di.rektionsabteiltmg oove:ring ,
requests a.nd, allotmen'bs f,or ohenn,oa.ls for Buna.. .
product:l.on. 2 o .

a.. Report: on the use of cmtrol and mea.sur:.ng B
J.nstmnnents at Sohkopau 'by Dr. WaJ.ker Nov. 42———
194-00 : R
b Report on Buta.diene d:.stillatl.on in Sohkopau"f
by Dre. Bro:.oh Nov, 12,19} : -
Ca Report on Butol. d:.sti.llatlon :Ln Schl.opau by
Dro St"dbelé NOVQ 12, 191{-0. :
d, ‘Report on Ethylbe 8. dis‘ln.lla.‘alon ln
‘Schkopau 'by Dr. -Winkeler Nove: 12, 19,0, ~ .

e, Report on: Styrene-'dlstlllation in Schkopau
by Dr. Wirﬂ-:eler‘“"Nov'j 12, 19!,.0. wh

Report Prom Oppau on the 1nfared speotra. of

h:.gh polymers espem.a.lly 'by 'bu'l;adiene poly- :
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A map found in Dr. Am'bros' file shovﬂ.ng
location and monthly produntion oapacmt:.es

of acetaldehyde and uns. at each ‘plants:
Indication of underground storage of - acetalde-
hyde in south- Gemany_and_perhaps_lmdergromd
plant for buna produoin.cn in ‘south Gema.ny
near Nu:mberg. . \

This is & general emergency rubber program fotr
Germany dated November: 1942,, with indications
of anticipated productions at each plant a.nd
monthly connnents dur:.ng 192;.5 on the actual
performance. ;v R _ o H

A 'booklet e"xtitled "Ta.schenbuoh fur d:.e ‘
wmﬂ.-Indust:ie" : This is a genera.l rubber

’handbook. ORI

nain,_raid -ef ects, labor usage, ‘ete

Report on the oosts and ylelds of the varJ.ous v

products-made at Somcopau for: the fourth '~
quarter of 1943, = Sumary costs’ for the rem:.n-'

,<ing quartersare”a‘l‘so showno S e

‘Set of " monthly smmary reports for Ju:l,y 191;1..
0 -March-1945, on each-step.of the buna. prooess.

These ‘show. inputs), y:.erl:ds s cata]yst‘ pert, Tmance 2
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A report by“DrTNi.enmm, Jan. J;., 19&.1 . :
- vrelating to pdlot plant resu; s on the various
' 8teps of the Reppe’ butadiene synthesis, Tme,"
temperature, catalyst, yields, eto., are all
ocrvered. q,u:l. thoroughlv. ( ,

Report on the use of butadiene distillation

residues by the Reppe synthesis by Drs. Krzikalla ,‘

Dornhsim and Fleck:i.nger,ﬂSept. 1&-, A%de -

Report on by-produots of butindiol hy@rogena.’c:.on
'by the Reppe pro’cess by Dr. Jutz, Nov. 11 ’ _191;4- :

A reporb-by Dr. I\iemann dsted May. 12 19&14-, .
“the ‘butadiene plant at Ludwigshafen presented ,
before the inorganic colloquium, This is the

1File of. correspondenoe i’rom Oppa.u Amnoniak SR
'1J.aboratory dealing- mostly with special pblymers
‘such-as mixed isoprene pdlymers with dimol’ and

“ most_recent and oomplete report on the Ludm.gs-— O

hafen nrooess. -

‘leport by Dre. Reppe da+ec1 J‘uly 25 A 1940, relat- ,
Ang t6 the specific applioation of the general .
Reppe syntheses 'l;o the nmmfacture of 'butadiene. _

File of three sections on "Prufberfchte showing. :
test results on. Bma M, Buna. Di.s}l_, S and
Miscellaneous. Ll ‘ v - ;

acrylo nitrj.le. ~Many cheémioal. problems are.;
" d@igoussed, including butane dehydrogena ion over -
chrqx;e-almmna catalyst.\ Discussion of harma-

ticals research. A review of ‘the general :
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b. A descnpticn .’r.s gn.ven for pilot- plan‘!r“’*

- preparation of Bunol which is apparently’
 an orxidized low molecular weight polymer
s of 'butadiene. = Polymerization ia :

© blom mth air to g,a.ve th.e de31red pro-
perties, i}

4 July 1939 to Fe‘bruary 1945. , '\' -
.stcella.neous comrents on a.pplicat:.on of

various Bune rubbers in- consumers goods.

: ‘Conta:.ns numerous compomding fonm.zlae.

. }A file on Igel:.t shom.ng vam.ous samples
S Vhof oompomded Igel:x.'b -and. the:.r oompos:Lt-‘

A pla.n of the Ludmgshafen pla.nt.




