ITEM.No, 22 -
FILE No. XXVII:85.

- 'RESTRICTED *

 MISCELLANEOUS CHEMICALS




@ TRICTED *

I,G. FARBENINDUSM A, G,

LUDWIGSHAFEN AND OPPAU AM RHEIN

Iscmamous GMZQISE '

19_30 June 19115 (s :

““Reported by




u'bjec‘lh B

'liil‘

2.

"’;'3-',
l{-o
.5.;
6o

Intro&lcbion ooooooaoooc-oooot.cooooboooooooooooo_4',v 
Inorganic Division .eececesscssccces e .
Monomers and Polywers ooooooooo.oooooooooooooooooo D
Tanni.ng Agentﬂ (Tanige.ns) ooo.ooooooooooooaooooooo § e
'Et}Vlem, Ethem Ox:!.de and G]yoon “sessseesscese. .
Miscellaneous Organio Ghunioala ooooooo-ooooooooor"v

Index 000.000000000000000000'000oooool.oo...ooo.o. :

....0..0‘ '



RESTRICTED

I G-. FARBENIN)USTRIE A.G. )

DR

’ LLID.VIGSHAFEN AID. OPPAU AM RHEIN
mscmz.m:ous cmucus

mnonuc'rl:on; Ry |

... The. I.G-. plants e.t Ludwigsha.fen a.nd Oppau were wi.sited from - -
June 19th through June 30th. - Most ‘of “the principal men’ were ‘Anter
“viewed, Some: of. themgamr times, -In creneral,,.,they were: 3 v,ery,, COm ..
operative.: The:u:- organiza.tion for handl:mg investiga.tors was o
excellent. SR . o c i

I Both the Ludmgshafen and Oppau plants were 'ba.dly damaged 'by
‘more- than 100 9.51'4:‘&1&3- The Ludwigsha.fen m::.litary government - has .
-estimated that 70% of "sbove: ‘ground structures and equipment,, and.
,307 of what ig below ground level;: ‘tave been éeriously' damaged. i
"l‘h:x.s esta.mate seems reasona.bly a.ccurate.

At the maxnmzm, the employees mmxbered’ "32 ooo.

art -of “and - cid plents have 'bee_n started.
ir i_"IThc,y ‘are ery’ short of' coa:l but so:ﬁe ‘is" now coming in’ by:;
',ra.:z.l from, he' 'Saar. A 1 p.and 'y giAs)

: of \groducts manufacturea ‘ a.nd | the,
‘r:jthe walls’"‘of this" room, Op:.es’of these




‘ﬁwo plan’cs a.nd the interrog:xtion of ‘cheir personnel of unusual
interesto B i - ST :

Productlon capac:.t:.es (wi-bh the Zants fully repaired) for e
some of  the more important products of Ludwigshafen and- Op‘pa.u were —-—‘
'-state,d tﬁbe ‘a8 follcws-/—'\"‘ A B

Metric tons Qer year

Galcn.um car'b:.de T e NPT
Plastics (polystyrene - :Lgelite' -~ buna

T igemide e oPpanol, etc.) ‘.
Solvents and. synthetlc resn.ns .o
Auxn.liarn.es ceess ¢

'Paraf‘f:.n oxj.dation .
~ Dyestuffs’ (total) ..
La.nasa

"....'.".0.'0.
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INORGANIC DIV'IS ION
Chlorine Plant

(1) Brine Dep_gr n'b

o Sa.lt was. rece:.ved by Rhine barges. It was unloaded at
g the dbck. and transferred to wooden. ‘tanks on cors.. After trarxspor-
“tation to the ‘chlorine plant. the: ‘galt was sluiced.end dissolved out
of the cars, the resulbing brine. belng ‘pumped. ‘to'a ‘series of . steel '
tanks - lined with Oppanol and: br:.ck. . These: tarks \gere 15 t6 20 ft.
in: dimneter by about=30 Pl tall. ‘Mhe: ‘brine was:trented in-these
" banks with-godium and baritm carbonste and then filter ed. in several -
.,very la.rge pressure f:.ltcrs. These were spec:.a.l Jeaf f:x.lters ivie -
- gtalled within pressure - tanks 8:t0.10 ‘£, 'in d:.ameter by about 8 ft.
fqleep,—ca-pa.ble .of - standing 7 .to- 8: atmosPheres pressure. “The brine
»w&s-§oroed~~t}mough—-the~—leaves-ofwtheseafaltersmundmniheMQIW
-pressure. . The. filters had to be ‘cleaned ~out. each day and edch .
filter tank was equipped with a heavy removable head" (same*diameter_
~as the- ta.nk) which was serviced by ¢ erhead orane. . These filters.
represented a big: n.rwestment ‘and wer ;
‘used ~.f6r~br1ne f:.ltra’a:.on.f-fThe flltrat:.orr 0




leotrog;;zer e Anodes

= de Reting - Width = “length  No. 'Le’n._"h_-; Width . Thickness

“6oc0 , .5 o 5.0 28 W50 175 . 4060 |
% 28000 0.7 b5 250 o885 .00

' A f‘ea.’cure of these horiz ntal c<=1ls was th“t the ru’bber :
ln.nin,g of the ‘electrolyzer covers the entire electrolyzer bottom ex-
- 'cept. for eirculer. openings: about: 15 in diameter ‘positioned longi-
: tud:v.ml]y”on ‘the: center line of the »trolyzer and spaced approxie="
_ mately a half meter .apart, - The’ mere mede: contaet with the 'steel.
electrolyzer 'bottcm through thesei ol__ 1. the mb'ber 1:x.m.ng.. This '
8 ‘ nex ¢ previously seen, J.nwhn.ch

, stanice onto the steel bottom.
vThe Opera.‘cors- t;vLudwa.gshafen seemed ‘bo def‘in:.tely :
---prefer~their~desi~§-1. i T "

. The mercury traversed the 5_ eter long cell J.n 35 Sl
,,‘c.Gra.ph:.' ohsmnptmon ‘was .stated to be-2:3 kg ver. 1000. lcg
of eleotrolytic ‘product equ:.valent to: /10" 1bs;.of graph:.te per
short ton of' chlorine. ' Cathode’ cu.»rrenv ! Y:Lty was stated o ‘be




jsumma.c acid; plan‘b ond the! diluted arying acid could 'be fort:.ficd
j very cheaply w:.th cont'a.ct 80z

i ._Thev dry:mg Wos. bdon with' 95% HZSO x
[three rubber and ‘acid proof .‘c-:.ck lined ;;(;owers
»-side diameter by::5: 6 2d.

:Ln‘ the normal mnn.:r,
te].y 2 n out- _-

des:.nns Shue I}ssl- £ J.achinen
; v ek {rec contactvwith




' The amalysis of;,i:,heglghlorine g'a;s';vfa‘e; v'Stqtedf‘g"o'. be a8
-follows:s  ~ - . R D
00, 0.8 o 1.0%
B Ry %

0y and Ny .. ML
- C-?lg NZ* . 98.6-t0 98 27'

' ~The. NaOH solutlon (when ’che cells were qpcrq.’c:.rr g,
50% Na.OH concentrat:.on) was stated. 'bo be- BRI

‘

N"OH 50 007

L NeQY : [ 032 .

Na, ). L0360 e

so3 1"]_.0035‘ S

23103 L -’~.026 LR

Cu' ,-: . S 000 T

0102 ' S4C013

Hg L .00005 ﬁo .0003

i Ba., Ca, Mg not aetectable

mlscella.neous .'fé.Cll:L‘bles usually avall&ble; “’3-3 )appro:r ma’cely ul-, OOO: 500 7
RM w:.‘f;h Hg at. 15 RM per K::.J_o. e : 2k




per 1000 kg of chlorife per:day. This compares with over 60 sqm
for the 16,000 ‘ampere: horizontal Tercury cells at HBchst and ‘still
more for the lower amperage. horizontal cells. Even the ‘14 meter - | .
Tong 28,000 amp horizontal cells developed at HBchst required some~ -
th:mg over 50 sq m per 1000 kg of chlorine a da,y.» L .

: To’ fac:.l:.tate a visualization of the description wh:.ch
follows reference ;is ‘made: to the attaohed photographs. ‘The ‘ecell - -
consists of a steel drum or rotor 0.60 m-ix: diameter by about~0+50 m -
in width mounted on' a Horizontal shaft. . This drum carries 5 circu]ar
,gihode_pla.tes.ai: right angles to its ‘axis, each plate being 185 m
in diameter and spaced equidistant from ‘each other. The drum-with.the
5 circular plates is enclosed within a: -steel housing. which is split -
‘horizontally into three sections. ‘The ‘top" section has sloping sides, .
‘the central- sect:.on s roughly square sided. ‘and the bottom seotion is -
curved’ to conform 1o the circular cathode pla’ces. All but the: 'bottom ,
‘section are “rubbér Lined -and the 'sections are. flanged and “bolted ‘bo- oy
1gether. The ‘drum vuth the 5 o:.rcula.r fc:rbhode plates vas rotated at’

7 RPM by mesdns of a .55 kw-motor and V. belt drive. 'Six sets of graw:

‘phite. anodes are: supportecl £rom the ‘cell housing through” connectorss .
Jilomm,,s:»f,.izheseﬂ.za.n.oéi.exs».,a.:::e,.ﬁa.a.sspoeed..betweenmthe.,»5~.ca,thode.~pJ.ai;es*;whez-eaew
“two of them-are -outside. the ‘cathode ‘plates, . one on-each side. : These. :
a.nodes are stationa‘ and are not ad;justable ylaterally to compensate : '.-‘;v




counter-current to—ilie down flowing amalgam, and overflowed through
‘the side-of the tower by en overflow pipe jus'b ‘abovée the graphite
packing. The flow of water to the tower wae SO regulated that the
NaOH solution (caused by the decompcsition of the amalgam by the H,0)
was at.the ‘desired concentrat:.on, -which was stated_to be 50% to 7
NaOH. The hydrogen which was also ‘Pormed. by -the decomposlt:l.on of the
amalgam (reaction of Ne. with H; 0) passed out’ through +this same over-
-flow pipe and was readily sepaFated from. the NeOH solution.  The. .
_mercury, dts Na. content reduced practlcally to m.l, flewed bj gravity
~out of the bottom of: the tower and back to the oppos:.te end of - the_ o
,cell. ' . e . i

: The current floned f'rom bus 'b'mrs on each s:Lde of‘ ’che; _
-cell through 96 leads, half on one side and half on the other side
of the cell, to the- graphite ‘anodes. 72 of: these leads passed
through ‘the top sectlon of ‘the cell and were not insulatedfrom it
-wheress~the-2l—~leads pa s8ing v‘hhroug‘x«the ~central. section were. ine .
‘sulated from the section wallsi +The top, section of ‘the cell housing
‘was therefore anodic whereas the central and bottom sections were -
-cathodic, The central section of the” hous:mg Was msu]ated from the
’c0p seotn.on by ‘carrying ‘the ru'bber 1ining around the ;]u.nct:.on flanges -
and by “insulating the bolts which held the two sections together. . -
‘This junction between.the top and’ central’ sectlo of the cell housing“' )
is about 16 cm above the center of’the rotor. sha.ft. The flange: be-
‘tween ‘the central<and Bottom' ‘sections is720 ¢m'b he: ’center of
'_"’che rotor shaft. -Bus bars attached to each ‘end of
‘bottom. section led. the current’ away to. the anodes of: “the 'nex 31
“in 1ine .- Bach cell’ ‘had two " Jumper": switches a.ttached to.the .node
-bustat: ‘each*end of-the ‘cell, for: 'by—passln_g *the. current. so, that “the -
5:';ce11 cov,tla be cu'b out for re;pa:n.rs wi hou'b : dlst' b:mg the"v other 'cells.'

f; The 5 rotat:.ng ‘steel‘ athodes -becams amalgamated :
& }:bottom .of ‘the ,cell. : It Wa




plent superintendent, Dr. Honsberg, as well as Dre ‘Pfammfiller, were
most enthusiastic about it and it must have shown real promise or it
would riot have been used as the basis for the major expansion of the
plant. -The operation of an earlier version of this cell as installed
at Hils and Heydebreck is not a fair basis to eppraise this improved
design, according to Drs Honsbergs In this connection it 4s noted .
‘here that the cost-of meking 100 kg of eleotrolytic prodvet wes 13.26

‘RM at HOls in 1943, and-17.65-at Heydebreck during the first half of -
194 a8 compared to an average of 8§.26 RM per. 100. kg for ‘all the other

I.G. chlorine plents in 1943, This is probebly an unfair comparison

- because . of other factors. SO N D

SR - Dr. Pfanmiiller stated that he expected that the voltage

of their new vertical cell would-be 3.75 at the start and 4.7 at the .

finish of an snode run. From other sources it wos learned that the

. vertical cells at Hils had & starting voltage of 4.3 and a finishing

volfage of 6.0s Whether the lower anode: current density (1700 .amperes

per sq m as compared to 2500 to 3500 Tor the Horizomtal cells) will—
- counterbalance the fact that the anodes are not adjustable to com= -

" pensate for wear, is yet\"bo;'be_de_’cemined.‘ mem&llex's'q'stvmite‘ .
on. voltage is probebly too optimistic. The ampere efficiency was -
“stated to be 97 %o 93% which is-rather lows. R
. Another slant on this cell was obtained from Dre Ulrich |
who was formerly in.charge of the chlorine plart at Ludwigshafen. '

He aid not thirk highly of the cell and expressed the opinion. that it
" had mary 1diosyncrasies and thet it would require ot least 5 yesrs - .
" contimious operation tefore it could e stated positively how good
thewceét.l really wase - oo T o

29-



Genera.l View of Rotating Vertica.l Mercmry Cell,
Showing Amalgam Decomposer (left) and
’ - One Anode Bus._'-' S

4 -
\-

+ - Rotating Verticel Meroury Cell -
Close-up Shcwing Rotor Wheel and: Brine and
—Chlorlne Outlet.




o Rota.ting Vertica.l Mercmry Cell BT
‘Showing Lowar Part of Cell a.nd Hole Through Floor.

—r




'b. A"mnimnn Chloride

(1),

_‘m__n_a_xz

Al.mninum cbloriae was ma.de at Ludwigshafen from bauxile

or from quite pure Al20 msde from alumimm hydrate .(Tonerde-hydrat).
The bauxito ceme fror’the French or Netherlands Indiess —The "“Tonerde-
mrdrat" ca.me from Southerr Gf*xma.m'. —The processes were as follows

Ba.uxite wcess. = The oannte was crushed and then .

dried by direct lfnahn\, with gas in a fire-brick lined furnace. The
_driea bauxite conteining 55 to 60% A].% r}, 1-3% Fez and 1 to 2% .

was, charged to a shaft furnace

ohloridize “Chlorine a.nd

C‘O g.n equi-molecular amounts were preheated and fed %o a comtact
__chamber containing activated carbon which partmuy ‘converted the -
gases t0 phosgene., This Passed up through the bauxite in the shaft

mmaoenan&reacteawtoimwm
cylinderical coniensers. It gases were waahed with wa.ter.

s--which. ma,.conamed in ta.ll

o "Tonerde-mdrat" Process. = The ”Tonerae-lwara.t" was

: peptized ;:i.th ¢ither HNO

sol‘.ﬂ‘;:.on, thorough:ly mixed in &

or AICl
kneader amd then put thrdu eltms:,on press. The extruded

‘material was cut off into cylinders an ‘inch or so-long &nd. then fed
{0 the -same dryer as was used for drying the bauxite. Both the -
_kneader-and extrusion press were lired with:a corrosion: res:.sta.n‘b
protective coating. From here on, the ‘process was the same- ‘a8 the

bauxite-process except that the AICL
‘than when beuxite wes uéea; and. the proa.uot did not re-’
, quire re-sublimation. S .

“t0-0.05%. Fe )

‘ whereas :m 't:he "Tcnerde-wdrat" pracess they were about 85%.

- T ,A larger furnace. 1».6. been ina‘banadfa:b Schlwpan e eh
‘was said to have a capacity of 250 tons cmbauxi e and ' 2
"Tomrde-hvdrat. i e .

l—vw—m(z) cmmdiﬂ z

. c&' ’oﬂ:x pgr chlorid‘izer

produced was mach purer - (0,01

Yields in the banxite process were said %o be. 80 to 85%

'125 tons a. month of Alcl when aperatin‘g on' lbaux:ﬁ..e. e

m tons a month of A1013 when Operating on- “'Ionerae-

lwdrat. ’. ",""".:::'_‘ : 3

Dre Pfanmnnner statea. tha.t their‘--, h:fomtim was: very

in ete as to whether it real]y was necessary %o’ oonvert 'bhe ‘gases
to pl fie before feea.ing to the chloridizer and he was sure that =
complete conversion was umeaeasary as thay had oooasionally opera.ted‘



'with very little ca.r'bon in the ga.s contact oham'ber a.niﬁbhe oonversion
.to phosgene must necessari]y ha.ve been lon. R ,
- . The two ohlor:.dizers were steel shaf't ﬁzrnaoes approm-;
"‘:imately 2 m: outside diameter by about’ 12 m High-1lined’ with acid. proof .
bricks - The shaft was. “about. 1.5.m inside diemeter. . The reaction
temperature was.said to be 900°C, but it was also stated that con= . .-
-sidersbile- dlfficulty was experienced in . controlling this’ temperature.-;
_The brick lining tended: to wear out rather quiokly about half way up
. the: sha.ft'"where the main reaction occurred.and the: steel ‘shell of the;'
-‘chl. or:.dizg was"therefore cooled ‘externally by water or air. The = -
daily’ chloridii:.‘ ‘cycle’ requ:.red about. 18 t0.20: hours. “The chlor:i.-

Td:.zer res:tdue was ‘cleaned’ out- of the: ‘bottom of the. chlorid:.ze every

few days, more often when"opera:b:.ng ‘on hauxite ’cha.n on "Tonerde-,&.‘,.




~. . Sulfur. diox:de gas was 'bub’oled‘ tbhrough zinc dus*t 1n vva.ter
Susl)ension in a well agitated kettle: 3
about 90% zine, ‘the- bala.nce consist ing p
The result:.ng ZnS,0, ‘Plov
. Caustic’ soda. 801 u% o ]
.,;to Nas550," ' The’ 'ba.tch in ' this conversion’
Pilte? pri ssgsr which £iltered out the Zn(01 :
~49.ctionv——":'heﬁ—§i§:tered '801111:3.011 ‘the floved. t%,-a se!

_ was convez*bed
tﬁeﬁ‘i ‘pumped” throughﬂ
pitated: by the re-:"
tl:.ng te.nk f‘or the o

.80da. treatimont: kettles. - F‘rmnthlstanl‘““’-‘bat"hthe
. salting out kettle:. The.a, : 50, on v
,up to 'bhe saltlng—out step

L The»sa tlng-out of the NaéS' 0, Was ‘done " witly dI';j‘ Naﬂl and ' -
-e’chyl alcohol. By ra:.sing the temperatﬁre to 60 to. 65 C dur:mg ‘the L
“ salting out, - the'vater of" crys‘balllzat:.on of “the’ NaZS*O was 8plit off.
. The N 820 crystals plus’ the wa.tergalcohol sol > _hlé' flowed to a

: ‘,Nutsch vacuum- £ilter where ‘the ‘Na S,0. LT -8

re=distilled alcoho:l..mmhgm;ﬂa.‘ae;c‘g%: oliol-soLul




--of the. carbide furnaces was about 50% aestroyed by bombing, ‘the ba.l-

a.nce of the. pl:..nt wag e.pparen’cly in good working order.

An a.ddit ion

to the bu:.ld:mg ha.d been started to. house a. third unit.

'Sa.llent Operat _g da.ta on 1 the unité are 2s; f’o ;

‘Nmnber of u.m.ts vebees "
‘Capa.c:.ty per un:.t vise

per year v

: 2 1
50,000 tons' 'ca.rbide

)

e 150 tons ferros:.licon
- e .;;7:", . by-produot :
vl AT - 16,500, tons a.cetylene gas ‘_:
'Ch&rge:::'«i\ R o S RN L A
" Lime.~"Ca0 - . 3',vZQQ"-'kg 2
“Anthracite v eveseae QB0
Coke o"c.o’o’uc ononlol. “[ 1,600 W "'
Y:.c.ld of technical - e R T
carblde oo;;oc.cooo. 3,200 "-. ": "‘ Ceiol et

fRa,ted-capathynnpev'

i furnace i
Y:Leld ‘e
.cetylene yleld ==

3,000 %o

22,000 KVA T

3, 300 KWH per ton of carb:.de -




filled with the eleotrode blocks. whioh eof‘cened and agglanerated o8
so0lid eleotrode mass. - The entire eleotrode meohaniam. operatea. hy=
‘draulically; was lowered at a rete. of about 10 om per hour a8 bwrning
of the carbon electrode proceeded. - The -furnace proper is: 21'. face by -
15! .wide by 15' deep and carried a molten carbide mixture to.& depth
of about 5's Ths outer steel shell of the mrna.ce is lined with about ‘
9" of fire 'brick. ‘ ‘

. , The carbon monoxide gas generated :!.n the rea.ction was
colleoted in four. water cooled brick channels of " imrerted V¥ shape- -
‘located outsmde and between and -extending parallel to the electrodes. :
The %op of the V was about level with the top of the charge ‘burden; - -
£hé ‘bottom was somewhat ebove.the molten charge levels < ‘The CO-gas . -
was wasted until it was oxygen free and was -then out’ cver -to the- fuel ¥
'system where, after washing w:.th wa’cer, it was used as boiler fuel.

t o . The car’b:x.de product was | ta.pped off' every. 15 m;mutes ‘andr'
‘flowed to'a: rotary externally water sprayed-kiln type ‘cooler ‘about. 7'

‘in aiameter By 75" long. o prevent""corrosion"*'the'f:rs‘b"10"~ofﬂt}xe~m-~
“kiln was. of ~copper; .t he"'b‘a’.lance steel, The molten carbide éntering at”
2 500°C wes " cooléd to 70 C and dellvered as’a 'product, approxunatel,y
all through 2" mesh, ready f'or “the - acetylene ‘generation- step, Ferro~-
fsila.con ‘produced” from the ‘iron in the raw materisls. plus. the: iron from.
the electrode shell was” ta.pped off a‘b a 1ower level, a'bout once every

,Ac':,tylene was. generated in'a dry-type 'un:.b bJ:reactJ.hg it
:‘wecter suff_:.clen‘l:r to-‘yield pra&ﬁ:.cally dry 95% Ca.(OH)Z'



(ll-) Mlsce]_]_ane Ous

e |

.

STl The i‘ollowa.ncr da‘l:a on Geman carb:.de proauct;_on was ob-. |
_‘ban.ned a’c the He:.delberg 1ibre.ry = : iction vos ‘

Gemmotty 1=
LudngShafen .

The vhervpz-,oaucers named- were P:.es er::.t"" {
woperated»bym} Waeker-Burghausen,MaakerA&ﬁchenberg :
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Lm0 The cooling tank was 1 m I.D. by 3 m high. It vas
1:Lned umth rubber and acid proof. brick merely as.a protection.in the
‘event of Pailure of the lead. coil, resulting in acidification of ’che
cooln.ng water. A vertlcal lead’ pipe, Oy m in d:.ameter by about -
‘245-m Llorig, was ‘installed in a vertical position in the cooling" tank

1t pro;jected through the bottom of the tank a short distance. Chlorine

“gas was fed. through “the bo’ctom ‘of "this vertical. leed pipe through a

‘small vertical pipe ending in a hozzle 0.6 m above the bottom. of the -

s

‘lesd pipes “Hydrogen gas was’ “admitted through a-tee in a:larger. ‘pipe
surrounding ‘the: chlorine pipe, This larger pipe ended a2t the bottom

ing the ohlorine inlet pipe U.p to its: ‘b:.p at which po:.nt it

Of ‘the lead pipe.. The hydrogen therefore: f:.’lled the'lead. nipe surrs

burnsd: with ‘the chlorn.ne to: form hydrogen chloride ‘oRBe Al smallfiua»«—':j--
drain Was prov:.ded in the bottom of the lead p:.pe f.‘or tho wi'tzhdrawal .




Be‘tween ‘each stage the gas passed through steel tre Lps
and water cooled nztercoolcrs. R - , k -

- The characterist:.cs of thls cqnpresser»—a.re g:.ven belom;

RO

Stage i xoomim

ASuctiOn Pressure in a.’cm. 1.0 5,0 19407 15,0
“,'pl-s‘ch&rge——" o el " - ,: 3.0 9.0 IS-OL 60.0
Stroke in rm : JTTTI180. 150 150 ; 150 .

Diam of cyl.l.nd:ér 1n mn 190_.;'.,_}_;190 .

. The gas leav:Lng the f‘ourth stage “at- 60— a‘t:m was then
liquefled by cgollng with refrlgeratlon. The la.quef:.ed HCL was then
packed into- steel cylmders.:__ No. large use’ for liquefied HCl*h,ad

: fdeveloped a.nd the output was Supplled mostly for 1aboratory use.

as f'. : Iron and N:Lckel Carbonyl

The large 1ron and nlckel ca:rborvl pla.nt at Op?an was J.n-
. i wﬂch thg ‘tech=

purcho.sed f;om tﬁe Mond N:Lckel Go.”
Nlckel Co. reta.:.ned tltle “to° everythl




The crude prcduct wa.sr ‘bhcn diet:&lled under a.tmospherio

. pressure to sepa.ra.te ‘the iron’ carbonyl, formed by the iron. preaent -
in the ‘matte; from’the nickel carbonyls . The- re-ddxtilled relativelyl‘
’ pure I nickel carbonyl wos then deconposed to: GO, and :

ccmpress:.on wias fed back. 1:0 the rea.otors'. 1-powde
teining ebout 0.1% carbon and of 300 mesh fineness wias. pocked ol
::the 'bottom of the ,decompesing retor‘bs :Lnto steel drums for shipment.

' The capa.on.ty o the. nickel carbonyl plant o.t Oppau was . o f
‘_ statea ‘bo be 5000 tons A year. “The esulting, pure nickel was usud by




,Jz. Ure: L-""crm.ldehyde Resins gouopas, eto. ;-;j_

(1) Pollqp__ vias s uren f‘omaldehyde molaing pawc’ler. It e e
not aola a8 such but was shipped to Trcisdorf vhere the product had :
,prevn.ously been mamifactured H ‘it was not. determlned wne‘cher Tro:us-
-gorf - a‘lso oontinuea"to Lruricate the res:m. TR Sl

S Substitu.u.u;. uf th:.ourea. for pa.rt b'f the formaldehyde
::zl,raved the Water ms:nstmce of the product. JENNRE
(2) Plastugal was o ures formnlloh,/de oondensatlon produo’c
pl'cmred An organnc solvents, pref‘crab]v' butanol or isobutanol. The
noherial wes used  foy paints and:lacquers to: give 2 hard’ f.'lexzble
£ilm of zood heat res:L.atance.. ‘The product was modified in a number of
Wiy Tor sxemple, 1:15{:01\).1 ATO' oonta.ined ‘in ‘addition a condensa.t:.or
-proaucu of .adipic ccid with trimethylol propane. .. Substitution of.
succirdc acid end of penta exy’chrn.’col, hexanetr:.ol or hexanedlol d:x.d
,no‘c 1ml,rove' the produc’c. Sl :

A s:mn.lar product, Melopa.s,"was made by subsbn.tu ':mg ;
mmelmnzne,meotp :med~frm&talrﬂmy*fomthenurea.—-Stfosizitutn.onvof«w,- 2




cmated with the mixture and glued together by the applioa.tion of°

" pressure for 4 to 6 hours at roam temperature, In the hot process

~ the resin-solution wes mixed with 1 “of hot }w.rdening ‘cetalyst.and..
the mixture applied to the 'wood, perts as before. The bonding occurred

* during hot- pressing 2t 90-100° Cs Condensat:.on was canpleted a,’c this
temperature in a 10 to 15 mim’ce cycle.

The cold harden:.ng ca‘balys’c cons:.sted O'f.‘-

Axmnom.mn chloride 15 pa.rts
": Wa.ter '_ e 85

The hot hardening catalyst conte.:.ned- SR

: Azrmonium chlor:.de :
‘_‘,:iAmmon. }ydrox:.de-%%
T Ureal . L : 300
i B O i 3]
Tylose S

M:thures of Kauri‘b plus catalyst were sta.ble fcr onlyﬁj"‘“

~1ik, ating ma.,er‘ 1~jconta ning .
;,small"m:.croscqplc :.nd:wmual cell: f:.iled; ith air,

- duct-hada dénsity of only~15 kg. per: oubioc'mete _,(water “equals 1000
-fmaklng 11: one of the lightest 1nsu1at:.ng ma.terials kn - /TH




The Iporka solution was prepared f‘romf

I‘onnalc.el'wde - 307 | 1600 gn
. Urea- - . L 525 " .
Alcohol-hexa.netrn.ol 38"

, ThZLB m:xxture vias heated to bo:.l:.ng f'or a few m:.nu‘bes s
50 E;ns add:.‘bior')" urea were added and the m:.xture he'a.ted 'u. the bo:.l—

' mg po:.nt a.nd &1; pH Bfor a pemod of two hours. C ,

e (6) Igorl 5 a somewhat s:l.m:v.la.r m’cer:,al but Yard ng no resin’ .

b::.nder, :.s descm.'bed here as . a. mt'her of". add:.t:.onal interest. ‘!a*ber'

“glass (Na S 3), Nekal solut::.on, ‘cément and sand were mixed in o

meading $ype’mixer to form a foamy mass. - The m:bcture mvas poured
:mto forms, a.llo.ved 'bo set 'xnd then to a:Lr ary : :

o The bulk of the a‘bove data were glven by Dr. Kollek,
“"heaé{“" ‘f"" ﬂ‘ne ,Color:u.s‘l.lc Dep‘ar‘mnent. g

I:gém d?e.'.’B '_ condénsatlon product_ ‘of epsilo
“only. -The ;Lactam was' “"reparea frorr;, phenpl via




Ludm.gsh).fen's oapaclty for Igam:.ds tot ~led _5¢0 ,tons pcr o
month -They -also produced "hg::mnei;}wlem aiamine for.the Desmoyhem‘
(Igamideig) prﬂuced o.t Leverk usen, . Sint_:e th:l developnent vias quite

‘ing. two different ‘processe
step, a.na catalyt:. ¢1d:




'Gonversioﬁ to polymer v:a.s a'beut 20 95,0 per pass. .

: The pol;ymer proauct dra.w.'n off Va8 given a fl:nal treg tme*xt-
by blowing with a current of; nitrogen for 15 mn.nutes at. 150°C in ow&sr
to eliniimte traces of contained 'benzoic ‘acids . The resultimg product :
having e melting point of 106°C and-the consis ency of- ~p¢r'1ff3.n oil,
vhen ‘molten; solidified to & brownish hard wax which was blendc With
‘Oppanol'B for prepamtlon of- cable doPes to yield a m:ucture contq:.ra-u ng
only 10 to 25% of the pure Lupolen H, 8 ome uses were Foiind also :m :
.’che prepa.mtlon of‘ polishes for. furn Lture,. floors, etc—““ :

The yield.on etbylene'Was bette:é ha.n 90%, in scme f;rn. ls'_,“-
vhcn gas 1ea1cmge was ‘mindmized a yield as high a8 96% was cbtaineds . -
Methmol losses were h’igh, a.bout 10% to 25% of the polymer iormed. ,

c . "‘Becaus
’j_ ent:.m equipmenii :

: the corr051ve n.:tture of the by—products, the |
constructed. of stainless steel.‘ v Lo :

T uni‘t: of the size descrlbed w:.‘ch a capac:r.ty of 10-15
._.tons of -polyiner per ‘month,was bu:.lt at Zvleckel i‘rom p:L'Lot plant aata
,_obta.:.ned :Ln tes‘as a'h I.udw:.gshafen. S .

Y para""t:. n: of,,Lupelen H was,; aé:.mi
.ma.nner, but.a mnch higher pressures a:nd in- absence of‘ solvent-. -




in- pa;xs‘.' .

Feen cmersim to polymer was only 10% per pass sinoe .a poor

. po:lymer of yellcm color resulted if: ths reaotion was oarried oo fa.r. o

_The - ethylecne leav:.ng the reoei.ver ‘contained fo:ma.lderwde, formed al- CET
‘most ‘quentitatively by-the axygen introduced as a catalyst. -This gas
-was-scrubbed with NeOH by ;passing ‘in series through “two towers, and wos
then returned to the oompressors for reoyoling. oo

Ty'p:.cal feed gas conta.inedl

' )_,'.jEt}wlene (I
- Ethane. .-
';Acetylene

o Omgen

: - BTN I T g 2 : 9, K b s e
; the react:.on ‘a8’ descr:.bed aboves. . Recyoling of the ethylene wa,s\ 99“"
tinued unti the ethylene cOnoentration Was>reduced Jt:o 90°/ C 1. ab

‘ which t:un the 's was vented.




_(3)'  Miscellaneous’

e A small amount of work- was dons. ‘on proPylene polymers.
Only. oils or greases about. the cons1steney of vaseline: resulted. It
-Was- ‘believed-that these oils would have no advanta.ges over the‘caible‘
e:.ls and ltfbm.cating oils now avalla.ble. PSR

n.a laborator‘v‘
From' _'yhese tests'*

Exploratory work had beez; 08.1‘1‘13
i scale on the prepa.ration of ethylene 'o-polyme

materials would. co-polymerize at a fas’ce’
E sul‘bing in a co-polymer of low e’chylene content
ystyrene, !







. Brief]y, the process consists in the manufacture .of cthy-
lerie by catalytioc dehydration of ethanol, reaction of ethylene with
benzene in the presence of -alimimm chloride to produce ethyl. 'benzene,_
and the catalytic dehydrogenation of - ethyl” benzene to styrene.. The
ethylene. generation and the alkylation steps he.ve ‘been covered fully
by-'other groups snd little material of interest. can be added here. :
‘Therefore, .Special atterrbion was given to the dehydrogemtzon and dlB-
’cllla.tn.on 0perations. - '

(a Dchydrogemt:.on c&‘ Ethyl Benzene
/

Lo Tk 'l‘he a.ttached flow diagram s‘howa the proaess in de- o
:Vtailv. vy descrz.ption of the process follcws . o : T

i S Ethyl benzene, abou‘b equal weights of fresh and re- e
'covered mterla.l, was mixed with a.bout two times. its we:xg}rl: ot steam,
passed to a vaporizer an& then to & heat: exchanger where ‘the. ’temperature
‘was raised approximately to the reaction: po:.nt. - The ;zuxtu.re then passed
'down through a bed of ca.talyst contained. in 220 mn dismeter tubes which

were: ‘heated externally by. hot furmace gases in_ order to furnish the hea.‘b,-
“of: reaction and nainta:.n the' vapors a.t_,'ﬂabou‘l; 600 (15 ‘The ex:.t gases weref,
cooled- qu:LckZLy by heat interchange and f:mally.fcondensed to separate a.' f .
product liquor combaining sbout LOF: styrer
vfpr::.nc:.pa.lly of hydrogen were' poled Pirst: 3¢

_f:.nally scribbed: with ethyl ’b‘ nzene at: _O°C‘ 'bef'ore pa.ssing to
for use’ *fl_.lerr fjdlscussion off'sa.l:x.en_ - fea ure’s* of &the 0pe' tion




igshafen:convert
th each and..cor

ers




AB maicated :Ln the sketch, the. £urnace gases~ :
(g£resh ga.s plus recyoled gas) were fired at two sides. of the converter .
‘which is divided into two 'separete- ‘heating chambers. The. two streams
_of flue ges ‘combined Just before’ 1eaving the: converter-and passed to
-the hea.t exchanger to supe heat the :l.maning- tlvl 'benzene. B,

(d) Tube Mater:.al

The converter tu'bes proper were of_cm‘ 5 steel - f;
~1:his is understood to.contain 9% chromium and 187 menganese: al‘bhough
anothér reference states that. ‘sicromal: st 18 (silicd, ‘ohromium, .
aluninun type) vere. used. : The ~lin1ng alloy contained 97% cOIJper Wl‘bh
,3%manganese. . A TR

‘; v _." T I.abora.tory bests using: chrcm::.um &1 c..els shozved a
L3 %o {1;.% loner ya.eld and hence ': t was’ concluded that iron was. the .
‘offending metal. However; ‘addit fonal’ “1aboratory; ‘tests 'made on two
”,s:heel,a.ll rs,.28 shown. below,ga.ve ‘no” d:.ffe‘__ 1C¢ “':m yn.eld a8’ .com="

pa.red with' copper—manganese 3




( g) Convers:.on :

, o Detailed"operutmg data on the relation betveen .
uonversion and yield were not available. . One test on a c«xtu.lyst of
“the old type- operated at 28%&conversion a.nd wn.th a hn.gher thronghput
‘(about 140% of normal) showed an improvement in yield of 5-6% over

. the previous standord.. Proba.bly the 90% yield ca.nnot be ’improved
to.pprecm.bly by 1ow<>r1ng the corvers:.on belcw 14-0%

(h) Tube S:Lze 5 -j -

As sta.ted prevmus:l,y, umts at other I.G. Plzmt.a o
ha.ve 100 T ID tubes.' Opera.t:.ng under. s:.m:.lar conditions" it was’ '
jindicated that an. mprovemen’c of 11 to 2% in 'y:.eld. ‘resulted under. th :
conditions. Because of" the felative increase in ‘heating surface ner
spound of styrene proé.uced, the - tempemmre differential’ betvieen the
heo.t:.ng sag and the: ‘catalyst oPeratlng temper'xture was 1cr.lcrc.d Dy .
about.. 20“0 ‘when using' smallex tﬁbesw“*mcorrbmstmmwdasmthus.,posa— .
;ble %o increase . the. hea.t:mg tempprature and’ obtain a -greater through- e
put w:.thout ra:.s:.ng the as. temperature abou'b the ss.fe l:.m:.t of 650 o

L lmcm that temperature above 600 c promote

themal .cracking -.One’ la.nt experiment made in 1941, Yhile using the e

_old type’ catalys’c .showed. s losg of 1. 0% of the ethyl ‘berizene’ ‘through -

' ing :0of the 'va.;porswpr:.or to entering the converter.: This .
he ’to the Pact thet the Sicromal tube was -




TilLATION SYSTRM. :

Brive Cooled
() Dephlegmator .




Time on  Catal s‘b Offcascu’ per © Yield - .

_ Stream-nontha m g si:zrene M.ﬁ;c_h_g_gy

T 1 AN .‘:_.,565."; e _A.;~’,_35~. S 9305
7 B a0 o 2

The d:.stillat:_on of “the dehydrogemted liquor fran
; covery of styrene of. 99.2% average: pur:.ty
a’; series of three st:Llls ‘as -shown in :

3 polymer:xza.tion ‘of styréiﬁ"'
8‘inchfes in ammeter, Teda. ]A.




: The yield of finished styrene f.‘rom raw styrene ‘in
the ch~ rge-vins stated to be 99%. -No ready means were available for
cl'ockl'ng this f:.rru.m,, ~which appears very [,ood. "However, the follow-
ing yield ‘data obtained from I.Ge accounting records -found . in the
’Px nu‘urt 11b1r1ry conflrms the. g,OOa. ov:s rall yield. =~ &

-’

Yleld Data. = Htus Styrc.ne plant

(Quantn.tles in torLS)

'l’criéd PR Brd Qtr.l%j l;-th Qtr.l%-} ls’c Q'br.l%h.
’Eth_]l benzene . 5,750 3 14-891;-.)4- S 1415-78 9

.Bem.ene - Lo‘.Luene ~ R
- . recove. . 211.2 : " - 11i-l~6 156-5 '}l’;".
’ Styr«zn» residues -~ 7 B0.6. 1 r 695 . _’ 62.7 -
Faure qtyrene - o 5,08945 '1;311;.5 ©3953.8 0

Y:Leld =9 theory S 8B.5 8842 88 5

- '[‘he st;ren resmdues Were: m.xed .Jlth hl{_,h oo:v.lz.ng
fc,alducs ‘:t‘rcm 'bhe ‘ethyl: bemene plant and. used as pLxs’c:.c:.zers. In
the" styrene: recover'_,r was: essentially: 100%. Thus 1n the

‘ aoow dota. 60 to-B0-tons of . utJ::-c,ne cqulvﬂ c,nt wouldi '
o 1ncreus:,ng; the’ y:Lel »by abou’c 3/,. L




(b) m’_ g conte.:l.ned 59% .atjrene, 2573 scrylonlurile
voarbazole. t.‘iw,a,a prepared 4in'a manner: similar to EF:
420% of ‘the' batch was charged to the readtor ‘and ‘the.
d-while: bo:n.f ing the-~ ‘mixture: under reflux, . -
I'heimter:.a,l hadv,a ‘bette impo.ot

ed as a ,_ubstitute

_T,w EN,mcontaining 70% styrene ana. 30% acrylom.- :
It was ‘plzmned to- replqce ‘IH 7

o) T
5d. for in:}ectio' molaing.




had: been producea !
_ :.ssolved to 2 12%
solut:.on in car’bon tetrachlorlde was . chlor: b b0 - :50 % to give :
. " a product containing 12.5% chlorine Theﬂprod ot was used as-a.sub
*.stitute for, ohlorina‘&ed natura.l ‘rubber i t

"'of fomaldehyde :L_th acet
; prenated to butand:r.ol and-then -dehy




LO%. styrene It was thormo=
__;ij.ast:.c and- had good. in:]ection molding: characteristics

. but . poor low temperature resistance. Because of its—
hn.gher styrene content, it was less elastic t}an .
’ regular Buna. -

- Buna SSGF ‘WaB an odorless mteria.l of the sa.me compos:n.tion a8
R e 7,'3;“1‘.t ‘was prepared by. compound ing of-SS and was
or speo:.al items; e.ge for Pood Wrappings, - eto.
. to S8 except that' it was 1ron free., It
~od\;toed for phamaceut:.oal uses. -
. standard 25% acrylonitrile,. 75% butad:.ene
o possessed good 0Ll resistance. -
‘em WAS listed dn documents seen at the TR
'1chsbarﬂ: document center.‘ However, “the.
"eohmcians ‘had rio: knonledge of’ i, 7 ¢
Exper::.mental work-was’ ca.rr:.ed ‘out.onmixed ﬁlymers
‘con thaczylic [ 'st_‘“ 'nd buta.d:v.ene. i

10 propertiés.
‘ interested in th:.s~' f:el :

er'a.c ‘_'1eratorsf‘} . : ‘
: could be obtained rela.tive
1P :




200, 00, 50,000, 100,000 and 50 000 were prepared, The hlghest
molecular weight product: ‘contained 1o, ansobutylene the add:x.t:f.en of
only 0.015% louered the. molecular we:.ght t0 150,000. e

: - .., The polymemzatlon ias. cam :Led out.m a er novel:
‘manner. One part of isobutylene’ contaa.mng the : requlred d:.isobutylene,_
‘was mixed with an equal weight of et‘rwlene co0led first’ by smmonia and
-.then’ 'by refr:.gerat:.on with: cthylene to m:.nus 80°C. w ThlS proauct ‘was’
.dropped to the entrance end-of 8. contmueus ‘stainless’ steel belt cone-
veyor about 18 inches: wide by-30: feet .long: (60:feet. fotal).. Trmed~ ..
iately thereafter a solut:.orr of one part- of* ethylene conta:.m.ng 0.003
‘perts - of boron tri-fluoride catalyst was.added -atia; po:m‘c aboubt ong.
~foot from the enter:!.ng 1sobuty1ene. N Polymemzat:.on was - qulte I'apld 80
_that by the t:me the belt, moving.at a speed’ of . about: ‘200 feet per.
-minute,. .reached. ‘bl';e far end, the product had, polymera.zed almost c
plete]y and the sticky- po]ymer could be: dn.sc‘harged‘from the 'end. of
_the Telt into & kreader (Baker Perkins type mixer) be
~"~hcusedwcmple‘aelqu'rhewla.quad"e:hmlena, LWL ‘
; from radistion and polymer:.zat:.on,;fevaporated as the reaction pro-
g ceeded ‘and was’ collected, pur:.f:.ed, from aldel-wdes by ‘passing over: CaO i
[and recycled %o the process.. Evapomtn.on of ethylene he'.td ’che re- LG
B ac’c:.on-temperature at mimds, 50-100 C. .

steam hea.ted to azi OPéra.tihg - mixX
- mces Of e'bbylene



 Oppanol 0ils - Grades B5, B3 and TZ 900 were oil soluble
polymers.used as viscosity. improverg for. lubricants. -The vis-
‘cosity of the several grades at 100G was: . = . .

L es e soEmger L
Lol BE e 30 T e
B 21 T e T S

. . These polymers were produced in iscbutens solution using
“boron trifluoridé catalysts ' The: ratio of isdbutylene.to. iscbutane .
‘wais varied - 1'to 3 for Grade B5; 1 t0 2.5 for Grade B3 amd 1lto2 .
‘for Type.T2 900« - The mixture of isobutylene.and isobutane was = =
‘charged to- the top of a polymerizing tower: together with a. saturated

A -

‘solution of boron trifluocride. :'.n,,xpéthgnc)l’." “The mixture leaving. this

‘vessel was séparated’to ‘remove the ‘me‘thanol layer and then passed.to

& Raschig ring filled tower ‘Where the isobutane wes vaporized; .. . . .
‘collected, compresséd and recycled 6 the process.. The polymer. .-
residue was washed wi ter 0. ’

‘ st o remove methanol,etc. and then heat-
‘ed-umder-ravumm-to-remove-the-tiaces-of-Light-end. products.. . The row
‘product was nixed with Fullers earth, filtered-and dried by passing:
a"ourrent of ‘nitrogen through : el A

A mamber of polyiers and co-polymérs-were mad

fon on the various polymers and co-polym




The polmncr crxmlsion, -containing 40% polymer by . '
wa:.ght, was fed- d:.rectly to the top of the rolls of a double drum
drier heoted with stedm at. 160°C. The dried’ polymer melted- to a thin -
sheet' of paper “thickness vhich vas pe.eled off by a: km.fe placed 7abbu’c
90 degrees bafore the fecd.. The. polymer broke 1nto small p:.ecesEE"
it "cl] from. the km.fe :md was later ground to a powder. o

) f- i
LU o Pla.st:.c::.zers were ;d&«.d to the v:.n,yl chlorlde by
milling. Th:.s vias done at the custoners plant.

Lo The Only sta.b:.llzer used at Lu:lvngshafcn was sodn.um

: ca.rl:ona.te. n The amourrb used ‘vias O 3% in the case.of BCU and lower in.
' other: grades: = for—uxample, 0.1% in the MP- grades. . The: ‘stabilizer
“vias added during the- polymer:.zat:.on. ; Ludw:.gsha.fen admltted that this
‘stabilizer was: not ‘satisfactory: sn.ncel:.t .lowéred, the: wa.uer re.,lstance
. and - prodused: ‘turbidity s They felt, “howevers: i:‘tha’b it vias: the best’
,"_‘mtcrml Pound ‘to date.  Dre: Kollek’ understood that: phen;yl indole ne"'
-used as’a stabilizer: Por v:l.nyl ‘chloride and ‘hdd: Been in:the. dew—.lo -
'mcn'l: stage An ’B:Ltterfeld a.nd Leverkusen. It had not yet a{:ta:.ned

émércmrmc. o '

J

Igela.te PC' s "a.fter—chlorlnatcd" polyv:.rvl

“"chlor:l.de. Poly_y:.nyl .chloride PCU was: dissolved and chlorn.na.te& sp;:’
“ag to yield & product containing. 60% c1 (564 87 0¥ in POU)4 This
material:was used ch:.ef],y in ‘the’ produc‘c' ..‘.°. o £ Pibr ‘was made

abe B:.tterfeld a.nd Rhe:mfelden.

Tgslite UP referred to mized polymers of
- several tynes, the:Lr COﬂ.T.)Oul‘thn, sand D




‘was First coagulatea with a.lmnimm sulfa.te “golution,” filtered, Washed .
with a large quantity of treated cold wa - (about: 10" garts per one:

part: of polymer) and dried’ ‘either on-a belt! oonveyor _in a discon-; _
: tinuous pan dr:.er of‘ stainless steel construction. ‘ '

, because of the. d:.fferent rates of polymerizat:.on, 'A
; ad;just the monomer addit::.on ra.tes. AR e

Ty‘pe G. having e "K" va.luev‘
Type F, Wl‘bh a. "K" mxlue of

'repa.red in orga.nlc‘ , 1vents, pre-v
,used m?adni ture’ with Buna "

fa.ctory _:.nta and-had ‘good weatha i
useful in the ‘go=called. Scotch ‘ba.pes‘




The polymerization.in t,thyl acetate was carried ‘cut in a 25
to 605 solution at 70 to 90°C uging bunaoyl iperox:.dc ' zwIT st 'mc’i
oPeru:Lnn on an 8 to 12 hour cycle.- - o -

. hmuls:.ons /ere preparn.d in conccn.,mtn.uns ‘of 25 to 5079 us:mb
1 to. 2% of amfogeife 18 or Trulphor O. as the erulygifying agent s Po-
- tassium per.sulfatc ccztaly ity O 05 to O. 10% was: used at-an o;peratlng
temperuture of 70-90° Oc with o cycle of L to 5 hours In g_,cnuunl, )
" the technique for the- acrylic- esters was’ identical .Jlth that used Tfor
v:myl acs states - The nominal produc tion at Luduigs shafen totaled 900
toris of.. +the Accroml D Lypc plus 200 Aong. of; A.ccronal ‘solution per
‘month. The chief. {or tne e uroduc»s-‘vcre “in the prﬁ'oa.rat:.on of.
1e'1ther Flber bllldCl"S, ta, t:.lc coatlngs 9.n<1 &I‘u“’flCld.l 1e: x‘chcr. '

: C The -emuls_l.ons 1ounc1 thulr most :mmortnnt usc in- the trea.‘tmcn‘b
of téxtiles, in which cuse they appear ‘also under the name of -
“Appretans.  Type i:wes a 26% erulsion of the. methylester; T7 e B, -

2 bhelathyl c,_.tur arg . Ty‘pe e - 50/0 emulsmon of ¢qual parts O of 9 d_;./l

*ucryl&temuna«vmylw,a.cetahtc..- The: n)pm“bﬂ.n were colorless disp erslons.

- which were completely miscible &]luh yiater. | ThCse nater ‘L"r"S'"“adwtbe«m--
prOPeruy “of Pillinig the f ibres of the textile w:.thoul, :Lfi‘oc ulng the.
“hand. This results’ from the fact vhat on:drying. “whey Torm.a GT
mmently elo.s tic filin either whcn used’ alone. or. with cther tc.:gt:.le ,

' as.::..;t'mts as siges,- "ela.'bln, ete. L In :m'ollcaia.on, the s oluﬁlun was
diluted to a . concen‘bra.tlon of 25 10! 50"' mms per‘_!.l'l.,l.,f, «).uu)llud to tr‘e

‘ cloth bj d:m“lncr methods ond then‘ar:u.d. . B T

: k.‘;, V:.nyl Ethers (Ip’ev:l._)_

> ~The J,;V:Ln,jl alk;yl c.thers compris
developea ccnmne,rcmlly by 1.
1.n._tmted in 193%0,. 8" p:.lot pla.nt
scule product:.on was begun in 1939.--:.

" peaction of ‘the part:.cular alcohol with'z
Cbher pregenc’“ .of . potassium. hydroxll "tuil,fs‘b
ns been prepa.red‘ in the lal :







- Production of Vinyl Ether - Dr. Christ supplied: the data in.
tne attached table which shows: the .several types of ethers prepared .
,‘cmmerclally a.nd g:v.ves Operat:.ng condltlons zind annual product:.on as
of 19&#.. R e s i ‘

oo

Produotion of the metmrl nrwl ether, as an ex'ample,* was |
fca.rrled out: cont:.nuously in the following manner: in equipment havi
a capacity of 300- tons ‘per’ month. . The equlpment, of all steel: cons truc-
tion, consisted of acetylene compressors, reactors for the, 1,\repa.ratn.on
of, the KOH-metha.nol solution; -the reactor tower 700 T d::.a.meter by 10
-meters-high, recycle conmressors plus st:ulls, -etc '»for the- purlfn.—
..fcatlon of the product. .

RN Gq;mnerclal anhydrous potass:Lum hydroxlde__"ﬁ pu.re mthanol
["‘Were 'bo:.le ho remqve traces of water and prepare g: potassn.um methylate
-1 " 5 ogether w:.th f shﬂ methanol, was:

N pumped J.n*bo the reactor, .
,,x::ad;wn- .about: 5% KOH, and o~ . ; .
“mixture of acetylene (55%) w:x.th m.trogen, WA compres" ed”tﬂhew—m
action. pressure, 20 atmosPheres, ‘and. :buﬁaled uhrough the ‘solution i
“maintained at 150-16500. The gas 1ea.v1ng the' top of. +the-tower was
‘ cooled to recover the ‘product as:a: solution of 60%- vingl ether ini L
metha.nol._ The off gas was ‘recycled: ai’ter a.dd:.ne-the*necess‘lxy fresh
acetylene. . portn.on of". the KOH . alcohol solution’was Wi » :
“the bottom of the, column:- from t:.me to- t:u.me,}_-pura.f':_ed off{salts, rcsnxs P
.0ils.etc.’ and mcycled to'the.: react:.on. i j >
d:.st:.lled £0° remove the- dlssolved a.cety, ; id 6 1
‘vinyl ether. The residual’ me thanol ‘was ‘either rc,cyc ed as
,Afgiven an occamona.l clean up by B 'batch distillations The
}1 treat ‘nt” ‘ th ;




v.‘,\,_CHZ-GHZ-OH .. oH, oM, -01
l | socl-——> |2 "*
The product wa.s then reacted wrbh NaOH 5

o’ri:'heatiﬁg tb’, ';60.°c€1:he7mme. ‘
Aistills off: ST T

+NaCl

r::.za.tion, the produc'b wa.s stored. in
' fmethod of. syn'bhesis, employed




: : In add:.tlon to- the. pr:.m:.pa.l use a8 a paper treat:‘mg ma.berla.l, ,
che polymer has been. tried for the, product:.on of - inner. r liners for’ shoes
“"and in ‘the prcpara.t:.on of a papex: “substitute for a.sbest ';;f'packi.ng
. ‘uth_,rlene imine -polymer. con be prepared by heating ‘ina stn.rred—vessel
“in the- presence of zarbon dioxide at: atmospherio pressures - -phe b :
initiel température of 60%Cis’ gradually :Lnoreasea to 110°C at the end‘_
-of the 2)+ hour cycle a8 the batch becomes mare and more: v:.scous. ‘l‘he
mixture is then diluted with water' to: form an approx:ma.ﬁely 50%

;lut ion wh:.ch 13 clear md l:Lght colored.

A Ethylene nm:.ne monomer has"“'beezij(a.pp‘.llied to fibr
_v:..e., ‘to ‘cotton and" especially to rayon; . ipart anti-
: roPert:Les. ‘Because of the': sln.gh’cly acid. na.tu""
" the monomer polymerlzes readily ‘and forms’ ‘the p
- the fibre ‘capillaries’ thus- renderlng tnhé fibre- swell—prqo

v,’»»about 1936, Wolf‘en has marketed thn.s ma.ter:.a.l'as ibre XTH.

L 'k e
_was-used: entirely . in co-polymers s for
..jtortal p od tlon,‘l:o date»was’_,sto.‘. 2d 0. have b e

va.por:\.zer
¢ zoic ac:.d.




hour per hter of omtq]yst wii 1S used. The hjdrogen ,spl:.t off in the’
'-'{,renct:.on was. ucrubbed with. water and-‘the- oxcess. recycled as indwmtbd.
- Thecrude" but_[rolactone conta.lm.ng small 'xmounts of xcetomney. tetras=
hydrofuran, - butyraldehyde -and butanol-vas’ purificd 'by \191:111 L’cJ.on to
~y1e1d the - factone bo:. mg A.t 205°G at 760 me , i

o The 1dc‘tone was conver’ced to ij‘rOlldOTB"lS [‘ollows- [_,',,, LT

o CHyCHs o, -CH, - |

ciz : m%----n"’l2
w ’ Tl 1o o \ / ‘,;_’.Az’ B e

;'by hea.t:l.ng ina:s 1rred .,tee]_ a.utoclave :cor 8 hours £1, mhydrou..,

-ammonia ot 230%0 under an’ :Lmtlal pressure - ‘of- 140 2 osphc.ms,wha.ch
k gradual]y decreased ‘to 20-25 a.'bmosl)herc,g. -an proauc‘c a x;ur:d‘ Lod

"';Thé pyrrolldorewas "'.j{ckhénlﬁfili;/l’ted under prc.s ure :




O, Vn.nyl Carbaaole _

V:.njl c'u'bazole mOnomer Was proc‘tuccd bJ the actzon of acety-
iem, on carbazole..~ ‘The- reaction was: ‘carried out- w1th KOH catalyst :
lnder pressure ‘gimilar to the preparat:.on of the . v:myl ethers., ’V:myl

cmrbazole was co-polymer:.zed w:.th s‘byrene uO produce =

;r

o ' mype M-150  Pure ‘po]:yvxnya.carbazole_' Ma.rtenv hardne ve,%i:SO;“-';
L M-1257 70% VG plusi 30% styreme. . Mo o 130
- M-—lOO dlt‘to out 10Ner mol. w’c. ,}'_'. N _" Ea 100—.7_

. ~Scme of the 150 grade vas’ uupplled for mjec‘blon-moldnlg. Forf.
th:.s purpoue the moldlng”powaer wa.s put {hrough an:-extrus 5
4o orient the pa.rtn.cles and ~'agdd an. esbestos like. BPPeATAT
v:.nyl ‘carboazole Was . used: to raise the softening point
The proauct had about the same electr:.cal prox_oer’c:.es \as styrene a.nd
was somowhat 1ess’brittle. E AT T R R

fable of. “plastlclzer lata ob- -
Fr‘ank{‘urt Relchsbank f 1les ;.s
resent the tc\:a’l I.G;‘ P




mNU I PRODUCTION
" movs 192'.1

. e is 5}.‘._{‘_
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.,muty ac'la aflcohols, _,Lc,r] R
‘ zilg Toelit - B
; .cut avallable as R




q. . "K"_Value -

© .. The molecular weight of polymer was frequently determined as
the K value. Details on the analytical method were not available at
_Ludwigshafen., However, the method has be n_described in-detail in an’
article by"":F:f.kentscher,‘,,Cellul’ose-che‘m'n- 13, 58 (1932) o

. ys) Iuvitherm =

T A mechgniog,l-"mthoa_.fbﬂthe.'sirétching of plastic sheets to -
orient the molecules and to give improved properties has been developed :
by I.G. The product, in the cpse of vinyl chloride, vas known.as . !

" polyvinyl chloride (Iflite PCU) Shest made by this process.os..
‘& 0,02 t0 0,05 mm sheet.had been developed as a.wrapping materiale . It -
was claimed that bread which had been sealéd in an. envelope of Luvitherm
and-thén sterilized. (2. hours “heating at-120%) has been preserved-for

6 months with little loss in freshness and a water B GER) of “Hotmore "~
.than 5% by weight. - The Luvitherm was also used . for the wrapping of -

b Len T T TR e L

o s

- Ipelibe PO was grownd to 300 mesh and milled with 1 to 2% 1.6
wax at 160°C-ona L high calender: rubber mill-o give: g 0.040 mm sheete.
The wex was added only to facilifote the milling. The sheel was then
given-the Tuvitherm: treatment. which is a mechanical. stretching “intwo

directions. The sheet was drawn over a roll, heated 02009, at’a
-rate of ,abdﬁ}i 15 meters per. minute and was picked up.on & receiving - ..
.roll rurning'at 2 ‘higher speed: than the feed roll so. as to give a.25%. ;.
" stretch to the Sheet. - At.the same- ,fm?';'5-;"‘Sﬁeféi?#l“ﬁ@haﬁi@l?'aﬁviée. Sty
. gripped. the moving sheet on -each side ‘and éxerted 2 tension'so-as ko "

L A A

_stroteh the width by 10%« The resulting speet showe d a higher strength.
ntation treatment, ‘ususlly” about double the . - -

St

a8 & ‘result of this orie
original stréngth. ©
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at the Ludw:.gs‘hafen labora’cor:.es m 19)1 as.

F:@erimntal work
well as tests at the Government Taboratories in Berlin. in. 1939 have -
-when ' 1.gm.ted.

determmed the pres sure at wh:r.ch acetylene- decomposes
with a. spark. This: presoure varies. w:.th the tempe ure a.s ,Lollows-

Dc,cormosxtlon Press o

. Temp. .»Co _'_._. P
e (Atmo.;pheres Gaupe)__
A5 L o o 60
100;., LT .33
Swo o oaon

PR sm:uratlon of 'bhe ace’cylene w:nth water ra:.ses the decom-
pos:.’clon pressure sl:x.ghtly to a’bou*b'ﬁ‘ 150% of Ahat of dry ace‘bylene. _

re recent dota. haw
; Y _'*.Qf.,.,...,

"e~30r:|.es as” valvesv_‘ nd pl;mg,
ssurewhen; hanal:*tg :

'was ‘designed for ten’
Lpure; ‘acetylenc or £
- mixtures with' nitrogen e'~=‘




la.rge as 70 mn I.Ds have been us Pd. The free. space dn the equipment
wes- maintained as-small as possible, For exampleo, a reactor 10
neters ‘nigh’ had 3 meters freeboa.rd. Ehe La,rgest vessels w;ed were _
BOOmdnmneter.-wl“, : ST N S S T

e

o Comprcss:.on of acetylene or: acetjlene mnxtures Wa..s handled
in- regular tyre: cqnnres..ors with- tandard 1u.br10at:n.on system and
steel. p:.s’con rings. -K slow pis’con aPQCd was used, - For e,caml)le,

120 cbm compressor ran at, 50-60 RPM. Pirst stage compression was . L
L5 atm; second sta,ge, 10 atm,. a and th:.rcl .,ta.ge 30 ‘atm. . The. 1urgest
compressor employed wag 180 cbm CgLP").Cl‘f'y.. The gylinders ‘of: the: :
-compressors. were vater: cooled. One’ unit in: “the - vinyl. ether plant’'
employed: a: water. f:v.lleﬁ oPen 'Broufrh sucroundln(_, the cyllnder.,. A
f_‘newer model had jaokc'bed cyl:mders of the: convent:.oml types “The.
;compresaors “Yisd no- after-coolers.; /Pure’” (9990) Lcct'ﬂene nad or*en‘ ot
compressed to a maxn.mmn pressure o 30 a‘cmospheres
Sl udw:.g,shafenvnevor xper::.encc Lan cyplos:Lon oft. comequence
;in,d;'heg.:.mxw,_,lug,h pressive: scetilene-operations.’ Nueveral """ ihgte mc,e
..occurred in ‘which’ aecompos:.t:.on -actually: $O0K place  but LI specdT
of react:.on was not éufflclen'b o oauSe an exnlos:.on. It wa.s ob-
' served, in thes ‘;.ns‘&snces,‘ »that thef recording pressurc gauge..: ;.. v “
“showed ._pressure‘ not more than thzf times the’ normal: opcratlng 1

-;pressur instead o




Tanigan L‘x‘bra D

3600 kg of phenol {6i1+SR~-1 were treated with: 3800 kg of 98
‘sulfxvxric ‘acid, ~the" temperature ‘was allowed to rise to. 100%. and then
‘wasg: naintaimd at th:l.s ‘point-for 5 hours. - The 'ba.‘l:ch was cooled and
-1170 kg water plus 960 kg urea viére added. The above mixture wes
divided into two. ‘ba.tches, eaoh portion be:.ng treated separately as
followss:: 1800 kg of 30% fonna.ldehyde were reacted, adding the first
‘Thalf, aur_in(: 2l hours and’ the’ second half’ dur:.ng “the next 12 hours . and.

, keep:.ng'ﬂthe temperature ‘at 30-35 %. ‘The: 'batch was -diluted with 720

kg water: conta.:.n:.ng 21 Lg of ‘oxalic ‘acidiand ‘then” neutralized, with. 25%
‘ammonia’ water unEErE10 gn- ‘test sample regi:.red 1 6o of ‘normal NaOH

“to neutralize. “Nexty 760 kg of . 25% ‘ammonia. were_ added, “Pollowed by
1080" kg of ‘water and 1740 kg of “phenol ‘011 ‘SR=ls; ondensation of. the

phisnol ‘was. “accomplished by ‘adding 1200 kg of 3 30% formaldehyde. d\x'mg an

* 8 hour period maintaining the temperature at:35°C.  The batch was

. 3ilu ‘ g_,wa.ter, ‘sbirred 2 ‘hours i

singvf' a.bout 800+ kg £ e




. The product had 2 g;g>ec1fic 5ravn.t,/ of 1.21 1:0 1-22 at 20 C,
a tlum. of 8%0;9 and a- 91{ oi‘ 2 6_to ._.8. Thc actua.l bannmg aden’c

cOntent was. 22-23%. AP

proc'luct was: u.,ed 1or specmljcn.cs,v\.

mpowaer«wth&Q parhs
pd.r‘bs 01 potass:mm




ylelded .8000 kg of Neu’cml Sal‘t 2.
’ :g.' Tanning Aggnt QuE

: Details on the preparat:.on of ﬁhzs product were not o‘bta.:mea.
- twa.s described as a condensation product of : betanayhthol sulfonio
a.c:.d'w:.th dihydroxydlphenyl sulfone a.nd fomaldehyde. el

‘."\"hv.' Ferngan]?__ o *

S Ferr:.gan P, a solut:.on of the fé’rrous sa.lt ocE' sulfophthal:l.c
-acid, ‘was used as an assistant-in. leather: tannmg .2300 kg.of .
phthal:l.c ‘anhydride were- sulfonated with 3713 kg of. 65% oleum. = The

. mixture -was diluted and. reac’ced with about 1740 kg of . iron borings .

“at 65 C.. A total of 555 kg © r_sod:.wn chlorate was then added. sIcwly

“aboan operating temperature of: 85 C-dn order 0o nvert the iron to i -
the ferric statc. Next the: ‘patch was cooled. to I...O (o neu‘cral:.zed W1th
-‘ammonm, add:.ng abou‘h 2393 kg ‘of- 257 solut:.on. The mixture was S
“Piltered to remove: small . axnounts of msolu'bles and the ‘'solution: then

""di-lutedmtma—rconoentmtzon.of, ,59%-50116.3 and._ s sold as Fex'rlgan Pe

; 5 ETHII.ENE, ETHYIENE OX.]DE AND GLYGOIS

S S:Ln e ethylene was o r'y :unportant ba i¢ row mater:.al :fcu:'I.G.,

'Ludw:.gshafen carried out _considerable evsearch ‘work‘:'on 1ts producflon

and purlf:l.cat:.on., A brief summery:: :
v :n.th Dr. Hau'ber.

it on of ace’cyle', B
product“ n snd. plant: un:.'hs :
rubber; division. repqr‘hs S




'arﬁ than p v..med o a bmer, wh:.ch waa“‘mmmted on the hurxﬁmg chamber.
This: tou«.f', 95 cm dinmeter. bj 25 meters hi gh, ‘was. packed: with 20 .
_d.:.amé ) 1re_fra.ctory ‘balls.  The- go.s passing up through this: -packi'ng

‘ot a:superficial. velocity of “1't0:2 ‘meters per second and a- temper-» e
a.ture o:t‘ 850°G Wag p’tosed to-a: towe ~vihere: it was" quencl*ed’ ‘quickly

) - £ water.’ “The" coolec’l gases were collectcd, ‘dried and- then
"pur:.f:ued by Low. ‘Lexmcmture d:.st:.llat:.on in.a: I..J.nde desn.gned system.;.
I8 ted ‘that -there wag Tittle or no’ formation of :carvon oF .
'forma shyde in’ this - system‘ An. approximate matcr:.al bo.lance mrur

& : plve: fin.‘the'f‘ollo»l:ma, f‘:.gures- L




.c._ Thermal Cr"’ic};iin&lo"fi’m

. Fxtcmlve p:.lo‘b .sc'a.le exper:unen‘bs were mede . on i:he proauct:Lon
of ethylene ty the thermal cracking.of ethane using externally. ‘heated
pipe coils. Asmell unit was: Operated ‘at Ludwigshafen in l9tfl—-l9b-2.
This was later enlarged and in. 19%3°e large exper:mental mut crf the
same. d«_slgn was, -in.:tallod a.t Leuna. , wedee

* e fn.rst ~71_Lot senle un:Lt consn.sted of_ a steel prehea.ter :
‘conbaining 6.2 of 20 mm ID steel_pipe armnffed”m a 063 m dla.moter.
“coil. Connccted to this prehe.).ter wac the. crack:.ng-;'co:g"_ yroPer, Jof
TP 30 stoely o high. chrome (25-30% Cr): nickel free: Jess than 0.2%) ©
btg,el conta:.nln{' silicon. '’ It wos- stated._‘om ;the resence. of» _Slll-
.con minimizes the cracking of" hyc'lrocarbons'zto carbons "The.crack:mg
‘coil consisted of .5 turns of 20 ‘i ID pipe a.rranged dnien 0. 75.0 ;.
d:.umcter ‘coil to.give ai total- 1ength of 11.6 ‘M. Gases. ‘leaving. the B
‘cOil were coolea :mmed:.;ntely and then pa.used to he pur:.f:.ca‘c:.on :
bystem. : o i :

: The Leea gas Wos a. Saar gas etha.ne fra.ct:L
: roxlm.te comnos:,tn.on - Y . :

Ethy]ene
;'\Propylene

gas Cha ged atia
i Was preheated-to
was heatc:d. o: 800-8




. The mitml p:.lot teat unit at’ Ludwigshafen oo:r&aimd a. L
'.smgle coil ‘and. had a, feed ‘rate’ of: 30. cbm>per hours A sond
was built 1a.ter using tvo .coils. of equal ‘dismeter with a spacing:
roughly 30 om.’ A totaliflow of - 60" dbmﬁwasasplit;petweengthé'tw"'”
. coilsy~the lengths of- wh:.ch were adJusted so, “t0 have:
, hea.t:l.ng surface. ' Follcmirig the ‘completion of- testv daf, e
o unitiwas- :mstalled ‘gt IAunA. '.l‘his anity: with. &~
“had ‘& feed rate -of ~600-cbm-per ‘Hourt s Suffioient ,,_data. were ob'ba.ined'.

"at:.ng lz_f’e Of‘ oneb to one;a.nd o
wa "sta.te ’to

é capac:.ty was - 1255 cbm of feed per hour. AL tot :
Was planned’ with-a rated ¢ pacity of: 6500 c'bm“per hous
0. about :75;000, 000 - pourids e’ per yeol It
'.; that-:' 10 :.dent:x.cal'- :Lt’s‘ wer .;.planned for'Hey

t expe'rnment' on:the purlf:.cation of . |
x’purmentys.: Pre-ff
te has. been by




~iB’ sui’cable, however: o i ,: §
‘genatlon of etha.ne’ :

h fication- ‘of ,etmrlene. .
--',involve,d us:Lng tl‘u.s methOd




'e"._' Ethylene Oxlde v1a. Ghlorhydrin

Dtbylem 3 of a’bout 96% pur:.'cy, was prepa.red from et}unol by
to be 92’,0 of '

;‘_ca.’calyta.c dehydmt:.on cver lime. Y:Lelds vere.- sta.ted
theory. o

Ethylene ox:.de Was preparea. by ’che conven’c:.onal chlorhydr:.n

_ method.. A stream of ethylene ‘gas. at sbout 1.5 atme pressure wag puak-
ved corrha.mxously, by means of .o steel . rotary. pos:rbn.ve d:.splacement ’

_blower, Ainto the Hottom' of’ 12,m high réactor towexr, of steel:. 1n.nud ‘
“with- rubber and bricke: Metered quantities, of” chlor:.ne and- wa,ter sere.
that_ a. product conta:.nmg

fed likewise’ 4o the Dbottom of the. reactor. so
“gbout 5% HCL. and’ 10% ethylene: chlorlwdrm overflcwed from the reactors
“The off-gases 1eav1ng ‘the top of the reactor were: ‘vented in port; “he .
“balance was. woshed with viater and recycled with the fresh ethylens.

: stream...’ The rea.cL:.on temperature WaB ma:n.n‘ca:.ned a.t 60 c. a,u’cqnnt:.cully. :

i !L‘he v:.eld of‘ Grude ckﬂ.orhjdr;.n was 75—80% of ‘theory. on ‘che

. ethylene aboub.. 8-10% ©f the yiela“flas*”fme&*aswyaprmcmchlgn
" ethane. The product volut:r.on was' collected in.a v wooaen bufi er tora.ge :
i ~ L:Lnes wcre of steel or ’H'weg con»tmctn.on. T e

,:The, ethjlene chlorhyclrm solut:.on wias; the; 'passe_ to’-‘a'

1th ‘the- theo:get:.cal o.mouvt ‘of
‘ C o} ye steam. . :

su.pon:.-_ g




It was sta.'bed tha:b under these cond:.tions 100 kg of ethylene C

oxide yielded 115 kg of - ethylene glyool and 12 kg of’ ‘higher. g,‘l.ycols, 1
. largely diethyleneglyocl, to give an overall: yield of 92% Since
: nomrersion was said ‘to be complete, this yie.n.d e.ppea.rs scmewhat—low. "

: In a later diacussion it was sta’ced tha'b thq ratios of ol

_products Pormed was 75 parts ‘mono; 20 parts d:l. and 5 parts trietmrlene'.

. glyeols By lowering: the water-oxide ratio. the formation of higher .-~ ..
glycols is. Favored. ' In prepe.ring diethylene glycol, a. ratJ-O of 80 " -
par;ts di to 20 parhs of tr:.et}wlene g‘.lycol was produced. . R

. LudW1gshafen produced a. poly ethorlene ox:.de sold under, thei-r L
. nome of ‘Oxidewax. . About - 10-12 tons. per month were ‘madce for use as & "~ o
soften:x.ng agent. for Buna. rubber, for a ha.nd grease a.nd for: suppbsi w
' ,\.-tor:.es (Pa.stonal) , ‘ : e

R Ludw:.gshai‘en’ 8 rated monthly capac:.ty :Was ab;
etmrlene glycol, 200 tons d:.glycol and 50 tons tr:. A

8 Etmlene Ox:Lde via Dlrect Ox:.da.t:.on o

o In recent yea.rs 4,Luawigsﬁafeﬁ*ﬁbrlcedwex#emlvvely : 'method RGN
j'.i_'for 'che direct oxidation of . etbyl'ene,'_.itd,et}w:léﬁe'-if.oxlde. Thé:ng work o
oo was conf:.rad Yo 1a.‘boratory exper:ments and a es"of %ests -on Su 1_,_ R
.‘,nmlti-tube um.ts. “The: Ludw:.gshai‘en pile % b was: destroyed SRR
RO - bombing. A rather 1arge plant, st cons red asan expemmnta.lz
- unit) howaver,‘ wa.s bu:x.lt in Zweckel but had’ not been ‘completed at the . -
“gime ¢ ions. - “ethylene ‘oxide 2 at




'. It was :md:l.c'xtea that 3-3.5% ethylenc, feed was. planned
or:.g:.mlly but vias- :latei. changed to l;.-5% PR "‘? :

T The problem of 'bhe recovery of et}wlene'oxlde was studled q.t
sLudmgshafen on the- 1o.bormory ‘sealeand in thepilot: sca.le using on
800. 1iter carbon absorber.  Based -on 1a.bora‘bory-db.ta it was believed -
that adsorption on carbon oS! preferable to ‘rec o&,é v by a'bsorpt:.on in
water ‘followed by distillation. ' The full’ soqle:-un.it planned for the - -

-Zwéckel plant was to consist. of four ‘absorbers each .of 15 .obm carbon
‘capa.c:l.ty The cycl:t.c operat‘on 'Was planned as follows s

orated o 20?30 G,uwas of about three

The absorpt:.on cycle, ,
20. 'kg‘of* etbylene o:r:Lde per cuo;Lo

hours’durat:.on, with:a- capao:.‘
-;meter of aot:.vatea carbon- 300 kg e

The 'esorpt:.on cyole Was of I to 2 hours dura’c:.on ana com-
. ‘gteam. through the carbo ok miform rate, using 600
o i kp O

“kgiof '"ste per.’
Lrom, h:.s"'Operat:.on 'were 0 pas: -stillvhere-the o
regov ed by fra.cta.onatlon 2k an. overhoad. tempermwﬁm’ﬁ'm A ‘"1

e dxf:. der.. that "et_hylene dlycnl .
hydrolysi.; ‘dur:l.ng; "‘hhe a.bsorpt:.on cycles. 9000 -
ied and reoci ula.ted were required :

‘plarned for the £l unit
: n‘nined but Was" belleved




"‘he product cOnta‘inca-'

'xFomaldehyde ' .30% 'by wite.

“Methanol - - 0.5 to 1.5
‘Acidity (HCOOH) 0.03 -

. 'Wickel- . - -nile
__Iron e .0005

wfly, tho process: comprised pass:.ng a mixture. czf 60% S
_-me'chxmol plus. 40% water over a pure silver catalyst ma.n.nta:.ned a‘h
,6L|.0 C. . The product was. cooled, ‘

- B The 307 product W, used :Lnstead IOf he 577 .,o;:;'
in. the U.S.44 becatse ‘such! - prodi ] _t‘ble T
‘ l:!.zer and t,l:un:.nated the need for

«,m:l.xed w:.th a; s'brea.m of f:.lfered d:.st:l.lled 72
’.I.‘he m:.xture was ma:.nta:.mad at a.bout 60 6]

k g,auge wa.s bubbled J.nto the ba.s 'ccf'"fithc.'
rearrying “the vapors dinar we:z.‘_,hl : 1.0 OFf
fpounds Of. water. The kva.porsz. lea. :L;
;to 1oo°c by




< -~ The materia.ls of construcﬁ:.on were a._como:.mtion of . o.lumdnuny’
~>stam1ess -steel, V4, and rubber Iined, Alumimm wns used for the
: vaporn.zer. Stalnless steel wa.g: used for the superheu.ter, c:.mljst
", chamber: and heat . excha.nger. The’ i':.na.l cooler and scrubbing tover .
. were. of: a.luminum orrubber lined: construotn.on. It was. stated that: | .
stainless’ is: ‘the. ,,Jreferred ma.tu.r::al a.lwn:.mnn was’ used s:mcg sta..n-g
-less was scarces. Aluminum is su:.table for the" 1iqu:.d product. or. for
 handling fomaldehyde or methanol . vapors, .. Hovever, 'aluminum is- not.
. -sultable when in ‘contact with nu.xtures of va.por and- 1::.qu,:.d as, £ or
~.example,. in’ “the superheater follcwvlng ‘the ‘vaporizers Large, pure o
.'~,fa1mnim1m ‘baxﬂcs, 10-12 feet :.n d:a.meter b,/ 30 bt et 1ong were used

The cata.lyst 111' wa.s about 6 months. : The's lver metal




" The air was passed. f:.rst through a steel’ tubuhr hea.t ex= -
changer counter-current to the ‘converter exit: .gases, The. preheated
‘air, at a temperature: of 160°C; entered the-botbom of a- go-called.
”e‘be;p-type" evaporator into whioh molten na.phthalene was fed at 90°C
and et a rate of 120=130"kg per ‘hour, ;, ‘Naphthalene flowing dawnwa.rd
over a’ spirail annulns‘strip waa' completely vap orized’ except for
tarry residues which o].lec'ﬁ ‘the’ bottowof ‘the unit and were .
‘removed,‘a.t_ .peri t per month. To. permit continuous . .
‘operation- two vaporize 5ta 1ed pe unit,  The feed :ratic was -
36 gm Of naphthalens. per.cby ithalene. used ma a0
freezing poim; of 78.8-79

‘ ,H_f'of 'about 15o°C

‘ lmm ‘high pell gy The temperature v
350 C- in "some ‘cases a8 the ‘catalyst
i 28,85 as Z;-OO G.l_; 'l‘he S




The orude phtha.lio a.o:.d Was oolleoted in- an’ air oooled ‘cofte - -
densing ‘system. The vapors. ‘passed first through a finned ‘air-cooled "
‘tube- and -then:into the first-of a.series of 15 coolers, Those coolers
viere essentia.lly gheet stesl recta.ngu ar boxes about' o) .
feet high and 2, 5 feet wide, Gas pass ed “into one ‘end’ of _the: box,
downwc:.rd to 'l:he ‘bottom around and under a~centra1 ba.f’fle and ‘then’ up-
;;Iard, reversn.ng “the flow, to ‘the-'exit, The :golid’ phthalic anhydr:.de
) ted: R ‘was' removed by meons’ “of .a ‘sorew oonveyor
. 1ocatea "ot ‘the’ bott“o“’m ‘of “each. unit and- arr-angea« L ,disoharge' the
{sol‘lds 3 hroucrh‘fa. ‘central’ bottom Opening‘ The "condensing ‘

' ne of + t




- ‘Data’ Obtai.ned from the I.G. f:nea a.'b the Reiohsba.nk, Franke
mrt, showed tha follown.nz yields dwring the, first quarter of19§3.
| Yield of crude ph‘ahalic arﬁv&riﬁév S

K 57} naphtha.lene requirea L
o pen 100 .0 kp of cmae phthalic

Plan't R

Ludwn.gsha.fen !
chkopau L




-The ' crude benzo:.c ac:.d ccnta:med z.mall amountsoof phth;.al:.c
1c:.a .antnaphthaquzrane. Orude 2cid vies: trce.ted ot 50 C with a so-
- Iutio -godium’ b:.nulf:.‘be to dissolve: the: phthalic acid and react i
w:.'th the ( iﬁone 7Thef ore ; n ‘,w‘asa _‘be‘sted by prep“ringlthe;aodim '

pur:.f:z.ed;

Th:Ls was' accorrpllshea by i
r:.ng ‘the acid 'y melt:.ng and_ then r:ublnming in m. using; ::
h'?'ste’ri A20.~a.'tn e e




t_/pe g)tﬁp with a capacity of 10 cbm per hour.‘ *"he pump was fltted

. with"a special external-valve box mounted some distance ahead of the

',cyllnder of the pump. . -Béetween this valve. box: and.: tne pump cyllnder
was' a short section prov1ded with'a coollng~5aéket. In this manner-

- the puinp itself handled water at roughly 1009C’ 1mp051ng the by-u*\-
idraullc—pr95sure on the external vdlve box which WQrked at the oper-
ating temperature, about 3h0°C. The c1rculat1ng water was.cooled by
-means of a. cebling Jacket. For starting up -operations, ‘the water nas
_heated up to the operatlng temperature by a gas-flred furnace..~”' <
Actually, “two punps, one for startlng up and’one for normal,gperatlon,

“viere -used. “However,. bj addlng 1nterconnect1ng llnes,fthe startlng
,up pump also served as a spare. : : e

The“catalyst was a mlxture of tltanlum dloxlde,wmolybdenum e
3ox1de and vanadlum pentoxzde supported on 5-6 ma, granules of- punlce,

le%«,sect..j ,w,.wemcooledmga.ses,,Weremthen,passedn‘towawquenchwtowez;«ofww

rubber 11ned steelfconstructlon, packed: with’ stoneware ring T i

the tower to’ y1eld 2 solu ;lon ‘com

malelc ac1d wh1 h as dellvered to a: storage tank.
t , 3




‘l‘nemw matenaﬂ. was paraffm fractions from the Fischer-,
‘Tropsch syntheais. < These Were largely straight chain poraffins,
-which were prefera.ble for. the production of fatty dcids. Para-. "
Pfins in the- range c %o’ 03 were used, depending upon demands, - -
chever, ~the Co0 gg ‘was preferred,. sinoce the lower chains.

“showed . a greater tendér\cy to spl:l.‘b 1nto acids below 010, mhicluvene—
of l:l.ttle value. , _ S .

Potassimn permanganate was. used as 8 catalyst. Att'empts'

0 replace this ‘materiel with, other ca.ta.lysts nore rea.dily avail- :
able than manga.nese ‘during war times were Jnsuccessful. The '

- catalyst. was_ prepared: by dissolving KMnO in water and’ then adding
_this Bolution to the molten peraffin at: 450%, . The water £lash
evaporated 1ea.v1ng t‘ne KMnO dispersed in. the’ pamff:m ‘a8 a fine "
powders ‘The catalyst conce tration. varied from 0.08 %0’ 0.157 ba.ned
“on-the’ paraff:m “and averaged 0.12%. S

:m fture'—. of' paraff:ms plus catalyst was ‘
e e aiet . ] *B"ﬁ:ﬁ"diameter‘by"i - '




The G a.lcohols a.nd keto*xes whlch scp Lrated wers- e:.ther re-
_'oycleé or u&gd for the prepo.ra‘cion of detarfcr»ts un.l plast:.ciaer... o

: “pex.days . The ‘
.10% d“m.af*eélm ‘The’ dlstlllat*‘on\sect:.ovz
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